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ONSOZ

Bilimsel arastirmalarda kullanilan bazi teknik ve istatistiksel
yontemlerin kapsamli bir incelemesini sunan bu kitabin amaci,
arastirmacilara ve akademisyenlere cesitli alanlarda karsilasilan
problemleri ¢6zmek i¢in kullanabilecekleri bazi yontemleri tanitmak
ve bunlarin uygulama 6rneklerini gostermektir.

Ik béliimde, “Banka Teknik Etkinligi: Bir Meta-Regresyon
Analizi” basligi, bankacilik sektoriinde performans analizi yapmak
isteyen aragtirmacilar i¢in degerli bir kaynak niteligindedir.

Ikinci boliimde, “Tiirkiye’de Havalimanlarinin Etkinliginin
Panel Stokastik Smir Analizi ile incelenmesi” bashigi, havacilik
sektoriinde verimliligi artirmak ve yoneticilere yol gostermek amaciyla
yapilmustir.

Uciincii  béliimde, “Evaluating Resolution Reduction
Technigues in Convolutional Neural Networks: A Comparison with
Max-Pooling” bashgi, sinir aglar1 ve makine 6grenimi alanindaki

arastirmacilar i¢in 6nemli bilgiler sunmaktadir.

Dordiincii boliimde, “The Assessment of The Risk of Fire At
Woodworking Plants Via FMEA-GRA Approaches” basligi,
endiistriyel tesislerde giivenlik risklerini minimize etmek isteyen
miihendisler ve yoneticiler i¢in rehber niteligindedir.

Besinci bolimde, “The Future of Data Science and
Statistics” basligi, veri bilimi ve istatistigin giiniimiizdeki 6nemini
ve gelecekteki potansiyelini inceleyerek, biiytik veri analitigi, yapay
zeka, makine 6grenimi gibi teknolojilerin etkilerini vurgulamaktadir.



Bu kitaptaki her bir boliim, kendi alaninda uzman olan
yazarlar tarafindan kaleme alinmis olup, okurlara hem teorik bilgiler
hem de pratik uygulamalar sunmaktadir. Bu eserin, bilimsel
caligmalara katki saglamasi ve okuyuculara faydali olmasi timit
edilmektedir.

Editor
Dog. Dr. Sadi ELASAN
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BOLUM I

Banka Teknik Etkinligi: Bir Meta-Regresyon Analizi

Neylan KAYA!

Giris

Bankalar iilke ekonomisinde 6nemli bir rol oynamaktadir.
Sergeant'a (2001) gore bankalar iilkeye yapilan yatirimlara, iilkenin
istihdamina, ekonomik biiyiimesine ve kalkinma siirecine katkida
bulunmaktadir (Omankhanlen, 2012; Zenebe Lema, 2017). Para
politikast i¢in bir aktarim mekanizmasi gorevi goriirler (Peek ve
Rosengren, 2010; Zenebe Lema, 2017). Ulke ekonomisinde para ve
kredi sisteminin verimli isleyisi bankalara baglidir. Bankalar para
arzinin bilylk kismin1 saglar ve kredi akisini kolaylastirir
(Omankhanlen, 2012; Zenebe Lema, 2017). Bankalarin
performansini ve etkinligini, bankalara 6zgii i¢ faktorler, dig makro

1 Dr. Ogr. Uyesi, Akdeniz Universitesi, iktisadi ve Idari Bilimler Fakiiltesi, Isletme Boliimii, Antalya/Tiirkiye,
Oxcid: 0000-0003-2645-3246, neylankaya@akdeniz.edu.tr
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ve mikro ekonomik faktorler belirlemektedir. Tim bu faktorler
bankalarin etkinlik derecesini etkilediginden bu durum diizenleyici
kurumlarin, hissedarlarin ve banka yoneticilerinin ilgisini
cekmektedir (Zimkova, 2014). Yazinda banka sektoriinde etkinlik
Olclimii, ekonominin makroekonomik gelisimi kadar
mikroekonomik gelisimi tizerindeki onemli etkileri nedeniyle
onemli bir arastirma konusudur (Aiello ve Bonanno 2016; IrSova ve
Havranek 2010; Ho vd., 2021).

Etkinlik ilk olarak Farrell (1957) tarafindan yapilan bir
calisma ile tanmimlanmistir. Farrell (1957) ye gore, etkinlik,
agirliklandirilmig ¢iktilarin girdilere oranmin bir dlglistidiir. Karar
birimleri  benzer c¢iktilar1 iretmek i¢in  benzer girdileri
kullanmaktadir. Thanassoulis (2001) her karar birimi icin girdileri
ciktilara doniistiirmeyi amaglamistir. Teknik etkin bir isletme,
benzer girdilere sahip diger isletmelerden daha fazla ¢ikt1 tiretebilir
(Cherchye ve Abeele, 2005; Attah-Kyei vd., 2023). Teknik etkin bir
sigorta sirketi, etkin tiretim sinir1 lizerinde faaliyet gostermektedir
(Farrell, 1957).

Banka etkinligi ¢alismalarinda en g¢ok iki yontem
kullanilmaktadir. Bunlar parametrik olmayan bir yontem olan VZA
(Horvat et al., 2023; Milenkovi¢ et al., 2022; Cvetkoska et al., 2021)
ve parametrik bir yontem olan SSA (Ben Mohamed et al., 2021;
Sharma et al., 2020; Nguyen & Vo, 2020; Koutsomanoli-Filippaki
et al., 2009)’ dir. Meta-regresyon analizi (MRA), calismalarin ana
bulgulari ile 6rneklem, veri toplama yili gibi belirgin 6zellikleri
arasindaki iligkiyi arastiran istatistiksel bir aragtir (Glass 1976; Glass
et al., 1981; Stanley& Jarrell 1989). MRA, farkli ¢alismalar1 tek bir
modelde sentezlemektedir. Calismalarin belirli yonlerinin sonuglar
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tizerindeki etkisini degerlendirmektedir. Yazinda, MRA ekonomi
(Chaffai, 2022; Aiello& Bonanno, 2019; Fall et al., 2018), egitim
(Villano &Tran, 2021; MikuSova, 2020), tarim (Paz et al., 2023,
Nguyen-Anh et al., 2022; Trong Ho et al., 2022), ¢evre (Hiibner et
al., 2021; Zangeneh et al., 2021; Nyathikala & Kulshrestha, 2020)
alanlarinda uygulanmaktadir.

Bu ¢alismanin amaglari, bankalarin etkinlik 6l¢iimiinde VZA
yontemini kullanan calismalarin incelenmesi, bankalarin etkinlik
skorlarm1  etkileyen faktorleri meta-regresyon analizi ile
belirlemektir. Calisma ile banka sektori etkinlik 6lgiimiinde VZA
yontemini kullanacak arastirmacilar i¢in yazini erisilebilir kilmak ve
etkinligi etkileyen degiskenleri belirlemek hedeflenmektedir. Meta-
regresyon analizi ile banka sektor etkinligini VZA ile hesaplayan tek
bir ¢alismanin yanlilik riski ve smirliligi ortadan kaldirilmistir.
Calismanin banka sektor etkinligini hesaplamakta VZA’ ni
kullanacak c¢alismalar igin etkili, gegerli ve giivenilir parametre
tahminleri ile etkin genel bir bakis saglayarak yazina katki sunmasi
beklenmektedir (Moher vd., 2009; Kaya & Algin, 2022).

2. Yontem

26 Aralik 2023 te Web of Science, Scopus, Google
Akademik’ te ilgili eserler taranmigtir. Yazin taramasi ‘technical
efficiency (All Field) AND bank (All Field)’” olarak yapilmistir.
Arastirma siirecinde PRISMA yonergeleri takip edilmistir (Moher
vd., 2009; Kaya & Algin, 2022).
2.1. Calismalarin Secimi

Calismada, 1965-2023 yillar1 arasinda yayimlanan tiim
calismalar taranmustir. Yazarlar tarafindan ilk taramada 66846
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caligmaya ulagilmistir.
arastirmak, se¢im yanlilig1 olasiligini ortadan kaldirmak i¢in tiim
makalelerin basliklarini, 6zetlerini, anahtar kelimelerini, metnini ve
referanslarini incelemistir. Konu ile alakasiz, birden fazla indirilmis,
tam metnine ulasilamamus, bildiriler, kitaplar ve kitap bolimleri,
kalite skoru diisiik ¢aligmalar kapsam disinda tutulmustur. Sekill

Yazar,

calisma kapsamina

caligmalarin se¢im siirecini gostermektedir.

Tarama

inceleme

Uygunluk

Dahil

Web of Science, Scopus,
Google Akademik’ te tarama
yapildi. (n=66846)

l

Referans tarama, bildiri tarama
gibi diger kaynaklardan tespit
edilen ek ¢alismalar belirlendi.
(n=0)

A

uygunlugu

Dil ve makale tiiriindeki ¢aligmalar
¢ikarildiktan sonra kalan 42076 —>
caligma tarandi. (n=43709)

Birden fazla

indirilmis ve

konu ile alakasiz calisma
cikarildi. (n=43591)

}

(n=118)

118 galigmanin tam metni incelendi.

etkinligi

l

ulasilamamis,
skoruna

incelendi. (n=34)

35 ¢alismanin tam metni

cikarildi. (n=84)

sahip

Yontemi farkli, ortalama teknik
etkinligi belirtilmemis, teknik
medyan
hesaplamig,  tam

olarak
metnine
disiik  kalite
caligmalar

l

(n=34)

35 ¢alisma nitel senteze dahil edildi.

l

(n=34)

35 galisma nicel senteze dahil edildi.

Figure 1. Flow Diagram of the Study
Kaynak: (Moher et al., 2009; Kaya & Algin, 2022)
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Tiim ¢alismalar yazar tarafindan incelenmistir. Tekrar eden
ve konu ile alakasiz ¢calismalar ¢ikarildiktan sonra 118 ¢alisma tam
metin incelemesi igin segilmistir. Tam metin incelemesinde yontemi
farkli, ortalama teknik etkinligi belirtilmemis, tam metnine
ulagilamamig, diisiik kalite skoruna sahip ¢alismalar ¢ikarilmistir.
Calismalarin  Kkalite puaninin hesaplanmasinda raporlama, dis
gegerlilik, yanlilik ve gii¢ boyutlarindan olusan ve toplamda 14
sorudan olusan bir Kkalite kontrol listesi kullanilmistir (Downs &
Black, 1998; VVarabyova & Miiller, 2016) Kontrol listesinde her soru
icin bir kalite puani verilmistir (Ek1/Tablol). Calisma soruyu
karsiliyorsa 1, karsilamiyorsa ya da sorunun karsiligr belirtilmemis
ise 0 puan verilmistir. Biitiin sorulara verilen puanlar toplanarak
calisma i¢in genel bir kalite puani hesaplanmistir. Genel kalite puani
8 ve tlizerinde olanlar ¢alismaya dahil edilmistir. 34 ¢alisma veri
analizi i¢in se¢ilmistir.

2.2. Veri Analizi

Her calisma icin gozlem sayisi, degisken sayisi, yaym yili,
iilke, kita, veri toplama yil1 sayisi, veri tipi, yazar sayisi, yontemde
kullanilan 6lgek, ortalama teknik etkinlik skoru, kullanilan yazilim,
kalite skoru verileri toplanmistir. Ulkelerin banka teknik
etkinliklerinin 6lgtimiinde VZA’ ni kullanan ¢alismalarin % 64.71’1
Asya iilkelerinde yapilmistir. Ornekleminin alindig: {ilkelerin
%38.24"1 yiiksek gelir grubundadir. Yiiksek gelir grubundaki Suudi
Arabistan, Amerika, Yunanistan ve Avustralya teknik etkindir.
Tayvan, Malezya, Vietnam, Etiyopya, Tiirkiye, Cin, Hindistan ve
Pakistan yiiksek gelir grubunda olmayan iilkelerdir; ancak teknik
etkindir. 30 ¢aligma panel veri tipindedir. 26 calisma tek yazarlidir.
Calismalarin %47.06’smin teknik etkinligi %90 ve fizerindedir.
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Meta-regresyon analizinde yer alan c¢alismalar banka teknik
etkinliklerinin hesaplanmasinda R, DEAP, Frontier, Dea-Solver,
Dea-Solver-LV, Lingo, Matrixer, Minitab yazilimlar1 kullanilmistir.
Tablo2 (Ek2) incelenen c¢alismalarin belirgin  6zelliklerini
gostermektedir.

Calisma kapsaminda veri analizi iki agamadan olugmaktadir.
Birinci asamada, calismalar arasi heterojenlik Random Effect
Modeli ile test edilmistir. Modelin tahmininde Sinirlandirilmis
Maximum likelihood (ML) kullanilmistir. Calismalarin Cohen’s d
ve varyans degeri degisken olarak kullanilmistir. Ortak etki
biliytikligii 40.3” tiir (z=4.72, 95% CI: [23.557, 56.987]). Calismalar
aras1 heterojenlik Tau, 12 indeksi ve Cochrane’s Q homojenlik test
istatistigi ile l¢iilmiistiir (Hedges, 1994). Heterojenlik ¢ok yiiksektir
(Tau= 49.728, 1°= % 100 df=33.000 Q=74499682657.934 p<0.001)
Analiz kapsamindaki ¢aligmalar konu ve yontem gibi agilardan
birbirine benzerdir. Calismalarin etki biytiklikleri ve %95 giiven
araliklar1 orman grafiginde gosterilmistir (Sekil 2).
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Sekil 2. Orman Grafigi

Bu calismada yayin yanliligi huni grafigi (Light & Pillemer,
1984) ve Egger's Regression testi (t=-0.607 p=0.544) (Egger et al.,
1997; Harbord et al., 2006; Peters et al., 2006) ile belirlenmistir.
Huni grafigi Sekil 3’ te goriilmektedir. Huni grafiginde analiz
kapsaminda incelenen ¢alismalarin biiyiik bir kismu ortak etki
biiyiikligiine gore simetrik dagilmamistir. Calismalarin standart
hatast kiigiiktiir. Varsayimsal bir etki biyiikliigii ve orneklem
blyikligi ile c¢alismanin istatistiksel giici hesaplanmustir.
Istatistiksel giicii  0.808’dir ( d = 0.500, § = 0.5, 0=0.05).
Calismanin istatistiksel giicii p-curve ile gosterilmistir (Sekil 4).
Calismanin etki biiylikligiiniin, heterojenliginin, yayin yanliliginin
ve istatistiksel giicliniin hesaplanmasinda Jamovi yazilim
kullanilmistir.
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Ikinci asamada, ortalama teknik etkinlik tahminini icin Tobit
analiz yapilmistir. Yazina ve model 6zelliklerine dayanarak ortalama
teknik etkinlik bagimli degisken, gozlem sayisi, degisken sayisi, veri
toplama yili agiklayici degisken, 6rnekleme ait iilke, kita, veri tipi,
yazar sayisi, yontemde kullanilan lgek, yaym yili kukla degisken
olarak kullanilmistir (Tablo 3). U¢ model kurulmustur.
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Tablo 3. Analizde Kullanilan Degiskenler

Variable Type Symbol Definition
Dependent Variable MTE | Mean technical efficiency
Independent Variable \Y Number of variable
@) Number of observation
Y Data collection year
Dummy Variable P Year of publication
I Income country group
R Region
T Data type
A Number of Author(s)
S Scale
MTE;=0.404757-0.092296V;-0.0001030; Q)
MTE;=.437122-0.098585V;-0.0001080;-0.097660R; (2)

MTE=0.341214-0.116755V;-0.00009640;-0.008193Y+
0.070959P;-0.0181671;-0.084997R+0.076515T;-0.016329A-
0.0922825+0.148527 ©)

Analiz sonucuna gore 3 modelde de sadece degisken sayisi
istatistiksel olarak anlamlidir (p<0.05). Model 2’ de degisken sayisi
ve kita degiskeni istatistiksel olarak anlamlidir (p<0.05). Gozlem
sayisi, veri toplama yili, yaymn yili, tilkenin gelir grubu, veri tipi,
yaymin yazar sayisina ait degiskenlerin tiim modellerde ortalama
teknik etkinlik tahmini tizerinde anlaml1 etkisi yoktur.
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5. Sonug¢

Banka etkinligi konusundaki c¢alisma sayist egilim son
yillarda artis gostermektedir. Calismada, 1965-2023 yillar1 arasinda
yayimlanmig ve dahil etme Kriterlerini saglayan iilke gruplarinin
banka etkinliginin hesaplanmasinda VZA’y1 kullanan 34 ampirik
makale incelenmistir. Ilgili yazin incelendiginde IrSova ve Havranek
tarafindan 2010 yilinda yapilan g¢alismada parametrik ve non-
parametrik 32 galisma analize tabi tutulmustur.

Yaymn yanliligi (publication bias) incelenmemistir. Kalite
degerlendirme tablosu kullanilmamistir. Aiello ve Bonanno
tarafindan 2016 yilinda yapilan ¢calismada 2000-2014 yillar1 arasinda
yayimlanmis 120 ¢alismanin meta analizi yapilmistir. Caligmalarin
kalitesi impact factor (IF) ile belirlenmistir. Prisma yonergeleri takip
edilmemistir. Parametrik ve non-parametrik ¢alismalar analize tabi
tutulmustur. Her iki ¢alismada da etkinlik tizerinde ilgili faktorlerin
etkisi incelenmistir. Banka etkinligi iizerinde metodolojik segimlerin
heterojenlige sebep oldugu bulunmustur.

Calisma kapsamindaki ¢alismalarin 14 tanesi 2018 ve
sonrasinda yayimlanmistir. Bu ¢alisma ile banka etkinligini VZA ile
hesaplamis ¢aligmalarin meta-analiz yontemiyle degerlendirilmesi
amacglanmaktadir. Bankalarin ortalama teknik etkinliklerini
etkileyen degiskenler Tobit Model ile analiz edilmistir. Banka
etkinliginde VZA” y1 kullanan ¢alismalarin %64.71” ini 6rneklemini
Asya tlilkeleri olusturmaktadir. Yunanistan ve Hindistan en yiiksek
ortalama teknik etkinlige sahip iki iilkedir. Tim modellerde sadece
degisken sayis1 ortalama teknik etkinlik tahmini {izerinde
istatistiksel olarak anlamlidir. Incelenen makalelerde yillara gore

orneklem sayisindaki farkliliklar, ayni grupta olmalarma ragmen
--16--



ekonomik diizeylerinin ve siyasi yapilarinin farkli olmasi géz ardi
edilmistir.

Bu calismada meta-regresyon analizi ile iilkelerin banka
sektor  etkinligi  ¢alismalarindaki ~ metodolojik  varsayimlar
standartlagtirllmigtir.  Yazindaki ampirik bulgular birlestirilmistir.
Arastirmacilar i¢in yazin erisilebilir kilinmistir.
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2. Is the underlying economic theory of
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presented with reference to study objectives?
5. Are the study limitations discussed (e.g., omitted 15/34
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External validity
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7. Is the assumption of a common technology
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9. Are the techniques (parametric, nonparametric or 34/34
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of outliers? 6/34
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estimates generated?

Kaynak: (Downs & Black, 1998, Varabyova & Miiller, 2016)

--31--




Ek2

Tablo2. Meta Regresyon Analizinde Incelenen Calismalar

Veri
Yazar(lar) Ulke Toplama OTE  Yazilim
Yih

Thaker, K., Charles, V.,
Pant, A., & Gherman, India 2008-2018 0.962 X
T. (2022)
Proano-Rivera, B., &
Feria-Dominguez, J. M. Ecuador 2015-2019 0.842 X
(2022)
Jreisat, A., & Al- .
Mohamad, S. (2022) Bahrain 2008-2016 0.491 Deap2.1
Jelassi, M. M., & .
Delhoumi, E. (2021) Tunisia 1995-2017 0.897 X
Alsharif, M. (2021) Saudi 2006-2018  0.966 X

Arabia
Sangeetha, R. (2020) India 2005-2018 0.988 X
Ibrahim, W. H. W., & .
Ismail, A. G. (2020) Malaysia ~ 2008-2013 0.985 X
Tamatam, R., Dutta, P., Dea
Dutta, G., & Lessmann, Indian 2008-2017 0.95 Solver LV
S. (2019) 8
Samad, A., &
Chowdhury, M. A. F. us 2011-2016 0.907 X
(2019)
Haque, R., & Sohel, N. .
1. (2019) Australia  2011-2017 0.86 X
Goyal, J., Singh, M.,
Singh, R., & Aggarwal, India 2015-2016 0.734 R
A. (2019)
Vo, X. V., & Nguyen, . i
H. H. (2018) Vietnam 1999-2015 0.929 X

--32--



Jiang, H. C., & He, Y.

. (2018) China  2012-2017 0.918 X
gK:ESEZSEV(ZgLI 8) Lithuania 2015 0.872  Matrixer
(Zze(;‘f%e Lema, T. Ethiopia ~ 2011-2014 0.924 X
Iﬁgﬁl,\l({Jé .J‘()géls?')l’ & uUs 2010-2014  0.867 Li“gR°15'

Eyceyurt Batir, T.,
Volkman, D. A, &
Gungor, B. (2017)

Turkey 2005-2013 0.783 Deap2.1.

Abdul-Wahab, A. H., &
Haron, R. (2017)

Qatar 2007-2011 0.869 X

Naumovska, E., & . Dea-
Cvetkoska, V. (2016) Macedonia  2008-2011 0.899 Solver-LV
Tzeremes, N. G. (2015) India 2004-2012 0.817 X

Sahin, I. E., Yilmaz, B.,
& Akgiin, A. (2013)

Turkey 2009-2011 0.901 Deap2.1

Kumar, S. (2013) India 1992-2008  0.844 X
.';'j::;’;ef NE_' é‘ (o1 ~ Ofeek 20072011 0.984 X
Sufian, F., &

Habibullah, M. S. China  2000-2008 0.437 X
(2011)

Sufian, F., &

Habibullah, M. S. China 2000-2007 0.41 X
(2011)

Chiu, Y. H., Chen, Y. Dea-

Taiwan 1998-2002 0.945

C., & Bai, X. J. (2011) Solver
Feng, G. H., & Serletis, .

A. (2010) Australia 2000-2005 0.927 X
Burki, A. A., & Niazi, Pakistan ~ 1991-2000 0.956 X

G.S. K. (2010)

--33--



Akhtar, M. H. (2010) Saudi  2001-2006  0.81 X
Akhtar, M. H. (2010) Saudi 20002006  0.53 X
Rezitis, A. N. (2008) Greece  1993-2004 0.803 Frf{‘fer
(';%g]g)r’ S,&Gulati R hdia 20042005 0.885  Minitab 14
'éfr(‘;"g’ggf’ o &Nahm, — nciralia 1095-2002 0971 Deap 2.1
Chen, T. Y., & Yeh, T. Taiwan 1996 0.929 .

L. (2000)

--34--



BOLUM II

Tiirkiye’de Havalimanlarimin Etkinliginin Panel
Stokastik Simir Analizi ile incelenmesi

Umut AYDIN!

Giris

Giinlimiizde havalimanlari, kiiresel ulagim aglarinin temel
taslar1 olarak onemli bir role sahiptir. Hava tasimaciligi, kiiresel
anlamda insanlari, mal ve hizmetleri hizli ve giivenli bir sekilde
tagimanin yani sira ekonomik, sosyal ve kiiltiirel etkilesimi artirma
potansiyeliyle de biiyiik 6nem tasir. Bu baglamda, Tirkiye gibi
stratejik bir konuma sahip iilkelerde havalimanlarinin etkinligi,
uluslararas1 ticaret, turizm ve ekonomik biiyiime icin Kritik bir
faktordiir. Tirkiye, cografi konumuyla Avrupa ile Asya arasinda
koprii gorevi gormektedir. Bu nedenle, Tiirkiye'nin hava tasimacilig
sektorii sadece ulusal ekonomisine degil, ayn1 zamanda bolgesel ve

1 Dr. Ogr. Uyesi, Bandirma Onyedi Eyliil Universitesi, Omer Seyfettin Uygulamalt Bilimler Fak.,
Uluslararast Ticaret ve Lojistik Bolumu, Balikesir/Turkiye, Otcid: 0000-0003-4802-8793,
uaydin@bandirma.cdu.tr.
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kiiresel ticaretin ve turizmin gelisimine de Onemli Kkatkilar
saglamaktadir. Tirkiye'deki havalimanlarinin etkinligi, iilkenin
ekonomik biiytime potansiyelini artirabilir, istihdami tesvik edebilir
ve bolgesel kalkinmay1 destekleyebilir.

Tiirkiye'deki havalimanlariin etkinligini etkileyen faktorler
arasinda c¢esitli ekonomik, sosyal ve altyapisal faktorler
bulunmaktadir. Literatiirde, bu faktorler ulasim altyapisi, ekonomik
biiyiime, turizm, hava tasimaciligi politikalari, teknolojik gelismeler
ve giivenlik basliklar1 altinda incelenmektedir. Havalimanlarinin
etkinligini belirleyen 6nemli bir faktor, ilkenin genel ulasim
altyapisidir. Iyi bir karayolu ve demiryolu agi, havalimanlarma
erisimi kolaylastirarak yolcu ve yiik tagimaciligini artirabilir. Bir ilin
ekonomik biiylimesi ise, hava tasimaciligi sektoriiniin gelismesini ve
havalimanlarinin etkinligini dogrudan etkileyebilir, hava yolu
seyahatini tesvik edebilir ve havalimanlarinin kullanimini artirabilir.

Tirkiye gibi turistik bir destinasyonda, turizm sektoriindeki
biiylime havalimanlarinin etkinligini artirabilir. Turizm, hava
tasimaciliginin bitylimesine Ve havalimanlarinin yolcu trafigine
katkida bulunmaktadir. Diger taraftan, hiikiimet politikalari, hava
tagimacilig sektoriiniin biiyiimesini ve havalimanlarinin etkinligini
etkilemektedir. Ozellikle diizenlemeler ve tesvikler hava tasimacilig
sektoriinii sekillendirmektedir. Son olarak, hava tasimaciligindaki
teknolojik gelismeler, daha giivenli ve verimli ugus sistemleri ve
yolcu hizmetleri, havalimanlarinin daha etkin bir sekilde ¢alismasini
saglayabilir. Ek olarak, giivenlik oOnlemlerinin artirilmasi,
havalimanlariin daha giivenli ve daha etkin bir sekilde islemesini
saglayabilir.
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Literatiirde, Tiirkiye'deki havalimanlarinin  etkinligini
etkileyen faktorlerin genis bir yelpazede incelendigi ve bu
faktorlerin hava tasimaciligi sektoriindeki gelismeler tizerinde
onemli bir rol oynadigi gorilmektedir. Bu faktorlerin dikkatle
yonetilmesi, Tiirkiye'nin hava tasimaciligi sektoriinde daha rekabetgi
bir konuma gelmesine ve havalimanlarinin etkinliginin artmasina
yardimci olabilir.

