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Introduction

The most essential matter in facility location selection problem is to select the most suitable geographical
region. The top level managers deal with these problems in order to satisfy the needs. These managers
also tackle with to make decisions in a proper way. If the decision suits with the current situations but not
with the long term goals, it does not mean that this is the best choice. For this purpose, the management
department must take responsibility to deal with long term goals.

Since the importance of the subject, the facility location selection problem must be handled by not only a
single person, but also the whole perspective of the institution. The collaborative effort of the institutions
also makes the decisions that are thought widely. Thanks to the nature of the collaborative work, brain
storming and mutual exchange of experience are essential matters which bring the broad view of aspects to
the issue. In this study, instead of making the decision individual, AHP group decision making is used. By
looking at the problem with a broad view of point, answers that are given by collaborative effort are getting
more precise and more realistic. Since AHP group decision making problem allows pairwise comparison,
it is also getting more beneficial results with getting different answers from different people with the help
of the created survey.

This study is done for the Student Selection and Placement Centers in Turkey. All examinations are done by
the taking the answers from the one of the institution of Student Selection and Placement Center named as
OSYM in Turkey. Since the institution is regarding almost everyone who wants to the education in Turkey,
the problem is more essential for this reason.

The main aim of the study is to handle the most appropriate examination center. In order to decide the
examination center, a survey is created according to the light of views of managers and personnel of the
institution. With the help of the views, all main criteria and sub criteria has been obtained. All relevant
pairwise comparison has done for main criteria and sub criteria as Physical Situation of the Examination
Hall, Transportation to the Examination Building, Properties of the Examination Building and Environment
of the Examination Building. As a result of this study, 4 main criteria and 22 sub criteria has been obtained
as a research structure of the model.

Since the criticality of the facility location selection problem, data collection is done in 69 different existing
centers in OSYM and answers are handled. Surveys are send to 69 different existing centers in OSYM
that are demonstrates in Table 1. Answers are getting with light of views of managers and personnel of the
institution. With the help of the answers of survey, the most appropriate selection criteria are examined. The
collected data has been analyzed by Microsoft Excel software package program.

Table 1: Exam Center Coordinatorships which are answered surveys in OSYM

Name of Exam Center Coordinatorships which are answered surveys in OSYM
1. Aksaray 24. Hatay 47. Mugla
2. Aksehir 25. Igdir 48. Mustafakemalpasa
3. Amasya 26. Istanbul 1 49. Mus
4. Artvin Hopa 27. Istanbul 4 50. Nazilli
5. Balikesir 28. [zmir Giiney 51. Nigde
6 Batman 29. Izmir Kuzey 52. Niksar
7. Bayburt 30. Izmit 53. Osmaniye
8. Beypazari 31. Kahramanmaras 54. Odemis
9. Biga 32. Karabiik 55. Sivas
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10. Bingol 33. Karadeniz Eregli 56. Siverek

11. Bismil 34. Karaman 57. Sorgun

12. Bitlis 35. Kastamonu 58. Soke
13.Bursa 36. Kayseri 59. Sereflikoghisar
14. Can 37. Kirikhan 60. Sirnak

15. Denizli 38. Konya 61. Tarsus

16. Elaz1g 39. Konya Eregli 62. Tavsanl
17. Ergani 40. Konya Seydisehir 63. Tokat Zile
18. Gaziantep 41. Malatya 64. Tunceli

19. Giresun 42. Manisa 65. Turgutlu
20. Golbast 43. Manisa Salihli 66. Usak

21. Golctk 44. Mardin 67. Van Ercis
22. Golhisar 45. Menemen 68.Yozgat

23. Giimiighane 46. Merzifon 69. Zonguldak

Literature Study

Analytic Hierarchy Process is developed by Thomas L. Saaty in 1971. In 1977, Saaty transformed the AHP
into a model facilitating the solution of decision making problems (Rengber, 2010: 34.). The main objective
of creating AHP is to contribute the solution of the multi criteria decision making problem. The Analytical
Hierarchy Process (AHP) is a method or model to get not only a magical solution of multi-criteria decision
making problem, but also a way of helping to the decision makers to find the “the best” answer (Forman,
Selly, 2002: 14).

