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Ulke ekonomisi igin biiyiik 6neme sahip olan bankalarin sektordeki rekabet nedeniyle kaynaklarmi etkin
ve verimli kullanmalar1 6nem arz etmektedir. Bu nedenle bankalarin performans degerlendirmeleri
yapilmali ve degerlendirme sonucunda gerekli 6nlemler alinmalidir. Bu ¢aligma, Tiirkiye’de hizla bityiiyen
katihim bankaciligi sektoriinde faaliyet gosteren alti katilim bankasmin 2019-2023 yillari arasindaki
finansal performanslari1 Cok Kriterli Karar Verme (CKKYV) yontemleri ile karsilastirmali olarak
degerlendirmeyi amaglamaktadir. Caligmada 2019- 2023 yillar1 arasinda Tirk Bankacilik Sektoriinde
faaliyet gosteren 6 katilim bankasmnin finansal performanslart CKKV Yontemlerinden SD ve GIA
kullanilmis ve sonuglart karsilagtirilmigtir. Literatiir arastirmasi  sonucunda segilen 8 kriterin
(Ozkaynaklar/Toplam Aktif, Toplam Kullandirilan Fonlar/ Toplam Aktif, Toplam Toplanan Fonlar/
Toplam Aktif, Toplam Kullandirilan Fonlar/ Toplam Toplanan Fonlar, Net Dénem Kari/ Toplam Aktif
(ROA), Net Dénem Kary/ Ozkaynaklar (ROE), Ozkaynaklar / (Kredi + Piyasa + Operasyonel Riske Esas
Tutar), Net Kar Pay1 Geliri/ Toplam Aktif) agirliklandirilmasinda SD (Standart Deviation) ydntemi
kullanilirken, bankalarin bagari siralamalart igin GIA (Gray Relational Analysis) yontemi kullanilmustir.
Ele alinan analiz doneminde katilim bankalarmin finansal performans: iizerindeki en etkili degerlendirme
olgiitii 2019 yilinda “ROA” olmakla birlikte, pandeminin yasandigi 2020 ve 2021 yillarinda bu 6lgiit
“Toplam Toplanan Fonlar/ Toplam Aktif” olmustur. Pandemiden sonraki toparlanma dénemi olan 2022 ve
2023 yillarindaki finansal performans tizerindeki etkisi en fazla olan degerlendirme dlgiitii ise “Net Donem
Kar/ Ozkaynaklar (ROE)” olmustur. Diger taraftan katilm bankalarnm performans: iizerindeki en az
etkiye sahip degerlendirme 6l¢iitiniin ise yillar itibariyle degiskenlik gosterdigi tespit edilmistir. 2019 ve
2020 y1llar1 i¢in finansal agidan en basarili olan katilim bankasi Ziraat Katilim iken, 2021 ve 2022 yillarinda
Kuveyt Tirk, 2023 yilinda ise Vakif Katilim olmustur. 2021 yili hari¢ tim yillarda Albaraka Tiirk ise
finansal basar1 agisindan en disiik performans sergileyen banka olmustur. Vakif Katilim 2020-2023 yillari
arasinda, Emlak katilim ise 2019-2022 yillan arasinda finansal performans agisindan ilk {igte yer alan
bankalar olmustur.

Analysis of Financial Performance of Participation Banks in Turkiye Using Multi-Criteria

Decision-Making Technique

Article Info
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It is important for banks, which are of great importance for the national economy, to use their resources
effectively and efficiently due to competition in the sector. For this reason, performance evaluations of
banks should be made, and necessary measures should be taken as a result of the evaluation. The purpose
of this study is to analyze the financial performance of participation banks in Turkey, which are increasing
their share in the sector with an increasing momentum. In the study, the financial performances of 6
participation banks operating in the Turkish Banking Sector between 2019 and 2023 were compared using
Multi-Criteria Decision-Making Methods. While the SD method was used for weighting the 8 criteria
selected as a result of the literature research, the GIA method was used for the success rankings of the
banks. The evaluation criterion with the highest impact on the financial performance of participation banks
in the periods included in the analysis was “Net Income / Total Assets (ROA)” in 2019, while this criterion
was “Total Funds Collected / Total Assets” in 2020 and 2021, when the pandemic was experienced. The
evaluation criterion with the highest impact on financial performance in 2022 and 2023, the recovery period
after the pandemic, was “Net Income/ Total Equity (ROE)”. On the other hand, it has been determined that
the evaluation criterion with the least impact on the performance of participation banks varies over the
years. In 2019 and 2020, Ziraat Katilim was the most financially successful participation bank, Kuveyt
Tiirk in 2021 and 2022, and Vakif Katilim in 2023. In all years except 2021, Albaraka Tiirk has been the
lowest performing bank in terms of financial success. In the last four years except 2019, Vakif Katilim and
Emlak Katilim were in the top three except for 2023.
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GIRIS

Modern Islami finans fikri 1940'larda Hintli Miisliimanlara kadar uzanirken ve 1960'"arda
Misir'da onciileri gériiliirken, ilk Islami finans kurumlar1 1970'lerin basindan itibaren sekillenmeye
baslamistir. Islam Konferans1 Orgiitii'niin gdzetimi altinda ve Kral Faysal gibi Suudi 6nderlerin
desteklemesiyle Miisliiman onderler, Islam diinyasinin “siyasi ve ekonomik kaderini” sekillendirecek
bir Islami bankacilik sistemi olusturmaya calismislardir. Bu kosullar altinda, 1974 yilinda Lahor'da
diizenlenen islam Is Birligi Teskilat1 zirvesinde Islam Kalkinma Bankas1 kurulmus ve sonraki yillarda
bir dizi Islami banka faaliyete gegmistir (Hardy, 2012: 2). Bu bankalar 1970’lerde, genellikle faizsiz bir
temelde faaliyet gOsteren ticari bankalar iken, bugiin, siyasi-ekonomik ortamda yasanan genis ¢apl
degisimlerin bir sonucu olarak daha cesitli ve yenilik¢i, yeni nesil Islami finans kurumlari olarak
piyasada yer almaktadir. Bu sektordeki en énemli gelisme, Islami finansin kiiresel ekonomiye giderek
daha fazla entegre olmasidir denilebilir (Warde, 2010: 1). Islami finansin kiiresellesmesi, dzellikle
katilim bankaciliginin gelisimiyle hiz kazanmaistir.

Katilim bankalari, faiz hassasiyetine sahip bireylerin ellerindeki fonlar1 ekonomiye kazandirmak
amactyla kurulmus, ayni zamanda bu fonlarin giivenli bir sekilde muhafaza edilmesine ve
degerlendirilmesine yardimci olmustur. 1970'li yillarda kurulan ve giiniimiizde hala faaliyet gdsteren bu
bankalar, zaman i¢inde daha genis bir yelpazede finansal iirlinler sunarak, piyasa kosullarina daha iyi
uyum saglamistir (Alharbi, 2015: 15). Bu bankalarin hem bireyler hem de isletmeler i¢in sundugu
alternatif finansman yontemleri, Islami finansin kiiresel 6lcekteki énemini artirmis ve bu sektérii daha
dinamik hale getirmis ve 6zellikle Miisliiman ¢ogunluklu iilkelerde alternatif bir finansal aracilik yolu
olarak ortaya ¢ikmistir (Aysan, vd., 2016: 187).

Tiirkiye, 1980'lerde Turgut Ozal'n Basbakanligi déneminde siki bir sekilde kontrol edilen
ekonomisinin liberallesmesiyle birlikte, kiiresel Islami finans egilimlerine katilmaya baslamistir. Arap
Koérfez iilkelerinden daha fazla dogrudan yabanci yatirim ¢ekme planinin bir parcasi olarak 1983 yilinda
bir kararname ile “Ozel Finans Kurumu” unvam ile faizsiz bankacilik yasallastirilmistir. Fakat bu
kurumlar konvansiyonel bankalarla ayni statiiye sahip olmadigi gibi Tiirkiye Cumhuriyet Merkez
Bankasi’nin sigorta programi kapsaminda degillerdi ve devlet tahvillerine de yatirim yapamiyorlardi
(Hardy, 2012: 3). islam Kalkinma Bankasi'nin kurucu iiyelerinden olan Tiirk devleti, 1984 yilinda
hissesini yiikselterek bankanin en biiyiik ortaklarmdan biri olmustur. Bu durum Tiirkiye'ye Islam
Kalkinma Bankasi’nin yonetim kurulunda daimi bir iiye bulundurma hakki vermis ve sonug olarak
Tiirkiye, Islam iilkeleri arasinda is birligi programlarinin gerceklestirilmesine yardimei olan, uluslararasi
ticaret ve altyapi projelerini destekleyen ve yeni finansal araclar gelistiren Islam Kalkinma Bankasi'nda
daha etkili bir rol oynamistir (Savasan, Sara¢ ve Giirdal, 2013: 113).

1985°te faaliyetlerine baglayan Albaraka Tirk, Tiirkiye’deki katilim bankaciligimin ilk
uygulamasidir. Onu ayni yil Faisal Finans izlemistir ve her ikisinde de Arap Korfezi paydaslart kontrol
hissesine sahiptir. Yillar icerisinde Tiirk sermayesi ve miilkiyetiyle diger 6zel finans kurumlar da
kurulmustur: 1991'de Anadolu Finans, 1995'te Thlas Finans ve 1996'da Asya Finans (tkbb.org.tr). Ancak
1990'larin sonundaki doviz ve mali kriz nedeniyle bankacilik sektorii 1999-2001 yillar1 arasinda ¢ok zor
bir donemden ge¢mistir. Kriz donemi, sistemik nedenlerden dolay bir dizi geleneksel bankanin iflastyla
ve ayrica yaygin kurumsal yonetim basarisizliklariyla da damgalanmistir. Bu basarisizliklar finansal
sistemi giiclendirmek icin yeni diizenlemelerle sonuglanmistir. Bu siirecte, Ozel Finans Kurumlari
bankacilik sektoriiniin semsiyesi altina alinmis ve Aralik 1999'dan itibaren, 4389 sayili Bankacilik
Kanunu kapsamina dahil edilmistir (Asutay, 2013: 215). Sektdrde yer alan “Ozel Finans Kurumlari”,
2005 yilinda yiiriirliige giren Bankacilik Kanunu (5411 sayill) ile “Katilim Bankasi” unvam ile
faaliyetlerine devam etmektedirler (tkbb.org.tr). 2007-2009 kiiresel mali krizi ve artan belirsizlik, daha
fazla kiiresellesmeyle birlikte, dzellikle Islami bankaciligin ok hizli gelismesine katkida bulunmustur
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(Bilgin, Danisman, Demir & Tarazi, 2021: 1).

Yapilan diizenleme ve denetlemelerle giiniimiizde gittikge payim artiran katilim bankalarmin
finansal performanslarinin analiz edilmesi bankalarin durumu hakkinda ilgilenenleri bilgilendirmenin
etkili yontemlerinden biridir. Isletmelerin performanslarmin analizi, isletmelerin hedeflerine ulasma
yolunda uygulamis olduklari stratejilerinin dogrulugunu ortaya koyma ve bu stratejilerin sdz konusu
isletmeyi hedeflerine ne dl¢iide tasidigini gdstermesi agisindan dnemlidir (Ogiit ve Tarhan, 2022: 160).
Finans sektoriiniin 6nemli kurumlarindan olan bankalarin performanslarinin 6l¢iilmesi, miisterilerinin
memnuniyet diizeylerinin belirlenmesi, kendileri ve rakipleri ile karsilagtirma yapmalari, hissedarlar
icin basarili olup olmadiklarimin tespiti gibi konulardaki degerlendirmelerin ve kararlarin varsayimlar
yerine gercek verilerle ele alinmasina imkan tanimaktadir.

Tiirk Bankacilik Sektoriiniin ve Katilim Bankaciliginin yillar itibariyle rakamlarla gelisimine
bakildiginda; Ekim 2024 verilerine gore sektoriin aktif biyiikliigii 30.884.697 milyon TL’ye ulagmistir.
Aktiflerin %85,97si mevduat bankalarina, %8,15°1 katilim bankalarina, %5,88’1 ise kalkinma ve yatirim
bankalarina aittir (tkbb.org.tr). Katilim bankalarinin 2013- 2024 yillar1 arasindaki aktiflerinin geligimine
(Sekil 1) bakildiginda ise; 2013 yilinda 90.949 milyon TL ile sektorde %5,56’lik bir aktif biiyiikliigiine
sahipken, 2024 Ekim itibariyle 2.506.514 milyon TL ile bu paym %8,63 yiikselttigi goriilmektedir.