Bu ¢alisma ile 2015-2021 yillar1 arasinda Tiirkiye'deki en
fazla yolcu trafigine sahip ilk 10 havalimaninin etkinliginin zaman
icindeki degisiminin panel veri analizi ile incelenmesi
amaglanmistir. Bu baglamda, ¢alismada panel stokastik sinir analizi
(SSA) yontemi tercih edilmistir. Analiz sonucunda Tirkiye'deki
yolcu tasimaciligi bakimmdan 6nemli havalimanlarinin etkinligini
arttrmak  i¢in  yapilmasi  gerekenler  iizerine  Onerilerde
bulunulmustur. Sonu¢ olarak, Tirkiye'nin hava tasimaciligi
sektoriindeki potansiyelini degerlendirmek ve havalimanlarinin
etkinligini artirmak i¢in yapilmasi gerekenlerin belirlenmesi,
tilkenin ekonomik kalkinmasi ve uluslararasi rekabet giicli agisindan
biiyiik 6nem tasimaktadir. Bu ¢alisma, Tiirkiye'nin hava tasimacilig
alanindaki mevcut durumunu analiz ederek, gelecekteki stratejiler
i¢in bir ¢ergeve sunmay1 amaglamaktadir.

Literatiir taramasi

Tablo 1°de SSA ile havalimanlarinin etkinliklerini inceleyen
giincel ¢calismalara yer verilmistir. Tablo incelendiginde ¢aligsmalarin
bazilarmin verilerinde birden fazla veri yili kullandigindan panel
veri analizine dayandigini, bazilarinin ise (Fageda & Voltes-Dorta,
2012; Pavlyuk, 2013; Lin & ark., 2013; Oliveira-Neto & ark., 2014;

Yalc¢in, 2018; Matulova & Rejentova, 2021 gibi) tek bir yil i¢in yatay
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kesit verisi diizeyinde ilgili tilkedeki havalimanlarinin etkinligini
inceledikleri tespit edilmistir. Bazi1 ¢alismalar (Diana, 2011; Lin &
ark., 2013; Matulova & Rejentova, 2021) ise parametrik olan
SSA’nin etkinlik sonuglar1 ile parametrik olmayan yontemlerden
olan veri zarflama analizinin (VZA) etkinlik sonuglarini
karsilagtirmistir. Bunlara ek olarak havalimanlari arasi komsuluk
etkilerinin havalimanlarinin etkinligini nasil inceledigini inceleyen
calismalar da mevcuttur (Pavlyuk, 2013).
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Tablo 1: Havalimanlarinin etkinligini SSA kullanarak inceleyen giincel ¢alismalar.

Calisma Ulke Zaman Degiskenler Yontem Sonug¢
iy Yolcu sayisi, ugus sayist, alan, Havalimanlarinin
Pels & ark. AWUpa.dakl 33 1995-1997 pist sayisi, check-in sayisi, SSA | neredeyse yarisi teknik
(2003) havalimani : .
bagaj alim noktasi olarak yeterlidir.
Ucgus sayisi, yolcu sayist,
Martin & ﬁr\:\r:rri)lz K::eg tasinan kargo, gelir, giiriilti Londra'daki Luton
Voltes-Dorta ', ya, 1991-2005 | seviyesi, sermaye, malzeme, SSA havalimaninin teknik
Avustralya'daki 41 oo ) e . :
(2007) . personel, zaman, diger sabit etkinligi en yiiksektir.
havalimani
varliklar
Yolcu sayist, ugus sayist, Devlet kontroliindeki
havacilik dis1 ¢ikt1, pist sayisi, kurumlarin sahip
Oum & ark. Diinya ¢apinda 2001-2004 terminal biiyiikliigii, iicret orani, SSA oldugu/islettigi
(2008) 109 havalimani toplam havalimani trafigi icinde havalimanlari, ¢oklu
kargo trafiginin yiizdesi, havalimani

uluslararasi yolcu yiizdesi,

pazarlarinda tekli
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zaman ve bolge degiskenleri,
ylizde olarak havaliman

havalimani pazarlarina
kiyasla 6nemli dlgiide

sahipligi daha diisiik etkinlige
sahiptir.
Havaliman etkinlik orani,
belirli bir ¢eyrek saat boyunca
varig sayisi, kapiya varis
gecikmesinin ortalama dakikas, Modeldeki
kapr1 kalkis gecikmesinin degiskenlerin ¢ogu,
ortalama dakikasi, ortalama Haziran 2000 ve
Diana (2011) ABD'deki 30 2000, taksi ¢ikis gecikme dakikast, SSA, | 2007'deki tiim variglar
havalimani 2007, 2009 | ortalama taksi girisi gecikme VZA | i¢in ortalama gecikme

dakikasi, havalimaninin toplam
kullanilabilir kapasitesinin
kullanilan yiizdesi, hava
kosullari, pist
konfigiirasyonlari, havadaki
gecikme, blok gecikmesi

dakikalar1 disinda %95
giiven diizeyinde
anlamlidir.
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Uzun ve kisa donemli

etkinsizlik
Yillik ugak hareketi sayist, pist kaynaklarinin
. . s sayis, toplam alan, taginan firmalarin
Colombi & ltalya Qakl 38 2005-2008 | yolcu sayisi, check-in sayisi, SSA . pe?formgnsle.m .
ark. (2011) havalimani . . iizerindeki etkisini
bagaj alim sayisi, ugak park yeri
savisi aragtirmaya olanak
Y taniyan dort rastgele
bilesene sahip yeni bir
model tanitilmigtir.
Yillik ugak hareketleri, yolcu
hareketleri, yiik sayilari, Kamu igletmesine
. altyapilar (pist kapasitesi, saat sahip havalimanlari
Scotti & ark. Italya Qakl 38 2005-2008 basina izin verilen maksimum SSA .ozel ve karrnfa
(2012) havalimani ucus sayist, ugak park isletmeye sahip
pozisyonlari, terminal ylizey havalimanlarina gore
alani, check-in sayisi1, bagaj daha etkindir.
sayisl, ¢alisan sayisi
Isgiicii, sermaye, gelirler, Ispanya'daki kiigiik
yurti¢i-Schengen ve havalimanlarinin
Fageda & . o o . . .
Ispanya'daki 47 uluslararasi-sinir 6tesi yolcu yasadig1 onemli
Voltes-Dorta . 2010 9 SSA A
(2012) havalimani sayisi, hava tagimaciligi kayiplar biiyiik dlgtide

hareketleri, ortalama inis siiresi,
maksimum kalkis agirligi,

gelir etkinsizliginden
kaynaklanmakta.
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metrik ton kargo, m? cinsinden
briit taban alani, yolcu terminal
binalarinin sayisi, pist
uzunlugu, kap1 sayisi, check-in
sayisi, zaman, tam zamanli
calisan sayisi, hirschmann-
herfindhal havayolu trafik
paylar1 endeksi, charter
ucuslarin payi, diisiik
maliyetli uguslarin pay1

Tagiman yolcu sayisi

Havaliman etkinlik

Pavlyuk Avrupa'daki 112 - L7 Mekansa ; . .
(2013) havalimant 2009 (gidis/ gehs)., pist sayisi, check- | SSA SeVIAyeIerl.n.de-pOZItlf
in sayist mekansal iliski vardir.
Yolcu sayisi, ugus sayisi, Havacilik dis1 gelirler,
havacilik dis1 gelir, yolcu hacmi, ortalama
ABD Ve caligan sayisi, yumusak ucak biyikligi,
Lin & ark. Kanada'daki 62 2006 maliyetli girdi, tikaniklik SSA, uluslararasi ve
. ecikmesi, havalimani ¢ikti aktarmali trafi
(2013) havaliman gecikmesi, havali k VZA k I trafik

Olcegi, ortalama ugak
biiytikligi, uluslararasi trafik
yiizdesi, hava kargo yiizdesi,

ylizdeleri havalimani
etkinlik tahminini
etkilemektedir.
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transit yolcu yiizdesi, hub
tasiyic1 pazar payi

Ucak sayist, yolcu sayist, kargo
tonu, toplam havalimani alani,

Brezilya havalimanlari

Oliveira-Neto | Brezilya'daki 63 . N . S
& ark. (2014) havalimant 2006 ucak par_k al_am, yolcu tegn1ga11 SSA | ytiksek tekr_nk_ etkinlige
kapasitesi, yolcu terminali sahiptir.
alani, yolcu park yeri kapasitesi
Nijerya havalimaninin
.. s Yolcu hareketi, ugus sayisi, ortala{n? etkfnhk puant
Nwaogbe & Nijerya'daki 4 2005-2015 alisan savist. tonlam varlik SSA %064’tiir. S6z konusu
ark. (2018) havalimani calls o }I,am, mgli ot ’ havalimanlarinda
P y etkinlik diizeyi
iyilestirilebilir.
Analiz edilen tiim
yillarda ugak sayisi ve
.1 1 S personel sayisinin
Yalgm (2018) Turklye.dekl 55 2013, Yolcu sayisi, ticari u(;ak say1sl, SSA parametre katsayilari
havalimani 2014, 2015 | personel say1si, check-in sayisi L
istatistiksel olarak

anlamlidir. Incelenen
tim
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yillarda Isparta
Siileyman Demirel
Havaliman ilk
siradadir.

Zhang & ark.
(2019)

Cin'deki
Guangzhou
havalimant

2012-2017

Guangzhou'nun yillik
havalimani gayrisafi yurtici
hasilasi, ¢alisan sayisi, isletme
maaliyeti, havalimani altyap1
ingaat1, bolgesel cografi konum,
bolgesel ekonomik geligmislik
diizeyi, bolgesel bilim ve
teknoloji egitim diizeyi

SSA

Havaliman
altyapisinin ingasi,
bolgenin cografi
konumu, havalimam
altyapisinin seviyesi,
bolgesel ekonomik
kalkinma ve bolgesel
bilim ve teknoloji
egitiminin Guangzhou
Havalimani'nin
ekonomik etkinligini
etkilemektedir.

Nwaogbe &
ark. (2021)

Nijerya'daki 6
havalimani

2011-2018

Yolcu sayist, ugus sayist,
terminal kapasitesi, pist boyutu,
toplam operasyon maliyeti, yer

hizmetleri ekipmani, ¢calisan
sayisi

SSA

Ug havaliman %50
etkinlik seviyesi ve
iizerindeyken, geri
kalan havalimanlar
%50 etkinlik
seviyesinin altinda
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faaliyet
gostermektedir.

Yolcu sayisi, ugus sayist,

Yogun havalimanlari

Mat.UIova & Avrupa'daki 115 taginan kargo, terminal sayisi, SSA, arasinda London
Rejentova havalimani 2018 ist sayisi, kapi sayisi, park yeri | VZA Heathrow

(2021) p " lgl ; akp aﬂf > ipsa 1';/1 havalimaninin teknik
YISL, ugak park yert say etkinligi en yiiksektir.

Havalimanlarinin
altyap1 kapasitesinin ve

Zarraga 1ila };hmanl 2009-2013 i letr;lesgeliri gamo;tismanghaw,a SSA iliskili degildir.
oOlgesel havalimanlari

2023 v ? et Bélgesel havalimanl

tarafi, amortisman kara tarafi

sistem i¢in mali bir
yiik haline gelmistir.
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Ulusal literatiire yonelik ¢alismalardan Yalgin (2018) ti¢ yil
icin analizleri yatay kesit olarak ayr1 ayr1 calistirmis olup
havalimanlarimin etkinliklerindeki degisimleri incelemistir. Tablo
I’deki calismalar incelendiginde Tiirkiye’de havalimanlarinin
etkinliginin incelenmesinde parametrik yontemlerden olan SSA’nin
panel veri yaklasimi ile incelenmesinde eksiklik oldugu
goriilmektedir. Literatiirdeki diger calismalar incelendiginde de
genellikle havalimani etkinlik analizlerinin parametrik olmayan
yontemlerden olan VZA ile yapildigi gorilmektedir (Kiyilldi &
Karasahin, 2006; Peker & Birdogan, 2009; Yazgan & Karkacier,
2015; Bolat & ark., 2016 vb). Bu nedenle bu ¢alisma, Tiirkiye’deki
havalimanlarimin  etkinligindeki yillara goére degisimi ve
havalimanlarinin  etkinligini etkileyen faktorleri panel SSA
yaklastmi  ile  bulmasi  nedeniyle  diger ¢alismalardan
farklilasmaktadir.

Veri seti ve yontem

Calismada bagimli degisken olarak kullanilan taginan yolcu
verisi ve bagimsiz degiskenlerden olan ticari ugus sayist Verisi
Devlet Hava Meydanlar1 Isletmesi’nin (DHMI) internet sitesinden
alinmig olup, diger bagimsiz degiskenler olan havalimaninin
bulundugu illere yonelik kisi bagina diisen gayri safi yurtici hasila
(GSYIH) verisi (2009 bazl) Tiirkiye Istatistik Kurumu’ndan (TUIK)
elde edilmistir. Havalimanlarinin operasyonel 6zelliklerini yansitan
pist sayisi, check-in noktasi sayisi, yolcu kapisi sayisi, arag park yeri
say1s1 Ve ¢alisan sayisi gibi degiskenler ise Eurostat veri tabanindan
elde edilmistir. Eurostat veritabanindan elde edilen veriler
Tiirkiye’deki 10 havalimani i¢in 2015-2021 yillar1 arasinda tam
olarak saglanabildiginden, diger bir deyisle veri bulunabilirligi kisidi
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nedeniyle ¢alisma 2015-2021 veri doneminde 10 (sirasiyla Adana,
Ankara Esenboga, Antalya, Gaziantep, Mugla Dalaman, Mugla
Milas-Bodrum, Trabzon, 2018 ve oncesi Istanbul Atatiirk, 2018
sonrasi Istanbul, Istanbul Sabiha Gokgen, izmir Adnan Menderes)
havalimanmi kapsamaktadir. Ilgili 10 havalimanma yonelik
istatistikler
Tiirkiye’de toplam tasinan yolcu sayisinin yaklasik %9011 tasidigi

incelendiginde bu havalimanlarinin yillara gore

goriilmistiir. Degiskenlere gore tanimlayici istatistiklere Tablo 2°de
yer verilmistir.

Tablo 2: Tamimlayicu istatistikler

Degisken Ortalama | Std. Sapma | Min. Maks.
Tas‘::;gl"lc“ 14787089.0 | 17265363.5 | 1390784 | 68441989
Ticari ucug sayist | 100025.6 | 117611.4 | 13114 | 448124
GSYIH 54759.3 26465.8 | 21477 | 140864
Pist sayisi 1.7 0.8 1 3
Check-in noktast 150.3 147.5 19 635
Sayisi
Yolcu kapisi sayisi 37.3 38.8 6 172
Arag park yeri 3808.8 7081.0 328 | 40000
sayisi
Caligan sayisi 807.1 1369.2 213 7182

N=70, n=10, t=7

Tablo 2 incelendiginde minimum ve maksimum degerlerden
tasinan yolcu sayisinin farklilastigi goriilmektedir. Tablodan ayrica,
ticari ugus sayisinin 10 havalimaninda 7 yil i¢in ortalamasinin
yaklagik 100 bin civarinda oldugu, pist sayisinin genelde 1 veya 2
oldugu, ortalama check-in noktasi sayisinin 150 civarinda oldugu,
ortalama yolcu kapisi sayisinin 37 oldugu, ortalama galisan sayisinin
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ise 807 civarinda oldugu anlasilmaktadir. Kisi basina GSYIH verisi
de yine iller arasinda farklilik gosteren degiskenlerdendir.

Stokastik sinir modelleri Aigner & ark. (1977) ve Meeusen
& Van den Broeck (1977) tarafindan tanitilmis olup literatiirde
popiiler bir modelleme yaklasimi haline gelmistir. Stokastik sinir
modelleri etkinsizlik teriminin farkli 6zelliklerine gore iiretim ve
maliyet fonksiyonlar1 olmak tizere iki farkli stokastik siir modeli
tirtine uygulanabilmektedir.

Bir ireticinin f(zi,) tiretim fonksiyonuna sahip oldugu
varsayilirsa hata veya etkinsizligin olmadigi durumda bir firma t
zamaninda Qit=f(zit,) kadar tretim yapacaktir. Ancak, SSA’nin
temel unsuru her bir firmanin, bir dereceye kadar etkinsizlik
nedeniyle potansiyel olarak iretebileceginden daha az
tiretebilecegini varsaymasidir. Bu durumda qit=f(zit,p)*&it olarak
tanimlanmaktadir. Burada &it, i firmasmin t zamanindaki etkinlik
diizeyi olup (0,1] araliginda dagilmaktadir. Eger &i=1 ise, firma
f(zit,p) tretim fonksiyonunda somutlagan teknoloji ile optimal
ciktiya ulagmaktadir. &i<l oldugunda, firma f(zi,p) tretim
fonksiyonunda yer alan teknoloji ile zit girdilerinden en iyi sekilde
yararlanamamaktadir.  Ciktinin  kesinlikle  pozitif  oldugu
varsayildigindan (qi>0) teknik etkinlik derecesinin kesinlikle pozitif
oldugu varsayilmaktadir (&i>0).

Ek olarak ¢iktinin  rassal soklara maruz kaldigi
varsayilmaktadir, bu durumda qit = f(zit,p)*&ir*exp(vit) olmaktadir.
Her iki tarafin dogal logaritmasi alindiginda In(qit)=In
f(zit,B)*+In(&it)+vit elde edilmektedir. K girdi oldugu ve iiretim
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fonksiyonunun logaritmik olarak dogrusal oldugu varsayilirsa, Uit=-
In(&jt) tanimlamast,

In(qit):BO+Z§'(:1 BjIn (zji)+Vie-Uit (1)

denklemini vermektedir. Burada uit> O kisiti, yukarida da
belirtildigi gibi 0 < & < 1 anlamina gelmektedir.

Daha once de belirtildigi gibi, bir stokastik sinir modelindeki
hata terimin iki bileseni oldugu, bilesenlerden birinin kesinlikle
negatif olmayan bir dagilima sahip oldugu, diger bilesenin ise
simetrik bir dagilima sahip oldugu varsayilmaktadir. Literatiirde,
negatif olmayan bilesen genellikle etkinsizlik terimi, simetrik
dagilima sahip bilesen ise kendine ozgii hata terimi olarak
adlandiriimaktadir. Denklem (1), vi'nin kendine 6zgii hata ve ui'nin
zamanla degisen panel diizeyinde bir etki oldugu panel veri
modelinin bir ¢esididir. Bu modelle ilgili literatiiriin ¢ogu, Uit
teriminin farkli 6zellikleri igin tahminciler tiiretmeye odaklanmistir.
Kumbhakar ve Lovell (2000) bu literatiiriin bir incelemesini
sunmaktadir. Bu ¢alismada ise etkinsizlik teriminin zamana gore
degistigi varsayilmistir. N+(u,0?) ortalamast sifir ve varyansi 6 olan
kesilmig (truncated) normal dagilim oldugu ve etkinsizlik terimi
zaman etkilerini igerdigi durumda, zamanin belirli bir fonksiyonu ile
carpilan  kesilmis normal bir rassal degisken olarak
modellenmektedir (Battese - Coelli, 1992). Zamanla degisen
spesifikasyonunda ui=exp(- n (t-Ti))*ui olmaktadir. Burada Ti
birinci paneldeki son dénem, n ise bozunma parametresidir.
ui~N+(,6%0), VieweN(0,6%) Ve Ui ve Vit birbirlerinden ve modeldeki
ortak degiskenlerden bagimsiz olarak dagilmaktadir.
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Analiz sonuclar

SSA i¢in Denklem 1’de bagimli degisken olarak ilgili
havalimaninda ilgili yilda tasinan yolcu sayist kullanilmis olup
bagimsiz degiskenler olarak sirasiyla ilgili havalimaninda ilgili
yildaki ticari ugus saysi, ilgili ilin ilgili yildaki kisi basina GSYIH’s1
(2009 bazl1), havalimaninin pist sayisi, check-in noktasi sayisi, yolcu
kapisit sayisi, arag park yeri sayisi Ve calisan sayisi bagimsiz
degisken olarak kullanilmistir. Model calistirildiktan sonra GSY1H,
check-in noktas1 sayisi, arag park yeri sayisi ve cgalisan sayisi
istatistiksel olarak anlamsiz edildigi i¢in modelden ¢ikarilmistir.
Nihai modelde elde edilen sonuglar Tablo 3’te sunulmustur.

Modelde sigma2 toplam hata teriminin varyansini, Insigma2
ise dogal logaritmasini gostermektedir. Rassal hata teriminin (vit)
varyansi sigma_v2 ile ve teknik etkinsizlik hata teriminin (uif)
varyansit sigma_u2 ile gosterilmektedir. Gamma katsayisi
sigma_u2/sigma2'yi gostermektedir. Bu deger ne kadar biiyiikse,
hata terimindeki varyansin 0 kadar biiyiik bir kismi etkinsizlik terimi
tarafindan agiklanmakta anlamina gelmektedir. 0.80’1ik bir agiklama
orani ise yeterince yiiksektir. Lgtgamma, gamma katsayisinin logit
degerini gostermektedir. Eta (n), etkinligin/etkinsizligin zaman
icinde degisip degismedigi hakkinda bilgi vermektedir (Barros,
2005). Modelde Eta (n) katsayisinin istatistiksel olarak anlamli
olmasi, havalimanlarimin etkinliklerinin veya etkinsizliklerinin yillar
icinde degistigini gostermektedir. Tablo 3’te ticari ugus sayisindaki
%1°lik artigin taginan yolcu sayisimi1 ortalama olarak %0.82, yolcu
kapist sayisindaki %1°lik artisin tasinan yolcu sayisini Ortalama
olarak % 0.10, pist sayisindaki %1°lik artisin yolcu sayisint %0.08
arttirdig1 elde edilmistir (p<0.10) (ceteris paribus). Zamana gore
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incelendiginde ise tasinan yolcu sayisinin 2015 yilina kiyasla 2017,
2018, 2019 yilinda arttigi gozlemlenmektedir. 2020 yilinda ise
pandemi etkisiyle bir azalma goriilmiistiir.

Tablo 3: Panel SSA sonuglari.

In(Yolcu_sayisi) Katsayr | Std. Hata A Anlamhhk

In(Ticari_ugus sayis1) | 0.852 0.040 21.480 0.000

In(Yolcu_kapisi_sayis1) | 0.101 0.052 1.960 0.050

In(Calisan_sayis1) 0.034 0.048 0.700 0.481

In(Pist_sayis1) 0.084 0.048 1.740 0.082

Zaman

2016 -0.001 0.034 -0.040 0.967

2017 0.091 0.036 2.500 0.012

2018 0.134 0.040 3.300 0.001

2019 0.163 0.048 3.360 0.001

2020 -0.302 0.066 -4.580 0.000

2021 0.063 0.082 0.770 0.440

Sabit 6.159 0.439 14.020 0.000

/mu 0.230 0.141 1.630 0.103

leta -0.166 0.061 -2.730 0.006

/Insigma2 -3.546 0.677 -5.240 0.000

/lgtgamma 1.424 0.884 1.610 0.107
sigma2 0.029 0.020
gamma 0.806 0.138
sigma_u2 0.023 0.020
sigma_v2 0.006 0.001
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Tablo 4: Havalimanlarinin yillara gére teknik etkinlik degerleri.

Havalimanlar1 | Zaman | Etkinlik | Havalimanlar1 | Zaman | Etkinlik
Adana 2015 | 0.015 | MuglaMilas- | o0,0 1 gyg
Bodrum
Adana 2016 | 0900 | MuglaMilas- | ,5)6 | gog
Bodrum
Adana 2017 | 0.8s3 | MuglaMilas- 50,5 1 (g5
Bodrum
Adana 2018 | 0864 | MuglaMilas- | 5508 | 769
Bodrum
Adana 2019 | 0841 | MuglaMilas- 50,4 1 (o6
Bodrum
Adana 2020 | og1e | MuglaMilas- | 54505 | ggg
Bodrum
Adana 2021 | 078 | MuglaMilas- | o400 | 5y
Bodrum
Ankara 2015 | 0.874 Trabzon 2015 | 0.953
Esenboga
Ankara 2016 | 0.853 Trabzon 2016 | 0.944
Esenboga
Ankara 2017 | 0.828 Trabzon 2017 | 0.935
Esenboga
Ankara 2018 | 0.801 Trabzon 2018 | 0.923
Esenboga
Ankara 2019 | 0.769 Trabzon 2019 | 0.910
Esenboga
Ankara 2020 | 0.734 Trabzon 2020 | 0.895
Esenboga
Ankara 2021 | 0.694 Trabzon 2021 | 0877
Esenboga
Antalya 2015 | 0.980 istanbul 2015 | 0.903
Antalya 2016 | 0.977 istanbul 2016 | 0.887
Antalya 2017 | 0.972 Istanbul 2017 | 0.868
Antalya 2018 | 0.967 istanbul 2018 | 0.846
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Antalya | 2019 | 0.962 fstanbul 2019 | 0.821
Antalya | 2020 | 0.955 istanbul 2020 | 0.792
Antalya | 2021 | 0.947 istanbul 2021 | 0.760
Gaziantep | 2015 | 0.904 IStaré’gli;?lblha 2015 | 0.974
Gaziantep | 2016 | 0.888 IStaré)g‘égS;blha 2016 | 0.970
Gaziantep | 2017 | 0.869 IStarg’sligS;blha 2017 | 0.965
Gaziantep | 2018 | 0.848 IStaré’;i;iblha 2018 | 0.958
Gaziantep | 2019 | 0.823 IStarg’sligS;blha 2019 | 0.951
Gaziantep | 2020 | 0.795 IStaré’;i;iblha 2020 | 0.943
Gaziantep | 2021 | 0.763 IStarg’sligS;blha 2021 | 0.933

Mugla 2015 | 0858 | (ZMirAdnan .\ ,g0 0 947
Dalaman Menderes

Mugla [zmir Adnan

posla | 2016 | 0835 o Adnan | 2016 | 0902

Mugla 2017 | 0.g80g | ZmirAdnan | 555 | (ggg
Dalaman Menderes

Mugla [zmir Adnan

ool | 2018 | 0777 o Adnan | 2018 | 0867

Mugla 2019 | 0743 | ZmirAdnan 5504 | g5
Dalaman Menderes

Mugla 2020 | 0704 | 1ZmirAdnan . ,p04 1 819
Dalaman Menderes

Mugla 2021 | 0661 | (AMirAdnan o000 15791
Dalaman Menderes
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Panel tabanli SSA’dan elde edilen teknik etkinlik skorlari
Tablo 4'te sunulmustur. Bu tablo su sonuglar1 gostermektedir: 1)
Zamansal agidan bakildiginda, havalimanlarinin ortalama etkinligi
0.856'dir. Etkinlik degerleri, Eta katsayisinin da gosterdigi gibi
yildan yila farklilik gostermekte ve yillara gore azalmaktadir. Sekil
1’de bu durum daha net goriilmektedir. Baslangicta havalimanlarinin
etkinlik degerleri birbirine yakinken 2021 yilinin sonunda etkinlik
degerlerinin  birbirinden  farklilastign ~ goriilmektedir.  2)
Havalimanlarinin yillara goére etkinlik ortalamasi alindiginda
ortalama degerin altinda Adana, Ankara Esenboga, Gaziantep,
Mugla Dalaman, Mugla Milas-Bodrum ve Istanbul havalimanlarinin
bulundugu tespit edilmistir. G

enel olarak Antalya, Istanbul Sabiha Gokgen, Trabzon ve
Izmir Adnan Menderes havalimanlar1 diger havalimanlarina gore
daha etkin bulunmustur. 3) Tablo 5’ten anlasildig1 {izere etkinlik
degerleri 2015 yilindan 2021 yilina en hizli degisen havalimanlar
Mugla-Dalaman ve Mugla Milas-Bodrum havalimanlari olarak elde
edilmistir. Y1l bazinda ise etkinliklerde en ¢ok azalma 2020 ve 2021
yillarinda goriilmektedir. Bu durum pandeminin giicli etkisini
dogrulamaktadir.
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Grafik 1: Havaliman etkinlik degerlerinin yillara gore degisimi

Tablo 5: Havalimanlarinin teknik etkinliklerinin bir énceki yila
gore % degisimi.

