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RANKING ALTERNATIVE ENERGY RESOURCES TECHNOLOGY PROGRAMS
IN TURKEY BASED ON THE METHODS OF MULTI-CRITERIA DECISION
MAKING ANALYSIS

Ahmet TEBER?, Ahmet KARAKAS?

ABSTRACT

The diversity less among the Alternative Energy Resources Technology Programs (AERTPS) in Turkey makes giving the
“proper” decision crucial by high school senior students. The literature review exhibits that there exists a need over the
expectation for a ranking system of the two-year programs in vocational schools in Turkey so as identifying two-year
programs compared to others. In this strategic decision context, it is especially important for the students to make a suitable
decision associated with their higher education. Therefore, this study focuses on developing a specific ranking system of two-
year energy programs in Turkey. In order to classify the programs, the most important decision criteria should be required. In
this aspect, a survey is applied to a hundred high school senior students to recognize which multi-criteria for selection of an
energy program they pick. Thus, the survey makes this study is more applicable to build a foundation for a field-based
ranking system in Turkey. In this regard, a framework for ranking of AERTPs during the academic year of 2019 in Turkey is
accomplished using three methods of Multi-Criteria Decision Making Analysis including Analytic Hierarchy Process (AHP),
Simple Multi-Attribute Rating Technique (SMART), and Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS).
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COK-KRITERLI KARAR VERME ANALIZI METOTLARINA DAYANARAK
TURKIYE’DEKi ALTERNATIF ENERJI KAYNAKLARI TEKNOLOJISI
PROGRAMLARININ SIRALANMASI

oz

Tiirkiye’deki Alternatif Enerji Kaynaklari Teknoloji Programlari (AERTP) arasinda daha az ¢esitlilik olmasi, lise son sinif
Ogrencilerinin “uygun” karar vermelerini zorlastirir. Literatiir taramasi, meslek yiiksekokullarinda degerlerine kiyasla iki-
yillik programlart tanimlamak igin ulusal bir siralama sistemine beklentinin {izerinde bir ihtiyag¢ oldugunu gostermektedir. Bu
stratejik karar baglaminda, 6grencilerin yiiksek Ogrenimleriyle ilgili uygun bir karar vermeleri ozellikle 6nemlidir. Bu
nedenle, bu ¢aligma, Tiirkiye'de iki yillik enerji programlarinin belirli bir siralama sistemini gelistirmeye odaklanmaktadir.
Programlart smiflandirmak i¢in en 6nemli karar Kriterlerini belirlemek bir gerekliliktir. Bu yoniiyle, yiiz adet 6grenci
tizerinde, enerji programi se¢imlerinde hangi kriterleri segtiklerini tanimlanmasi i¢in ¢ok-kriterli bir anket uygulanmustir.
Dolayisiyla, anket bu ¢aligmay1 belirli bir alan bazli siralama sistemi i¢in bir temel olusturmak adina daha uygulanabilir
kilmaktadir. Bu baglamda, 2019 akademik yili boyunca Tirkiye'deki Alternative Enerji Kaynaklar1 Teknolojisi
Programlarinm, Analitik Hiyerarsi Siireci (AHP), Temel Cok-Olgiitlii Derecelendirme Teknigi (SMART) ve Ideal Coziime
Benzerlige GoreTercih Siralama Teknigi (TOPSIS) olarak ii¢ karar verme yontemi kullanilarak siralanmasi i¢in bir gergeve
gergeklestirilmigtir.

Anahtar Kelimeler: Cok-Kriterli Karar Verme (CKKV), yiiksekogretim, yenilenebilir enerji, tiniversite siralama
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1. INTRODUCTION

There exist several studies to develop ranking systems for universities because of increasing competition and
requirements for competitiveness resulting from globalization. Researchers have been developing a ranking
framework by concentrating on different criteria and various methodologies. In the last two decades, rankings
have objectively begun to evaluate the quality of universities. Ranking universities have various goals such as
guidance participants to higher educational undergraduate, graduate programs, evaluating the higher education
markets, enhancing positive competition for students and faculties, and also increasing investments’ rates by the
funders of universities (Jesensek, 2006).

The ranking systems produce various ranks for the universities because of the methodological differences
resulting from the selection of criteria, weights of criteria, collected data, and the methods of analysis (Alma,
2016). In order to determine indicators of quality, ranking starts with collecting the data, which is provided by
many supplementary documents such as university’s publications, research expenses, library-equipment, etc. In
order to evaluate a university’s performance and/or a university rank, a particular explanation and quality
performance criteria for indicators need to be developed at first. To ensure that, a total score needs to be obtained
using pre-determined weight to each indicator. As a result of various indicators, overall rankings might have
differences. Therefore, it is of utmost importance how well an indicator/criteria is founded by whom decision-
maker and how proper the decision-making process was. For that purpose, according to the realistic criteria, this
study utilizes a survey on a hundred high school senior students to make this study more applicable and real.
MCDM has been widely used in different sectors such as marketing, human resources, ranking universities, etc.
(Velasquez, & Hester, 2013). When students have challenged multi-dimensional decision-making issues to
achieve the most efficient and suitable solutions in their educational life, thanks to MCDM, it has remarkable
advantages to rank universities depending on research, educational and university environment. The students, the
focus of this study, may have various difficulties in university choices by considering multiple criteria
factors/indicators. When considering the limited number of energy programs and their program performances,
the participants of the energy programs will have to make the consistent choices among the energy programs
according to various criteria, which are the most important factors to make their future life easier and better. The
survey mentioned above is created by reducing to nine criteria in the most frequently considered criteria by the
participants. The nine selected criteria are used to accomplish all processes with the methods during this study.
All the energy programs listed above are ranked at the end of the analyses, eventually. Decision criteria in this
study include campus facilities and social life opportunities of the province where the program is located (cl), a
ranking of the university (KPSS success) whereas the vocational schools’ students are transferred undergraduate
programs (c2), the technological background and laboratories offered by the vocational schools (c3), according
to vacancy of the program, the ratio of preference (c4), the number and the title of faculties (c5), the number of
students who were transferred to another university abroad through the ERASMUS student exchange program
(c6), foreign language education (c7), the number of program vacancy (c8), the percentage of the province's
power plants over installed power plants of Turkey (c9). The criteria of ¢c9 were assumed as a percentage of
employment opportunities where C, values are assumed the abbreviations of criteria (n=1,2,...., 9). Besides, the
vocational schools with Alternative Energy Resources Technology Programs are specified as follows: Ankara
University, Gama Vocational School (s1), Aydin Adnan Menderes University, Soke Vocational School (s2),
Aydm Adnan Menderes University, Buharkent Vocational School (s3), Erzincan Binali Yildirim University,
Vocational School (s4), Hacettepe University, Hacettepe Ankara Chamber of Industry 1.0SB Vocational School
(S5), Kayseri University, Mustafa Cikrikcioglu Vocational School (s6), MuglaSitkiKocman University, Mugla
Vocational School (s7), Nevsehir Haci Bektas Veli University, Vocational School (s8), Pamukkale University,
Denizli Technical Science Vocational School (s9), Selguk University, Karapinar Aydoganlar Vocational School
(s10). The programs’ and universities’ information are provided by the Higher Education Program Guide
(Yiiksekogretim Kurulu, 2019).

This paper briefly utilizes the criteria to compare/rank these energy programs using three methods of Multi-
Criteria Decision Making Analysis including Analytic Hierarchy Process (AHP), Simple Multi-Attribute Rating
Technique (SMART), and Technique for Order Preference by Similarity to Ideal Solution (TOPSIS). These
methods are frequently used in ranking one and/or more alternatives from a firm number of alternatives to a
random number of alternatives, which is chosen by decision-maker (Dyer et al., 1992). The advantages of the
MCDM Methods in this study: (i) AHP is easy to use and scalable. Hierarchy structure can be adjustable to
match many sized problems without intensive data. (ii) SMART is a simple usage that requires less effort by
decision-makers. (iii) TOPSIS has the advantage of usage in a simple way (Velasquez, 2013). In order to be able
to provide accurate data of each criterion, the data analysis/statistics reports by the Turkish Government
Agencies are used. Here, the brief Resources of data: (i) KPSS success of vocational schools is obtained from the
2018 KPSS Vocational School Evaluation Report of the Measuring, Selection and Placement Center (OSYM)
(Olgme, Segme ve Yerlestirme Merkezi Bagkanligi, 2019), (ii) According to the preference vacancy, the
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preference rates of the program are obtained from the Higher Education Program Guide (Yiiksekogretim Kurulu,
2019), (iii) The data of the percentage of the province's power plants over installed power plants in Turkey was
provided from the 2019 Sectoral Report of Electricity Market by Turkey's Energy Market Regulatory Authority
(Enerji Piyasasi Diizenleme Kurumu, 2019), (iv) Other criterion information was obtained from the official
websites of the universities.

