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Ozet

Insan kaynaklar1 yonetimi acisindan oldukga onemli olan personel segimi, isin
yapilabilmesi i¢in ise uygun personelin belirlendigi bir siire¢ olarak ifade edilir.
Personel secimi, genellikle bir grup karar verici tarafindan adaylarin ¢esitli kriterlere ve
siibjektif yargilara gore degerlendirilmesi sonucunda verilen karara gore gergeklesir.
Halbuki organizasyonlarin rekabet avantaji elde edebilmeleri ve bu avantaji devam
ettirebilmeleri, dogru personelin dogru is i¢in objektif kriterlere goére secilmesine
baglidir. Personel se¢imi problemi, karar verici ve aday sayisinin birden fazla olmasi ve
karar iizerinde ¢ok sayida kriterin etkili olmasi agisindan ¢ok kriterli karar problemleri
icerisinde yer alir. Kisisel yargilara dayanan kararlar belirsizlik igerir. Bu nedenle, bu
calismada c¢ok kriterli karar verme tekniklerinden biri olan bulanik TOPSIS yontemi
tercih edilmistir. Calisma kapsaminda bir kamu iiniversitesinde arastirma gorevlisi alimi
siirecinde, bagvuru yapan adaylardan hangilerinin giris sinavina davet edilecegi, her bir
aday i¢in yakinlik katsayilar1 hesaplanarak yapilan siralama ile objektif kriterlere gore
belirlenmistir.

Anahtar Kelimeler: Personel sec¢imi, ¢ok kriterli karar verme, bulanik TOPSIS
yontemi

Abstract

Which are very important in terms of human resource management, personnel
selection, it expressed as a process of determining the appropriate personnel hired to
perform the work. Personnel selection, often occurs as a result of decisions made by a
group decision based on the evaluation of candidates by various criteria and subjective
judgment transmitter. Whereas the organization that they can gain competitive
advantage and this advantage can continue, according to the right personnel for the
right job it depends on the objective criteria chosen. Personnel selection problems,
decision-making and be more than the number of candidates and the terms of a number
of criteria involved in the decision to take effect on multi-criteria decision problems.
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Decisions based on personal jurisdiction includes the uncertainty. Therefore, one of the
multiple-criteria decision analysis techniques in this study preferred method of fuzzy
TOPSIS. In the process of recruiting a research assistant in a public university under
study, which will be invited to the scientific examination of the candidates who apply,
with proximity to the ranking made by calculating the coefficients for each candidate is
determined based on objective criteria.
Keywords: Personnel selection, multi- criteria decision making, fuzzy TOPSIS

Giris

Cok sayida organizasyonun yer aldigi giinlimiiz pazarlarinda en 6nemli rekabet
araci, organizasyonlarin sahip olduklart kaynaklarin etkin kullanilabilmesidir. Bu
kaynaklarin basinda ise insan kaynaklar1 gelmektedir. Bir organizasyonun insan
kaynaklar1 yonetimi slireci, is analizi, i tanimlar1 ve ig gerekleri ile sekillenir;
planlamayla baslar ve dinamik bir fonksiyon olarak i géren bulma ve segcmeyle devam
eder (Bayraktaroglu, 2015: 65). Goriildiigii lizere, insan kaynaklar1 yonetiminin temel
islevlerinden birisi olan personel tedariki ve sec¢imi, organizasyonun ihtiya¢ duydugu
niteliklere sahip kisilerin bulunmasi, se¢ilmesi ve ise alinmasi siireci olarak tanimlanir
(Erenel, 2012: 14). Personel tedariki, is arayan bireylerin organizasyona bagvurmalarini
saglamay1, se¢im siireci ise, bagvuran adaylar arasindan en nitelikli olanlar1 belirlemeyi
ve ise almay1 yani dogru yerde dogru insan1 bulundurmay1 icermektedir (Bingdl, 2010:
233). lyi secilmis personel, organizasyonun amaglarina yonelik faaliyetlerin yapilmas,
siirdiiriilmesi ve diger kaynaklarin etkin kullanilmasi agisindan oldukca Onemlidir
(Erenel, 2012: 14). Bir organizasyonun sahip oldugu tiretim faktorlerini yonlendiren,
organizasyonun basarili ya da basarisiz olmasinda belirleyici olan en 6nemli 6ge insan
kaynaklaridir. Bu nedenle, organizasyonlar amacglarina katkida bulunacak ve
organizasyonu basariya tasiyacak bilgi ve yetenege sahip ig giiciinii istihdam etmeye
calismaktadirlar (Dagdeviren, 2007: 791). Is goren tedariki ve segim siirecinin insan
odakli, objektif ve stratejik bir bakis acist i¢inde planlanmasi ve yiiriitiilmesi, hem
organizasyonlarin hem de ¢alisanlarin beklenti ve hedeflerine yanit verilebilmesi
bakimmdan o6nemlidir (Kogak ve Yiiksel, 2011: 82). Ise en uygun personelin
bulunabilmesi i¢in, is analizleri yoluyla toplanmis ve standart formlara gegirilmis
bilgilerin kullanilmasi1 gerekir (Kurt ve Dagdeviren, 2003: 165).

Ise en uygun personelin bulunabilmesi, diger organizasyonlarda oldugu kadar
iiniversiteler i¢in de Onemlidir. Universitelere personel bulunmasinda da diger
organizasyonlarda uygulanan yontemler kullanilabilir.

Universiteler, toplumun bilimsel arastirma ve yiiksek nitelikli insan giicii
gereksinimini karsilamak ve bilgi iiretmek i¢in kurulmus kurumlardir. Universitelerin
bilimsel faaliyetlerini yiiriitebilmeleri i¢in, bilim alanlariyla ilgili bilimsel ¢aligmalar1
yapan ve gelecegin 6gretim liyesi olmaya aday bilim insanlarini istihdam etmesi ve
yetistirmesi gerekir (Celebi ve Tatik, 2012: 128). Bu amagcla istthdam edilen arastirma
gorevlileri 2547 Sayili Yiksekogretim Kanunu’nun 3p. maddesinde Ogretim
yardimcilar1 kapsaminda tanimlanan akademik personeldir. Ayni kanunun 33a.
maddesinde “Arastirma gorevlileri, yiiksekogretim kurumlarinda yapilan arastirma,
inceleme ve deneylerde yardimci olan ve yetkili organlarca verilen ilgili diger gorevleri
yapan Ogretim yardimcilaridir.” seklinde daha detayli bir arastirma gorevlisi tanimi
yaptlmistir. Aynt maddede ayrica “Lisans iisti egitim - Ogretim i¢in yurt disina
gonderilecek arastirma gorevlileri ile ilk defa bu amacgla bu goreve atanacaklarda
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aranacak nitelikler ve diger hususlar Yiiksekogretim Kurulunca tespit edilir.” seklinde
bir hiikiim yer almaktadir. Arastirma gérevlisi alim ile ilgili diizenleme ise, “Ogretim
Uyesi Disindaki Ogretim Eleman: Kadrolarma Naklen veya Agiktan Yapilacak
Atamalarda Uygulanacak Merkezi Sinav ile Giris Sinavlarma iliskin Usul ve Esaslar
Hakkinda Yo6netmelik” kapsaminda ger¢eklestirilmektedir (www.yok.gov.tr).

Uygulamada personel tedarik siireci, organizasyon tarafindan personel se¢im
politikalarmin belirlenmesi ve se¢im kriterlerinin tanimlanmasi, aday adaylarinin
basvurularinin alinmasi, aday adaylarinin mukayese edilmesi ve adaylarin belirlenmesi,
adaylara yazili, sozlii ya da test sinav uygulanmasi, belirlenen adaylarla goriisme ve ige
alma kararinin verilmesi, giivenlik sorusturmasi, ise kabul ve yerlestirme gibi
asamalardan olusmaktadir (Boran, Geng ve Akay 2011: 493; Yiiksel, 2004: 101-124;
Ertiirk, 2011: 106-111). Siire¢ sonunda ise genellikle yalnizca sinav sonuglarina ya da
kisisel yargilara dayanan bir karar ortaya ¢ikmaktadir. Universitelere arastirma gorevlisi
bulma ve istthdam etme siireci de bu siirece benzer asamalardan olusmaktadir. Bu
nedenle, diger personel secimi problemlerinde oldugu gibi arastirma gorevlisi se¢iminde
de geleneksel personel secim teknikleri dogru kararin verilebilmesi acisindan yetersiz
kalabilmektedir. Organizasyonun gergek ihtiyaglarina uygun personelin temini ancak
objektif ilkeler ve yontemler temelinde yapilacak bir se¢im karari ile miimkiindiir. Ise
uygun personelin se¢ilmesi i¢in, dlgme ve degerlendirmeye temel olacak kriterlerin ve
bu kriterlerin agirliklarinin belirlenmesi gerekir (Dagdeviren, 2007: 791). Birden fazla
karar vericinin olmast ve ¢ok sayida kritere gore farkli adaylarin degerlendirilmesi
sebebiyle personel se¢imi karmagik bir yapiya sahiptir ve ¢ok kriterli karar problemleri
icerisinde yer alir.

Cok kriterli karar verme, genellikle birbiriyle ¢elisen ¢ok sayida kriterin olmasi
durumunda, secilen kriterlere gore en uygun ¢oziimiin belirlenebilmesi i¢in kullanilan
bir yontemdir (Hwang ve Yoon, 1981: 1). Yontem, birbirinden bagimsiz ve farkli
sekillerde ifade edilen ¢ok sayida faktoriin dikkate alinmasi durumunda, faktorleri
analiz etmeye, elde edilen sonuglara gore alternatifleri siralamaya, karsilastirmaya,
siiflamaya ve en iyi alternatifi se¢gmeye olanak saglar (Urfalioglu ve Geng, 2013: 330).
Cok kriterli karar verme yontemleri bircok alanda basari ile uygulanmistir. Farkli
performans kriterlerini ve agirliklarini dikkate alan hesaplamalarda nicel ve nitel verileri
kullanan electre, analitik hiyerarsi prosesi (AHP), faktor puan yontemi, analitik netwok
stireci (ANP) vs. gibi pek ¢ok teknik kullanilmaktadir (Velasquez ve Hester, 2013: 56-
57). Bu tekniklerden biri de TOPSIS (ideal ¢oziime benzerlik bakimindan siralama
performansi) teknigidir (Ertugrul ve Ozgil, 2014: 269). Hwang ve Yoon’un (1981)
caligmasi referans gosterilerek, Chen ve Hwang (1992) tarafindan gelistirilen TOPSIS
teknigi, kriterlerin goreceli agirliklarint  kapsayan bir tekniktir (Zolfani ve
Antucheviciene, 2012:427; Demireli, 2010: 104). TOPSIS tekniginin uygulanmasindaki
amag, pozitif ideal ¢oziime (PIS) en yakin alternatiflerin secilerek, ¢ozliimiin fayda
kriterlerini maksimize ve maliyet kriterlerini minimize etmektir. Bir diger ifade ile
amag, negatif ideal ¢oziime (NIS) en uzak kriterlerin segilerek, maliyet kriterlerini
maksimize ve fayda kriterlerini de minimize eden ¢oziimlerin elde edilmesidir (Shih,
Shyur ve Lee, 2007: 801-802). Bdylece her bir alternatif i¢in elde edilen pozitif ve
negatif uzaklik degerleri kullanilarak, yakinlik katsayisi hesaplanir ve alternatiflerin
siralanmasi saglanir (Perez, Martinez ve Martinez, 2012: 106).