2016 | 2017 | 2018 | 2019 | 2020 | 2021
Adana -16 | -19 | -22 | -26 | -31 | -3.6
Ankara Esenboga 24 | -28 | -:33 | -39 | 46 | -54
Antalya -04 | -04 | -05]| -06|-07]-08
Gaziantep -18 | -21 | -25 | -29 | -:34 | 40
Mugla Dalaman 27 | -32 | -38| 44| 52| -61
Mugla Milas-Bodrum 29 | -34 | 41 | -48 | -56 | -6.6
Trabzon -09 | -10 | -1.2 | -14 | -1.7 | -20
[stanbul -18 | -21 | -25 | -30 | -35 | 41
Istanbul Sabiha Gokgen | -0.5 | -0.5 | -06 | -0.8 | -0.9 | -1.1
Izmir Adnan Menderes | -1.6 | -1.8 | -22 | -25 | -3.0 | -35
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Sonug¢

Bu arastirma, Tirkiye'nin hava tasimaciligi sektoriinde
onemli bir rol oynayan havalimanlarinin etkinligini incelemek igin
panel SSA kullanarak yapilmigtir. Calismanin odak noktasi,
havalimanlarinin tasinan yolcu sayisini etkileyen faktorleri ve
havalimanlarimin ~ zaman  i¢indeki  etkinlik  degisimlerini
incelemektedir. Sonuglar, ticari ugus sayisindaki artisin tasinan
yolcu sayisin1 olumlu yonde etkiledigini, ayni sekilde yolcu kapisi
sayis1 Ve pist sayisindaki artiglarin da benzer etkiler gosterdigini
gostermektedir. Bununla birlikte, ¢alisma kisi basina diisen GSY1H,
check-in noktasi sayisi, ara¢ park yeri sayist ve calisan sayisi gibi
bazi faktorlerin istatistiksel olarak anlamsiz oldugunu tespit etmistir.
Calismada ayrica, havalimanlarinin etkinliklerinin zaman iginde
degistigi ve pandemi gibi beklenmedik olaylarin bu degisimleri nasil
etkileyebilecegi de gdzlemlenmistir. Ozellikle, 2020 yilinda
pandemi etkisinin yolcu sayisinda ciddi bir diisiise neden oldugu ve
havalimanlariin etkinliklerinde de belirgin bir azalmaya yol agtig:
goriilmiistiir. Bu durum, hava tasimaciligi sektoriinde beklenmedik
olaylara karsi hazirlikli olmanin ve kriz durumlarinda etkin bir
sekilde miidahale etmenin 6nemini vurgulamaktadir.

Caligma bazi havalimanlarinin digerlerine gére daha etkin
oldugunu ortaya koymaktadir. Bu durum, hava tasimacilig
sektoriinde rekabetin arttig1 ve havalimanlarinin daha etkin olmalari
icin stratejik planlamalar yapilmasi gerektigini gostermektedir.
Ozellikle, Antalya, Istanbul Sabiha Gokgen, Trabzon ve Izmir
Adnan Menderes havalimanlar1 gibi havalimanlarinin digerlerine
gore daha etkin oldugu belirlenmistir. Sonuglar, havalimanlarinin
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etkinliklerini artirmak igin altyap1 yatirnmlarinin ve havayolu

isbirliklerinin 6nemini vurgulamaktadir.

Sonug olarak, bu calisma Tiirkiye'nin hava tasimacilig
sektoriinde havalimanlarinin etkinligini anlamak ve gelistirmek i¢in
onemli sonuglar sunmaktadir. Elde edilen bulgular, hava tasimaciligi
sektoriinde stratejik kararlar alirken havalimanlarinin etkinliginin
g6z Oniinde bulundurulmasmin 6nemini vurgulamaktadir. Ayrica,
pandemi gibi beklenmedik olaylara karsi hazirlikli olmanin ve kriz
durumlarinda etkin bir sekilde miidahale etmenin 6nemini de ortaya
koymaktadir. Bu nedenle, Tiirkiye'nin hava tasimaciligi sektoriinde
havalimanlarinin  etkinligini artirmak igin altyapt yatirimlari,
havayolu isbirlikleri ve teknolojik yenilikler gibi politikalarin
uygulanmasi énemlidir. Bu politikalarin basarisi, Tiirkiye'nin hava
tasimaciligr sektoriinde daha rekabetgi ve etkin bir konuma
gelmesine yardimci olabilir.
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BOLUM 111

Evaluating Resolution Reduction Techniques in
Convolutional Neural Networks: A Comparison with
Max-Pooling

Emre GUNGOR!

INTRODUCTION

Convolutional neural networks (CNNs) have revolutionized
the field of computer vision, enabling unprecedented advancements
in image recognition, classification, and segmentation tasks. In the
field of CNNs, the efficient reduction of input resolution is a critical
step that directly impacts both computational efficiency and model
performance. Among the various techniques employed for this
purpose, max-pooling has emerged as a widely adopted method due
to its simplicity and effectiveness in reducing spatial dimensions
while preserving salient features. However, alternative downscaling

! Assistant Prof. Emre GUNGOR, Kiitahya Health Sciences University, Faculty of Engineering and Nature
Sciences, Computer Engineering Department, Kiitahya/ TURKIYE, Orcid: 0000-0003-4278-6294,
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methods such as nearest neighbor downscaling and Gaussian
downscaling (also known as pyramid downsampling) offer distinct
approaches that could potentially enhance or degrade from the
performance of CNNs in various applications.

This study aims to provide a comprehensive comparison of
these resolution reduction methods and examine their impact on the
performance of convolutional neural networks. Specifically, we will
evaluate the effectiveness of max-pooling, nearest neighbor
downscaling, and Gaussian downscaling against a baseline where no
downscaling is applied. Through experiments and analysis, we seek
to uncover the strengths and weaknesses of each method, thereby
providing insights into their practical usage and guiding the selection
of appropriate techniques for better generalized performance.

Understanding the nuances of these downscaling methods is
essential for optimizing CNN architectures, particularly in scenarios
where preserving important features and minimizing information
loss are paramount. Through this comparative study, we aim to
contribute to the field of CNN optimization, providing valuable
guidance for researchers and practitioners seeking to enhance the
efficiency and accuracy of their models.

In the following sections, we systematically explore the
various aspects of our study. Section 2 provides a comprehensive
literature review, summarizing related studies to establish the
theoretical background and identify application areas for resolution
reduction methods in CNNs. Section 3 details the methodology,
describing the creation of our models and the network architecture,
along with the implementation of the different resolution reduction
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methods. In Section 4, we present the results and discussion,
analyzing the impact of image reduction techniques on CNN
performance. This section includes a thorough examination of
training outcomes, training times, and memory requirements for
each method. Finally, Section 5 concludes with a summary of the
study’s key findings and their implications.

LITERATURE REVIEW

The development and optimization of convolutional neural
networks (CNNs) have been profoundly influenced by various
resolution reduction methods. Among these, pooling methods stands
out as a foundational technique widely used to decrease the spatial
dimensions of feature maps, thereby reducing computational load
and mitigating overfitting. Introduced by LeCun et al. in the 1990s,
pooling (subsampling) has since become a staple in CNN
architectures, as demonstrated in seminal works such as the AlexNet
and VGG networks (Krizhevsky et al., 2012; Simonyan &
Zisserman, 2014).

Max-Pooling

Pooling has been a cornerstone in the architecture of CNNs
since its introduction. LeCun et al. (1998) with LeNet-5 architecture
were among the first to implement pooling (average-pooling) in the
context of image recognition tasks. Average-pooling takes an
average of block region whereas max-pooling assumes features lies
in the maximum pixel value in the region. So, the technique of max-
pooling involves partitioning the input image into a set of non-
overlapping rectangles and, for each such sub-region, outputting the
maximum value. This approach not only reduces the spatial
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dimensions but also retains the most salient features, thereby helping
in translational invariance (Ranzato et al.,2007).

Krizhevsky et al. (2012) popularized max-pooling in their
groundbreaking work on AlexNet, which won the ImageNet Large
Scale Visual Recognition Challenge (ILSVRC) 2012. They
demonstrated that max-pooling layers effectively reduce the size of
the network, making training more computationally feasible while
maintaining high accuracy. Subsequent architectures, including
VGGNet (Simonyan & Zisserman, 2014), further cemented the role
of max-pooling in deep learning.

However, max-pooling is not without its criticisms.
Springenberg et al. (2014) argued that max-pooling can discard
valuable spatial information, suggesting that convolutional layers
with increased stride could serve as a viable alternative. Despite
these critiques, max-pooling remains widely used due to its
simplicity and effectiveness.

Nearest Neighbor Downscaling

Nearest neighbor downscaling is a straightforward and
computationally efficient method for resizing images. It involves
assigning the value of the nearest pixel in the original image to the
corresponding pixel in the resized image. This method is particularly
appealing due to its simplicity and speed, making it suitable for real-
time applications and scenarios where computational resources are
limited. However, this approach can lead to aliasing artifacts, which
manifest as jagged edges and blocky patterns in the resized image.
These artifacts could affect the performance of convolutional neural
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networks (CNNs) by introducing noise and reducing the accuracy of
feature extraction.

In the context of CNNs, nearest neighbor interpolation has
been used in various image preprocessing tasks. For instance, studies
such as by Odena et al. (2016) in the context of generative
adversarial networks (GANSs) have utilized nearest neighbor
interpolation for upsampling to process images for training. This
method ensures that the dimensions of input images match the
requirements of the network without adding significant
computational overhead. It is used to fix checkerboard artifacts.

Despite its limitations, nearest neighbor downscaling
remains a viable option in scenarios where computational efficiency
is prioritized over image quality. Its primary advantage lies in its
ability to perform rapid downscaling operations, which can be
critical in real-time applications such as video processing and online
learning systems.

Gaussian Downscaling (Pyramid Downsampling)

Gaussian downscaling, or pyramid downsampling, involves
smoothing an image with a Gaussian filter before downsampling.
This technique, developed by Burt and Adelson (1983), aims to
reduce aliasing and preserve the structural integrity of the image. It
has been shown to improve the robustness of feature detection and
extraction in various computer vision tasks.

Lowe (2004) employed Gaussian downscaling in the
development of the Scale-Invariant Feature Transform (SIFT),
demonstrating its effectiveness in maintaining feature consistency
across scales. Gaussian downsampling, while not always explicitly
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stated, plays a role in multi-scale processing within CNN
architectures. This technique is often utilized to create image
pyramids or feature pyramids, which are integral to many state-of-
the-art models in computer vision.

Comparative Studies

Several studies have conducted comparative analyses of
these downscaling methods. Lin et al. (2013) introduced the
Network in Network architecture, highlighting the effectiveness of
max-pooling and also exploring alternatives like average pooling.
They found that while max-pooling provides a good balance
between complexity and performance in MNIST dataset, alternative
methods such as NIN and dropout usage offer improvements in other
tests.

Zeiler and Fergus (2014) provides an in-depth analysis of
different network architectures, including the effects of max-pooling
and other methods, and visualizes the learned features to understand
the impact of these methods. Using switches, they use unpooling
operation for reconstruction. So, their work shows a novel way to
visualize activity within the model.

Despite these insights, there is a lack of consensus in the
literature regarding the optimal downscaling method for CNNSs.
Factors such as the specific application, the dataset, and the network
architecture all play crucial roles in determining the most suitable
approach. This study aims to address selection of generalized
downscaling method by providing a comprehensive comparison of
max-pooling, nearest neighbor downscaling, Gaussian downscaling,
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and the absence of downscaling, thereby contributing to a more
nuanced understanding of their relative advantages and limitations.

METHODOLOGY

In the absence of a theoretical foundation, the inner workings
of artificial neural networks and their derivatives can appear vague.
For practitioners and researchers alike, an understanding of the
underlying processes and the capacity to shape them according to
specific needs are crucial. While many models are typically
constructed through a process of trial and error, it is essential to
assess the impact of each layer or structure that is added or removed
on the model. This is a fundamental step in the development of more
sophisticated and effective systems. In this study, the effect of the
Max-Pooling feature, a frequently utilized component in
convolutional neural networks, is examined in comparison to other
downsampling methods.

The application of resolution downscaling methods is a
fundamental aspect of digital image processing, as it enables the
more efficient utilization of large visual data. By reducing the
resolution, the data set can be made more manageable for recording,
processing, and analysis without losing its inherent attributes. In
particular, with regard to the size of the data, it is of great importance
to determine the optimal resolution in order to render it more
manageable in both temporary memory management (RAM or
VRAM) and in the storage of data on hard disks. At this juncture,
the degree of feature richness inherent to digital visual data becomes
a pivotal parameter. Consequently, data points containing continuity
and rich visual information can be stored with magnetic storage

media, whereas the resolution may be reduced in data that is rapidly
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consumed. So, it is essential to define the source image data, the
intended area of use, and the desired features in advance. In
circumstances where the potential for needed feature loss is minimal,
reducing resolutions and employing lossy compression techniques
can be advantageous in terms of efficiency. For instance, reducing
the resolution of an image can result in a reduction of the image data,
which in turn can facilitate the production of solutions with low
memory requirements by accelerating the processing times for image
analysis operations. It is crucial to strike a balance between the
hardware cost and the performance cost. This is particularly relevant
in the context of visual broadcasts, remote gaming sessions, and
visual processing in autonomous vehicles, where real-time
processing requirements are paramount.

The reduction of resolution in convolutional neural networks
(CNNSs) represents a fundamental design and functional step in the
development of network architectures. The objective of this process
is to reduce the spatial dimensionality of feature maps following
convolution operations in the layers of the architecture. The
objective is to retain the most pertinent attributes while eliminating
less significant information. As the situation varies from data set to
data set and is relative when it is not clearly defined, and as the data-
target relationship in different images is not fully defined, it is
necessary to make comparisons with commonly used data sets and
models in order to generalize the performance of the processes. In
this study, we address this issue and examine the performance of
general resolution reduction operations in CNN networks. The
primary rationale for reducing the resolution in CNN layers is to
minimize the number of parameters and the number of requisite
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operations, such as activation functions, by reducing the amount of
data. In this manner, both the memory load and the processing power
requirement will be diminished. Concurrently, this process will
preclude the network from relying on memorization and will
facilitate its acquisition of the capacity to perform more general
inferences. Another method that can be employed to enhance the
generalization capability is to introduce disparate levels of noise to
the input image as a preprocessing step or to eliminate specific pixel
data with a dropout layer.

In the context of resolution reduction, the values that will
represent the new image pixel can be either a pixel value in the
original image or a value affected by the surrounding data. In this
study, we examine the effects of three commonly used resolution
reduction methods on neural networks: Nearest Interpolation, the
Pyramid Downsampling method using Gaussian values, and the
Max-Pooling method, which is frequently used in intermediate
layers in CNNS.

In the resolution downscaling process, a representative pixel
is obtained as a result of the output of the operations applied to a
region with the help of samples taken from the images or a function.
This pixel represents a point in the reduced resolution. In this way, a
lower resolution image will be obtained as a result of the operations
applied to the whole image. It is important to note that the resolution
reduction method is valid for digital images, that is, for images
defined as discrete and not continuous. This approach allows for the
examination of resolution differences and their effects through the
use of a dimensional definition of our finite number of pixel data. In
the Nearest Neighbor interpolation algorithm, it is crucial to consider
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the nearest neighboring pixels when lowering or increasing the
resolution. This allows for the determination of a pixel value by
selecting the closest pixels. While this method is relatively fast, it is
important to note that it can result in the occurrence of the aliasing
effect, which refers to the sharp transitions between pixels. In the
Pyramid Downscaling method using Gaussian, the pixels will
exhibit smoother transitions. However, this approach also entails the
loss of edge information.

In the Nearest Neighbor interpolation method, the number of
neighborhoods to be handled is directly proportional to the number
of operations to be performed. Gaussian resolution reduction is a
form of interpolation that employs a Gaussian function kernel in
accordance with the values of radius 3 and sigma = 1.5/3.0. The max-
pooling technique is based on the logic of selecting the highest pixel
value by dividing the image into sections according to the filter size.
In this manner, the resolution of the image is diminished in
accordance with the filter size, and the network is trained on lower-
resolution images, thereby yielding results. The objective is typically
to enhance the efficiency of the process by eliminating redundant
data, reducing the memory size requirements, and creating lower-
dimensional models with fewer artificial neural network parameters.
In all resolution reduction algorithms, the ratio in the study is defined
and coded in accordance with the process of halving the resolution.

Table 1 presents a general methodological comparison of the
resolution reduction methods and absence of scaling utilized in the
study. The data in the table are presented in general terms, and their
detailed numerical values are analyzed in the Results and Discussion
section. The primary considerations in the selection of the methods
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were the distinction between functional operations and the ability to
maintain the information level of the results.

Table 1: Comparison of information conservation, complexity and
utilization of resolution reduction methods or lack thereof in

artificial neural network layers.

Method Informatlo_n Computa_tlonal Use Cases
Conservation | Complexity
Max-Pooling: Medium Low CNNS’.ObJeCt
Detection
Pvramid Multi-scale
D)éwnsam lina: High High analysis, image
pling: processing
Nearest Real-time
. Low Veri Low applications,
Interpolation: ; L
simple resizing
Simple neural
. . . networks,
No Scaling: Maximum Very High memorization
tasks

Artificial Neural Network Models

Neural network models are composed of cells that contain
the activation function, which determines the transition to the
subsequent layer based on the incoming data. Additionally, they
comprise parameters that form the connections between layers. A
basic neural network model can be represented by a structure similar
to that depicted in Figure 1. The data stored in the inter-layer
connections defines the network defined in training. Since the
communication channels between the layers hold the multiplier
weights for the data, it is these channels that define the information
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in the network. These intercellular connections are therefore defined
as parameters and carry the information in the model. When the
model is saved, the weights of the model trained with the model
architecture are also saved and stored in the file.

Xy

Ou‘tpu‘t

xa—{)

Figure 1: Basic Neural Network Model

The concept of layers is of vital importance in the context of
neural networks. The most salient distinction between deep and basic
neural networks is the presence of a considerable number of hidden
layers. As the number of layers increases, so do the issues
encountered during learning and the requirement for larger memory
capacities. This has highlighted the necessity of employing distinct
functional methods between layers. These requirements include
methods such as reducing the data size, transferring the features
without losing them, and normalization operations to transfer the
data to the networks more accurately through the activation
functions of the networks. In terms of advancement in activation
functions, Vaca-Rubio et al. (2024) developed an alternative
network named as Kolmogorov-Arnold Networks (KANS), wherein
activation functions are adaptively defined within the network.
Concurrently, these networks employ linear weights through the
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replacement of such weights with univariate parametric spline
functions.

As the data size increases in Artificial Neural Network
architectures, the processing power required to train the information
in the network also increases. At the same time, the feature extraction
required for data processing is of particular importance. Especially
in artificial neural networks containing images, layers containing
convolution operations are used. In this way, the patterns in the
image are revealed and fed to the neural network. Neural networks
that perform these operations are called CNNs (Convolutional
Neural Networks). CNNs are a popular neural network structure that
combines convolutional filtering with neural networks. They are
frequently used for object detection and classification, especially in
2D images.

In CNN models, a new two-dimensional image is obtained
by applying convolution to each block in the image. In our study, the
convolution block size is defined as a matrix of [3,3]. If we need to
apply convolution to continuous data we need to define a continuous
convolution process, we can define it as given in Equation 1.

Fr® = f@t-odr (Eq. 1)

The equation defined here describes the result of the
convolution of an incoming time-dependent function g with the filter
f. The combination of these operations applied at each dt time
defines the convolution. However, since images are two-
dimensional, our function Im(x,y) and our convolution filter will be
two-dimensional. Also, since images are pixel-based matrices, our
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convolution process will be a discrete convolution process. In this
case, our equation can be defined as Equation-2 (Olga et al., 2016).

imax
jmax
Conv2D(x,y) = D FaDmx=iy=) (g p
J=Jmin
i=lmin

In Equation 2 we describe the convolution result of a two-
dimensional filter of dimensions [i,j] applied to a two-dimensional
image when applied to an image of dimensions [x,y]. Since our data
are two-dimensional pixel-based images, the results are obtained and
processed by discrete convolution.

Since the memory size required to hold the parameters
increases after convolution, resolution reduction is usually applied
to reduce the number of parameters in the network. The most
commonly used resolution reduction process in CNN networks is
Max-Pooling. Other resolution reduction methods have been
incorporated instead of Max-Pooling layer and models are built
using this new layer replacement. Figure 2 depicts the layers and
methods utilized in the CNN architectures in the study. It is also used
as valid for the other resolution reduction methods mentioned in this
network.
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COMVOLUTIONAL NEURAL NETWORK
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Figure 2: CNN model architectures used for comparison.

When we need to define the CNN model shown in Figure 2
in Python language, we can define it using more than one method. In
this study, neural network operations were defined using the
Tensorflow Keras library. Since we use custom defined functions in
this study, we can define our code as in Figure 3 by creating a model
class.

class MyModel(keras.Model):

def _ init_ (self, num_classes=10):
super(MyModel, self)._ init_ ()
self.convl = layers.Conv2D(32, (3, 3), activation='relu', name='convl')
self.maxPooll = layers.MaxPooling2D((2, 2), name='maxpooll')
self.conv2 = layers.Conv2D(64, (3, 3), activation='relu', name='conv2')
self.maxPool2 = layers.MaxPooling2D((2, 2), name='maxpool2')
self.conv3 = layers.Conv2D(64, (3, 3), activation='relu', name='conv3')
self.flatten = layers.Flatten(name='flatten')
self.densel = layers.Dense(64, activation='relu', name='densel')
self.dense2 = layers.Dense(num_classes, name='densel')

Figure 3: Class and layer definitions that determine the CNN
architecture.

In order to call our own functions in our class, we will need
to define the following definition with the name call method in the
class as shown in Figure 4. Here we can run the special or general
methods we want in the layers by associating the input and output
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data. The element to consider here is to determine the layer
operations in the call method according to the architectural layers
defined in the __init__ method in the class definition.

def call(self, input_tensor, training=False):
a=tf.nn.relu(self.convl(input_tensor))
#b=self.maxPooll(a)
b=resDown2(a)
#b=cv2.pyrDown(a)
c=tf.nn.relu(self.conv2(b))
#d=self.maxPool2(c)
d = resDown2(c)
e=tf.nn.relu(self.conv3(d))
f=self.flatten(e)

x=tf.nn.relu(self.densel(f))
return self.dense2(x)

Figure 4: Methods called and arguments passed according to the
defined architecture.

Since the training data in the models are kept in the
connections between cells, these connections determine how much
memory we will need. For this reason, the memory requirements of
the models are directly proportional to the number of these
connections, which is, the number of parameters. We can add the
necessary code for parameter counting as a method to our class as
shown in Figure 5.

def count_params(self):
self.build((None, 32, 32, 3)) # Adjust input shape as needed
trainable_count = sum([tf.keras.backend.count_params(w) for w in self.trainable_ weights])
non_trainable_count = sum([tf.keras.backend.count_params(w) for w in self.non_trainable_weights])
return trainable_count + non_trainable_count

Figure 5: Method definition used in MyModel class for parameter
counting.

In order to calculate the number of parameters, we need to
build and compile our model. The self.build code in Figure 5 will be
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enough for us to build the model, as we can do the build process
outside the model and call it after the compile process.

The resDown2 method, which we define specially in the
class, refers to a function that we define as a custom method. We can
define this method in the class or we can define it as a function before
the class definiton. Since our codes will be run on the graphical
processing unit, it should be noted that our data should be defined
and used as tensor. The custom function defined in Tensorflow is
shown in Figure 6.

@tf.function
def resDown2(input_tensor):
H, W = input_tensor.get_shape()[1], input_tensor.get_shape()[2]
return tf.image.resize(input_tensor, [int(H / 2), int(W / 2)], preserve_aspect_ratio=True, method='nearest')

Figure 6: Function definition to be used in the custom layer.

The content of the function traced on Figure 6 is compiled to
create a callable Tensorflow graph (Tensorflow, 2018). In this way,
a callable polymorphic function is created. Apart from tf.function,
tf.lambda function, customized @component definitions and
customized layers can be used. The class we created in this study is
an example of customized layers. As seen in Figure 6, when we write
our own class, we can define and use our own method as a tensorflow
function. However, it should be noted here that since operations are
performed using tensors, we should pay attention to tensor
transformations in our in-function definitions.