Sekil 1
Tiirk Bankacilik Sektoriindeki Katilim Bankalarindaki Aktiflerin Seyri

| Aktiflerin Gelisimi (Milyon TL) Detay

Genel Goriinim @ Toplam (- Sektor Pay

1.143.207

§55.177

442.795

263.263
90949 101.569 119.719 121.552 155.152 -

-
\2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 J

Kaynak: tkbb.org.tr

Ekim 2024 verilerine gore Tiirk Bankacilik Sektoriindeki 18.102.888 milyon TL tutarindaki
toplanan fonlarin %90,64’1i mevduat bankalarina, %9,36’s1 katilim bankalarina aittir (tkbb.org.tr).
Katilim bankalarinin 2013- 2024 yillar1 arasindaki toplanan fonlarin gelisimine (Sekil 2) bakildiginda;
2013 yilinda 58.780 milyon TL ile sektdrde %6,53°1liik bir paya sahipken, 2024 Ekim itibariyle
1.687.481 milyon TL ile paym %9,36’ya yiikselttigi gortilmektedir.
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Sekil 2
Tiirk Bankacilik Sektoriindeki Katilim Bankalarindaki Toplanan Fonlarin Seyri

Toplanan Fonlarin

| Genel Goriiniim @ Toplam - Sektor Payi

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Kaynak: tkbb.org.tr

Ekim 2024 verilerine goére Tiirk Bankacilik Sektoriindeki 15.143.376 milyon TL tutarindaki
kullandirilan fonlarin %85,37’si mevduat bankalarina, %7,32°si kalkinma ve yatirim bankalarina,
%7,31°1 ise katilim bankalarina aittir (tkbb.org.tr). Katilim bankalarmin 2013- 2024 yillar1 arasindaki
toplanan fonlarin gelisimine (Sekil 3) bakildiginda; 2013 yilinda 59.967 milyon TL ile sektorde
%6,05’lik bir paya sahipken, 2024 Ekim itibariyle 1.116.082 milyon TL ile payim %7,31 e yiikselttigi
goriilmektedir.

Sekil 3
Tiirk Bankacilik Sektoriindeki Katilim Bankalarindaki Kullandirilan Fonlarin Seyri

Kullandirilan Fonlarin
Gelisimi (Mil

@ Toplam - Sektor Pay!

%37,3]1

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Kaynak: tkbb.org.tr
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Bu rakamlara ilaveten Ekim 2024 itibariyle toplam 2.659.832 milyon TL olan sektdriin
6zkaynaginin 195.190 milyon TL’si katilim bankalarina aittir. Ayrica sektorde yer alan 10.930 subenin
1.509°’u ve 209.814 personelin ise 21.356’s1 katilim bankalarma aittir (tkbb.org.tr). Rakamlara
bakildiginda giderek artan bir ivmeyle sektérdeki paymi artiran katilim bankalarinin akademisyenler
tarafindan giin gectikce ilgi odagi haline gelmesi kaginilmazdir.

LITERATUR

Hem ulusal hem de uluslarasi literatiirde Konvansiyonel bankalarin finansal performanslarini
CKKYV teknikleriyle analiz eden bircok ¢alisma (Chang, 2006; Ho ve Wu, 2006; Lin ve Zhang, 2009;
Kandemir ve Karatag, 2016; Tezergil, 2016; Sisman ve Dogan, 2016; Yurttadur ve Demirbas, 2017;
Yalcmer ve Karaatli, 2018; Galdeano vd., 2019; Topak ve Canakg¢ioglu, 2019; Santoso ve Santasyacitta,
2020; Ak, Babuscu ve Hazar, 2021; Ak, Hazar ve Babuscu, 2024) mevcutken Katilim bankalarinin
finansal performanslarinit CKKV teknikleriyle analiz eden az sayida ¢alismaya rastlanmustir.

Caligmanin amact katim bankalarinin  giincel verilerle ve farkli finansal oranlarla
performanslarmin degerlendirilerek akademisyenlere, paydaslara, yoneticilere ve mudilere katki
saglamaktir. Bu boliimde katilim bankalarinin ¢esitli CKKV teknikleri ile finansal performanslarini ele
alan calismalara yer verilmistir.

Dogan (2015), Tirkiye’deki katilim bankalarinin 2012- 2014 yillar1 arasindaki finansal
performanslarim Gri iliskisel Analiz kullanarak analiz etmistir. 10 adet finansal oran ile yapmis oldugu
analiz sonucunda finansal performans agisindan “Albaraka Tiirk” bankasinin ilk sirada “Bank Asya”’nin
ise sonuncu sirada yer aldigimi ortaya koymustur. Ayrica “varlik getirisi” yiiksek olan bir katilim
bankasinin ayni1 zamanda yiiksek bir finansal performansa sahip olabilecegine de vurgu yapmastir.

Esmer ve Bagci (2016), 2005- 2014 yillar1 arasinda Tiirkiye’de faaliyet gdsteren 4 katilim
bankasinin finansal performansini 7 kriter kullanarak TOPSIS metodu ile analiz etmislerdir. Caligmanin
sonucunda, katilim bankalar1 arasinda en yiiksek finansal performansa sahip bankanin Banka Asya
oldugu sonucunu elde etmislerdir.

Tiirkiye’deki 6zel ve devlet sermayeli katilim bankalarinin finansal performanslarini CKKV
tekniklerinden biri olan TOPSIS yontemiyle karsilastiran Yagli (2020), performans gostergelerini
CAMELS derecelendirme sistemi yardimiyla belirlemistir. Yazar ¢calismasinda 2016- 2018 dénemi igin,
3’1 ozel 2’si devlet miilkiyetli olmak {izere 5 bankayi, 15 gostergeyle ele almistir. Analiz sonuglarina
gore devlet katilim bankalarinin 6zel katilim bankalarindan daha iyi performansa sahip oldugunu ortaya
koymus ve devlet katilim bankalarinin varlik kalitesinin ve yonetim verimliligindeki yetkinliginin bu
sonuca katkida bulunduguna vurgu yapmaistir.

Salur ve Cihan (2020), 2010-2018 yillar1 arasinda Tiirkiye'de faaliyet gosteren 18 geleneksel
banka ve 3 katiim bankasinin finansal performansin1t TOPSIS yontemiyle karsilastirmislardir. 15
kriterin ele alindig1 ¢alismanin ilk adiminda tiim bankalarin genel siralamalarina, ikinci adiminda ise
bankalar1 geleneksel kamu bankalari, geleneksel 6zel bankalar ve katilim bankalar1 olarak gruplandirip
stralamuslardir. ilk adimda yapilan analiz sonuglarina gére Akbank’in birinci sirada yer aldig1, ikinci
adimda yapilan analiz sonuglarinda ise kamu bankalarinin olumlu performans sergilediklerini ortaya
koymuslardir.

Cilek ve Karavardar (2020) ¢alismalarinda Tirkiye’de faaliyet gosteren 5 katilim bankasinin
finansal performansini 9 adet finansal oran ile Multi-MOORA metodunu kullanarak analiz etmislerdir.
Analiz sonucunda en iyi finansal verimlilige sahip olan katilim bankasinin Vakif Katilim oldugunu
belirtmislerdir.

Hamamci ve Karkacier (2022), Korfez Is Birligi Konseyi’ne iiye iilkeler ile Tiirkiye’de faaliyet
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gosteren toplam 26 katilim bankasinin finansal performansini, 2016- 2019 dénemi igin 8 kriterle ele
aldiklar1 ¢alismalarinda TOPSIS yontemini kullanmislardir. Kriterlerin agirliklandirmalarinda Entropi
yontemini kullanmiglardir. Analiz sonuglarina gore, Birlesik Arap Emirlikleri'nin 2018 yil1 hari¢ diger
yillarda ilk sirada yer aldig tespit edilmistir. 2018 yi1linda Umman, performans siralamasinda ilk sirada
yer almistir. Tiirkiye'nin 2016 yilinda ikinci sirada yer aldigi ancak diger ii¢ yilda ii¢iincii sirada yer
aldig1 goriilmiistiir.

Ozer ve Saygin (2022), 2011-2020 yillar1 arasinda Tiirkiye'de faaliyet gosteren katilim
bankalarinin 7 adet finansal verisini Promethee yontemini kullanarak finansal performanslarini analiz
etmislerdir. Arastirmanin sonuclarina gore, en yiiksek performansa sahip bankalar sirasiyla, Kuveyt
Tiirk, Tiirkiye Finans ve Vakif Katilim, en diisiik performansa sahip bankalar ise, Albaraka Tiirk, Bank
Asya ve Emlak Katilim olmustur.

Oner (2022), Tiirkiye’de faaliyet gosteren katilim bankalarmin COVID-19 dncesi ve sonrasi
finansal performansin1t TOPSIS yontemiyle ele almistir. 2019- 2021 dénemini ele aldig1 ¢alismasinin
sonuglarina gore, Kuveyt Tiirk'iin pandemi oncesi ve sonrasi en yiiksek, Albaraka Tiirk’{in ise en diigiik
performansi gosterdigini ortaya koymustur.

Bayram vd. (2023) caligsmalarinda, Tiirkiye’de faaliyet gdsteren mevduat ve katilim bankalarinin
finansal saglamliklarimi 2017- 2022 yillan igin analiz etmislerdir. Caligmada ARAS, CoCoSo,
COPRAS, MABAC ve TOPSIS gibi siralama ydntemleri uygulanmis ve siralama sonuglar1 Borda
Sayimi1 yontemiyle birlestirilmistir. Analiz edilen bankalar arasinda saglam ve saglikli bir finansal
saglamlik seviyesi oldugunu ve 6zellikle finansal saglamlik siralamalarinda 6zel mevduat bankalarinin
iistiin performans sergilediklerini ortaya koymuslardir.

Dagli ve Kuvvetli (2023), calismalarinda katilim bankalarinin 2018-2022 yillar1 arasindaki
finansal gostergelerini baz alinarak ¢ok kriterli karar alma teknikleri olan Entropy, CILOS, IDOCRIW
agirhiklandirma yontemlerini ve CoCoSo yontemini kullanmlarak finansal performanslarini
degerlendirmislerdir. Analiz sonuglarina gére Kuveyt Tiirk Katilim Bankasi, Entropy yontemi ile elde
edilen 2019 siralamalar1 harig tiim yillarda performansta birinci sirada yer almistir.

Akbulut (2023), 2019-2022 déneminde Tirkiye'de aktif olarak faaliyet gosteren alti katilim
bankasinin finansal performansini CRITIC ve COPRAS yaklagimlarim kullanarak analiz etmistir.
Calismanin sonuglarina gore, analiz kapsamina alinan dénemlerde bankalarin basari siralamalarinin
degistigi; 2019, 2020 ve 2021 yillarinda finansal agidan en bagarili katilim bankasi1 Tiirkiye Finans
Katilim Bankasi A.S. iken, 2022 yilinda Kuveyt Tiirk Katilim Bankasi A.S. olmustur. Finansal basari
acisindan en diigiik performansa sahip banka ise hem 2019 hem de 2022 yilinda Albaraka Tiirk Katilim

Bankasi A.$; 2020 ve 2021 yillarinda ise Emlak Katilim Bankas1 A.S. olmustur.

Bulut ve Simsek (2024), Borsa Istanbul (BIST)’da islem goren alt1 Tiirk katilim bankasinin 2023
yilina ait finansal performanslarim1i ARAS, TOPSIS ve COPRAS yontemlerini kullanarak
degerlendirmislerdir. 20 adet finansal oran kullandiklar1 ¢aligmalarinin sonucunda her ii¢ yontemle de
Emlak Katilim Bankasi’nin en iyi performansa sahip banka oldugu sonucuna varmiglardir.

Coskuner ve Rengber (2024), Tiirkiye'deki bes katilim bankasinin 2018- 2022 dénemi igin
performanslarimi CRITIC tabanli TOPSIS ad1 verilen ¢ok kriterli bir karar alma teknigini kullanarak
degerlendirmislerdir. 7 kriter kullandiklar1 analizin sonucunda, Vakif Katilim Bankasi'nin 2018'de,
Ziraat Katilim Bankasi'nin 2019-2020'de ve Kuveyt Tiirk Katilim Bankasi'nin 2021-2022'de en yiiksek
performansi gosterdigini ortaya koymuslardir.

Asker (2024), Tiirkiye'deki 5 katilim bankasmin 2018-2022 dénemi i¢in finansal performansini
MEREC tabanli CRADIS yontemi ile incelenmistir. COVID-19 0Oncesi ve sonrasi finansal



Tiirkiye 'deki Katilim Bankalarimin Finansal Performanslarimin Cok Kriterli Karar Verme Teknigi ile Analizi

performanslarimi 10 adet kriter kullanarak analiz ettigi ¢alismasinin sonuglarina gore Ziraat Katilim'in
Covid-19 salgini 6ncesi donemde, Kuveyt Tiirk ve Albaraka Tiirk'iin Covid-19 salgimni sirasinda, Kuveyt
Tiirk'iin ise Covid-19 sonrasi1 donemde en iyi finansal performansa sahip oldugunu belirlemistir. Ayrica
2018-2019 yillarinda kamu sermayeli Ziraat Katilim, 2020 ve 2022 yillarinda 6zel sermayeli Kuveyt
Tirk, 2021 yilinda ise Albaraka Tiirk Katilim Bankasi en iyi finansal performansa sahip oldugu
sonucunu elde etmistir.

Yerlikaya ve Uysal (2024), Tiirkiye’de faaliyet gosteren 6 katilim bankasinin finansal
performansini 2019-2022 yillarina ait 12 kriteri TOPSIS yontemini kullanarak 6lgtiikleri caligsmalarinda,
en yliksek performansa sahip bankanin Kuveyt Tiirk oldugunu, Vakif Katilim’in ise s6z konusu
donemde istikrarli bir sekilde siralamasini yukariya tasidigini tespit etmislerdir. Yazarlar ayrica yiiksek
performansa sahip bankalarin, {iriin ¢esitliligi saglayan ve ¢ok sayida sube ve personele sahip olan
bankalar oldugu sonucunu elde etmislerdir.

Kogyigit (2024), Tiirkiye’de faaliyet gosteren 6 katilim bankasinin 2019-2022 yillar1 arasindaki
finansal performansin1 Veri Zarflama Analizi ile dl¢miistiir. Yapilan VZA sonucunda Olgege Gore
Degisken Getiri” ve “Olgege Gore Sabit Getiri” modellerinde her y1l Kuveyt Tiirk, Tiirkiye Finans ve
Ziraat Katilim bankalarinin tam etkin oldugu sonucunu elde etmistir.