TOPSIS uygulamalarinda, kriterlerin performans diizeyleri ve agirliklari net
degerler olarak verilir. Halbuki kisisel yargilara dayanan tercihler genellikle belirsizdir
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ve net sayisal degerlerle tahmin edilemez (Chaghooshi, Janatifar, ve Dehghan, 2014:
30; Chen, 2000: 2; Chen ve Tzeng, 2004: 1476). Bu nedenle farkli kosullar altinda net
veriler, gercek hayat durumlarini modellemek i¢in yetersiz kalmaktadir. Bu durumun
ortadan kaldirilabilmesi icin sayisal degerlerin yerine ¢ok kotii, kotii, orta, iyi, ¢ok iyi
gibi dilsel ifadelerin kullanilmas1 daha gercekei sonuglara ulasmay1 saglayacaktir (Chen,
2000: 2; Chen ve Tzeng, 2004: 1476). Bu amagla kullanilan bulanik kiime kuramu,
dogrusal olmayan, belirsizlik ifade eden, karmasik ve modellenmesi gii¢ olan
kavramlara iiyelik derecesi atayarak, kavramlarin belirli hale getirilmesini saglar
(Tiryaki ve Kazan, 2007: 3-5).

Bu c¢aligmada geleneksel personel se¢imi yontemlerine alternatif olarak, daha
objektif ve daha isabetli personel tedarik etme ve segme kararinin verilebilmesi i¢in ¢ok
kriterli karar verme yontemlerinden biri olan bulanik TOPSIS yontemi tanitilmaktadir.
Bu amagla ¢alismanin uygulama kismi kamu sektoriindeki bir yiiksekogretim kurumuna
aragtirma gorevlisi istthdam etme siirecinde bilim sinavina alinacak adaylarin
belirlenmesi i¢in yapilmistir. Literatiirde yer alan personel se¢imi problemleri
incelendiginde 6gretim iiyesi disinda kalan 6gretim elemanlarinin se¢imine yonelik bir
calismaya rastlanamamistir. Bu nedenle bu calismanin alana katki saglayacagi
diistiiniilmektedir.

Mevcut sistemde arastirma gorevlisi alimi i¢in yapilacak bilim smavina davet
edilecek adaylar sadece ALES puaninin %601 ve yabanci dil puaninin %40°1 dikkate
alarak olusturulan siralama dahilinde belirlenmektedir. Bu ¢alismada ise, bilim sinavina
davet edilecek adaylarin se¢imi siirecinde birden fazla karar vericinin olmasi ve
adaylarin ¢ok sayida kritere gore degerlendirilmesi sebebiyle, bulanik TOPSIS
yaklasimi tercih edilmistir. Bulanik TOPSIS yontemiyle, bagvuru yapan tiim adaylarin
karar vericiler tarafindan farkli karar kriterleri dikkate alinarak, objektif olarak
degerlendirilmesi ve siralanmasi saglanmistir. Calisma literatiir taramasi, yontem ve
uygulama kismi olmak {izere ii¢ boliimden olugmaktadir.

Literatiir Taramasi

TOPSIS yontemi, m sayida alternatifi ve n sayida kriteri olan karar
problemlerinde kullanilan bir yontemdir (Jiang ve Dig., 2011: 9401). Bu yontem ile
ilgili ilk caligmalar Hwang ve Yoon (1981) tarafindan yapilmistir (Chen, 2000: 2).
Hwang ve Yoon’un ¢aligmalar1 referans gosterilerek Chen ve Hwang (1992) tarafindan
ortaya konulan bulanik TOPSIS yontemi ile yapilan ¢alismalar, bulanik ortamlarda ¢ok
kriterli karar problemlerinin ¢dziilebilmesi igin gelistirilmistir (Kaya, Kiling ve
Cevikcan, 2009: 9-10). Bulanik TOPSIS yonteminin, ekonomi, yonetim, egitim, tiretim,
planlama, ulastirma, insan kaynaklari se¢imi, muhasebe-finansman vb. gibi pek c¢ok
alanda uygulanabilmesi sebebiyle son yillarda literatiirde konu ile ilgili olarak yapilan
caligmalarin sayist artmaktadir. Chu (2002) kurulus yeri se¢imi probleminde, Erkayman
ve Dig. (2011) lojistik merkezi igin yer se¢imi probleminde ve Ashrafzadeh ve Dig.
(2012) depo yeri se¢imi ile ilgili 6rnek olay calismasinda bulanik TOPSIS yontemini
uygulamiglardir. Jahanshahloo, Lotfi ve Izadikhah (2006) ve Jahanshahloo, Lotfi ve
Davoodi (2009) aralikli verilerin kullanildig1 karar problemleri i¢in TOPSIS yontemini
kullanmislardir. Diindar, Ecer ve Ozdemir (2007) sanal magazalarin web sitelerini, Sun
ve Lin (2009) alis-veris sitelerinin rekabet avantajlarint degerlendirmek icin, Lo ve Dig.
(2010) internet servisi se¢im problemi i¢in bulanik TOPSIS yontemini kullanmistir.
Kabir ve Hasin (2012) ise, seyehat sirketlerinin web sitelerinin hizmet kalitelerini

Isletme Arastrmalart Dergisi 227 Journal of Business Research-Tiirk



N. G. Akin 8/2 (2016) 224-254

degerlendirmek icin TOPSIS ve bulanik TOPSIS yontemlerini karsilastirmali olarak
vermistir.  Eleren ve Ersoy (2007) mermer blok kesim yOntemlerinin
degerlendirilmesinde, Chamodrakas, Alexopoulou ve Martakos (2009) siparis
kabuliinde miisterilerin degerlendirilmesinde, Demireli (2010) kamu bankalarinin
performanslarinin degerlendirilmesinde, Madi ve Tap (2011) firmalarin karsilastiklar
operasyonel riskleri dikkate alarak, nereye yatirim yapmalar1 gerektigi kararinin
verilmesinde, Omiirbek, Demirci ve Akalin (2013) lisansiistii egitimde bilim dali
seciminde, Yang, Huang ve Huang (2014) esnek iiretim sistemlerinin
degerlendirilmesinde TOPSIS yéntemini uygulamistir. Ozdemir ve Segme (2009)
bulanik TOPSIS yoOntemini tedarik¢i se¢im probleminde kullanmigstir. Liao ve Kao
(2011) bulanik TOPSIS yontemi ve hedef programlama yaklasimini, Supgiller ve
Capraz (2011) AHP ve TOPSIS yontemlerini birlikte tedarik¢i se¢im problemine
uygulamigtir. Zaman (2012) hazirlamis oldugu master tezinde bulanik TOPSIS
yontemini kullanarak, yalin tedarik zincirinde c¢ok kriterli performans 6l¢iim modeli
gelistirmistir. Selim, Yunusoglu ve Balaman (2015) uluslararast bir gida firmasinda
bulanik TOPSIS yontemi ile hata tiirleri ve etkileri analizini kullanarak dinamik bakim
planlamasi ¢alismasi yapmuistir.

Personel se¢imi ile ilgili olarak, Ecer (2006) satis elemani se¢ciminde, Kelemenis
ve Askounis (2010) bilgi sistemleri ekibi i¢in baskan se¢iminde, Dursun ve Karsak
(2010) Liang ve Wang tarafindan 1994 yilinda yapilan calisma referans gosterilerek
hazirlanan personel se¢imi probleminde, Kelemenis, Ergazakis ve Askounis (2011) orta
diizey yonetici se¢iminde, Fengru ve Lili (2011) destek ekibi kurulabilmesi i¢in, Perez,
Martinez ve Martinez (2012) yazilim gelistirme takiminda yer alan personelin
degerlendirilmesinde, Martin ve Dig. (2011) personel secimi problemde bulanik
TOPSIS yontemini uygulamislardir. Boran, Geng ve Akay (2011) sezgisel bulanik
kiimeler yaklasimini, bir iiretim igletmesine satis miidiirli se¢imi siirecinde uygulamaistir.
Glingor, Serhadlioglu ve Kesen (2009) bulanik AHP yontemini, Dagdeviren (2010),
Zolfani ve Antucheviciene (2012), Chaghooshi, Janatifar ve Dehghan (2014) AHP ve
TOPSIS yontemlerini, Safari ve Dig. (2014) TOPSIS ve Macar yontemlerini birlikte
personel se¢imi problemine uygulamistir. Singh ve Malik (2014) ise ¢ok kriterli karar
verme tekniklerinin personel se¢imindeki rolii ile ilgili bir ¢alisma yapmuistir.
Literatiirde yer alan personel se¢imi problemleri incelendiginde 6gretim tiyesi diginda
kalan 6gretim elemanlarinin se¢imine yonelik bir ¢calismaya rastlanamamastir.

Yontem

Bulanik TOPSIS yontemi, bulanik ortamlarda grup karari vermede kullanilan bir
yontemdir. Bu yontem, dilsel degiskenlerle yapilan degerlendirmelere iiyelik
fonksiyonu vererek sayisal hale getiren ve algoritmasi yardimiyla alternatifleri
degerlendirme imkani sunan bir karar aracidir. Bulanik TOPSIS yonteminde her bir
alternatifin yakinlik katsayilar1 hesaplanarak siralama yapilir. Yakinlik katsayis1 O ile 1
arasinda bir deger alir. Sonucun 1’e yakin olmasi o alternatifin se¢ilme ihtimalini artirir
(Ecer, 2006: 83).

Dilsel ifadelere, liggen veya yamuk bulanik sayilar kullanilarak, iiyelik
fonksiyonu verilebilmesi ve sayisal olarak ifade edilebilmeleri i¢in bulanik kiimeler
teorisinden faydalanilir (Fakhry, 2010: 64). Bulanik kiimeler teorisi ilk defa Zadeh
(1965) tarafindan ortaya atilmistir. Zadeh, kiime elemanlarinin {iyelik derecesini [0; 1]
araligindaki gercel sayilar olarak tanimlanmistir. Buna gore eger bir elemanin iiyelik
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derecesi 1 ise, tlimiiyle o kiimenin elemanidir; 0 ise, hi¢bir sekilde o kiimenin elemani
degildir; 0 ile 1 araliginda ise, kismi olarak o kiimeye aittir (Zadeh, 1965: 339; Hong ve
Choi, 2000: 104). Bu ¢alismada, liggen iiyelik fonksiyonundan faydalanilarak, iggensel
bulanik sayilar kullanilmistir. (n;, n, , n3) tcli degeriyle tanimlanabilen @ sayisi
iicgensel bir bulanik say1 olmak sartiyla, tiggen bulanik sayinin tiyelik fonksiyonu u,(x)
su sekilde gosterilir (Chen, 2000: 3):

lu»;/j‘f_)

1

Sekil 1. Ucgensel Bulanik Sayi #t.

(n1, nz, n3) Gglii degeriyle tanimlanabilen # sayis1 tiggensel bir bulanik say1 olmak
sartiyla, liggen bulanik saymin iiyelik fonksiyonu u,(x) ise su sekilde ifade edilir (Chen,
2000: 3):

o, x < iy
L ! - - g == .
— iy T x =y
N i atit
MUn(X)=1 x < .
e My RXE M
My — Mz

0, x>n,

Bulanik sayilar arasindaki uzakligin hesaplanabilmesi i¢in ise, Vertex metodu
kullanilir. m= (m;, my, m3) ve n= (n;, nz, n3) olarak ifade edilen iki ticgen bulanik say1
arasindaki uzaklik asagidaki formiil kullanilarak hesaplanir:

—
d(m,n) = a,,,li[tml — N 4 (M — ne)t (M — )

Bulanik TOPSIS y6nteminin uygulanma adimlar1 sdyledir:

1. Adim: K adet karar verici tarafindan, m adet alternatifi degerlendirmede kullanilacak
olan n adet karar kriterlerinin belirlenmesi.

