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ABSTRACT

The determination of elective course in undergraduate education is an important decision making process, because the course
chosen allows the students to specialize in the area they are interested in. The aim of this study is to apply Hierarchical Fuzzy
TOPSIS (HFTOPSIS) method in determining elective course as a fuzzy multi-criteria decision making (FMCDM) technique and
introduce the programme developed in MATLAB software related to this decision making process. In this study, a decision
model based on the process of determining elective course belonging to the sixth semester of third year students receiving
education in economics department at a state university is developed. The assessments of the importance weights of the main and
sub-criteria used in determining elective course and the assessments of the elective courses opened in the sixth semester in terms
of the sub-critetia are performed by using linguistic variables. Then, these linguistic data are transformed into triangular fuzzy
numbers, used in two different algorithms of HFTOPSIS and, relevant process is programmed, and the results of the two
algorithms are compared. In the study it is concluded that the most important decision ctiteria for determining the elective course
is elements relating to the lecturer (0.76, 0.96, 1.00). According to the two algorithms, the candidate elective courses are ranked
from the best to the worst with respect to the calculated closeness coefficients. The ranking order of three alternative elective
courses is similar according to the two approaches handled in the study, and it is as A;>A3> A, It is seen that the most
approptiate elective course is Ay with a closeness coefficient 0.821 according to the first approach and 0.819 according to the
second approach. When the evaluation about whether the choice is risky or not via the closeness coefficient of elective course Ay
is made, it can be expressed that the alternative chosen is “approved and preferred”.

Keywords: Elective Course Determination, Fuzzy Multi-Criteria Decision Making, Hierarchical Fuzzy TOPSIS,
Programming, MATLAB.

Matlab Yazilimiyla Hiyerarsik Bulanik TOPSIS Yoéntemine
Dayal1 Segmeli Dersin Belirlenmesi

oz

Sectikleri ders &grencilerin ilgilendikleri alanda uzmanlasmalarina imkan tanidigy igin lisans egitiminde se¢meli dersin
belitlenmesi 6nemli bir karar verme surecidir. Bu calismanin amaci, secmeli dersin belitflenmesine bulanik bir cok kriterli karar
verme yontemi olarak Hiyerarsik Bulantk TOPSIS (HBTOPSIS)’i uygulamak ve bu karar verme sirecine iliskin MATLAB
yaziliminda gelistirilen programi tanitmaktir. Bu ¢alismada bir devlet Gniversitesinin iktisat bolimiinde egitim goren tglinct sinif
égrencilerinin altinct donemine iliskin segmeli ders belirleme siirecine dayanan bir karar modeli gelistirilmistir. Tlgili 6grencilerin
secmeli ders belirlemesinde kullanilan ana ve alt kritetlerinin 6nem agirliginin degerlendirilmesi ve altinct dénemde acilan se¢meli
derslerin alt kriterler yoluyla degerlendirilmesi dilsel degiskenlerle gerceklestirilmistir. Daha sonra, bu s6zel veriler ticgen bulanik
sayilara cevrilerek HBTOPSIS yontemine ait iki farklt algoritma kullamilmus, ilgili stre¢ programlanmis ve iki algoritmanin
sonuglart karsilastirlmustir. Calismada se¢meli dersin belirlenmesi i¢in en 6nemli karar kriterinin 6gretim elemanina iliskin unsurlar
(0.76, 0.96, 1.00) oldugu sonucuna ulasilmistir. Aday dersler her iki algoritmaya gbre hesaplanan yakinlik katsayilart dikkate alinarak
en iyiden en kétiiye dogru siralanmistir. Ug alternatif dersin siralamast calismada ele alinan iki yaklasima gére benzerlik
gostermektedir ve A1>A3> A; seklindedir. Birinci yaklasima gore 0.821, ikinci yaklasima gore 0.819 olan yakinlik katsayisiyla en
uygun secmeli dersin Ay oldugu gorilmustir. A; se¢meli dersinin yakinlik katsayist yoluyla secimin risk igerip icermedigi
degerlendirildiginde segilen alternatifin “kabul edilebilir ve kesinlikle tercih edilebilit” oldugu ifade edilebilir.

Anahtar Kelimeler: Se¢meli Dersin Belitlenmesi, Bulanik Cok-Kriterli Karar Verme, Hiyerarsik Bulantk TOPSIS,
Programlama, MATLAB.

