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FUZZY ANALYTIC HIERARCHY PROCESS AND TOPSIS
FOR PART-TIME STUDENT SELECTION

Mert DEMIRCIOGLU!
Erkan TIYEKLI?

ABSTRACT

The object of this study is about offering possible solutions to deal with the problems emerged in the selection of
students working part-time in higher education institutions. University students are employed in accordance with
their class hours according to the procedures and principles of part-time student work in higher education institutions
in certain units of university. These students are employed in temporary jobs in their spare times besides their
education hours according to their interests and skills contributing to their growth as productive individuals with
discipline by providing both financial gain and application skills. Universities may encounter more demands than
their needs whether they carry certain criteria for working in designated units. There may be unjustness in selection
of the most suitable student due to these demands. In this study, a software was developed for assigning these part-
time students applied to work on the web environment by using the Fuzzy Analytic Hierarchy Process (F-AHP)
method. Using TOPSIS software developed and with this software has been shown to accomplish a fairer choice than
the other available part-time student selection tool currently used.

Keywords: Fuzzy Analytic Hierarchy Process (F-AHP), TOPSIS, Part-Time Student Selection

YARI ZAMANLI OGRENCIi SECIMINDE
BULANIK ANALITIiK HIYERARSI SURECI VE TOPSIS

0zZ

Bu calisma yiiksekdgretim kurumlarinda kismi zamanli olarak g¢alistirilan Ogrencilerin secimi ile ilgilidir.
Yiiksekogretim kurumlart kismi zamanl 6grenci ¢alisirma usul ve esaslarina gore iniversitelerde 6grenciler
tiniversitelerin belirli birimlerinde ders saatlerine uygun olarak galistirilmaktadirlar. Bu ogrenciler, ders saati
disindaki bos zamanlarinda ilgi ve yetenekleri dogrultusunda gegici islerde galistirilarak hem maddi kazang hem de
uygulama becerisi kazanmalar1 saglanir ve is disiplini edinmis iiretken bireyler olarak yetismelerine katkida
bulunulmasi1 amaglanir. Universiteler ihtiyac belirlenmis birimlerinde calistiriimak iizere belirli kriterlerde talepler
olusturduklarinda, ihtiyagtan fazla dgrenci talebi ile karsilasabilir. Bu talepler igerisinde ihtiyaca en uygun 6grenci
se¢iminde belirsizlikler yaganabilir. Aragtirmada Bulanik Analitik Hiyerarsi Siireci (BAHP) yontemini uygulanarak
kriterlerin belirletildigi, Ideal ¢6ziime benzerlik yoluyla tercih siralama teknigi (TOPSIS) yéntemi uygulanarak da
siralamanin yapildig1 bir yazilim gelistirilmis ve web ortaminda ¢alisacak sekilde yar1 zamanli 6grencilerin segiminde
kullanilmistir. Gelistirilen yazilimin, mevcut kullanilan yar1 zamanli 6grenci se¢imi araglarindan daha adil se¢im
yaptigt goriilmiistiir.
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Anahtar Kelimeler: Bulanik Analitik Hiyerarsi Siireci (BAHP), TOPSIS, Yar1 Zamanli Ogrenci Segimi

Introduction

In today’s modern information age, hiring qualified employees is an important issue. In order
to survive and compete with the other companies in the market, companies need workers who
are eligible for the job requirements. The fact that the number of the applicants who are in
need of work far surpasses the number of employees needed is one of the frequently
encountered problems nowadays. The decision to appropriately choose the personnel to meet
the necessary demand is of utmost importance in terms of equipping the company with
qualified labor force. This process can be described as the identification of candidates with
the best qualifications to fit the job requirements. In this process, all applicants are evaluated
based on the criteria designating the job requirements and then those displaying the highest
eligibility for these job requirements are preferred.

Companies should have access to eligible and qualified applicants to employ for the
required positions and to establish and apply this selection process effectively and properly
to enable the identification of the appropriate staff for the required job (Erdogan, 1991).
Companies need an employee selection process to determine their requirements. In this
selection process, the criteria required to choose the personnel are determined and subsequent
evaluation needs to be conducted.

In the present study, multi-criteria decision-making techniques have been applied in
order to solve the problem of not assigning the right job to the right person. For this purpose,
in this study, which criteria have been taken into consideration in the selection of the students
who work for Cukurova University Health, Culture and Sport Department will be
investigated.

An average of 7000 students apply annually to the application system designed for the
students at Cukurova University to work part-time and approximately 500 of them are
employed each year. These students will be employed in temporary jobs in their spare time
outside their class hours to gain both financial support and practical skills, and to contribute
to their growth as productive individuals with professional discipline. When universities
create demands, based on certain criteria, for students to be employed in previously designated
units, they may face more applications than they need. There may be ambiguities in the
selection of the most suitable students to meet the demand.

The aim of this study is to use the Fuzzy Analytic Hierarchy Process (FAHP) method
which is one of the multi-criteria decision-making methods and applied in many different
fields in the literature to solve the problem of selecting the students to be employed part-time
at Cukurova University and to measure the effectiveness of this method.

This system which will be web-based ensures that students will be able to see the
announced job vacancies instantaneously. They will also be able to see the job announcements
that they have applied to by using FAHP together with other applicants who applied to them.
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This way, a ranking will be made based on Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) and thus a fair selection procedure will be followed for the selection
of the right students. The ranking of the students who apply after the job announcements for
the required units will also be important from the point of view that the jobs will be ranked
from the most urgent to the least ones.

The software prepared for Health Culture and Sports Department Administration and
the users of the part time student unit is prepared for Cukurova University and since the
parameters used could be added or modified, it can be used for other universities as well.

Multiple Criteria Decision-Making Techniques

Decision-making is the process of determining and selecting alternatives based on the
decision-maker's values and preferences (Fiilop, 2019). Knowing that there are alternative
options to consider is not only about determining as many of these alternatives as possible,
but also about choosing the ones that best suit our goals, desires, and values.