2. Adim: Dilsel ifadeler (¢ok yiiksek, yiiksek, biraz yiiksek, orta, biraz diisiik, diisiik, ¢cok
diigiik) kullanilarak karar vericiler tarafindan, karar kriterlerinin dnem agirliklarinin
belirlenmesi.
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3. Adim: Dilsel ifadeler (¢cok iyi, iyi, biraz iyi, orta, biraz kéti, koti, ¢ok kotii)
kullanilarak karar vericiler tarafindan, alternatiflerin karar kriterlerine gore
degerlendirilmesi.

4. Adim: Karar kriterleri i¢in dilsel ifadelerin bulanik iicgen sayilara donustiiriilerek,
bulanik agirliklar vektoriiniin olusturulmasi.

Burada kullanilan dilsel ifadelerin pozitif iicgen bulanik sayilar olarak karsiliklar
asagida Tablo 1’de gosterilmistir:

Tablo 1. Karar Kriterleri icin Dilsel ifadelerin Pozitif Ucgen Sayilar Olarak

Karsilhiklar:
Agirliklar Bulanik Kiimeler
Cok yiiksek 09,1, 1)
Yiiksek (0.7,09,1)
Biraz yiiksek (0.5,0.7,0.9)
Orta (0.3,0.5,0.7)
Biraz diisiik (0.1,0.3,0.5)
Diisiik (0,0.1,0.3)
Cok diistik (0,0,0.1)

K adet karar vericiden olusan bir grupta, 1E',”, k. karar vericinin her bir alternatife
verdigi kriter degerini ve 11.'-35" k. karar vericinin degerlendirdigi karar kriterinin 6nem
agirligini gostermek iizere, karar kriterlerinin 6nem agirliklari sdyle hesaplanir:

C— Syl 2 "
Wy = = [ A ]

5. Adim: Alternatiflerin karar kriterlerine gore degerlendirilmesinde kullanilan dilsel
ifadelerin liggen bulanik sayilara doniistiiriilmesi ve bulanik karar matrisinin
hazirlanmasi.

Burada kullanilan dilsel ifadelerin pozitif bulanik iicgen sayilar olarak karsiliklar
ise Tablo 2’de gosterilmistir:

Tablo 2. Alternatiflerin Degerlendirilmesinde Kullanilan Dilsel ifadelerin
Pozitif U¢gen Sayilar Olarak Karsihklar:

Dereceler Bulanik Kiimeler
Cok iyi (9, 10, 10)

Iyi (7,9, 10)

Biraz iyi (5,7,9)

Orta (3,5,7)

Biraz kotii (1,3,5)

Koti 0, 1, 3)

Cok kot (0,0, 1)
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K adet karar vericiden olusan bir grupta, 1E',”, k. karar vericinin her bir alternatife
verdigi kriter degerini ve 11.'-35" k. karar vericinin degerlendirdigi karar kriterinin 6nem
agirligini gostermek iizere, alternatiflerin 6nem dereceleri soyle hesaplanir:

%ip = (8] + &5+ R

m adet alternatifi (4= 1,2,3,.....,m) ve n adet kriteri (C=1,2,3,.....,n) olan bir
bulanik karar matrisi ve bulanik agirliklar vektorii ise su sekilde gosterilir:

X11 X12 Xin
5= x?l x?z X?n
Xm1 Xm2 7 Xn

W = [y, W, 0]

Burada %;,. biitlin (ij) ve Wy ise j=1,2,....., n olmak tlizere n. degere kadar olan
dilsel degiskenleri gosterir. Bu dilsel degiskenler iy = (@, Bi;, €i)) ve Wy = (Wi,
Wi Wiy)  seklinde liggen bulanik sayilar olarak tanimlanabilir. Bulanik karar matrisi ve
agirlik vektori kullanilarak, problemin amact dogrultusunda karar vericiler tarafindan
degerlendirilen tiim alternatiflere iliskin bir siralama elde edilir.

6. Adim: Normalize edilmis bulanik karar matrisinin hazirlanmasi.

Normalizasyon, her bir kriteri [0,1] aralifina indirgemek igin yapilan ve
sonuglarin karsilastirilmasina imkan saglayan matematiksel bir islemdir (Ozdemir ve
Se¢me, 2009: 90). Bir oOnceki asamada hazirlanmis olan bulanik karar matrisi
kullanilarak, & ile gosterilen normalize edilmis bulanik karar matrisi elde edilir.
Normalize edilmis bulanik karar matrisi & = [} ]mxa’dir. Ayrica B fayda ve C de
maliyet kriterlerini géstermek iizere ticgen bulanik sayilarin [0, 1] araliginda olmalarini
saglayan normalizasyon islemi asagidaki gibi ifade edilebilir:

O, =X, je By
i
T =mina; ,jeC;
i
7. Adim: Agirlikli normalize edilmis bulanik karar matrisinin hazirlanmasi.

Her bir kriterin farkli 6nem agirliklarin1 gosteren agirlikli normalize edilmis
bulanik karar matrisi, F = [l i= 1,2,3,..m ; j= 1,2,3,....n seklinde
olusturulur ve T;; = iy . Wy formiilii ile hesaplanir.
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8. Adim: Bulanik pozitif ideal ¢oziim ve bulanik negatif ideal ¢oziim degerlerinin
belirlenmesi.

Pozitif ya da negatif ideal ¢Oziim, tiim alternatifler dikkate alindiginda,
ulagilabilen en iyi ya da en kot kriter degerlerinden olusur (Chaghooshi, Janatifar ve
Dehghan, 2014: 28).

r=(1, 1, 1) ve & = (0, 0, 0) olmak tizere, (FPIS, A*) bulanik pozitif ideal
¢oziimii ve (FNIS, A7) bulanik negatif ideal ¢oziimii gosterdiginde,

A'= (P, B, T Ve
A= (P . T, ..., F7) seklinde tanimlanir.
9. Adim: Her bir adayin FPIS ve FNIS’ten olan uzakliklarinin belirlenmesi.

d(., .) iki bulanik say1 arasindaki uzakligi gostermek iizere, her bir alternatifin
FPIS ve FNIS’ten uzakliklari sirasiyla sdyle hesaplanir:

d; = ZI:{[E‘E;. ), i= 123 .. ii-aj

di = ;d(nf. pr)y i=1243 ...m).

10. Adim: Her bir adayin yakinlik katsayisinin hesaplanmasi ve adaylarin siralanmasi.

Her bir alternatif icin hesaplanan pozitif ve negatif uzaklik degerleri kullanilarak,
yakinlik katsayilari belirlenir. Yakinlik katsayilari,

CL =df Tk i=1,23,..,m

formiilii kullanilarak hesaplanir. Elde edilen sonuglara gore alternatifler biiylik degerden
baslanilarak siralanir ve se¢im yapilarak siire¢ tamamlanur.

Uygulama

Uygulama, kamu sektoriindeki bir yiiksekogretim kurumuna arastirma gorevlisi
se¢imi siirecinde yapilmistir. Hali hazirda arastirma gorevlisi alimi, “Ogretim Uyesi
Disindaki Ogretim Eleman1 Kadrolarma Naklen veya Agciktan Yapilacak Atamalarda
Uygulanacak Merkezi Sinav ile Giris Sinavlarma Iliskin Usul ve Esaslar Hakkinda
Yonetmelik” kapsaminda gergeklestirilmektedir. Bu yonetmelik, 2/9/1983 tarihli ve 78
sayili Yiiksekogretim Kurumlar1 Ogretim Elemanlarinin Kadrolar1 Hakkinda Kanun
Hiikmiinde Kararnamenin ek 8 inci maddesi ile 4/11/1981 tarihli ve 2547 sayili
Yiiksekogretim Kanununun 65 inci maddesine dayanilarak hazirlanmistir.  Bu
yonetmelik kapsaminda aragtirma gorevlisi kadrolarina yapilacak atamalarda bagvuru
yapan adaylarda aranan sartlar, genel sartlar ve unvan sartlar olmak tizere iki baslik
altinda belirtilmistir. Genel sartlar kapsaminda adaylarin,

» 657 sayili Kanunun 48 inci maddesinde belirtilen sartlar1 tagimasi,
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> Opretim iiyesi disindaki 6gretim elemani kadrolarma naklen veya agiktan
yapilan her tiirlii atamada Akademik Personel ve Lisansiistii Egitim Sinavi’ndan
(ALES) en az 70.0 puan almis olmasi,

> Yabanci Dil Bilgisi Seviye Tespit Smavi’ndan en az 50.0 puan veya Olgme,
Secme ve Yerlestirme Merkezince esdegerligi kabul edilen bir sinavdan bu puan
muadili bir puan almis olmasi,

» Yabanci iilkelerden alinan diplomalarin denkliginin onaylanmis olmasi ile 6n
degerlendirme ve degerlendirme asamalarinda lisans mezuniyeti notunun
hesaplanmasinda kullanilacak, not sistemlerinin 100’lik not sistemine
esdegerligi Yiiksekogretim Kurulu karariyla belirlenmis olmasi gerekir.

Unvan sartlart kapsaminda ise adaylarin, arastirma gorevlisi kadrosuna
basvurabilmesi i¢in, ilana ilk bagvuru tarihi itibariyla otuz bes yasini doldurmamis
olmas1 ve atama yapilacak programim Lisans/ Onlisans egitimine hangi alanda 6grenci
alimiyorsa o alanda Akademik Personel ve Lisansiistii Egitim Sinavi’ndan (ALES) en az
70 puan almis olmas1 gerekmektedir.

Aragtirma gorevlisi alim siireci iki asamadan olusmaktadir. Birinci asamada,
yazili ilanda belirtilen sartlar1 tasiyan adaylarin bagvurulart alinmaktadir. Sinav jiirisi,
basvuru yapan adaylarin ALES puaninin %60’in1 ve yabanci dil puaninin %40’ m1
dikkate alarak 6n degerlendirme yapar ve miiracaat eden adaylar arasindan ilan edilen
kadro sayisinin on katina kadar aday1 belirleyerek, giris sinavina alinacak adaylari ilan
eder. Ikinci asamada ise jiiri tarafindan, adaylarin ilan edilen alanla ilgili bilgi diizeyini
Olgmek iizere yazili sinav seklinde giris sinavi yapilmaktadir. Giris sinavi sonucunda
siav jiirisi, bagvuru yapan adaylarin ALES puaninin %30’unu, yabanci dil puaninin
%10’unu, lisans mezuniyet notunun %30’unu ve giris smavi notunun %30’unu dikkate
alarak son degerlendirmeyi yapar. Puani 65’in altinda olan adaylar basarisiz kabul edilir
(www.yok.gov.tr).