1. Introduction

The determination of elective course in undergraduate education is an important decision making
process, because the course chosen allows the students to specialize in the area they are interested in.
Choosing the most suitable one among the alternative courses is a complex decision problem that needs
to consider multi-criteria (Erséz et al., 2011; 228). The important point in multi-criteria decision making
(MCDM) is that there are incompatible criteria or attributes used for assessing alternatives (Ozdemir and
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Deste, 2009; 147). In MCDM, solution can be achieved simultaneously by bringing together many criteria
and alternative (Bulbil ve Kése, 2009; 1).

Because of that decision making is based on qualitative data more than quantitative (Li and Yang,
2004; 274) in recent years, fuzzy logic approach more suitable when analyzing these data has mostly begun
to be preferred. It can be seen from the literature that hybrid forms of fuzzy logic and MCDM techniques
are widely used in the studies.

In this study, the process of determinig elective course is handled with HFTOPSIS method. The aim
of this study is introducing a programme developed in MATLAB software related to FMCDM model
based on HFTOPSIS. For the application, as decision makers, five economics department students
evaluate main and sub-criteria and the candidate elective courses by using linguistic variables. Then, these
linguistic data is transformed into triangular fuzzy numbers, used in two different algorithms of
HFTOPSIS and, relevant process is programmed, and the results of the two algorithms are compared.
According to the two algorithms, the candidate elective courses are ranked from the best to the worst with
respect to the calculated closeness coefficients.

HFTOPSIS method has been widely used in various studies in the literature. Ates et al. (2006) carried
out the performance appraisal process of engineering faculty in a university with HFTOPSIS method.
Kahraman et al. (2007b) applied HFTOPSIS method to the selection of electronic service provider.
Kahraman et al. (2007c) used an integrated approach based on fuzzy heuristic multi-attribute utility
method and HFTOPSIS method for new product decision making process of one of the biggest
automobile producer of Turkey. Percin (2008) preferred HFTOPSIS technique for determining which
business process is the most appropriate one for outsourcing, while Kahraman et al. (2007a) used the
same method for the selection problem of logistics information technologies. Tolga (2008) preferred
HFTOPSIS method as methodology for deciding among six different Research and Development projects
while Taghavifard and Mirheydari (2008) handled supplier selection problem of a steel company with
HFTOPSIS method. While Bao et al. (2010) used HFTOPSIS in assessing 21 countries road safety
performance, Taghavifard et al. (2011) handled technology transfer of medical equipment problem with
HFTOPSIS. Paksoy et al. (2012) used fuzzy AHP and HFTOPSIS for an application performed in an
edible-vegetable oils manufacturer firm operating in Turkey to develop an organizational strategy for
distribution channel management.

Studies regarding course selection is available in the literature. Ers6z et al. (2011) developed a decision
model about course selection in graduate education. They used ANP in weighting criteria and TOPSIS in
ranking alternative courses. Their decision criteria include course content, course time, course instructor,
the experience of the persons concerned, sufficiency of the course, and practical/theoretical structure of
the course. They concluded that course content (0,291) and instructor (0,267) ate the most important
criteria while determinining elective course. Demir and Ok (1996) got the opinions of 91 faculty members
and 189 students at METU on elective course system. In their study, Tezcan, and Gimiis investigated the
factors affecting the choice of elective cource in undergraduate education. The sample of the study
consisted of 300 undergraduate students. Data was gathered by using a questionnaire. They found that
while in chemistry department the most important factor effecting the elective course decision is the
opinions of the students about course instructor, in physics department the most effective factor on the
determination of elective course is the closeness to the course that was previously received and the student
was successful. In biology department, the most important factor was found as technique of the course.
Diindar (2008), applied AHP in course selection. In the study, three criteria including characteristics of the
course instructor, the name and content of the course, and the information about the course obtained
from the other students were determined. The most important criteria in the study was found as
characteristics of the course instructor (0,38). The information about the course obtained from the other
students criteria followed it with an average of 0,34.

2. Hierarchical Fuzzy TOPSIS Method
TOPSIS (Technique for Order Preference by Similarity to Ideal Solution), one of the MCDM method
proposed by Hwang ve Yoon (1981), has been widely used in the literature and bases on choosing the
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alternative that has the shortest distance from the positive ideal solution (PIS) and the farthest from the
negative ideal solution (NIS) (Chen, 2000; 2).