Analytic Hierarchy Process (AHP) is a multi-criteria decision-making technique that
addresses problems in a hierarchical structure and relies on the dual comparative logic (Felek,
Yurdakul, & Aladag, 2007). The ability of the AHP to take subjective criteria into account
when making multi-criteria decisions by decision makers is one of its most important features.
With the utilization of fuzzy logic / numbers in the evaluation of the strengths and alternatives
of the criteria, it is possible to incorporate the uncertainties of human expressions and the
modeling of the subjectivities with a newer method, Fuzzy AHP.

Qualitative factors have major prominence in AHP, which is a multi-criteria decision-
making approach. It is a technique that can combine qualitative and quantitative factors in the
detailed evaluation of alternatives. AHP is used to assess the factors that are independent of
each other at various levels in their hierarchical structure (Anik, 2007). The problem is
structured in a hierarchical way in AHP. A three-level hierarchical structure is shown in
Figure 1. At the top of the hierarchy, there is a goal and the structure is completed in the way
that the criteria and alternatives are at the bottom. In AHP, the problem that constitutes the
essence of the decision-making problem is organized in a hierarchical structure separated by
its components (Saaty & Vargas, 2001).

Alrarmatives

Figure 1. Three-Level Analytic Hierarchy Model
Method
Multi criteria decision making methods will be used to determine the students who apply to
the offers advertised for units of Cukurova University Department of Health Culture and
Sports. A software was developed by using the FAHP and TOPSIS. This software will be
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applied and the results will be evaluated. This software is coded in ASP (Active Server Page)
language (developed by Microsoft for web applications and basic level HTML / XHTML and
any scripting language JavaScript - VBScript should be known). The software is designed as
separate modules for administrators and students (Figure 2).

The scope of the research is the request of the units of the Cukurova University which
provide part-time jobs for students. Also, the application data which exist in the unit web site
that students want to work as "Part-time Students"” constitute the scope of the research. The
sampling comprises two students who applied for two positions advertised by Cukurova
Department of Health, Culture and Sports: one student who applied for ‘computer
maintenance related to Health, Culture and Sports Department” and the other student who
applied for ‘using certain software, updating and taking pictures’.

The criteria which are determined by Cukurova University Department of Health
Culture and Sports will be used for selecting the students who applied for the job and are in
need of it. Data were gathered from the half-time scholarship module via the official website
of Cukurova University Department of Health Culture and Sports. Once the necessary
information was computerized, the information in the system's database was used
numerically.

Students use their user name and password to enter “General Criteria” which exist in
the Half-Time Student Application Module of the official website of Cukurova University
Department of Health Culture and Sports. After that, students can apply for the job offers that
are specified by the units if the system approves that there is no incorrect or incomplete
information on the part of the student. The data from the database in the form of access mdb,
which is the database of these data, will be used by the computer environment. The asp (active
server page) remodeled by FAHP and TOPSIS method will be calculated with the files
encoded with web language. In this model (Figure 3) the consistency check of the criteria will
be made and checked.

Decision-makers' Binary comparisons of

Criteria are defined > Aldt:{;\ra':;/:eadre > strutlirraericswsra‘med > preferences are > criteria are conducted > ancalon:ilssit:;?de
determined according to Table 2 V!

\o- ]

\4

Percent weights of criteria are Binary comparisons of alternatives are conducted > Raking is made based on the specified weights through
determined according to criteria based On Table 2 TOPSIS method

Figure 3. FAHP and TOPSIS Steps in Developed Software

General Criteria Used
These criteria are determined by the management and will be used by the units to find the
person who is in need and applies for the job.

Criteria 1) Learning Mode Criteria 6) Family Vehicle (there is, there is not)

Criteria 2) Scholarship Earned Criteria 7) Mother's Salary (high, moderate, low, very low, unemployed)
Criteria 3) Disciplinary Punishment Criteria 8) Father's Salary (high, moderate, low, very low, unemployed)
Criteria 4) Mother - Father (Alive - Together, Alive — Divorced, one or two Criteria 9) Number of Brother / Sister on Education (Primary School)
are dead) Criteria 10) Number of Brother / Sister on Education (High School)
Criteria 5) Family Residence (own house, rent) Criteria 11) Number of Brother / Sister on Education (Universit
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The criteria specified are the general criteria for which weights are calculated with FAHP as
standard for each student to work for part time. The units that will provide job offers will be
able to use 5 different importance levels while creating their own criteria. These criteria will
be determined based on the relative importance in Table 1. In this case, the criteria added by
the unit will have a weight with a software made besides the standard criteria to be used. In
this weighing process, the scoring and ranking of students’ responses according to these
criteria will lead to a different result than scoring and ranking of students’ responses according
to standard criteria.

The Current Scoring System

The scores assigned to the alternatives of each criteria in the current scoring system are shown
in Table 1.

Table 1. Scoring of Currently Used Criteria

1) Learning Method

Normal Education — 1 Point [ _Evening Education — 2 Point

2) Scholarship Earned

Education Loan 1 Point | KYK Scholarship (No re-pay) 2 Point

3) Discipline Puni

Punished 1 Point

4) Parents (both alive and married, both alive and divorced, one or both deceased)
Both Alive and Married 1 Point_| Both Alive and Divorced 2 Point

5) Where family reside (own house, rent)

No re-pay Foundation - Special Scholarship 2 Point

Unpunished 2 Point

One or Both Deceased 3 Point

Own House 1 Point | Dwelling-House 2 Point Rent 3 Point

6) Family vehicle (there is, there is not)

There is 1 Point [_There is not 2 Point

7) Mother's Salary (high, mod low, very low, unemployed)

3000 TL and over 1 Point | 2000-3000 TL 2 Point | 1404-2000 TL 3 Point | Less Than 1404 TL 4 Point__| Unemployed 5 Point
8) Father's Salary (high, moderate, low, very low, unemployed)

3000 TL and over 1 Point | 2000-3000 TL 2 Point | 1404-2000 TL 3 Point | Less Than 1404 TL 4 Point__| Unemployed 5 Point

9) Number of Brother / Sister On (Primary School)

Number of Brother / Sister on In Primary School as Much As 1 Percentage Point Each
10) Number of Brother / Sister On (High School)

The Number of Siblings in High School as Much As 1,5 Percentage Point Each

11) Number of Brother / Sister On (University)

The Number of Siblings in College as Much As 2 Percentage Point Each

In this process, there is no relation between the criteria. Certain scores have been
assigned to alternatives created for each criteria. The students who applied to the system are
given the alternative scores indicated for each criteria according to their characteristics. For
example, the steps of the process for the selection of the student to be employed in Cukurova
University Student Activities Unit's ‘creation, processing and editing of visual designs’ post
are given in Figure 4.
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Figure 4. Current Student Selection Flowchart

FAHP Scoring System

Many scientists have been interested in the blurred extension of Saaty’s priority theory. Since
the publication of The Analytic Hierarchy Process (AHP) by Saaty, Dutch academics Van
Laarhoven and Pedrycg have proposed a method in which the fuzzy comparison decision is
represented by triangular fuzzy numbers. Priority vectors were obtained for the logarithmic
least square’s method (for Short LLMS) (Chang, 1996).