AHP is a strong and consistent method that helps the decision maker in order to combine both qualitative
and quantitative factors in the decision-making process for groups and individuals (Saaty, 1990: 10). The
AHP method is also used for decision making problems which include one or more decision-makers with
different alternatives in environments which involves certainty or also uncertainty. It is said that the method
is easy to use and also giving an opportunity to make a decision as a group and individual, allowing to
include the decision makers intuition and instincts to the solution process (Dogan, 2004: 9). One of the most
essential functions of the AHP is to include different factors in a hierarchy can be synthesized .

The AHP is a measurement theory which compares the alternatives according to common criteria. AHP
provide major assistance guidance to the decision maker in reaching the conclusion of multi-criteria and
multi-choice problem. The problem of AHP consists of a hierarchical structure which comes from multiple
levels. It is used the criteria, the purpose and a hierarchical structure consisting of possible sub-criterion
levels and alternatives for every problem in the Analytic Hierarchy Process (Saaty, 1990: 9-11). It is an
overall method of complicated, difficult to understand or unstructured problems. It constructed three basic
principles as the determination of the advantages, the construction of the hierarchy and the logical and
numerical consistency (Giiner, Yiicel, 2007: 74).

In AHP, the problem is constituted in a hierarchical way in AHP problem. Figure 1 demonstrates the three-
level hierarchical structure. At the top of the hierarchy, goal is constructed. At the bottom of this goal, the
criteria (if there is exists, sub criteria are constructed) and alternatives are constructed respectively (Felek,
Yulugkural, Aladag, 2007: 7.).

Ali Emrouznejad and Marianna Marra analyze AHP in order to provide some basic statistics on AHP
journals and researchers. They also review the main topics and applications of integrated AHPs and
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provide direction for future research by highlighting some open questions during the three periods 1979—
1990, 1991-2001 and 2002-2017.

GOAL
CRITERIA
| ]
[ [ | [ I I 1
SUBCRITERIA
Alternative 1 Alternative 2 Alternative 3 Alternative ‘n’

Source: Saaty T.L. and, Vargas L.G., (2001), Models, Methods, Concepts & Applications of The Analytic
Hierarchy Process, Springer, s. 3.
Figure 1: Three-Level Hierarchical Structure

Implementation

The study is done in OSYM and it is a unique study for the Student Selection and Placement Centers. In this
study, it has been attempted to show the scientific view with AHP method by comparing both subjective and
objective components for the problem of facility location selection problem. The main scope of the study
is to handle the most appropriate examination center. Within the scope of the implementation, a selection
proposal has been represented with multiple criteria approach in the light of the managers and personnel of
OSYM in order to open new examination center in Turkey.

Since the reason that the institution is regarding almost everyone who wants to the education in Turkey,
the problem is more essential for this reason. The profile of the institution of OSYM has been to make
examinations and serving for almost everyone in Turkey. The vision and the mission of the institution are
described as:

. Being a transparent institution that conducts examinations according to the measure of right and
justice and measure in the light of scientific methods and evaluation studies,
. Being 100% secure and reliable both in domestic and abroad, working with crypto and e-signature,

completing the process from the examination preparation stage to the evaluation stage, automation,
international information security standards for the applicant who does the appropriate and qualified
examination, a high reputation in society.

The scope and objective of study

The scope of the study includes multi criteria decision making problem for the selection of examination
center location. The criticality of facility location selection has been mentioned in the earlier parts of this
study. It has also been highlighted that of the vital importance of this selection for the successful operation
of OSYM.

The main objective of the study is to utilize the AHP technique for the most suitable facility location
selection for Student Selection and Placement Centers. For this reason, it is essential to obtain and
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evaluate the most appropriate alternative examination centers that are settled on an agreement by the top
managers of the institution. The decision of the opening an alternative examination center is a critical
subject for not only the top managers but also the people who will have examinations in these mentioned
alternative examination centers. Because of this reason, it is essential to have the most proper result because
of the importance of the scope of the study.