Because of the fact that human considerations and judgments are often vague and human process of
thought is not adaptable to be expressed in exact numerical values, a more realistic approach may be to
use linguistic variables instead of numerical values. FTOPSIS, one of the FMCDM method, very suitable
for solving the decision making problem under fuzzy environment. In this method, the importance

weights of various criteria and the evaluations of the alternatives with respect to the criteria are expressed
as linguistic variables (Chen, 2000; 4-5).

Table 1. Linguistic Variables for Importance Weight of Each Criterion

Very High (VH) (0.8, 1.0, 1.0)
High (H) (0.6, 0.8, 1.0)
Medium (M) (0.3,0.5,0.7)
Law (L) 0,0.2,0.4)
Very Law (VL) (0,0,0.2)

Table 2. Linguistic Variables for the Evaluation of the Alternatives

Very Good (VG) (8,10, 10)
Good (G) (6,8, 10)
Fair (F) (3,5,7)
Poor (P) 0,2, 4
Very Poor (VP) 0,0, 2)

The linguistic variables for evaluation of importance weight of criterion and alternatives used in this
study are given in Table 1 and Table 2 respectively.

HFTOPSIS method which includes I , and I A differs from FTOPSIS method with the

I
MC’ 'SC
presence of sub-criteria.
Suppose that we have # main criteria (MC), 7 sub-criteria (SC), £ alternatives, and s decision makers.

Each main criteria has L sub-criteria and » as the total number of sub-criteria is calculated as follows:

m
> 1)
i=1
iM c is constructed by the evaluation of the weights of the main criteria with respect to the goal and
is shown as follows:
Goal
MC ) W,
: S @
MC = MC | w
Pl p
M C n i W N ]

where; \X/p , s the arithmetic mean of the weights determined by the decision makers and is calculated
using:
S ~
W,
p pi

w o=1=L ©  p=12..n 3)
p S
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In Equation (3), V~Vpi expresses the fuzzy evaluation score of main criteria p with respect to goal

assessed by the decision maker

IS c symbolizing the weights of the sub-criteria with respect to the main criteria is constructed as
follows:
W1 W 2 P n
MC, MC MC MC
- 1 2 P n_
SCi [ v, 0 0 0
SCiy | W, 0 0 0
Sclrl v 0 0 0
SC21 0 \i/ 21 0 0
sc, ? a5 0 0
- sc 0 W 0 0
ISC = 2r2 2r2
; 0 :
0 0 7 0
s Pl
: : 0
scnl 0 0 0 \j’nl
SCHZ 0 0 0 w ?2
S I R @
n |

n L

where; Wpl , 1s the arithmetic mean of the weights determined by the decision makers and is calculated

using:

M»

w li
\7\’ :izl p
pl S

In Equation (5),\7~Vpli expresses the weight of the sub-criteria / with respect to the main criteria p

®)

determined by decision maker .

I, is constructed by the scores of the alternatives with respect to the sub-criteria and given as follows:

A
Wi W W W W
1 n
SCp SCi, o SC .. SC . SC
_ 1 n
¢ ¢ .. T .. T .. T
A1 111 112 1lr1 1pl 1nrn
A, |2 “212 v C21r1 o Cp1 °2nrr1
N : : : : ©)
A A |t T T T T
q qul quz quI'l qul anrn
Avle < < < <
kil k12 7 ki “kpl 7 “kar
L 1 n |
where;
Wplzwpwpl (7)
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qul in I A matrix is the arithmetic means of the scores determined by the decision makers and is
calculated as follows:
S ~
Elcqpli
¢ . =1=1 8
apl S C)

where; Eqpli expresses the fuzzy evaluation score of alternative ¢ with respect to sub-criteria / under main

criteria p assessed by decision maker
The steps of the HFTOPSIS algorithm are explained below.

Step 1: Fuzzy decision matrix (D = [;iij ] ), ;(ij = (aijwbijvcij) , is constructed as a result of the linguistic

evaluation of the alternatives with respect to the sub-criteria as in Equation (6).

Step 2: Normalized fuzzy decision matrix (D= [fij]) is constructed. The transformation from fuzzy

decision matrix to normalized fuzzy decision matrix is done by using linear scale transformation given in
Equations (9) and (10).