Since basic AHP does not contain ambiguity for individual decisions, it has been
developed using the fuzzy logic approach. In fuzzy AHP, comparisons of both criteria and
alternatives are performed by linguistic variables represented by triangular numbers. The first
fuzzy AHP applications were carried out by Van Laarhoven and Pedrycz (Laarhoven, 1983).
Later, Buckley contributed to the issue by setting blurred priorities in comparison ratios with
triangular membership functions. Chang has also introduced a new method of using triangular
numbers in double comparisons.

The comparative matrices of the general criteria and alternatives to be used in the new
system have been developed and presented to the Department of Health, Culture and Sports
(management) and approved. In this process, the relations between the criteria and the
relations between the alternatives are also made with FAHP. When the units are to add new
criteria other than the general criteria, they will state the relationships between the criteria and
the alternative. The system will weigh the relationships between these new criteria and
alternatives with the general criteria and alternatives according to the comparison determined
by the unit. For example, the steps of the process for the selection of the student to be
employed in Cukurova University Student Activities Unit's ‘creation, processing and editing
of visual designs’ post are given in Figure 5.
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Figure 5. Flowchart of the New System

Calculation of Priority of Fuzzy AHP
In fuzzy numbers, A = (a;)nxm IS the fuzzy pair comparison matrix, here a; = 1;;,m;;,w;) are
1 1

li=—,my =—,u; =—
j 2 M » Yij
L my; ;g

To obtain estimates for weight vectors under each criteria, we must consider the
principle of comparing fuzzy numbers. We will give the definition as follows (Table 2).

Table 2. Linguistic terms and corresponding triangular fuzzy numbers

Saaty Scale Definition Fuzzy Triangle Scale
1 Equally Important, Equally Contributing to The Two Criteria (1,1,1)
3 A Criteria Has A Little More Contribution Relative to The Other (2,34
5 A Criteria Has More Contribution Relative to The Other (4,5, 6,
7 A Criteria Has Much More Contribution Relative to The Other. (6,7,8
9 A Criteria Has the Most Contribution Relative to The Other. (9,99
2 (1,2,3
g Interval values between two adjacent scales g g %
B (7,8,9)

Based on these linguistic terms referring to the corresponding triangular fuzzy numbers, the
fuzzy triangle scale is (2, 3, 4), for example, if the decision maker says "Criteria 1 (C1) Criteria
2 (C2) Weak Important”. On the contrary, if C2 is compared with C1 in the binary contribution
matrix of the criteria, the fuzzy triangle scale becomes (1/4, 1/3, 1/2) (Ayhan, 2013).

Presentation Method of Fuzzy Numbers for the Dual Comparison Scale
The first task of the fuzzy AHP method is to determine the relative importance of both factor
pairs in the same hierarchy. By using triangular fuzzy numbers, the fuzzy evaluation matrix

A = (a;j)nxm Is generated by double comparison.
I |

i =Gm D
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Definition 1: M e F(R) If the fuzzy number is called:
1) x,eRr forthat u,x,) =1
2) any o« €[0,1]
Ay =[x, 4, () 2] Itisaclosed interval. F(R) represents all fuzzy clustersand R is
a real number cluster.

Definition 2: If the membership function is equal to u,(x): R - [0,1], we define a fuzzy M on
R as atriangle fuzzy number.

It x 1

j m—-1 m-—1
() = X u
| m-u m-u’
LO, Otherwise,

1<m<u,land u are the upper and lower values of the M support, respectively, and
M for the modal value. The triangular fuzzy number can be denoted by (1, m, ). The support
of M is a set of elements R{x € R|l < x <u}. When | = m = u, the numbers are not blurred
(Chang, 1996).

If two positive fuzzy numbers are defined as M, = (1, m,uy) and M, = (I, m,,u,),
then the addition and multiplication operations of these two triangular fuzzy numbers will be
as shown in the following equations (Chang, 1996).

M+ My,= (L+1L,m+myu + uy) My x M,= (l;x1l,,m Xmyu X u,)
Each object is handled to realize a goal, with a set of objects Xn=1,2, ..., nand a set of objects
atUm=1, 2, ..., m. Thus, m expanded analytical values are obtained and are shown as follows:

ML MZ oo Mz i=1,2,....... ,n
All M values are triangular fuzzy numbers m),  (j=1,2, ..., m) (Chang, 1996)
Definition 3: Let M be the scope analysis of the i. Then in the context of fuzzy synthetic,

the value relative to the i object is:
DM,

m
— J
=1 i=1j=1

In Table 3, the criteria were evaluated according to the comparative matrix in Table 4
within the knowledge of Cukurova University Health and Culture Department. At this stage,
the binary relations of criteria and weight values are determined.

x €[1,m],

x € [m,u],

-1
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Table 3. Comparative Matrix of General Criteria to be Used