Yapilan literatlir incelemesi sonucunda, Tirkiye’deki katilim bankalarinin finansal
performanslarmi SD (Standart Sapma) ve GIA (Gri Iliskisel Analiz) Yéntemleriyle birlikte ele alan bir
caligmaya rastlanilmadigindan ¢aligmanin bu yoniiyle literatiire katki saglayacagi diisiiniilmektedir.

YONTEM

Finansal oranlar finansal performans analizinde ¢esitli gelismis modellerle kullanilirken, finansal
paydaglarin belirsiz siiregleri analiz etmelerine yardimct olmak icin hald yeni ydntemler
gelistirilmektedir. Yapay sinir aglari, CKKV’ler ve makine 6grenimi bu anlamda siklikla kullanilan
yontemler arasindadir. CKVV’ler s6z konusu oldugunda, bu yontemlerin kullanimimin ¢esitliligi ve
zenginligi ve istatistiksel olarak gii¢lii sonuglari, arastirmacilarin ve finansal karar vericilerin dikkatini
cekmistir (Elma, 2023: 5). Cok kriterli bir problem igin alternatifleri belirlemek ve siralamak i¢cin CKVV
metodolojini tercih etmek mantiklidir (Baydas, Eren ve lyibildiren, 2023: 148).

Bu calismada 2019- 2023 yillar1 arasinda Tiirk Bankacilik Sektoriinde faaliyette bulunan 6 katilim
bankasiin finansal performanslari SD ve GIA Yontemleri kullanilarak karsilagtirilmistir. Kolaylik
olmasi agisindan ¢alismada kullanilan oranlar ve bankalar i¢in bir kodlama olusturulmustur (Tablo 1 ve
Tablo 2).

Tablo 1
Bankalar, Kodlar: ve Kurulus Tarihleri
Banka Ad1 Banka Kisaltmasi Kurulus Yih

Albaraka Tiirk Katilim Bankas1 A.S. A 1984
Kuveyt Tiirk Katilim Bankas1 A.S. K 1988
Tiirkiye Finans Katilim Bankas1 A.S. F 1991
Ziraat Katilim Bankas1 A.S. Z 2014
Vakif Katilim Bankasi A.S. \% 2015
Tiirkiye Emlak Katilim Bankasi A.S. E 2018

Kaynak: tkbb.org.tr

Ekim 2024 tarihi itibariyle Tiirkiye Katilim Bankalar1 Birligi (TKBB)’ne iiye banka say1s1 9 olup
bunlardan ikisi 2023 yilinda kurulan ve dijital katilim bankasi olan T.O.M. Katilim Bankasi ve Hayat
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Finans Katilim Bankasi’dir. Adi1 gecen iki dijital banka ve yine 2023 yilinda kurulan Diinya Katilim
Bankasi i¢in heniiz yeterli bir veri olmadigi igin analize dahil edilememistir. Analiz baslangicinin 2019
olmasinin nedeni ise T. Emlak Katilim Bankas1 A.S.’nin 2019°da faaliyete ge¢mis olmasidir.

Tablo 2

Finansal Oranlar ve Kodlari
Oran Ad1 Oran Kodu
Ozkaynaklar/Toplam Aktif OA
Toplam Kullandirilan Fonlar/ Toplam Aktif KA
Toplam Toplanan Fonlar/ Toplam Aktif MA
Toplam Kullandirilan Fonlar/ Toplam Toplanan Fonlar KM
Net Donem Kari/ Toplam Aktif (ROA) ROA
Net Dénem Kari/ Ozkaynaklar (ROE) ROE
Ozkaynaklar / (Kredi + Piyasa + Operasyonel Riske Esas Tutar) SYR
Net Kar Pay1 Geliri/ Toplam Aktif FA

Kaynak: tkbb.org.tr ve yazar hesaplamasi.

Bankalarin  finansal performanslarim1  kiyaslamak adma uygulamada bir¢cok oran
kullanilabilmektedir. Bu oranlar arasindan literatiirde kabul gérmiis (Esmer ve Bagci, 2016; Coskuner
ve Rengber, 2024; Hamamci ve Karkacier, 2022; Cilek ve Karavardar, 2020; Yayar ve Baykara, 2012;
Tetik ve Sahin, 2020; Alsu, Tasdemir ve Kallo, 2018; Ayricay, Ozcalic1 ve Bolat, 2017) ve énemli kabul
edilebilecek oranlar, ulasilabilirligi de goz oniinde bulundurularak ele alinmistir. S6z konusu oranlara
ait veriler TKBB nin resmi internet sitesi ve katilim bankalarinin faaliyet raporlari ile bagimsiz denetim
raporlarindan elde edilmistir.

METODOLOJI

Bu calismanin amaci, Tiirkiye faaliyet gosteren alt1 katilim bankasinin 2019-2023 dénemi igin
finansal performanslarmi SD ve GIA yoOntemlerini birlikte kullanarak karsilagtirmali olarak
degerlendirmektir. Bu dogrultuda, oOncelikle c¢aligmanin analiz kisminda kullanillan CKKV
yontemlerinden olan SD ve GIA yontemleri ayrintili olarak agiklanmugtir.

SD (Standart Sapma) Yontemi

Diakoulaki ve arkadaglari tarafindan 1995 yilinda gelistirilen objektif bir agirliklandirma yontemi
olan SD yontemi, serilerin ortalamalarindan ne kadar saptigin1 hesaplayan bir yontemdir (Diakoulaki,
1995, s.764). Entropi yontemine benzeyen bu yontem; alternatifler arasinda uzak deger oOlgiitlerine
yiiksek nem verirken, benzer deger dlgiitlerine diisiik 5nem vermektedir. Olgiitlerin farkl1 birimlerle
normallestirilmesi ile yontemin dezavantaji ortadan kalkmaktadir. Yontemin uygulama adimlart su
sekildedir (Diakoulaki, 1995: 764-765; Uludag ve Dogan, 2021: 409-411):

Adim 1: Oncelikle karar probleminin kriterleri ve alternatiflerinden olusan karar matrisi
Esitlik(1) yardimiyla hesaplanir.

X317 Xp2 o Xyp
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Adim 2: Karar matrisinde farkli birimlere sahip kriterlerin normalizasyon islemi; kriter fayda
odakl1 oldugunda Esitlik(2) yardimiyla, maliyet odakli oldugunda Esitlik(3) yardimiyla hesaplanir.

. min
= ;1= 1,2 L j=1,2 2
Xii—wxl— . J— m; j=1,2,..n @)
o Nexy o
Xjj = maw ;1 = L2, em; J=12,..1 3)
“ -

Adim 3: Yontemin iiclincii adiminda, kriterlerin standart sapmalari (oj) Esitlik (4)'ten ve bu
kriterlerin agirlik degerleri (wj) Esitlik (5)'ten hareketle hesaplanir.

Zmltxil_f})“. P
1j =

m

1,2, ..n 4)

W | d=12,....m (5)

1 E;n=1‘7j’

GIA (Gri iliskisel Analiz) Yontemi

Deng tarafindan 1989 yilinda Gray sistem teorisi temel alinarak gelistirilen yontem, kiigiik
orneklemlerde, az sayida veride ve belirsizlik durumlarinda etkili sonuglar veren bir CKKV yontemidir
ve hesaplamasi da oldukga kolaydir. Yontemin uygulama adimlar su sekildedir (Ay¢in ve Cakin, 2019:
637):

Admm 1: Karar problemindeki kriterler ve alternatiflerden olusan karar matrisi, Esitlik(6)'dan

‘ 'Elgn xlgn)l
X = : :
n(l) Xn(ﬂ) (6)

olusturulur.

Adim 2: Bu adimda, karsilagtirmalar yapmak i¢in Esitlik (7)'ye dayali bir referans serisi
olusturulur. Bu seri kriteri, fayda odakli oldugunda en yiiksek degerin, maliyet odakli oldugunda en
diisiik degerin seriye alinmasiyla olusturulur. Daha sonra, Adim 1'deki karar matrisinin ilk satirina
eklenerek karsilastirma matrisi elde edilir.

Xy = (xu(j )) 71,20 D

Adim 3: Bu adimda, kriterin fayda odakli olmasi durumunda Esitlik (8), maliyet odakli olmasi
durumunda Ejsitlik (9) ve optimal olmasi durumunda Esitlik (10) yardimiyla kriterlerin normalizasyon
islemleri yapilir.
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w0 — mbvga, ()

xXp = muakx () — mingx () ()
. omakx () — x () ()

*e = mak;x; () — mingx; (J)
. _ |Xf{j} — xonlJf) [ (10}

*i mak;x;(j) — x9p(J)

Esitlik (10)'da, Xob (j), j, kriterin hedef degeridir ve makixi (j) > Xob (j) = minx; (j) araliginda
degerler alir. Bu iglemlerin sonucunda, normalize edilmis karar matrisi asagidaki gibi olur.

R e X
- _Ix.',,r-(lj x,.jEn‘_lI (1)
Adim 4: Esitlik (12) temel alinarak mutlak deger tablosu olusturulur.
8g(1) - Bgy(n)
Qi) = (D =z (D =] ¢ - : (12)
dom(1) - Bym(n)
Adim 5: Gri iliskisel katsay1 matrisi, Esitlik (13) yardimiyla olusturulur.
~ _ Amin+{Amax 13
Yoil) =+ U3

Agi(+EAmax
Denklemde &, diskriminant katsay1 olarak ifade edilmekte ve (0,1) araliginda degerler almaktadir.
Yapilan ¢alismalarda bu degerin &'nin 0,5 olarak alinmasi 6nerilmektedir (Ecer ve Glinay, 2014: 43).

Admm 6: Son adimda gri iligki derecesi, kriter agirliklar esitse Esitlik (14)'ten, farkliysa Esitlik
(15)'ten hareketle hesaplanir.

1"0.':%2?:1 Yoi (]) (14)
Foi=Ei=1lwi(D¥ei ()] (135)

BULGULAR

Bu calismada Tiirkiye’deki katilim bankalarinin 2019-2023 dénemi i¢in finansal performanslar
SD ve GIA yontemleri kullanilarak biitiinlesik bir sekilde degerlendirilmistir. Analize tabi tutulan
bankalarin finansal performansini belirlemek i¢in kullanilan kriterlere iligskin veriler TK BB’ nin resmi
internet sitesi ve katilim bankalarinin faaliyet raporlari ile bagimsiz denetim raporlarindan elde
edilmistir. Kullanilan 8 kritere iligkin bilgiler Tablo 3‘te sunulmustur.
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Tablo 3
Belirlenen Kriterlere Iliskin Bilgiler

Kriterler Kriterler Kriterler

Kod Yon
OA K1 Fayda
KA K> Fayda
MA K3 Fayda
KM K4 Fayda
ROA Ks Fayda
ROE Ks Fayda
SYR K> Fayda
FA Ksg Fayda

Uygulamanin ilk boliimiinde, 2019-2023 yillar1 arasinda Tiirkiye’deki katilim bankalarinin
finansal performansina iligkin verileri igeren karar matrisi SD ydntemi kullanilarak elde edilmis olup,
bu veriler Tablo 4’te gosterilmistir. Calismanin uzun zaman dilimine yayilmasi nedeniyle tablolarda
sadece 2019 yili bulgular1 6rnek olarak verilmistir.

Tablo 4
Karar Matris (2019)

K K: K3 K, Ks Ks K~ Ks
0,074 0,596 0,774 0,770 0,001 0,017 0,150 0,016
0,065 0,529 0,819 0,646 0,011 0,163 0,193 0,033
0,092 0,621 0,762 0,815 0,007 0,078 0,173 0,037
0,065 0,613 0,756 0,810 0,011 0,166 0,149 0,022
0,087 0,712 0,700 1,018 0,014 0,163 0,166 0,038
0,008 0,617 0,641 0,963 0,005 0,610 0,636 0,023

HN < =R B

Yontemin ikinci adiminda, ¢aligmada kullanilan tiim ktirlerler fayda odakli kriterler oldugu igin
sadece Esitlik (2) esas alinarak normalizasyon yapilmig ve yeni bir matris elde edilerek sonuglar Tablo
5’te sunulmustur.

Tablo 5
Normalize Edilmis Karar Matris (2019)

K K. K3 K4 Ks K K~ Ks
0,790 0,368 0,748 0,335 0,000 0,000 0,002 0,000
0,682 0,000 1,000 0,000 0,724 0,246 0,091 0,808
1,000 0,506 0,683 0,455 0,461 0,104 0,049 0,972
0,674 0,457 0,649 0,441 0,731 0,251 0,000 0,296
0,940 1,000 0,328 1,000 1,000 0,247 0,035 1,000
0,000 0,484 0,000 0,852 0,279 1,000 1,000 0,344

=N <= R

Yontemin son asamasinda, her kriter i¢in standart sapma (oj) degeri Esitlik (4)’ten, kriterlerin
agirlik degerleri (wj) ise Esitlik (5)’ten elde edilmis ve bu degerler Tablo 6’da sunulmustur.
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Tablo 6
Normallestirilmis Karar Matris (2019)
K1 K, K3 K4 Ks K K- Ks
cj 0,573 0,469 0,567 0,565 0,684 0,521 0,605 0,628
wj 0,124 0,102 0,123 0,122 0,148 0,113 0,131 0,136

Tablo 6’da goriildiigii tizere 2019 yilinda SD yontemi sonuglarina gore ele alinan kriterler
arasinda finansal performansa etki eden en 6nemli kriterlerin sirasiyla Net Donem Kar1/ Toplam Aktif,
Net Kar Payr Geliri/ Toplam Aktif ve Sermaye Yeterlik Rasyosu oldugu goriilmektedir. Finansal
performansa en az etkisi olan kriterin ise Toplam Kullandirilan Fonlar/ Toplam Aktif oldugu
goriilmektedir. SD yontemi sonuglarina gére 2019-2023 yillar1 arasinda kriterlerin agirlik degerleri (wyj)
asagidaki tabloda 6zetlenmistir.