Calisma kapsamda, kurum tarafindan verilen bir kisilik arastirma gorevlisi kadro
ilanina, ilanda belirtilen genel sartlar1 ve unvan sartlarini tasiyan toplam otuz dokuz
aday basvurmustur. Ilan edilen kadro sayisinin on kati kadar aday yani on aday giris
sinavina alinmak iizere kurum tarafindan davet edilecektir. Bagvuru yapan adaylarin
degerlendirilmesi ve se¢imi ile ilgili caligsmalar1 yapmak iizere, dekan yardimecisi, boliim
baskani ve anabilim dali baskanindan olusan ii¢ kisilik sinav jiirisi olusturulmustur.
Jirinin olusturulmasindan sonra, Yiiksekogretim Kurulu'nun arastirma gorevlisi
aliminda uyguladigi yonetmelige dayali yonteme alternatif olmak {izere, bulanik
TOPSIS yaklasimi kullanilarak hangi adaylarin giris sinavina girmek iizere segilecegi
asagidaki adimlar takip edilerek belirlenmistir:

1. Admm: Jiiri tiyeleri tarafindan adaylarin degerlendirilmesinde kullanilacak olan
karar kriterleri, egitim, yabanci dil ve ALES puanlari, adayin lisans mezuniyet
ortalamasi, is ile ilgili deneyimleri, ceza alip almamasi, ikamet ettigi sehir,
referanslari, yurt dis1 tecriibesi, teknolojiyi kullanabilme becerisi ve yas olarak
belirlenmistir. Belirlenen karar kriterlerine iliskin tanimlar asagida Tablo 3’te
verilmistir.
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Tablo 3. Karar Kriterleri

D1 Egitim D7 Ikamet

D2 Yabanci dil D8 Referanslar

D3 ALES D9 Yurt dis1 tecriibe

D4 Not ortalamasi D10 Teknolojiyi kullanabilme
D5 Tecriibe D11 Yas

D6 Ceza alip almama

2. Adim: Karar vericiler (jiiri) tarafindan dilsel ifadeler (¢ok yiiksek, yiiksek, biraz
yiiksek, orta, biraz diisiik, disiik, ¢ok diisiik) kullanilarak, karar kriterlerinin 6nem
agirliklarinin degerlendirilmesi. Ek 1°de her bir karar kriterine karar vericiler tarafindan
verilen 6nem agirliklart yer almaktadir.

3. Adim: Karar vericiler (jliri) tarafindan dilsel ifadeler (¢ok iyi, iyi, biraz iyi, orta, biraz
koti, koti, cok kotii) kullanilarak, adaylarin karar kriterlerine gore degerlendirilmeleri
saglanmistir. Adaylarin her bir karar kriterlerine gore degerlendirilmesine iliskin tablo
Ek 2’de yer almaktadir.

4. Adim: Karar kriteri i¢in bulanik agirliklar matrisinin olusturulmasi. Bu amagla, karar
kriterleri i¢in kullanilan dilsel ifadelere karsilik gelen bulanik tiggen sayilar kullanilarak,
ic kisiden olusan jiirinin degerlendirdigi karar kriterlerinin 6nem agirliklar
hesaplanmistir. Hesaplamaya iliskin detaylar Ek 3’te yer almaktadir.

5. Adim: Bulanik karar matrisinin hazirlanmasi. Bu asamada oncelikli olarak, adaylarin
karar kriterlerine gore degerlendirilmesinde kullanilan dilsel ifadeler bulanik iiggen
sayilara doniistiiriilmiistiir. Daha sonra alternatiflerin 6nem dereceleri hesaplanarak,
bulanik karar matrisi ve bulanik agirliklar vektorii hazirlanmistir. Ek 4’te adaylarin
karar kriterlerine gore degerlendirilmesi sonucunda elde edilen bulanik karar matrisi yer
almaktadir.

6. Adim: Normalize edilmis bulanik karar matrisinin olusturulmasi. Bu matrisin
olusturulabilmesi icin, her bir karar kriteri i¢in adaylar bazinda en yliksek iigiincii
bilesen degeri belirlenerek, ilgili siitunda yer alan tiim degerler bu sayiya oranlanmistir.
Normalizasyon islemi sonunda elde edilen bulanik karar matrisi Ek 5’te yer almaktadir.

7. Adim: Agirlikli normalize edilmis bulanik karar matrisinin olusturulmasi. Normalize
edilmis bulanik karar matrisinin, karar kriterleri i¢in hazirlanan bulanik agirliklar
matrisi ile ¢carpimi sonucunda elde edilir. Ek 6’da agirlikli normalize edilmis bulanik
karar matrisi gosterilmektedir.

8. Adim: FPIS ve FNIS degerlerinin gosterilmesi

A=, 1, D0, 1, ) (1,1, Dy (1,1, 1), (1, 1, D)y (1,1, 1); (1, 1, 1) (1,1, 1);
(1,1, D, 1, D), 1, )1, 1, 1); (1,1, 1); (1, 1, 1]

A= (0,0, 0); (0,0, 0); (0, 0, 0); (0, 0, 0); (0, 0, 0); (0, 0, 0); (0, 0, 0); (0, 0, 0); (O,
0, 0); (0, 0, 0); (0, 0, 0); (0, 0, 0); (0, 0, 0); (0, 0, 0)]

9. Adim: Her bir adayin FPIS ve FNIS’ten olan uzakliginin hesaplanmasi. Her bir aday
icin hesaplanan pozitif ve negatif ideal ¢ziime olan uzakliklar Ek 7°de yer almaktadir.
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10. Adim: Her bir adayin yakinlik katsayisinin hesaplanmas1 ve adaylarin siralanmasi.

Aday Yakinhk Katsayisi Siralama
Asg 0.5343 1
Aaz 0.5239 2
Ass 0.5205 3
As 0.5153 4
Az 0.5140 5
Asg 0.5133 6
A 0.5120 7
A 0.5095 8
At 0.5083 9
A1 0.5067 10
Agz 0.5061 11
As 0.5010 12
Ay 0.5001 13
A 0.5000 14
A1 0.4563 15
Ay 0.4951 16
Az 0.4947 17
Ag 0.4930 18
An 0.45930 19
Az 0.4929 20
Ay 0.4928 21
Az 0.4914 22
Ag 0.4881 23
An 0.4876 24
Atg 0.4868 25
An 0.4856 26
Ag 0.4847 27
Ase 0.4817 28
Az 0.4801 29
Az 0.4786 30
Ass 04781 31
A 0.4735 32
As 0.4680 33
Ass 0.4675 34
Ax 0.4660 35
Ay 0.4593 36
Ay 0.4480 37
Ay 0.4137 38
Axn 0.3918 39
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Sonu¢

Bu ¢alismada kamu sektoriinde yer alan bir yliksekogretim kurumuna arastirma
gorevlisi alimi siirecinde giris sinavina davet edilecek adaylarin belirlenebilmesi i¢in
bulanik TOPSIS yontemi uygulanmistir. Adaylarin degerlendirilebilmesi ve dogru
adaylarin belirlenebilmesi i¢in oncelikli olarak karar vericiler tarafindan karar kriterleri
belirlenmistir. Daha sonra bulanik TOPSIS siireci adim adim uygulanarak, pozitif ideal
coziim ve negatif ideal ¢oziim degerleri belirlenerek, her bir aday i¢in yakinlik
katsayilar1 hesaplanmigtir. Her bir aday icin hesaplanan yakinlik katsayilari
incelendiginde, belirlenen karar kriterleri acisindan elde edilen degerler arasinda ¢ok
biliytik farkliliklar olmadigi goriilmektedir. Boylesi bir durumda karar vericilerin
siibjektif yargilarindan uzaklasarak, dogru karar1 vermesi giiclesmektedir. Bulanik
TOPSIS yontemiyle, bagvuru yapan tiim adaylarin karar vericiler tarafindan farkli karar
kriterleri dikkate alinarak, objektif olarak degerlendirilmesi ve siralanmasi saglanmistir.
Ideal ¢dziime yakinlik bakimindan en yiiksek puandan en diisiik puana dogru yapilan
siralamaya gore, giris sinavina girecek adaylar sirasiyla Asg, As7, Ase, Asi, Aso, Asg, A,
Ass, Ao ve Ajpolarak belirlenmistir.

Calismada, arastirma gorevlisi sinavina ¢agirilacak adaylar yiiriirlikteki sinav
yonetmeligi geregi ilk asamada sadece ALES ve yabanci dil puanina gore siralanarak
sinava davet edilmistir. Bu nedenle, bu calisma kapsaminda, pek cok kriter dikkate
alinarak yapilan siralama ile belirlenen on kisinin tamami bilim sinavina girmedikleri
icin, adaylarin sinav puanlarint Onerilen yoOnteme dahil etmek ve hangi adaymn
almacagini belirlemek miimkiin olmamistir. Bundan sonra yapilacak ¢aligmalarda
sinava giren adaylarin smav puanlari da karar kriterlerine ilave edilerek, TOPSIS
yontemi hangi adayin se¢ilmesi gerektigi ile ilgili nihai kararin verilmesinde
kullanilabilir.

Bulanik TOPSIS yonteminin, ¢ok sayida karar vericinin oldugu ve ¢ok sayida
kriterin karar iizerinde etkili oldugu, personel se¢imi probleminin de i¢inde yer aldigi,
bulanik ortamlardaki problemlerin ¢éziimiinde oldukg¢a kullanigh bir yontem oldugu
sOylenebilir.

Bu c¢alisma, kamu iiniversitelerine arastirma gorevlisi aliminda uygulanan
yonetmelige dayali yonteme bir alternatif olusturmaktadir. Bulanik TOPSIS yo6ntemi,
adaylarin degerlendirilmesinde ALES ve yabanci dil puaninin yani sira ¢ok sayida
kriteri dikkate almasi bakimindan, karar vericiler acisindan personel se¢iminde
isabetlilik diizeyini ve kararin giivenilirligini; adaylar agisindan ise verilen kararla ilgi
adalet algisini ve karar vericilere olan giiveni artirabilir.
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EKLER

Ek 1. Karar vericiler tarafindan her bir karar kriterine verilen 6nem agirhklar:

D1 D2 [D3[D4]D5]D6| D7 DS| D9 [D10] D11
Llcy| Y| Y |BY|cD|[BY| O |cD|cD[cD| D
Llcy|cyl[o | Y[ Y [cy|o|BY|BY[CY| O
J |CY|[cY|BY|BY|[BD| O |[cD| O [BY[CY| Y

CY: Cok yiiksek, Y: Yiiksek, BY: Biraz yiiksek, O: Orta, BD: Biraz diigiik, D: Diisiik, CD: Cok diigiik
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Ek 2. Karar vericiler tarafindan karar kriterlerine gore adaylarin
degerlendirilmesi