Criteria to be used Criteria 1 Criteria 2 Criteria 3 Criteria4 Criteria 5 Criteria 6 Criteria 7 Criteria 8 Criteria 9 Criteria 10 Criteria 11
Criteria 1 1,11 1/8, 1/7, 1/6 1/8, 1/7, 1/6 1/6, 1/5, 114 1/4,1/3, 112 1/4,1/3, 112 1/8,1/7, 1/6 1/6, 1/5, 1/4 1/4,1/3, 112 1/4,1/3, 112 1/8, 1/7, 116
Criteria 2 6,7,8 1,11 1,11 1,11 2,34 2,34 2,34 2,34 2,34 2,34 1,11
Criteria 3 67,8 11,1 111 111 2,34 111 111 111 2,34 2,34 111
Criteria 4 4,5,6 11,1 11,1 11,1 2,34 2,34 1/4,1/3, 112 1/4,1/3, 112 23,4 4,56 1/4,1/3, 112
Criteria 5 2,34 1,11 1/4,1/3, 1/2 1/4,1/3, 1/2 1,11 2,34 1/4,1/3,1/2 1/4,1/3,1/2 2,34 2,34 1/4,1/3, 112
Criteria 6 2,34 1/4, 1/3, 112 11,1 1/4,1/3, 112 1/4,1/3, 112 111 1/6,1/5,1/4 1/6,1/5, 114 111 111 1/6, 1/5, 1/4
Criteria 7 6,7,8 1/4, 1/3, 112 11,1 23,4 2,34 4,56 111 23,4 23,4 23,4 1/4,1/3, 112
Criteria 8 4,5,6 1/4,1/3, 1/2 1,11 2,34 2,34 4,56 1/4,1/3,1/2 1,11 2,34 2,34 1/6, 1/5, 1/4
Criteria 9 2,34 1/4, 1/3, 112 1/4, 1/3, 112 1/4,1/3, 112 1/4,1/3, 112 111 1/4,1/3, 112 1/4,1/3, 112 111 111 1/6, 1/5, 1/4
Criteria 10 2,3,4 1/4, 1/3, 112 1/4, 1/3, 112 1/6, 1/5, 114 1/4,1/3, 112 111 1/4,1/3, 112 1/4,1/3, 112 111 111 1/6, 1/5, 1/4
Criteria 11 6,7,8 1,11 1,11 2,34 2,34 4,5,6 2,34 4,5, 6 4,5, 6 4,5, 6 1,11

In Table 3, the evaluations of the criteria in each column are assigned to variables L, M and
U, and the sum of the values in each row is calculated and then written in the total lines in
Table 4.
Definition 4: The probability level of M, > M, is defined as follows:

V(M = M) = i‘ig[min(ﬂMl(X);ﬂMz(}’))]
When there is a pair (x,y) such that u,, (x) = uy,(» =1 is, then v(M; > M) =1 and x>y. M,
and M, are convex fuzzy numbers.

VIMy = M;) =1 if my=m,, V(My = My) = htg (My N My) = M, (D),
Where d is the ordinate of the highest intersection point D between iy, and iy, .
If M, =(ymywy) and M, = (I,m,u,), the ordinate of D is: v(M, = M,) = hge(M, 1 My) = m

We need values of v(m, = M,) and v(M, = M,) to compare M; and M, (Chang, 1996).
Definition 5: The probability that the convex fuzzy numbers are larger than the convex fuzzy
numbers M;(i =1,2,..,k) can be defined as:

V(M = My, My, ..,M) =V[(M =M,) and M =M, ve...M =M, =minV(M = M,), i=12..,k
Assume That: d'(4;) = minV(S; = S,), k=1,2,..,n; k=i The weight vector, w'=
(d'(A),d'(Ay), .., d"(A))T, 4; (i=1,2,..,n). n element weights are calculated. Then we obtain
the weight vectors by normalization. w = (d(4,),d(4,), ..., d(4,))" W is a non-blurred number.
For each criteria, the s value was calculated by summing the ,m and u totals calculated
(Lsum = 165.5, Mgy = 21237 V€ U, = 261.92) in Table 4 and the inverse 1/Lg,,, = 0.006042, 1/Mg,,, =
0.004709 and 1/ug,, = 0.003818 totals. Calculation of the LM and U values for the s values
shown in Table 8 is given below for Criteria 1. It is calculated the same way for the other
criteria.
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Table 4. FAHP Weight Account of the Comparative Matrix of General Criteria to be Used Step 2

Criterial | Criteria2 | Criteria3 | Criteriad | Criteria5 | Criteria6 | Criteria7 | Criteria8 | Criteria9 | Criterial0 | Criteriall | Sum

L1 1.00 0.13 0.13 0.17 0.25 0.25 0.13 0.17 0.25 0.25 0.13 2.83

Criteria 1 M1 1.00 0.14 0.14 0.20 0.33 0.33 0.14 0.20 0.33 0.33 0.14 3.30

u1 1.00 0.17 0.17 0.25 0.50 0.50 0.17 0.25 0.50 0.50 0.17 417
12 6.00 1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 1.00 22.00
Criteria 2 M2 | 7.00 1.00 1.00 1.00 3.00 3.00 3.00 3.00 3.00 3.00 1.00 29.00
U2 8.00 1.00 1.00 1.00 4.00 4.00 4.00 4.00 4.00 4.00 1.00 36.00
13 6.00 1.00 1.00 1.00 2.00 1.00 1.00 1.00 2.00 2.00 1.00 19.00
Criteria 3 M3 | 7.00 1.00 1.00 1.00 3.00 1.00 1.00 1.00 3.00 3.00 1.00 23.00
u3 8.00 1.00 1.00 1.00 4.00 1.00 1.00 1.00 4.00 4.00 1.00 27.00
14 4.00 1.00 1.00 1.00 2.00 2.00 0.25 0.25 2.00 4.00 0.25 17.75
Criteria4 [ M4 | 5.00 1.00 1.00 1.00 3.00 3.00 033 033 3.00 5.00 0.33 23.00
ua 6.00 1.00 1.00 1.00 4.00 4.00 0.50 0.50 4.00 6.00 0.50 2850
L5 2.00 1.00 0.25 0.25 1.00 2.00 0.25 0.25 2.00 2.00 0.25 11.25
Criteria 5 ms | 3.00 1.00 0.33 033 1.00 3.00 033 033 3.00 3.00 033 15.67
Us 4.00 1.00 0.50 0.50 1.00 4.00 0.50 0.50 4.00 4.00 0.50 2050