In this study, the quality and preference rankings of the AERTPs in Turkey are investigated by adhering to the
same criteria with three different methodologies. Readers find comprehensive computation steps of analysis
process for AHP, SMART and TOPSIS in this paper. All computations are additionally made of using the
software of Python 3.7.4 version (Python Software Foundation, 2019) for all three methods after creating
algorithms of each method.

1.1. The aim of the study

According to the best of our knowledge in the literature, the ranking systems are rare for vocational schools and
their sub-programs. Therefore, two-year program-based system concentrating on a particular program in
vocational schools will be a pilot study in Turkey. For this reason, this study intends to develop a ranking
framework that concentrates on the AERTPs of Turkish Universities, which is actively operated in the academic
year of 2019. A ranking system of AERTPs in Turkey provides benefits such as guiding high school senior
students, creation of competition among facilities of each energy programs, and pointing out the presidents of
universities to enhance the investments for the energy programs.

1.2. The importance of the study

In the case of choosing a particular program to study by the students, rankings give students transparent
information about the program performances. AERTPs in Turkey are among the attractive associate two-year
programs in vocational schools that offer qualified technicians for the energy sector. Due to increasing the
energy demand of Turkey (EPDK, 2019), the energy programs have a significant potential to cover the
employment gap. In consequence of the explanations, the importance of this study can be listed as follows:

1- Ranking two-year associate energy programs,

2- Provides an opportunity for the candidates of the energy programs to make consistent choices and
ranking the energy programs in Turkey,

3- Create a competition among the AERTPs,

4- Lead to higher educational standards in the energy programs while pointing out the presidents of
universities to enhance the investments for these energy programs. That provides indirectly qualified
technicians for the energy sector.

2. METHODS OF MULTI-CRITERIA DECISION MAKING ANALYSIS

2.1. Analytic hierarchy process (AHP)

The first step of the AHP method have to create “decision criteria and alternatives” (Figure 1).

Figure 1. The hierarchy tree of AHP method
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Then, the relative weights of criteria and the relative priorities of alternatives need to be determined as an
obligation. During the analysis for this particular selected method (AHP), we have used the flowchart that
implies each step long story in short.

Sort the Integrated
Weights from Large to
Small Scale as AERT
l Programs Rankings

Create the Criterion
Matrix

Obtain the Integrated
According to the Sca7<

Determine Criteria
and Alternatives

‘Weight Matrix while
Multiplying the
Values by Students Priorities of Alternative
(nxn matrix) Matrices and the Weight
of Criteria Matrix

l Yes

Create the
Alternatives' Matrix No
using the Scaled Values
Based on Each Criteri

CR<0.10

Calculate the Priorities
of Alternative Matrices
and the Weights of
Criteria Matrix

Normalize Each Values of
Alternatives and Criterion
Matrices

Calculate Criteria
Ratio (CR)

Figure2. The flowchart of analytic hierarchy process (AHP)analysis
2.1.1. Ranking of criteria and determining a pair-wise comparison matrix

Dual comparisons for each criterion and alternatives are required in the AHP method. A reasonable assumption
for scaling in between 1 and 9 are used for this method to compare criteria. The criteria and alternative matrices
for computation are obtained by using the AHP evaluation scale in Table 1.

Note that, in the AHP (and SMART methods for the steps of further analysis), the evaluation matrices are
generated by scaling the official data on a scale of 1 through 9 different than the TOPSIS method. AHP can be
applied to a multitude of decision-making problems involving a selected number of alternatives as mentioned.
Note that we have used a standard notation where all square matrices are in uppercase holdface, e.g. A=(aij)nxn
where vectors are noted in bold lowercase as w={w1, W,,...,wn}" in this study. The set of numbers is R.

Table 1.
Standard Preference Table of AHP Method (Saaty, 2008)
Preference Level Preferred Numerical Value

Description

1 Equally Two factors contribute equally to the objective

3 Moderately Judgment slighyly favor one over the other

5 Strongly Judgment strongly favor one over the other

7 Very Strongly Judgement very slightly favor one over the other

9 Extremely The highest possible validity favor one over the other
2,4,6,8 Intermediate Values Preference values are close to each other

An applied survey on a hundred high school senior students is to score each criterion in the evaluation scale of 1
through 9, which shows the importance of each criterion. The diagonal line of the square matrix requires 1.
Because each criterion is compared by itself (i=j). The rating scale vector (rs) is created by using the students’
scores as defined by rs= {ry, r2,...,rn}" where n equals the number of criteria (n=9).

Once the priority of criteria to the other is considered such as I, > If; > T, > where |, -1, means that the

alternative I; is preferred to r; . The distinction between the two scored criteria can be either positive or negative

values from the students’ scores when comparing the two different criteria in the evaluation scale. Therefore, a
conversion table in Table 2 is utilized to obtain consistent scaling scores.
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Table 2.

The Conversion Table
Classification Scored Values
Distinction 8 -7 6 5 4 -3 2 1 0 1 2 3 4 5 6 7 38
Assigned Scores 1/9 1/8 1/7 1/6 1/5 1/4 1/3 1/2 1 2 3 4 5 6 7 8 9

Let’s consider I} is preferred 3 times better to I; (I, > I;) in the condition of comparing criteria 1 and criteria 3
(c1 and c3) elements in the pair-wise comparison criteria matrix (A), which is defined as A=(aij)nn. Due to the
condition of multiplicative reciprocity aj=1/a;V; ; of AHP method, the simplified structure of a pair-wise

comparison matrix allows the assumption is that if, a;> 3 times better than az1, then we can conclude that a,,
must be 1/3 as good as a,, . The rest of the A matrix is completed using an rs rating scale vector as described.

Loa, «ooay a | [103 . a g,
a, 1 . . . a, /3 1 . . . a,
A=~ = ] n=9 (thenumber of criteria) (1)
1 a, . S -
|8y A, - - g 1| |a, &, . . as 1]

At that point, we need to implement a consistency analysis to make sure each criterion make sense by
themselves. Thanks to AHP, in order to determine the consistency of the criteria matrix in the dual comparisons
between two criteria of the decision-maker, the criteria consistency analysis should be performed. This
consistency analysis yields a consistency ratio (CR). In the AHP method, the CR calculation is essential based on
the comparison of the number of criteria and finding the Eigenvalue (4., €U ). The Consistency Index (Cl)

formula in equation (2) is applied as shown in equation (3).

Cl = ]’max _%—l (2)

The final step for the calculation of CR: The CI value is calculated by dividing the value corresponding to the
number of criteria in Table 3, which is called the Random Indicator (RI).

CR=Clgy ©

The value corresponding to number of criteria is selected from the table of Random Indicators (Saaty & Vargas,
2012). For instance, the RI value to be used in a 9" comparison factor would be 1.45 from Table 3.

max

Table 3.
Random Indicators (Haas & Meixner, 2009)
n 1 2 3 4 5 6 7 8 9 10
Random Index (RI) 0 0 058 09 112 124 132 141 145 1.49

This ratio must be less than 0.1 (CR <0.1). The fact that the CR value is less than 0.1 indicates that the dual
comparisons between the criteria of the decision-maker are consistent [8]. In other words, a CR value greater
than 0.10 indicates either a calculation error in the analysis of the AHP method or inconsistency in decision-
making comparisons.

Let’s figure out how the Eigenvector is calculated for the further step of AHP Analysis. To do that, we
considered [Ax=AmaxX] Where A is the pair-wise comparison matrix for n criteria as called weight matrix, x is the
Eigenvector of size nx1 as described weight vector (Sakarya Universitesi Bilgi Sistemi, 2019). The Eigenvector
Xx={X1,X2,...,Xo}"Will be provided the priority of each criterion besides giving integrated weights of alternatives.

Note that the alternatives in the AHP method are described as the Alternative Energy Resources Technology
Programs (AERTPs) for this study to remember one more time.