Jiri | DI D2 D3 D4 | D5 [ D6 D7 | DS | D9 | D10 D11
J1 I I [ I [ ¢l BI @i ¢l [&ii [
Al 1 I I BK o} I ¢l BK o I I I
J3 I o o) BI o) ci i (o) o) I I
I I BI I BI [&:i ¢l I @i ¢l [&ii I
A2 ) I Bl BI 4 I ¢l I o I ¢l Bl
J3 I K ci E i ci ¢l (o) o) I o
J1 I I BI I [ I EI @i I [&ii [&i
A3 J2 I I (o} 0 I ¢l o o I BE I
J3 i 0 i BI o) ci ¢l 0 o) BK i
J1 I BI BK BI [ ¢l BI @i ¢l cI [
A4 1 I Bi K BK I ¢l BK o I I I
J3 I K BK o] i ¢l i o o) I I
I BI I ) I [ ¢l BI @i ¢l [&ii [
AS 12 I BI BK 0 I ¢l o] o I BK I
J3 Bi 0 o BI o) ci i (o) o) BK I
J1 I I BI EI [ I EI @i I CI ¢l
A6 & p) I Bi o 4 I ¢l o] o I I I
J3 i 0 i K o) ci i 0 o) i i
J1 I I BI BI [ I BI @i I CI [
A7 1 I Bi (o} K I ¢l o o I I I
J3 i BK i K o) ci ci 0 o) i i
J1 I I ) [&i [ ¢l BI @i ¢l cI I
AS J2 I Bl BK BI I ¢l K o I I BI
J3 I o o I o ¢l I o o I Bl
J1 I [&i BK BI [ ¢l I @i ¢l [&ii I
A9 1 I ¢i K BK I ¢l I o I I BI
J3 I I BK K ) ci ¢l BI o) I Bl
J1 I ¢l BK ¢l ¢l I EI o ¢l ¢l ¢l
Al0 1 I I K BI I ¢l BI o ¢l I I
J3 i Bi BK i i ci Bi 0 Bi i i
J1 o ¢l o I ¢l ¢l EI ¢l ! ¢l I
A1l 1 I I BK (o] I ¢l BK o I I BI
J3 ci o o o o ¢l I BI o) I Bl
J1 I [&i BK [&i [ ¢l BI @i ¢l [&ii I
A2 1 I ¢i K I I ¢l BK o I I BI
J3 I I BK ¢l o ci i (o) o) I Bl
1 I I BI I [ ¢l BI @i ¢l [&ii [
A13 & p) I BI o) 0 I ¢l BK o I I I
J3 i o Bi BI i ¢l i 0 o) i i
J1 CK BI [ I [ @i EI @i I ¢l I
Al4 & p) CK BI BK o] I ¢l BK o) I I Bl
J3 CK | BK Bi o] i ci i BI o) i o
J1 I I ) [&i [ I BI @i I cI [
AlS R p) I Bi BK BI I ¢l BK o I I I
J3 i 0 0 i 0 ¢l i 0 0 i ¢l
1 I BI BK I [ ¢l BI @i ¢l [&ii [
Al6 ) I Bl K o] I ¢l BK 0 I I I
J3 i K BK o BI ci i BI o) i I
J1 BI [ BI EI [ I I @i I CI I
A17 1 I I (o} BK I ¢l I o I I BI
J3 Bi Bi i BK o) ci ¢l Bi o) i Bl
J1 BI [ BI BI [ ¢l BI @i cI cI I
AlS n I I (e} K I ¢l BK o ¢l I BI
J3 Bi Bi i 4 Bi ci i (8] Bi i Bl
J1 I [&i ) BI [ ¢l I @i I cI I
Al9 R p) I ¢l BK K I (a1 I o I I BI
J3 I Bi o K BI ¢l ¢l o o I Bl
I BI CK | BK BI [ ¢l EBI @i ¢l [&ii [
A20 R p) I CK K K I ¢l o} o I I I
J3 Bi CK K K o) cl BI BI o) I I
I I [&i BK 0 [ [ BI @i ¢l [&ii I
an &) I I o 4 I ¢l BK o ¢l I Bl
J3 i 0 i CK i ¢l BI 0 BI i o

Isletme Arastrmalart Dergisi 242 Journal of Business Research-Tiirk



N. G. Akin 8/2 (2016) 224-254

n I [t [9) El | c I ¢t [ ¢ I I
A2 n I I BK | BK I ¢l i 0 I I BI
13 i o o 0 o ¢ ¢l o o I 0
n [t ¢ | BK I [ ¢ Bl | ¢I [ I I I
A2 n I I K 0 I ¢l I o I I Bl
13 ci o BK | © i ¢ ¢i | Bi 0 i 0
n I Bl Bl ¢l [ c Bl | ¢I [ &I I cI
AN ) I BI o] EI I ¢l o] 0 I I I
13 i BK | BI I o ¢ i o o i i
n BI [t BI ¢I [ ¢ Bl | ¢I [ ¢ ¢l I
A28 n I 1 (o) EI I ¢l o] o ¢l 3.4 Bl
J3 Bi 0 Bl ) Bl | ¢ ¢l 0 Bl BK Bl
n BI I I EI 1| ¢ Bl | ¢I | ¢ I I
A26 R ) I 1 Bl | BK I ¢i | BK | © ¢l I I
13 Bl | BK i 0 Bl | ¢ i Bl | BI i Bl
n I Bl Bl I [ ¢ ¢l | ¢ [ ¢t I I
A27 n i Bl o] 0 I ¢l ¢l o I I I
13 i K Bi 0 o ¢ I o o I i
n BI Bl Bl [t [ a I ¢t [ ¢ cI I
A28 8 ) I BI (o) EI I ¢l I (o) ¢l I Bl
13 Bi K Bi i Bl | ¢ ¢l | BI | BI i 0
1 [ Bl | BK I ¢l [ ¢ Bl | ¢ [ &I Ccl I
A29 n I Bl K 0 I ¢l K (o] I I BI
13 ci K o | BK | Bl | ¢l i Bi o I Bl
J1 I I o ¢l | ¢ [ | o o ¢l
A30 R ) I 1 BK | BI I ¢l I 0 I I I
13 i 0 0 i o ¢ ¢l | Bi o i i
n I BI BI ¢l ¢ [ ¢ Bl | ¢I [ I ¢l cI
A3l n i Bi o] I I ¢ci | BK [ O I I I
J3 i K Bl ¢l Bl | ¢ i Bl 0 I i
n I BI I I ¢ [ ¢ Bl | ¢I [ I ¢l I
AR n i Bi Bi 0 I ¢l K o I I Bl
13 i K i 0 o ¢ ¢l o o i Bl
n I Bl Bl ¢l [ ¢ Bl | ¢ [ ¢I I I
A3 n I Bi 0 I I (1 BK 0 I I BI
13 i BK | BI ¢ci o ¢ I o o I Bl
n BI BI [9) EI [ ¢ Bl | ¢I | I I I
AM 1 I Bl | BK | BK I ¢l K o I I Bl
13 Bi K Bi 0 Bl | ¢ Bl o o i 0
n Bl I BK | €I [ ¢ Bl | ¢ [ &I I cI
A3 12 I BI K EI I ¢i | BK | © I I I
13 Bl | BK 0 ) o ¢ i Bl o I ¢l
n I I I I [ ¢ Bl | ¢I | I I [
A36 1 I I Bl o] I ¢i | BK | © 1 I I
13 I Bi i El o ¢ i o o i i
wd da T E T d T aaddl e [T
A37 n I ci o | BK I ¢ ¢l o ¢l I 0
J3 ci ci i 0 Bl | ¢ I 0 Bl I EK
T dlaleEaldl Taldala]|d
A3s n i ci ¢i | BK I ¢ I (o] I I I
13 i ci ci 0 o ¢ ¢l o o I Bl
n Bl [ [9) I | a ¢l | ¢ | ¢ I I
A0 ) I ¢l | BK 0 I ¢l ¢l 0 ¢l I Bl
13 Bi ci Bi i i ¢ I o Bi i o)
CI: Cok iyi, I: Iyi, BI: Biraz iyi, O: Ortz, BK: Biraz koti, K: Kati, CK: Cok kéti
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Ek 3. Karar kriterleri icin bulamk agirhklar matrisinin olusturulmasi

i, = (0.900, 1.000, 1.000)
W, = (0.833, 0.967, 1.000)
i = (0.500, 0.700, 0.867)
i, = (0.567. 0.767, 0.933)
s = (0.267, 0.400, 0.533)
W, = (0.567,0.733, 0.867)
i, = (0.200, 0.333, 0.500)
s = (0.267, 0.400, 0.567)
W, = (0.333, 0.467, 0.633)
o = (0.600, 0.667, 0.700)

wy; = (0.333, 0.500, 0.667)
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Ek 4. Bulanik karar matrisi

D1 D2 D3 D4 D3 D6
Al (7,9,10) (567,767,9) | (233,433,633 | (5.7,86)) (633.8,9) (9.10,10)
A2 (7,9,10) (333.5.7) (7.8.67,9.67) (167.3.5) (767,933, 10) (.10,10)
%) (7,9,10) (567,767,9) (5.7,867) (.7,867) (633.8.9) (9.10,10)
A4 (7.9,10) (3,57 | (067,233,43%) G.5.7) (767,933, 10) (6.10,10)
A3 (633,833,967 | (.7.867) | (235,433,633) | (5.7.86)) (633.8.9) (9.10,10)
A6 7,9,10) (5.7,867) (.7,867) (167.3.5) (633.8.9) (0.10,10)
A7 (7.9,10) (433,633.9) (.7,861) (167.3,3) (633.8,9 (0.10,10)
AS (7,9,10) (5.7,867) | (233,433.633) | (1,8.67,9.67) (633.8,9) (6,10,10)
A9 (7.9,10) (833,967.10) | (067,233,433 | (367,561 | (167,933 10) (.10,10)
A0 (7,9,10) (7.867.967) | (067,233,433 | (1.867.067) | (1.67,93310) (0,10,10)
All (833,967, 10) (633.8,9) | (233,433,633) | (433,633.9) (633.8,9) (6,10,10)
Al (7.9,10) (833,967,10) | (067,233,433 | (833,967, 10) (633.8.9) (0.10,10)
Al 7,9,10) G.7.867) | (433,633,833 | (5.7.861) (767,933, 10) (0.10,10)
Al4 0.0.1) (3.67,567,767) G.3.7) (433,633.8) | (167,933, 10) (9,10,10)
AlS (7.9,10) (5.7,867) | (233,433.633) | (1.867,9.60) (633.8.9) (0.10,10)
INT; (7,9,10) (33,57 | (06.233,433) | (433.633.8) | (1.867,067) (6.10,10)
AlT (567,5.75,933) | (7,8.67,9.67) G.7.86T) | (233,433,633) | (633.8,9) (9.10,10)
ALS (567,5.75,933) | (7,8.67,9.67) (.7,861) (167.3,3) (7.8.67,9.67) (6.10,10)
AL (7,9,10) (767,9.067) | (233,433,633 | (167.3.9) (7.8.67,9.67) (6,10,10)
A20 (5.67,5.75,9.33) 0.0.1) (033,167,367 | (167,3.9) (633.8,9) (6.10,10)
Al (1.9.10) 63,89 | G6L561.73) | (L236) | (1619310 | (510.10)
AN (1,9.10) 63,89 | (233.433.63) (3.3.7) (633.8,9) 9, 10,10)
AN (8.33,967,10) (633,89 | (067,233,433) | (433,633,8) | (767,93310) 9,10,10)
A4 (9100 | (G67.561.767) | (433.633,833) | (.867.96)) (633.8,9) (9,10,10)
A2 (3.67,5.75,9.33) (6.33,8,9) (4.33,6.33,8.33) (7,8.67,9.67) (7,8.67,9.67) (9,10, 10)
A26 GOT575.9%) | (.7.833) | (63%83.96)) (3.3.7) (7,8.67,967) 9,10, 10)
AT (1,9,10) (333,57 | (433,633,833) | (433,633,9) (633,8,9) (9,10,10)
A28 (GOT.575.933) | (33,57 | (433.635.83) | (L861.967) | (1.867.96) (9,10,10)
A29 (8.33,9.67, 10) (333,57 (133,3,9) (3.67,3.67,7.33) (7,8.67,9.67) (9,10, 10)
A% (1.9.10) GOT.T6L9) | (233.435.633) | (1,867,967 (633.8,9) (,10,10)
Al (1,9,10) (33,57 | (43,633,833) | (833,961,10) | (1.867,96)) 9,10,10)
A (1,9,10) (333,57 | (633,833,967) | (433,633,9) (633,8,9) 9,10,10)
AN (1,9,10) (367,567,767) | (433,633,833) | (833,967.10) (633,8,9) (9,10, 10)
AM (G61.575.93) | (333.5.0) (3.3.7) (3.3.7) (7,867,967) 9,10, 10)
A% (567,575.933) | (433.633,9) (133,3,3) (7.367,947) (633.8,9) (9,10,10)
A36 (1,9,10) (633,833,967) | (633,833,967 |  (5,7.86) (633,8,9) (9,10, 10)
AV (833,967,10) (9,10,10) (567,767,9) (3,37 (7,867,967) 9,10,10)
A% (1,9.10) 0,10,10) 0,10,10) (.3.7) (633.8,9) 0,10,10)
A39 (561,575,933) | (,10,10) (3,57 (561,761.9) | (767,933,10) 9,10,10)
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D7 DS D9 D10 D11