Nevertheless the AHP technique which can be used in the implementation in nearly most cases today, seem
not to provide a decisive result, it rather helps to top level managers in a broad extent. Thanks to AHP, a
comparison is done for the selection of the most convenient examination center locations. Thanks to this
comparison, it can be easier to handle the both subjective and objective point of view when selecting among
the proposed defined alternative ones.

All in all, AHP method gives an opportunity to look at subjective criteria in pairwise comparison, decision
makers mostly tend to prefer AHP method. AHP method provides not only to handle overall view of the
different criteria in the situation but also to help the decision maker evaluate whether the issues in each
level are of the same order of magnitude, when dealing with the subjective criteria. Thanks to AHP method,
the decision maker compares lots of different elements that are called criteria or sub criteria in a right way.

Methodology
According to the type of the case study and with the help of AHP method which utilizes the both qualitative
and quantitative research methods concurrently, a case study has been implemented. The implementation

has done in institution that named as Student Selection and Placement Centre (OSYM) in Turkey.

Table 2: Fundamental Scale for Pairwise Comparisons

The Foundamental scale for Pairwise Comparisons

Intensity of Definition Explanation
Importance
1 Equal importance Two elements contribute equally to the
objective
3 Moderate importance | Experience and judgment slightly favor

one element over another

5 Strong importance Experience and judgment strongly favor
one element over another

7 Very strong importance | One element is favored very strong over
another, its dominance is demonstrated
in practice

9 Extreme importance The evidence favoring one element over
another is of the highest possible order of
affirmation

Intensities of 2, 4, 6, and 8 can be used to express intermediate values. Intensities 1.1,
1.2, 1.3, etc. can be used for elements that are very close in importance.

Source: Thomas L. Saaty, “The Analytic Hierarchy and Analytic Network Measurement Processes:
Applications to Decisions Under Risk”, European Journal of Pure and Applied Mathematics, Vol 1, No 1,
2008, s. 125.
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In AHP, the facility selection problem which is the subject of decision making problem is divided into its
components organized in the hierarchical structure. By looking at the problem, it is obvious that pairwise
comparisons in AHP method are the basic building blocks. The fundamental scale for pairwise comparisons
suggested by Saaty from 1 to 9 pairwise comparison scale is used, while making pairwise comparisons
between criteria. After the hierarchy is created, pairwise comparisons of criteria are calculated. The decision
maker makes the decision in order to handle relative importance criteria according to the 1-9 scale. (Saaty,
2008: 257).

In this method, the target or goal to be reached is determined in AHP. Then, criteria and, if applicable, sub
criteria are determined. At the lowest level, these criteria alternatives are available. In this phase, survey
study is consulted, in order to determine all the criteria or the opinions of experts in the matter. In this study,
survey study has been chosen.

When doing all these determinations, the decision hierarchy is constructed. Then, the pairwise comparison
matrices are created. Surveys send to different existing coordinatorships in OSYM. Exam Center
Coordinatorships that are answered to the surveys in OSYM are demonstrated in Table 1. Answers are
handled with light of views of managers and personnel of these institutions. With the help of the answers
of survey, the most appropriate selection criteria are examined. The collected data has been analyzed by
Microsoft Excel software package program.

Since the decision maker makes comparisons according to his /her own opinion, consistency ratio is
calculated first. This ratio is calculated whether the survey is consistent or not. If not, decision maker
reviews the decision about the comparisons and provide new consistent decisions.

Pairwise comparisons are recorded in diagonal cells, when the eigenvector values are calculated in the AHP
method. Each diagonal value is recorded as 1. When a cell demonstrated as xij, diagonal value is calculated
as xij = (1 / xij). When the comparison matrices are generated, the comparison the column values for each
column in the matrix divided by the sum of the normalized matrix values are obtained. By calculating
the average of the line values in the normalized matrix eigenvector values (averages) are found. After all,
degree of importance of the criteria are handled.