The distribution of the elements in the integrated weights matrix reveals the order of importance of the high-
value element compared to the others. Therefore, calculating the Eigenvector is the most critical part of the AHP
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method. A way to obtain the Eigenvector is by normalizing the elements in each column of the judgment matrix
of a pair-wise comparison matrix. Namely, each element of a column should be divided by summing of each
element of the column:

a,

I =b, wheren=9,i=12,..9and j=12,..,9

. 4
3a, (4)
k=1
The normalized matrix is obtained as follow:
[ 1 b12 o bl(nfl) bln ]
b21 1 b2n
B=| - ' )
b(n71)1 v 1 b8n
L bnl bnz o bn(nfl) 1 B

Then, averaging over each row is required to create the ranking of priorities matrix of size 9x1 using the equation

(6):

b.

= . . (6)
! =x. wheren=9,i=12,..9and j=12,...,9
n

Namely, the summing of the line vectors of the newly created matrix is then calculated and divided by the
number of criteria to find the Eigenvector. Also, the Eigenvector is described as follow:

l a12 - a18 aln ] l b12 o bl(n—l) bln 1 Xl
a,, 1 .. . a, b, 1 .. . b,, X,
A _ . . P . . SB= . . P . . x= . (7)
a(n—l)l . o 1 aSn b(”—l)l ) v 1 b8n
L anl anZ vt anB l | L bnl an o bn(n—]_) 1 i _Xn i

The sum of the elements of the Eigenvector (x) must be 1 because of normalization process:

n(=9)
X =1 (8)
i=1
1A, 3 %] x|
a'21 1 a'2n XZ XZ
AX = . . .o . . o ﬂmax . (9)
a(n—l)l . o 1 aﬁn
L anl an2 ' . a'n8 1 __Xn_ _Xn_

In the summarize of calculating the Eigenvalues, we provided one Eigenvector only. Using [AX=AmaxX] as
illustrated below, 4, is then calculated as a vector. The mean of the elements of the vector 4, is eventually
calculated so that 4, is obtained the Eigenvalue as a real number. At the end of the consistency analysis, the

assigned values of pair-wise comparisons with the Eigenvector are gathered into Table 4. The results are proofed
CR is less than 0.1. It means that the dual comparisons between the criteria of the high school senior students are
consistent.
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Table 4.
A Pair-wise Comparison Matrix A= (aij)

mxn

Criteria Matrix cl c2 3 ¢4 c¢5 b6 c7 8 9 Eigenvector [X]
cl 1 3 6 4 8 5 8 8 9 0.36083251
c2 M3 1 4 2 6 3 6 6 7 0.20566094
c3 6 14 1 13 3 12 3 3 4 0.07585948
cd 14 172 3 1 4 2 4 4 6 0.13705870
c5 g 16 13 14 1 13 1 1 2 0.03528869
c6 5 13 2 12 3 1 3 3 4 0.09191300
c7 g 16 13 14 1 13 1 1 2 0.03528898
c8 18 1/6 13 1/4 1 13 1 1 2 0.03528898
c9 9 17 14 U6 12 U4 12 12 1 0.02280873

> =1.00

Imax=9.3023, CI=0.0377, R1=1.45, CR=0.026<0.1 OK.

2.1.2. Creating of alternative matrices for each criterion

Alternative matrices (the energy programs’ matrices) are required to compare each alternative among themselves
for each criterion depending on the students’ scores. Namely, dual comparisons of entire criteria and matrix
operations are repeated for the alternatives. Moreover, the alternatives’ matrices of size mxm (m=10) for each
criterion using the options of the energy programs are noted as sl through s10. In the other words, dual
comparison and matrix operations are repeated for the number of criteria (n = 9). After each comparison process
is completed using the Conversion in Table 2, we provided the alternative matrices [S] of sizemxm (m=10) for
each criterion. The notation of S=(Sjj)mxm iS used in this study.

1 S, - - Sg  Sim
S,, 1 .. . s,
S= (10)
Smap - - - 1 S
L Sml Sm2 sm9 1 n

A pair-wise comparison of alternatives for a particular criterion is shown below:

Table 5.
A pair-wise Comparison Matrix of the Alternatives (the Energy Programs) for a Particular Criterion of ¢2
Alternative Matrix s1 s2 s3 s4 s5 s6 s7 s8 s9 s10 Priority vector [p]
sl 1 3 3 2 1 3 3 3 3 3 0.20490872
s2 3 1 1 12 13 1 1 1 1 1 0.06634212
s3 3 1 1 12 13 1 1 1 1 1 0.06634212
s4 2 2 2 1 12 2 2 2 2 2 0.12578769
s5 1 3 3 2 1 3 3 3 3 3 0.20490872
s6 w3 1 1 12 113 1 1 1 1 1 0.06634212
s7 3 1 1 12 13 1 1 1 1 1 0.06634212
s8 w3 1 1 12 113 1 1 1 1 1 0.06634212
s9 3 1 1 12 13 1 1 1 1 1 0.06634212
510 3 1 1 12 13 1 1 1 1 1 0.06634212
> =1.00

Amax=10.0116, CI1=0.0012, RI=1.45, CR=0.0008<0.1 OK.

The alternative matrices are obtained for nine criteria. Here, we added one of a pair-wise comparison matrix of
the alternatives for particular criteria of the ranking of the university (KPSS success) whereas the vocational
schools’ students are transferred undergraduate programs (c2).

Each alternative matrices will need to be normalized to generate priority vectors of ten, which are column
vectors of size mx1. The sum of each element of a vector of the normalized matrix must be 1. The normalized
matrix is generated by using the equation (11):
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a.
“—=n; wheren=9,i=12,..9and j=12,..,9

n
D2y
k=1

(111)

After this step, the sum-up of each row is divided by the number of criteria to obtain the priority vectors [p] of
nine for each alternative. That is required creation of the priority vectors, which implies alternatives versus
criteria using equation 12:

S.
25 _ _ (12)
=—=w, wheren=9,k=10,i=12,..10and j=12,...,10

n

The weight matrix [Z] is created by collecting each priority vectors into a matrix as columns of the weight
matrix so that we provided a weight matrix of size 10x9. The weight matrix is then multiplied by the Eigenvector
[X] of size 9x1 from x vector to generate the integrated weights matrix of size 10x1. The integrated weights
matrix [I] is generated as the size of 10x1. Here is the illustration of calculating weight vectors:

X I,
Sll Slm Z11 nlm . .
S=|: . i |sZ=|: . i =l=ZX . |=>1=] . (13)
Slm Smm Zlm nmm " "
X9 IlO
This element distribution of 11, I, ...., lio in the Integrated Weight Matrix [I] reveals the order of importance

from the highest value to the lowest one. In this study, the distribution of the Integrated Weight Matrix provides
the most convenient or most preferred AERTPs in Turkey by the decision-makers, namely the high school senior
students.

2.2. Simple multi-attribute rating technique (SMART) analysis

Multi-criteria Decision Making Analysis (MCDMA) is relatively classified in two categories including Multi-
Objective Decision Making and Multi-Attribute Decision Making (Triantaphyllou, 2000). In the Multi-Attribute
Decision-Making methods, the goal requires decision making between alternatives so that Multi-Attribute
Decision Making is a problem of choice in terms of decision making. Goal programming of the SMART method
has been used in the applications of planning, scheduling and selection problems. Therefore, in this study, we
want to investigate the ranking in Turkey with three methods of MCDMA including AHP, SMART, and
TOPSIS how the distribution of AERTPs is. This section provides the ranking of the energy programs using the
SMART method.

2.2.1. Determining criteria, alternatives and scoring criteria

Identifying alternatives provides the outcomes of possible actions and a gathering process of data. Also,
identifying criteria is important to limit the dimensions of values as AHP Method, which can be accomplished by
restating and combining criteria besides omitting less important criteria.

As described in the introduction section, yet, the students were asked to select the criteria that they would take
into consideration when making an associate two-year energy program choice from the criteria table, which is
created by the authors over by omitting less important criteria. Thus, the criteria to be applied for the SMART
method were determined as the same criteria with AHP Method.

During the analysis for the particular method of Simple Multi-Attribute Rating Technique (SMART), we used
the flowchart as shown below:
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Determine

Criteria and Determine the Ranking of the|

Alternatives AERT Programs.

¥ T
Create the
Assessment Matrix Sort
for Each Alternative Total Score Vector from the
According to Criteria, Highest Value to Lowest
Value.