- a; b.. Ci:
rjj = %, bl—i,% , j e B, aj, = max aj; b =max bij vech = max % )
i P
5 a'j b'j c'j
rij =|————1|, je€e C, a =mina. ,b’ =min b.. vec  =min c.. (10
J Cii bij ajj j g7 ij 1j

In Equations (9) and (10), B indicates benefit criteria and C indicates cost critetia.

Step 3: Weighted normalized fuzzy decision matrix V = [;ij] is set as follows:
~ ~ *
Vij = tij x@j (11)

Step 4: Positive ideal solution and negative ideal solutions are obtained. Positive ideal solution (A") is
the solution that maximizes benefit criteria and at the same time minimizes cost criteria when in contrast
negative ideal solution (A°) maximizes cost criteria and minimizes benefit criteria (Wang and Elhag, 20006;

310).

* k% % ~% ~
A= {vl,vz, .......... ,Vn:|, Vi = max Vi (12)
A= [;1‘,;5, .......... ,c;} Vi = min v (13)

~% ~—

Step 5: Generalized means (M(\“/ij)) for Vij are computed. Vj ,and V; values are the fuzzy numbers
with the largest generalized mean and the smallest generalized mean respectively. The generalized mean

for vy is defined as:

2.2
~\_ "aj +Cjj “-ajj bij +bij cij
M(V]_] ) |:3(_aij +Cij ):| (14)
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~% ~—
For each column j, we find vjj whose greatest mean is Vj and lowest mean is Vj (KKahraman et al,,

2007a; 152).

Step 6: Distances from positive ideal solution (Sf) and negative ideal solution (S; ) are determined
using:

sj:ZI:D;, i=12,.... ,m (15)

S;:Z‘Dg, i=12,.m (16)

In Equations (15) and (16), D; ve D values that are crisp numbers are

calculated as follows
(Kahraman et al., 2007a):

.. *
Cl_] —a

k
I-— * , bjj<b
D - b +cjj —a —bij )
=1 e o Vi 17)
1- J o bij>b
bij+c* i -b
I | b~ <b
_ - ij
bjj+c -a..—b
- _ )
D i = 1 s Vi,j (18)
Ciin—
1 y2 b~ >b

b_+cij —a_—bij '

In this study, to calculate D Z ve D i Vvalues, Equation (17) and Equation (18) used in Kahraman et
al. (2007a) and Vertex method used in Chen (2000) are applied. Then the results of the two approaches

are compared.

Vertex Method is defined as the
a=(a,,a,,a,) and b=(b,,b,,b,)as follows:

d(a,b) = \/%[(al ~b,)’ +(a, =b,)" +(a, - b,)’ |

Euclidean distance of two triangular fuzzy numbers

19)
Step 7: Closeness coefficients of the alternatives are calculated by using:
s
C.=—— (20)
bosT+s!
1 1

The alternatives are ranked by determining closeness coefficient, the value of which is between 0 and
1.
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Table 3. Assessment Status of the Chosen Alternative in Accordance with Its Closeness Coefficient

Closeness Coefficient (C;) Assessment Status

Cie [0 0.2 ) Do not recommend.

Cie [0 2.0.4 ) Recommend with high risk.
Cie [0 4,0.6 ) Recommend with low risk.
Cie [0.6, 0.8) Approved.

Cie [0 .8, 1.0 ) Approved and preferred.

Source: Chen et al., 20006; 296.

Although we can determine the ranking order of all feasible alternatives, a more realistic approach may
be to use a linguistic vatiable to desctibe the current assessment status of each alternative in accordance
with its closeness coefficient. Assessment status of the chosen alternative in accordance with its closeness

coefficientis are given in Table 3 (Chen et al., 2006; 295-2906).

3. Results

In this study, a decision model based on the process of determining elective course belonging to the
sixth semester of third year students receiving education in economics department at a state university is
developed. We have 6 main criteria, 17 sub-criteria and 3 alternatives in the study. Hierarchical structure
among the goal, main criteria and sub-criteria in this study is illustrated in Figure 1.

In the first hierarchical level there is the goal, in other words, “determining the most appropriate
elective course”.

In the second hierarchical level there are six main criteria. These are as follows: MC;: Coutse content,
MCy: Teaching method and learning environment of the course, MCs: Course materials, MCy: Elements
relating to the lecturer, MCs: Assessment system, MCq: Elements relating to decision maker.