Al (433,633.,9) (5.667.9) (633,8,9) (767,933,10) | (167,933, 10)
A2 (767,933, 10) (5.6.67.9) (633,8,9) (8.33,9.67, 10) (5.7, 867)

A3 (5.67,7.33,8.67) (5.6.67.9) (633,8,9) (3.67,5.33,667) | (1.67,9.33, 10)
Ad (433,633,9) (5.6.67.9) (633.8,9) (167,933,10) | (167,933, 10)
A5 (5.7,867) (5.6.67.9) (633.8,9) (367.5.33,667) | (1.67.9.33, 10)
A6 (5.7,867) (5.6.67,8) (633.8,9) (767,933,10) | (167,933, 10)
A7 (5.67,7.33,8.67) (5,667.9) (633.8,9) (767,933,10) | (167,933, 10)
AS (4,5.67,133) (5.6.67.9) (633,8,9) (167,933,10) | (3.67,7.67,9.33)
A9 (767.933,10) | (5.67,7.33,867) (633.8,9) (167,933,10) | (3.67,7.67,9.3)
AL0 (.7.9) (5.667.9) (767,9,9.67) (767,933,10) | (1.67,9.33,10)
All (433,633,8) | (3.67.7.33,86) (633.8,9) (767,933,10) | (3.67,7.67,9.33)
A2 (433,633,9) (5.667.9) (633,8,9) (7167,933,10) | (5.67,7.67,9.33)
A3 (433,633,9) (5.667.9) (633,8,9) (167,933,10) | (167,933, 10)
Ald (433,633,8) | (3.67,733,86) (633.8,9) (767,9.33, 10) (5.7, 867)

AlS (433,633,9) (5.6.67.9) (633.8,9) (167,933,10) | (833,9.67.10)
Al6 (433,633,8) | (3.67,7.33,86) (633.8,9) (767,933,10) | (167,933 10)
Al7 (767,933,10) | (5.67,7.33,867) (633,8,9) (767,933,10) | (3.67,7.67,9.33)
AlS (433,633,9) (5.667.9) (767,9,9.67) (167,933,10) | (5.67,7.67,9.33)
Al9 (767,933, 10) (5.6.67.9) (633,8,9) (167,933,10) | (3.67,7.67,9.3)
A20 (433,633,833) | (3.67,7.33,8.67) (633.8,9) (167,933,10) | (167,933, 10)
A2l (3.67,5.67,7.67) (5,6.67,8) (767,9,9.67) (167,933, 10) (5,7,867)

A2 (167,933, 10) (5,6.67,8) (633,8,9) (167,933, 10) (5,7,86)

A2 (7,867,967) | (5.67,7.33,8.67) (633,8,9) (167,933, 10) (5.7,867)

A2 (5.7,867) (5,6.67,8) (633,8,9) (167,933,10) | (7.67,933,10)
A2 (6,733,8.67) (5,6.67,9) (167,9,967) | (3.67,5.33,667) | (3.67,7.67,9.33)
A2 (433,633,8) | (3.67.733,867) | (7.67,9,9.67) (167,933,10) | (7,867,967
A2 (833,967, 10) (5,6.67,9) (633,8,9) (167,933,10) | (7.67,933,10)
A28 (167,933,10) | (5.67,733,867) | (7.67.9,9.67) (167,933, 10) (5.7,867)

A29 (4,567,7133) | (5.67,7.33,86) (633,8,9) (167,933,10) | (5.67,7.67,9.33)
A30 (167,933,10) | (5.67,7.33,867) (633,8,9) (167,933,10) | (7.67,933,10)
A3l (433,633,8) | (3.67,7.33,86) (633,8,9) (167,933,10) | (7.67,933,10)
A3 (467,6,133) (5,6.67,8) (633,8,9) (167,933,10) | (5.67,7.67,933)
AR (433,633,9) (5,6.67,8) (633,8,9) (167,933,10) | (5.67,7.67,933)
A (333,5.7) (5,6.67,9) (633,8,9) (167,9.33, 10) (5.7,867)

A35 (433,633,8) | (3.67,7.33,86) (633,8,9) (167,933,10) | (833,9.67,10)
A36 (433,633,9) (5,6.67,9) (633,8,9) (167,933,10) | (7.67,933,10)
Ay (833,967, 10) (5,6.67,8) (767,9,9.67) (167,933,10) | (3.67,5.67,7.33)
A38 (767,933, 10) (5,6.67,8) (633,8,9) (167,933,10) | (7,867,967
A39 (833,967, 10) (5,6.67,8) (767,9,9.67) (767,933, 10) (5,7,86)
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Ek 5. Normalize edilmis bulanik karar matrisi