Tablo 7
Kriterlerin wj Degerleri

2019 2020 2021 2022 2023
K. 0,124 0,116 0,106 0,106 0,124
K. 0,102 0,133 0,116 0,117 0,123
K; 0,123 0,141 0,149 0,136 0,135
K, 0,122 0,127 0,121 0,116 0,129
Ks 0,148 0,140 0,128 0,130 0,119
Ks 0,113 0,105 0,132 0,138 0,145
K-, 0,131 0,110 0,123 0,137 0,107
Ks 0,136 0,130 0,125 0,119 0,118

Tablo 7 incelendiginde, ele alinan analiz doneminde katilim bankalarinin finansal performansi
tizerindeki en etkili degerlendirme Slgiitii 2019 yilinda “Net Donem Kar1/ Toplam Aktif (ROA)” olmakla
birlikte, pandeminin yasandigi 2020 ve 2021 yillarinda bu 6l¢iit “Toplam Toplanan Fonlar/ Toplam
Aktif” olmustur. Pandemiden sonraki toparlanma donemi olan 2022 ve 2023 yillarindaki finansal
performans iizerindeki etkisi en fazla olan degerlendirme 6lgiitii ise “Net Dénem Kar/ Ozkaynaklar
(ROE)” olmustur. Diger taraftan katilim bankalarinin performansi tizerindeki en az etkili degerlendirme
Ol¢iitiiniin ise yillar itibariyle degiskenlik gdsterdigi goriilmektedir.

Uygulamanin ikinci boliimiinde Tiirkiye’deki katilim bankalarimin finansal performanslart GIA
yontemi ile analiz edilmistir. Yontemin ilk adiminda karar matrisine referans serisi satir1 eklenerek
karsilagtirma matrisi elde edilmis ve degerler Tablo 8’de sunulmustur.

Tablo 8
Karsuastirma Matris (2019)
K, K. K3 K4 Ks Ks K~ Ks
Fayda Fayda Fayda Fayda Fayda Fayda Fayda  Fayda
Ref. Serisi 0,092 0,712 0,819 1,018 0,014 0,610 0,636 0,038
0,074 0,596 0,774 0,770 0,001 0,017 0,150 0,016
0,065 0,529 0,819 0,646 0,011 0,163 0,193 0,033
0,092 0,621 0,762 0,815 0,007 0,078 0,173 0,037
0,065 0,613 0,756 0,810 0,011 0,166 0,149 0,022

<= R »P
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Z 0,087 0,712 0,700 1,018 0,014 0,163 0,166 0,038
E 0,008 0,617 0,641 0963 0,005 0,610 0,636 0,023

Ikinci adimda, ¢aligmada ele alinan tiim kriterler fayda odakli oldugundan Esitlik (8) kullanilarak
normalize matris olusturulmus ve bulunan degerler Tablo 9’da gosterilmistir.

Tablo 9
Normallestirilmis Karar Matris (2019)
K, K, K3 K4 Ks K K~ Ks

Ref. Serisi 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
0,790 0,368 0,748 0,335 0,000 0,000 0,002 0,000
0,682 0,000 1,000 0,000 0,724 0,246 0,091 0,808
1,000 0,506 0,683 0,455 0,461 0,104 0,049 0,972
0,674 0,457 0,649 0,441 0,731 0,251 0,000 0,296
0,940 1,000 0,328 1,000 1,000 0,247 0,035 1,000
0,000 0,484 0,000 0,852 0,279 1,000 1,000 0,344

HN<=TR P

Bir sonraki adimda, Esitlik (12) yardimiyla mutlak degerler tablosu olusturulmus ve bu degerler
Tablo 10’da sunulmustur.

Tablo 10
Mutlak Degerler Tablo (2019)

K K> K3 K4 Ks K K~ Ks
0,071 0,026 0,642 0,638 0,090 0,643 0,049 0,085
0,836 0,940 1.000 -0,071 0,182 0,078 0,106 0,152
1.000 1.000 0,341 0,821 1.000 1.000 0,996 1.000
0,898 0,918 0,000 0,929 0,783 0,688 0,621 0,626
0,767 0,864 0,663 0,826 0,000 0,534 -0,004 0,000
0,770 0,888 0,780 0,138 0,191 0,297 0,189 0,254

mN < TR

Daha sonra Esitlik (13)’ten baslayarak gri iliskisel katsay1 matrisi olusturulmus ve sonuglar Tablo
11°de gosterilmistir.

Tablo 11
Gri Iliskisel Katsay: Matris (2019)

K1 K. K3 K4 Ks K K~ Ks
0,704 0,442 0,664 0,429 0,333 0,333 0,334 0,333
0,611 0,333 1,000 0,333 0,645 0,399 0,355 0,723
1,000 0,503 0,612 0,478 0,481 0,358 0,345 0,948
0,605 0,480 0,587 0,472 0,650 0,400 0,333 0,415
0,893 1,000 0,427 1,000 1,000 0,399 0,341 1,000
0,333 0,492 0,333 0,771 0,409 1,000 1,000 0,433

=N<TR P

GIA yonteminin son asamasinda, ilgili katilim bankalarmin gri iliski derecesi Esitlik (15)
yardimiyla hesaplanmis olup, bu degerler ile katilim bankalarinin finansal performanslarina gore
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siralamalar1 Tablo 12°de 6zetlenmistir.

Tablo 12
Gri Baglanti Derecesi (2019)
roi Siralama
A 0,443 6
K 0,559 4
F 0,595 2
A% 0,496 5
Z 0,762 1
E 0,591 3

Tablo 10'da goriildigi lizere, 2019 yilinda incelenen katilim bankalari agisindan en yiiksek
finansal performansa sahip katilim bankasinin Ziraat Katilim oldugu goriilmiistiir. Bu bankalari sirastyla
Tiirkiye Finans ve Emlak Katilim takip etmektedir. GIA yodntemi sonuglarma gore, ilgili katilim
bankalarinin 2019-2023 yillar1 arasindaki finansal performanslarinin siralamasi ise Tablo 13’de
Ozetlenmisgtir.

Tablo 13

Finansal Performansa Gore Katilim Bankalarimin Swralamasi 2019)

2019 2020 2021 2022 2023
6 6 5 6 6

=HN< =R B
W — W NN
W — N W B~
[OSIEN N S e
W AN W=
N W = AN

Tablo 13’te sunulan bulgulara gore ilgili analiz doneminde bankalarin siralamalarinin degiskenlik
gosterdigi tespit edilmistir. 2019 ve 2020 yillarinda finansal agidan en basarili olan katilim bankasi
Ziraat Katilim iken, 2021 ve 2022 yillarinda Kuveyt Tirk, 2023 yilinda ise Vakif Katilim olmustur.
2021 yil1 hari¢ tiim yillarda Albaraka Tiirk ise finansal basar1 agisindan en diisiik performans sergileyen
banka olmustur. 2019 yili hari¢ son dort yilda Vakif Katilim ve 2023 yili hari¢ Emlak Katilim ilk tigte
yer almistir. Ug kamu katilim bankasi olan Ziraat Katilim, Vakif Katilim ve Emlak Katilim’in 6zel
katilim bankalarina nazaran finansal performans agisindan daha basarili olduklar1 soylenebilir.

TARTISMA VE SONUC

Ulke ekonomisi igin biiyiikk oneme sahip olan bankalarin sektdrdeki rekabet nedeniyle
kaynaklarint etkin ve verimli kullanmalar1 énem arz etmektedir. Bu nedenle bankalarin performans
degerlendirmeleri yapilmali ve degerlendirme sonucunda gerekli dnlemler alinmalidir. Bu baglamda
Tirkiye’de faaliyette bulunan 6 katilim bankasinin 2019-2023 yillar1 arasindaki finansal
performanslarinin 6l¢iilerek analiz edilmesi amaglanmistir. Bu amagla CKKYV yontemlerinden olan SD
(Standart Sapma) ve GIA (Gri Iliskisel Analiz) teknikleri kullanilarak bankalarin finansal agidan
performansi degerlendirilmistir. Segilen kriterlerin agirliklandirilmasinda SD yontemi kullanilirken,
bankalarin basar1 siralamalar igin GIA yontemi kullanilmistir.
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S6z konusu donemde katilim bankalarinin finansal performans: iizerindeki en etkili
degerlendirme 6lgiitii 2019°da “Net Donem Kar1/ Toplam Aktif (ROA)” olmustur. Bu 6l¢iitiin etkisinin
fazla olmasi bankalarin genel olarak aktiflerini verimli kullanmaya odaklanmasindan
kaynaklanabilmektedir. Yiiksek ROA, etkin bir finansal yonetimin gostergesidir. Bu donemde
bankalarin aktif biiyiikliiklerini arttirarak kar elde etmeyi hedeflediklerini diisiinebiliriz. Pandeminin
yasandigi 2020 ve 2021 yillarinda katilim bankalarinin finansal performansi iizerindeki en az etkiye
sahip degerlendirme 0l¢iitii “Toplam Toplanan Fonlar/ Toplam Aktif” olmustur. Pandemi siireci diinya
genelinde oldugu gibi Tiirkiye’de de bankacilik sektoriinii 6nemli dl¢lide etkilemistir. Pandemiyle
ekonomik belirsizlikler artarken bu durum bankalar igin likidite yOnetiminin Onemini giindeme
getirmistir. “Toplam Toplanan Fonlar/ Toplam Aktif” orani bankalarin likidite pozisyonunu ve fon
toplama kabiliyetini yansitir. Bu donemdeki belirsizlik ve ekonomik daralma bankalar1 miisterilerine
fon saglamak yerine toplamis olduklari fonlar1 daha dikkatli bir sekilde yonetmeye ve likiditeyi 6n
planda tutmaya yonlendirmistir. Pandemiden sonraki toparlanma dénemi olan 2022 ve 2023 yillarindaki
finansal performans iizerindeki etkisi en fazla olan degerlendirme oOlgiitii ise “Net Donem Kaéri/
Ozkaynaklar (ROE)” olmustur. Bu oran bankalarin &zkaynaklarmi ne kadar verimli kullandigim
gosteren bir Olciittiir. Pandeminden sonraki bu yillarda 6zellikle ekonomik toparlanma siirecine
girilmesi, bankalari, 6zkaynaklarini etkin sekilde kullanmaya tesvik etmis olabilir.

Analiz sonuglarina gore 2019 ve 2020 yillarinda finansal agidan en basarili olan katilim bankasi
Ziraat Katilim olmustur. Tiirkiye'nin kamu sermayesiyle kurulan ilk katilim bankasi olan Ziraat Katilim,
aktif kalitesini siirdiirebilmek ve gelistirebilmek amaciyla, biiylime stratejisini dikkatli bir gekilde
belirlemis ve risk yonetimi politikalarini titizlikle uygulamistir. Bu yaklagimin bir sonucu olarak, 2019
yilinda bankanin takipteki alacaklar orani sektdr ortalamasinin oldukga altinda kalmistir. 2019 yilinda
Ziraat Leasing’i biinyesine alarak hem operasyonel maliyetlerini diisiirmeyi hem de verimini artirmay1
hedeflemistir. Banka, 2020 y1linda toplanan fonlar yonetiminde kaynak maliyetini azaltarak karliligini
artirmaya odaklanmis ve yiiksek likidite diizeyi ile yiiksek karlihiga katki saglamistir. 2021 ve 2022
yillarinda finansal acidan en basarili katilim bankasi olan Kuveyt Tiirk 2020 yilina kiyasla 2021°deki
toplanan fon biiyilikligiinii %73,6 oraninda artirarak ilk siraya yerlesmistir. Banka, ayni yil “Global
Siirdiiriilebilir Tier 2 Sermaye Benzeri Sukuk ihraci” ile Tiirkiye’de ve diinyada bir ilki
gerceklestirmistir. 2022 yilindaki %175’lik kar payi gelirleri ile %461°lik net kérindaki artis bankay1 ilk
siraya tagimigtir. 2023 yilinda ise finansal agidan en basarili katilim bankasi olan Vakif Katilim,
“Uzaktan Miisteri Edinimi” ¢ergevesinde tiizel miisterilere hesap agmaya baslayan ilk finans kurumu
olmustur. Yillar itibariyle incelenen donemde performansini istikrarli bir sekilde artirarak siralamasini
yiikselten tek banka olan Vakif Katilim, 2022 yilina kiyasla net karim %70 arttirarak ve 6zkaynaklarini
verimli kullanarak ilk sirada yerini almistir. Bankanin takipteki alacak oraninin diger katilim bankalarina
nazaran diisiilk olmasinin 2023 yilindaki basarisina katki sagladigi disiiniilmektedir.