Obtain the Criterion Multiply the Assessment
R Weights Vc'ctm_" through the R Mampf with the Criterion | Obtain the Total Score
»  Normalization of the »  Weights Vector and Vector
Decision-Making Summing of Each
Questionnaires Generated Values

Figure3. The flowchart of simple multi-attribute rating technique (SMART) analysis

The scoring technique in the SMART method is used to compare alternatives (the AERTPs) based on a weighted
point system. This allows scoring models to digitize different alternatives using many criteria that identify the
criteria and the alternatives. Then, the most relevant dimension is assigned importance of 100 in this study. The
next most relevant dimension needs to be assigned a number of reflecting the ratio of relative importance to the
most relevant dimension. It is expected that different individuals in a group of 100 students would have different
relative scores. More than that in forward, the candidates (or the high school senior students) were asked to
assign scores in between 10 and 100 points for each criterion by identification of individual judgments of relative
ranking. This next step is to calculate a weighted average of the values assigned by the students to each
alternative that allows normalization of the relative importance into weights summing to 1. As a result of this,
Table 6 is established to determine the average weights of Criteria. For that purpose, the average criterion was
then normalized by dividing each cell’s weight over the sum-up of each column in the scored matrix. Then,
averaging over each row is required to create the average weights of criteria nhormalized matrix of size 9x100
using the equation (14):

n

2.5
=L -awg, wheren=100,i=12,..9and j=12,..,9 (14)
n

where ¢, and s, describe the number of criteria and the number of students, respectively. We provided the vector
of average weights of criteria as size 9x1.

Table 6.
The Average Weights of Criteria
Scored Criteria Normalized Scores Average Weights

pl p2 p1l00 Pm1 Prn2 Pnioo of Criteria
cl 92 96 88 0,166 0,162 0,163 0,164166266
2 9% 86 75 0,166 0,145 0,139 0,147922910
c3 75 75 65 0,129 0,124 0,124 0,125834066
c4 100 55 80 0,185 0,112 0,158 0,153585381
c5 40 45 50 0,074 0,107 0,096 0,093839624
c6 20 30 40 0,055 0,091 0,074 0,073897737
c7 10 50 30 0,018 0,091 0,055 0,055327491
c8 40 40 45 0,092 0,082 0,083 0,085742954
c9 50 40 55 0,111 0,082 0,102 0,099683570

The students were also asked to create an assessment matrix as alternatives versus criteria. It means that students
scored alternatives for each criterion. The assessment matrix was created by scaling the students’ scores for
alternatives according to each criterion in the scale of 1 to 9. The most convenient alternative was scored as 9
whereas the less convenient alternative was scored as 1 so that we provided a scale for the alternatives for each
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criterion among themselves. The assessment matrix of size 10x9 was generated after completing the scoring
process by the students.

Table 7.
The Assessment Matrix of SMART Method

cl c2 c3 c4 c5 c6 c7 c8 c9
sl 9 9 8 7 6 9 8 8 7
s2 7 7 4 2 2 2 5 1 3
s3 7 7 4 2 2 2 5 1 3
s4 4 8 4 1 2 1 5 1 1
s5 9 9 9 9 9 9 9 9 7
s6 5 5 5 3 2 1 6 3 6
s7 7 7 4 4 2 2 5 2 4
s8 4 4 4 2 2 1 6 1 2
s9 6 6 7 4 2 1 6 3 3
s10 5 5 3 3 2 2 5 2 9

The final step of SMART Analysis is to multiply the assessment matrix with the vector average weights of
criteria obtaining the total score vector that presents the ranking of alternatives (the energy programs). Equation
(15)is used to obtain the total score vector:

Total Score = » W,C, (15)

i=1

where Wi is the average weights of criteria (0 <W, <1), Ciis the score of criteria score depending on the selected

alternative. According to the results, the alternative with the highest score in the vector of the total score is the
most preferred AERTPs in Turkey by the candidate students.

2.3. A technique for order preference by similarity to ideal solution (TOPSIS) analysis

Hwang and Yoon in 1981 created the TOPSIS method to consider that alternatives are represented in both the
shortest distance to the positive-ideal solution and the farthest distance to negative-solution. According to the
maximum and minimum values of the criteria, a ranking of alternatives is utilized by using the TOPSIS method
while evaluating the distances of alternatives to the ideal solution under a certain criterion. The positive and
negative-ideal solution distance must be considered to find an ideal solution where a proximity computation is
required.

2.3.1. The process of TOPSIS method

The best solution is expressed as an ideal or positive ideal solution that maximizes the benefit criterion and
minimizes the cost criterion (Wang, & Elhang, 2006). Therefore, all alternatives can be ranked by comparing the
relative distances, since the nearest alternative to the positive-ideal solution is described as the farthest
alternative to the negative-ideal solution. The steps in the implementation of the TOPSIS method in this study
can be summarized as follows:

Step 1: Defining alternatives, criteria, and the criteria weights (w;): The alternatives are the Alternative Energy
Sources Technology Programs in Turkey where the criteria are described as mentioned in the Introduction
Section. The weights of criteria (w;) were created as normalized values of scoring scales between 1 and 9 by the
high school senior students or the candidates of energy programs in the vocational schools in Turkey. First, the
candidates were asked to score criteria 1 towards 9 depending on their importance. The weights assigned to the
criteria can vary from a student to a student (Opricovic, & Tzeng, 2003). Second, each score of the criteria is
divided by the summing of each score, separately (Table 4).

Table 8.
Scoring Criteria and Criteria Weights (w;)
cl c2 c3 c4 c5 c6 c7 c8 c9
Scores 9 7 4 6 2 5 2 2 1
Criteria Weights 0,237 0,185 0,105 0,158 0,052 0,133 0,052 0,052 0,026 > -1

Note that, in the AHP and SMART methods, the evaluation matrices are generated by scaling the official data on
a scale of 1 through 9. TOPSIS uses the actual scoring data without any conversion in this study. The evaluation
matrix is generated differently from AHP and SMART methods using real data by providing resources such as
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EPDK, OSYM, YOKATLAS, and the official websites of the universities. Each element (x;) evaluation matrix
represents the performance value for the ji alternative of the i criterion. Here is the evaluation matrix (X) when
the alternative number is denoted by m and the number of criteria is denoted by n.

Xy e Xy
X =<ij )mn =1 : S (16)
Xml e an
Table 9.
The Evaluation Matrix X=[Xijlsx10
sl s2 s3 s4 s5 S6 s7 s8 s9 s10
cl 3 1 1 1 4 2 1 2 2 1
c2 10 8 8 5 10 6 8 5 7 6
c3 9 5 5 5 10 6 5 5 8 4
c4 100 16 16 16 120 40 30 15 40 20
c5 10 3 3 3 14 3 3 3 3 3
c6 116,14 6,608 5,104 2,304 246,48 18,8 23,61 4,68 20,6 5,04
c7 8,16 3,83 3,83 1,07 8,46 7,82 5,65 2,86 4,01 12,52
c8 69,24 66,99 66,99 67,36 69,87 65,51 66,14 65,82 66,24 66,84
c9 1005 192 192 71 1000 39 135 15 3 135

Step 2: After creating the evaluation matrix and criterial weights, the values of the evaluation matrix were
normalized in order to be able to independently compare the values of the criteria in the evaluation matrix. The
normalized matrix R is obtained using the Equation below since the normalized value for the j" criterion of the
i alternative is rij.

S . S

N b 17
$q o
k=1

Step 3: The normalized values are weighted. The criteria weights corresponding to each criterion determined by
the candidates can be revealed as wj =w,,w,,......,w, . The values of the weighted normalized evaluation matrix

can be calculated by multiplying each value in the normalized evaluation matrix by weights of v; belonging to
the criteria formulated as:

V. =W..I. (18)

Step 4: Finding positive and negative (+/-) ideal solutions: The alternatives for the positive (A*) and the negative
(A") solutions are expressed as follows[ref]:

A" ={V Vg, Vo F={(maxy;

i3 ) (miin Vi

o Ji=12,m} (19)

A =V eV 3 ={(miny,

) (miaXVij

o, hi=12,..m} (20)
where J, ={j=12,...,n}and j is defined as the criterion that provides the benefit. J, ={j=1,2,...,n}and j is
defined as the criterion that causes the loss. If a benefit criterion is considered, it is taken to the set of maximum
v;. What If a criterion causes the negativeness? it is then taken to a minimum v; positive-ideal set.

