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OZET

CRITIC TABANLI TOPSIS VE PROMETHEE Il YONTEMLERI ILE OPTIMAL
OKUL YERI SECIMi: KiLiS iLi ORNEGI
Calismamizda 6 Subat Kahramanmaras depreminden etkilenen 11 ilden biri olan Kilis ili
Merkez il¢esinde depremden agir hasar alarak yikimi gergeklestirilen okullarin yeniden
yapilmasi i¢in okul yeri se¢imi problemi ele alinmistir. Yapilan incelemeler sonucunda ortaokul
seviyesindeki okul sayisinin potansiyel 6grenci niifusunu karsilayamayacak durumda oldugu
tespit edilmis olup bundan dolay1 ¢aligsma amac1 agilmasi planlanan ortaokul i¢in en uygun yerin
secilmesi olarak kararlastirilmistir.
Okul yeri se¢imi yapilirken birgok kriterin birlikte degerlendirilmesi gerektiginden dolay1 ¢ok
kriterli karar verme yontemlerinden Kriterler arasi Korelasyon Yoluyla Kriterlerin Onem
Tespiti ( CRITIC), Ideal Coziime Benzerligine Gore Tercih Siralama Teknigi (TOPSIS) ve
Tercih Siralamasi Organizasyonu Degerlendirme Zenginlestirme Yontemi (PROMETHEE
I1)yontemleri uygulanmstir.
Calismada ilk olarak Kilis ilinde ortadgretim kademesi i¢in egitim alani olarak tahsis edilen
araziler tespit edilmis ve bu araziler ¢alismanin alternatif verileri olarak kullanilmistir. Kriter
tespiti i¢in uzman gorlsleri ve literatiirdeki c¢alismalardan faydalanilmis ve belirlenen
kriterlerin agirliklart CRITIC yontemi ile hesaplanmis ve alternatif egitim alani olarak tahsis
edilen araziler TOPSIS ve PROMETHEE Il yontemleri ile siralanmis ve bu iki yontemin
sonuglar1 karsilastirilmistir. Caligmada okul yeri seciminde 5 alternatif egitim tahsis alan1 igin
5 farkl kriter degerlendirilmistir. Sonug olarak erisilebilirlik kriteri en 6nemli kriter secilmis
ve TOPSIS yontemi sonucuna gore Rifat Kazancioglu egitim tesis alan1 ve PROMETHEE |1
yontemi sonucuna gore de Kazim Karabekir egitim tesis alani en iyi alternatif olarak
belirlenmistir.
Dilan TASCI
Yuksek Lisans, Endiistri Mithendisligi Anabilim Dali
Danisman: Prof. Dr. Tolunay GOCKEN
Haziran 2024, 54 sayfa

Anahtar Kelimeler: Okul yeri secimi, CKKV, CRITIC, TOPSIS, PROMETETHEE



ABSTRACT

DETERMINING THE OPTIMAL SCHOOL LOCATION
WITH CRITIC-BASED TOPSIS AND PROMETHEE Il METHODS
THE CASE OF KILIS
Dilan TASCI
M.Sc., Department of Indistrual Engineering

Supervisor:. Prof. Dr. Tolunay GOCKEN
June 2024,54 pages

In our study, the problem of school site selection for the reconstruction of schools that are
heavily damaged and demolished in Kilis province, which is one of the 11 provinces affected
by the February 6 Kahramanmaras earthquake is handled. As a result of the investigations, it
has been determined that the number of schools at the secondary school level cannot meet the
potential student population, and therefore, the purpose of the study is to select the most suitable
location for reconstruction of a the secondary school. Since many criteria should be evaluated
together in the selecetion a school site, the Criteria Importance Determination Through
Correlation Between Criteria (CRITIC) is used for determining weights of the criteria and then
,The Preference Ranking Technique According to Similarity to Ideal Solution (TOPSIS)
methods, and The Preference Ranking Organization Method for Enrichment Evaluation which
are multi-criteria decision-making methods, were applied for site selecetion. In the study,
firstly, the lands allocated as educational areas for secondary education in Kilis province were
determined and these lands were used as alternative data of the study. For the determination of
criteria, expert opinions and studies in the literature were used and the weights of the determined
criteria were calculated with the CRITIC method and the lands allocated as alternative
educational areas were ranked with the TOPSIS and PROMETHEE Il methods and the results
of these two methods were compared. In the study, 5 different criteria were evaluated for 5
alternative educational allocation areas in the school site selection. As a result, the accessibility
criterion was selected as the most important criterion and according to the TOPSIS method
result, the Rifat Kazancioglu educational facility area was determined as the best alternative
and according to the PROMETHEE II method result, the Kazim Karabekir educational facility
area was determined as the best alternative.

Keywords: School Site Selection, MCDM, CRITIC, TOPSIS, PROMETHEE.
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1. INTRODUCTION

Education is the most important factor in the development of countries. Keeping the quality of
education at the highest level will be effective in moving the country forward in the long term.
There are many factors affects the quality of education, and special care must be taken for all
of them. One of these factors is the selection of school location. The places where schools will
be established can be evaluated in terms of multiple criteria, including infrastructure, number

of students, environmental safety and location.

Making the right decisions in establishing an educational facility is a major responsibility of
educational managers. For the facility to be established at the right time and in the right place,
many comparable criteria must be evaluated. The large number of alternatives and criteria to
be considered necessitates resorting to multi-criteria decision making. The fact that the facility
is immovable and its construction cost is high cost is one of the most important criteria to be

evaluated for optimum location selection. (Arslan, 2015).

Schools provide the most important contribution to the development of society by transferring
cultural, technological and economic developments to the new generation. This is possible with
the dynamic structure of schools and with schools having sufficient physical space in a dynamic
structure. When educational areas provide the necessary environment and criteria, the quality
of education and training increases, and the improvements in the internal and external

environment positively affect the success rate. (Basegmez, Tasdemir, 2017).

The thesis consists of five chapters. In the introduction part of the study, information about the
general structure of the study and school location selection is explained. In the second part, the
literature review is given. Studies conducted with the multi-criteria decision-making methods
we used in our study are examined. In the third part, the methods and materials used in the study
are explained and the application is presented and obtained solutions are given part is included.