2021 yili hari¢ tiim yillarda Albaraka Tiirk ise finansal basar1 acisindan en diisiik performans
sergileyen banka olmustur. 2019 y1l1 hari¢ son dort yilda Vakif Katilim ve 2023 yili hari¢ Emlak Katilim
ilk ticte yer almistir. Sonug olarak, 2014 yilindan sonra sektore hizla giren kamu katilim bankalarinin
Ozellikle Albaraka Tiirk baglaminda dengeleri degistirdigi sdylenebilir. Caligmada analiz edilen bulgular
diger bircok ¢alismayla (Giindogdu, 2018; Ozer ve Saygin, 2020; Oner, 2022; Akbulut, 2023; Kogyigit,
2024; Yerlikaya ve Uysal, 2024; Coskuner ve Rengber 2024) uyumludur.

Caligmada performans analizi i¢in yalnizca 8 kriterin kullanilmasi, dénemin 2019-2023 ile
sinirlandirilmasi, yalnizea iki yontemin kullanilmasi birer kisit olarak diisliniilebilir. Gelecekte
yapilacak olan ¢aligsmalarda bu kisitlamalarin dikkate alinmast literatiire derinlik kazandirabilir.
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Yazar Katkilari
Arastirma Tasarimi1 (CRediT 1) Yazar 1 (%50)- Yazar 3 (%50)

Veri Toplama (CRediT 2) Yazar 1 (%100)

Arastirma- Veri analizi- Dogrulama (CRediT 3- 4- 6- 11) Yazar 2 (%100)

Makalenin Yazimi (CRediT 12- 13) Yazar 1 (%50)- Yazar 2 (%50)

Metnin Tashihi ve Gelistirilmesi (CRediT 14) Yazar 1 (%40)- Yazar 2 (%40)- Yazar 3 (%20)

Finansman

Bu calisma i¢in herhangi bir finansman saglanmamustir.

Cikar Catismasi

Bu makale ile ilgili herhangi bir kurum, kurulus, kisi ile mali ¢ikar ¢atigmasi yoktur.
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EXTENDED ABSTRACT

Participation banks, which were established to bring the idle funds accumulated in the hands of those who
do not prefer conventional banks due to interest sensitivity, into the economy, also help savers to store and evaluate
their funds safely. Analysis of the performance of businesses is important in terms of revealing the accuracy of the
strategies implemented by businesses to achieve their goals and showing the extent to which these strategies carry
the business in question to its goals. Analysis of the financial performance of participation banks, whose share has
been increasing day by day with the regulations and inspections made, is one of the effective methods of informing
those interested about the status of banks. Measuring the performance of banks, which are important institutions
in the finance sector, allows evaluations and decisions on issues such as measuring the satisfaction level of their
customers, making comparisons with themselves and their competitors, and determining whether they are
successful for their shareholders to be addressed with real data instead of assumptions. Although there are many
studies analyzing the financial performance of conventional banks with Multi-Criteria Decision Making techniques
for banks in both domestic and foreign banking sectors, this number is less due to the increase in importance of
participation banks since the mid-2000s. The aim of the study is to contribute to academics, stakeholders, managers
and depositors by analyzing the performance of participation banks with current data and different financial ratios.

In this study, the financial performances of 6 participation banks operating in the Turkish Banking Sector
between 2019 and 2023 were compared using SD (Standard Deviation) and GIA (Gray Relational Analysis)
Methods. In the study, 8 ratios were used: Total Equity/Total Assets, Total Loans/Total Assets, Total Funds
Collected /Total Assets, Total Loans/Total Funds Collected, Net Income/Total Assets (ROA), Net Income/Total
Equity (ROE), Equity/ (Credit + Market + Amount Based on Operational Risk), Net Profit Share Income/Total
Assets. The data for these ratios were obtained from the official websites of the Participation Banks Association
of Turkiye and the activity reports and independent audit reports of participation banks. While the SD method was
used in weighting the selected criteria, the GIA method was used for the success rankings of the banks.

In the periods covered by the analysis, the evaluation criterion that had the greatest impact on the financial
performance of participation banks was “Net Income/Total Assets (ROA)” in 2019, while in 2020 and 2021, when
the pandemic occurred, this criterion was “Total Funds Collected/Total Assets”. The evaluation criterion that had
the greatest impact on financial performance in 2022 and 2023, the recovery period after the pandemic, was “Net
Income/Total Equity (ROE)”. On the other hand, it is seen that the evaluation criterion that has the least impact on
the performance of participation banks varies by year. According to the findings, it has been determined that the
rankings of the banks varied in the relevant analysis period. While Ziraat Katilim was the most successful
participation bank in financial terms in 2019 and 2020, it was Kuveyt Tiirk in 2021 and 2022, and Vakif Katilim
in 2023. Albaraka Tiirk has been the bank with the lowest performance in terms of financial success in all years
except 2021. Vakif Katilim has been in the top three in the last four years except 2019 and Emlak Katilim has been
in the top three except 2023.

According to the analysis results, Ziraat Katilimwas the most financially successful participation bank in
2019 and 2020. Ziraat Katilim, the first participation bank established with public capital in Turkiye, adopted a
growth strategy that aims to protect and improve its asset quality, and the bank implemented its risk management
policies without compromise in 2019, and its non-performing receivables ratio was well below the sector average.
By acquiring Ziraat Leasing in 2019, it aimed to both reduce its operational costs and increase its efficiency. In
2020, the bank focused on increasing its profitability by reducing its resource cost in the management of collected
funds and contributed to high profitability with its high liquidity level. Kuveyt Tiirk, the most financially successful
participation bank in 2021 and 2022, ranked first by increasing its collected funds by 73.6% in 2021 compared to
2020. The bank broke new ground in the field of sukuk in the same year, and for the first time in Turkiye and the
world, it issued the “Global Sustainable Tier2 Equity-Like Sukuk Issuance”. The 175% profit share income and
461% increase in net profit in 2022 brought the bank to the first place. In 2023, Vakif Katilim, the most successful
participation bank in financial terms, became the first financial institution to open accounts for corporate customers
within the scope of “Remote Customer Acquisition”. Vakif Katilim, the only bank that increased its ranking by
steadily increasing its performance in the period examined by years, took its place in the first place by efficiently
using its equity capital, which increased its net profit by 70% compared to 2022. It is thought that the fact that the
bank’s non-performing receivables ratio is low compared to other participation banks contributed to its success in
2023. Albaraka Tiirk was the bank with the lowest performance in terms of financial success in all years except
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2021. In the last four years, except for 2019, Vakif Katilim and except for 2023, Emlak Katilim were in the top
three.

As a result, it is important for banks, which are of great importance for the country's economy, to use their
resources effectively and efficiently due to competition in the sector. Therefore, performance evaluations of banks
should be made and necessary measures should be taken as a result of the evaluation.

The use of only 8 criteria for performance analysis in the study, the limitation of the period to 2019-2023,
and the use of only two methods can be considered as limitations. Considering these limitations in future studies
can add depth to the literature.
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Early diagnosis and effective monitoring of diabetic retinopathy and glaucoma are essential for preventing
vision loss and improving patient outcomes. These conditions, if detected early, can be managed effectively,
reducing the burden on healthcare systems and improving quality of life for patients. This study presents
the development of a user-friendly software interface designed to assist healthcare professionals in
diagnosing these conditions more efficiently. We developed a custom 11-layer Convolutional Neural
Network (CNN) architecture, beginning with a rescaling layer and incorporating data augmentation
techniques. The primary architecture consists of three convolutional layers containing 16, 32, and 64 filters,
respectively, each followed by max pooling layers. A dropout layer with a 0.7 rate was incorporated to
reduce the risk of overfitting. The network also features a flattening layer, a dense layer with 128 neurons
for feature extraction, and an output layer tailored to the number of classes. For glaucoma detection, a
specialized preprocessing step focusing on the optic disc reduced validation loss by approximately 20%.
Additionally, a manual zooming feature was developed to enhance diagnostic accuracy in complex
glaucoma cases. The algorithms for diabetic retinopathy were meticulously designed to identify and
highlight pathological areas, such as edema and hemorrhage. This approach facilitates precise visualization
of vascular structures and significantly enhances the model's capability to provide accurate and timely
diagnoses. The architecture that emerged upon conclusion of the study demonstrated an accuracy of 98%
for diabetic retinopathy and 85% for glaucoma. This study highlights the potential of advanced deep
learning combined with practical tools to improve diagnostics, offering clinicians a reliable system to
enhance patient outcomes.

Fundus Goriintiilerinde Riskli Bolgelerin Morfolojik Analizi icin CNN Tabanh Yaklasim ve Kullanici

Arayiizii ile Diabetik Retinopati ve Glokom Teshisi
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Diyabetik retinopati ve glokomun erken teshisi ve etkili yonetimi, gérme kaybinin 6nlenmesi ve hasta
sonuglarmin iyilestirilmesi igin ¢ok onemlidir. Bu rahatsizliklar erken teshis edildikleri takdirde etkili bir
sekilde yonetilebilir, saglik sistemlerinin yiikii azaltilabilir ve hastalarin yagsam kalitesi iyilestirilebilir. Bu
calisma, saglik profesyonellerine bu hastaliklarin teshisinde daha verimli destek saglamak iizere gelistirilen
kullanict dostu bir yazilim arayliziinii tanitmaktadir. Caligmada, 11 katmanli 6zel bir Konvoliisyonel Sinir
Ag1 (KSA) mimarisi tasarlanmistir; bu yapi, bir yeniden dlgekleme katmaniyla baslayarak veri artirma
tekniklerini igermektedir. Temel yapu, sirastyla 16, 32 ve 64 filtre igeren ti¢ konvoliisyon katmani ve bunlari
takip eden maksimum havuzlama katmanlarindan olusurken, asir1 6grenmeyi 6nlemek i¢in %0.7 oraninda
bir dropout katmani eklenmistir. Ayrica agda, 6zellik ¢ikarimi i¢in 128 ndronlu bir yogun katman ve siif
sayisina gore uyarlanmis bir ¢ikti katmani da bulunmaktadir. Glokom tespiti igin optik disk iizerine
odaklanan 6zel bir 6n isleme adim1 dogrulama kaybini yaklasik %20 oraninda azaltmis, karmagik glokom
vakalarinda tanisal dogrulugu artirmak i¢in manuel bir yakinlastirma 6zelligi gelistirilmistir. Diabetik
retinopati i¢in ise, ddem ve kanama gibi patolojik alanlari tamimlayip vurgulayan ozel algoritmalar
tasarlanmus; boylece damar yapilarinin hassas bir sekilde gorsellestirilmesi saglanarak modelin dogru ve
zamaninda teshis saglama kapasitesi 6nemli 6l¢iide artirilmistir. Sonug olarak ortaya ¢ikan mimari, diabetik
retinopati i¢in %98, glokom i¢in ise %85 dogruluk oranina ulagmistir. Bu galisma, tanilamayi iyilestirmek
icin pratik araglarla bir araya getirilen gelismis derin Ogrenmenin potansiyelini vurgulamakta ve
klinisyenlere hasta sonuglarini iyilestirmek igin giivenilir bir sistem sunmaktadir.
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INTRODUCTION

Diabetic retinopathy and glaucoma are common ocular conditions with significant implications
for vision. Diabetic retinopathy is a consequence of prolonged hyperglycemia, which results in damage
to the retina in individuals with diabetes. Glaucoma, on the other hand, involves the gradual degeneration
of the optic nerve, leading to a progressive loss of visual field. This article discusses the core
characteristics of these diseases and investigates the capability of Convolutional Neural Networks
(CNNs) in their diagnostic processes, aiming to improve detection and management through advanced
image analysis.

Diabetic Retinopathy Complication

Diabetes is an endocrine disorder that disrupts glucose metabolism. Under normal physiological
conditions, beta cells within the pancreatic islets of Langerhans secrete insulin to regulate glucose levels.
Insulin aids in glucose absorption by peripheral tissues and encourages glycogen production in the liver,
helping to keep blood glucose levels within a stable range (American Diabetes Association, 2020a;
American Diabetes Association, 2020b). While diabetes encompasses several types, focusing on type 1
and type 2 diabetes is particularly pertinent. These types are among the most prevalent causes of diabetic
retinopathy and have been widely researched in literature.

Type 1 diabetes is marked by the autoimmune attack on pancreatic beta cells, leading to the
complete stop of insulin production. Consequently, individuals that have type 1 diabetes need external
insulin therapy (International Diabetes Federation, 2019). Type 2 diabetes, by contrast, is often linked
to insulin resistance and impaired function of beta cells. (Centers for Disease Control and Prevention,
2021). Contributing factors include obesity, genetic predisposition, age, and lifestyle (Hu, 2011;
McCarthy, 2004; Huang, 2011). Management of type 2 diabetes may involve lifestyle modifications,
oral antidiabetic medications, and, if necessary, insulin injections (Centers for Disease Control and
Prevention, 2021).

Diabetes manifests with various symptoms, including persistent thirst, frequent urination, fatigue,
blurred vision, and slow-healing wounds. If left uncontrolled, severe problems include cardiovascular
disease, renal impairment, visual loss, neuropathy, and even limb amputation can result from diabetes.
(American Diabetes Association, 2020; World Health Organization, 2016).