Step 5: Calculating the Euclid distance of alternatives to ideal solutions: The distinction distance of each
alternative from the positive-ideal solution and the negative-ideal solution were calculated with n-dimensional
Euclid distance method. Since the distance of each alternative from the positive-ideal solution is defined as S;'

depending on the Euclid conception, the formula was used for calculating these distances.
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§ = [3(v-v: ) i=123,..m (21)

i1

The distance of each alternative from the negative-ideal solution was similarly calculated using the equation (22)
given below:

S = [ (v-v fri=123,.m (22)

j=1

Step 6: Calculating the proximity of alternatives to the ideal solution: The relative proximity of the it alternative

(A,) to the positive-ideal solution (A") is expressed with Cr calculating by the formula given below:

S
C'= L —i=12,..m
1 S-+ + S_— (23)

.
where the proximity of the ideal-solution Ci of i" alternative should be in between zero and 1 as 0<C; <1.
That means if A = A", then C; =1, similarly A =A™, then C; =0.

Step 6: Ranking the alternatives: According to the proximity values of the ideal solutions calculated within the
existing criteria, the alternatives were ranked. The best preferable alternative (AERTPs in this study) of the
students is the closest alternative to the ideal solution.

The flowchart of TOPSIS method in this study is given in Figure 4.

Determine Sort the Alt;:rrnati;es (‘_AERT
Criteria and Programs) from the Highest
Alternatives On_e to Lowest 01_16 N
According to the Proximities
i’ Vector.
Create the
Evaluation Matrix Obtain the Vector of the
for Each Alternative Proximities of the
According to Criteria Alternatives to the Positive
Ideal Solution
Obtain the Criterion T
Weights Vector thro;ﬁlh the Calculate the Euclidean
Normalization of the . R
Decision-Making Dlstil}ces Vf_:ctors (IS+'Sl ) of
Questionnaires tematlvgs to Ideal
Solutions
Multiply the Normallzed Obtain the Positive
Normalize Evaluation Evalgation Ideal Solutions
> . » Matrix with the Criterion [—3» .
Matrix . . P Vector and Negative Ideal
Weights Matrix (Weighting -
Solutions Vector
Process )

Figure4. The flowchart of technique for order preference by similarity to ideal solution (TOPSIS) analysis

3.FINDINGS

The Alternative Energy Resources Technology Programs in Turkey are included in the ranking performed by
Multi-Criteria Decision Making Analysis Methods including AHP, SMART, and TOPSIS in this study.
According to the 9 criteria expressed in the Introduction Section, the energy programs are ranked using Python
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3.7.4 computer program. In Table 10, the Integrated Weighted Vector, the Total Score Vector, and the Proximity
Vector have been given depending on the AHP method, SMART method, TOPSIS method, respectively.

In the AHP method, the energy programs are enumerated in order from the highest value of Integrated Weights
Vector to the smallest value. It gives us the rank of the energy programs depending on their importance. For the
SMART method, the energy program with the highest score stands out as the most preferred one by the high
school senior students.

Table 10.
The Analyses Results including AHP, SMART and TOPSIS Methods
Alternative Energy Resources Technology Programs with LongName Methods
AHP SMART TOPSIS

Ankara University, Gama Vocational School (s1) 0,231 0,160 0,241
Aydin Adnan Menderes University, Soke Vocational School (s2) 0,070 0,081 0,066
Aydm Adnan Menderes University, Buharkent Vocational School (s3) 0,070 0,081 0,066
Erzincan Binali Yildirim University, Vocational School (s4) 0,049 0,066 0,016
Hacettepe University, Ankara Chamber of Industry 1.0SB Vocational School (s5) 0,270 0,178 0,372
Kayseri University, Mustafa Cikrikcioglu Vocational School (s6) 0,059 0,089 0,045
MuglaSitkiKocman University, Mugla Vocational School (s7) 0,078 0,091 0,069
Nevsehir HaciBektas Veli University, Vocational School (s8) 0,040 0,069 0,020
Pamukkale University, Denizli Technical Science Vocational School (s9) 0,073 0,095 0,062
Selguk University, KarapinarAydoganlar Vocational School (s10) 0,056 0,089 0,041

i 1 1

In the last method of this study, TOPSIS, the highest value in Table 10 indicates that the proximate alternative
for the positive ideal solution and the farthest alternative for the negative ideal solution. In this way, the ranking
from the best alternative to the worst alternative can be reordered depending on the values.

Note that, for SMART and TOPSIS methods, the obtained results at the end of the analysis were not normalized
values based on the methods’ methodology. To plot all results on the same graph, the actual values provided
from SMART and TOPSIS were normalized while each element of these vectors was divided by the sum of each
column that the element belongs. According to all three analysis methods, the Alternative Energy Resources
Technology Programs in Turkey included in the top two are in Hacettepe Ankara Chamber of Industry 1.0SB
Vocational School, Ankara University, Gama Vocational School with the priority order as ranked first and
second one, respectively. Mugla Sitki Kocman University, Mugla Vocational School is ranked as 3™ energy
program according to the AHP and TOPSIS methods, where it is listed as 4" one according to the SMART
method. Pamukkale University, Denizli Technical Science Vocational School is ranked as 4™ one according to
AHP method while ranking as 3™ one according to the SMART method and ranked as 6" one according to the
TOPSIS method.

Aydm Adnan Menderes University, Soke and Buharkent Vocational Schools have the same ranking values. In
the figures for results, they are assigned by alphabetical order. Aydin Adnan Menderes University, Buharkent
Vocational School is ranked as 5 one according to the AHP method where it is ranked as 7™ one according to
the SMART method and ranked as 3™ one based on the results of the TOPSIS method. While Aydin Adnan
Menderes University, Soke Vocational School is ranked 6™ one according to the AHP method where it is ranked
as 8™ one based on the results of the SMART method and ranked 4™ one in the results of the TOPSIS method.
Kayseri University, Mustafa Cikrikcioglu Vocational School is ranked as 7" in the ranking done according to
AHP where it is ranked as 5" and 7" one in the SMART and TOPSIS methods, respectively. Selguk University,
KarapinarAydoganlar Vocational School is listed as 8", 6, and 8"ones in the methods of AHP, SMART, and
TOPSIS, sequentially. Erzincan Binali Yildirim University, Vocational School is shown in the ranking scale as
9" one where it is ranked as 10" for both SMART and TOPSIS methods. The last energy program in the
NevsehirHaciBektas Veli University, Vocational School is ranked as 10 one while it is ranked 9" one by
SMART and TOPSIS methods.

The findings show that the Alternative Energy Resources Technology Programs at Hacettepe and Ankara
Universities have a significant difference among all energy programs in terms of ranking calculated using the
same criteria and different methodologies with different weights for all methods.

According to the best of our literature review, Multi-Criteria Decision making Analyses may not provide similar
results based on the same criteria because of the usage of their own algorithms/assumptions, different type of
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weights of criteria. These different results are expressed by some researchers as the decision-making paradox.
The only proper way to obtain the same results is by applying the same deterministic models to the same data
set. Each MCDM Analyseshas different nature since its own conception of human participation in the process.
Considering that for the same problem, aiming at the same objective, it appears that the differences depend on
the subjectivity od decision-maker. In order to obtain the same results, we believe that we can use two or more
methods separately for the same problem. For the circumstance of our problem as an example, the weight
computation of the AHP is required for the weight computation of criteria in the TOPSIS method. We may use
some other methods to calculate criteria weights, however, we would already compute the criteria weights by
AHP so that it is useless going forward for some other method once again for the same step.

Integrated Weights Vector of AHP Method

HACETTEPE UNIVERSITY, ANKARA CHAMBER OF-...
ANKARA UNIVERSITY, GAMA VOCATIONAL SCHOOL (S1)
MUGLA SITKI KOCMAN UNIVERSITY, MUGLA...

0,27
0,231

PAMUKKALE UNIVERSITY, DENIZLi TECHNICAL... 0,073
AYDIN ADNAN MENDERES UNIVERSITY, BUHARKENT... 0,07
AYDIN ADNAN MENDERES UNIVERSITY, SOKE... 0,07
KAYSERI UNIVERSITY, MUSTAFA CIiKRIKCIOGLU... 0,059
SELGUK UNIVERSITY, KARAPINAR AYDOGANLAR... 0,056
ERZINCAN BINALI YILDIRIM UNIVERSITY, VOCATIONAL... 0,049

NEVSEHIR HACI BEKTAS VELI UNIVERSITY,... 0,04

The Alternative Energy Resources Technology
Programs

0 005 01 015 02 025 03
The Obtained Scores

Figure 5. Ranking by analytic hierarcy process (AHP)

Total Score Vector of SMART Method

HACETTEPE UNIVERSITY, ANKARA CHAMBER OF...
ANKARA UNIVERSITY, GAMA VOCATIONAL SCHOOL (S1)
PAMUKKALE UNIVERSITY, DENIZLI TECHNICAL SCIENCE...