L6 2.00 0.25 1.00 0.25 0.25 1.00 0.17 0.17 1.00 1.00 0.17 7.25

Criteria 6 M6 | 3.00 0.33 1.00 033 033 1.00 0.20 0.20 1.00 1.00 0.20 8.60
U6 4.00 0.50 1.00 0.50 0.50 1.00 0.25 0.25 1.00 1.00 0.25 10.25
L7 6.00 0.25 1.00 2.00 2.00 4.00 1.00 2.00 2.00 2.00 0.25 2250
Criteria 7 M7 | 7.00 0.33 1.00 3.00 3.00 5.00 1.00 3.00 3.00 3.00 0.33 29.67
u7 8.00 0.50 1.00 4.00 4.00 6.00 1.00 4.00 4.00 4.00 0.50 37.00
18 4.00 0.25 1.00 2.00 2.00 4.00 0.25 1.00 2.00 2.00 0.17 18.67
Criteria 8 M8 | 5.00 0.33 1.00 3.00 3.00 5.00 033 1.00 3.00 3.00 0.20 24.87
us 6.00 0.50 1.00 4.00 4.00 6.00 0.50 1.00 4.00 4.00 0.25 3125

L9 2.00 0.25 0.25 0.25 0.25 1.00 0.25 0.25 1.00 1.00 0.17 6.67

Criteria 9 M9 | 3.00 0.33 0.33 033 033 1.00 033 033 1.00 1.00 0.20 8.20
U9 4.00 0.50 0.50 0.50 0.50 1.00 0.50 0.50 1.00 1.00 0.25 10.25

110 | 2.00 0.25 0.25 0.17 0.25 1.00 0.25 0.25 1.00 1.00 0.17 6.58

Criteria10 [ M10 | 3.00 0.33 0.33 0.20 033 1.00 033 033 1.00 1.00 0.20 8.07
u10 | 4.00 0.50 0.50 0.25 0.50 1.00 0.50 0.50 1.00 1.00 0.25 10.00
111 | 6.00 1.00 1.00 2.00 2.00 4.00 2.00 4.00 4.00 4.00 1.00 31.00
Criteria11 [ M11 | 7.00 1.00 1.00 3.00 3.00 5.00 3.00 5.00 5.00 5.00 1.00 39.00
U1l | 8.00 1.00 1.00 4.00 4.00 6.00 4.00 6.00 6.00 6.00 1.00 47.00

Criteria L, = L, x~ = 2.83 x 0.003818 = 0.0108,
m

Criteria M; = M, * EX = 3.30 X 0.004709 = 0.0156,
Msum
Criteria U; = Uy 7 =4.17 x 0.006042 = 0.0252

Sum

Table 5. L, M and U Values for the FAHP S of the Comparative Matrix of General Criteria
to be Used Step 3

1]
S Criteria 1 0.0108 0.0156 0.0252
S Criteria 2 0.0840 0.1366 0.2175
S Criteria 3 0.0725 0.1083 0.1631
S Criteria4 0.0678 0.1083 0.1722
S Criteria 5 0.0430 0.0738 0.1239
S Criteria 6 0.0277 0.0405 0.0619
S Criteria 7 0.0859 0.1397 0.2236
S Criteria 8 0.0713 0.1171 0.1888
S Criteria 9 0.0255 0.0386 0.0619
S Criteria 10 0.0251 0.0380 0.0604
S Criteria 11 0.1184 0.1836 0.2840

For the values calculated in Table 5, for the probability values of M, > M,, v(M, = M,) =1 if
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m, = m,, otherwise

li—up

(ma—uz)—(m1-11)

Table 6. Also, weights are determined by normalization of Min S values.

the smallest S values were calculated and reported in

Table 6. S Probability Values of the Comparative Matrix of General Criteria to be Used
Account and Weight Calculation Step 4

sl s2 s3 s4 s5 s6 s7 s8 s9 s10 s11
1 0 1.000000 | 1 1 1 1 1 1 1 1 1
2 0 1 0.736938 | 0.75741 0.388401 | 0O 1 0.843406 | 0 0 1
3 0 1 1 1 0.597805 [ 0 1 1 0 0 1
4 0 1 1 1 0.618985 | 0.00 1 1 0 0 1
5 0 1 1 1 1 036323 [ 1 1 0.350593 | 0.328041 [ 1
6 0 0.976705 | 0.711019 | 0.733273 | 0.365425 | O 1 1 0.947878 | 0.928764 | 1
7 0 1.00 0.912682 | 1 0.54836 0 1 0.819932 | 0 0 1
8 0 1 1 1 1 1 1 1 0 0 1
9 0.001826 | 1 1 1 1 1 1 1 1 0.982363 [ 1
10 0.00 0.678039 | 0.372814 | 0.416816 | 0.047745 | O 0.705352 | 0.514281 | O 0 1
The Smallest + value (w) | 0 0.678039 | 0.372814 | 0.416816 | 0.047745 | O 0.705352 | 0.514281 | O 0 1
Normalize (w') 0.00 0.18 0.10 0.11 0.01 0.00 0.19 0.14 0.00 0.00 0.27

Table 7 shows the weight of each criteria. These weights will be parametric values of
the general criteria in the system after calculating the weights of the alternatives of the criteria
and will be assigned automatically.

Table 7. FAHP weights of comparative matrix of general criteria to be used Line averages

Learning Scholarship Discipline Parents Where Family Mother' Father's Number of Brother Number of Number of
Method Earned Punishments family vehicle s Salary Salary / Sister On Brother / Sister On Brother / Sister

reside (Primary School) (High School) On (University)
0 0.18 0.10 0.11 0.01 0 0.19 0.14 0 0 0.27

Table 8 shows the weights of alternatives of the general criteria. These weights are
used in the system in which each criteria is weighed in Table 7 and in Table 8 the weight of
alternatives in that criteria are synchronized and used in the calculation of the score of each
student applying to the system.