In the fourth section, the entire study is summarized and the results obtained results.



2. LITERATURE REVIEW

Many studies have been conducted on determining the optimum school location, multi-criteria
decision-making methods have been used in the decision-making process. In some studies in
the literature, a single multi-criteria decision-making method is used to solve the problem, while

in some studies, several methods is integrated . Some of these studies are as follows.

Keles (2022) focused on determining the importance of the criteria used for school selection
and applied for Kayseri province. She tried to determine the importance by making binary
comparisons for 8 criteria for school selection. She used AHP method in her study and found

that noise level is the most important crtieria.

Uslu, et al. (2016) used Multi -criteria decision -making methods based on CBS in their study
.The aim of their study is to choose the most appropriate school place in Ankara. For this
purpose, they calculated the weights of the criteria with AHP and ranked the alternative school
places using TOPSIS. They set the most important criterion as the population and chose the

16th place among the alternatives as best.

In his study, Khalid (2018) studied school location selection for the primary school level by
integrating with GIS. By conducting spatial analysis, he examined the regional suitability of the
alternatives with a multi-criteria decision-making model. While looking at the suitability of

school areas, he evaluated the suitability of the four selected regions in terms of four criteria.

In her study, AYCIN (2020) used the CRITIC method and MAIRCA in an integrated manner.
She made an exemplary study on solving personnel selection processes using multi-criteria
decision-making methods. She used five criteria to evaluate seven alternatives in her study. She
calculated the criterion weights with the Critic method and then ranked them with MAIRCA.

Bulgurcu (2019) aimed to find the brand that provides the most benefit to the user by integrating
the CRITIC method with the MAUT method in the smart watch selection problem. The

evaluation phase was strengthened by applying a survey to experts in the sector.



Arslan and Yildiz (2015) worked on the selection of sports high school locations in Diizce.
Since the criteria contained verbal uncertainties, they used a fuzzy method and made them
comparable by using fuzzy numbers. They ranked and evaluated 4 alternative sports locations
using TOPSIS method, one of the multi-criteria decision-making methods.

Basegmez, et al. (2017) investigated the criteria that should be examined in the zoning plans of
school areas and tried to determine the problems in school site selection and find solutions to
them by investigating the studies in different countries and in our country. As a result of their
study, they suggested that a new legislation should be created for our country in school site
selection and that decision-making should be integrated with GIS systems.

Basegmez, et al. (2019) integrated the GIS and AHP methods and tried to determine the most
suitable educational facility area for the Central District of Usak province. The weights of the
criteria were determined with AHP and these criteria were transferred to the GIS system and
the most suitable place was selected using the software in the GIS. The suitability rates of 132
educational areas in the study were determined and 2% of these areas were determined as more
suitable and the suitability of the existing educational facility areas was interpreted according

to the results.

Maman (2023) evaluated six insurance companies with multi-criteria decision-making
methods.While evaluating the alternatives, by using the criteria of reliability,
comprehensiveness of the policy, ease of payment, replacement vehicle coverage and the policy
reflecting the value of the insured vehicle determined weights of the criteria using Analytical
Hierarchy Process (AHP). In his study, Maman, who aims to provide a different perspective on
insurance companies selection, used TOPSIS and PROMETHEE methods to evaluate the

alternatives.

SAHIN(2022) applied the multi-criteria decision-making method to investigate the
effectiveness and weight of developing digital technology alternatives in the marketing
management process stages. She made predictions about selecting appropriate marketing
strategies for companies and making technological investments in marketing processes by
making evaluations with CRITIC analysis and TOPSIS and PROMETHEE methods. The study

was applied to two companies operating in the Automotive and Textile sectors in Turkey and

3



the numerical data of the study were obtained according to the survey answers directed to the

company managers.



3. MATERIAL AND METHODS

In this section of the study, the area where the study is applied, the determination of criteria and
alternatives, and the determination of allocated areas through the GIS system are explained.
The methods used in the study are explained and the application part of the study is presented.
Five criteria were identified for school site selection. In determining these criteria, studies and
theses in the literature were meticulously examined and the title 4.3 Site selection criteria of the
Minimum Design Standards Guidelines for Educational Buildings published by the Ministry of
National Education was utilized. The details of the criteria are presented in the following pages.
The alternatives to be evaluated based on these criteria were determined by expert opinions and
recommendations among the Education allocated areas. In this study, the CRITIC method was
used to calculate the weights of the criteria and then the alternatives were ranked with TOPSIS
and PROMETHEE Il method .

3.1. General Analysis Of The Implementation Area

The study is conducted in the central district of Kilis. There are 77 streets in Kilis, which has a
surface area of 1520.00 km 2 . Since the borders between streets are very narrow, a single school
provides education to students in more than one neighborhood.

Kilis has received intense migration in the last 10 years due to wars in neighboring countries
and the recent earthquake in Kahramanmaras on February 6. The high density of young people
of school age among the immigrant population has created a sensitivity in the conduct of the
education system more meticulously than in previous years .

The high number of school-age children and the transfer of students from earthquake-damaged
schools to different schools have caused the number of students in classrooms to exceed the
potential.

Since the number of class sizes above the number determined by the Ministry of National
Education is a factor that will decrease the quality of education, the damaged schools should be

restarted to education. For this purpose, the study is conducted in the central district of Kilis.



3.2. Selection Of Criteria To Be Used In The MCDM

Since school construction is costly and difficult in every aspect, site selection is very important.
The criteria that will be to be used to achieve better results in location selection are very
important. Therefore, it is necessary to be very careful when determining the criteria.

In this section, the criteria used in the study are mentioned in detail. In the study, 5 criteria
were determined for school location selection for Kilis province. The determination of the
criteria, studies in the literature and the title 4.3 Site selection criteria of the Educational
Buildings Minimum Design Standards Guide published by the Ministry of National Education
were used. The criteria are determined as follows; District size, Number of student per district,

Infrastructure of district, Accessibility and Loudness level.