0,178
0,16

MUGLA SITKi KOCMAN UNIVERSITY, MUGLA... 0,091
SELGUK UNIVERSITY, KARAPINAR AYDOGANLAR... 0,089
KAYSERI UNIVERSITY, MUSTAFA CiKRIKCIOGLU... 0,089
AYDIN ADNAN MENDERES UNIVERSITY, BUHARKENT... 0,081
AYDIN ADNAN MENDERES UNIVERSITY, SOKE... 0,081
NEVSEHIR HACI BEKTAS VELi UNIVERSITY, VOCATIONAL... 0,069
ERZINCAN BINALI YILDIRIM UNIVERSITY, VOCATIONAL... 0,066

The Alternative Energy Resources Technology
Programs

0 0,02 004 006 008 01 0,12 0,14 0,16 0,18
The Obtained Scores

Figure 6. Ranking by simple multi-attribute rating technique (SMART)
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Proximity Vector of TOPSIS Method

HACETTEPE UNIVERSITY, ANKARA CHAMBER OF... | N = ] 0,372
ANKARA UNIVERSITY, GAMA VOCATIONAL SCHOOL (s1) | 0,241
MUGLA SiTKi KOCMAN UNIVERSITY, MUGLA... | [ 0,069
AYDIN ADNAN MENDERES UNIVERSITY, BUHARKENT... | IS 0,066
AYDIN ADNAN MENDERES UNIVERSITY, SOKE... |\ 0,066
PAMUKKALE UNIVERSITY, DENiZLi TECHNICAL SCIENCE... | [ 0,062
KAYSERI UNIVERSITY, MUSTAFA GiKRIKCiOGLU... |l 0,045
SELCUK UNIVERSITY, KARAPINAR AYDOGANLAR... | 0,041
NEVSEHIR HACI BEKTAS VELI UNIVERSITY, ... |l 0,02
ERZINCAN BiNALI YILDIRIM UNIVERSITY, VOCATIONAL... @ o016

0 005 01 015 02 025 03 035 04
The Obtained Scores

The Alternative Energy Resources Technology
Programs

Figure 7. Ranking by technique for order preference by similarity to ideal solution (TOPSIS)

4.DISCUSSION and RESULTS

The accelerated globalization causes a competitive environment and enhancing requirements for competitiveness
in the education sector. The need for ranking universities and their sub-programs individually has been
enhancing considering many different comparable criteria with regards to universities/their sub-programs. It is
very common to rank universities with not only with the domestic universities but also with the universities
abroad. As it is known, ranking systems are generally made in the classification of national, global, and web-
based based on sub-criteria (McClenney, 2004). Besides the impact of ranking systems on higher education and
its stakeholders (Thakur, 2007), there are contradictions between both scientists and sources of news between the
types of ranking mentioned above. Community colleges (or associate colleges) also take into account the criteria
which are the most important factors in determining the field preferences of high school senior students, who are
the target audience. For this reason, the ranking of energy programs based on the criteria that students consider
when choosing associate colleges has been the subject of this study. It is not readily available in such a ranking
system in Turkey. On the other hand, although lists of the 2-year community colleges (or associate schools) in
Europe and the United States has been made, a ranking system as sub-department (energy, education, etc.) in
associate colleges in the USA is not made in terms of the college quality the perspective of students who prefer.
Also, although 2-year community colleges are listed in Europe in more detail based on area (technical, social,
etc.), it is prominent information in our best literature research that the general ranking of these colleges is not
made on the student preferability scale. In contrast with these studies, ranking sub-programs is very rare in
Turkey especially. This circumstance creates a chaotic environment among the candidates of universities or their
sub-programs. In Turkey’s case as an example, the high school senior students have challenges to make a
consistent choice to be participants of undergraduate programs or sub-programs under vocational schools. For
that purpose, field-based ranking system for two-year associate programs will be a pilot study. Alternative
Energy Resources Technology Programs are chosen as a particular sub-program in vocational schools due to
increasing the demand for energy in Turkey and increasing the employment (technicians) gap in the energy
sector indirectly. The other benefit of this study is to create a competition among the energy programs to lead
higher educational standards in the energy programs so that the funders and/or faculties work hard to enhance the
investments for the energy programs.

In the previously published article of us (Karakas, & Teber, 2019) titled Place of Alternative Energy Resources
Technology Program / Bayburt University in Turkey's Ranking and the Impact of Improvement Studies, it was
observed that the university's place in the field ranking will positively rise based on the student selection criteria
with the developments to be taken by either the university administration or the university investors. Since only
the following 3 criteria (a. Energy program, campus facilities, b. technology infrastructure and laboratories, c.
The number of students sent abroad with ERASMUS student exchange programs), among the 9 criteria are
developed in the university, It was determined that the ranking of energy program of Bayburt University rises in
the list of preferability. At that point, it is recommended that the universities or founders need to be considered
the students’ criteria to rise their place among the other universities in that way.

The other important part of this study was applying a survey. A questionnaire was conducted with students who
will choose from information technologies, renewable energy resources technologies, science, and fields without
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discrimination regardless of gender. Also considering the possibility of regional differences can influence the
students' preferences, surveys participation of the different numbers of students from different regions of Turkey

are provided. We recommend that the number of participants can be increased to much more precise values.

Table 11.
The Cities and the Numbers of Students where join the questionnaire
c T e ¢ & = £ T = © «© s & ¢
— (153 S @ + > = n = re5) b K] = Pl - O
Thecites £ & £ 5 £ 5 § 5 35 8§55 g 8§ 23
N N -
< &P HF 5 gTE:TER2sz2 "8 A
<
o
The Numbers 10 6 7 5 4 3 14 2 2 4 16 2 3 2 3 10 1 1

of Students

The results obtained to determine the top two Alternative Energy Resources Technology Programs at Hacettepe
University, Hacettepe Ankara Chamber of Industry 1.0SB Vocational School, and Ankara University, Gama

Vocational School with the priority order in a huge gap than the other energy programs.

The findings of this study also provide that a preference guide of Alternative Energy Resources Technology
Programs in Turkey for the high school senior students make a consistent/right choice as a participant of
colleges/vocational schools. This study is also suggesting that the universities/programs in the lower ranks can
be part of higher ranks for further years by taking into consideration the specified criteria in the declared study

once they enhance the investments not only technological investments but also educational investments.
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GENISLETILMIS OZET

1. Giris

Cok-Kriterli Karar Analizleri (CKKA) gectigimiz yillarda giderek artan, ihtiyag duyulan bir hale gelmektedir.
Eski yOntemler gelistirilerek giinlimiiz kosullarinda kullanilmakta ve bunun yaninda yeni yontemler
gelistirilmektedir.  Gelistirilen yontemler araciligiyla birden ¢ok faktdriin etki ettigi problemler
¢oziilebilmektedir. Durum bdyleyken birgok sektdrde farkli mesleklerden insanlar bu yontemleri kullanmaya
egilim gostermektedir. Bahsedilen insan gruplarindan bir 6rneklem olarak 6grenci grubunu ele alacak olursak,
ogrencilerin CKKA’ya ihtiya¢ duyabilecegi en biiyiik problemlerden biri siiphesiz tiniversite tercihleri olacaktir.
Ogrencilerin geleceklerini insa edecegi iiniversitelerin tercihinde birden cok kriterin bulundugu asikardir. Bu
nedenle 6grencilerin bu CKKA yontemleri aracihigiyla “dogru/tutarli” tercih(leri) yardimiyla daha iyi bir gelecek
i¢in segimler yapmalar1 saglanmis olacaktir.

Universite tercihinde lisans programma yerlesemeyen adaylar i¢in 6n lisans programlari firsat olusturmaktadir.
Bu sayede sene kaybi olmadan egitimine devam edecek ve iiniversite hayatlarina baglamis olacaklardir.
Tiirkiye’nin artan enerji ihtiyaci ve fosil yakit kaynaklarim diinya genelinde ciddi bir azalis gostermesi dikkate
alindiginda, enerji sektoriinde yetenekli ve alaninda uzman tekniker a¢i§1 meydana getirmektedir. Son yillarda
Alternatif Enerji Kaynaklar1 Teknolojisi Programi 6n lisans aday 6grencileri igin goze ¢arpan programlar
arasinda yer almaktadir.