Other important definitions used in CNNs are activation
function and optimizer. ReLu activation function given in Equation
3 is used in the layers of CNN models for the study.
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ro={ 2, 0w (Eq. 3)

In the definition of activation functions, as the number of
hidden layers increases in multilayer architectures, it is seen that the
artificial neural network cannot reflect the errors in training to the
change of weights very well. This problem is called the vanishing
gradient problem. Vanishing gradients means that while updating the
weights in the model, the values that should be updated towards the
input layers approach zero or become zero, that is, changes in the
weights towards the input layers cannot be made and therefore the
training cannot progress as desired. To overcome this problem,
different activation functions such as Leaky ReLu are used instead of
the ReLu function. In the Leaky ReLu function, a positive number
such as 0.01x, which is greater than zero but relatively small, is
added instead of O if x is less than or equal to zero in Equation 3. The
data x in the equation here represents the input variable to the neuron.

Another important feature in our network is the choice of
optimizer, which is an important feature for training. Adam
optimization is used in all models in our study (Kingma & Ba, 2014).
Adam optimization is defined as a stochastic gradient descent
method based on adaptive estimation of first-order and second-order
moments. As noted by Kingma et al., its computational efficiency
with low memory requirements makes it worthwhile to choose this
method, while its invariance to diagonal rescaling of the gradients is
advantageous in terms of parameters.

The high number of parameters in the architecture defined in
artificial neural networks increases the memory requirement as well

as the number of operations to be performed. Since the same
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operation needs to be applied to the data repeatedly, processing on
the graphics card (GPU) provides much more advantages than
processing on the processor (CPU). For this reason, especially in
new neural network architectures, high GPU and RAM requirements
can be seen. In GPU architecture, a single instruction set can be
applied to multiple data stored in the graphics card memory. In this
way, neural network training provides relatively higher speed
compared to CPUs. Although there are different options to run the
code on different graphics cards, most used way for trainining is
performed on graphics cards with the CUDA architecture. As for the
CUDA architecture, the video card driver must be compatible with
the Python and libraries used in the versions of the CUDA library
required to run the CUDA cores. Version compatibility is an
important factor especially if you are going to run the code on your
own hardware. Therefore, it is best to review Tensorflow's CUDA
compatibility list and make installations accordingly (Tensorflow,
2018).

RESULTS & DISCUSSIONS

This section presents and discusses the results of a
comparative study on various resolution reduction methods in
convolutional neural networks (CNNSs). The primary objective is to
evaluate the impact of max-pooling, nearest neighbor downscaling,
Gaussian downscaling (pyramid downsampling), and the absence of
downscaling on CNN accuracy and efficiency. By conducting a
systematic examination of these methods on the CIFAR10 dataset
and corresponding network architecture models, we aim to identify
the strengths and weaknesses of each approach. The results are
discussed in detail, highlighting key findings, statistical significance,
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and practical implications. Additionally, we provide insights into
how these methods influence the learning process, timings, and
memory requirements for CNNSs, offering an in-depth analysis for
generalized usage.

As a dataset, CIFAR10 is used in the study. The CIFAR-10
dataset is a widely used benchmark in the field of machine learning
and computer vision. The dataset was released in 2009 and is a
labeled subset of the 80 million tiny images dataset (Krizhevsky &
Hinton, 2009). CIFAR-10 consists of 60,000 32x32 color images in
10 different classes, with 6,000 images per class. The dataset is
divided into 50,000 training images and 10,000 testing images. Each
class represents common objects, such as airplanes, automobiles,
birds, cats, and dogs, making it an excellent dataset for image
classification tasks.

The CIFAR-10 dataset has been used in academic research
to assess the performance of various machine learning and deep
learning algorithms. It serves as a standard dataset for evaluating the
efficacy of new architectures and techniques in image recognition.
Significant works include "Deep Residual Learning for Image
Recognition” by Kaiming He et al., which introduced ResNet, a deep
residual network architecture that achieved state-of-the-art results on
CIFAR-10 (He et al., 2016). Another notable paper is "Wide
Residual Networks" by Sergey Zagoruyko and Nikos Komodakis in
2016, which proposed modifications to the ResNet architecture,
resulting in a wider network that performed better on CIFAR-10
without a significant increase in computational complexity
(Zagoruyko& Komodakis, 2016). Another one would be the paper
"DenseNet: Densely Connected Convolutional Networks" by Gao
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Huang et al. (2017), presented DenseNet, a new architecture that
connects each layer to every other layer in a feed-forward fashion,
significantly improving parameter efficiency and performance on
CIFAR-10. These papers have contributed significantly to advancing
the field of deep learning by providing benchmarks and
improvements in network design.

With given architecture in Metodology section and using
CIFARL10 dataset four similar model is created with only difference
is resolution reduction methods. So that comparative analysis can be
done in an objective manner. Analysis results and observations are
discussed in this section. For more generalized results Google Colab
environment is used to determine timings (Bisong, 2019). Codes are
also tested in local offline computer in regards to ensure coherence
of results in different environments.

Visual Impact of Decreasing Resolution in Digital Images

In Figure 7, Gaussian pyramid resolution reduction and
Nearest Interpolation resolution reduction methods are applied on
the original Lenna image with a resolution of 1280x720 along with
the Max-Pooling method. The aim here is to provide a better
understanding of the differences between different resolution
reduction methods and the Max-Pooling method. In this way, it is
aimed to reduce the loss of time and resources by better examining
the performance of different methods in CNN networks and to gain
higher achievements with the right methods. In the rest of the study,
since there are two resolution reduction layers in the CNN
architecture, by calling it Stage-2 it can be better observed how the
resolution reduction on the image is affected when the resolution

reduction operations in the study are continued as Stage-3 and Stage-
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4. In this subsection, instead of the CIFAR10 images, the Lenna
image is used to observe the effects of downsampling methods
visually.

Figure 7: Stage-2 resolution reduction at 320x180 pixel size.

The effects of Stage-3 and Stage-4 resolution reduction were
also examined by applying the same methods again on the images
obtained from Stage-2. Especially in Figure 8, the Max-Pooling
process was repeated in the 3rd stage of resolution reduction and the
resolutions were obtained in size of 160x90. Here, the effects of the
processes on the image and the differences between the methods in
terms of results started to become more understandable. As the most
prominent features, it is seen that the Gaussian method gives us a
softer (smoother) image when looking at the edges, while the
Nearest Interpolation method gives the sharpest image. At this point,
the Max-Pooling method presents a similar image between the other
two methods, but the difference in the eye area can be seen compared

to the other methods. In order to understand the differences between
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the methods, a resolution reduction was performed again as Stage-4
operation.

Figure 8: Stage-3 resolution reduction at 160x90 pixel size.

As a result of the resolution reduction process applied in
Stage-4 shown in Figure 9, the images become 80x45 pixels in size.
At this size, the success of the methods in preserving visual features
can be seen more clearly. While the loss rates of edge information
are high in all three algorithms, the Nearest Interpolation method has
the hardest transitions. It can be seen that the Max-Pooling method
loses its advantage in this level of reduction and has difficulty in
providing many feature distinctions such as brightness and
transitions according to human perception.



Figure 9: Stage-4 resolution reduction at 80x45 pixel size.

Comparison of Training Results

The CNN architecture in the models used for training
consists of three convolution layers, with 2 layers of maxpooling2D
in between, replaced by Nearest Neighbor and Gaussian
downscaling, respectively. After that, there is a dense layer that
forms after flatten operation (the fully connected layer) and another
dense layer for 10 outputs that determines the output layer. The
results obtained by applying convolution without any resolution
reduction after that are also analyzed. In this way, the effect of
different resolution reduction approaches on the network
performance was observed. The summary of the network model
architecture that uses max-pooling (Model-2) is given in Table 2.
Summary consists layer information with output dimensions and
their parameter count in the network. Model is fed with 32x32 pixel
images from the CIFAR10 dataset.



Table 2: Sequential Model Layers and Parameters for Max-
Pooling (Summary)

Layer (type) Output Shape Parameter Count
Conv2D (None, 30, 30, 32) 896
MaxPooling2D (None, 15, 15, 32) 0
Conv2D (None, 13, 13, 64) 18496
MaxPooling2D (None, 6, 6, 64) 0
Conv2D (None, 4, 4, 64) 36928
Flatten (None, 1024) 0
Dense (None, 64) 65600
Dense (None, 10) 650
Total params: 122,570

According to the model training results given in Figure 10, it
is seen that the model trained without any resolution reduction
(Model-3) is the model with the lowest loss rate of 0.2 at epoch 6,
showing a successful and fast training. In the Max-Pooling method,
the same value (loss rate of 0.2) was reached at epoch 33, while the
other resolution reduction methods (Nearest Neighbor and Gaussian)
reached these values at epoch 25. If we look at the timings, the effect
of resolution reduction does not seem to make much sense when we
look at the size/time tradeoff. Especially when we examine the
timings, it seems logical not to use the resolution reducing method
for the training, which lasts between 10-11 seconds. This method
only has downside in terms of memory limits. In this case, reducing
the batch_size size appears as another solution. Increasing the
striding window in the convolution is also another way to introduce
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reduction. However, according to the results data loss inversely
effect performance and timing.

model loss

1.6 7 —— loss nearest
loss maxpool
1.4 4 —— loss None

—— loss gaussian

0.2 4

0.0

0 5 10 15 20 25 30 35 40
epoch

Figure 10: Train results in terms of model losses for resolution
reduction methods.

When we look at Max-Pooling as a method to reduce
resolution, we see that it is about 8 epochs behind the other loss
reduction approaches. Of course, while the simplicity of the
operation is an advantage for Max-Pooling, the time taken by the
filtering process should also be taken into account. In the
comparisons using Google colab T4 GPU, it was observed that the
training using the Nearest Neighbor method took 8 seconds per
epoch, while Max-Pooling took the same amount of time. One epoch
training time, which was around 10-11 seconds without resolution
reduction, was around 16-17 seconds with the Gaussian resolution
reduction method. Considering these results, it is seen that it is more
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advantageous not to reduce the resolution. However, if it is necessary
to reduce the resolution, it is more advantageous to reduce the
resolution by using the Nearest Neighbor interpolation process in
terms of both training time and performance.

4.3. Analysis of Accuracy Results

When we examine the accuracy results, the performance
differences can be seen in Figure 11. In particular, the fastest and
highest performance is achieved with only convolution layers in the
original image. In terms of performance, resolution reduction
methods have relative performance compared to Max-Pooling.
However, when the training times are analyzed, the Nearest
Interpolation method turns out to be more advantageous. It should
be noted that while resolution reduction shows similar performance
in the first five epochs, there is a certain difference in terms of
performance as training time increases. At this point, it would be
more logical to use nearest interpolation instead of Max-Pooling,
especially for large data sets and complex problems.
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Figure 11: Resolution reduction methods Accuracy graph.

Training Time Analysis

On Table 3, the differences between reducing the resolution
in the intermediate layers on the image with different methods and
without any resolution reduction process (Model 3) are analyzed. In
terms of timing, it can be seen that the resolution reduction with
Nearest Interpolation process gives the biggest time advantage with
a time of 8.38 seconds per epoch in terms of shortening the training
time the most. On the other hand, it is noteworthy that the model that
provides the fastest convergence in training is created only with the
convolution layers of the original images and the neural network
layers without downsampling layers. In particular, it is one of the
biggest factors that it reaches a loss of 0.2 within 6 epochs and
achieves the highest training accuracy compared to the others.
Another noteworthy element in the table is that the Gaussian-based
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resolution reduction method requires almost twice the training time
compared to Model-1. The complexity of the downscaling method

used and its performance on the GPU is an important factor affecting
the training time.

Table 3: Training time and performance comparison of models.

Model-1 Model-2 Model-3 Model-4
Total Epoch (50) Nearest Max No Gaussian
Pooling | Downscale | Downscale

Elapsed Time for | 41876 | 44532 | 565.07 838.48
Fit (sec)
Epoch Avg. (sec) 8.38 8.91 11.30 16.77
Loss 0.2 (Epochs) 25 33 6 25
Loss 0.2 Epoch Time | 559 35 | 593,91 67.81 419.24
(seconds)
Train Acc. 0.9633 0.9587 0.9914 0.9672
Test Acc. 0.6269 0.6764 0.6251 0.6807

Although the Epoch amounts seen in Table 3, which are used
to determine the time to reach the amount of loss set for comparison,
vary from training to training, it is observed that there is a maximum
difference between 1-3 epochs in the tests performed.

Parameters and Memory Requirements

In particular, the timing and performance values in Table 3
show the effects of resolution reduction in convolutional neural
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network models. Although the tests show the effect of no resolution
reduction on performance, hardware constraints often require the use
of methods such as data reduction and batch_size reduction in order
for the models to run in lower memory. Although the model structure
is generally the same, there is a layer difference between reducing
the resolution or applying convolution over the original resolution.
For this reason, if we examine the memory requirements of the
models, as seen in Table 4, except for Model-3, which does not apply
any resolution reduction process, the other three models have the
same number of parameters since there is only a difference in the
method applied, so the memory requirements of these three networks
are the same number.

For Model 3, the reason why the network requires more
parameters and hence more memory is that there are more pixels due
to the fact that the total resolution is not reduced and as a result, more
connections are needed between neurons. The memory requirement
is calculated by keeping the values in 4-byte variables in float32
format as standard. It should be noted that memory requirement is
not directly linked with processing needs as there are clearly
differences between memory requirements in Table 4 and process
timings in Table 3.
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Table 4. Comparison of Parameter Numbers and Memory
Requirements of Models

Model-1: Model-2: Model-3: Model-4:
Nearest Max None Gaussian
Neighbor | Pooling 2D | No Downscale | Downscale

Parameter

122570 122570 2825930 122570
Count

Required 490280 490280 11303720 490280
Memory (byte)

The comparison Table 4 shows the parameter counts and
memory requirements for four distinct models that employ disparate
downscaling methodologies. The first model, which employs nearest
interpolation, has a parameter count of 122,570 and a memory
requirement of 490,280 bytes. Similarly, Model 2, which employs
Max Pooling 2D, also has 122,570 parameters and requires 490,280
bytes of memory. In contrast, Model-3, which does not apply any
downscaling method, has a significantly higher parameter count of
2,825,930 and a corresponding memory requirement of 11,303,720
bytes. Finally, Model 4, which employs Gaussian downscale,
exhibits the same parameter count and memory requirement as
Models 1 and 2, with 122,570 parameters and 490,280 bytes of
memory. This table demonstrates that while Model-3 (without
downscaling) significantly increases both the parameter count and
memory requirement, the other three models (Nearest Interpolation,
Max Pooling 2D, and Gaussian Downscale) maintain the same lower
levels of parameters and memory usage.
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CONCLUSION

While there are discrepancies in terms of resolution
downscaling, the impact of the methodologies on performance is
largely analogous, with the exception of the training time
necessitated by Gaussian-based resolution downscaling. Despite
requiring more memory, the most pronounced distinction is
observed in the network achieved through Model-3, which does not
employ any downscaling layer. Given that both the time required to
attain the targeted performance and the training performance should
be the primary determinants of preference, it is evident that further
investigation is necessary.

The small size of the 32x32x3 images in the dataset is another
factor that should be considered. By examining the difference at
different resolution levels (up to 100 pixels, up to 1000 pixels, etc.)
with different data sets of complexity, it will be possible to reveal
the effects of intermediate layer resolution reduction at different
resolution sizes in a clearer manner.

The study examines the impact of resolution reduction
methods in convolutional neural network layers using training
sessions with low-resolution visual inputs. It elucidates the
discrepancies between these approaches and demonstrates how
resolution layers should be utilized in model formation, with the
objective of aligning with the specific criteria of the applications. It
is evident that each layer, designated as feature formation, must be
meticulously examined to ensure that the system does not introduce
any form of data discrimination due to data loss.
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In future studies, it is planned to investigate the effect of
input resolution dimensions in the intermediate layers and the
structural and consequential effects of the changes of different layer
operations on the networks. Investigating boundary detections and
the effect of latent space layers, which can be defined as the space of
feature vectors, will also be an important resource for designing new
network models.
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BOLUM 1V

The Assesment of The Risk of Fire at Woodworking
Plants Via Fmea-Gra Approaches

Neylan KAYA!

Introduction

The flames that originate from a specific source and
distribute by itself with no help are called fire (Giivel & Giivel,
2002). The risk of fire at woodworking enterprises is high. The
burning rate of the raw materials and auxiliary materials that are used
at plants is high. Therefore, it is quite important for the safety
management of enterprises to assess the risks and to set a risk
assessment matrix.

It is hard to assess the risks for fire safety at woodworking
enterprises. The risks in this study were determined by risk experts.
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10 risk experts assessed the 14 risks about fire which were
encountered at woodworking plants.

In order to measure the priority numbers (RPN) of fire risks,
FMEA was utilized. Since the probability, seriousness and
determinability rate of risk depend on expert knowledge on account
of RPN in FMEA, these data display subjectivities. To overcome
those deficiencies of FMEA, the risk factors were solved via Grey
Relational Analysis through setting up two different models which
were determined by expert opinions. The fact that Grey Relational
Analysis provides a safer and more flexible way, helps the sector
develop strategies towards the future, ranks the risk, which is
uncertain through risk priority numbers, and the fact that the
enterprises take safety precautions against unacceptable risks are the
contribution of the method that was utilized to the study.

When the studies which have been carried out via FMEA
method recently are investigated, Li and Chen (2019) presented a
new FMEA (GPRM) which integrates fuzzy and grey method to the
conventional risk priority point calculations. They used GPRM to
overcome the limitations in conventional FMEA and to make a wider
assessment by integrating the criteria to the weights. Nie et. al.
(2019) suggested Bayesian Fuzzy Assessment Number (BFAN) to
get a further explanation to the various opinions of the experts and a
new FMEA method by using extended grey relational analysis
method like TOPSIS method.

Lastly, they utilized the extended GRA-TOPSIS method to
give priorities to failure modes. In order to confirm the effectiveness
of the suggested approach and to display the advantages against the
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current FMEA methods, they presented a simulation study. Wang et.
al. (2018) proposed an enhanced FMEA approach which depends on
Dempster-Shafer Theory (DST) and TOPSIS in order to increase the
efficiency of the conventional FMEA. They applied the new
approach to a real-world problem, made comparisons and found out
that the suggested method was more applicable.

Wang et. al. (2018) proposed a new risk-based FMEA with
HoR based rough VIKOR. In order to manipulate the subjectivity
and fuzziness, they used rough numbers. They displayed the
efficiency and practicality of the suggested model by application the
model to the transmission system of vertical processing center.
Baynal et. al. (2018) determined the priorities of automotive
production failures via GRA approach and minimized them via
FMEA. The results showed that production process was improved
with the help of the suggested method. Ayaz and Testik (2018)
provided FMEA automatization for the computer users who utilize
log data through grey relational analysis. They utilized grey
relational analysis to automatize the process and to overcome the
subjectivity.

Hu et. al. (2018) presented a new approach that can overcome
the disadvantages of FMEA method. Considering the fuzziness in
the assessments in the failure modes in FMEA, they proposed two-
dimensional fuzzy linguistic variables in order to define the
reliability of the assessment result. They applied GRA-TOPSIS in
order to determine the risk rankings of specified failure modes. Liu
(2017) proposed a FMEA approach which integrates PROMETHEE
with the cloud model in order to deal with the fuzziness and
randomness. They displayed the efficiency of the model by applying
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the proposed approach in the risk analysis of health services. Zhao
et. al. (2017) applied interval valued intuitionistic fuzzy (IVIF)
entropy in order to weigh the risk factors and proposed FMEA-IVIF-
MULTIMOORA approach by utilizing IVIF-MULTIMOORA
method to determine the risk priority rank of failure modes.
Alinezhad et. al. (2017) aimed to investigate the most significant
risks in new product developing. For this aim, the risks were
prioritized via COPRAS-G method.

It is aimed in this study to overcome the deficiencies on the
subject in national literature. In this study, the grey modelling of
failure mode and effect analysis which was developed by Chang et.al
in 2001 was utilized in the prioritization of fire risks at woodworking
plants.

2. Method

In this study, the valuation analysis report items of insurance
companies and the potential risk modes which woodworking
enterprises face were determined in accordance with the views of 10
fire experts. The experts graded each failure mode’s probability,
criticalness and determinability according to the scale on Table 1.
The average points that 10 experts determined for each mode were
calculated.

The grey modelling of failure mode and effect analysis
approach which was developed by Chang et. al in 2001 was utilized
in the prioritization of fire risks at woodworking plants. In the final
phase, the results of the failure mode and effect analysis and two
grey models were compared.
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2.1. Failure Mode and Effect Analysis

Failure mode and effect analysis (FMEA) is a proactive
method which prevents risks, failures and faults which may occur in
the system, production and enterprise. It is used as a planning
instrument in developing the processes and services.

FMEA depends on three factors: the probability of the risk
(O), the criticalness of the risk (S) and the risk of not being
determinable (D). Risk priority number is calculated by multiplying
the probability, criticalness and determinability of the risk. With this
number used as risk priority number (RPN), the risks are ranked. The
level of the probability, criticalness and determinability of the risk is
graded by using a 10-point scale. The case that the point is high
shows that the effects of parameters in the system are undesirable in
the system. In order to solve the problems in the system, the risk
modes which have the highest RPN are needed to be focused on
(Zhang and Chu, 2011).

The scale on which each risk mode was assessed according
to three risk factors is on Table 1.

Table 1. Qualitative Assessment Scale for FMEA

Probability Score | Definition

Almost no 1 There is no certain probability
Little 2 Rare failure

Weak 3 Very few failures

Low 4 A few failures

Mid low 5 Occasional failures
Middle 6 Medium range failure

Mid high 7 Medium range high failure
High 8 High failure

Very high 9 Very high failure

Almost certain | 10 | Almost certain failure

--102--



Different O, S, D combinations may give the same RPN
value however the case that the risk modes which have the same
RPN correspond to the different risk factors and do not take the
indirect relations between the factors into account is one of the
deficiencies of the method (Khasha et.al., 2013). It was aimed in the
literature to review the deficiencies of failure mode and effect
analysis through fuzzy or grey theory approaches and overcome
them. In this study, the prioritization of fire risks at wood working
enterprises with the help of grey FMEA modelling which Chang et.
al. developed in 2001.

2.2. Failure Mode and Effect - Grey Relational Analysis

Grey system theory was developed by Deng Julong in 1982
in order to solve the problems in which fewer data is available and
sampling distribution is unknown (Deng, 1982). The systems in
which there is fuzziness or a lack of knowledge on system structure,
system limitations, system behavior and parameters are called grey
systems. Human body, agriculture and finance may be listed as
examples of grey systems (Deng, 1989).

The purpose of grey system theory is to propose theory,
technique, notions and ideas in order to solve fuzziness problems
with deficient or incomplete knowledge. The basic content of grey
system theory consists of grey relational analysis, grey forecasting,
grey modelling, grey decision making, grey theory, grey
mathematics and grey control (Deng, 1989).

Chang et. al. put forward in their study titled failure mode
effects analysis using grey theory in 2001 that since the risk factors
provide the characteristics of grey system theory which enables to
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analyze the relationship between the current, expandable, countable,
independent intermittent quantitative and qualitative series, it is
possible to apply grey theory to FMEA.

The aim of grey relational analysis is to determine the rate of
the relationship between each factor and the factor which is taken as
a reference for comparison. The grade of effect between the factors
is called grey relational grade and the function which defines grey
relational grade is supposed to provide normality, dual symmetry,
wholeness and approachability axioms (Yildirim, 2018).

The steps of grey relational analysis in the failure mode and
effect analysis may be listed as below (Chang et. al., 2001).

Step 1. Comparative series are determined.
X =(X/(D),x/(2),.X[(K)) eX i=1,2,...,m (1)

X; (k) shows the k factor of X; . If n knowledge series is
comparable, X matrix is defined as below.

.
Lo K@ X

=] : @)
) Xn(l) Xn(]-) Xn(l)

X,

Step 2. Reference series are determined.

In failure mode and effect analysis, small point means small
risk. Thus, reference series are ranked by taking the smallest values
of all risk factors.
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Reference series are defined as
XO = {Xo(l),XO(Z), rXO(k)} = {1!1! ll} (3)

Step 3. Fuzzy relationship grade is determined by finding the
difference between comparative series and reference series.

Step 4. Grey relationship coefficient is calculated.

Y (X, (), X;(k)) = 2min*timax. )

Agj(kK)+{Amax
Here j=1,2,...,m and k=1,2,....,n
Xo(k): reference series
X;(k): comparative series
Amin = minVj € i minV k||X, (k) — X; (k)| (5)
Apmax = maxVj € i maxVv k|| Xy (k) — Xj(k)” (6)
is a determinative coefficient between ¢€(0,1). The studies express
that ¢ value does not affect the ranking which will be formed after
grey relational grade. In order to decrease the effect of the maximum
value to the relationship coefficient, {=0,5 is accepted (Sofyalioglu,
2011; Kurt, 2008; Kuo et.al., 2008; Wu, 2007).

Step 5. Grey relational grade is determined.
The degree of how comparative series is similar to reference series
is defined as grey relational degree (Ustiinisik, 2007)

TKo, X0) = = Temr ¥ (Xo (k), X; (K)) ()
On the condition that there are weigh values of the priority grades of

criteria, grey relational grade can be found by multiplying the weigh
value of the criterion and the grey relational coefficient.
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TKo X0 = = Tiem1 ¥ (Xo(k), X; (K)) * Wi (k) (8)
Step 6. Risk priorities are ranked.
In a decision making problem, the best decision alternative is the one
which has the highest grey relational degree (Sofyalioglu, 2011; Kuo
et. al., 2008; Wu, 2002). The higher the relational grade is, the lower
the effect of the failure source is.

3. Findings

10 fire risk experts graded each failure mode’s probability,
criticalness and determinability according to the scale on Table 1.
The average points that 10 experts determined for each mode were

calculated. The results obtained by assessing the fire risks in
woodworking business via FMEA are displayed on Table 2.

Table 2. The Results of Failure Mode and Effect Analysis

Application
Risk Potential Risk Mode o|Db|s |ren | RAK
No No
1 Wood shavings left for piling up 8| 8| 8| 512 5
2 Storing combustible mate_rlal closg to the heat 616!l 5| 180 13
sources of the plant (shaving burning stove)
3 Uncontrolled smoking 7196 | 378 8
4 Impro_per using or storing inflammable 5095 | 225 12
materials during painting process
5 Disrepair of electrical installation 7195 315 10
6 Uncontrolled storage of wastes (fiber etc.) 716 | 8] 336 9
7 Disorganizations seen in general storage 31914 108 14
8 Problems caused by heating installation 6 | 6 | 8 | 288 11
Risks arising from the structural characteristics
9 of the enterprise building such as building | 7 | 7 | 8 | 392 7
style, building date, construction materials
10 Insufficient number of fire extinguishers 8 1 9 [10]| 648 4
11 | Lack of a lightning rod installation 6 | 9] 9 | 486 6
12 | The location or the lack of fire-escape stairs 8 |10 9 | 720 3
13 Staft’s lack of fire training. 919 119|729 2
14 | The lack of fire/safety team 9 10| 9 | 810 1
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The information series matrix about the risk factor points on Table
2 is displayed on (9).