Certain examinations are done by OSYM in scheduled days and there are many people that entering these
examinations in every year. The institution also has examination centers in several provinces of Turkey.
Because of this reason, there is a requirement to manage all these examinations and also examination
centers. It must be constructed the alternative locations first in order to manage and decide whether opening
a new facility or not. All in all, because of the most suitable way to get answers from all examination
centers is considered as sending survey, the survey is created, send with the upon the request of the top
manager of OSYM and got answers from 69 of Exam Center Coordinatorships of OSYM.

Research Model

With doing relevant studies in the literature about the problem, a generic AHP method is has been used for
the facility location selection problem. Since the study is done for real implementation, it is important to
define main criteria and sub criteria for the case. For this reason, not only main criteria but also sub criteria
are defined. All in all, hierarchy structure is obtained for a real implementation facility location selection in
the institution of OSYM.

As the review of aforementioned model, the main goal has defined as examination building selection.
Examination building selection is also called as aim or goal, as mentioned before. The main target is divided
into 4 criteria as Physical Situation of the Examination Hall, Transportation to the Examination Building,
Properties of the Examination Building and Environment of the Examination Building.
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These criteria are also divided into sub criteria in their integrity. By this way, Physical Situation of the
Examination Hall consist of Light Receiving Condition of the Examination Hall (Ph1), Ventilation System
of the Examination Hall (Ph2), Distance Between Desks (Ph3) and Heating and Cooling System of the
Examination Hall (Ph4), Physical Situation of the Desks (Ph5) and Noise Level of the Examination Hall
(Pho).

Transportation to the Examination Building consists of Public Transportation (T1), The distance Between
City Centers and Examination Building (T2), Private Transportation (T3) and Adequate Guidance Signboard
(T4).

Properties of the Examination Building has been assessed with regard to Sufficiency of Parking Space
(P1), Cleanliness of the Examination Hall (P2), Sufficiency of Toilet Number (P3), Sufficiency of First-aid
Equipment in the building (P4), Alternative Evacuation Area in Danger (P5), Sufficiency of Entrust Area
and Responsible in Charge (P6) and Having Sense of Mission About Rules (For Responsible Head Teacher
and Servants) (P7). Finally, the main criteria which is called as Environment of the Examination Building
has been divided into 4 sub criteria as Sufficiency of Social Opportunities (For Consumption) (E1), Safety
in the Area of Examination Building (E2), Unpleasant smell in and near the Examination Building (E3),
Noise around the Examination Building (E4) and Closeness to the Health Centers in Case of Emergency
(ES).

Examination Building

Selection
Physical Transportation of Properties of the Environment of the
Condition of the the Examination Examination Examination
Examination Hall Building Building Building

Figure 2: Hierarchical Structure

In this study, it is aimed to evaluate the most appropriate facility location selection problem under four main
criteria and 22 sub criteria. The main aim of the study is also to have maximum customer satisfaction of
people that enter examinations and to obtain maximum profitability for OSYM.

Analysis and Findings

In the location selection problem, it is possible to make comparisons and calculations of AHP by forming
hierarchy for critical main criteria and sub criteria for OSYM as seen previous figures. First, it is formed a
hierarchical structure thanks to the nature of AHP. After forming, main criteria and sub criteria that take part
in the hierarchy, has been compared with each other in sequential order.

Main criteria that are Physical Situation of the Examination Hall, Transportation to the Examination Building,
Properties of the Examination Building and Environment of the Examination Building are compared with
each other. As mentioned before, calculations are done according to the answers of 69 surveys that include
pairwise comparison in them. The calculations are done with the help of ‘Microsoft Excel’ package software
program. The comparisons and results that have been obtained are given in tables below.
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In Table 3, comparison matrix for main criteria and relevant weights which are called as degree of importance

are found in the following matrix;

Table 3: Comparison Matrix for Main Criteria, Degree of Importance and Compatibility Rates

Comparison Matrix for Main Criteria, Degree of Importance and Compatibility Rates

Examination Building Selection (Main Criteria) | Physical Con- | Transporta- | Properties | Environ- Degree of
dition of the tion to the of the Ex- [ ment of the |REjolejgeiiles
Examination Examination [amination | Exam-
Hall Building Building ination