Literatiir iizerinde yapilan arastirma g¢alismalar1 neticesinde gerek {iniversiteler gerekse liniversitelerin lisans
programlar1 ilizerinde siralama caligmalarmm oldugu goriilmektedir. Lakin iiniversitelerde bulunan meslek
yiiksekokullar1 ve onlarm alt programlar1 arasinda bir siralama sisteminin olmadig1 gozlemlenmistir.

Bu ¢aligmamizda Tiirkiye’de son yillarda ilgi odag: haline gelen 6n lisans programlarindan biri olan Alternatif
Enerji Kaynaklar1 Teknolojisi Programlari i¢in CKKA yOntemleri ile siralanmasi amaglanmaktadir. Bu sayede
ogrencilerin bu 6n lisans programini tercih edecek dgrenciler i¢in bir rehber olusturulacak bu sayede dogru
program tercihi yapmalari saglanmis olacaktir. Ayrica bu ¢alisma sayesinde tiniversite yonetimlerinin dikkatini
¢ekmeyi basararak bu programlar icin gerek iiniversite yonetimleri gerekse akademik personelin kendi
boliimlerinin siralamalarmni Gist siralara ¢ikarmak i¢in bir rekabet ortami olusturmak hedeflenmektedir.

Calismamizin baslangicinda Tiirkiye’de bulunan Alternatif Enerji Kaynaklar1 Teknolojisi Programlar1 CKKA
icin alternatifler olarak belirlenmistir. 2018-2019 egitim 6gretim yili dikkate alinarak faaliyet gosteren alternatif
enerji programlart: Ankara Universitesi, Gama Meslek Yiiksekokulu; Aydin Adnan Menderes Universitesi, Soke
Meslek Yiiksekokulu; Aydin Adnan Menderes Universitesi Buharkent Meslek Yiiksekokulu: Erzincan Binali
Yildirim Universitesi Meslek Yiiksekokulu; Hacettepe Universitesi, Hacettepe Ankara Sanayi Odasi 1.0SB
Meslek Yiiksekokulu; Kayseri Universitesi Mustafa Cikrik¢ioglu Meslek Yiiksekokulu; Mugla Sitki Kogman
Universitesi, Mugla Meslek Yiiksekokulu, Nevsehir Haci1 Bektas Veli Universitesi Meslek Yiiksekokulu;
Pamukkale Universitesi, Denizli Teknik Bilimler Meslek Yiiksekokulu, Selguk Universitesi, Karapinar
Aydoganlar Meslek Yiiksekokulu olmak {izere on adet olarak swralanmistir. Daha sonra CKKA i¢in gereken
kriterlerin/dlciitlerin belirlenmesi i¢in yliz 6grenci ile anket yapilmistir. Anket sonuglar1 neticesinde CKKA i¢in
gereken kriterleronem derecesine gore dgrenciler tarafindan en ¢ok onaylanan dokuz kritere indirgenmistir. Bu
kriterler s6yle siralanmaktadir: kampiis olanaklar1 ve iiniversitenin kurulu oldugu sehrin sosyal yasam olanaklari,
programin bulundugu tiniversitenin 6n lisans KPSS basar1 oranlari, enerji programinin bulundugu iiniversite ya
da meslek yliksekokulunun sundugu teknolojik altyapi ve laboratuvarlari, programin kontenjanina gore tercih
edilme orani, programda gorev yapan akademik kadro sayist ve {invanlari, programin bulundugu iiniversitenin
ERASMUS o6grenci degisim programu ile yurtdigina gonderilen 6grenci sayisi, dil egitimi, program kontenjan
sayis1, programin bulundugu ilin enerji giiciiniin, Tiirkiye’ nin kurulu enerji giiciine oran yilizdesi(mezun olduktan
sonra i olanagi saglama yiizdesi olarak kabul edildi).

2. Yontem

CKKA i¢in kriterler ve alternatifler belirlendikten sonra siralama igleminde kullanilacak olan CKKA ydntemleri
Analitik Hiyerarsi Prosesi (AHP), Temel Cok-Olgiitli Degerlendirme Teknigi (SMART), veldeal Coziime
Benzerlige Gore Tercih Siralama Teknigi (TOPSIS) olarak avantajlari nispetinde belirlendi. Birden fazla CKKA
yonteminin kullanilmasinda temel amag, yontemlerin galisma mantiklarindan dolayt AERTP programlarin
siralamasinda olusabilecek farkliliklar sonucunda ogrencilerin elde edilen siralama sonuglart yardimiyla
kararlarim1 daha tutarli bir sekilde vermelerine olanak saglamaktir.

AHP Metodunda o6nceden belirlenen alternatiflerin ve kriterlerin yonteme dahil edilmesi gerekmektedir.
Sonrasinda kriterlerin ikili kargilagtirmalarmni yapabilmek i¢in bir matris olusturulmak gerekliliktir. Kargilagtirma
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islemi sirasinda kriterler birbirlerine olan tstiinliikk derecelerini belirlemek i¢in onceden belirlenmis (yiiz adet
ogrenci ile gergeklestirilmis anket neticesinde) Olgekle degerleri ile her bir kriter i¢in segeneklerin ikili
karsilastirilabilmesi yapabilmek ic¢in kriter matrisi olusturuldu. Kriterlerin karsilastiriimasinda oldugu gibi
alternatiflerin karsilastirilmasinda da onceden belirlenen ayni 6lgcek kullanildi. Sonrasinda matris matematigi
islemleri uygulanarak kriter agirliklar1 vektorii elde edildi. Bulunan bu kriter agirliklar: vektori, kriterlerin tutarh
bir sekilde olusturulup olusturulmadigimi test etmek i¢in tutarlilik analizinde kullanildi. Yapilan tutarlilik analizi
sonucunda tutarlilik oran1 (<0,1) uygun ¢iktig1 i¢in kriter karsilastirma tablosu dogru kabul edildi. Alternatiflerin
kendi aralarinda her bir kritere gore karsilastirildigi matrisler her bir secenek icin agirlik vektorii elde edildi. Elde
edilen vektorler yan yana siralanarak bir matris elde edildi. Elde edilen bu matris ile kriter agirliklar1 vektori
carpilarak birlesik agirliklar vektorii hesaplandi. Birlesik agirliklar vektoriinde bulunan her bir eleman (deger)
biiyiikten kiigige dogru siralanarak Alternatif Enerji Kaynaklar1 Teknolojisi Programlarin siralanmasi saglandi.

Diger bir yontem olan SMART Metodu dikkate alindiginda, ilk olarak AHP yonteminde oldugu gibi kriterler ve
alternatifler SMART yontemine dahil edildi. Daha sonra AHP Metodunda oldugu gibi 6grenciler iizerinde
yapilan anket neticesinde belirlenen bir dlgekle alternatiflerin (enerji programlarmimn) kriterlere gore puanlamasi
yapildi ve degerler bir matrise atandi. Matris degerleri kullanilarak kriterlerin ortalama agirliklar1 vektori
normalize edilen degerler yardimiyla hesaplandi. Bu kriter agirliklar1 vektorii ile puanlama islemini yaptigimiz
matris carpilarak elde edilen sonuglar her bir alternatifin, kriterlerine gére toplami hesaplanarak Toplam Skor
Vektoriine atandi. Bu vektordeki degerler biiylikten kiiglige dogru swalanarak Alternatif Enerji Kaynaklar
Teknolojisi Programlarmin siralamasi elde edilmis oldu.