Diabetic retinopathy is a prevalent and severe complication impacting vision in diabetic patients.
Its pathophysiology involves metabolic disturbances induced by diabetes, which can lead to narrowing,
leakage, and even hemorrhage of the retinal blood vessels (Cheung et al., 2016; Antonetti et al., 2006).
Treatment strategies for diabetic retinopathy encompass comprehensive diabetes management,
pharmacological therapies, laser treatment, and surgical interventions (Yoon et al, 2016).
Approximately 40% of individuals with diabetes are expected to develop diabetic retinopathy,
highlighting the significant risk of vision loss associated with this condition (Wong et al., 2016). The
extent of diabetic retinopathy is strongly correlated with an increased risk of vision loss and blindness,
especially in its advanced stages, underscoring the necessity for early detection and effective treatment
(Wong et al., 2016; Yau et al., 2012). Globally, the prevalence of diabetic retinopathy aligns with the
prevalence of diabetes but varies based on racial and geographical factors. Research indicates that
Hispanic and Black Americans face higher risks compared to White Americans in the United States,
with similar patterns observed in Asian populations (Wong et al., 2016; Zhang et al., 2010).
Additionally, there are disparities in diabetic retinopathy prevalence between countries, with developed
nations typically experiencing lower rates of blindness due to effective early diagnosis and treatment
services. In contrast, developing countries, where diabetes prevalence is on the rise, tend to report higher
rates of blindness (Cheung et al., 2010).
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Diabetic retinopathy is primarily classified into two types: Proliferative Diabetic Retinopathy
(PDR) and Non-Proliferative Diabetic Retinopathy (NPDR). NPDR indicates the initial stages of the
condition, while PDR signifies its advanced stages (Yau et al., 2012). NPDR is additionally divided into
moderate, mild, and severe stages, each characterized by increasing severity of microaneurysms,
hemorrhages, exudates, and vascular abnormalities observed in fundus images. PDR involves
neovascularization and minimal fibrous tissue proliferation in addition to the signs of NPDR (Cheung
et al., 2010). Fundus imaging is commonly utilized to detect and evaluate signs of diabetic retinopathy,
including microaneurysms, retinal hemorrhages, small vessel changes, and hemorrhagic exudates.
Microaneurysms are indicative of early disease stages, while retinal hemorrhages and hemorrhagic
exudates are frequently observed in advanced stages, potentially leading to significant vision
impairment. Small vessel changes can be detected early, reflecting disease progression. These findings
are crucial for diabetic retinopathy diagnosis and treatment using fundus imaging (Bressler et al., 2003;
Wilkinson et al., 2003; Early Treatment Diabetic Retinopathy Study Research Group et al., 1991; Klein
et al., 1984; Bresnick et al., 1984).

Advancements in medical technology and healthcare services have markedly improved diabetic
retinopathy diagnosis and treatment. In the early 1980s, awareness and understanding of diabetic
retinopathy began to expand (Aiello, 2003). During this period, detection primarily relied on eye
examinations and fundus imaging, with treatment options limited to managing advanced hemorrhages
(Klein et al., 1980). The early 2000s saw a pivotal shift with the widespread adoption of digital imaging
technology. Digital fundus cameras and retinal scanning devices facilitated earlier detection and
monitoring of diabetic retinopathy (Hee et al., 1995).

Glaucoma Complication

Glaucoma is a prevalent ocular disease that can result in optic nerve damage and potential vision
loss. It is often linked to increased intraocular pressure (IOP); however, certain forms of glaucoma may
occur with normal IOP levels. Glaucoma is a leading cause of avoidable blindness worldwide and can
manifest in a variety of clinical ways (Tham et al., 2014; Quigley et al., 2006).

One of the common kinds of glaucoma, open-angle glaucoma generally progresses gradually.
This condition is characterized by a dysfunction in the drainage of aqueous humor despite the absence
of an obstruction in the eye's drainage channels, leading to increased intraocular pressure (Weinreb et
al., 2014; Heijl et al., 2002). Angle-closure glaucoma, in contrast, is less common and typically presents
abruptly with symptoms such as sudden eye pain, blurred vision, and redness. It is caused by the angle
between the cornea and iris narrowing, leading to a complete blockage of the drainage channels (Foster
et al., 2002). Several risk factors contribute to the development of glaucoma, including advanced age,
genetic predisposition, elevated intraocular pressure, diabetes, hypertension, and myopia (Leske et al.,
1995; Tielsch et al., 1991). People who have a family history of glaucoma are especially at risk.
Moreover, glaucoma is more common in certain ethnic groups, including African Americans, Asians,
and Hispanics (Racette et al., 2003; Varma et al., 2004). Glaucoma often progresses asymptomatically,
and vision loss may be subtle and go unnoticed until the disease has advanced significantly.
Consequently, regular eye examinations are essential to detect glaucoma early. Diagnostic methods
include tonometry (measurement of intraocular pressure), ophthalmoscopy (examination of the optic
nerve), visual field tests, sophisticated imaging methods like OCT (Optical Coherence Tomography)
(Kass et al., 2002; Schuman et al., 1995).

The primary objective of glaucoma treatment is to lower intraocular pressure (IOP) through
various methods. Pharmacological therapy involves the use of eye drops to manage IOP. Several classes
of medications are available, including prostaglandin analogs, carbonic anhydrase inhibitors, alpha
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agonists and beta-blockers (European Glaucoma Society, 2017; Heijl et al., 2002). In cases where
medication is insufficient, surgical interventions such as laser trabeculoplasty, trabeculectomy, and the
use of drainage implants are employed. These procedures aim to enhance the drainage of aqueous humor
or reduce its production to achieve a reduction in intraocular pressure (Jay et al., 1988; Gedde et
al., 2012).

Key indicators of glaucoma visible in fundus images include thinning of the retinal nervous fiber
layer (RNFL), alterations in the optic disc and transformations in the peripapillary region (Quigley et
al., 2006; Weinreb et al., 2014). The optic disc is a critical area where glaucoma manifests most
noticeably. Cupping of the optic disc, characterized by an increased cup-disc ratio, is commonly
observed in glaucoma-affected eyes. As the disease progresses, the ratio between the central depression
(cup) and the disc's edge enlarges, signifying a loss of optic nerve fibers (Heijl et al., 2002; Caprioli et
al., 2011). Notching at the optic disc margin and displacement of vessels at the disc edge are also
indicative of glaucoma (Jonas et al., 1999).

Thinning of the RNFL is a significant diagnostic feature that can be detected even when glaucoma
is only getting started. The RNFL, composed of nerve fibers forming the optic nerve, becomes thinner
as these fibers are damaged. In fundus images, RNFL thinning is particularly evident around the optic
disc. Advanced imaging techniques such as Optical Coherence Tomography (OCT) are utilized to
measure RNFL thickness accurately and assess the progression of glaucoma (Schuman et al., 1995;
Leung et al., 2010). Glaucoma can also lead to a variety of alterations in the peripapillary area
surrounding the optic disc. Peripapillary atrophy, marked by thinning of the choroid and retinal pigment
epithelium, is often more pronounced in glaucomatous eyes. In fundus images, peripapillary atrophy is
represented as lighter areas surrounding the optic disc (Jonas et al., 1996; Hood et al., 2007).

Diabetic Retinopathy Diagnosis using Fundus Images

Diabetic retinopathy manifests several distinctive signs in fundus images, which are crucial for
the management of the condition. These signs include microvascular changes, retinal vascular
occlusions, vessel dilations (aneurysms), vessel leaks and exudates, dot hemorrhages, microaneurysms,
and optic disc edema (Michaelides et al., 2007; Bandello et al., 2016; Yau et al., 2012).

Microvascular changes: Diabetic retinopathy is characterized by microvascular alterations in
retinal vessels. These changes often present as narrowing, dilation, twisting, or a spiral appearance in
the vessels. Fundus images reveal these abnormalities as deviations from normal vessel appearance,
with microvascular irregularities noted in specific retinal regions.

Retinal vascular occlusions: Occlusions in retinal vessels can occur during diabetic retinopathy,
disrupting normal blood flow. Such blockages lead to reduced blood supply in certain areas of the retina.
In fundus images, these occlusions are visible as distinct blockages where the vessels appear widened,
indicating compromised retinal nutrition.

Vessel dilations (aneurysms): Diabetic retinopathy can cause abnormal dilations of retinal vessel
walls due to weakening. These dilations, visible in fundus images, appear as swollen and irregularly
shaped vessels.

Vessel leaks and exudates: As the disease progresses, damage to retinal vessels can result in
leakage. This leakage leads to fluid accumulation beneath the retina, appearing in fundus images as
exudates. Exudates often manifest as yellowish spots or patches on the retina.

These visual signs provide critical diagnostic information and are integral to the effective
treatment of diabetic retinopathy (Michaelides et al., 2007; Bandello et al., 2016; Yau et al., 2012).
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Diagnosis of Glaucoma in Fundus Images

Glaucoma is a chronic eye condition marked by damage to the optic nerve, frequently linked to
elevated intraocular pressure. Fundus imaging is a key tool for monitoring the progression of glaucoma.

Optic nerve atrophy: Glaucoma can lead to degenerative changes at the optic nerve head,
observable in fundus images such as pallor, cupping, and signs of optic disc atrophy. Optic nerve atrophy
is frequently seen in the advanced stages of glaucoma and may indicate disease progression.

Optic nerve head cupping: Glaucoma can cause a concave shape at the optic nerve. This condition
is visualized in fundus images as a loss of the normal optic disc structure or a concave appearance of the
optic nerve head. Cupping of the optical nerve head can reflect the severity of glaucoma progression
and optic nerve damage.

Retinal vascular changes: Glaucoma can induce alterations in retinal blood vessels. In fundus
images, these changes may present as arteriolar narrowing, venous dilation, and twisting of retinal
vessels. Such modifications can affect retinal circulation and indicate disease progression.

These results are essential for glaucoma diagnosis and therapy since they show the disease's
distinctive symptoms in fundus images. The signs observed in fundus images play an essential role in
assessing disease progression and evaluating the response to treatment (Heijl et al., 2002; Johnson et al.,
2006; Werner et al., 2007).

MATERIAL AND METHODS

This section details the methodology of the research, outlining the materials used and presenting
the structure and fundamental approach.

Data Collection and Annotation

Data for this study was gathered from public databases and several ophthalmology clinics. The
initial collection consists of 1,000 fundus images spanning 39 categories, sourced by the Joint Shantou
International Eye Center (JSIEC). These images are a subset of a more extensive collection containing
209,494 fundus images, which were used for training, validation, and testing within our DL model (Cen
etal., 2021). Additionally, a second collection features approximately 1,000 retinal images per category,
including Normal, Diabetic Retinopathy, Cataract, and Glaucoma cases. These images were sourced
from repositories such as IDRiD (Indian Diabetic Retinopathy Image Dataset), Ocular Recognition, and
HRF (Doddi, n.d.).

Copyright for these images is held by JSIEC. This collection will be employed to develop and
evaluate ML algorithms designed for the early diagnosis and classification of eye diseases, including
glaucoma and diabetic retinopathy. Healthy fundus images will serve as reference data to establish
normative values and enhance model accuracy. The diversity and breadth of these collections enhance
the model's ability to generalize and perform effectively across varied populations. This study aims to
significantly advance the diagnosis and classification of glaucoma and diabetic retinopathy using fundus
images.

Figure 1

The left column shows examples of fundus images from the dataset diagnosed as healthy, the middle
column displays examples of fundus images diagnosed with diabetic retinopathy, and the right column
presents examples of fundus images diagnosed with glaucoma.
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The glaucoma category includes 891 images depicting structural changes such as an increased
cup-disc ratio at the optic nerve head, neural retinal rim thinning, and peripapillary atrophy. The diabetic
retinopathy category comprises 737 images displaying signs like hard exudates, soft exudates (cotton
wool spots), microaneurysms, retinal hemorrhages, and neovascularization, representing various stages
of the disease. The healthy fundus images total 916, sourced from individuals without any eye diseases,
and are used for normative comparisons.

Table 1
The dataset distribution is illustrated in both percentage and numerical formats based on the categories

of fundus images.

Evaluation Metrics

Fundus Image Categories

Number of Images Percent
Diabetic Retinopathy 737 28.96%
Glaucoma 891 35.02%
Healthy 916 36.02%
Total 2557 100%

Deep Learning Algorithm (CNN)

Deep learning involves learning from large datasets through multi-layered artificial neural
networks. These models excel in extracting features from data and learning complex relationships. The
success of deep learning, particularly with structured data such as images and audio, is attributed to the
models' ability to effectively learn complex data relationships when trained on extensive datasets with
substantial computational power. CNNs are a type of DL model designed to work efficiently with image
data. Each component is crucial for enabling the model to learn features from input data and make
accurate inferences.

Convolutional layers perform convolution operations on inputs, extracting feature maps through
various filters. These layers identify basic features in images like textures, corners and edges, passing
these features to subsequent layers to recognize more complex structures. Filters are trained to detect
specific patterns or features, and the output of each filter generates a feature map representing particular
aspects of the input image. Pooling layers reduce the dimensions of feature maps and decrease
computational load. Max pooling is the most widely used pooling technique, in which the highest value
within a defined area is chosen as the representative value for that region. Pooling enhances the model's
robustness to spatial variations and reduces computational costs, thereby shortening the training time.

27



Fivezero

Fully connected layers execute final classification or regression tasks using flattened feature
maps. Similar to layers in traditional artificial neural networks, fully connected layers establish
connections between all input and output units. These layers integrate the features learned by the model
to make final decisions, with the output layer typically generating probability values for specific classes.
By integrating these components, CNNs learn hierarchical structures, from low-level features to high-
level, within images. This ability allows CNNs to excel in image classification and object detection
tasks. The architecture of CNNs facilitates the understanding and interpretation of complex visual data
through the careful arrangement and optimization of various layers.