Table 8. New Weighed General Criteria Table

Learning | Scholarship | Discipline Parents | Where family [Family | Mothers | Fathers | Number of Brother / Sister | Number of Brother /| Number of Brother /
Method Earmed Punishments reside vehicle _[Salary |Salary | On (Primary School) Sister On (High School) | Sister On (University)
Option 1 (alternative) |0.751 0.69 0.90045 0.06 0.08 0.83 0.03 0.03 0.03 0.03 0.03
Option 2 i 0.249 0.10 0.09955 0.22 0.19 0.17 0.07 0.07 0.07 0.07 0.07
Option 3 (alternative 021 072 072 013 013 013 013 013
Option 4 (alternative 0.26 026 0.26 0.26 0.26
Option 5 (alternative) 0.50 0.50 0.50 0.50 0.50

Consistency Control for AHP
The following four-step procedure is used to check the consistency of the decision makers’
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comparisons, showing an estimate of the weights of the decision makers indicated by W
(Winston, 2004). The consistency between the Consistency Index (CI) and the Consistency
Rate is verified. Where Amax is the eigenvalue corresponding to the matrix of co-wise
comparisons, and n is the number of elements being compared.

cl = % The consistency rate (CR) is defined as: ¢r = R”—C’[
Random consistency indices (RCI) are given in Table 9.
Table 9. Mean RCI values
Number of Criteria (n) 1 2 3 4 5 6 7 8 9 10
RCI 0 0 0.58 0.90 112 124 132 141 145 149

It is generally accepted that the CR value is below 0.1. Otherwise, double comparative
comparisons should be made in order to reduce the inconsistency. The values found for the
consistency calculation are shown in Figure 6 and Figure 7.

0.14 014 020 033 0.
1 3

3014 020
1 1 3 3

033 033 0.14
3 1
1 1 1 3
1 1 1 3
033 033 033 1

033 033
3 3

1 1
033 033
033 033

3
3
3 1
3
3
020 020 1
1 3 3
3
1
1
5

0.33]
0.33]
0.20]
0.33]
0.20}

1002 015 012 010 006 0.04 013 011 004 004 0.20]

033 1
033 033
033 033

1 3
033 033 033 033
033 033 020 033
1

Figure 6. The AHP Weights of the Comparative Matrix (A) of the General Criteria in Table 7
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Figure 7. Consistency Calculation of Cl / Rl Value

When the % value was found to be less than 0.074, 0.10, the comparative matrix of
the criteria in Table 6 proved to be consistent.
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TOPSIS Method and Steps to be used

TOPSIS is a method which is developed by Hwang and Yoon in 1981. This method is based
on multi criteria decision making problem which is the nearest positive ideal solution (A *)
and the ideal solution is the furthest negative ideal solution (A-) for selected alternatives. For
example, a positive ideal solution maximizes functionality and minimizes cost while negative
ideal solution maximizes cost and minimizes functionality. In the TOPSIS process, the
performance ratings and the weights of the criteria are given as exact values (Lengacher &
Cammarata, 2012).The steps of the TOPSIS model are as follows (Tsaur, 2011):

Step 1: Create a decision matrix for the sequence. The weights of criteria and alternatives in
FAHP are evaluated for each student according to the available data in Table 10.

Step 2: The decision matrix is normalized using the following equation.e' = | —2<«_| ;i =1, 2,

I, lgita)]?
smyandj=1,2,....,n

Step 3: The weighed normalized decision matrix is calculated by multiplying with the weights
of the normalized decision matrix. e;; = m xej; ;i=1, 2, ..., m;vej=1,2,...,n T is the
weight of the j criteria.

l]’

Table 10. Evaluation table of weighted criteria and alternatives by FAHP

Student Number [ Criterial | Criteria2 | Criteria3 [ Criteria4 | Criteria5 | Criteria6 | Criteria7 | Criteria8 | Criteria9 | Criteria10 | Criteria 11
Student 1 7! .69 .900: .01 .7 .17 3 .07 X
Student 2 7! .900: .01 .0 .17 6 .07

Student 3 7! 1 .900: .7 .0f 17 6 6 7

Student 4. 7! 1 .900: 0! .0f 17 6 7

Student 5 .2 .900: .7 .83 7 .03 .03
Student 6 7! .900: .0 .17 .03 .07

Student 7 7! .69 .900: .0f 17 7 03 07
Student 8 7! .900: .0f 17 7 07
Student 7! .69 .900: .7 .17 6

Student 7! .900: .0 .83 7 .03 .03 .03
Student 7! .900: .7: .17 6

Student 7! .69 .900: .7 17

Student. X .900: .1 .17 .03

Student 7! .900: .7 .83 .03

Student 7! 69 .900: . .17 03 03

Student 7! 1 .900: 17

Student. X .900: .17 6 .03 .03
Student 7! .900: .17 6 6 .03 .03

Student 7! .900: .17 7 07

Student 7! 1 .900: 17 7

Student. X .900: .83 6

Student 7! .900: .17 7

Student 7! 1 .900: .83 3

Student .2: .900: 17 6

Student. X .900: .83 7

Student 7! .900: .17 6

Student .2: .900: .17 7 7 03

Student 7! .900: 17 6
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Step 4: Positive ideal solution (A *) and negative ideal solution (A -) are determined.
Positive; A= {eij,] =12, ...,n} ={ej, ef,...,e1.} e = Maxi{e{;} A== {Mini.ei*j,i =1,..mjve j=
1, ..,n}

Negative;  4-= {Minie
{er, exr, oo, e}

Step 5: Euclidean distances of each alternative are determined from the positive and negative
ideal solutions.

"

gl = 1,...mve j=1, ...,n}; ep = Mini{eij} A—= {ej~,j =1, 2,...,n} =

Table 11. The square root of the column totals of the squares of the criteria values

j 2 . - 2 .
Dij\lz’f(ei"i - j") i i=1,2,..,m= D; Jz’f(ei‘j —e), i=1,2,..,m=
[ Criteria 1 | Criteria 2 | Criteria 3 [ Criteria4 | Criteria5 | Criteria 6 | Criteria 7 | Criteria 8 | Criteria9 | Criteria 10 | Criteria 11 |
[ 378 | 1.56 | 476 [ 078 | 181 | 218 | 2.48 | 132 | 0.08 | 0.19 | 0.18 |

In Table 12, the values obtained by multiplying the values in Table 11 with the criterial
weights are given.