Determining the Most Appropriate Elective
Course

MG, NG MG MC: MG

Figure 1. Hierarchical Structure of the Elective Course Selection
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In the third hierarchical level there are seventeen sub-criteria. These are as follows:

e Sub-criteria under course content main criteria are: SCqp: Suitability of the course content to the
purpose and scope of the course, SCi2: Contribution of the theoretical content and applications
(projects, assignments etc.) of the course to the future professional career;

e Sub-criteria under teaching method and learning environment of the course main criteria are: SCai:
Holding interactive courses, SCp: Having sufficient projects and assignments consolidating
theoretical knowledge;

e Sub-criteria under course materials main criteria are: SCsi: Having a main source used in the course,
SCsy: Suitability of the sources used in the course to the course content, SCs;3: Up-to-date sources
used in the course;

e Sub-criteria under elements relating to the lecturer main criteria are: SCyi: Lecturer’s valuing
students, SCyq2: Lecturer’s good communication with the students, SCy3: Lecturet’s proficiency in
the course, SCys. Lecturer’s desire and enthusiasm to his profession;

e Sub-criteria under assessment system main criteria are: SCsi: Flexibility of the assessment system,
SCsz: Type of the assessment system SCss, Giving importance to participation in the assessment
system;

e Sub-criteria under elements relating to decision maker main criteria are: SCei: The level of
familiarity to the course topics, SCs2: The level of interest in the course topics, SCes: The belief that
success will be achieved.

In the fourth hierarchical level there are three alternatives as elective courses opened in the sixth

semester and are assessed by the decision makers in this context.

Five decision makers assess the importance of main criteria for the goal and the importance of each

sub-criteria for the main criteria by linguistic variables given in Table 1. Then, the linguistic evaluations are

transformed into corresponding triangular fuzzy numbers by using Table 1. Fuzzy weights of main criteria
are calculated by using Equation (3) and after the calculation of fuzzy weights of all main criteria, TMC
matrix is constructed. And for the construction of I matrix, fuzzy weights of sub-criteria are

SC
calculated by using Equation (5). TM C and 1 3C matrices are given in Table 4 and Table 5 respectively.

Table 4. T Matrix

MC
MC, (0.68, 0.88, 1.00)
MC, (0.58, 0.78, 0.94)
MC; (0.30, 0.50, 0.70)
MC; (0.76, 0.96, 1.00)
MCs (0.62, 0.82, 0.94)
MC; (0.62, 0.82, 0.94)

All decision makers evaluate the alternatives with respect to sub-criteria with linguistic variables given
in Table 2. Then linguistic variables are transformed into corresponding triangular fuzzy numbers by using

Table 2. And the scores of the each alternative for each sub-criteria are calculated by Equation (8) and I A

mattix is constructed as shown in Table 6.
In the next step, normalized fuzzy decision matrix, and weighted normalized decision matrix are
obtained. In the study, because all criteria are assessed as benefit criteria, Equation (9) and Equation (11)