The following provides a comprehensive explanation of each layer within the model and its role
in the overall architecture. The model begins with a Rescaling layer. This layer normalizes the pixel
values of the input images to a range of 0 to 1. Normalization aids in accelerating the model's learning
and producing more stable results. Following the Rescaling layer, a data augmentation layer is applied.
Data augmentation entails implementing different transformations on the input images to enhance model
generalization. In this model, augmentation techniques include horizontal and vertical flipping, as well
as rotations up to 0.2 degrees. These techniques help mitigate overfitting, thereby improving its
robustness and generalization capabilities.

The model comprises three convolutional layers. The first convolutional layer employs 16 filters
to extract low-level features from the image. The number of filters increases to 32 in the second
convolutional layer and 64 in the third layer, allowing the model to capture more complex features. Each
convolutional layer utilizes a 3x3 kernel and padding='same', which maintains of the input image’s
spatial dimensions. The ReLU is applied in these layers to introduce non-linearity, enabling the to learn
complex patterns. Subsequent to each convolutional layer is a max pooling layer. This layer decreases
the spatial dimensions, to lower the computational load and emphasize the most crucial features. Max
pooling picks the maximum value from each patch of the feature map, thus retaining the most prominent
features while reducing dimensionality. This approach enhances the model's efficiency and reduces
susceptibility to overfitting. After the third convolutional layer, dropout assists in preventing overfitting
by ensuring that the model does not overly depend on any single neuron. It improves the model's
generalization ability and performance on unseen data. The multi-dimensional outcome from the pooling
and convolutional layers is subsequently transformed into a one-dimensional vector by the Flatten layer.
The input for the following dense layers is this vector. Flattening is crucial for transitioning fully
connected layers from convolutional layers, which perform the final classification.

The first dense layer contains 128 neurons and utilizes the ReLU activation function to learn
complex feature interactions. This layer enhances the model's classification capability by integrating
features learned from previous layers. The second dense layer produces the model's final output and is
correlated with the number of classes.

The Methodology Section for Diabetic Retinopathy Detection

Data augmentation approaches were used to enhance the effectiveness of models. The training
dataset's variety is increased by data augmentation, thereby improving the model's generalization ability.
This is particularly valuable when dealing with a restricted number of medical images, as it helps make
the model more robust against various image variations. The data augmentation process was
implemented using TensorFlow's Sequential API. This process involves applying random
transformations to images within the training dataset. Techniques used in this study include horizontal
and vertical flipping and random rotation. These transformations introduce variations in image
orientations, which improves the model's ability to learn from symmetric changes. Additionally, images
were randomly rotated up to 0.2 radians (approximately 11.46 degrees), improving the model's

28



Diabetic Retinopathy and Glaucoma Diagnosis with CNN-Based Approach and User Interface for
Morphological Analysis of Risky Regions in Fundus Images

resistance to rotational fluctuations and enabling it to adjust to various viewing angles.

The data augmentation layer was incorporated immediately following the model's input layer.
This setup ensures that during training, each image undergoes a variety of random transformations, as
illustrated in Figure 2. This method guarantees that only during training will the model be exposed to
enhanced data, while its performance is assessed with original, unmodified data during validation and
testing. This is essential for accurately evaluating the model's performance with real-world data.

In conclusion, the application of data augmentation techniques has significantly improved the
model's ability to learn changes made to the training dataset and enhanced its generalization capabilities.
This advancement is particularly beneficial when working with limited medical imaging data, as it
allows the model to more accurately recognize diverse disease symptoms and achieve higher accuracy
rates in diabetic retinopathy diagnosis.

Figure 2

The sample outputs of the data augmentation processes are presented. The numbered images
correspond to the following: the original output is labeled as 1, the rotated version as 2, the translated
version as 3, the horizontally flipped version as 4, the vertically flipped version as 5, and the version
flipped both horizontally and vertically as 6.

ol a

“The Contrast Limited Adaptive Histogram Equalization (CLAHE)” used for further improve the
contrast of retinal images to identification. A more sophisticated form of conventional histogram
equalization, CLAHE offers localized contrast enhancement, as illustrated in Figure 3. Unlike traditional
histogram equalization, which enhances overall contrast by stretching the histogram of the entire image,
Through the division of the image into tiny cells, CLAHE enhances local contrast (or tiles) and applying
histogram equalization separately to each cell. This method enhances fine details and mitigates noise

|

associated with excessive contrast enhancement.

In this study, the CLAHE parameters were meticulously configured with a clipLimit of 2.0 and a
tileGridSize of 8x8. The clipLimit was set to prevent excessive contrast enhancement and mitigate noise,
while the tileGridSize ensured the image was divided into smaller cells, facilitating effective local
histogram equalization. These parameters were deliberately selected to achieve optimal contrast
enhancement while maintaining noise control.



Fivezero

Figure 3
The original photos (left), and the outcomes following the application of histogram equalization (right)

A color space modification was first carried out on the photos before applying CLAHE. Retina
images were converted from the BGR (blue-green-red) color space to the LAB (Lightness-a-b) color
space. This transformation allows the contrast enhancement process to be applied solely to the lightness
component (L), preserving color information and contributing to improved image quality.

In the LAB color space, the image was decomposed into its L, a, and b components, with CLAHE
applied exclusively to the lightness component. Enhancing the lightness component with CLAHE
improves local contrast, making features such as blood vessels, microaneurysms, and other pathological
findings in retinal images more prominent. Following the enhancement, the adjusted lightness
component was combined with the original color components (a and b), and the image was reconstructed
in the LAB color space before being converted back to the BGR color space. This process effectively
increased the contrast of all retinal images, making them more suitable for analysis.

In conclusion, applying the CLAHE method significantly enhanced the contrast of retinal images
used for diabetic retinopathy diagnosis, allowing for clearer visualization of pathological findings. This
improvement facilitates more accurate and reliable outcomes in clinical diagnosis and treatment.
Furthermore, the implementation of CLAHE enhances the performance, contributing to the development
of more effective classification and diagnostic models.

The performance of CNN models used in diabetic retinopathy (DR) diagnosis is dependent on
proper and consistent preprocessing of input data. Because of the different resolutions of the images in
the dataset utilized in this study, it was necessary to resize all images to a uniform dimension.
Consequently, all fundus images fed into the CNN model were resized to the smallest image size of 216
x 216 pixels.

The Methodology Section for Diabetic Retinopathy Detection

In this part of the study, we developed an image processing pipeline to detect yellow lesions,
indicative of exudates, in fundus. Hard exudates and soft exudates are lipid deposits appearing as yellow
spots on the retina, often associated with diabetic retinopathy. Leaking from abnormal blood vessels in
the retina, a common diabetic complication, causes these deposits.

Initially, the original fundus image is transformed into a heatmap to enhance visual contrast,
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making critical features more distinguishable, as illustrated in Figure 4. CLAHE is then applied with
particular focus on the green channel, which is vital in fundus imaging.

Figure 4
The fundus image with the color heatmap is shown.

Subsequently, specific color boundaries for yellow and red hues are defined to create masks that
isolate these regions within the heatmap. These masked regions are set to black, and the modified
heatmap is then converted into a binary image. Contours are detected in this binary image, and an image
highlighting these contours in green is generated. These contours are overlaid onto the original fundus
image to emphasize the regions of interest.

Further processing involves converting the CLAHE-enhanced image to grayscale and binarizing
it. The binary image, which highlights green regions, is then converted back to a colored image and
applied to the original image. A transparency effect is applied to the green mask, blending it seamlessly
with the original image (Figure 5).

Figure 5
The image shows a fundus image with highlighted exudates.

The final processed image displays the highlighted regions, indicating yellow lesions that are
crucial for diagnosing diabetic retinopathy. This technique improves fundus image detection and
visualization of both soft and hard exudates, providing a powerful instrument for analyzing medical
images in relation to diabetic retinopathy. Healthcare providers can more precisely diagnose and track
the development of diabetic retinopathy in patients by detecting these lipid deposits.
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The Methodology Section for Glaucoma Detection

In this section of the study, the effectiveness and application methods of algorithms used for
glaucoma detection are thoroughly examined. These algorithms, developed with machine learning
techniques and advanced image processing, analyze various biometric data points. Key data points
include intraocular pressure, the retinal layers thickness and the anatomical characteristics of the nerve
head, both of which are essential in determining the risk of glaucoma.

To enhance the accuracy of glaucoma diagnosis, this study emphasizes a detailed approach to
processing eye images, with particular attention to zooming into specific regions of interest. The process
begins with the loading and visualization of a high-resolution color image of the eye. This initial step
gives a thorough rundown of the structure of the eye by examining the raw data without any
preprocessing. Upon loading the color image, it is converted into grayscale (Figure 6). This conversion
eliminates color information, which may be redundant in medical image analysis, leaving only the
brightness information. Simplifying the image to grayscale facilitates a more focused examination of
structural details by improving the contrast between different components, thus making it easier to
identify subtle features.

Subsequent to the grayscale conversion, a median blur filter is applied to the image, achieving the
result depicted in Figure 6. This filter reduces noise that could obscure important details and smooths
the edges within the image, leading to a more uniform appearance. The reduction of unwanted details
through this process enhances the accuracy of the subsequent analysis, ensuring that key features are
more clearly visible.

Following the application of the median blur filter, the next step involves detecting circular
structures within the eye using the Hough Circle Transform. This technique is effective for identifying
prominent circular features, such as the optic disc, as shown in Figure 6.

The algorithm’s capability to detect these circular structures is crucial for the precise localization
and analysis of critical areas. Among the detected circles, the algorithm identifies the one with the
brightest center and marks it on the raw image (Figure 6). This circle is of particular significance as the
brightest center typically corresponds to essential structures like the optic disc.

Marking this circle on the original color image ensures that both its center and circumference are
distinctly visible. This marking process is integral for further analysis, highlighting regions of interest
necessary for diagnosing glaucoma. Enhancing the visibility of these critical structures ensures that the
subsequent analysis is both accurate and reliable. This detailed marking assists in the precision of the
nerve head, which is essential for evaluating the progression and severity of glaucoma.

Figure 6

The original color image is displayed first (left-up), grayscale counterpart(left-down), the third image
in the top right depicts the grayscale image with a median blur filter applied, and the bottom right image
highlights the circle detected with the Hough Circle Transform method, emphasizing structures like the
optic disc.
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In the final stage, a specific area around the marked circle is enlarged. This process involves focusing
on the center of the selected circle and zooming into the surrounding area. Enlarging this region allows
for more detailed analysis and better detection of potential abnormalities. The magnified area is
subsequently visualized for additional analysis, as illustrated in Figure 7.

Figure 7
Optic disc detection algorithm outputs in images with glaucoma diagnosis.

These operations are performed to process and analyze the image in a manner that provides
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enhanced data for machine learning models. This process aims to facilitate glaucoma diagnosis and
improve accuracy by obtaining high-quality images with distinct features. Consequently, eye disorders
such as glaucoma can be diagnosed earlier and with greater precision.

Approach to Optic Disc Evaluation

Due to high noise levels in the processed data, optic disc images that cannot be detected
automatically are manually marked by the user. The code scans image files in the specified directory
and allows the user to manually intervene with each image. If the images exceed a specified size, they
are resized. Users can define a cropping area by drawing a square on the image with the mouse. The
square's size can be dynamically adjusted using the mouse wheel. The chosen area is cropped and saved
to a specified directory when the left mouse is clicked. During this cropping process, the directory for
saving the cropped image is automatically created. The user can exit the process by pressing the "Esc"
key or closing the image window. An image is skipped and nothing is done if it has already been cropped.
The code also checks for unreadable or faulty files and reports any errors encountered during processing.
In conclusion, this application code directory supports the manual inspection of glaucoma-related
images, enabling users to select and crop specific areas for further analysis.

EVALUATION METRICS

Using fundus images of individuals with glaucoma and diabetic retinopathy, we methodically
assessed the efficacy of many machine learning approaches. The critical role of pre-processing in
enhancing model performance was rigorously analyzed using comparative figures and tables, with a
focus on learning curves, confusion matrices, and classification reports.

Figure 8

The figure compares learning curves for CNN models trained on original and contrast-enhanced fundus
images for diabetic retinopathy detection.
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Learning curves were utilized to plot the model's performance, typically measured by error rate
or accuracy, against the number of training instances or the duration of training. These curves show how
the predicted accuracy of the model increases with the amount of data it is exposed to. The training
curve demonstrates the model's performance on the training data, often showing high accuracy initially,
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with a potential plateau as additional data is introduced. In contrast, the validation/test curve represents
the performance of model’s on never seen data, providing insights into its generalization capabilities.
This curve typically starts with a higher error rate, which decreases as more training data is incorporated,
until it may plateau or diverge, indicating potential overfitting or underfitting.

Learning curves of the CNN model trained with contrast-adjusted fundus images (Figure 8). The
training and validation accuracy curves are closely aligned, with only minor deviations, and remain
stable at certain points. This alignment indicates that the model performs similarly on both the validation
and training, reflecting strong generalization capabilities. The close match between training and
validation accuracies suggests that the model has effectively avoided overfitting and has not excessively
adapted to the training data. The stability of performance at a certain level signifies that the learning
process has been successfully completed and maintained. This consistent performance highlights the
model’s robustness and its ability to generalize well across different datasets.

Moreover, the convergence of the training and validation curves at a low error rate indicates that
the model is operating effectively. This convergence shows how well the model generalizes to new,
unknown data and how well it is learned from the training set. Conversely, if the training error is low
while the validation error remains high, it would indicate overfitting, suggesting that the on training
data, the model works well, but on fresh data, it performs poorly. Conversely, underfitting is observed
when both curves exhibit high error rates, indicating that the model is too simplistic to detect the deeper
structure in the data. This distinction is crucial for understanding whether the model requires further
refinement or if it is appropriately tuned for the given task.