Tablo 3.1: Criteriea of The Study

Decision Variables Name Decision Variables Directions
District size Max
Number of student per district Max
Infrastructure of district Max
Accessibility Min
Loudness level Min

3.2.1. District Size

When choosing a school location, the areas where the school will be built are determined
between education allocated areas by the Ministry of National Education. The size of the areas
varies depending on the level of education, such as primary school, secondary school or high
school. The reason why area size was taken as a criterion in our study is that the neighborhood
to be established must have the physical capacity to provide education to students of educational
age living in the surrounding neighborhoods. Because the neighborhood boundaries in Kilis are
very narrow, a single school is used as an education area for more than one neighborhood. In
our study, area sizes are determined for 5 of the places designated as education allocated areas
by the Kilis Provincial Directorate of National Education. Since it is important that the training
area is wide, the criterion has been determined as maximum.
6



3.2.2. Number Of Students Per Street

Knowing the number of students in each neighborhood is an important numerical data that can
be used to determine the number of schools needed. The number of students at different
education levels in each neighborhood means potential students for the next level of education.
In other words, students at the primary school level are potential students at the secondary
education level. This is also called age population calculation. In this way, more accurate
decisions can be made in future strategic education planning. In our study, the number of
students for each neighborhood determined as an alternative is obtained through the E-school
system. Since the neighborhood boundaries are narrow, the closest few neighborhoods around
the alternative neighborhoods are included when calculating the number of students. Since it is
important to provide education to the largest number of students, the criterion direction has

been determined as maximum.

3.2.3. Infrastructure Of Street

The infrastructure criterion refers to the equipment such as electricity, internet and natural gas
in the area where the school is planned to be established.

The infrastructure criterion value for each alternative was determined by expert opinions based
on a scale of 1-5. In the age of technology, infrastructure criteria such as the internet will affect
the quality of education, therefore the infrastructure needs to be optimized and the criterion

direction has been determined as maximum.

3.2.4. Accessibility

Accessibility refers to the ease with which students can reach the school. In our study, the
walking distance to the nearest bus and minibus stop is taken as basis for each alternative school
location. In order for students to have easy access to school and to reduce the walking distance,
the accessibility criterion must be minimized and the criterion direction has been determined as

min.

3.2.5. Loudness Level

Since noise pollution around the school will reduce the quality of education, noise pollution is
another important criterion in choosing a school location. The noise criterion value for each

alternative is determined by expert opinions based on a scale of 1-10. Since it would be



advantage to have low noise pollution, this criterion should be minimized and the criterion

direction was determined as min.

3.3. Determination of Criteria Weights
Determination of the criteria weights are done using CRITIC method.
3.3.1. CRITIC Method

The Critic method allows objective evaluation of criterion weights in Multi-Criteria decision-
making processes without need for an expert opinion. In 1995, Diakoulaki et al. has been
added to the literature with his studies. The steps of CRITIC are given below (Jahan vd. 2012,
s.413).

Step 1: Constructing of the decision matrix

X= [xéj]::lirn =

i=(1....myve j=(1,......n)
3.1)

Step 2: Calculate normalized decision matrix

In this step there are two different calculations according to direction of criteria. If the
direction of the criterion is maximization, the equation (2) is applied and if it is minimization,
equation (3) is applied and the normalization matrix is created.

Xjj x:;_mn . ‘
where . = — — i=1,..m; j=1,.., n
- T[_'[]UJ. -{[_'[]ll'l *
) -
oy .
I{j:m 1= 1..,...FH',_ IZIH
X‘, - _xjr

(3.3)



rij is the normalized criterion value.

Step 3: Calculate the intercriteria correlations

After the normalized values are calculated, the correlation coefficients between pairs of
criteria are calculated to see the relationship between the criteria. Equations (3.4) used for
calculating the correlation.

> (ry = 7)(ri — )
Pix = ——— jk=1,..n (3.4)

m m

2 (rj — 7))’ ; (rix — Fi)’

Step 4: Calculate the Cij Coefficient

The standard deviation of each column is used when calculating the coefficient value.
Equations (3.5) include the calculation of standard deviation and Cij value.

N m
Cj = gj Zp=1(1- pi) (=12, ..,n)

(3.5)

Step 5: Identification of importane weight of criteria

In this last step, the objective weights of the criteria are calculated and when the results are
ranked from largest to smallest, the criterion with the highest weight is determined as the most
important criterion.



(3.6)
wp = Lx L[ [] s eey 1)

3.3.2. Application of CRITIC Method
The decision matrix is given in Table 3.2

The values in the decision matrix are objective values. Criterion values for each alternative

were determined according to the calculations, 1-5 and 1-10 scales.

Table 3.2: Decision Matrix

DECISION MATRIX

.. . District Number of student Infrastructure of ... LOudness

Decision Variables ] . . Accessibility

size per district district level
Al.tern.atlves / Variables i Max Miax Min Min
Directions
Rifat Kazancioglu Street School 10.000 4544 5 196 6
Allocated Area
Islambey Street School Allocated 5 800 1099 3 125 7
Area
Kazim Karabekir Street School 11.000 3435 4 15 7
Allocated Area
Sth Abdullah Street School 7000 1363 3 200 3
Allocated Area
Bilali Habes Street School 3.800 1184 3 300 9

Allocated Area

10



Table 3.3: Normalized Decision Matrix

NORMALIZED DECISION MATRIX

. . District Number of student Infrastructure .. ... Loudness
Decision Variables . L . Accessibility
size per district of district level
NO A!tern-atlves / Variables Max Max Max Min Min
Directions
Rifat Kazancioglu Street
! School Allocated Area 0,88 1,00 1,00 0,36 1,00
5 Islambey Street School 0,00 0,00 0,00 0,61 0,67
Allocated Area
3 Kazim Karabekir Street School 1,00 0,68 0,50 1,00 0,67
Allocated Area
4 Sth Abdullah Street School 0,51 0,08 0,00 0,35 0,33
Allocated Area
5 Bilali Habes Street School 0,12 0,02 0,00 0,00 0,00
Allocated Area
Table 3.4: Intercriteria Correlations Matrix
INTERCRITERIA CORRELATIONS
District Number of student Infrastructure of I Loudness
NO . . . Accessibility
size per district district level
Alternatives
1 District size 1,00 0,87 0,79 0,50 0,56
o Numberofstudent o, 1,00 0,99 0,36 0,76
per district
3 Infrastructure of 0,79 0,99 1,00 0,25 0,78
district
4  Accessibility 0,50 0,36 0,25 1,00 0,56
5 Loudness level 0,56 0,76 0,78 0,56 1,00

11



In order to calculate the Cij value, “1-pj” calculation must be made for each value in the
correlation matrix and then the sum of these values is calculated for each column.These values

are shown in Table 3.4.