are applied to find ;11 and \~/ij values respectively.
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Table 5. 1 SC Matrix
MC, MC; MC; MC, MC; MCq
SCn (0.58, 0.78, 0.94) 0 0 0 0 0
SCr2 (0.62, 0.82, 0.94) 0 0 0 0 0
SCxu 0 (0.52,0.72, 0.88) 0 0 0 0
SCy; 0 (0.30, 0.50, 0.70) 0 0 0 0
SCs 0 0 (0.28, 0.44, 0.60) 0 0 0
SCs; 0 0 (0.34, 0.54, 0.70) 0 0 0
SCss 0 0 (0.36, 0.56, 0.76) 0 0 0
SCy 0 0 0 (0.60, 0.80, 0.88) 0 0
SCyq2 0 0 0 (0.66, 0.86, 0.94) 0 0
SCys 0 0 0 (0.70, 0.90, 0.94) 0 0
SCy4 0 0 0 (0.66, 0.86, 0.94) 0 0
SCs; 0 0 0 0 (0.52, 0.72, 0.88) 0
SCs; 0 0 0 0 (0.72, 0.92, 1.00) 0
SCss 0 0 0 0 (0.62, 0.82, 0.94) 0
SCe1 0 0 0 0 0 (0.36, 0.56, 0.76)
SCs2 0 0 0 0 0 (0.52, 0.72, 0.88)
SCss 0 0 0 0 0 (0.58, 0.78, 0.94)
Table 6. 1 A Matrix
SCq SCy2 SCy SCy, SCs; SCs,
AL | (640,840, 10.00) | (5.00,7.60,880) | (5.20,7.20,8.80) | (3.60,5.60,7.60) | (6.40,8.40,10.00) | (5.80, 7.80, 9.40)
A, | (6.20,8.20,9.40) | (5.20,7.20,8.80) | (4.60,6.60,8.20) | (1.80,3.40,540) | (5.20,7.20,8.80) | (6.20, 8.20, 9.40)
As | (6.20,8.20,9.40) | (6.00,8.00,8.80) | (7.20,9.20,10.00) | (5.60,7.60,8.80) | (4.20,5.80,7.80) | (5.80,7.80, 9.40)
SCs3 SCa SCy2 SCys SCyy SCs
AL | (7.20,9.20, 10.00) | (7.60,9.60, 10.00) | (7.20,9.20, 10.00) | (7.20,9.20, 10.00) | (8.00, 10.00, 10.00) | (4.80, 6.80, 8.80)
A, | (5.20,7.20,880) | (5.60,7.60,8.80) | (5.00,7.00,8.20) | (5.80,7.80,9.40) | (5.60,7.60,8.80) | (3.00,4.60, 6.60)
As | (5.60,7.60,8.80) | (6.60,8.60,9.40) | (6.60,8.60,9.40) | (6.80,8.80,10.00) | (7.00,9.00,9.40) | (5.80,7.80, 9.40)
SCs2 SCs3 SCe1 SCe2 SCe3
A | (6.20,820,9.40) | (5.80,7.80,9.40) | (5.20,7.20,8.80) | (5.80,7.80,9.40) | (7.20,9.20,10.00)
Az | (3.60,5.60,7.60) | (4.20,6.20,820) | (4.20,6.20,8.20) | (4.20,6.20,8.20) | (4.60,6.20,7.80)
As | (5.40,7.40,9.40) | (6.80,8.80,10.00) | (5.80,7.80,9.40) | (5.20,7.20,8.80) | (4.60, 6.60, 8.20)

After obtaining weighted normalized decision matrix, positive and negative ideal solutions are
determined. To find positive and negative ideal solution values, generalized means are calculated by using
Equation (14).

For the next step of the algorithm, distances from positive and negative ideal solutions for each
alternative are computed by using Equation (15) and (16) respectively. To find distance from positive and
negative ideal solutions, Equation (17) and Equation (18) are applied for the first approach and also we
performed Vertex method given in Equation (19) as a second approach.

In the next step, we find closeness coefficients of each candidate elective course by using Equation
(20) and the candidate elective courses are ranked from the best to the worst with respect to the calculated
closeness coefficients. For the last step, assessment status of the chosen alternative in accordance with its
closeness coefficient is performed.

The ranking order of three alternative elective courses is similar according to the two approaches
handled in the study: A1>As> A,. It is seen that the most appropriate elective course is Aj with a closeness
coefficient 0.821 according to the first approach and 0.819 according to the second approach.
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% %
Table 7. S, S, , S, , C. Values
1 1 1 1

Alternatives First Approach Second Approach
®) * - * -
S. S. C. S. S. C.
1 1 1 1 1 1
Ay 0.477 2.190 0.821 0.430 1.953 0.819
A, 2.584 0.092 0.034 2.327 0.052 0.022
A; 0.838 1.861 0.689 0.709 1.698 0.706

When the evaluation about whether the choice is risky or not via the closeness coefficient of A; is
made, it can be expressed that the alternative chosen is approved and preferred.
MATLAB R2010b software is used to evaluate the results of alternative elective courses. After the

construction of T triangular fuzzy numbers in the matrices are entered to the pages

M 'sc ¥ Ta
created for each in Microsoft Excel programme. With the help of the codes, algorithm of HFTOPSIS
method in MATLAB R2010b software is established. It becomes possible to load the data from Excel, to
evaluate these data with algorithm, display results as report file and provide distances of alternatives from
positive and negative ideal solutions, closeness coefficients and normalized closeness coefficients of them

graphically in the context of two approaches used in the study. This process can be seen via Figure 2.