Dl D2 D3 D4 D5 D6
Al (0.70,0.90, 1.00) (057,0.77,090) | (0.23,043,0.63) | (0.50,0.70,0.87) | (0.63,0.80,0.90) | (090, 1.00,1.00)
A2 (0.70, 0.90, 1.00) (0.33,0.50,0.70) (0.70, 0.87,0.97) (0.17,0.30, 0.50) (0.77,0.93, 1.00) (0.90, 1.00, 1.00)
A3 (0.70,0.90, 1.00) (057,0.77,090) | (050,0.70,087) | (0.50,0.70,0.87) | (0.63,0.80,0.90) | (090, 1.00,1.00)
Ad (0.70, 090, 1.00) (033,030,070) | (0.07,023,043) | (030,030,070 | (0.7,0.93,1.00) | (090, 1.00,1.00)
A5 (0.63,0.83,097) (050,0.70,087) | (0.23,043,0.63) | (0.50,0.70,0.87) | (0.63,0.80,0.90) | (090, 1.00,1.00)
A6 (0.70, 0.90, 1.00) (0.50,0.70,0.87) (0.50, 0.70, 0.87) (0.17,0.30, 0.50) (0.63, 0.80, 0.90) (0.90, 1.00, 1.00)
A7 (070, 0.90, 1.00) (043, 0.63, 0.80) (050,0.70,087) | (0.17,030,0.50) | (0.63,0.80,080) | (0.9, 1.00, 1.00)
AS (0.70, 090, 1.00) (030, 0.70, 0.87) (023,043,063) | (0.70,087,097) | (0.63,0.80,090) | (0.90,1.00, 1.00)
A9 (0.70, 0.90, 1.00) (0.83,0.97, 1.00) (0.07,0.23,0.43) (0.20,0.37,0.57) (0.77,0.93, 1.00) (0.90, 1.00, 1.00)
AlD (0.70, 090, 1.00) (0.70,0.87,097) (0.07,023,043) | (0.70,087,097) | (0.77,093,1.00) | (0.90,1.00, 1.00)
All (083,097, 1.00) (0.63,080,090) | (0.23,043,0.63) | (0.43,063,080) | (0.63,0.80,090) | (090, 1.00,1.00)
A2 (0.70, 090, 1.00) (083,097,1.00) | (007,023,043) | (0.83,097,100) | (0.63,080,090) | (090, 1.00,1.00)
AR (0.70,0.90, 1.00) (050,0.70,087) | (043,0.63,083) | (0.50,0.70,0.87) | (0.7,0.93,1.00) | (090, 1.00, 1.00)
Ald 0,0,0.10) (037,057,077) | (030,030,0.70) | (0.43,063,080) | (0.7,0.93,1.00) | (090, 1.00, 1.00)
AlS (0.70, 090, 1.00) (050,0.70,087) | (0.23,043,0.63) | (0.70,087,0.97) | (0.63,0.80,0.90) | (090, 1.00, 1.00)
Al6 (0.70,0.90, 1.00) (033,050,070) | (0.07,0.23,043) | (0.43,063,080) | (0.70,0.87,097) | (090, 1.00,1.00)
Al7 (0.57,0.38,0.93) (0.70,0.87,0.97) (0.50, 0.70, 0.87) (0.23,0.43,0.63) (0.63, 0.80, 0.90) (0.90, 1.00, 1.00)
AlS (057,038, 093) (0.70,0.87,097) (050,0.70,087) | (0.17,030,0.50) | (0.70,0.87,087) | (0.9, 1.00, 1.00)
Al9 (0.70, 0.90, 1.00) (0.77,0.90,0.97) (0.23,0.43,0.63) (0.17,0.30, 0.50) (0.70, 0.87,0.97) (0.90, 1.00, 1.00)
A20 (057,038, 093) 0,0, 0.10) (0.03,0.17,037) | (0.17,030,0.50) | (0.63,0.80,090) | (0.90,1.00, 1.00)
A1 | 070,090,100 | (063,080,090 | (037,037,073) | (0.10,020,037) | (0.77,083,100) | (0.90, 100,1.00)
A2 | 070,090,100 | (063,080,090) | (0.3,043,063) | (030,030,070) | (0.63,080,090) | (0.90, 100, 1.00)
A2 | (083.097,1000 | (063,080,090) | (0.07,023,043) | (0.43,063,080) | (0.77,083,100) | (0.90,100,1.00)
A | 70,090,100 | (037,057.07) | (0.43,063,083) | (0.70,087,097) | (0.63,080,090) | (0.90, 100, 1.00)
A5 | (057,038,09) | (063,080,090) | (0.43,063,083) | (070,087,097 | (0.70,087,097) | (0.90,100,1.00)
A2 | (057,038,09) | (050,070,083 | (0.63,0.83,097) | (030,030,070 | (0.70,087,097) | (090,100, 1.00)
A2 | (70,090,100 | (033,030,070) | (0.43,063,0.83) | (0.43,063,080) | (0.63,080,090) | (0.90, 100, 1.00)
A28 | (O57,038,09) | (033,050,070) | (0.43,063,083) | (0.70,087,097) | (0.70,087,097) | (0.90, 100, 1.00)
A2 | (083,097,100 | (033,030,070 | (0.13,030,050) | (037,057,073) | (0.70,087,097) | (0.90,100,1.00)
A | 70,090,100 | (037,077,090) | (0.23,043,063) | (0.70,087,097) | (0.63,080,090) | (0.90, 100,1.00)
A3 | 70,090,100) | (033,030,070) | (0.43,063,0.83) | (0.83,097,100) | (0.70,087,097) | (0.90, 100, 1.00)
AR | Q70,090,100 | (033,030,070) | (0.63,083,097) | (0.43,063,080) | (0.63,080,090) | (0.90,100,1.00)
A | 70,090,100) | (037,057,077) | (0.43,063,083) | (0.83,097,100) | (0.63,080,090) | (0.90, 100, 1.00)
A% | O57.038,09) | (033,050,070 | (030,030,070) | (030,030,070) | (0.70,087,097) | (0.90, 100, 1.00)
A3 | (057,038,09) | (043,063,080) | (0.13,030,050) | (0.70,087,097) | (0.63,080,090) | (0.90, 100, 1.00)
A% | 070,090,100 | (063,085,097 | (0.63,083,097) | (0.50,070,087) | (0.63,080,090) | (0.90,100,1.00)
A3 | (83.097,100) | (090,100,100) | (0.57,077,090) | (030,030,070) | (0.70,087,097) | (0.90, 100, 1.00)
A% | (070,090,100 | (090,100,100) | (090,100,100) | (030,030,0.70) | (0.63,080,090) | (0.90, 100, 1.00)
A% | (057,038,09) | (090,100,100) | (030,030,070) | (0.57,077,00) | (0.77,083,1.00) | (0.90, 100, 1.00)
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D7 DS D9 D10 D11
Al (043, 0.63, 0.80) (038, 0.77,092) (065, 0.83, 0.93) (0.77,093,1.00) | (0.77,0.93, 1.00)
A2 (0.7, 0.93, 1.00) (038, 0.77,092) (0.6, 0.83, 0.93) (0.83,097,1.00) | (0.30,0.70,0.87)
A3 (0.37,0.73,087) (0.38,0.77,092) (0.65,0.83, 0.93) (037,033,067) | (0.77,093, 1.00)
Ad (043, 0.63, 0.80) (0.38,0.77,092) (0.65,0.83, 0.93) (0.77,093,1.00) | (0.77,0.93, 1.00)
A5 (0,50, 0.70, 0.87) (0.38,0.77,092) (0.65,0.83, 0.93) (037,053,067) | (0.77,093, 1.00)
A6 (030, 0.70, 0.87) (038, 0.77,092) (065, 0.83, 0.93) (0.77,093,1.00) | (0.77,093, 1.00)
AT (0.37,0.73,087) (0.38,0.77,092) (0.6, 0.83, 0.93) (0.77,093,1.00) | (0.77,0.93, 1.00)
AS (040, 0.57,0.73) (0.38,0.77,092) (0.65,0.83, 0.93) (0.77,093,1.00) | (0.57,0.77,0.93)
A9 (0.7, 0.93, 1.00) (0.6, 0.85, 1.00) (0.65,0.83, 0.93) (0.77,093,1.00) | (0.57,0.77,0.93)
AlL0 (0,30, 0.70, 0.90) (0.38,0.77,092) (0.79, 0.93, 1.00) (0.77,093,1.00) | (0.77,0.93, 1.00)
All (043, 0.63, 0.80) (0.6, 0.85, 1.00) (0.6, 0.83, 0.93) (0.77,093,1.00) | (0.57,0.77,0.93)
Al (043, 0.63, 0.80) (0.38,0.77,092) (0.6, 0.83, 0.93) (0.77,093,1.00) | (0.57,0.77,0.93)
Al (043, 0.63, 0.80) (0.38,0.77,092) (0.6, 0.83, 0.93) (0.77,093,1.00) | (0.77,0.93, 1.00)
Ald (0.43, 0.63, 0.80) (063, 0.85, 1.00) (065, 0.83, 0.93) (0.77,093,1.00) | (0.30,0.70, 0.87)
AlS (043, 0.63, 0.80) (038, 0.77,092) (065, 0.83, 0.93) (0.77,093,1.00) | (0.83,097, 1.00)
Al6 (043, 0.63, 0.80) (0.6, 0.85, 1.00) (065, 0.83, 0.93) (0.77,093,1.00) | (0.77,0.93, 1.00)
AlT (0.7, 0.93, 1.00) (0.6, 0.85, 1.00) (0.65,0.83, 0.93) (0.77,093,1.00) | (0.57,0.77,0.93)
AlS (043, 0.63, 0.80) (0.38,0.77,092) (0.79, 0.93, 1.00) (0.77,093,1.00) | (0.57,0.77,0.93)
Al9 (0.7, 0.93, 1.00) (0.38,0.77,092) (0.65,0.83, 0.93) (0.77,093,1.00) | (0.57,0.77,0.93)
A20 (043, 0.63, 0.83) (0.6, 0.85, 1.00) (0.65,0.83, 0.93) (0.77,093,1.00) | (0.77,0.93, 1.00)
1 (037,037, 0.77) (0.38,0.77,0.92) (0.79,093,100) | (0.77,093,100) | (0.30,0.70,087)
AN (0.7, 0.93, 1.00) (0.38,0.77,0.92) (0.65,083,093) | (0.77093,1.00) | (0.50,0.70,0387)
AN (0.70, 0,87, 0.97) (063,085, 1.00) (065,083,093 | (0.77,093,100) | (0.30,0.70,087)
AU (050,070, 0.87) (038,0.77,092) (065,083,093) | (0.77,093,1.00) | (0.77,093, 1.00)
A25 (0.60,0.73,087) (038,0.77,092) (0.79,093,100) | (037,033,067) | (0.37,0.77,093)
A26 (0.43,0.63,0.80) (0.63,0.83, 1.00) (0.79,0.93, 1.00) (0.77,0.93,1.00) | (0.70,0.87,0.97)
A7 (0.83,097, 1.00) (038,0.77,092) (065,083,093 | (0.77,093,100) | (0.77,093,1.00)
A28 (0.77,093, 1.00) (063, 0.5, 1.00) (079,093, 100) | (0.77,093,1.00) | (0.30,0.70,087)
429 (040,037, 0.73) (0,65, 0.85, 1.00) (0.65,083,093) | (0.77093,1.00) | (0.57,0.77,09)
A30 (077,093,100) | (0.65, 0.8, 1.00) (065,083,093) | (0.77,093,1.00) | (0.77,093, 1.00)
A31 (0:43,0.63, 0.80) (063,085, 1.00) (065,083,093) | (0.77,093,1.00) | (0.77,093,1.00)
AN (047, 0.60,0.73) (0.38,0.77,0.92) (0.65,083,093) | (0.77093,1.00) | (0.57,0.77,093)
AR (043,063, 0.80) (0.38,0.77,0.92) (0.65,083,093) | (0.77093,1.00) | (0.57,0.77,093)
AN (033,0.50,0.70) (038,0.77,092) (065,083,093 | (0.77,093,100) | (0.30,0.70,087)
A% (0:43,0.63,080) (0,65, 0.85, 1.00) (0.65,083,093) | (0.770.93,1.00) | (0.83,097,1.00)
A36 (0.43, 0.63, 0.80) (0.38,0.77,0.92) (0.65,083,093) | (0.77093,1.00) | (0.77,0.3, 1.00)
A} (0.83,097, 1.00) (038,0.77,092) (079,093,100) | (0.77,093,100) | (0.37,057,0.73)
A38 (0.77,0.93, 1.00) (0.38,0.77,0.92) (0.65,0.83,0.93) (0.77,0.93,1.00) | (0.70,0.87,0.97)
A39 (0.83,0.97, 1.00) (0.38,0.77,0.92) (0.79,093,100) | (0.77,0.83,1.00) | (0.50,0.70,0.87)
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Ek 6. Agirhikh normalize edilmis bulamik karar matrisi
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0.747,0.970, 1.000)

0.523,0.774, 0.900)

0.035,0.161,0.373

0244, 0,483, 0.746)

0.206,0.372, 0.533)

0.510,0.733, 0.867

AY

0.630, 0.900, 1.000)

0.308,0.51,0.770

)
0.215,0.441,0.720)

0.397,0.667,0.903)

0.168, 0.320, 0.480)

0.310,0.733,0.867

A2S

0.513,0.380,0.93

0.525,0.774,0.900

0.215,0.441,0.720

0.397,0.667,0.903)

0.187,0.348,0.517

0.510,0.733, 0.867

A6

0
0.513,0.380, 0.930

0.417,0.677,0.830

0.315,0.381,0.841

0.170,0.384, 0.633)

0.187,0.348,0.517

0.510,0.733, 0.867

AY

0.630,0.900, 1.000

275, 0.484,0.700

0.215,0.441,0.720

0.244,0.483,0.746)

0.168, 0.320, 0.480

0.310,0.733, 0.867

A28

0.513,0.380,0.930

275, 0.484,0.700

0.215,0.441,0.720

0.397,0.667,0.903)

0.187,0.348,0.51

0.510,0.733, 0.867

AY

0.747,0.970, 1.000

75,0.484,0.700

0.065,0.210,0.434

0.210,0.437,0.681)

0.187,0.348,0517

0.310,0.733, 0.867

A

475,0.743,0.900

All

0.630,0.900, 1.000

3,0.484,0.700

0.215,0.441,0.720

0.471,0.74,0.933

0.187,0.348,0517

0.510,0.733, 0.867

AR

S =

b
L
b
L

3,0.484,0.700

0.315,0.381,0.841

0.244,0.483,0.746

0.310,0.733, 0.867

A3

0.630,0.900, 1.000

308,0.551,0.770

0.215,0.441,0.720

0.471,0.74,0.933

0.168,0.320, 0.480

0.510,0.733, 0.867

A}

0.513,0.380, 0.93

0.
0.
0.
0.
0.

275, 0.484,0.700

0.130,0.330, 0.607

0.187,0.348,0517

0.510,0.733, 0.867

A3

0
0.513,0.380,0.930

0.358, 0.609, 0.800

0.063,0.210, 0.43:

0.168,0.320, 0.480

0.510,0.733, 0.867

A6

0.630,0.900, 1.000

0.525,0.803,0.970

0.315,0.381,0.841

0.284,0.537,0.812
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0.510,0.733, 0.867
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)
)
)
)

0.285,0.339,0.780

)
0.170,0.384, 0.633)
)
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)
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)
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(
(
(
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(
(
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(

)
)
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)
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0.168, 0320, 0.480)
)
1)
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)
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D7

D8

D9

D10

D11

(0.086, 0.210, 0.400)

(0.155, 0.308, 0.322)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

0.256, 0.465, 0.667)

(0.154, 0310, 0.500)

(0.155, 0.308, 0.322)

(0.216, 0.388, 0.389)

(0.498, 0.645, 0.700)

0.167, 0.350, 0.380)

(0.114, 0.243, 0.435)

(0.155, 0.308, 0.522)

(0.216, 0.388, 0.389)

(0.222, 0.334, 0.469)

0.256, 0.465, 0.667)

o=

(0.086, 0.210, 0.400)

(0.155, 0.308, 0.522)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

0.256, 0.465, 0.667)

A5

(0.100, 0.233, 0.433)

(0.155, 0.308, 0.322)

(0.216, 0.388, 0.389)

(0.222, 0.354, 0.469)

0.256, 0.465, 0.667)

A6

(0.100, 0.233, 0.435)

(0.155, 0.308, 0.522)

(0.216, 0.388, 0.589)

(0.462, 0.620, 0.700)

0.256, 0.465, 0.667)

A7

(0.114, 0.243, 0.435)

(0.155, 0.308, 0.522)

(0.216, 0.388, 0.389)

(0462, 0.620, 0.700)

0.256, 0.465, 0.667)

A8

(0.080, 0.190, 0.365)

(0.155, 0.308, 0.522)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

0.190, 0.385, 0.620)

(0.154, 0310, 0.500)

(0.174, 0.340, 0.367)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

0.190, 0.385, 0.620)

Al0

(0.100, 0.233, 0.430)