Table 3.5: 1- pj Value for each criterion

1-pjk
District Number of Infrastructure of I Loudness

NO . student per .. Accessibility

size . . district level
Alternatives district
1 District si
SR 0,00 0,13 0,21 0,50 0,44
5 Number of student per
district 0,13 0,00 0,01 0,64 0,24
3  Infrastructure of district
0,21 0,01 0,00 0,75 0,22
4  Accessibility
0,50 0,64 0,75 0,00 0,44
5 Loudness level
0,44 0,24 0,22 0,44 0,00
COLUMNSUM 1,28 1,02 1,19 2,33 1,34
Table 3.6: Standard Deviation
District Number of Infrastructure .. .... Loudness
. student per . Accessibility
size . L. of district level
district
STANDARD DEVIATION 0,44 0,46 0,45 0,37 0,38

()

After calculating “ 1- pj “ Value and Standard Deviation , Cij value are calculated
usingEq.(3.5).

12



Table 3.7: Cj Coefficient Variables

Number of

Distri Inf L
|s_tr|ct student per n rast.ruc.ture Accessibility oudness
size . of district level
district
Cj COEFFICIENT 0,57 0,47 0,53 0,86 0,51
The last step is calculating Wj values of criteria.
Table 3.8: Wj Values
District Number of student Infrastructure . Loudness
. . - Accessibility
size per district of district level
Wj COEFFICIENT
IMPORTANCE WEIGHT OF 0,19 0,16 0,18 0,29 0,17

DECISION VARIABLES

After all steps of the CRITIC method are applied to five criteria, in the selection of the school

site ,it is found that the most important criterion is accessibility.

3.4. Selection Of Alternatives

Five alternative education allocation areas are determined to be used in the study. The regions
evaluated as alternatives in our study are the regions previously determined as educational
facility locations by the Ministry of National Education, and these areas are determined through
the GIS system. Five of these areas, which are suitable for secondary school level, are selected
for use in the study. The nearby neighborhoods around each alternative are also determined in
GIS and included in the alternatives. Due to the narrow neighborhood boundaries, some
neighborhoods are included in more than one alternative. Some of these spaces are included in

one alternative, while the other part are included in a different alternative. In other words, the

13



same parts of the neighborhood were not used for different alternatives. For example, Hurriyet
and Zeytinli neighborhoods
The alternatives are as follows;

Table 3.9. Alternatives of The Study

Rifat Kazancioglu Street School Allocated Area
Islambey Street School Allocated Area
Kazim Karabekir Street School Allocated Area
Sth Abdullah Street School Allocated Area
Bilali Habes Street School Allocated Area

g B~ W DN

& = )

Figure 3.1: General view of Kilis from GBS

Figure 3.1 Shows the general view of Kilis via GPS and the areas allocated for education are
marked.

14
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Metrekare v 2092870.879 Metrekare

Figure 3.2: The view of Rifat Kazancioglu Street via GIS

Figure 3.2 shows the view of Rifat Kazancioglu Street and also indicates the education
allocation area chosen for this alternative. Neighborhoods in the immediate vicinity of this street
were included in the study. Nearby neighborhoods are as follows; Necmettin Erbakan and
Albay Ibrahim Karaoglanoghu.

Figure 3.3: The view of Islambey Street via GIS

Figure 3.3 shows the view of islambey Street and also indicates the education allocation area
chosen for this alternative. Neighborhoods in the immediate vicinity of this street were included

15



in the study. Nearby neighborhoods are as follows; Sehit Sakip, Tabakhane, Canpolat Pasa,
Inaplikiitah, Biiyiikkiitah and Vaiz.

Blgiim Bilgi Penceresi
Kisayol Tuglan

Z: Geri Al R:llen Al

C: Bitir Cift Click: Bitir
F: Vertex Ekle

Metre v 5728.190 Metre
Metrekare v 1771885.896 Metrekare

Figure 3.4: The view of Kazim Karabekir Street via GIS

Figure 3.4 shows the view of Kazim Karabekir Street and also indicates the education allocation
area chosen for this alternative. Neighborhoods in the immediate vicinity of this street were
included in the study. Nearby neighborhoods are as follows; Kartal Bey, Mercidabik, Boliik,
Zeytinli and Hurriyet.

Olgiim Bilgi Penceresi
Kisayol Tuslan
Z: GeriAl R: lleri Al
C: Bitir Cift Click: Bitir
F: Vertex Ekle
¥ Mete v 3180.955 Metre
i Metrekare v 507089.510 Metrekare

Figure 3.5: The view of Sih Abdullah Street via GIS
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Figure 4.5 shows the view of Sih Abdullah Street and also indicates the education allocation
area chosen for this alternative. Neighborhoods in the immediate vicinity of this street were
included in the study. Nearby neighborhoods are as follows; Polat Pasa, Tosyali, Sehitler, Yedi
Aralik, Deveciler, Altiniiziim ,Osman Gazi, Nedim Okmen, Zeytinli and Hiirriyet.

Olgiim Bilgi Penceresi
Kisayol Tuslan

Z: Geri Al R: leri Al
C: Bitir Cift Click: Bitir
F: Vertex Ekle

S Metre v 3722.848 Metre
Metrekare v 777320.470 Metrekare

Figure 3.6: The view of Bilali Habes Street via GIS

Figure 3.6 shows the view of Sth Abdullah Street and also indicates the education allocation
area chosen for this alternative. Neighborhoods in the immediate vicinity of this street were
included in the study. Nearby neighborhoods are as follows; Kanuni Sultan Siileyman and

Sorhabil.
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3.5. TOPSIS Method

First method to be used in the ranking of alternatives is TOPSIS method.