) Hierarchical Fuzzy Topsis (=] 3]
Hierarchical Fuzzy TOPSIS (HFTOPSIS) Application ég.‘"" Ee%
Burcu Dodganalp Serkan Doganalp "5:4’ gl; N E
Selcuk University Hecmettin Erbakan University 5 d‘b {
Faculty of E ics and Administrative Sci Faculty of Engineering and Architecture %. KONYA c;‘
Department of Management Department of Geomatics Engineering /L,E 5'\"‘?'
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Figure 2. An Image from the Developed Programme

4. Discussion and Conclusion

Elective course selection is a complex problem which many qualitative criteria must be considered.
These kinds of criteria make the evaluation process hard and vague. Hierarchical structure is a good
approach to describe complicated system. Moreover the judgments from decision makers are always in
vague rather than in crisp numbers. It is suitable and flexible to express the judgments of decision makers
in fuzzy number instead of in crisp number.

This study presents a FMCDM model relating to the elective course selection in undergraduate
education. In this study, the process of determinig elective course is handled with HFTOPSIS method.
The aim of this study is introducing a programme developed in MATLAB software related to FMCDM
model based on HFTOPSIS being used while decision making under the fuzzy environment. For the
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application, as decision makers, five third year economics department students at a state university
evaluate main and sub-criteria and the candidate elective courses opened in the department of economics
for the sixth semester by using linguistic variables. Then, these linguistic data are transformed into
triangular fuzzy numbers, used in two different algorithms of HIFTOPSIS and, relevant process is
programmed, and the results of the two algorithms are compared.

In the study it is concluded that the most important decision criteria for determining the elective
course is elements relating to the lecturer (0.76, 0.96, 1.00). Course content follows it with an importance
weight 0.68, 0.88, 1.00. Decision makers express that the criteria having the least effect on this decision is
course materials (0.30, 0.50, 7.00).

The data obtained from the evaluation of three elective courses by decision makers is used in the
algorithm of HFT'OPSIS method. Alternative elective courses are ranked from the best to the worst with
respect to the calculated closeness coefficients. According to the closeness coefficient of three alternatives,
the ranking order of three alternative elective courses is determined as A1>A3> Ay. It is seen that the
ranking order of three alternative elective courses doesn’t change when the results of two approaches
handled in the study are compared.

When the evaluation about whether the choice is risky or not via the closeness coefficient of Ay, and
Table 3 (0.821 according to the first approach and 0.819 according to the second approach) is made, it can
be expressed that the alternative chosen is approved and preferred.

References

Ates, Nufer Yasin, Cevik, Sezi, Kahraman, Cengiz, Gilbay, Murat, & Erdogan, S. Ayca (2000). “Multi
Attribute Performance Evaluation Using a Hierarchical Fugzy TOPSIS Method”, StudFuzz, 201, p.537-572.

Bao, Qiong, Ruan, Da, Shen, Yongjun, & Hermans, Elke (2010). “Creating a Composite Road Safety
Performance Index by a Hierarchical Fugzy TOPSIS Approach”, Intelligent Systems and Knowledge Engineering
(ISKE) International Conference, Hangzhou, 15-16 November, p.458-463.

Bulbil, Serpil, & Kése, Ali (2009). “Iiirk Guda Sirketlerinin Finansal Performansinm Cok Amagl Karar
Verme Yintemleriple Degerlendirilmesi”, 10. Ekonometri ve Istatistik Sempozyumu, Erzurum, Turkey, 27-29
Mayzs, http://iletisim.atauni.edu.tr/ eisemp/html/tammetinler/152.pdf, Access Date: 24.02.2016.

Chen, Chen Tung (2000). “Extensions of the TOPSIS for Group Decision-Making under Fuzzy Environment”,
Fuzzy Sets and Systems, Volume: 114, Issue: 1, p.1-9.

Chen, Chen Tung, Lin, Ching Torng, & Huang, Sue Fn (2000). “A Fuzzy Approach for Supplier Evaluation
and Selection in Supply Chain Management”, Journal of Production Economics, 102, p.289-301.

Demir, Ayhan, & Ok, Ahmet (1996). “Orta Dogn Teknik Universitesindeki Ogretim Uye ve Ogrencilerinin
Seemeli Dersler Hakkindaki Giriigleri”, Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 12, s.121-125.