Table 12. The multiplication of the criterial weights and the values in Table 11

Criteria 1 | Criteria2 | Criteria3 | Criteriad | Criteria5 | Criteria6 | Criteria7 | Criteria8 | Criteria9 | Criteria10 | Criteria11

Criteria Weights in FAHP_| 0 0.18 0.1 0.11 0.01 0 0.19 0.14 0 0 0.27

Student 1 0.00000 [ 0.07967 | 0.01890 | 0.00841 | 0.00397 [ 0.00000 | 0.00995 | 0.05297 | 0.00000 | 0.00000 0.04521
Student 2 0.00000 | 0.00000 | 0.01850 | 0.00841 | 0.00044 | 0.00000 | 0.03829 | 0.02754 | 0.00000 | 0.00000 0.19591
Student 3 0.00000 [ 0.01155 | 0.01890 | 0.10094 | 0.00044 [ 0.00000 | 0.01991 | 0.02754 | 0.00000 | 0.00000 0.04521
Student 4 0.00000 | 0.01155 | 0.01850 | 0.00841 | 0.00044 | 0.00000 | 0.03829 | 0.02754 | 0.00000 | 0.00000 0.04521
Student 5 0.00000 [ 000000 | 001890 | 0.00841 | 0.00397 [ 0.00000 | 003829 | 0.00742 | 0.00000 | 0.00000 0.04521
Student 6 0.00000 [ 0.00000 | 0.01890 | 0.00841 | 0.00044 [ 0.00000 | 0.03829 | 0.05297 | 0.00000 | 0.00000 0.00000
Student 7 0.00000 | 0.07967 | 0.01850 | 0.00841 | 0.00044 | 0.00000 | 0.03829 | 0.00742 | 0.00000 | 0.00000 0.10549
Student 8 0.00000 [ 0.00000 | 0.01890 | 0.00841 | 0.00044 [ 0.00000 | 0.03829 | 0.00742 | 0.00000 | 0.00000 0.10549
Student 9 0.00000 | 0.07967 | 0.01850 | 0.00841 | 0.00397 | 0.00000 | 0.03829 | 0.02754 | 0.00000 | 0.00000 0.00000
Student 10 0.00000 [ 0.00000 | 0.01890 | 0.00841 | 0.00044 [ 0.00000 | 0.03829 | 0.00742 | 0.00000 | 0.00000 0.04521
Student 11 0.00000 | 0.00000 | 0.01850 | 0.00841 | 0.00397 | 0.00000 | 0.03829 | 0.02754 | 0.00000 | 0.00000 0.00000
Student 12 0.00000 [ 007967 | 001890 | 0.00841 | 0.00397 [ 0.00000 | 0.03829 | 0.05297 | 0.00000 | 0.00000 0.00000
Student 13 0.00000 [ 0.00000 | 0.01890 | 0.00841 | 0.00105 [ 0.00000 | 0.03829 | 0.02754 | 0.00000 | 0.00000 0.00000
Student 14 0.00000 | 0.00000 | 0.01850 | 0.00841 | 0.00397 | 0.00000 | 0.03829 | 0.02754 | 0.00000 | 0.00000 0.00000
Student 15 0.00000 [ 0.07967 | 0.01890 | 0.00841 | 0.00044 [ 0.00000 | 0.03829 | 0.02754 | 0.00000 | 0.00000 0.00000
Student 16 0.00000 | 0.01155 | 0.01850 | 0.00841 | 0.00044 | 0.00000 | 0.03829 | 0.00742 | 0.00000 | 0.00000 0.00000
Student 17 0.00000 [ 0.00000 | 0.01890 | 0.00841 | 0.00044 [ 0.00000 | 0.03829 | 0.02754 | 0.00000 | 0.00000 0.04521
Student 18 0.00000 | 0.00000 | 0.01850 | 0.00841 | 0.00044 | 0.00000 | 0.01991 | 0.02754 | 0.00000 | 0.00000 0.00000
Student 19 0.00000 [ 000000 | 001890 | 0.00841 | 0.00044 [ 0.00000 | 003829 | 0.00742 | 0.00000 | 0.00000 0.00000
Student 20 0.00000 [ 0.01155 | 0.01890 | 0.00841 | 0.00044 | 0.00000 | 0.03829 | 0.00742 | 0.00000 | 0.00000 0.00000
Student 21 0.00000 | 0.00000 | 0.01850 | 0.00841 | 0.00044 | 0.00000 | 0.03829 | 0.02754 | 0.00000 | 0.00000 0.00000
Student 22 0.00000 [ 0.00000 | 0.01890 | 0.00841 | 0.00044 [ 0.00000 | 0.03829 | 0.00742 | 0.00000 | 0.00000 0.00000
Student 23 0.00000 | 0.01155 | 0.01850 | 0.00841 | 0.00044 | 0.00000 | 0.03829 | 0.00318 | 0.00000 | 0.00000 0.00000
Student 24 0.00000 [ 0.00000 | 0.01890 | 0.00841 | 0.00044 [ 0.00000 | 0.03829 | 0.02754 | 0.00000 | 0.00000 0.00000
Student 25 0.00000 | 0.00000 | 0.01850 | 0.00841 | 0.00044 | 0.00000 | 0.03829 | 0.00742 | 0.00000 | 0.00000 0.00000
Student 26 0.00000 [ 000000 | 001890 | 0.00841 | 0.00044 [ 0.00000 | 003829 | 0.02754 | 0.00000 | 0.00000 0.00000
Student 27 0.00000 [ 0.00000 | 0.01890 | 0.00841 | 0.00044 [ 0.00000 | 0.00536 | 0.00742 | 0.00000 | 0.00000 0.00000
Student 28 0.00000 | 0.00000 | 0.01850 | 0.00841 | 0.00044 | 0.00000 | 0.03829 | 0.02754 | 0.00000 | 0.00000 0.00000

In Table 12, each cell is subtracted from the ideal solution value in its column and
squared. The sum of each line is taken and the square root of this total gives us the ideal
distance value of Si. The same process is performed for the ideal solution value and the
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negative value of Si is found.

Table 13. + Ideal solution value and - Ideal solution value
[ [ Criterial | Criteria 2 [ Criteria3 Criteria 4 Criteria 5 Criteria6_| Criteria7 Criteria 8 [ Criteria9 | Criterial0 | Criteria 11
() Ideal solution value | 0 | 0079666141 | 0018898224 | 0100942923 | 0.001048956 | 0 | 0.038285015 | 0.052071054 | 0 o | 0195909096
() Ideal solution value__| 0 [0 | 0018898224 | 0.00841191 | 0.00397499 | 0 0005360028 | 0.003178263 | 0 [ o |

Step 6: Using the following equation, the relative proximity coefficient of i alternatives for
ideal solution is calculated.
g i=1,2,..,m 0<ci*<1

L7 prap;
Step 7: All alternatives are arranged based on the decreasing values of c; and the optimal
choices.