TOPSIS (Order Preference Technique Based on Ideal Similarity Solution) method was first

added to the literature by Hwang and Yoon (1981) and has been used in many studies. This

method is based on determining the shortest distance of the alternatives to the positive ideal

solution and the longest distance to the negative ideal solution. And also ranking the alternatives

according to decision variables. The following steps should be followed when applying the

TOPSIS method.

Step 1: Constructing the Decision Matrix

2 L 81p

11 @12 1p
.l!-.“:

Ay Bm3 g

Step 2: Calculate Normalized Decision Matrix

3.7)

In this step each criterion value is normalized with equations (3.2) and normalized decision

matrix will be created as follows

rij : Normalized value of criteria
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Step 3: Calculate Weighted Normalized Decision Matrix

When creating the weighted decision matrix, the weights of each criterion must be known.
Criterion weights can be calculated with a different multi-criteria decision-making method
and topsis can also be used. The rij values obtained with the normalized matrix are multiplied

by the wi weights. Thus, the weighted normalized matrix (V matrix) is obtained.

Wi; Weight of criteria

R LI Wil e W,I,
WiTy,  WoTa ... W, Ty,
V”
| Wil Wil o WL, (3 10)

Step 4: Calculate Positive/ Negative Ideal Solutions (PIS/NIS)

In this step there are two different calculations according to objective. If the objective is

maximization, the equation (3.11) is applied and if it is minimization, equation (3.12) is applied.

A= fmax vy | j=1,..p:1...m} (3.11)

A7 ={(min v

(3.12)
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Step 5: Calculate The Distance From Each Alternative to The PIS and NIS

di= JZU':R = x5)*

(3.13)
Step 6: Calculate the Closeness Coefficient(CC) for Alternatives
This final stage, closeness to the ideal solution is calculated and alternatives are ranked.
3: z{\fu \f:f 8 = zu:[v“ v )
i -1
(3.14)
. S
{1I _ ] .
S +8S,
(3.15)
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3.5.1 Application of TOPSIS Method

Topsis steps are applied in Excel for the determined criteria and alternatives, and the steps are

as follows, respectively.

Table 3.10 Decision Matrix of TOPSIS Method

DECISION MATRIX

.. . District Number of student Infrastructure .. ... Loudness
Decision Variables . L . Accessibility
size per district of district level
WEIGHTS 0,19 0,16 0,18 0,29 0,17
A!tern-atlves / Variables Max Max Max Min Min
Directions
Rifat Kazancioglu Street
School Allocated Area 10.000 4544 > 196 6
islambey Street School
Allocated Area 2.800 1099 3 125 7
Kazim Karabekir Street School 11.000 3435 4 15 7
Allocated Area
Sth Abdullah Street School 7000 1363 3 200 8
Allocated Area
Bilali Habes Street School 3.800 1184 3 300 9
Allocated Area
SQUARE ROOT 17096,20 6075,74 8,25 429,26 16,70

Criterion values for each alternative were determined according to the calculations, 1-5 and 1-

10 scales. The criterion weights are calculated with the CRITIC method in the previous stage.
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Table 3.11: Normalized Decision Matrix of TOPSIS Method

NORMALIZED DECISION VARIABLES

N f
.. R District umber o Infrastructure I Loudness
Decision Variables . student per . Accessibility
size . . of district level
district
WEIGHTS 0,19 0,16 0,18 0,29 0,17
NO A!tern.atlves / Variables Max Max Max Min Min
Directions
Rifat Kazancioglu Street
! School Allocated Area 0,58 0,75 0,61 0,46 0,36
5 Islambey Street School 0,16 0,18 0,36 0,29 0,42

Allocated Area

Kazim Karabekir Street
3 School Allocated Area 0,64 0,57 0,49 0,03 0,42
Sth Abdullah Street School
Allocated Area
Bilali Habes Street School

Allocated Area

0,41 0,22 0,36 0,47 0,48

0,22 0,19 0,36 0,70 0,54

Table 3.12: Weighted Normalized Matrix

WEIGHTED NORMALIZED DECISION VARIABLES

.. . District Number of student Infrastructure . ... Loudness
Decision Variables . . . Accessibility
size per district of district level
WEIGHTs 019 0,16 0,18 0,29 0,17
NO A!tern.atives / Variables Max Max Max Min Min
Directions
Rifat Kazancioglu Street
! School Allocated Area 011 0,12 011 0,13 0,06
5 Islambey Street School 0,03 0,03 0,07 0,09 0,07

Allocated Area

Kazim Karabekir Street
3 School Allocated Area 0,12 0,09 0,09 0,01 0,07
Sth Abdullah Street School
Allocated Area
Bilali Habes Street School

Allocated Area

0,08 0,04 0,07 0,14 0,08

0,04 0,03 0,07 0,21 0,09
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Table 3.13: Positive and Negative Ideal Value

N f
District umber o Infrastructure .. .... Loudness
. student per s Accessibility
size . . of district level
district
A* 0,12 0,12 0,01 0,06
A- 0,03 0,03 0,21 0,09
Table 3.14: Summary of the results of the topsis method
NO Si+ Si- Ci* Ranking
Alternatives
Rifat Kazancioglu Street School
1 Allocated Area 0,12 8> >,68 1
) Islambey Street School Allocated 0,16 0,12 3,47
Area 5
Kazim Karabekir Street School
3 Allocated Area 0,04 0,23 1,20 2
Sth Abdullah Street School
4 Allocated Area g 0,08 1,04 4
Bilali Habes Street School
> Allocated Area 0,24 0,01 0,05 3

After all steps of the TOPSIS method are applied to five alternative, it is found that the best

alternative is Rifat Kazancioglu Street school.
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3.6. PROMETHEE Il Method

In cases where decision-making processes such as industry, settlement, planning, health are
effective and the decision-making process is complicated by problem inputs, multi-criteria
decision-making methods are used. There are multiple multi-criteria decision-making methods
in the literature such as MOORA, AHP, ELECTRE AND VIKOR, which differ in terms of
calculation time, result reliability and used data types. PROMETHEE (Preference Ranking
Organization Method For Enrichment Evaluation) is also used as one of these multi-criteria
decision-making methods. PROMETHEE method provides convenience to the decision maker
in terms of making more accurate decisions according to the desired purpose. Unlike other
methods, it gives reasonable outputs in terms of result reliability and allows the decision maker

to work with mixed data types such as quantitative and qualitative in the problem.