(0.155, 0.308, 0.322)

(0.263, 0.434, 0.633)

(0.462, 0.620, 0.700)

0.256, 0.465, 0.667)

All

(0.086, 0.210, 0.400)

(0.174, 0.340, 0.367)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

Al2

(0.086, 0.210, 0.400)

(0.155, 0.308, 0.522)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

0.190, 0.385, 0.620)

Al3

(0.086, 0.210, 0.400)

(0.155, 0.308, 0.322)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

0.256, 0.465, 0.667)

Al4

(0.086, 0.210, 0.400)

(0.174, 0.340, 0.367)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

0.167, 0.330, 0.380)

Al5

(0.086, 0.210, 0.400)

(0.155, 0.308, 0.5322)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

0.276, 0.485, 0.667)

Al6

(0.086, 0.210, 0.400)

(0.174, 0.340, 0.367)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

0.256, 0.465, 0.667)

Al7

(0.154, 0,310, 0.500)

(0.174, 0.340, 0.367)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

0.190, 0.385, 0.620)

Al8

(0.086, 0.210, 0.400)

(0.155, 0.308, 0.522)

(0.263, 0.434, 0.633)

(0.462, 0.620, 0.700)

0.190, 0.385, 0.620)

Al9

(0.154, 0310, 0.500)

(0.155, 0.308, 0.522)

(0.216, 0.388, 0.589)

(0.462, 0.620, 0.700)

0.190, 0.385, 0.620)

A20

(0.086, 0.210, 0.415)

(0.174, 0.340, 0.367)

(0.216, 0.388, 0.389)

(0.462, 0.620, 0.700)

(
(
(
(
(
(
(
(
(
(
(0.190, 0.385, 0.620)
(
(
(
(
(
(
(
(
(

0.256, 0.465, 0.667)

A2l

0.074, 0.190, 0.385)

0.153, 0.308, 0.522)

0.263, 0.434, 0.633)

0.462, 0.620, 0.700)

0.167, 0.330, 0.550)

A2

0.154, 0.310, 0.500)

0.153, 0.308, 0.322)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

0.167, 0.330, 0.380)

A23

0.140, 0.290, 0.485)

0.174, 0.340, 0.367)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

0.167, 0.330, 0.380)

AM4

0.100, 0.233, 0.435)

0.153, 0.308, 0.322)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

0.256, 0.465, 0.667)

A25

0.120, 0.243, 0.435)

0.153, 0308, 0.322)

0.263, 0.434, 0.633)

0.222, 0.354, 0.469)

0.190, 0.385, 0.620)

A26

0.086. 0.210, 0.400)

.174,0.340, 0.367)

0.263, 0.434, 0.633)

0.462, 0.620, 0.700)

33,0.435,0.647)

A27

0.166, 0.323, 0.500)

0.153, 0.308, 0.322)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

0.256, 0.465, 0.667)

A28

0.154, 0.310, 0.500)

0.174, 0.340, 0.367)

0.263, 0.434, 0.633)

0.462, 0.620, 0.700)

0.167, 0.330, 0.580)

A29

0.080, 0.190, 0.365)

0.174, 0.340, 0.567)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

0.190, 0.385, 0.620)

A30

A3l

0.086, 0.210, 0.400)

0.174,0.340, 0.367)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

0.256, 0.465, 0.667)

A3

0.094, 0.200, 0.365)

0.153, 0.308, 0.322)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

0.190, 0.385, 0.620)

A33

0.086, 0.210, 0.400)

0.153, 0308, 0.322)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

0.190, 0.385, 0.620)

A3

0.066. 0.167, 0.350)

0.153, 0.308, 0.322)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

0.167, 0.330, 0.580)

A35

0.086, 0.210, 0.400)

0.174, 0.340, 0.567)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

0.276, 0.485, 0.667)

A36

0.086. 0.210, 0.400)

0.153, 0.308, 0.322)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

0.256, 0.465, 0.667)

A37

0.166, 0.323, 0.500)

0.153, 0.308, 0.322)

0.263, 0.434, 0.633)

0.462, 0.620, 0.700)

3,0.285, 0.487)

A38

0.154, 0.310, 0.500)

0.153, 0.308, 0.322)

0.216, 0.388, 0.389)

0.462, 0.620, 0.700)

3,0.435,0.647)

A39
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0.263, 0.434, 0.633)
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(0.462, 0.620, 0.700)
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0.462, 0.620, 0.700)
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(0.256, 0.465, 0.667)
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0.167, 0.330, 0.380)
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Ek 7. Her bir adayin FPIS ve FNIS’ten olan uzakhg:

Aday FPIS (A') FNIS (A')
Ay 5.8585 5.7454
A 5.9918 5.4998
A 59119 5.7129
Ay 6.2594 5.3170
As 6.1758 5.4322
As 5.9746 5.6204
A7 6.0227 5.5605
As 5.8882 5.7248
Ag 5.9308 5.6553
Ao 5.7356 5.9301
Any 5.8313 5.7449
A 5.7203 5.8759
A 5.7437 5.8860
A 6.7780 4.7818
Al 5.7910 5.8150
Ats 6.1694 5.4164
Aty 5.8911 5.7230
Ag 6.0088 5.5843
At 5.9378 5.6333
Axn 7.0074 45134
A 6.0846 5.4709
A 5.9592 5.6255
Ax 5.8666 5.7036
A 5.5879 5.8617
Az 5.7788 5.6574
A 5.8868 5.7229
Ay 5.7104 5.7130
Ax 5.7193 5.7200
Az 6.1745 5.3871
A 5.6417 5.9674
A3y 5.5435 5.8926
A3 5.9475 5.6603
Az 5.6140 5.8320
Ay 6.3959 5.1805
Ass 6.0482 5.5401
Asp 5.5847 6.0609
Az 5.5083 6.0612
Asg 5.3937 6.1878
Asg 5.6416 5.9501
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Extensive Summary
Introduction

The most important competition tool in today's market, the effective use of
resources in the organization of the resources they have. The first of these sources are
from human resources. Human resources and the choice of one of the personnel
providing the basic functions of management, there are people who have the qualities
needed by the organization, defined as the selection and recruitment process. Well-
chosen personnel, to carry out activities for the purpose of the organization is very
important in terms of effective use of maintenance and other resources. Supply and
people-oriented business sees the electoral process, objectively and in the planning and
execution of a strategic perspective, it is important for both organizations to respond to
the expectations and goals of both employees.

Personnel selection problems, decision-making and be more than the number of
candidates and the terms of a number of criteria to be effective in the decision lies in the
multi-criteria decision problems. Decisions based on personal jurisdiction includes the
uncertainty. Therefore, one of the multiple-criteria decision analysis techniques in this
study preferred method of fuzzy TOPSIS. In the process of recruiting a research
assistant in a public university under study, which will be invited to the entrance
examination of the applicant who, with proximity to the ranking made by calculating
the coefficients for each candidate is determined based on objective criteria.

Methodology

In this study, fuzzy TOPSIS method is used in a higher education institution, one
of the research assistants, multi-criteria decision-making methods for the determination
of candidates to be the science exam in the process of employment in the public sector.

Research assistant hiring process consists of two stages. In the first stage, it is
taken applications from candidates who meet the criteria specified in the written notice.
Exam jury is to determine the candidate to ten times the 60 % and make a preliminary
assessment, taking into account 40% of foreign language score and who applied for the
number of staff declared among the candidates of the applicant who ALES, declare the
candidates to be the entrance examination. In the second stage by a jury, the entrance
exam is a written test to measure the level of knowledge related to the area of declared
candidates is done. Entrance exam results in the exam jury, 30% of the students who
apply ALES, 10% of foreign language score of 30% of the graduation grades and
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entrance examination score, taking into account the 30 % makes the final selection.
Candidates who score below 65 is considered failing.

In the study, a research assistant personality given by the ad agency staff, a total
of thirty-nine candidates with the general terms and conditions stated in the ad title was
admitted. These candidates will be invited to ten of the examination. Have multiple
decision makers in the selection process and due to the large number of fuzzy TOPSIS
approach to evaluate candidates based on different criteria are preferred.

Applications of fuzzy TOPSIS method steps are as follows:

Step 1. Determination of the decision criteria that will be used in the evaluation of
alternatives by decision making group.

Step 2. Using linguistic expressions (very low, low, medium low, medium,
medium high, high, very high), by decision making group to evaluate the decision
criteria importance weights.

Step 3. Using linguistic expressions (very poor, poor, medium poor, fair, medium
good, good, very good), evaluation of alternatives according to decision criteria by
decision making group.

Step 4. The linguistic expressions for decision criteria, to be converted into
triangular fuzzy numbers and the creation of fuzzy weight vector.

Step 5. The linguistic expressions used in the evaluation of alternative decision
criteria, to be converted into triangular fuzzy numbers and preparation of fuzzy decision
matrix.

Step 6. Calculate the normalized decision matrix. It is applied the following
formula:

F'ij=[:“# |”_.Ir£) jeB

S I
(411 H.I- =ly .
fip =|— T s €C;
N [:-'-'u; By ﬂ!r) J
Cy=1aXC;; ,jeB;
i
a; =mina; ,jeC;
i
Step 7. Calculate the weighted normalized decision matrix. The weighted
normalized decision matrix is calculated as
p“. — F'i_l' ) 1_:'_|:I
Step 8. Determine the positive ideal solution (PIS) and negative ideal solution
(NIS).
A'= (P By, T Ve
AT =07, 05,  BT)

Step 9. Calculate the separation measures for positive and negative ideal solution.
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di =¥, dirg. ) i=123..,m)

g

is the distance between PIS,
n

d; = Zd(v;f. prY i=L243 ..,m)
=1

is the distance between NIS.

Step 10. Calculate the relative closeness to the ideal solution and rank the
preference order. the relative closeness to the ideal solution is calculated as

[_‘L‘I: =W ) = ],2,3,...., m

Findings and Discussion

In this study, fuzzy TOPSIS method was applied in a higher education institution
in the process of recruiting research assistants involved in the public sector in order to
determine the candidates will be invited to the entrance examination. Decision criteria
for determining priority by decision makers to evaluate the candidates and the right
candidate is identified. Then, by applying fuzzy TOPSIS process step by step, positive
ideal solution and negative ideal solution for determining the values of proximity
coefficients were calculated for each candidate. The closeness coefficients are
calculated for each candidate; it is observed that there are huge differences between the
values obtained for the designated decision criteria. In such a case away from the
subjective judgments of the decision makers, making it difficult to make the right
decision. Fuzzy TOPSIS method by considering different decision criteria by the
decision-makers of all candidates who apply, to be evaluated objectively and
sequencing is provided. Based on the highest score in terms of closeness to the ideal
solution to the ranking made towards the lowest points, the candidates will take the
entrance exam, respectively, A38, A37, A36, A31, A30, A39, A24, A33, is designated
as the A10 and A12.

Fuzzy TOPSIS method, where large numbers of decision-makers, and many have
an effect on the decision of the criteria to be included in the staff selection problem, said
to be a very useful method to solve problems in a fuzzy environment.

A method used in this study, based on the regulations applicable to the purchase is
a research assistant for an alternative to public universities. Fuzzy TOPSIS method of
evaluating candidates ALES and foreign language as well as a number of points to
consider in terms of criteria, decision-makers at the level of accuracy in terms of
personnel selection and the reliability of the decision; In terms of candidates it may
increase confidence in the justice perception and attention given to decision makers.
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