Dindar, Siuleyman (2008). “Ders Segiminde Analitik Hiyerarsi Proses Uygnlamas:”, Stleyman Demirel
Universitesi Tktisadi ve Idari Bilimler Fakiiltesi Dergisi, Cilt: 13, Sayt: 2, 5.217-220.

Ersoz, Filiz, Kabak, Mehmet, & Yilmaz, Zafer (2011). “Lisansistii Og“rem'mz'ﬂde Ders Secimine Yonelik Bir
Model Onerisi”, Afyon Kocatepe Universitesi IIBF Dergisi, Cilt: 13, Sayr: 2, 5.227-249.

Kahraman, Cengiz, Ates, Nifer Yasin, Cevik, Sezi, Giilbay, Murat, & Erdogan, S. Ayca (2007a).
“Hierarchical Fuzgy TOPSIS Model for Selection among Logistics Information Technologies”, Journal of Enterprise
Information Management, 20 (2), p.143-168.

Kahraman, Cengiz, Ates, Nifer Yasin, Cevik, Sezi, & Gulbay, Murat (2007b). “Fuzgy Multi-Attribute
Cost—Benefit Analysis of E-Services”, International Journal of Intelligent Systems, Vol: 22, p.547-565.

Kahraman, Cengiz, Biyikézkan, Gilein, & Ates, Nifer Yasin (2007c). “A Two Phase Multi-Attribute
Decision-Matking Approach for New Product Introduction”, Information Sciences, 177, p.1567-1582.

Li, Deng Feng, & Yang, Jian Bo (2004). “Fugzy Linear Programming Technique for Multiatrribute Group
Decision Making in Fugzy Environments”, Information Sciences, 158, p.263-275.

Ozdemir, Ali Thsan, & Deste, Mustafa (2009). “Gri Iliskisel Analiz e Cok Kriterli Tedarikgi Segimi:
Otomotiv Sektiriinde Bir Uygnlama”, Istanbul Universitesi Isletme Fakiiltesi Dergisi, 38 (2), 5.147-156.

Selcuk Universitesi Sosyal Bilimler Enstitilsii Dergisi o 35/ 2016
13



Determination Of Elective Course Based On Hierarchical Fuzzy Topsis Method With Matlab Software

Paksoy, Turan, Yapict Pehlivan, Nimet, & Kahraman, Cengiz (2012). “Organizational Strategy Development
in Distribution Channel Management Using Fuzzy AHP and Hierarchical Fuzzy TOPSIS”, Expert Systems with
Applications, 39, p.2822-2841.

Percin, Selcuk (2008). “Fugzy Multi-Criteria Risk-Benefit Analysis of Business Process Outsonrcing (BPO)”,
Information Management & Computer Security, Vol: 16 No: 3, p.213-234.

Taghavifard, Mohammad Taghi, & Mirheydari, Danial (2008). “A4 New Framework for Evaluation and
Prioritization of Suppliers Using a Hierarchical Fugzy TOPSIS”, Proceedings of World Academy of Science,
Engineering and Technology, Volume 31, p.605-611.

Taghavifard, Mohammadtaghi, Rostami, Mostafa, & Mousavi, Seyed Mahdi Makhzan (2011). “A4
Hierarchical Fuzzy TOPSIS Model for Evalunating Technology Transfer of Medical Equipment”, International Journal
of Academic Research, Vol: 3, No: 3, p.511-519.

Tezcan, Habibe, & Giimiis, Yeliz (2008). “Universite Ogreﬂﬁ'/m'm'n Seemeli Ders Terciblerine Etki Eden
Faktirlerin Arastirimas:”, Gazi Universitesi Egitim Fakiltesi Dergisi, Cilt: 28, Sayr: 1, 5.1-17.

Tolga, A. Cagri (2008). “Fugzy Multicriteria R&>D Project Selection with a Real Options 1 aluation Model”,
Journal of Intelligent & Fuzzy Systems, 19, p.359-371.

Wang, Ying Ming, & Elhag, Taha M. S. (2006). “Fuzzy TOPSIS Method Based on Alpha Level Sets with an
Application to Bridge Risk Assessment”, Expert Systems with Applications, 31, p.309-319.

Selcuk Universitesi Sosyal Bilimler Enstitilsii Dergisi o 35/ 2016
114