PROMETHEE method is suitable in cases where the aspects of the criteria included in the
decision-making process differ as maximization and minimization. It includes each criterion in
the decision-making process by making different calculations according to its aspect. In this
respect, it is not limited to a single criterion type and allows for a variety of criteria. And also
with this method, a correct prioritization can be made by making a partial or full ranking among

the alternatives.

In multi-criteria decision-making problems where the PROMETHEE method will be used, the
weights of the criteria for which the alternatives will be evaluated should be calculated with
different methods such as AHP, SWARA, ENTROPI AND CRITIC, and the criterion weights
obtained as a result of the calculations will be used in the solution steps of the PROMETHEE
method and also when comparing alternatives, preference functions must be determined for the
criteria, and these preference functions change depending on whether the criteria have

superiority over each other.
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3.6.1. Steps of PROMETHEE Il Method
The following steps should be followed when applying the PROMETHEE method.

Step 1: Creation of a decision matrix by determining the criteria and alternatives to be used in
decision making for the problem to be decided. The number of criteria may vary depending on
the type of problem.

Step 2: Determination of criterion weights, which express the importance levels of the criteria
in problem solving. In this step, weighting can be done using one of the criterion weighting
methods such as AHP, ENTROPI, CRITIC and SWARA.

Step 3: In the normalization process of the decision matrix, different formulas are applied
according to the direction of the criteria to create a normal decision matrix. If the direction of
the criterion is maximization, equation (3.16) is applied, and if it is minimization, equation

(3.17) is applied and the normalization matrix is created.

R I_'\ — Min (x j ]-J

P | Max (x,) - Min (x,)] BENEFIT

' CRITERIA
(3.16)

| Max (x,)-x, | COST CRITERTA
[Max (x ) Min (x,)]
(3.17)
where

Rij is the normalized criterion value.
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Step 4: Defining Preference Functions For Criteria

Preference functions are used to show the relationships between criteria. There are 6 different

preference functions. The preference functions are as follows;

e Regular Type

e U Shape

e V Shape

e Leveled Gradual
e Linear

e Gauss preference functions.

Type I Regula > Type [1 U - chape Type OI' V - shape
criterion ‘l criterion P criterion ‘ »
| l
0 :1 m [ 0 m :I
: ’ y 0 d-<0
[0, d=0 0 d=m [
Pid)i=- Prdi= Pidi=<d/n, 0zdzn
1, d>0 1 d>m
I, d>n
Type IV Level Type V. Linear Type VI Ganss
criterion P criterion P criterion r
= II—F N\ | /o
n - | m l'l 'd -h -m | m n :i
|0
‘1) d=0 Dy 2 "
|d—m 0
Pidi=<1/2. m<d<n Pid)=- £ m<d=n Pidi=1-e¢ %
1 d H=n
=n
‘ I, d->n

Figure 3.7: Preference Functions

Reference: Tomi¢, Marinkovi¢, Janosevi¢, 2011.
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Step 5: Determining Common Preference Functions

Depending on the preference functions determined for the criteria, pairwise comparisons of
decision alternatives are made for each evaluation criterion and common preference functions
are determined.

The preference function for alternatives is as follows;

dj(a,b) = g;(a) — g;(b) (3.18)

This formula shows the difference between the values of decision alternatives a and b for the

jth criterion.

Step 6: Determination of Preference Indexes

After common preference functions are determined for each alternative, preference indices are
calculated and thus, the superiority of alternatives over each other is determined by calculating
preference functions. The preference indices of the alternatives are calculated with the

following formulas.

H(ﬂJ b} = f='l Pi(ﬂi b} * Wy

w(b,a) = ¥, Pi(b,a) - w; (3.19)

wi: Importance weights of criteria..
k: Number of criteria.

n(a, b) and n(b, a): Degree of preference of alternatives over each other.

Step 7: Determine The Leaving and Entering Flow

In order to rank the decision alternatives and select the best one, leaving and entering flows
must be calculated. Leaving and entering flows are calculated using the following formulas.

¢*(a) = —Zyeam(a,x)

$7(a) = — Y, eqm(x,0)
(3.20)

¢ +(a) : Leaving Flow

¢ —(a): Entering Flow
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Leaving Flow value ®+(a), (a) expresses how much better the alternative a is than the other
alternatives. The high value of this value shows that the alternative is a better option than the
others.

Entering Flow value ®-(a) (a) expresses how weak the alternative a is compared to the other
alternatives. The low value of this value shows that the alternative is a better option than the

others.
Step 8: Calculate The Net Flow Values and Rank Accordingly

In order to make a complete ranking among the alternatives, net flow values are calculated.
This value is obtained by finding the difference between leaving and entering flow for all
alternatives. With the calculated net flow values, all decision alternatives are evaluated in the
same way and a clear ranking can be made.

@(a) = 0" (a) — 0 (a) (3.21)
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3.6.2. The Application of PROMETHEE Il Method

During the PROMETHEE |11 analysis, as in the previous model TOPSIS, pairwise comparisons
were made using the criterion weights obtained with the CRITIC method and the alternatives
were analyzed according to their preference functions. In this analysis, the criterion weights
calculated as a result of the CRITIC method and found in Table 3.8 were used. No changes
were made to the criterion and alternative matrix, and the decision matrix used in TOPSIS and
CRITIC was used. All calculations made during the analysis were created using the Microsoft
Excel program.

The values in the decision matrix are objective values. Criterion values for each alternative
were determined according to the calculations, 1-5 and 1-10 scales. Decision matrix given in
Table 3.15.