Building

Physical Condition of the Examination Hall 1,000 1,028 0,414 1,550

Transportation to the Examination Building 1,000 0,434 1,438

Properties of the Examination Building 1,000 2,457

Environment of the Examination Building

With analyzing the table above, the most essential criteria for selecting a new examination building for
OSYM is rated in following sequential order; %43,9 Properties of the Examination Building, %20,8
Physical Condition of the Examination Hall, %20,3 Transportation to the Examination Building and finally
%15,1 Environment of the Examination Building.

Each sub criteria group is examined in pairwise comparison, after comparing the main criteria pairwise.
The degree of importance of each sub criteria which are Physical Situation of the Examination Hall,
Transportation to the Examination Building, Properties of the Examination Building and Environment of
the Examination Building are given tables below.

Table 4: Comparison Matrix for Sub Criteria for “Physical Situation of the Examination Hall’ main criteria,
degree of importance and compatibility rates

Comparison Matrix for Sub Criteria for ‘Physical Situation of the Examination Hall’ Main Criteria,
Degree of Importance and Compatibility Rates

Physical Situation of the Examination | Light Ventilation | Distance | Heating and | Physical Noise Level [IBuiEEN3
Hall Receiving System of | Between | Cooling Situation of | of the Ex- B0
Condition the Exam- | Desks System of | the Desks amination  [RENWE
of the Ex- ination Hall the Exam- Hall
amination ination Hall
Hall
Light Receiving Condition of the Ex- 1,000 1,040 0,961 0,884
amination Hall

Ventilation System of the Examination
Hall

Distance Between Desks

1,000 0,832 0,838

0,938
1,000

0,942
0,942

Heating and Cooling System of the
Examination Hall

Physical Situation of the Desks

0,927

Noise Level of the Examination Hall

In Table 4, the sub criteria ‘Physical Situation of the Examination Hall’ is examined in Microsoft Excel
software program. With the help of this software program, the most essential sub criteria for Physical
Situation of the Examination Hall is given in sequential order as %17,6 Noise Level of the Examination
Hall, %17,4 Physical Situation of the Desks, %17 Heating and Cooling System of the Examination Hall,
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%16,6 Distance Between Desks, %16,4 Light Receiving Condition of the Examination Hall and %14,7
Ventilation System of the Examination Hall.

Table 5: Comparison Matrix for Sub Criteria for ‘Transportation to the Examination Building’ main criteria,
degree of importance and compatibility rates

Comparison Matrix for Sub Criteria for ‘Transportation to the Examination Building’ Main Criteria, Degree of Importance and Compat-
ibility Rates

Public Trans-
portation

The distance Be- | Private Adequate Degree of
tween City Cen- | Transporta- | Guidance Importance

Transportation to the Examination Building

ters and Examina- | tion Signboard
tion Building
Public Transportation 1,000 0,895 0,361 0,385

The distance Between City Centers and Examination 1,000 0,385 1,083

Building

1,000 2,036

Private Transportation

Adequate Guidance Signboard

In Table 5, the sub criteria ‘Transportation to the Examination Building’ are examined in Microsoft Excel
software program. Thanks to this software program, the most essential sub criteria for Physical Situation
of the Examination Hall is given as %46 Private Transportation. All other criteria considered as minor
importance levels.

Table 6: Comparison Matrix for Sub Criteria for ‘Properties of the Examination Building’ main criteria,
degree of importance and compatibility rates

Comparison Matrix for Sub Criteria for ‘Properties of the Examination Building’ Main Criteria, Degree of Importance and Compatibility
Rates

Properties of the Examination Building | Suffi- | Clean- | Suffi- Suffi- Sufficiency | Having Sense [BESES

ciency | liness ciency | ciency of [ native of Entrust of Mission of Im-
of of the of First-aid Evac- Area and About Rules  [SloEhtes
Park- | Exam- | Toilet | Equipment | uation Responsible | (For Respon-
ing ination | Num- [ in the Areain | in Charge sible Head
Space | Hall ber building Danger Teacher and