[ X1 (1)
X>(1)
X3(1)
X,(1)
X5(1)
X6 (1)
X7(1)
Xg(1)
X9(1)
X10(1)
X11(1)
X12(1)
X13(1)

[ X14(1)

[ 4o1(1)
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The differences matrix is on (10).
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Grey relational coefficients are calculated with the help of
differences matrix values and decisiveness coefficient. Grey
relational coefficients calculated by using 4,,in = 2, 4jmax = 9 and
¢=0,5 values are displayed on (11).

'501(1) ;01(? 1’;01(3) 1 10,545455 0,545455 05454551
02(1) Y02(2) Yo2(3) |10 666667 0,666667 0,750000
Yos(1) Yo3(2) Yo3(3) [10,600000 0,500000 0,666667
Yo.(1) Y0u(2) Y04(3) |]0,750000 0,500000 0,750000
Yos(1) Yos5(2) Yo5(3) | ]0,600000 0,500000 0,750000
Yos(1) Y06(2) Y56(3) | 0,600000 0,666667 0,545455
Yo, (1) Yy (2) Yy, (3) | [1,000000 0,500000 0,857145 (11)
Yos(1) Yos(2) Yoe(3) |10,666667 0,666667 0,545455
Yoo(1) Yyo(2) Yio(3) | 0,600000 0,600000 0,545455
Yor0(1) Yo10(2) Yo10(3)| [0,545455 0,500000 0,461538
Tou) Tou@ Tou@)| e e 0300000
Yo' (D) Y, (2) Yoi,(3)| [0 : )
rﬂii&% Yzizg },228 0,500000 0,500000 0,500000
| 461 k |
() To(2) Yori(3y) 10:500000 0461538 0,500000

Two grey models were set. In the first model, risk factors
were accepted as equally weighted and the grey relational degree of
each risk was calculated as on the equation (7). In the second model,
fire risk experts of insurance firm weighted the priority levels of risk
factors. The weight coefficients were determined as W,=0.3, Wp, =
0.3, Ws = 0.4 according to this. With the help of the equation (8),
grey relational grade on the condition that risk factors had different
weights was recalculated. The failure mode and effect analysis of the
potential risks which enterprises in woodworking business may
encounter, equally weighted risk factor models, different weighted
risk factors model and priority ranking were displayed on Table 3.

--108--



Table 3. The comparison of FMEA, Equally weighted Grey and
Different Weighted Grey Models

Risk Factors Risk Factors

Risk | Rank | HMEA | Rank Equally Rank | Different

No No RPN No Weighted No Weighted

Grey RPN Grey RPN
1 5 512 5 0,546 5 0,545
2 13 180 13 0,694 13 0,700
3 8 378 8 0,589 8 0,597
4 12 225 12 0,667 12 0,675
5 10 315 10 0,617 11 0,63
6 9 336 9 0,604 9 0,598
7 14 108 14 0,786 14 0,793
8 11 288 11 0,626 10 0,618
9 7 392 7 0,582 7 0,578
10 4 648 3 0,502 2 0,498
11 6 486 6 0,556 6 0,550
12 3 720 4 0,502 4 0,502
13 2 729 2 0,500 3 0,500
14 1 810 1 0,487 1 0,489

When Table 3 is viewed, the risks of wood shavings left for
piling up, storing combustible material close to the heat sources of
the plant (shaving burning stove), uncontrolled smoking, improper
using or storing inflammable materials during painting process,
uncontrolled storage of wastes (fiber etc.), disorganizations seen in
general storage, lack of a lightning rod installation, the lack of
fire/safety team displayed the same results for three applications.
However, there were slight differences in the ranking of risks of
disrepair of electrical installation, problems caused by heating
installation, insufficient number of fire extinguishers, staff’s lack of
fire training. It was found out that the highest risks for the enterprises

in  woodworking business were insufficient number of fire
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extinguishers, lack of a lightning rod installation, the location or the
lack of fire-escape stairs, staff’s lack of fire training and the lack of
fire/safety team risks which were the ones about the inadequacy of
fire precautions of the enterprises. Disorganization seen in general
storage had the lowest risk.

4. Conclusion

There are numerous risks and risky areas which may cause a
fire at woodworking plants. It is aimed in this study to prioritize the
fire risks at woodworking enterprises. Failure mode and effect
analysis and grey theory approaches were utilized in the process of
prioritizing the risks.

In this study, 14 possible risks for woodworking plants were
determined by 10 risk experts. After all the risks subjected to this
study were assessed by the experts according to their probability,
criticalness and determinability, the findings of failure mode and
effect analysis weighted and unweighted grey relational analysis
were compared at the end of the study.

According to the results obtained, woodworking enterprises
are supposed to take primary precautions against the risks of
insufficient number of fire extinguishers, lack of a lightning rod
installation, the location or the lack of fire-escape stairs, staff’s lack
of fire training and the lack of fire/safety team risks.

In this study, the applicability of grey relational analysis
which was proposed in literature in order to overcome the
deficiencies of failure mode and effect analysis was also tried. In the
methods utilized, the case that the experts make different weighting
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changes the ranking of risk priority numbers. Therefore, the
knowledge and experience of the experts are of the essence.

Through this application on woodworking enterprises,
possible risks of fire, the effects and the priorities of these risks were
determined. The risks about fire are not supposed to be neglected.
Enterprises may review their safety management and use their
limited resources more efficiently with the help of this study.
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BOLUM V

The Future of Data Science and Statistics

Yusuf Dilbilirt, Sadi ELASAN?

Introduction

Data science and statistics have become critical disciplines,
whose importance is increasing with the rapid advancement of
technology today and causing radical changes in various industries.
These disciplines, together with the integration of innovative
technologies such as big data analytics, artificial intelligence and
machine learning, are transforming the strategic decision-making
processes of businesses, the healthcare sector, financial institutions
and governments.
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Data science can be defined as a process that aims to extract
meaningful information from large data sets. This process includes
the stages of data collection, cleaning, analysis and interpretation,
and thanks to these stages, businesses and institutions can make
more accurate and informed decisions by understanding their data.
Statistics plays a critical role in making data meaningful by
providing the scientific methods that form the basis of these
processes.

Today, data science and statistics are applied in a wide range
of areas, from marketing strategies to patient treatment, from energy
management to city planning. In-depth analyzes and insights
provided in these areas enable institutions to gain competitive
advantage and better manage societies.

In this section, we will examine the current situation in the
field of data science and statistics, future development trends,
potential societal impacts, and innovations in these fields.
Understanding the advancements of advanced technologies and
methodologies in these disciplines will allow us to discover new
opportunities and solutions in both academic and applied fields.

1. Current Situation in Data Science and Statistics

Today, it is seen that rapidly advancing technologies and
methods are used extensively. Techniques such as big data analytics,
machine learning and deep learning have an important place in data
science applications. While the use of statistical methods and data
analysis increases in the business world and scientific research,
ethical issues such as data security and privacy are also gaining more
importance. In the future, the role of data science and statistics will

-116--



expand further with artificial intelligence, industry 4.0 and digital
transformation processes, which will bring new opportunities and
challenges (Anderson, 2008; Hastie et al., 2009, Manyika et al.,
2016).

1.1 Definition and Importance of Data Science

Data science refers to the process of extracting meaningful
information from large data sets. This process is carried out using
data analysis tools and methods provided by modern technology.
The data science discipline covers the stages of data collection, data
cleaning, data analysis and finally extracting meaningful information
from the data.

During the data collection phase, large amounts of data are
collected from various sources. This data can be structured or
unstructured and comes in different formats and sources. The data
collection process is a critical step in the success of data science
projects because the analysis process cannot be carried out
successfully without creating accurate and comprehensive data sets
(Davenport and Patil, 2012).

During the data cleaning phase, the quality of the collected
data is improved and errors, omissions or inconsistencies in the data
set are eliminated. Data science practitioners generally perform
operations such as data standardization, filling in missing data
values, and handling outlier data points at this stage. This step is vital
for the reliability and accuracy of data analysis (McAfee and
Brynjolfsson, 2012).

During the data analysis phase, cleaned data sets are
examined using statistical methods, machine learning algorithms, or
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other analytical techniques. The goal at this stage is to discover
patterns, relationships, and trends in the data set. A well-structured
data analysis process enables meaningful insights to be obtained
from data and makes decision-making processes informed (Provost
and Fawcett, 2013).

The data interpretation phase is the process of extracting
meaningful and applicable information based on the results of the
analyzed data. At this stage, the information and insights necessary
for businesses to make strategic decisions and make trends and
forecasts are provided. At this stage, data science is used in many
industries such as finance, health, and marketing with the deep
analyzes and predictions it provides and transforms data-based
decision-making processes in these industries (Kitchin, 2014).

Today, the discipline of data science has a wide range of
applications, from financial analysis to patient treatment methods,
from analysis of customer behavior to product recommendations.
Businesses and institutions can gain competitive advantage, use their
resources more effectively and increase their operational efficiency
with the right data science strategies (Manyika et al., 2011).

1.2 The Role of Statistics and the Problem of Proper Use

Statistics is a critical discipline that underpins data science.
Using correct statistical methods in data collection and analysis
processes is of great importance for the reliability and
meaningfulness of the results obtained. Statistical methods are
necessary to make data meaningful and to derive statistically reliable
results.
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However, applying statistical methods accurately and
effectively is not an easy process. Errors or incorrect methods in
statistical analysis can lead to incorrect conclusions and faulty
decision-making processes. For example, an incorrect assumption or
incorrect choice of model can seriously affect the reliability of
conclusions drawn from the analyzed data.

Another important problem is that statistical analyzes are
often not done by experts. In data science projects, the data collection
and cleaning stages are usually carried out by data engineers or
analysts, while the statistical modeling and analysis steps are usually
not done by statisticians or data scientists who specialize in this field.
This can lead to incomplete or misunderstanding of statistical
information and, as a result, inaccurate analyses.

Correct understanding and correct use of statistical
information is vital for the reliability and accuracy of data science
applications. Proper selection and application of statistical methods
ensures that data analysis is based on a solid foundation and provides
reliable information in decision-making processes.

In summary, the lack or misuse of statistical information in
data science projects can negatively affect the success of the project.
Therefore, it is important to include professionals specialized in
statistics in data science teams and for these experts to take an active
role in data analysis processes. In this way, accurate and reliable
results can be obtained and data-based decision-making processes
can be made more effective.
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2. Future Trends, Technologies and Innovations
2.1 Big Data and Data Analytics

Big data analysis is the process of processing and analyzing
the complex and high-volume data sets that businesses encounter
today. These analyzes are often performed by integrating advanced
techniques such as data mining, machine learning and artificial
intelligence. Thanks to these techniques, big data analytics enables
businesses to obtain meaningful insights from their data assets
(Jordan and Mitchell, 2015).

The term big data is often used to describe data sets that are
too large, diverse, and rapidly changing to be processed by
traditional data management tools. These datasets can consist of
millions or billions of records and can be obtained from different
sources (such as sensors, social media, web traffic). Big data
analytics requires specifically designed algorithms and systems to
manage, store, process and analyze these voluminous data sets.

Data mining is one of the fundamental steps in big data
analytics and is used to discover hidden patterns, relationships, and
trends from data sets. For example, large retail companies can use
data mining techniques to understand customer purchasing habits
and optimize inventory management accordingly. Data mining
applications often include various machine learning techniques such
as pattern recognition, classification, regression analysis, and
identification of clusters (Wu et al., 2014).

Machine learning and artificial intelligence (Al) are one of
the most important components of big data analytics. These
technologies are used to detect complex patterns in large data sets
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and make accurate predictions. In particular, techniques such as deep
learning and neural networks are used to more precisely identify
hidden relationships and trends within big data. Artificial
intelligence applications play a critical role in big data analytics to
improve automated decision-making processes and enable
businesses to gain a competitive advantage.

Big data analytics is a powerful tool, especially used in
market analysis and customer behavior prediction. Thanks to big
data analysis, companies can better understand customer
preferences, trends and shopping habits. This information can be
used to optimize marketing strategies and increase customer
satisfaction.

Big data analytics has an important place in today's business
world and helps businesses gain competitive advantage. With the
integration of techniques such as data mining, machine learning and
artificial intelligence, big data analytics processes become more
effective and efficient. With the advancement of these technologies,
the importance and prevalence of big data analytics will increase in
the future (Obermeyer and Emanuel, 2016).

2.2 Artificial Intelligence and Machine Learning

Artificial intelligence (Al) and machine learning (ML) are
rapidly developing trends that have attracted great attention in the
field of data science and statistics in recent years. These technologies
play an important role, especially in areas such as discovering
complex patterns in large data sets, analyzing data and making
accurate predictions. Artificial intelligence and machine learning are
used in big data analytics processes in integration with techniques
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such as data mining, deep learning and neural networks, providing
strong support for businesses in their strategic decision-making
processes. The advancement of these technologies contributes to the
acceleration of automation and data-driven innovations and the
deepening of industrial transformation processes (Brynjolfsson and
McAfee, 2011).

Fundamentals and Applications of Machine Learning

Machine learning is a branch of artificial intelligence that
enables computer systems to learn from specific data sets. It can be
examined under two main categories: supervised and unsupervised
learning. Supervised learning focuses on predicting specific
outcomes by learning on labeled data sets. For example, it can take
certain symptoms as input to diagnose a patient and learn to associate
those symptoms with certain diseases. Unsupervised learning, on the
other hand, tries to find patterns and structures on unlabeled data
sets. This method is used to identify natural groupings and
relationships in the data set (Chui et al., 2016).

Deep Learning and Neural Networks

Deep learning is a branch of machine learning that performs
complex tasks by creating multilayered structures using artificial
neural networks (ANNS). These techniques are used to discover deep
and hidden patterns in large data sets. Especially in areas such as
image and voice recognition, deep learning models have achieved
accuracy rates that exceed human performance. Deep learning
allows the model to create more complex representations based on
data during the learning process and to perform certain tasks using
these representations. Therefore, deep learning plays an important
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role in complex data analytics and artificial intelligence applications,
especially used in discovering meaningful patterns in large data sets
and making predictions with high accuracy.

2.3 Data Visualization and Interactive Analysis

Presenting complex data sets in a clear and effective way
significantly simplifies the process of sharing and understanding the
results of data analysis. Data visualization tools enable data to be
presented with graphs, tables, and interactive displays. This helps
decision makers understand data faster and make strategic decisions.

Charts and Chart Types: Data visualization is used to
visually reveal patterns and relationships in data sets. VVarious chart
types, such as line charts, column charts, scatter plots, box plots, and
heat maps, are used to understand different aspects of the data.

Tables and Summaries: Data tables present large amounts
of data in an organized manner, enabling detailed analysis. Summary
tables visually present the basic statistical properties and summaries
of the data, allowing decision makers to quickly get an overview.

Interactive Displays: Interactive visualization tools allow
users to take a deeper look at data and analyze it from different
perspectives. Users can zoom in, filter charts, or examine different
segments of data interactively on the visualization.

Data Discovery and Recommendation Systems: Some
data visualization tools automate data discovery processes and can
make suggestions to users on discovering hidden patterns or
relationships within the data. These features make it easier for data
scientists and analysts to conduct in-depth exploration in data.
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Use in the Strategic Decision Making Process: Visualization
tools enable decision makers to quickly focus on data and make
strategic decisions. For example, it is possible to optimize marketing
strategies by visually analyzing sales trends or monitor business
processes with visualization tools to increase operational efficiency.

As a result, data visualization and interactive analysis tools
make complex data sets understandable, accelerating data analysis
processes and giving decision makers the ability to make more
robust data-driven decisions. These tools help businesses gain
competitive advantage and strengthen their data-driven strategic
management.

2.4. Artificial Intelligence and Automation

Artificial intelligence and machine learning enable a
significant transformation in the data-driven decision-making
processes of businesses and industries. Machine learning models,
which are used to make important decisions such as credit risk
assessments, especially in the financial sector, can make automatic
decisions by processing big data analysis and past performance data.

For example, when evaluating loan applications, a bank or
financial institution can make decisions such as approving or
rejecting the loan application by analyzing data such as the
applicant's financial history, credit score, and income status through
machine learning models. These processes increase the efficiency of
businesses by minimizing human errors and enabling faster
decisions, while also improving the customer experience.
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Artificial Intelligence and Strategic Decisions

Artificial intelligence stands out as an extremely powerful
tool to support the strategic decisions of businesses. Especially in the
retail industry, artificial intelligence and machine learning
algorithms are used effectively to make sales forecasts and optimize
inventory management. These technologies increase operational
efficiency by enabling businesses to quickly respond to market
demand changes (Kitchin, 2014).

For example, a retail company can predict future sales
through machine learning models that analyze factors such as
historical sales data, seasonal factors, the impact of promotions.
These forecasts can be used to optimize stock levels and provide the
right amount of product at the right time. In addition, understanding
customer behavior and developing strategies accordingly becomes
possible thanks to artificial intelligence.

Artificial intelligence also enables customer segmentation
with big data analysis, creation of personalized marketing campaigns
and increasing customer satisfaction. In this way, while businesses
gain competitive advantage, they have the opportunity to make
strategic decision-making processes more data-based and accurate.

Artificial intelligence also plays an important role in strategic
decision-making processes in the healthcare sector. Machine
learning models, especially used in medical imaging analysis and
disease diagnosis, provide valuable support to doctors and healthcare
professionals. For example, a hospital's medical imaging unit can
detect potential abnormalities in MRI or CT scans using artificial
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intelligence algorithms. In this way, early diagnoses can be increased
and treatment processes can be made more effective.

Additionally, through the analysis of health data, deeper
insights into patients' health status can be gained. Using information
from large data sets, machine learning can make recommendations
or identify risk factors for patients based on their personal medical
history. This could be an important step in preventing or managing
previously unanticipated health risks to patients.

In the healthcare industry, artificial intelligence and machine
learning are also used in operational processes to increase the
efficiency of healthcare services. For example, hospital management
can predict patient density and resource needs using Al-based
predictive models for optimal use of resources. In this way, patient
care processes can be better planned and the quality of health
services can be improved.

As a result, artificial intelligence and machine learning stand
out as an important aid in strategic decision-making processes in the
healthcare industry and have great potential to improve the quality
of life of both healthcare professionals and patients (Yoo and Kim,
2014).

2.5. Future Developments and Expectations

Rapid advances in artificial intelligence and machine
learning technologies will enable the emergence of even more
advanced and effective applications in the coming years. These
technologies will play a central role in digital transformation
processes, especially industry 4.0 and the internet of things.
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Industry 4.0 and Digital Transformation: Industry 4.0 is a
transformation process characterized by the integration of digital
technologies in production processes. Artificial intelligence and
machine learning will play a critical role in increasing automation
and efficiency in this process. By analyzing large data sets collected
through sensors with machine learning algorithms, it will be possible
to reduce errors in production processes, optimize maintenance and
increase production efficiency (Laser et al., 2014).

The Rise of Autonomous Systems: Thanks to artificial
intelligence and machine learning, automation levels will be further
advanced and the development of autonomous systems will
accelerate. These systems will be able to make complex decisions,
optimize themselves and adapt to changing conditions. For example,
the use of autonomous systems in areas such as traffic management
or energy optimization will increase in smart cities.

Human-Machine Interaction and Interface Advances:
Al-powered interfaces and interaction technologies will
significantly improve user experience. Voice assistants will become
smarter and more effective thanks to their natural language
processing capabilities; It will help users do their jobs faster and
more efficiently. Additionally, increasing robotic applications and
human-machine collaboration will increase efficiency in the
manufacturing and service sectors (Brynjofsson and McAfee, 2014).

Health and Medical Applications: In the healthcare sector,
artificial intelligence and machine learning will provide great
benefits in areas such as improving disease diagnoses, personalizing
treatment plans and more effective management of healthcare
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services. The use of artificial intelligence in medical imaging
analysis, genetic analysis and patient management processes will
become widespread and innovative solutions in the field of
healthcare will increase.

2.6. Contributions of Statistical Analysis

Statistical methods are of great importance for the successful
implementation and development of these technologies. Statistics
plays a critical role in extracting meaning from large data sets,
evaluating model performance, and ensuring the reliability of results.
For example:

Data Analysis and Interpretation: Statistical methods are
used in data collection, cleaning, analysis and interpretation
processes in data science projects. These processes contribute to
accurate results and reliable decision-making processes.

Evaluating Model Accuracy: Statistical metrics and tests
are used to objectively evaluate the performance of machine learning
and artificial intelligence models. In this way, the predictive power
and generalization ability of the model can be evaluated more
accurately.

Support in Decision-Making Processes: Statistical analyzes
provide solid data-driven information in decision-making processes.
For example, the use of statistical models when assessing credit risk
in the financial sector provides decision makers with a more reliable
and objective basis.

In this way, the integration of statistical analysis together
with advances in artificial intelligence and machine learning will
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enable the effective use of technologies and achieve results that
create value for society.

3. Social Impacts and Ethical Issues
3.1 Data Privacy and Security

With the spread of big data analysis and artificial intelligence
applications, data privacy and security are becoming increasingly
important. Security vulnerabilities that occur during the collection,
storage, processing and sharing of personal data can have serious
consequences for both individuals and institutions. Protecting this
data is of great importance, especially in sensitive areas such as
health, finance, and trade.

Data privacy breaches can compromise individuals' privacy
and undermine their trust. For example, if the security of systems
that monitor user behavior or analyze health records is not ensured,
serious grievances may occur as a result of misuse or leakage of this
information. Therefore, strict legal regulations and ethical rules
regarding data privacy must be implemented. Transparency allows
users to understand what type of data is collected and how it is used
and builds trust (Vayena et al., 2015).

3.2 Social Transformation and Innovation

Data science and statistics are leading to radical
transformations in economic, social and scientific fields. These
technologies are effective in a wide range of areas, from healthcare
to education, from urban planning to environmental sustainability.
For example, in the healthcare sector, it may be possible to track
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disease spreads and manage healthcare resources more effectively
thanks to big data analysis (Varian, 2014).

Data-based decision-making processes allow societies to be
better managed and resources used more efficiently. For example,
data analysis in urban planning processes can help create more
sustainable and user-friendly solutions in areas ranging from traffic
management to green space planning.

3.3 Statistical Ethical Issues

Ethical issues in statistical analysis are critical to the
reliability and accuracy of data science and statistics. Ethical issues
may arise, especially in the processes of data selection, biases and
interpretation of results. For example, manipulating the selection of
data sets to exclude certain groups or misinterpreting the results can
mislead the public and mislead decision makers.

It is also important that algorithms are designed and
implemented in accordance with the principles of equality, justice
and diversity. For example, artificial intelligence systems used in
recruitment processes may develop features that may discriminate
based on subjectivities such as gender or ethnicity. Such situations
deepen social inequalities and damage the sense of justice.

As a result, the social impacts and ethical issues of
developments in data science and statistics should be carefully
considered for the correct and fair use of technology. Establishing a
strong ethical framework will help protect the rights of individuals
and the general interests of society while ensuring maximum benefit
from the potential of these technologies.
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4. Conclusion

Data science and statistics are constantly evolving disciplines
that are gaining increasing importance today and in the future.
Technological and methodological advances in these areas enable
businesses, institutions and societies to make data-driven strategic
decisions. In particular, the use of innovative techniques such as big
data analytics, machine learning and artificial intelligence enables
the widespread adoption and application of these disciplines.
However, in order to obtain maximum benefit from the potential of
these technologies, it is extremely important to use them correctly
and adopt approaches that are sensitive to ethical issues.

Data science and statistics are having profound and
transformative impacts across a variety of industries and fields. For
example, it can increase the efficiency of healthcare services by
making disease predictions in the healthcare sector, reduce
operational costs by optimizing stock management in the retail
sector, and improve the quality of life by developing sustainable
solutions in urban planning. In addition, statistical models used in
risk management and market analysis in the financial sector
encourage decision makers to make informed and data-driven
decisions.

Important issues such as data privacy and security that arise
with big data analysis and artificial intelligence applications should
be addressed with ethical rules and legal regulations. Protecting
personal data and using it securely is critical to ensuring the trust of
individuals and societies. Fair and transparent approaches should be
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adopted in the processes of data selection, design of algorithms and
interpretation of results (Diebold, 2012).

Ethical issues in statistical analysis should not be ignored.
The selection and manipulation of data sets can affect the accuracy
and objectivity of the results. Therefore, the principles of non-bias,
transparency and accuracy must be strictly adhered to in statistical
analyses. Data scientists and statisticians are obliged to comply with
ethical standards in data-based decision-making processes.

As a result, rapid developments in data science and statistics
play a critical role in social transformation and innovation. In the
future, the impact of these disciplines will increase further in
industry 4.0 and digital transformation processes and will offer
innovative solutions to the challenges faced by businesses,
institutions and societies. However, in this process, the correct and
ethical use of technology is an indispensable element for sustainable
success.

Data science and statistics will continue to have a critical role
in solving and advancing the complexities of the information age.
Therefore, interdisciplinary collaboration and continuing education
are important factors for the sustainability of advances in data
science and statistics.
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yakini giivenligini tehdit edebilecek, gergeklesmek iizereyken son
anda gergeklesmeyen, istenmeyen olaylar ‘ramak kala olay’ (risk)
olarak tanimlanmaktadir. Saglik alaninda risk analizi; (i) ilgili birim
calisanlar1 ile risklerin belirlenmesi, (ii) risklerin ortaya ¢ikma
olasilig1 ve zarar verme etkisi ile risklerin siniflandirilmasi (iii) kok-
neden analizi yontemi risklerin nedenlerinin belirlenmesi ve (iv)
risklerin  azaltilmast  yoniinde  diizeltici-Onleyici-iyilestirici
faaliyetlerin  planlanmasit ve uygulanmasi basamaklarindan
olusmaktadir (SKS-Hastane V6.1, 2020).

Saglikta hizmet kalitesi; 1. S6z verilen zamanda (timely), 2.
Calisan-hasta-hasta yakini1 merkezli (patient centered), 3. Adil (irk,
dil, din, kiiltiir,.. farkliliklarina bakilmadan) (equal), 4. Etkin (giincel
bilimsel esaslar iizerinde) (efficient), 5. Verimli (en az atikla)
(effective), 6. Emniyetli ve giivenli (safe and secure), odlgitleri
iizerinden tanimlanir.