Table 14. c;calculation table

square root (D], Ideal Distance) | _square root (D, , Negative Ideal Distance) o
Student1 | 0.1791187 0.104360189 0368140955
Student 2 0.1247218 0.200176691 0.616120635
Student 3 0.1683307 0.107503964 0.389740534
Student4 | 01912054 0062189749 024542597
Student 5 0.1992556 0.05608919 0.219660605
Student6 | 0.2308450 0059799 0205746532
Student 7 0.1371617 0.136342539 0.498502512
Student8 | 0.1586191 0110646255 0410919012
Student 9 0.2181683 0.089579816 0.291081599
Student 10 0.1992350 0.05620037 0.220017934
Student 11_| 0.2322587 0040961559 0149921382
Student 12 0.2166816 0.099549636 0.314800118
Student13_| 0.2322403 0041065935 0150256138
Student 14 0.2322587 0.040961559 0.149921382
Student 15_| 02181495 0089649472 0201259787
Student 16 0.2316428 0.035325094 0.132319644
Student 17 0.1956165 0.061108583 0.238031206
Student 18 | 0.2329670 0028598651 0.109336407
Student 19 0.2352970 0.033384972 0.12425459
Student 20 | 02316428 0035325094 0132319644
Student 21 0.2322411 0.041113668 0.150404085
Student22_| 02352970 0033384972 012425459
Student 23 0.2325133 0.035069991 0.131061966
Student 24 0.2322411 0.041113668 0.150404085
Student 25_| 02352970 0033384972 012425459
Student 26 0.2322411 0.041113668 0.150404085
Student 27_| 0.2375896 0005517458 0022695593
Student 28 0.2322411 0.041113668 0.150404085

Table 14 contains the square root of D; ideal distance and D;” negative ideal distance
values. The values of ¢; calculated according to the formula of ¢; = D”i are in Table 14.

D

i

Conclusion

The scores of 37 students who applied for the posts of ‘computer maintenance’ (1 student)
and ‘using certain software, updating, and taking pictures’ (1 student) advertised by Cukurova

193



C.U. Sosyal Bilimler Enstitiisii Dergisi, Cilt 28, Say1 2, 2019, Sayfa 179-197

University Department of Health, Culture and Sports based on Existing Scoring System are
given in Table 15.

The students who appear in Table 15 are the part of the students ranked according to
the existing scoring system and FAHP — TOPSIS system according to the answers given by
the students to the general criteria questions at the 1st request of Unit. The results are different
from FAHP and TOPSIS from the current scoring system; therefore, this may lead to changes
in sequence. In this table, the scores for students who apply to work for Health, Culture and
Sports Department by using the results of table 7 and table 8 are calculated and ranked by
TOPSIS.

Table 15. According to the General Criteria, students who have been selected and
ranked by existing scoring system and students who are ranked by FAHP and TOPSIS

Current Score and Ranking Calculation and Sorting with FAHP and TOPSIS
Point Student Number Student Number Point

26 Student 1 Student 2 0.616120635
23 Student 2 Student 7 0.498502512
22 Student 3 Student 8 0.410919012
22 Student 4 Student 3 0.389740534
20 Student 5 Student 1 0.368140955
20 Student 6 Student 12 0.314800118
19,5 Student 7 Student 15 0.291259787
19,5 Student 8 Student 9 0.291081599
19 Student 9 Student 4 0.24542597
19 Student 10 Student 17 0.238031206
19 Student 11 Student 10 0.220017934
18,5 Student 12 Student 5 0.219660605
18 Student 13 Student 6 0.205746532
18 Student 14 Student 28 0.150404085
18 Student 15 Student 26 0.150404085
175 Student 16 Student 24 0.150404085
17,5 Student 17 Student 21 0.150404085
17 Student 18 Student 13 0.150256138
17 Student 19 Student 14 0.149921382
17 Student 20 Student 11 0.149921382
17 Student 21 Student 20 0.132319644
16,5 Student 22 Student 16 0.132319644
16,5 Student 23 Student 23 0.131061966
16 Student 24 Student 25 0.12425459
16 Student 25 Student 22 0.12425459
15,5 Student 26 Student 19 0.12425459
15 Student 27 Student 18 0.109336407
15 Student 28 Student 27 0.022695593

Criteria used in FAHP and TOPSIS implementations were compared with each other
according to their significance levels. If this comparison was consistent, calculations were
made according to the alternative corresponding values of the parameters. Evaluation of
participants determined by using these parameters that is calculated by different student
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specifications can be made more fairly. A numerical value is obtained for each criteria and
their alternatives by using FAHP. The results which are obtained by using this method are
much better than the current method used for selecting the most suitable applicants who are
different from each other.

A student who has more than 10.000 TL monthly revenue and 2 brothers / sisters in
university has an advantage over another student who has less than 1000 TL monthly revenue
and no brothers / sisters in the current scoring system. In this new system, these problems can
be eliminated by weighing among criteria.

In this study, the methods used for selecting part-time students are aimed to be
conducted more fairly. The part-time student module is encoded in the asp (active server page)
language at the relevant internet address of the unit. The current method was not effective
since the criteria used were not related with each other. In this developed system, correlation
degree of each criteria with the other criteria was compared and weighed by applying the
FAHP and TOPSIS method. Alternatives related with criteria are also weighed by using this
method. These weights are applied for the request which contains “1 student for computer
maintenance related to Health, Culture and Sports Department, and 1 student (2 students in
total) to use certain software, update and take pictures”.

In this developed new software, new criteria and new alternatives for these criteria can
be added. Therefore, this system can be useful for health, culture and sports departments of
the other universities as well. Each unit can compare and change general criteria and their
weights consistent with each other in their human resources departments.

This new software and database can be integrated with the other multi-criteria
decision-making techniques and the results can be compared with each other. By this way, a
wide range of data can be gathered for choosing the right decision-making technique.
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Figure 2 : Images from this developed software
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