Table 3.15: Decision Matrix of PROMETHEE Il Method

DECISION MATRIX

.. . District Number of student per Infrastructure of S Loudness
Decision Variables . " . Accessibility
size district district level
WEIGHTS 0,19 0,16 0,18 0,29 0,17
NO A!tern.atlves / Variables Max Max Max Min Min
Directions
1 Rifat Kazancioglu Street School 10.000 4544 5 196 6
Allocated Area
5 Islambey Street School 5 800 1099 3 125 7
Allocated Area
3 Kazim Karabekir Street School 11.000 3435 4 15 7
Allocated Area
4 Sth Abdullah Street School 7000 1363 3 200 8
Allocated Area
5 Bilali Habes Street School 3.800 1184 3 300 9
Allocated Area
MAX 11.000 4,544 5 300 9
MIN 2.800 1.099 3 15 6
MAX-MIN 8.200 3.445 2 285 3
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Table 3.16: Normalized Decision Matrix of PROMETHEE Il Method

NO

Decision Variables

Alternatives / Variables Directions
Rifat Kazancioglu Street School
Allocated Area

islambey Street School Allocated
Area

Kazim Karabekir Street School
Allocated Area

Sth Abdullah Street School
Allocated Area

Bilali Habes Street School Allocated
Area

NORMALIZED DECISION MATRIX

District Number of student per
district

Max

size
Max

0,88

0,00

1,00

0,51

0,12

1,00

0,00

0,68

0,08

0,02

Infrastructure of
district

Max

Accessibility

Min

0,36

0,61

1,00

0,35

0,00

Loudness
level

Min

0,67

0,67

0,33
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Table 3.17 contains the results of pairwise comparisons made to determine common preference
functions. The calculation made using the equation (3.18) has been applied to all alternative

pairs.

D(1-2) value expresses the difference between the values of the 1st alternative and the 2nd
alternative for the Disctrict size criterion.

Table 3.17: Evaluative Difference Of Alternatives With Respect Other Alternatives

EVALUATIVE DIFFERENCE OF ALTERNATIVES WITH RESPECT OTHER ALTERNATIVES
Number of student per

District size district Infrastructure of district Accessibility Loudness level
A(1-2) 0,88 1,00 1,00 -0,25 0,33
A(1-3) -0,12 0,32 0,50 -0,64 0,33
A(1-4) 0,37 0,92 1,00 0,01 0,67
A(1-5) 0,76 0,98 1,00 0,36 1,00
A(2-1) -0,88 -1,00 -1,00 0,25 -0,33
A(2-3) -1,00 -0,68 -0,50 -0,39 0,00
A(2-4) -0,51 -0,08 0,00 0,26 0,33
A(2-5) -0,12 -0,02 0,00 0,61 0,67
A(3-1) 0,12 -0,32 -0,50 0,64 -0,33
A(3-2) 1,00 0,68 0,50 0,39 0,00
A(3-4) 0,49 0,60 0,50 0,65 0,33
A(3-5) 0,88 0,65 0,50 1,00 0,67
A(4-1) -0,37 -0,92 -1,00 -0,01 -0,67
A(4-2) 0,51 0,08 0,00 -0,26 -0,33
A(4-3) -0,49 -0,60 -0,50 -0,65 -0,33
A(4-5) 0,39 0,05 0,00 0,35 0,33
A(5-1) -0,76 -0,98 -1,00 -0,36 -1,00
A(5-2) 0,12 0,02 0,00 -0,61 -0,67
A(5-3) -0,88 -0,65 -0,50 -1,00 -0,67
A(5-4) -0,39 -0,05 0,00 -0,35 -0,33
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In this step where preference functions will be calculated, operations will be performed
according to the type of preference function previously decided for the criteria and a matrix will
be created. The 6 types of preference functions mentioned for the criteria are mentioned in
Figure 3.7.

For this type of problem, since the decision maker did not have any preference for a criterion,
the usual type preference function was decided upon and the calculations proceeded according
to this regular function.

According to the regular preference function formulation, values less than “0” in the pairwise
comparison matrix should be defined as “0”” and no action should be taken on other values.

The formula is as follows:

(3.22)

When we re-evaluate the pairwise comparison values in the table 3.17 according to the regular

preference function formula Equation 3.22.
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Table 3.18 : Prefence Function

PREFENCE FUNCTION
District size  Number of student per district  Infrastructure of district  Accessibility Loudness level

WEIGHTS 0,19 0,16 0,18 0,29 0,17
A(1-2) 0,88 1,00 1,00 0,00 0,33
A(1-3) 0,00 0,32 0,50 0,00 0,33
A(1-4) 0,37 0,92 1,00 0,01 0,67
A(1-5) 0,76 0,98 1,00 0,36 1,00
A(2-1) 0,00 0,00 0,00 0,25 0,00
A(2-3) 0,00 0,00 0,00 0,00 0,00
A(2-4) 0,00 0,00 0,00 0,26 0,33
A(2-5) 0,00 0,00 0,00 0,61 0,67
A(3-1) 0,12 0,00 0,00 0,64 0,00
A(3-2) 1,00 0,68 0,50 0,39 0,00
A(3-4) 0,49 0,60 0,50 0,65 0,33
A(3-5) 0,88 0,65 0,50 1,00 0,67
A(4-1) 0,00 0,00 0,00 0,00 0,00
A(4-2) 0,51 0,08 0,00 0,00 0,00
A(4-3) 0,00 0,00 0,00 0,00 0,00
A(4-5) 0,39 0,05 0,00 0,35 0,33
A(5-1) 0 0 0 0 0

A(5-2) 0,12 0,02 0,00 0,00 0,00
A(5-3) 0,00 0,00 0,00 0,00 0,00
A(5-4) 0,00 0,00 0,00 0,00 0,00

While the value of A(1-3) in the table is “-0.12” , it is transferred to the preference function
matrix as “0” because according to the usual preference function formulation, values smaller

than “0”’should be assigned the value “0”.
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Another part of the preference function calculation step is to multiply the criterion weight values
with the alternative comparison values and to sum these values. The formula for this process is
as follows.

n(a,b) = i, Pi(a,b) - w,
n(b,a) = X2, Pi(b,a) - w; (3.23)

The preference function obtained as a result of the calculations is as follows.