SKS-Hastane Seti Versiyon 6.1°de ilag ydnetiminin
hastanede ilacin (ilag, bir tanimiyla da dozu ayarlanmis zehirdir)
dahil oldugu tiim siireglerde etkin yonetimini saglamak, hasta ve
calisana yonelik riskleri en aza indirmek oldugu vurgulanmus, ilag
yonetimi ile ilgili sorumlular ve sorumluluklarin tanimlanmasi
gerekliligi belirtilmistir. Bu nedenle, ramak kala olaylarin eksik
beyanina katkida bulunan faktérlerin belirlenip hastane eczane
sistemlerinin nasil gelistirilecegini anlamaya dogru énemli bir adim
olacaktir.

SKS-Hastane Seti Versiyon 6.1°e gore farkli boliimlerde risk
degerlendirme c¢alismalar1 yapilmistir; Gilir ve arkadaslar
ameliyathane biriminde riskleri belirledikleri aragtirmalarinda, hasta
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ve calisan giivenligini esas alan bir bakis agisi1 ile giivenli cerrahi
kontrol listesinin etkin kullanilmasi ile bir¢ok riskin (ramak kala
olayn) ortadan kaldirilabilecegini belirtirken (Giir O. ve ark., 2019),
Hamarat ve arkadaslar1 arastirmalarinda, gliniimiizde yeni medya
iligkileri ile ¢ikan mahremiyeti zedeleyen ve bilgi giivenligini tehdit
eden risklerin ~ saglikta  risk  yoOnetimi  gergevesinde
degerlendirebilecegini gostermislerdir. (Hamarat T. ve ark., 2022).
Yilmaz ve arkadaslari da Anestezi Yogun Bakim Birimi’nde hasta
giivenligini etkileyen riskler {izerinde bir ¢alisma gerceklestirmistir
(Yilmaz OA ve ark. 2022). Saglik hizmetlerinde risk analizi
konusundaki bu {i¢ arastirma farkli ¢alisma alanlarinda
gerceklestirilmis olsa da, Dokuz Eyliil Universitesi Risk Y&netimi
Yonergesi temel alinmistir. Her {i¢ ¢alismada da riskleri
belirleyenler, bilgi esitleme toplantilarindan sonra yapilan
toplantilarda, ilgili birimlerin galisanlari olmustur.

Yiiksek lisans tez arastirmasi olan bu arastirmada da,
Saglikta Kalite Standartlar1 (SKS) Hastane Seti Versiyon 6.1 ve
Dokuz Eyliil Universitesi Risk Yonetimi Yénergesi esas almarak, bu
kez Balikesir Ozel Sevgi Hastanesi Merkezi Eczane Birimi’nde
hasta giivenligi, ilag giivenligi, ramak kala olay, istenmeyen olay,
risk, risk yonetimi, risk analizi, kok neden analizi, risk haritasi, etki
ve olasilik gibi konulara iliskin bilgi esitlemesi yapilmasi (birinci
toplant1), farkindalik olusturulmasi, hasta ve ilag giivenligini
etkileyebilecek ramak kala olaylarin (risklerin) belirlenmesi ve

degerlendirilmesi amaglanmustir.

2.GEREC VE YONTEM

Yiiksek lisans tez arastirmasinin bir bolimii olan bu

arastirma Balikesir Ozel Sevgi Hastanesi Merkezi Eczane Biriminde
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gerceklestirilmistir. Dokuz Eyliil Universitesi Girisimsel Olmayan
Arastirmalar Etik Kurulundan 14.02.2024 tarih ve 7892- GOA
protokol numarali 2024/06-06 karar numarasi ile etik kurul onay1 ve
05.02.2024  tarihinde  Balikesir Ozel Sevgi  Hastanesi
Bashekimliginden kurum izni alinmstir.

Balikesir Ozel Sevgi Hastanesi Eczane Biriminde, 15 Mart
ve 22 Mart 2024 tarihlerinde, eczane birim galisanlariyla iki ayri
toplant1 yapilmistir. Bu toplantilara bir eczaci, bir eczaci teknisyeni,
1 tibbi sekreter, bir destek personeli olmak iizere toplamda dort
personel katilmigtir. Isimler anonimlestirilerek toplanti tutanagi
tutulmus ve kayit altina alimmustir. Kisisel Verilerin Korunmasi
Kanunu ¢ergevesinde katilimcilardan izin alinarak, fotograf
cekilmistir (Sekil. 1) Toplantida yoneltilen sorular bir sonraki
toplantida detayl1 bilgi paylasimi i¢in not alinmustir.

A B

————r r
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Sekil 1. A. 15 Mart 2024 tarihinde yapisan Balikesir Ozel
Sevgi Hastanesi Eczane birim ¢alisanlar1 bilgi esitlemesi toplantisi
B. 22 Mart 2024 tarihinde yapilan Balikesir Ozel Sevgi Hastanesi
Eczane birim ¢aligsanlari ile birim i¢i ramak kala olaylarin (risklerin)
belirlenmesi toplantisi

Balikesir Ozel Sevgi Hastanesi Merkezi Eczane birimi
personeliyle;

1. 15 Mart 2024 tarihli toplantida saglk ¢alisanlarinin
ortak dilde bulusabilmeleri amaciyla ilag giivenligi
ve hasta giivenligi temel alinarak ramak kala olay,
istenmeyen olay, risk, risk analizi, risk yonetimi gibi
konulara iligskin bilgi esitlemesi yapilmistir.

2. 22 Mart 2024 tarihli ikinci toplantida eczane
biriminde birim calisanlar1 ile birim i¢i ramak kala
olaylar belirlenmis, toplanti tutanaklarinda isimler
anonimlestirilerek yalnizca meslek gruplari seklinde

imza altina alinmustir.

Balikesir Ozel Sevgi Hastanesi Merkezi Eczane Biriminde,
25 Aralik 2014 tarihli Dokuz Eyliil Universitesi Risk Y&netimi
Yonergesi’ne gore risk analizleri yapilmis ve ramak kala olaylar
(riskler) belirlenmistir. Ad1 gegen yonergenin en 6nemli 6zelligi 5°1i
degil 10’lu degerlendirme Olgiitleri ile daha ayrintilandirilmis
belirlemeler yapilmasidir (cetvel olarak disiintirsek, metre ve
santimetre cetvelleri arasindaki fark gibi).

3.BULGULAR ve TARTISMA

Balikesir Ozel Sevgi Hastanesi Merkezi Eczane Biriminde

toplanti tutanaklart ile kayit altina alinan toplantilarda, eczane birimi
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calisanlari, eczane is akis siireglerini gozden gecirerek ilag
yonetiminde 11 adet risk (ramak kala olay) belirlemistir. Belirlenen
11 riskten yedisinin hasta giivenligi, iglinlin ilag giivenligi, bir
tanesinin de calisan giivenligi ile ilgili oldugu tespit edilmistir (Tablo

1).

Tablo 1: Balikesir Ozel Sevgi Hastanesi Merkezi Eczane Birimi
Calisanlart ile Birlikte Belirlenen [la¢ Giivenligini Etkileyebilecek

Riskler (Ramak Kala Olaylar)

Ramak Kala Olay (Risk)

SKS Hedefi

1. Hastanede kullanilan bazi ilaglarin gesitli sebeplerden temin
edilememesi dolayistyla Eksik/Geg Ilag Uygulamaya Bagh
Tedavinin Gecikmesi Riski

Hasta Giivenligi

2. Eczane deposunda sicaklik/nem degerlerinin limitler disinda
kalma riski

flag
Giivenligi

3. Eczaciya sozel order verilmesi sonucunda hastaya yanlis ilacin
verilme riski

Hasta Giivenligi

4. Tlag hazirlama esnasinda goriiniisii/okunusu benzer ilaglarin
karigma riski

Hasta Giivenligi

5. Ilag hazirlama esnasinda order edilenden farkli uygulama yollu
(tablet yerine i.v. gibi) ilacin verilme riski

Hasta Giivenligi

6. Soguk zincire tabi ilaglarin transferinde soguk zincirin kirilma
riski

Ilag
Giivenligi

7. Yiiksek riskli ilaglarin diger ilaglarla karisma riski

Hasta Giivenligi

8. Pediatrik doz yerine yetiskin dozu gonderilme riski

Hasta Giivenligi

9. Orderlarin geg onaylanmasi ve tedavinin gecikmesi riski

Hasta Giivenligi
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10. ilaglarn tiiketilemeden miatlarinin gegme riski flag
Giivenligi

11. Depo personelinin is kazasi riski Calisan
Giivenligi

Hastanede ilag yonetimi ve eczacilik hizmeti, verilen saglik
hizmetinin vazgecilmez bir parcasidir. Ilag giivenligi; hasta
giivenligi ve ¢alisan glivenligi faktorlerinin iyilestirilmesinde gerekli
bir husus oldugundan saglik hizmeti veren tiim birimlerde ilag
giivenligini  saglayacak  calismalar Gzenle planlanip ve
uygulanmalidir. ilag giivenligi ve ilag ydnetiminde yasanacak
sorunlar; hastalarin hastanede kalis siiresinin uzamasina ve tedavi
giderlerinin artmasina da yol acabilmektedir. Tipta ve teknolojide
yasanan gelismelere ek olarak son yiizyilda ilag¢ endiistrisindeki
gelismeler ve ¢okca yeni etken madde kesfi oldugu diisiintildiigiinde
ilaca bagli hatalarin 6niine gegilebilmesi i¢in sistematik ¢aligsmalar
planlanmalidir (ilag Giivenligi Rehberi- Versiyon 2.0, 2015).

Hastane eczanesi hasta bakiminda hayati bir rol oynar ve
istekte bulunulan ilacin, hedeflenen hastaya dogru bir sekilde ve tam
zamaninda verildiginden emin olmaya odaklanir (Saglik
Hizmetlerinde Kalite Gostergelerinden: Emniyetli ve Giivenli).
Hastane eczanesinin gorevi ilaglart satin almak, uygun kosullarda
saklamak ve dagitmaktir. Bu faaliyetler uzman personellerin
sorumlulugunda olan eczane lojistigi siirecleri olarak bilinir ¢iinkii
ilaglarin belirli kosullar ve standartlar altinda yonetilmesi gerekir
(Romero A., 2013).
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Hastane eczaneleri, sunduklar1 hizmet sebebiyle yatan
hastalar icin ila¢ giivenligi ve hasta giivenligi konularinda, yiikli
miktarda ilag transferi ve depo faaliyeti gergeklestirilmesi nedeniyle
de c¢alisanlar bakimindan riskli birimlerdir. Kurumun Kkalite
yoneticileri; belirli zaman araliklarinda her birimin g¢alisanlart ile
birlikte ¢aligtiklar1 birimler i¢in toplanarak riskleri belirlemeli, risk
analizi ¢aligmalarmmi gerceklestirip uygulamalara ve sonuglarina
sistemlerinde yer vermelidirler. Ek olarak birimlerde yapilan risk
analizi calismalarinin 0 birimin ¢alisanlariyla birlikte yapilmasi,
calisanlarin fikirlerinin ve onerilerinin mutlaka dikkate alinmasi
onemlidir. (Akm Yilmaz O ve ark, 2022).

4. SONUCLAR
Arastirmada, Balikesir Ozel Sevgi Hastanesi Merkezi
Eczane birimi personeliyle toplanti yapilarak istenmeyen olay,
ramak kala olay, ila¢ giivenligi gibi konulara iliskin bilgi esitlemesi
yapildiktan sonra, Eczane Biriminde gergeklesebilecek ramak kala
olaylar da birim galisanlarmin katilmi ve gonillii destekleri ile
orneklendirilmistir.
1. Toplantilarda katilimcilar, yapilan bilgi esitlemesi
sunumlarindan duyduklari memnuniyeti dile getirmislerdir,
2. Eczane biriminde ¢alisan personeller, verilen Orneklerin
bazilarina kendilerinin de tanik olduklarini, ila¢ yonetiminde
ramak kala olaylarin gerceklesmesi durumunda doguracag:
sonuglarin tahmin edilemez boyutlara ulagabilecegini ifade

etmislerdir,
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3. Hastanede ilag yonetiminde ramak kala olaylarin eczane
ayaginda ne kadar kritik 6neme sahip oldugunun fark edildigi
belirtilmis, siireglerde mevzuata dayali iyilestirme tavsiyeleri
talep edilmistir.

4, Ote yandan risk  degerlendirme  calismalarmin
yayginlastirilmasi ve standardizasyonu (normallestirilmesi)
icin 1ilgili diger kurum c¢alisanlarina da ulasmasinin
saglanmas1 onerisinde bulunulmustur,

5. Arastirmada, birim c¢alisanlariyla birlikte saptanan ramak
kala olaylarin ila¢ giivenligi, hasta giivenligi ve calisan
giivenligi konularinda yapilacak uygulamalarin
diizenlenmesinde 6nemli oldugu ve yine birimde ayni kurum
kiiltlirtinii almig saglik ¢alisanlarinin uyumu ile de sunulan

hizmetin kalitesinin artabilecegi ortak sonucuna varilmistir.
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BOLUM VII

“Clarke Error Grid” Analizinin Siirekli Glukoz izlem
Cihazlarinin Dogrulugunda Kullanimi

Memis BOLACALI*

Giris

Teknolojinin ilerlemesi ile birlikte diyabet hastalar1 arasinda
son yillarda Siirekli Glukoz izlem (SGI) cihazlar1 kullanimi giderek
yayginlagsmaktadir. SGI cihazlar1 son 2000°1i yillarda kesfedilmesine
ragmen bu cihazlarin kullaniminda ve sonuglarinda bazi problemler
oldugu bilinmektedir. Bu problemlerden en &nemlisi ise; SGI
cihazlarinin sonuglari ile parmaktan kan glukozu sonuglar1 arasinda
farkliklarm olmasidir. Ozellikle SGIi cihazlardan elde edilen
sonuclar, diyabet hastalarrm etkilemektedir. SGI  cihaz
sonuclarindaki hatalara ait analizinin yapilmasi, bu cihazlarin klinik
dogrulugu bakimindan biiyiik dnem arz etmektedir. SGI cihazlarinin

! Dog. Dr., Kirsehir Ahi Evran Universitesi, Tip Fakiiltesi, Temel Tip Bilimleri Boliimii, Biyoistatistik ve Tip
Bilisimi Anabilim Dali, Kirsehir, Ttrkiye. ORCID ID: 0000-0002-4196-2359. bolacali@gmail.com
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degerlendirilmesinde dogruluk/kesinlik terimi kullanilmaktadir. SGi
cihazlarinin dogrulugu klinik ve analitik olarak iki sekilde
yapilabilmektedir.  Klinik  dogruluk; ortalama  performans
dogruluguna veya ug¢ degerlerin sayisina dayanir. Analitik dogruluk
ise (mean absolute relative difference= MARD), belli sayida ve
degisik glukoz diizeylerinde parmak kan glukoz degerleri ile SGI
cihaz 6l¢iim degerleri arasindaki ortalama farki gostermektedir
(Jernelv ve ark., 2019; Anand ve ark., 2020; Alsunaidi ve ark., 2021;
Besen & Dervisoglu, 2021).

SGI cihaz sonuglarindaki herhangi bir hata; sadece sapma
yiizdesi degil, hem referans hem de olgiilen degerlerin mutlak
degerine baghdir. Ustelik bu bagimlilik herhangi bir basit
matematiksel iligkiyle kolayca tanimlanamamaktadir. Bu nedenle,
dogrusal regresyon analizi veya korelasyon katsayilari gibi standart
basit istatistiksel yontemler, hastalarin SGI cihaz sonuglarmdaki
hatalar1 izleme veya degerlendirme agisindan yetersiz kalmaktadir.
Bu baglamda, 1987 yilinda gelistirilen Clarke Error Grid Analizi
(CEA)’nde; korelasyon katsayisi, linear regresyon, yiizde sapma ve
ortalama farkliliklar dikkate alinarak 70-180 mg/dl glukoz degerine
iliskin standart referans araligi kullanilarak gelistirilmis bir
yontemdir. CEA, SGI cihazinin Kklinik dogrulugunu, kullanilan
referans standart 6l¢iim cihazindan elde edilen kan glukoz degerine
gore karsilastirarak sonuglarin klinik olarak kabul edilebilir olup
olmadigin1 gosteren bir yontem olarak karsimiza ¢ikmaktadir. SGI
sonuglari ile referans ol¢lim cihazin sonuglarinin karsilastirildigi
biyoistatistik analiz yontemlerinden biri olarak kabul edilen CEA
temel prensibi; referans glikoz degerlerini  eksenine ve
etkinligi/dogrulugu test edilecek kan glukoz 6l¢iim cihazindan elde
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edilen sonuglar1 ise y ekseninde isarctleyerek, verilerin dagilim
grafigi olusturmaya dayanmaktadir (Clarke ve ark., 1987; Poirier ve
ark., 1998; Hackett & McCue, 2010).

CEA’nde verilerin dagilim grafigini klinik 6neme sahip
A'dan E'ye kadar degisen 5 farkli bolgeye ayrilmistir (Clarke ve ark.,
1987; Jernelv ve ark., 2019; Alsunaidi ve ark., 2021; Bachache ve
ark., 2022). Grafik tizerindeki bolgelerden;

A bolgesindeki degerler; SGI cihaz degerinin referans kan
glukoz degerinden %20 veya daha az farkli oldugunu diger bir
ifadeyle hatanin olmadigini gostermektedir. Bu araliga diisen
degerlerin “Klinik Agidan Dogru” oldugu ve dogru tedavi kararlari
alinmasini saglayacak verileri ifade edilmektedir.

B bolgesindeki degerler; SGi cihaz degerinin 6lciim
degerinin referans kan glukoz seviyesi degerinden %20'den daha
fazla sapan ve hig tedavi gerektirmeyen veya klinik karar hatalarina
yol agmayan kisaca "iyimser - iyi huylu" degerleri temsil etmektedir.
Bu bolgelerdeki hatalar biiyiik olasilikla 6nemli hipoglisemiye veya
hiperglisemiye neden olmamaktadir. Kisaca; A ve B bolgelerinde
gosterilen kan glukoz sonuglar1 klinik olarak kabul edilebilir
sonuglart gostermektedir.
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gekil 1: Microsoft Excel'de Dagilum Grafigi ve Eklenen Cizgilerle
Olusturulmus Clarke Error Grid Analiz Ornegi

Glucose monitor glucose (mg/dl)

Kaynak: Mondal & Mondal, 2020
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A ve B bolgeleri arasinda kalan sonuglarin yiizde dagilim
oran1 ne kadar yiiksek olursa, degerlendirilen SGI cihaz sonuglarinin
klinik agidan dogrulugunun 0 kadar yiiksek oldugu sonucunu
gostermektedir. Ornegin; piyasaya siiriilmek icin gelistirilen SGI

glukoz olgim cihazinin sonuglari; elde edilen dagilim grafigini
tizerindeki A ve B bolgelerinde gosterilen verilerin toplam verilerin
yiizdesi %95°den daha fazla olmasi: durumunda bu sonuglarin klinik
olarak kabul edilebilir oldugunun bir kanitin1 ifade etmektedir
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(Pfiitzner ve ark., 2013; Bailey ve ark., 2015; Chekima ve ark., 2022;
Alam ve ark., 2023; Hammour ve Mandic, 2023).

C, D ve E bolgelerinde isaretlenen sonuglar, SGI cihaz
sonucu ile referans degerler arasinda giderek artan ve potansiyel
olarak olumsuz etkileri olan farkliliklar1 temsil etmektedir. Grafik
iizerindeki bolgelerden;

C bolgesindeki degerler, “asir1 diizeltme” hatalarini igeren
varileri temsil eder. Bu bolgedeki degerler, kan glukoz diizeyinin 70
mg/dI'nin altina diismesine veya 180 mg/dl'nin iizerine ¢ikmasina
neden olabilir ve kan sekeri seviyelerinin hedef araligin disina
¢ikmasina neden olabilecek yanlis tedavi kararlari alinmasina neden
olabilmektedir.

D bolgesindeki degerler, hatalarin "tedavi edilemeyen”
verileri temsil etmektedir. Baska bir deyisle, referans degerleri
hedefin disindayken dogrulugu test edilen SGI cihazin sonuglari
hedef aralik i¢inde oldugunu gostermektedir. Bu nedenle klinik karar
alirken gercekte yiiksek veya diisiik kan sekeri diizeyleri dikkatten
kacabilir.

E bolgesindeki degerler, “Hatali Sonuglar’a ait verileri
temsil etmektedir. Bu bolge i¢indeki degerler dogrulugu test edilen
SGI élgiim cihazin sonuglar, referans degerlerinin tersini
gostermektedir. Bu nedenle cihazin sonuglarina gore verilen klinik
kararlar, olmas1 gerekenin tam tersi kararlarin verilmesine neden
olmaktadir. Ornegin; gercekte referans kan glukoz degeri yiiksek
oldugunda ek insiilin verilmesi gerekirken, dogrulugu test edilen
SGI cihazin diisiik kan glukoz sonucu vermesi hastanin ilave glukoz
almasina veya gergekte referans kan glukoz degeri diisiik olmasi
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gerekirken dogrulugu test edilen SGI cihazin yiiksek kan glukoz

sonucuna bagli olarak hastaya ilave insiilin verilmesine neden

olmaktadir.

Sekil 2. Bolgeleri renklendirilmis Clarke Error Grid Grafik Ornegi
Kaynak: Bachache ve ark., 2022
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Kisaca, C, D ve E bolgelerinde isaretlenen degerleri,
degerlendirilen sonuglar ile referans degerler arasinda giderek artan
ve kuvvetle muhtemel olumsuz etkileri olan farkliliklari temsil
etmektedir (Clarke ve ark., 1987; Guillot ve ark., 2020; Scott ve ark.,
2018; Costa ve ark., 2020; Bowman & Nichols, 2020; Xue ve ark.,
2022). Sonuglari test edilen SGI cihaz verilerinin, CEA analiz grafigi
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tizerinde en az %95'i A ve B bolgelerinde olmasi; cihazin dogru
olgim yaptig1 ve klinik agidan kullanilabilir oldugu sonucuna
varilmasini saglamaktadir. (Clarke ve ark., 1987; Beardsall ve ark.,
2013)

Sekil 3. Verilerin Isaretlendigi Clarke Error Grid Analiz Ornegi
Kaynak: SAS, 2024
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Dogrulugu test edilen SGI cihaz verilerinin analize ait grafik
tizerinde en az %95'i A ve B bolgelerine diismesi; cihazin dogru
olgim yaptig1 ve Kklinik agidan kullanilabilir oldugu sonucuna
varilmasini saglamaktadir.
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BOLUM VIlII

Investigating Health System Performance of OECD
Countries by Using CRITIC and ARAS-G methods

Pakize YiGIT!

1. Introduction

Decision-making may be defined as making the most optimal
choice among existing alternatives according to known criteria.
Accurate and rapid decision-making has become essential for all
organizations in today's highly competitive global environment to
identify opportunities, set goals, save limited resources, and enhance
flexibility and productivity (Chakraborty, Raut, Rofin, &
Chakraborty, 2023). For this reason, Multi-Criteria Decision-
Making (MCDM) techniques provide decision-makers the ability to
assist decision-makers in finding objective or appropriate solutions.
MCDM techniques face the challenge of selecting the optimal option
among several potential solutions based on several criteria. Since
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there is frequently no option that dominates the others on all criteria,
decision-makers typically search for a satisfying answer (BaleZentis
& Balezentis, 2014; Hafezalkotob, Hafezalkotob, Liao, & Herrera,
2019).

Healthcare and health policy problems need to have an
optimal solution. There are several MCDA approaches providing
healthcare decision-makers with transparent and consistent solutions
(Marsh, Lanitis, Neasham, Orfanos, & Caro, 2014; Miihlbacher &
Kaczynski, 2016). Chakraborty et al.(Chakraborty et al., 2023)
categorize MCDM methods in healthcare decision making 11
headings: supply chain management, health information system,
medical device and material selection, risk management, logistics,
operations management in healthcare, miscellaneous, disease
identification and treatment, quality in healthcare, waste
management, COVID-19.

Health is crucial for long-term economic growth and the
sustainability of nations (Green, 2007). There are three essential
elements that cover healthcare, enhance health quality, and are valid
for all individuals: health services, the concept of sustainable
development (SD), and the health system, which varies according to
countries (Pmarbas1 & Piyal, 2021). The issue of health has gained a
place of constant and increasing importance in sustainable
development, and it has been proven by SD indicators that there is
no development without health (Tezcan, 2020).

Comparative Health Systems aims to study and compare
different healthcare systems across countries or regions. MCDM
methods use the comparison of health systems advancing healthcare
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quality, accessibility, and equity globally. In this context, the study
investigates and compares the healthcare system performance of
OCED countries between 2011 and 2021 using hybrid MCDM
models.

Grey additive ratio assessment (ARAS-G) applies grey
values to evaluate and rank alternatives and to compare alternative
scores with the best feasible alternative (Turskis & Zavadskas,
2010). By adapting the gray numbers to the ARAS method, an
aggregate scoring is obtained for the period examined. With the
ARAS-G method, instead of obtaining separate rankings for the 11-
year period in the evaluation of the health systems of the countries,
a total ranking is obtained. The CRITIC method is one of the
weighting methods that uses correlations and standard deviations of
criteria to have objective weights. CRITIC considers the conflicting
relationships between the indicators and the contrast intensity of the
attributes that the entropy method includes (Diakoulaki, Mavrotas,
& Papayannakis, 1995). The technique is used to find objective
weights for indicators to assess a country’s health system.

The rest of this paper is organized as follows: Section 2
introduces the data. Section 3 describes the methods. Results are
presented in section 4. The last section describes the conclusion and
discussion.

2. Data

The data contains 38 OECD countries, creating a set of 11
indicators for a period of 11 years (2011-2021). It uses open
databases: OECD stat and World Bank (OECD, 2024; The World
Bank, 2024b). The latest available data for most indicators is from
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2021. On the other hand, the latest available data for deaths from
chronic diseases is 2019(The World Bank, 2024a).