Bu calismada en son kullandigimiz CKKA ydntemi, ideal Coziime Benzerlige Gore Tercih Siralama Teknigi
(TOPSIS)’dir. Ilk olarak, diger iki yontemde oldugu gibi, kriterlerin ve alternatiflerin yonteme dahil edilmesi
saglandi. Sonrasinda kriter agirliklarin1 yonteme ekleyebilmek i¢in kriterlerin agirliklar: ile ilgili dgrencilere
yapilan anketin sonuglar1 normalize edilerek hesaplanan degerler kriter agirliklar: vektoriine yazildi. Daha sonra
bir degerlendirme matrisi elde edildi. Bu yontemde diger iki yontemden farkli olarak alternatiflerin belirlenen
kriterlere gore puanlanmasinda herhangi bir 6l¢ek kullanilmadi. Ciinkii TOPSIS yonteminin ileri adimlarmdaki
matematiksel islemler puanlama i¢in gereken 6l¢ek ihtiyacini ortadan kaldirmaktadir. Elde edilen degerlendirme
matrisindeki degerler normallestirilerek yeni bir matris olusturuldu. Olusturulan bu matris ile kriter agirliklar1
carpilarak agirliklandirilmis degerlendirme matrisi bulundu. Sonrasinda bu matrisin kriter satirlarinda en biiyiik
deger ideal pozitif, en kiiciik deger ideal negatif olarak belirlenir. Bu islemden sonra her bir se¢enek i¢in ideal
¢ozlimlere Euclid uzakliklar1 hesaplandi. HesaplananEuclid uzakliklarmm ideal ¢6ziime uzakliklar: elde edildi
ve uzaklik vektoriine atandi. Bu vektordeki degerler biiyiikten kiigiige dogru siralanarak Alternatif Enerji
Kaynaklar1 Teknolojisi Programlarinin siralamasi elde edilmis oldu.

3. Bulgular, Tartisma ve Sonuglar

Hizli kiiresellesme, rekabetgi bir ortama ve egitim sektdriinde rekabet edebilirlik icin gereksinimlerin
arttirilmasia neden olmaktadir. Universiteleri ve alt programlarmni ayr1 ayr1 siralama ihtiyaci, iiniversiteler / alt
programlar1 ile ilgili olarak bircok karsilastirilabilir kriter géz 6niinde bulundurularak artmaktadir. Literatiirde
iniversiteleri sadece yerel {iniversitelerle degil, ayn1 zamanda yurtdigindaki iiniversitelerle de siralamak cok
yaygindir.

Bilindigi gibi swralama sistemleri genel olarak ulusal, global ve web tabanli olarak alt kriterlere gore
smiflandirilir (McClenney, 2004). Siralama sistemlerinin yiiksekdgretim ve paydaslari iizerindeki etkisinin yani
sira (Thakur, 2007), yukarida bahsedilen siralama tiirleri arasinda hem bilim adamlar1 hem de haber kaynaklar1
arasinda celigkiler vardir. Topluluk kolejleri (veya yiiksekokullar), hedef kitle olan lise son smif 6grencilerinin
alan tercihlerini belirlemede en 6nemli faktor olan kriterleri de dikkate alir. Bu nedenle, 6grencilerin 6nlisans
okullarm1 segerken dikkate aldiklari kriterlere gore enerji programlarmm siralanmasi bu ¢alismanin konusu
olmustur. Tiirkiye'de bdyle bir siralama sistemi mevcut degildir. Ote yandan, Avrupa ve Amerika Birlesik
Devletleri'ndeki 2 yillik topluluk kolejlerinin (veya yiiksekokullarin) listeleri yapilmis olsa da, ABD'deki
onlisans kolejlerinde alt bolim (enerji, egitim vb.) olarak bir siralama sistemi iiniversite kalitesi agisindan ve
tercih eden Ogrencilerin bakis agisindan yapilmamigtir. Ek olarak, Avrupa'da 2 yillik topluluk kolejleri, alan
bazinda (teknik, sosyal vb.) daha ayrintili olarak listelenmesine ragmen, en iyi literatiir arastirmamizda bu
kolejlerin genel siralamasinin 6grenci tercih dlgegi baz alinarak yapilmadigi dne ¢ikan bilgilerdir.

Bu caligmalarin aksine, ozellikle Tiirkiye'de, alt programlarin siralanmasi iizerine neredeyse herhangi bir
siralama olmadig1 gézlemlenmistir. Bu durum, {iniversite adaylar1 veya alt programlar1 arasinda bir kaos ortami
yaratir. Tiirkiye Orneginde, lise son smif dgrencileri, lisans programlarmna veya yiiksekokul programlarina
yerlesmek i¢in tutarli bir se¢im yapma konusunda zorluk ¢ekmektedir. Bu amagcla, bu ¢alisma (Alternatif Enerji
Kaynaklar1 Teknolojisi Programi) alan tabanli bir siralama sistemi olmasi i¢in pilot bir uygulama olarak
gerceklestirilmistir. Alternatif Enerji Kaynaklar1 Teknoloji Programlari, Tiirkiye'de enerji talebinin artmasi ve
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enerji sektoriindeki istihdam (teknisyenlerin) a¢igmin olmasmdan dolayli pilot program olarak segilmistir. Bu
¢aligmanin diger yarari, enerji programlar: arasinda daha yiliksek egitim standartlarina onciilik etmek i¢in enerji
programlar1 arasinda bir rekabet yaratmaktir; bdylece fon verenler ve / veya fakiilteler, enerji programlarina
yonelik yatirimlar1 artirmak zorunda kalacaklardir.

Daha 6nce yaymladigimiz (Karakas & Teber, 2019) yazimizda dgrenci se¢im kriterlerinde {iniversite yonetimi
veya Universite yatirimcilar tarafindan yapilacak iyilestirmeler ile {iniversitenin alan siralamasindaki yerinin
olumlu yonde yiikselecegi gozlemlenmistir. Calismamizda, 9 kriterden sadece asagidaki 3 kriter (a. Enerji
programi, kampiis tesisleri, b. Teknoloji altyapis1 ve laboratuvarlar, c. ERASMUS 6grenci degisim programlari
ile yurt disina gonderilen 6grenci sayist) gelistirildiginde, Bayburt Universitesinin enerji programi siralamasinin
tercih edilebilirlik siralamasinda yiikseldigi gézlemlendi. Bu noktada, tiniversitelerin veya kurucularm, diger
iniversiteler arasinda bu sekilde yerlerini yiikseltmek icin Ogrencilerin kriterlerini dikkate almalar1
onerilmektedir.

Bu calismadaki diger onemli boliim anket kismudir. Bilisim teknolojileri, yenilenebilir enerji kaynaklar1
teknolojileri, bilim ve alanlardan cinsiyet ayrimi gdzetmeksizin se¢im yapacak dgrencilerle anket yapildi. Ayrica
bolgesel farkliliklarin 6grencilerin tercihlerini etkileyebilecegi goz Oniinde bulundurularak, Tirkiye'nin farkl
bolgelerinden farkli sayida 6grencinin anketlere katilimi saglanmaktadir. Katilime1 sayisinin ¢ok daha kesin
degerlere ¢ikarilmasini tavsiye edilmektedir.

Elde edilen sonuglar, Hacettepe Universitesi, Hacettepe Ankara Sanayi Odas1 1.0SB Meslek Yiiksekokulu ve
Ankara Universitesi Gama Meslek Yiiksekokulu'ndaki ilk iki Alternatif Enerji Kaynaklari Teknolojisi
Programini, diger enerji programlarindan daha biiyiik bir oranda 6ncelige sahip oldugu gézlemlenmistir.

Bu ¢aligmanin bulgulari, Tiirkiye'deki meslek okullarinin katilimcisi olan lise son smif dgrencileri igin tutarli /
dogru bir se¢im yapabilmeleri i¢in Alternatif Enerji Kaynaklar1 Teknolojisi Programlari tercih rehberinin
yapilmasint saglamaktadir. Bu ¢alisma ayni zamanda, digerlerine gore diisiik siralamada ki iiniversitelerin /
programlarin, egitim/6gretim ve teknolojik yatirimlari arttirdiklarinda, beyan edilen ¢calismada belirtilen kriterleri
gbz oniinde bulundurarak, gelecek yillarda daha iist siralarda yer almasinin miimkiin olabilecegini ileri
stirmektedir.
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Bu ¢alismanin arastirma ve yazim sfirecinde arastirmaci / aragtirmacilar tarafindan bilimsel ve etik kurallara
uyuldugunu, farkh eserlerden yararlaniimasi durumunda atifia bulunuldugunu, kullamlan verilerde herhangi bir
tahrifat yapiimadigini, aragtirmanin tamaminin veya bir kisminin farkhi bir akademik yayin platformuna
yayimlanmak (izere gonderilmedigini, belirtilen konularda aragtirmanin yazarimin / yazarlanimin bilgi sahibi
oldugunu ve gerekli kurallara uyuldugunu beyan ederim. 11/09/2020..

Ahmet TEBER

Arastirmanin Sorumlu Yazan

1479