Servants)

Sufficiency of Parking Space 1,000 [ 0,717 0,719 0,725 0,697 0,654

Cleanliness of the Examination Hall

Sufficiency of Toilet Number

Sufficiency of First-aid Equipment in
the building

Alternative Evacuation Area in Danger

Sufficiency of Entrust Area and Re-
sponsible in Charge

Having Sense of Mission About Rules
(For Responsible Head Teacher and
Servants)

In Table 6, the sub criteria ‘Properties of the Examination Building” are examined in Microsoft Excel
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software program. Thanks to this software program, the most essential sub criteria for Physical Situation
of the Examination Hall is given in sequential order as %15,6 Having Sense of Mission About Rules
(For Responsible Head Teacher and Servants), %14,9 Sufficiency of Toilet Number, %14,8 Sufficiency of
Entrust Area and Responsible in Charge, %14,5 Cleanliness of the Examination Hall, %14,5 Alternative
Evacuation Area in Danger and %10,5 Sufficiency of Parking Space.

Table 7: Comparison Matrix for Sub Criteria for ‘Properties of the Examination Building’ main criteria,
degree of importance and compatibility rates

Comparison Matrix for Sub Criteria for 'Environment of the Examination Building' Main Criteria, Degree of Importance and Compatibil-
ity Rates

Environment of the Examination Building Sufficiency of | Safety in Unpleasant Noise Closeness to
Social Oppor- | the Area smell in around the | the Health
tunities (For | of Exam- and near the Exam- Centers
Consumption) | ination Examination ination in Case of

Building Building Building Emergency

Sufficiency of Social Opportunities (For Con- 1,000 0,304 0,293 0,263 0,307

sumption)

Safety in the Area of Examination Building 1,000 1,067 0,992 1,347

Unpleasant smell in and near the Examination
Building

1,000 0,917 1,379

Noise around the Examination Building 1,000 1,561

1,000

Closeness to the Health Centers in Case of Emer-
gency

In Table 7, the sub criteria ‘Environment of the Examination Building’ are examined in Microsoft Excel
software program. Thanks to this software program, the most essential sub criteria for Physical Situation of
the Examination Hall is given in sequential order as %26,1 Noise around the Examination Building, %24,5
Safety in the Area of Examination Building, %24,3 Unpleasant smell in and near the Examination Building,
%18,2 Closeness to the Health Centers in Case of Emergency and %6,8 Sufficiency of Social Opportunities
(For Consumption).

Results and Comments

In location selection problem, one of the most important matters which have to be taken by top level
managers is to select the most appropriate geographical area in order to meet the needs successfully. Thus,
the problem is not only essential for the management of the institution, but also for making decisions
concerning for the long term goals. Because of the importance of the subject, facility location selection
problems cannot be handled by a single person. With a broad view point to AHP group decision making
problem is handled in this study instead of individual decision making. With getting various answers from
different people, beneficial and precise results are achieved thanks to the constructed survey.

This study is a unique study that is implemented in Student Selection and Placement Centre (OSYM) in
Turkey. The institution is making examinations and provides service nearly everyone that wants to take
education in Turkey. The problem is even more critical for this reason.

The aim of the study is to have the most convenient examination center. Because of the importance of
facility location selection problem, data collection is done by survey in the light of views of managers and
personnel of the institution of OSYM. Thanks to answers of survey, the most appropriate selection criteria
are examined. The collected data has been analyzed by Microsoft Excel software package program.
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All relevant pairwise comparison is done for main criteria and sub criteria as Physical Situation of the
Examination Hall, Transportation to the Examination Building, Properties of the Examination Building
and Environment of the Examination Building. 4 main criteria and 22 sub criteria has been obtained as a
research model structure as a result of this study.

It has been also aimed to serve for the institutions or various sectors which look for giving the right decision
for selecting the most convenient facility locations among other alternatives with lots of criteria. All in all,
thanks to conclude a decision with a right facility location, there have been always right services on the
right locations.
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