Table 3.19: Prefence Function Continuation Table

PREFENCE FUNCTION
District Number of Infrastructure of Loudness
size student per district district Accessibility level
WEIGHTS 0,19 0,16 0,18 0,29 0,17 SUM
A(1-2) 0,17 0,16 0,18 0,00 0,06 0,57
A(1-3) 0,00 0,05 0,09 0,00 0,06 0,20
A(1-4) 0,07 0,15 0,18 0,00 0,12 0,52
A(1-5) 0,15 0,16 0,18 0,11 0,17 0,76
A(2-1) 0 0 0 0,07 0 0,07
A(2-3) 0,00 0,00 0,00 0,00 0,00 0,00
A(2-4) 0,00 0,00 0,00 0,08 0,06 0,13
A(2-5) 0,00 0,00 0,00 0,18 0,12 0,30
A(3-1) 0,02 0,00 0,00 0,19 0,00 0,21
A(3-2) 0,19 0,11 0,09 0,11 0,00 0,51
A(3-4) 0,09 0,10 0,09 0,19 0,06 0,53
A(3-5) 0,17 0,10 0,09 0,29 0,12 0,77
A(4-1) 0,00 0,00 0,00 0,00 0,00 0,00
A(4-2) 0,10 0,01 0 0 0 0,11
A(4-3) 0,00 0,00 0,00 0,00 0,00 0,00
A(4-5) 0,08 0,01 0,00 0,10 0,06 0,24
A(5-1) 0,00 0,00 0,00 0,00 0,00 0,00
A(5-2) 0,02 0,00 0,00 0,00 0,00 0,03
A(5-3) 0,00 0,00 0,00 0,00 0,00 0,00
A(5-4) 0,00 0,00 0,00 0,00 0,00 0,00
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The matrix in Table 3.20 is obtained by using the total values in Table 19

Table 3.20: Aggregated Prefence Function Matrix

AGGREGATED PREFENCE FUNCTION MATRIX

Al A2 A3 A4 A5 SUM
Al - 0,57 0,2 0,52 0,76 2,05
A2 0,07 - 0 0,13 0,3 0,5
A3 0,21 0,51 - 0,53 0,77 2,02
A4 0 0,11 0 - 0,24 0,35
A5 0 0,03 0 0 - 0,03
SUM 0,28 1,22 0,2 1,18 2,07

After calculating the total preference functions, the positive and negative flow values of the

alternatives are calculated by Equation 3.20 and shown in the table below.

Table 3.21: Leaving Flow And Entering Flow Of The Alternatives

LEAVING FLOW AND ENTERING FLOW OF THE ALTERNATIVES

LEAVING FLOW ENTERING FLOW
AL 0,51 0,07
A2 0,13 0,31
A3 0,51 0,05
A4 0,09 0,30

A5 0,01 0,52
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According to the Equation 3.21, the ®(i) values of the alternatives were calculated and ranked
according to the PROMETHEE Il method.

The ranking result is given in the table 3.22 .As a result of the ranking, the best alternative was
Kazim Karabekir Street School Allocated Area.

The ranking order is as follows; Kazim Karabekir Street School Allocated Area, Rifat
Kazancioglu Street School Allocated Area, 1slambey Street School Allocated Area, Sih
Abdullah Street School Allocated Area, and Bilali Habes Street School Allocated Area,
respectively.

Table 3.22: Net Flow and Ranking

NET FLOW /RANKING

Alternatives / Variables Directions NET FLOW RANK
Rifat Kazancioglu Street School Allocated Area 0,44 2
islambey Street School Allocated Area - 0,18 3
Kazim Karabekir Street School Allocated Area 0,46 1
Sth Abdullah Street School Allocated Area - 021 4
Bilali Habes Street School Allocated Area - 0,51 5
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3.7.Comparison of the Results Obtained from the TOPSIS and PROMETHEE Il Methods

When the results of the two methods used in the school site selection problem in Kilis province
are evaluated, it is seen that the most suitable school site that can be selected is different in the
two methods. The results obtained from the two methods are shown in Table 23.

Table 3.23: Comparison of the Results

Ranking 1 2 3 4 5
Rifat Kazancioglu  Kazim Karabekir Bilali Habes Sth Abdullah islambey Street
Street School Street School Street School Street School School Allocated
TOPSIS Allocated Area Allocated Area Allocated Area Allocated Area Area
Kazim Karabekir ~ Rifat Kazancioglu islambey Street Sth Abdullah Bilali Habes Street
Street School Street School School Street School School Allocated
PROMETHEE Il Allocated Area Allocated Area Allocated Area Allocated Area Area

The area selected as the second best alternative in the TOPSIS method was selected as the best
alternative in the PROMETHEE 1 method and similarly, the alternative ranked second in the
PROMETHEE 1 method was selected as the first best alternative in the TOPSIS method.

A difference in ranking was observed between these two methods, but still these two best

alternatives follow each other in the ranking in the two applied methods.

According to the ranking result, the alternatives ranked 3rd and 5th are observed to have
changed places in the ranking between the two methods and also the x region is ranked 4th in
both methods.
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4. RESULTS AND DISCUSSION

This study is an example of the use of the CRITIC-based TOPSIS AND PROMETHEE Il

method for school site selection.

The study was applied to the secondary school level in the central district of Kilis. In the first
stage of the study, school allocation areas were determined through GBS and 5 of them were
determined as alternatives for the study. The criterion values of the alternatives were calculated

objectively.

The CRITIC method was used to determine the criterion weights and TOPSIS and
PROMETHEE Il methods, which are multi-criteria decision-making methods, were used for
the best school site selection with these weights obtained. The results of the methods used were

compared and their similarities and differences were stated.

In the study, five criteria were used, namely district size, number of students per district,
accessibility infrastructure of the district and noise level, and five alternatives were used,
namely Rifat Kazancioglu Street school allocation area, Islambey Street school allocation area,
Kazim Karabekir Street school allocation area, Sth Abdullah Street school allocation area,

Bilali Habes Street school allocation area.

First, the CRITIC method used to determine the importance weight of each criterion, the

accessibility criterion was determined as the most important criterion.

As a result of the evaluation of the alternatives with the TOPSIS method, The Rifat Kazancioglu
Neighborhood school education area was selected as the best alternative school location. The

next best option is The Kazim Karabekir Street School Allocated Area.

As a result of the ranking made depending on the ®(i) values in the PROMETHEE Il method,
it is seen that The Kazim Karabekir Street School Allocated Area ranks first.
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