The most commonly used indicators in the literature to
examine the health systems of countries are examined (Atun et al.,
2013, p. 65; Hadad, Hadad, & Simon-Tuval, 2013, p. 253; Popescu,
Militaru, Cristescu, Vasilescu, & Matei, 2018, p. 1; Proksch, Busch-
Casler, Haberstroh, & Pinkwart, 2019, p. 169). On a country basis,
variables with a limited number of years reported in 11 years are
excluded. For example, the number of physicians and nurses, which
are common variables in the literature, are excluded from the study
because they are reported for only the last four years for the USA. In
addition, the country average is used for missing variables on a year-
by-period basis. The indicators are:

e Infant mortality rate (IMR)

e Maternal mortality rate (MMR)

e Under the age of 5 mortality rate (U5R)
e Tuberculosis incidence (per 1000) (TI)

e Mortality from CVD, cancer, diabetes or CRD (ages
30-70) (CMR)

e Life expectancy (LE)
e GDP per capita (GDP)

e Current health expenditure per capita (all functions),
PPP (CHE)

e Health Expenditures as % of GDP (HGDP)
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e Government expenditure on health (GHE)
e Out-of-pocket health expenditures (OHE)
3. Methodology

The study aims to investigate OECD countries' health system
performances and compare them using MCDM methods. Firstly, the
Critic Method is applied to find the relative importance of the
indicators used in the study. Secondly, ARAS-G method is used to
rank the countries.

3.1.Criteria Importance Through Intercriteria Correlation
(CRITIC)

CRITIC is a kind of MCDM objective weighting method
introduced by Diakoulaki et al.(Diakoulaki et al., 1995, p. 763). This
approach suggests calculating objective weights by accounting for
the correlation between the criteria. It also uses the criteria’s standard
deviations after normalizing them between [0,1]. The method uses
the following stages(Diakoulaki et al., 1995, pp. 764-765; Esra
Aytag Adali & Aysegiil Tus Isik, 2017, p. 90):

Step 1: The decision matrix obtains.

X11 X12 "t X1p
X21  X22 - Xon| . .

X = [xij]mxn =] 7 . : (i=12...mandj=12,..n)
Xm1 Xm2 °° Xmi

1)

Step 2: The decision matrix is normalized according to equation 2:

X.._ i X
ij= Yy~ (. ) ; (i =1,2...,malternatives, j =
max(X;;)—-min (X;)
1,2,...,ncriteria). (2
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Step 3: Both the criterion's standard deviation and its correlation with
other criteria are considered when calculating the weights of the
criteria (w;).

Z;'l=1 Cj

Wj
®3)

where Cj is the amount of data in the jth criterion (information
measure), which is defined as

C; = 0; Xp=a(1 =150
)
o;j is the standard deviation of jth criteria and r;;is a correlation.

The correlation coefficient between the two criteria is denoted by
rj;7, and o; represents the standard deviation of the jth criterion. The

higher value of Cj means the higher relative importance of the
criteria.

3.2. Grey additive ratio assessment (ARAS-G)

ARAS method states that the utility function value, which
determines the complex relative efficiency of a feasible alternative,
is directly proportional to the relative effect of values and weights of
the primary criteria examined in a project. The ARAS method was
developed by Zavadskas and Turkskis in 2010 (Edmundas
Kazimieras Zavadskas & Turskis, 2010, p. 159). Turskis and
Zavadskas developed the ARAS-G method by integrating gray
numbers into the ARAS method (Turskis & Zavadskas, 2010, pp.
597-600). Grey set theory is a field of study that examines the
associations between different features (criteria) in an MCDM
problem. It has proven useful for analyzing systems with imperfect
information and incomplete samples(Chatterjee, Zavadskas, Roy, &
Kar, 2018, p. 348). The steps of the ARAS method is given
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below(Turskis & Zavadskas, 2010, pp. 600-602; Yildirim &
Adiguzel Mercangoz, 2020, pp. 34-35):

Step 1: The grey decision-making matrix is formed. In this
context, "m" refers to the number of options and "n" refers to the
number of criteria. The symbol @xij represents the gray number that
indicates the performance value of the ith alternative in relation to
the jth criterion. Lastly, @xO0j represents the optimal value of the jth
criterion.

[®x01] [®x02] .. [Rxon]
[®x11]  [®x12] .. [®x45]
®x =[[®xy]] =|[®xu] [®2] .. [®x] (5)

(@] [®%mz] o [@Xmm]

i=01.m j=12,...,n
If optimal value of j criterion is unknown,it is j calculated as:

®xo; = max ®x;;  if max ®x;; is preferable
l i
(6)
®xo; = min Qx;; if min ®x;; is preferable
l i
(7)

Step 2: The grey decision matrix is normalized:

| 1
| [®%1] [®%] .. (O]
[[@%ml] (®%] . [®£mn]J

(8)

i=01,.m j=12,..,n

If the optimal value is maximum, the normalization formula
is as follows:
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®x;j

®%ij = YiZo%ij
9)
__ ®xij
®xl] ®x* — ® 1_] Zl 0®xl] (10)
Step 3:Normalized Welghted grey decision matrix obtained:
[®5C\01] [®5C\02] [®5C\0n]
N R [®5C\11] [®5C\12] [®5C\1n]
®f =[[®t]] =|[®%a] [®%] . [©,]
A®Fpa] (@2l o [®Finml.
(11)
i=01.m j=12,...,n
®5C\U = ®')ZU ®W] i=01..m
(12)

Step 4: Optimality function is determined:
®S; = 2}21 ®fij (13)
& Si represents is the grey value of the optimality function of

ith alternative. The performance level of alternatives can be assessed
based on the @Si value.

The grey value of ®S; transforms crisp value as follows:
=2(®S(LE), i=01,..m
(14)
Step 5: the utility degree Ki is calculated as given below:

4. K;== i=01,..m (15)
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Siand So are obtained with Equation 14.

The estimated values K; fall within the range of [0; 1] and
can be arranged in ascending order, which represents the desired
order of precedence. The relative efficiency of the reasonable
alternative can be evaluated by evaluating the utility function values.

4. Application and Results

A hybrid method is used to investigate the health system
performance of OECD countries using CRITIC and ARAS-G
approaches. There are 11 indicators (criteria). The indicators of
optimal values of IMR, MMR, U5R, TI, and CMR are minimum,
meaning the lower values are better. On the other hand, the optimal
values of LE, GDP, CHE, HGDP, and GHE are maximum, meaning
the higher numbers are better.

For CRITIC method, firstly, the decision matrix is obtained
and normalized (Equations 1 and 2). After that, the standard
deviation for each feature is calculated, as shown in Table 1.

Table 1: Standard Deviation of Indicators

MM C™M HGD
Indicators IMR R USR TI R OHE LE P CHE GHE GDP

Standard 0.161 | 0.146 | 0.195 | 0.147 | 0219 | 0.116 | 0.234 | 0.159 | 0.166 | 0.164 | 0.191
Deviation 3 6 5 5 1 4 9 0 4 1 8

The standard deviation shows the dispersion of the data. The
higher values mean higher variability and the lower values mean
lower variability. For this reason, higher standard deviation criteria
tend to have higher importance, and small standard deviations tend
to have lower importance. In this study, life expectancy and
mortality from chronic diseases have the highest dispersion. Then,
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the correlation matrix and Cj (information measure of indicators,
Equation 4) are calculated. Lastly, the indicator’s weights are
calculated using Equation 3. The Cj values and weights of indicators
are listed in Table 2.

Table 2: Weights of the Indicators

Indicators CMR LE USR GDP TI IMR MMR GHE CHE HGDP OHE

(o] 2.6761 2.4566 2.0166 1.7761 1.6451 1.6327 1.4637 1.3975 1.3794 1.3545 0.9969

Weights 14.24% 13.07% 10.73% 9.45% 8.75% 8.69% 7.79% 7.44% 7.34% 7.21% 5.30%

Mortality from chronic diseases has the highest weight
(14%), followed by life expectancy (13%) and under-five mortality
(11%). The weights for indicators derived from the CRITIC
approach are next applied as the input in the ARAS-G method.

A gray decision matrix is first created to apply the ARAS-G
method. The grey numbers are found from the data, which has 11
years (2011-2021). The gray decision matrix is defined using the
maximum and minimum values for each indicator for each country.
The grey decision matrix is given in Table 3. Secondly, the grey
decision matrix is normalized using Equations 8-10. Then, the
normalized matrix is weighted using the CRITIC weights (Formulas
11-12). Next, Equation 13 is applied to the weighted normalized grey
matrix, and the grey numbers are transformed to crisp ones using
Equation 14. Finally, the benefit degree (Ki) is obtained using
Formula 15. the rankings of the countries are assigned.

The benefit degree values and rankings are reported in Table

4. The rankings show that Sweden is ranked first, with the utility

score of 65.7 %, followed by Norway, with the utility score of 64%.

Iceland, Switzerland, and the Netherlands are ranked 3rd,4th, and
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5th with the utility score of 63.1%, 59.4%,55.9%, respectively.
Tiirkiye ranked as 37th.

Table 3: Countries’ health system ranking performed by ARAS-G

Country Ki Rank Country Ki Rank
Sweden 0.65749972 1 Greece 0.45634212 20
Norway 0.63985471 2 New Zealand 0.45081377 21
Iceland 0.6317307 3 Canada 0.43857054 22
Switzerland 0.59413292 4 Slovenia 0.43856459 23
Netherlands 0.55916732 5 United Kingdom 0.42273484 24
Finland 0.55624636 6 France 0.42213901 25
Denmark 0.55207739 7 Poland 0.41505874 26
Israel 0.5439182 8 Slovak Republic 0.39902612 27
United States 0.53988164 9 Estonia 0.38297576 28
Ireland 0.53839478 10 Korea 0.37196512 29
Austria 0.53543854 11 Portugal 0.36603831 30
Italy 0.53433595 12 Hungary 0.32006494 31
Luxembourg 0.51939104 13 Lithuania 0.3146317 32
Japan 0.50737568 14 Latvia 0.2941343 33
Australia 0.50177859 15 Costa Rica 0.28943909 34
Germany 0.49548272 16 Chile 0.28341196 35
Czechia 0.47473288 17 Colombia 0.26381528 36
Spain 0.46125094 18 Tiirkiye 0.25853635 37
Belgium 0.45757744 19 Mexico 0.20299018 38
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Table 4: Grey Decision Matrix

Country IMR MMR TI CMR OHE LE HGDP CHE GHE GDP
Australia 6. 117 163 8l. 83. 380 260

3.1 3.8 1.9 5.2 3.8 4.5 1 7.2 8.6 9.8 3 8 9 3 8.54 10.68 9 6226 3 4588 49919 68198
Austria 4. 10. 12. 110 144 81. 434 324

2.7 36 13 8.6 33 4.2 9 9.2 4 2 3 9 1 82 10.03 12.10 5 6690 2 5241 44196 53518
Belgium 7. 10. 12. 134 80. 82. 405 308

2.9 3.8 2.4 8.5 3.8 4.4 7 10 6 6 964 8 5 1 10.36 11.20 4 6022 9 4674 41008 51850
Canada 4, 10. 125 170 81. 82. 421 296

4.4 5 4.8 8.6 5 5.7 8 5.9 9.6 8 6 0 6 3 10.26 13.04 7 6278 2 4578 42316 52669
Chile 12. 135

5.6 7.7 9 21 6.6 85 14 18 10 7 550 998 79 81 6.80 9.73 5 2677 806 1679 13174 16241
Colombia 16. 83. 12. 17. 10. 74. 76.

5 21.2 45.3 2 8 8 31 41 9.7 5 190 331 5 8 6.746 9.018 792 1532 601 1201 5304 8264
Costa Rica 40. 10. 9. 10. 79. 80. 117

7.7 9.1 16.1 5 7.9 2 4 14 9.5 3 311 426 1 8 7.045 8.112 6 1671 858 1244 9137 12669
Czechia 10. 3. 14. 17. 77. 79. 222 188

2.2 2.8 1.9 1 2.8 3.3 9 6.2 3 4 343 584 2 3 7.369 9.489 8 4303 5 3719 17830 26823
Denmark 3. 10. 12. 79. 81. 10.09 10.82 426 358

21 36 16 5.3 36 4.1 8 74 8 9 687 943 9 6 8 4 6 6372 0 5429 53255 69269
Estonia 14. 9. 14. 19. 76. 146 111

14 36 6.3 4 2 4.2 3 25 9 1 355 730 6 79 6.078 7.579 6 3074 1 2343 17402 27944
Finland 10. 3. 11 106 80. 82. 359 279

17 24 1.7 9 2.3 2.9 5 6.7 9.6 7 806 2 6 1 9.043 10.25 8 5252 3 4190 42802 53505
France 7. 10. 11. 109 82. 11.08 12.30 416 316

35 39 7.6 8.9 4.1 4.3 6 9.1 6 8 829 4 1 83 9 8 2 6106 3 5178 36653 | 43846
Germany 12. 12. 109 80. 81. 10.77 12.93 456 379

3 3.6 2.8 4.7 3.6 4.1 5 7.7 1 8 771 4 6 3 8 4 7 7518 5 6424 41103 51427
Greece 11 2. 12. 13. 103 80. 81. 201 115

2.9 4.2 1.8 3 4 4.3 1 5.4 5 9 724 3 2 9 7.891 9.504 1 2736 8 1700 17617 25484
Hungary 25. 3. 22. 24, 74. | 76. 175 115

3.3 5 5.5 8 4 5.9 7 15 1 5 588 757 3 5 6.282 7.481 6 2749 7 1992 12717 18753
Iceland 22. 2. 82. 83. 331 265

0.7 3.3 3.3 3 2.6 2.7 1 44 8.5 9.7 662 834 1 2 8.07 9.734 2 5107 0 4273 45996 74452
Ireland 4. 11. 117 132 80. 82. 10.60 418 298 10200

2.8 3.6 15 6.2 32 4.1 8 9.8 9.7 9 0 5 9 8 6.709 6 6 5861 0 4536 48944 2
Israel 2. 100 8l. 82. 208 130

2.4 3.6 1.2 8.1 3.4 4.4 1 7.7 8.8 10 751 4 8 9 6.839 7.905 2 3258 3 2221 33156 52130
Italy 4. 10. 82. 83. 303 229

23 2.9 12 35 2.8 3.9 2 7.3 9 5 712 992 3 6 8.656 9.625 7 4043 1 3051 30242 38650
Japan 82. 84. 10.48 11.29 374 313

1.7 2.3 2.7 4.8 2.3 3.2 11 20 8.3 9.4 608 739 7 6 8 9 1 4899 3 4198 34961 49145
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Korea 17. 10 157 80. 83. 193 114

2.4 3 7.8 2 2.9 4 44 1 7.3 10 792 9 6 6 5.915 9.331 6 4189 4 2610 25098 35142
Latvia 55. 21. 25. 73. 75. 107

2.7 6.6 4.8 2 3.5 7.2 16 54 6 2 393 953 1 7 5.409 9.045 8 3122 684 2169 13339 20930
Lithuania 14. 19. 23. 104 73. 76. 148 105

2.8 4.8 3.3 2 3.5 5.6 26 65 3 7 429 8 7 5 6.126 7.823 5 3336 4 2287 14264 23850
Luxembour 32. 11. 81. 82. 442 366 10546 13371
g 2.5 4.7 16.4 4 2.7 2.8 5 9.8 9.5 3 691 814 1 7 5.071 5.952 5 6274 6 5397 2 2
Mexico 12. 58. 13. 18. 15. 74. 75.

3 15.3 34.2 6 3 5 21 25 2 16 430 629 7 4 5.383 6.222 912 1262 482 649 8895 11490
Netherland 4. 10. 12. 101 81. 82. 11.29 456 377
S 3.3 3.8 1.2 5.3 4 4.3 1 6.7 3 2 792 7 2 2 10.02 4 7 6739 6 5722 45193 58728
New 16. 6. 10. 11 82. 10.12 313 253
Zealand 4.2 5.7 17 8 4.7 6.1 8 8 3 9 599 969 81 3 8.97 5 2 4921 3 3953 38388 49996
Norway 10. 101 81 83. 11.24 496 419 10355

1.6 2.6 1.8 4.9 2.2 3.1 3 8.2 8.7 8 773 7 4 3 8.722 9 5 7043 2 6026 68340 4
Poland 9. 20. 75. 149 106

3.6 4.7 1 2.5 4.4 5.7 4 24 17 1 436 695 5 78 6.265 6.583 7 2522 1 1828 12379 18050
Portugal 20. 12. 140 80. 81. 1113 242 148

2.4 3.4 4.5 1 3.2 3.7 16 27 11 2 871 9 6 9 9.306 7 1 3830 5 2421 19250 24661
Slovak 2. 15. 19. 74. 7. 197 145
Republic 4.5 5.8 18 9.9 5.9 6.7 8 8.5 5 7 396 584 6 8 6.666 7.751 4 2522 7 2011 16391 21768
Slovenia 4. 11 13. 102 80. 81. 237 174

1.6 2.9 4.8 9.2 2.4 3.1 1 10 4 3 632 0 1 6 8.185 9.478 7 3885 5 2865 20890 29331
Spain 7. 10. 116 82. 10.74 272 196

2.5 3.1 17 4.2 3.1 3.7 2 16 9.6 9 725 0 4 84 8.945 6 8 4087 3 2926 25754 31678
Sweden 3. 10. 8l 83. 10.41 11.33 446 376

1.8 2.7 0.9 7 2.5 3 5 9.1 8.4 1 692 877 8 2 6 3 0 6228 8 5351 51545 61418
Switzerlan 4. 184 233 82. 10.04 11.80 522 332
d 3.1 3.9 12 8.5 4 4.5 7 79 79 9.4 0 8 8 84 6 1 9 7582 9 5135 82153 93446
Tiirkiye 112 15. 10. 16. 15. 17. 74. 78.

8.5 5 13 8 1 8 14 24 6 3 185 331 6 6 4.117 4.653 888 1560 703 1229 8639 12578
United 10. 80. 81. 12.36 341 281
Kingdom 3.8 4.2 4.5 6.7 4.2 5 7 15 3 12 606 928 4 4 9.596 5 7 5467 1 4539 40217 47440
United 15.0 23. 2. 13. 14. 155 430 76. 78. 15.99 18.75 808 1219 394 1020
States 5.4 6.1 5 8 6.3 7.2 3 3.9 6 3 7 9 4 9 2 6 1 7 3 1 50066 70219
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A comparative analysis is also performed to determine the
reliability of the results. Country rankings are found for each year
using the ARAS method. COPRAS-G ((Complex proportional
assessment of alternatives with grey relations) method is also applied
(E.K. Zavadskas & Kaklauskas, 1996; Edmundas Kazimieras
Zavadskas, Kaklauskas, Turskis, & Tamosaitiene, 2008, p. 85).
Turkey is also ranked 37th according to the COPRAS-G method.
When evaluated year by year according to the ARAS method,
Tirkiye ranks 36th in the first six years of analysis (2011-2016) and
37th in the last five years of the examining period (2017-2021).

Spearman’s correlation coefficient analysis assesses the
reliability of ranking in the unknown domain by comparing the
ranking results obtained from alternatives for every possible pair of
MCDM methods (Antucheviciene, Zakarevicius, & Zavadskas,
2011; Chatterjee et al.,, 2018). They present at Table 6. The
Spearman rank correlation between ARAS-G and COPRAS-G
ranking results is very high (0.945). In addition, the relationships
between yearly rankings with ARAS and ARAS-G results are all
very high (r>0.90). It shows the reliability of the performing results.

Table 5: Spearman Rank Correlations of the Ranking Methods

Meth|COPR |ARAS |IARAS |ARAS JARAS |IARAS IARAS |ARAS JARAS |ARAS IARAS |ARAS
ods |AS-G [2011 2012 [2013 [P014 [2015 [2016 [2017 R018 [2019 [R020 [2021

ARA
S-G | .945™ |.9527|.902™ | .930™ |.935™ | .934™ | .935™ | .949™ | .948™ | .942™ | .954™ | .959™

**n<0.001
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4.Discussion and Conclusion

The study evaluates the health system performance of OECD
countries according to selected health indicators. The data contains
38 OECD countries and 11 indicators between 2011 and 2021. The
study uses CRITIC and ARAS-G methods to compare and rank the
countries.

To begin with, the indicator’s weights are assigned according
to the CRITIC method. The CRITIC method determines the relative
importance of the criteria using their standard deviations and
correlations. For this reason, the method provides an objective and
unbiased way to find the significance of the indicators. The most
important indicators are mortality from chronic diseases, life
expectancy, and the under-five mortality rate.

After that, the ARAS-G method is used to rank the countries.
The indicator’s weights obtained from the CRITIC technique are
used in the ARAS-G method to evaluate countries. In this stage, the
time dimension is converted to grey numbers. Thus, instead of
examining the performance of countries separately over 11 years, a
single score is obtained for the study period. Sweden, Norway,
Iceland, Switzerland, and the Netherlands are the best-performing
countries, respectively, while Mexico, Turkey, Colombia, Chile, and
Costa Rica are the worst.

The proposed methodology is also compared with COPRAS-
G and ARAS (each period separately) methods. When pairwise
comparisons are examined, it is determined that there are strong
relationships between the methods. Thus, it can be concluded that
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the methodology is reliable for investigating the studied MCDM
problem.

Although the study presents an original perspective to the
literature, it has several limitations. Firstly, health system
performance is evaluated with restricted indicators for only OECD
countries. More advanced studies can be performed with more
countries and indicators. In addition to this, using different MCDM
approaches may provide different results. Future studies can be
conducted by increasing the number of countries and variables and
using newly developed MCDM methods.
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BOLUM IX

Application of Cox Regression and Decision Tree
Models to Heart Disease Data.

Zeynep YILMAZ!
Ozlem GURUNLU ALMA?

GIRIS

Doku ve hiicrelerin ihtiyag duyduklari oksijen ve besin
maddelerinin viicuda yeterli miktarda pompalanmasi kalbin en
onemli gorevidir. Kalbin yeterli miktarda kani pompalayamamasi
durumunda kalp yetmezligi ortaya c¢ikar. Kalp yetmezligi
durumunda kalp ¢alisir ancak yeterli ve ihtiya¢ duyulan miktarda
kan1 pompalayamaz. Kan dolagiminin yetersizliginden dolay1 bazi
doku ve damarlarda kan birikir. Buna ‘“konjestif” denir. Kalp
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yetmezligi hastalarinin ¢ogunlugunda meydana geldiginden dolay1
bu rahatsizliga genellikle “KKY” denir (Narin, A., Isler, Y., & Ozer,
M., 2014).1lk kez Thomas Lewis tarafindan “kalbin muhteviyatinin
yeterince bosalamamasi durumu” seklinde tanimlanan Kkalp
yetmezliginin birgok farkli tanimi mevcut olmakla birlikte Paul
Wood da kalp yetmezligini kalbin viicudun ihtiyaci igin gerekli olan
dolagimi saglayamamasi seklinde tanmimlamistir (Kése, G.,
Kurutkan, M. N., & Orhan, F. 2020).

Kalp yetmezligi, hastalarin yasam Kalitesini olumsuz
etkilemektedir. Kalp yetmezligi olan hastalarin giinlik yasam
aktivitelerini yerine getirmede giigliik yasadiklari, ekonomik, cinsel
ve psikososyal sorunlarinin oldugu, 6zellikle is yasaminda, aile,
arkadas iligkilerinde sorunlarla kars1 karsiya kaldiklar1 saptanmistir
(Oksel, E., Akbuyik, A., & Kogak, G., 2016). Bunun yani sira, bireyin
yasam kalitesini etkileyen en nemli degiskenlerden biri olan uyku
kalitesi; ilerleyen yas, kronik hastaliklar ve buna bagli gelisen
solunum bozukluklar1 neticesinde azalmaktadir. Kalp yetmezliginde
fonksiyonel kapasitenin sinirlanmis olmast ve ¢ok sayida
semptomun goriilmesi gibi 6nemli stresorler uykuyu olumsuz yonde
etkilemektedir (GOKCE, S., & MERT, H.,2015).

Gilinimiizde saglik sektorii alaninda hastaliklarin tespiti igin
makine 6grenmesi yontemleri etkin bir sekilde kullanilmakta olup,
literatiirde kalp hastaliklari igin yapilmis ¢aligmalar bulunmaktadir.
Bu galismalardan bazilari: Aktas Potur E. ve Enginel N.,2021 yilinda
kalp yetmezligi hastalarmin sag kalimlarmin  smiflandirma
algoritmalar1 ile tahmin edilmesi tizerinde ¢alismistir. Cosar M. Ve
Deniz E. (2021) makine 6grenimi algoritmalar1 kullanarak kalp
hastaliklarinin tespit edilmesi iizerinde ¢alismislardir. Kalp ve damar
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hastalig1 teshisinde Frank ve Asuncion, 2010 yilinda Yapay Sinir
Aglar1 ve Bayes algoritmalar1 kullanmuistir. 270 hastadan alinan 13
ozellikle kurulan modelde veri setinde kalp hastas1 olan ve kalp
hastas1 olmayan seklinde iki sinifa ayrilmig ve veri setine uygulanan
algoritmalarin sonuglar1 performans agisindan karsilagtirilmastir.

Bu caligmada, Nisan-Aralik (2015) déneminde Kardiyoloji
Enstitiisii ve Faisalabad-Pakistan Miittefik Hastanesi'ne basvuran
kalp yetmezligi hastalarmin hayatta kalma verileri ele alinmistir
(Ahmad T.,Munir A., Haider Bhatti S. , Aftab M., Raza M.A., 2017).
Veri seti kalp yetmezligine yakalanmis 203’1 EX 96’s1 sanstirlii olan
299 Pakistanli bireyin hasta kayitlarindan olugsmaktadir. Hasta
bireylerin 105’ini kadinlar, 194’inii erkekler olusturmaktadir. Yas
araliklart ise minimum 40 yas, maximum 95 yas olmak tizere
ortalama 61 yas araligindadir. Bireyler minimum 4 giin, maximum
285 giin ile ortalama 130 giin boyunca izlenmislerdir. Tablo 1’de
degiskenlerin tamimlayic1 istatistikleri  gorilmektedir.  Kalp
yetmezliginin sebep oldugu o6liimlerin, asagida verilen degiskenler
ile anlamli bir bigimde agiklanip agiklanmadigini test etmek igin
Kaplan-Meier hayatta kalma analizi ve Cox Regresyon Analizi
kullanilmastir.

o Anaemia : Kansizlik

o Creatinine_phosphokinase : Kreatinin fosfokinaz, kaslarda
bulunan enzim tiirtidir

o Diabetes : Seker hastaligi

o Ejection_fraction (EF) : Kalp dongiisiinde kanin ne kadari
viicuda pompalandigini gosterir.
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o High_blood_pressure : Yiiksek tansiyon
o Platelets (PLT) : Trombositler

o Serum_creatinine : Serum Kkreatinin, kan dolasimindaki
seviyeleri kontrol eder.

o Serum_sodium : Serum sodyum
o Smoking : Sigara kullanimi
o Death_Event : Oliim olay1

Tablo 1. Degiskenlerin Tammlayici Istatistikleri

&l Minimum | Maximum Mean Std. Deviation
age 2499 40 85 60,83 11,885
creatinine_phosphokinas 299 23 7861 581,84 970,288
e
gjection_fraction 24849 14 a0 38,08 11,835
platelets 299 25100 850000 | 263358,03 67804237
serum_creatinine 24849 il 9.4 1,394 10345
serum_sodium 24949 113 148 136,63 4412
time 299 4 285 130,26 77614
Walid M (listwise) 299
Degeri | Oliim Anemi | Diabet | Yiiksek | Cinsiyet | Sigara
Olay1 Kan Kullanimi
Basinci
0 203(ex) | 170 174 194 105 203
1 96 129 125 105 194 96
(sansiirlii)

1. KAPLAN — MEIER HAYATTA KALMA ANALIZI ve
SONUCLARI

Kaplan-Meier Analizi, 1958’de Kaplan ve Meier tarafindan
yasam fonksiyonunun tahminine yonelik gelistirilen Product-Limit
(PL) bir yontemidir (Bardakgi, S., 2017). Yasam siirelerine iliskin
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verileri zaman araliklarina bélmeden yasam ve 6liim fonksiyonlarini
hesaplamada kullanilmaktadir. Bu analiz yontemiyle, yasam
stiresinin tahmin edilmesinde kullanilan yasam tablolarina benzerlik
gostermektedir. Lakin Kaplan-Meier yontemini yasam tablolarindan
ayiran en belirgin fark, aralik tahminleri yerine, olaymn
gerceklesmesine kadar gegen siireyi ele almasidir (KARAPINAR, D.,
ve ZORLUTUNA, §., 2022).

Birgok tahmin probleminde tiim bireylerin 6l¢imlemelerini
tamamlamak imkansizdir. Ornegin tibbi ¢aligmalarda, hastalarin
yasam siirelerini hesaplarken 6lmeden 6nce izi kaybedilen iletisim
kurulamayan ve bazi bilinmeyen nedenlerden &len hastalar
calismadan ¢ikarilmak istenir. Dogru bilgiler elde edebilmek i¢in bu
gozlemlerin analiz edilmesi gerekir. Boyle sansiirlenmis gézlemlerin
oldugu o6rneklemlerde, yasam siiresi t’den biiyiik gozlemlerin sayisi
kesin olarak bilinemeyecektir. Bu durum, sansiirlemenin olmadigi
durumda elde edilen yasam fonksiyonunun tahmininin
sansiirlenmenin oldugu duruma uyarlanmasini gerektirir. Bu
uyarlama sonucu elde edilen yasam fonksiyonunun tahmini “Carpim
Limit (C-L) Tahmini” ya da “Kaplan-Meier (K-M) Tahmini” olarak
bilinir. Kaplan ve Meier 1958 yilinda “Product Limit Tahmini”
olarak da bilinen bu yontemi bulmuslardir. Bu yontemle
sansiirlenmis Vverilerin olmadigi durumda yasam fonksiyonunun
tahmini;

- t zamaninda yasayan birey sayis1 Nt

S(tj = 0 ?

Olarak tanimlanir.
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Hem product limit hem actuarial tahminleri asagidaki genel
prosediirleri temel alir:

v’ Zaman olgegi uygun olarak segilen araliklara ayrilir. (0,11),

(Hortz)..

_ P./
v Her bir aralik icin (“-2%), bir tahmin ' /B-1(%-1

‘den sonra hayatta kalan dgeler i ‘nin étesinde hayatta
kalir) ile tanimlanan kosullu olasiltk tahmin edilir.

V't boliimleme noktasiysa, t'nin otesinde hayatta kalan

popiilasyondaki P(t) orani ; t’den dnceki tiim araliklar igin
tahmin edilen Pi lerin carpim: olarak tahmin edilir.

Baslangicta, hi¢hir zaman araligimin  aymt zamanda
sanstirleme ve oliim durumunu aym anda icermedigi kabul
edilmektedir.

P=Pr(T>") =S ™) ,j=1,2..k
j=0 icin, S(%0) = S(0) = Fo = 1 olur.

P =5
" Pi-: Oldugundan,

P,
=1 icin, Py B, 1 1= P1

L py=Z-oP=p, tp,
J=2i¢in, = P. - -

) =% 4P, =p, *p, *
=3 icin, Ps P, 3 Py *Pz *Pj
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Tk
P =IL% P; ojarak bulunur.

1#py*py * . ®p; = Kosullu ~ Sagkalim (Yasam)

Olasiliklarimin Carpimi
_ 17
S =1l B~ Sagkalim (Yasam) Olasiligi

- _ I -
S(t) =Tz e~ Sagkalim (Yasam) Olasiliginin Tahmini
Kosullu Olme Olasilig

G=1=p -2

”k_dk
ny )

S(t) = il-r.=1 P = L:J.(

Bazi1 durumlarda ayni hastaliga yakalanan bireyler iki ya da
daha fazla gruba ayrilarak her gruba farkli bir tedavi yontemi
uygulanabilir. (Ornegin farkli ilag, farkli ameliyat gibi) Farkli
yontemlerle tedavi edilen hastalar igin birden fazla yasam
fonksiyonu hesaplanabilir. Bu yasam fonksiyonlarinin birbiriyle
olan farkliliklar1 test edilebilir.Kaplan — Meier analizinde farkli
gruplar arasi karsilastirmada kullanilan bazi 6zel testler Tarone —
Ware Testi, Log — Rank Testi, Breslow — Wilcoxon Testi, Mantel —
Cox Testi’dir. Calismada yapilan analizler SPSS 20 ve SPSS
Clementine 12 programlari kullanilarak elde edilmistir.

Veri seti igin Cinsiyete gore Kaplan Meier analizinden elde
edilen sonuglar Tablo 2’de verilmistir.
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Tablo 2. Kaplan-Meier Analiz Sonuglart

Censored
sex Total M M of Events M Percent
b
0 105 71 34 32,4%
1 194 132 2 32,0%

- = ] ]
Owverall 2848 203 =[] 321%
Means and Medians for Survival Time

Mean? Median
95% Confidence Interval 95% Confidence Interval
Sex Estimate | Std. Error | Lower Bound | UpperBound | Estimate | Std. Error | Lower Bound | Upper Bound
0 168,433 7,649 153,440 183,425 | 187,000 6,647 173,971 200,029
1 165,609 5503 154,824 176,394 | 186,000 14,743 157,103 214,887
Overall | 166,535 4,457 157,799 175,272 | 186,000 6,056 174,131 197,869
a. Estimation is limited to the largest survival time if itis censored.
Overall Comparisons
Chi-Square df Sig
Log Rank (Mantel-Cox) 026 1 872
Breslow (Generalized 058 1 809
Wilcoxon)
Tarone-Ware 080 1 g78
Test of equality of survival distributions for the different levels of
SEx
Yukarida verilen Kaplan-Meier ¢iktisinda, cinsiyete

(0=Kadin, 1= Erkek) gore analiz yapilmistir. 105 hasta kadin bireyin
71’1 Ex olup, kalan 34’1 ise sansiirli veridir. 194 Hasta erkek
bireylerde ise 132’si Ex olmus, 62’si sansiirlii verdir. Her iki grup
Ortalama
sagkalim siiresi; Kadinlar i¢in 168 giin, erkekler i¢in 166 giindiir.

icin gozlemlenemeyen bireylerin yiizdesi %32°dir.

%95 giiven araligina bakildiginda ise alt ve st sinirlar birbirine
olduk¢a yakin oldugundan dolayi, gruplar arasinda ciddi farklar

olmadigi sdylenebilir.
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Survival Functions
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Log-Rank Test (p=0,872) (p=0,05)’ten oldukca biiyiik
oldugundan dolayn, istatistiksel agidan kadin ve erkek hasta bireyler
arasinda anlaml bir farklilik olmadigim gosterir. Yani Iki hasta
grubun sagkalim siireleri benzerlik gosterir. Sagkalim egrileri de bu
hipotezi destekler nitelikte olup, cinsiyet gruplarinin sagkalim
olasiliklar1 izlem siiresince esdeger oldugunu ifade etmektedir.

Ejection Fraction degiskenine gore Kaplan Meier analiz
sonuclart asagida verilmistir.

Ejeksiyon fraksiyon (EF) degeri; %40°1n altinda toplam 219
hastadan 142’si Ex, 77’si de sansiirlidir. %40’in istinde 80
hastadan 61’1 Ex, 19’u da sanstuirlt hastalardir.
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o <%40 : Kalp fonksiyonlariin bozuldugunu ve Kkalp
yetmezIligi riskinin arttigin1 gosterir.

o >%40 : Kalp fonksiyonlarmin iyi durumda oldugunu ve kalp
yetmezligi riskinin azaldigini gosterir.

Censaored
EF Taotal M M of Events M FPercent
40 ve Al 214 142 T 352%
40 Ustl a0 61 14 23,8%
Cverall 289 203 g6 321%
Means and Medians for Survival Time
Mean? Median
95% Confidence Interval 95% Confidence Interval
EE Estimate | Std. Error | Lower Bound | Upper Bound | Estimate | Std. Error | Lower Bound | Upper Bound
40ve Al 175,042 5,211 164,829 185,254 194,000 7,049 180,184 207,816
400sti | 145324 8,049 120,548 161,101 | 121,000 18,250 85,231 156,760
Overall 166,535 4,457 157,798 175,272 | 186,000 6,056 174,131 197 868

a. Estimation is limited to the largest survival time ifitis censored

Overall Comparisons

Chi-Square df Sig.
Log Rank (Mantel-Cox) 6,777 1 00g
Breslow (Generalized 10,539 1 001
Wilcoxon)
Tarone-Ware 10,514 1 0o
Test of equality of survival distributions for the different levels of
EF.

EF i¢in ortalama ve medyan hayatta kalma siiresi %95 giiven
diizeyi ile Ol¢ilmistir. EF degerleri  <%40, >%40 olarak
gruplandirilmistir. Sirastyla ortalama yasam siireleri 175 giin ve 145
giindiir. Bu bireylerin hayatta kalma olasiliklart %50’ye diistigi
stireler: <%40 i¢in 194. giin, >%40 i¢in de 121.gilindjir.

Log-Rank degeri (p=0,009) ¢ikmistir. Sonuglar, Ejeksiyon
fraksiyonunun hayatta kalma siireleri iizerinde etkili oldugu
istatistiksel olarak anlamli bulunmustur.
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Survival Functions
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Anemi degiskenine gore Kaplan Meier analiz sonuglari

asagida verilmistir.

Case Processing Summary

Censored
anaemia Total M M of Events M Percent
Yok 170 120 a0 29 4%
Var 1249 83 46 35 7%
Overall 2949 203 96 321%

Kansizlig1 olmayan 170 hasta bireylerden 120’si EX olmus,
50’si ise gozlemlenmemis sansiirlii bireylerdir. Kansizligi olan 129
bireyden ise 83’1 Ex olup, 46’s1 da sansiirlii bireyleri olusturur.
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Means and Medians for Survival Time

Mean?® Median
95% Confidence Interval 95% Confidence Interval
anaemia | Estimate | Std. Error | Lower Bound | Upper Bound | Estimate | Std. Error | Lower Bound | Upper Bound
Yok 173,366 5033 161,736 184,995 | 182,000 5515 181,190 202,810
Var 156,334 6,611 143,376 169,292 | 147,000 17,170 113,347 180,653
Overall 166,535 4 457 157,799 175272 | 186,000 6,056 174,131 197,869

a. Estimation is limited to the largest survival time if itis censored.

Overall Comparisons

Chi-Square df Sig.
Log Rank (Mantel-Cox) 5419 1 020
Breslow (Generalized 2577 1 Jgog
‘Wilcoxon)
Tarone-Ware 3,832 1 050
Test of equality of survival distributions for the different levels of
anaemia.

Yukaridaki ¢iktida, ortalama ve medyan yasam siireleri %95
Giiven Diizeyi ile 6lgiilmistir. Kansizligi olmayan hasta bireylerin
yasam olasilig1 %50’ye 192. Giinde diigserken, kansizligi olan hasta
bireylerin ise 147. Giinde diismiistiir. Ortalama yasam siiresi,
kansizlig1 olmayan hastalarda 173 giin, kansizligi olan hastalarda
156 giin oldugu goriiliir. Verilen istatistiklerden de anlasilacag: gibi
kansizlik, hastalarin hayatta kalma siirelerini olumsuz ydnde
etkilemektedir. Log-Rank degeri (p=0,020) Istatistiksel olarak
anlamli ¢itkmistir. Bu da Kansizligin hayatta kalma siireleri tizerinde
onemli bir etkisinin oldugunu gostermektedir. Asagida alternatif
hipotezin dogrulugu Kaplan-Meier hayatta kalma egrisiyle
gorsellestirilmistir.
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Yiiksek kan basinci degiskenine gore Kaplan Meier analiz
sonuclar1 asagida verilmistir.

Censored
high blood pressure | Total b M of Events M FPercent
Yok 194 137 57 29,4%
War 105 i 349 371%
Overall 2498 203 96 321%

Yiiksek tansiyonu olmayan 194 hasta bireyin 137’si Ex olup,
57’si gozlemlenememis sansiirlii veridir. Yiiksek tansiyonu olan

--188--



hasta bireylerde ise 105 hasta bireyden 66’s1 Ex olmus, 39’u da
sansurli veridir.

Means and Medians for Survival Time

Mean? Nedian
95% Confidence Interval 95% Confidence Interval
high_blood pressure | Estimate | Std Eror | Lower Bound | Upper Bound | Estimate | Std. Error | Lower Bound | Upper Bound
Yok 174,931 5482 164,167 185,696 192,000 8,567 175,208 208,791
Var 148,620 7126 134,653 162,587 146,000 31,63 84,003 207,887
Overall 166,535 4,457 157,799 175,272 186,000 6,056 174131 197,869

a. Estimation is limited to the largest survival time if it is censored.

Overall Comparisons

Chi-Square df Sig.
Log Rank (Mantel-C ox) 12,377 1 000
Breslow (Generalized 7446 1 006
Wilcoxan)
Tarone-Ware 9,780 1 00z

Test of equality of survival distributions for the different Ievels of
high_blood_pressure

%95 giiven diizeyinde, yiiksek tansiyonu olmayan hasta
bireylerin ortalama yasam siiresi 175 giin iken yiiksek tansiyonu olan
bireylerde ortalama yasam siiresi 149 giindiir. Bu iki grubun yasam
olasiliklart %50’ye diistiigi zaman noktalar1 yiiksek tansiyonu
olmayan hastalarda 192. Giinde iken, yiiksek tansiyonu olan
hastalarda 146. Giine diismiistiir. Log-Rank degeri (p=0,000)
istatistiksel olarak anlamli ¢ikmustir. Testlerin sonucunda, Yiiksek
tansiyonun varhigi, hayatta kalma siireleri iizerinde anlamli ve etkili
oldugu sdylenebilir.

Asagida verilen Kaplan-Meier hayatta kalma egrisi ile
sonuglar daha anlasilir halde gorsellestirilmistir.
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2. COX REGRESYON YONTEMI ve SONUCLARI

Cox regresyon yontemi, bir hastanin yasam siiresi (bagimli
degisken) ile birden fazla agiklayict degisken arasindaki iliskiyi
ortaya ¢ikaran istatistiksel bir yontemdir. Cox regresyon analizinde
hedef, yasam verilerinin genel durumunu yansitacak bir model
olusturmaktir. Bu yolla, yasam siiresi iizerinde etkili oldugu
diistiniilen bagimsiz degiskenlerin etkileri es zamanli olarak
aciklanabilmekte, yani oOlgiilebilmektedir. Cox regresyon modeli,
klinik bir c¢alismada hastalarin yasamini1 analiz etmek igin
kullanildiginda, tedavinin etkisini diger degiskenlerin etkisinden
ayirmaya yardimer olur (Yay, M., Coker, E., & Uysal, O., 2007).
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Parametrik modellerin gerektirdigi varsayimlarin (normallik,
bagimsizlik vb.) saglanmadigi durumlarda Cox regresyon analizi,
parametrik analizlerden daha etkilidir. Cox regresyon modelinin
temel varsayimlari su sekilde agiklanabilir: bagimsiz degiskenlerin
risk (hazard) fonksiyonu {izerindeki etkileri log-lineerdir ve
bagimsiz degiskenlerin log-lineer fonksiyonu ile risk fonksiyonu
arasindaki iliski carpimsaldir (471, A., & Onder, H., 2013).

Aciklayici degisken X vektoriine sahip olan birey ya da birim
icin t aninda hazard fonksiyonu;

h(t; X) = ho(t) g (X B)

Bigiminde ifade edilmektedir.

Burada 9 (X £) cesitli bigimlerde gosterilebilmektedir ve

genellikle seklinde kullanilmaktadir. Buradaki & (X)), birey ya da
birimlerin 6zelliklerini yansitan X vektoriniin tehlike fonksiyonu
tizerindeki ¢arpimsal etkisini belirleyen bir fonksiyondur (Demir, A.,
2017).

Veri seti i¢in Cox regresyon analizi sonuglart Tablo 3
verilmistir.
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Tablo 3. Cox Regresyon Analizi Sonuglart

2 Log Overall (score) Change From Previous Step Change From Previous Block
Likelihood | Chi-square [ of | sig. Chisquare | df | Sig. Chi-square | df | Sig
1783,208 27,262 | 9 | 001 25870 | 9 | 002 25970 | g | 002

a. Beginning Block Mumber 1. Method = Enter

Variables in the Equation

B SE ‘Wald df Sig Exp(B)
age 006 007 778 1 378 1,006
anasmia -,302 151 4,008 1 045 740
creatinine_phosphokinas 000 ) 668 1 414 1,000
]
diabetes 142 150 887 1 348 1,152
ejection_fraction 014 oo7 3,908 1 048 1,014
high_hlood_pressure - 516 158 10,638 1 001 5ar
serum_creatining -189 16 2,644 1 104 828
serum_sodium -019 018 1,033 1 309 a1
sex - 063 154 168 1 682 839

Covariate Means
Mean

age 60,622
anaemia 579
creatinine_phosphokinas 571,091
e
diahetes Kalit}
ejection_fraction 38,326
high_hlood_pressure 653
serum_creatinine 1,353
serum_sodium 136,796
sEx 361

Model uyumuna bakildiginda; Kalp yetmezligi olan hasta
bireylerin  Ex(6lim) olaymi  Age, Anaemia, Creatinine
phosphokinase, Diabetes, Ejection fraction, High blood pressure,
Serum creatinine, Serum sodium ve sex degiskenleri tarafindan %95
giiven diizeyinde (p=0,002) anlamli bir sekilde agiklamaktadir.

Denklemdeki degiskenler goz oniline alindiginda; Anaemia
ile Ex arasinda negatif yonde = -0,302 kadar degisim, high blood
pressure ile Ex arasinda negatif yonde p= -0,516 kadar degisim,
Ejection fraction ile Ex arasinda pozitif yonde B=0,014 kadar
degisim oldugunu gostermektedir. Degiskenlerin anlamliligi ise
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sirasiyla (p=0,045), (p=0,001) ve (p=0,048) bulunmus olup, p-
significance degerleri bu 3 degisken igin istatistiksel agidan anlamli
cikmistir. Anaemia, high blood pressure ve Ejection fraction
degiskenlerinin kategorileri arasinda olusan farkliliklar asagida
Hayatta kalma fonksiyonlari ile gorsellestirilmistir.

Survival Function at mean of covariates
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3.KARAR AGACLARI YONTEMIi

Karar agaglari, agac yapisina benzetilen ve oldukga fazla
kullanilan gbzetimli 6grenme algoritmalarindandir. Karar agaglari
yapilart itibariyle hiyerarsik yapi1 olup dallanarak ilerleyen bir yol
izlemektedir. Karar agaci algoritmasi biiylik veri setlerinde bazi
karar kurallar1 uygulayarak daha kiigiik veri setlerine ayirmak igin
kullanilir. Karar agaclari ii¢ elemandan olusmaktadir. Ik elamani i¢

--193--



karar diigiimleridir ki giris verileri bu kisimda test edilir ve bu ig
karar diigiimleri sorularin soruldugu hangi yéne yonelecegine karar
veren diigiimlerdir. Ikinci bir karar agac1 elaman1 ise daldir. Dallar
sorularin cevaplarimi temsil eder. Uciincii eleman ise ug yapraklardir
ve sinif etiketleri bu kisimda bulunur. Sekil “de 6rnek bir karar agaci
ve kural yapist verilmistir (Bilekyigit S., 2022).

édemcil{

'\$i§mesi/

<<
Yok Var

T

/\

Tani = Bogaz Enfeksivonu

/e
\

e

Yok Var

N

A

Tam = Alerji Tam = Sofuk alginlif

EGER Bademcik Sigmest = Var

SONRA Tam = Bogaz Enfeksivonu

EGER Bademcik Sismesi = Yok & Ates = Var
SONRA Tam = Soguk algmiig

EGER. Bademcik Siymesi = Yok & Atey = Yok

Sekil 1. Karar Agaci Yapisi

Veri seti igin uygulanan karar agaci analizi sonucuna gore:
en 6nemli degisken serum creatinin, serum sodium, yas, yiiksek kan
basinci ve diyabet olarak belirtilmistir.
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Variable Importance
Targets: DEATH_EVENT

high_blood_pressure

diabetes|

ejection_fraction-|

aaaaaaaa

smoking-|

creatinine _phosphokinase|

0,00 0,05 0,10 0,15 0,20 0,25 0,30

Sekil 2. Karar Agac: Analizi Sonucu Onemli Degiskenlerin
Gosterimi

Serum creatinine (Serum Kreatinin), 6lim olay1 {izerinde
biiyiik bir etkisi oldugundan en 6nemli degiskendir. Serum sodium
(Serum Sodyum), age (Yas) high_blood_pressure (Yiiksek
Tansiyon) ve diabetes (Seker hastaligi) gibi 6nem derecelerine gore
devam eder.
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b ejection_fraction == 20 [Mode: 1]
- diabetes=0 [Mode: 1] = 1
& diabetes = 1 [Mode: 1]
----- high_kblood_pressure =0 [Mode: 1] = 1
E oo high_blood_pressure=1 [Mode: 0] = 0
= ejectinn_fractiun = 20 [Mode: 0]
= _serum_creatinine ==1,80 [Mode: 0]
=5 n_ajecticln_fracticln == 30 [Mode: 0]
- serurn_sodiurm == 141 [Mode: 0]
----- serurm_creatining == 0,80 [Mode: 0] == 0
= serum_creatining = 0,80 [Mode: 1]
E high_blood_pressure=0 [Mode: 0]
----- creatinine_phosphokinase == 156 [Mode: 1] =+ 1
S creatinine_phosphokinase = 156 [Mode: 0] = 0
= high_blood_pressure =1 [Mode: 1]
= smoking=0 [Mode: 1]
----- serum_creatinine == 1,10 [Mode: 1] = 1
. serurm_creatinine = 1,10 [Mode: 0] == 0
----- smoking=1 [Mode: 1] = 1
----- serum_sodium = 141 [Mode: 0] = 0
= ejection_fraction = 30 [Mode: 0]
= age == 81 [Mode: 0]
E ----- serum_sodium == 141 [Mode: 0] = 0
= serum_sodium = 141 [Mode: 0]
- anaemia=0 [Mode: 0] = 0
“egnaemia= 1 [Mode: 1] = 1
“oage =81 [Moder1] = 1
= serurm_creatining = 1,80 [Mode: 1]
El EJectmn fraction == 35 [Mode: 0]
----- serum_creatinine == 1 890 [Mode: 1] = 1
: - serurm_creatining = 1,90 [Mode: 0] = 0
oo ejection_fraction = 35 [Mode: 1] = 1

Sekil 3. Karar Agaci Kural Yapisi

Bu aga¢ yapisinda; ejeksiyon fraksiyonu 20'den kiigiikse,
oliim riski %13. Diyabet yoksa 6liim riski yoktur. Diyabet varsa ve
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yiiksek tansiyon yoksa, 6lim riski %0. Diyabet varsa ve yiiksek
tansiyon da varsa, 6lim riski %2100. Ejeksiyon fraksiyonu 20'den
biiyiikse, 6liim riski %72. Serum kreatinin < 1.80 ise Oliim riski
%79, biiyiikse oliim riski %33.Bu da bize EF degeri biiyiidiikge,
oliim riskinin arttigini gosterir.

Bu agacin ana belirleyicileri ejection fraction ve serum
creatinine'dir
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Sekil 3. Karar Agact Yapusi
« Ejection Fraction < 20: Oliim riski yiiksek.

o Diyabet varsa, 6liim riski %40.
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o Diyabet yoksa, 6liim riski %0.
e Ejection Fraction > 20: Daha karmasik bir yapi.
« Serum creatinine < 1.80: Oliim Riski, %79.
« Ejection Fraction < 30: Oliim Riski, %57.

e Serum sodium < 141: Olim Riski,
%51.

e Serum creatinine <0.80: Oliim
riski %100.

e Serum creatinine > 0.80:
Olim Riski, %45. Yiiksek
tansiyon, kreatinin fosfokinaz,
sigara kullanimi ve serum
kreatinin seviyelerine bagh
olarak 6lim riski degisir.

e Serum sodium > 141: Olim riski
90100.

« Ejection Fraction > 30: Oliim Riski, %86. Yas
ve serum sodyum seviyelerine bagli olarak
olim riski degisir.

« Serum creatinine > 1.80: Oliim riski %33. ejeksiyon
fraksiyonu ve serum Kkreatinin seviyelerine bagh
olarak 6lim riski degisir.

Bu agacin ana belirleyicileri arasinda ejection fraction, serum
creatinine ve serum sodium one ¢ikiyor. Ayrica, yas, diyabet, yiiksek
tansiyon, anemi ve sigara kullanimi1 da dikkate aliniyor.

--199--



=H-Results for output field DEATH_EVENT
=N Cumparmg FC-DEATH_EVEMNT with DEATH_EVYEMNT

‘Partition’ 1_Training 2_Testing
Correct 188 90,82% 65 TOES%
""" Yirang 14 918% 27 2835%
Total 207 92

Sekil 4. C5.0 algoritmasi ile elde edilen modelin dogruluk oran:
Duyarlilik %90, Segicilik %29, Genel Dogruluk %72 olarak

bulunmustur.
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