Additionally, contrast adjustments have resulted in noticeable changes in accuracy deviations.
When compared to the curves shown in Figure 8, these changes illustrate how varying contrast levels
affect the model's performance.

Figure 9
The confusion matrix for diabetic retinopathy shows TP, FP, TN, and FN.
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The confusion matrix, a fundamental tool for evaluating classification algorithms, compares the
model’s predicted labels with the actual ground truth labels from the dataset. This comparison
summarizes the model's accuracy in predicting different classes. From the confusion matrix, several
critical metrics are derived, including the classification report, which comprises precision, recall, and
the F1 score. These metrics can be calculated as shown below.
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o TP
Precision = W
TP
Recall = 7p 77N

Precision X Recall
Precision = 2 X ( — )
Precision + Recall

These metrics, as seen in Figure 9, demonstrate that the model provides high accuracy and
effectiveness, achieving successful performance for both classes. Using the components of this matrix,
the performance metrics are calculated as follows: The accuracy of the model is 97.5%, indicating that
the model has classified both healthy images and DR cases with high accuracy and demonstrates a strong
overall performance. The precision for healthy images is 98.7%, meaning that 98.7% of the cases
predicted as healthy are indeed healthy, reflecting a very low FN rate. The recall for healthy images is
98.6%, which means that 98.6% of actual healthy cases have been correctly identified by the model,
demonstrating a very low FN rate. The F1 score for healthy images is 98.7%, indicating that the model's
predictions for healthy images are well-balanced in terms of both precision and recall. For DR, the
precision is 98.9%, showing that 98.9% of the cases predicted as DR are indeed DR, with a very low FP
rate. The recall for DR is 98.6%, which means that 98.6% of actual DR cases have been correctly
predicted, with a low false negative rate. The F1 score for DR is 98.7%, demonstrating that DR
predictions are robust and balanced both precision and recall. Where TP is correctly identified DR cases,
and FP is cases incorrectly identified as DR.

Table 2

Table showing the classification performance metrics for diabetic retinopathy and healthy images.
Classification Metrics DR Normal Accuracy
Precision 0.98 0.99 -
Recall 0.99 0.98 -
F1 Score 0.98 0.98 -
Accuracy - - 0.98

Table 2 presents classification performance metrics for DR and normal images, including
precision, recall, F1-score, and overall accuracy.

In this study, a series of sequential preprocessing steps were applied prior to model training.
Techniques such as contrast adjustment, noise reduction, sharpening, and various other methods were
employed to enhance image quality. However, it was found that among these steps, contrast adjustment
yielded the most significant performance improvement. The other preprocessing steps did not provide
the expected contribution and, in some cases, led to undesirable outcomes such as overfitting in the
model.

Upon examining the learning curves, confusion matrix, and classification report, it was observed
that contrast-enhanced images demonstrated superior generalization ability. This model achieved a 10%
higher recall score and a 4% greater accuracy rate in the classification of diabetic retinopathy.
Consequently, it was determined that among the various preprocessing steps applied, contrast
adjustment played a particularly crucial role in enhancing the model’s performance.

Given that the optic disc plays a crucial role in glaucoma detection, we focused exclusively on
analyzing the optic disc region within the images for this study. The graphs and tables below
demonstrate the improved results of this targeted approach. Learning curves of the CNN model for
glaucoma detection (Figure 10), comparing two approaches: training with the original fundus images
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versus training with a focus on the optic disc. The upper curve represents the model trained on the
original fundus images, while the lower curve shows the model trained with an emphasis on the optic
disc. The upper graph demonstrates suboptimal performance, with noticeable deviations and instability
in accuracy. In contrast, the lower graph, which focuses on the optic disc, reveals significantly improved
performance.

The training and validation curves in the lower graph are closely aligned with minimal deviations,
indicating greater stability and accuracy. This suggests that the model, when trained with a focus on the
optic disc, generalizes better and detects glaucoma more effectively. The enhanced performance in the
lower graph underscores the benefit of focusing on the optic disc, which contributes to a more reliable
and robust model for glaucoma detection.

Figure 10

The figure presents two learning curves from CNN models for glaucoma detection. The upper curve
depicts the model trained on original fundus images, while the lower curve illustrates the model trained
with a close-up focus on the optic disc. This comparison highlights the impact of focusing on the optic
disc on model performance.
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These metrics, as shown in Figure 11, highlight the model's accuracy and effectiveness in
detecting glaucoma. The model’s accuracy is 83.6%. The precision for glaucoma is 83.4%, indicating
that 83.4% of the cases predicted as glaucoma are indeed glaucoma, which reflects a relatively low FP.
The recall for glaucoma is 86.2%, meaning that 86.2% of actual glaucoma cases have been correctly
identified by the model, demonstrating a relatively low false negative rate. The F1 score for glaucoma
is 84.8%, suggesting that the model’s predictions for glaucoma are well-balanced. For normal cases, the
precision is 82.6%, showing that 82.6% of the cases predicted as normal are indeed normal, with a low
false positive rate. The recall for normal cases is 83.8%, meaning that 83.8% of actual normal cases
have been correctly predicted, reflecting a low FN. The F1 score for normal cases is 83.2%, indicating
that predictions for normal cases are robust and balanced in terms of precision and recall.

Figure 11
The confusion matrix for glaucoma displays true positives, false positives, true negatives, and false
negatives.
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Glaucoma Croppad Confusion Matrix
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Table 3

Table showing the classification performance metrics for diabetic retinopathy and healthy images.
Classification Metrics Glaucoma Normal Accuracy
Precision 0.83 0.87 -
Recall 0.87 0.83 -
F1 Score 0.85 0.85 -
Accuracy - - 0.84

Table 3 summarizes the classification performance metrics for glaucoma and normal images. The
metrics include precision, recall, F1 score, and overall accuracy, offering a concise overview of the
model's performance for both classes.

RESULTS AND DISCUSSIONS

The results demonstrate that focusing on the optic disc in fundus images of glaucoma patients
significantly improved the machine learning model's accuracy. This targeted approach enabled the
model to effectively identify the distinctive features of glaucoma within the optic disc, facilitating early
detection and diagnosis with high precision. Similarly, preprocessing techniques applied to fundus
images of diabetic retinopathy patients, such as image enhancement, noise reduction, and normalization,
enhanced the machine learning models' accuracy. These techniques successfully highlighted key
pathological features associated with diabetic retinopathy, thus improving the model’s overall
performance.

Notably, compared to other models, the architecture used in this work was trained using a lot less
data. This suggests that data augmentation could further enhance the model's efficiency and accuracy.
In order to investigate possible enhancements in model performance, future research might concentrate
on growing the dataset.

Figure 12
The user interface for eye disease detection, which includes tools for uploading fundus images and
viewing diagnosis results, is shown.
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assist with diabetic retinopathy

The primary objective of this study was to provide a user-friendly interface for early detection
and diagnosis of eye diseases. As shown in Figure 12, the interface facilitates ease of use and
accessibility for users, aiming to simplify the diagnostic process. The findings underscore the value of
combining appropriate preprocessing techniques with a focus on critical image regions, such as the optic
disc, to substantially enhance the effectiveness of machine learning methods in ophthalmology.

In conclusion, the study highlights the importance of precise image processing and targeted
analysis in developing robust machine learning models for eye disease detection. These advancements
can significantly benefit early diagnosis and management, ultimately improving patient outcomes.
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EXTENDED ABSTRACT

Introduction: Early detection and effective monitoring of vision-threatening diseases such as diabetic
retinopathy and glaucoma are critical in preventing irreversible vision loss and improving long-term patient
outcomes. These conditions, if diagnosed in the early stages, can be managed with appropriate interventions,
thereby reducing the burden on healthcare systems and enhancing patients' quality of life. In this context, artificial
intelligence and deep learning technologies offer promising opportunities to support ophthalmologists in
diagnostic decision-making processes. This study introduces a user-friendly diagnostic software interface
integrated with a customized Convolutional Neural Network (CNN) architecture designed to aid in the
identification of diabetic retinopathy and glaucoma from retinal fundus images.

Method: An 11-layer CNN model was developed, starting with a rescaling input layer and employing
various data augmentation techniques to improve generalization. The core of the model consists of three
convolutional layers with 16, 32, and 64 filters, respectively, each followed by max-pooling operations. A dropout
layer with a rate of 0.7 was integrated to mitigate overfitting. The feature extraction phase includes a flattening
layer and a dense layer with 128 neurons, followed by an output layer tailored to the classification tasks. For
glaucoma detection, a targeted preprocessing step focused on the optic disc region led to a 20% reduction in
validation loss. Additionally, a manual zooming function was incorporated into the user interface to support expert
analysis in diagnostically ambiguous glaucoma cases. For diabetic retinopathy, the model emphasized pathological
regions such as edema and hemorrhage to enhance vascular structure visibility and improve diagnostic precision.

Findings: The proposed system achieved an accuracy of 98% for diabetic retinopathy detection and 85%
for glaucoma diagnosis. The results show that the CNN model is highly effective in identifying characteristic
features of both diseases. The targeted preprocessing strategies and manual interface functionalities contributed
significantly to diagnostic performance, particularly in glaucoma cases where optic nerve damage can be subtle.
The software also provides real-time visualization of critical pathological areas, which supports clinical decision-
making.

Conclusion: This study demonstrates that the integration of deep learning algorithms with user-centric
interface design can significantly improve the early detection and management of diabetic retinopathy and
glaucoma. The developed system not only provides high diagnostic accuracy but also enhances interpretability
through morphological region highlighting, thereby supporting clinicians in delivering timely and precise
treatment. The findings suggest that such tools could play a vital role in the future of Al-assisted ophthalmic
diagnostics, ultimately improving patient outcomes and reducing preventable vision loss.
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Digitalisation has fundamentally transformed the production, distribution, and consumption processes within the
film industry, generating new economic and cultural dynamics. Traditional analogue technologies have largely
been replaced by digital encoding, Al-based content recommendation systems, and online streaming platforms,
resulting in reduced production costs and significantly enhanced global accessibility to content. International
platforms such as Netflix, Amazon Prime, and Disney+ leverage user data analytics and artificial intelligence-
driven recommendation systems to personalise content delivery, thereby establishing a new, data-driven business
model referred to as 'platform capitalism’. While these developments have created unprecedented opportunities
for independent filmmakers to achieve global visibility, they have simultaneously led to increased market
consolidation and strengthened the economic dominance of major media corporations, raising concerns related to
monopolisation and standardisation of content. Additionally, the preference of digital platforms for data-driven,
audience-oriented production tends to amplify the prevalence of popular mainstream content, potentially
marginalising independent and alternative cinema. Consequently, smaller and niche productions risk being
overshadowed, limiting their accessibility to diverse audiences. Furthermore, digitalisation has introduced
significant technological innovations, reshaping not only distribution methods but also the creative dimensions of
film production. Integrating artificial intelligence into scriptwriting, casting, and post-production has considerably
reduced costs and increased efficiency; however, this algorithmic approach also provokes critical discussions
concerning the ethical implications and potential erosion of artistic originality. Moreover, emerging technologies
such as virtual reality (VR), augmented reality (AR), and the metaverse hold substantial potential for reshaping
cinematic experiences, fundamentally altering audiences' perceptions of reality. Such technological advancements
raise critical academic questions regarding the evolving dynamics between artistic creativity, commercial
imperatives, and shifting audience perceptions of reality, necessitating further inquiry into the future trajectory of
cinematic expression.

Dijitallesmenin Sinema Endiistrisi Uzerindeki Ekonomik ve Kiiltiirel Etkileri

Makale Bilgisi

OZET

Gelis Tarihi: 13.03.2025
Kabul Tarihi: 05.06.2025
Yayin Tarihi: 30.06.2025

Anahtar Kelimeler:

Film endiistrisinde
dijitallesme,

platform kapitalizmi,

yayn platformlar1 ve sinema.

Dijitallesme, sinema endiistrisinin iiretim, dagitim ve tiiketim siireglerini koklii bigimde doniistiirerek yeni
ekonomik ve kiiltiirel dinamikler yaratmistir. Geleneksel analog teknolojilerin yerini dijital kodlama, yapay zeka
tabanli igerik Oneri sistemleri ve ¢evrimici platformlar almis; bu doniisiimle birlikte prodiiksiyon maliyetleri
azalirken igeriklerin kiiresel Olgekte erigilebilirligi artmistir. Netflix, Amazon Prime ve Disney+ gibi kiiresel
platformlar, kullanicilarin izleme aligkanliklarint ve tercihlerini analiz ederek igerik iiretimini veri odakli hale
getirip kisisellestirilmig Oneri sistemleri sunmus, bu siire¢ "platform kapitalizmi" olarak adlandirilan yeni bir
ekonomik modeli ortaya ¢ikarmigtir. Bu yeni dijital ekonomi, bagimsiz sinema iireticileri i¢in daha 6nce miimkiin
olmayan kiiresel goriiniirliikk firsatlari yaratsa da, aym1 zamanda biiyiik medya sirketlerinin ekonomik giiciiniin
pekismesine ve pazar iizerindeki kontrollerinin artmasina neden olmus, bu durum tekellesme egilimlerini
beraberinde getirmistir. Ayrica igeriklerin giderek kisisellestirilmesi ve izleyici taleplerine uygun héle getirilmesi,
film endiistrisinde 6zgiin igeriklerin azalmasi ve kiiltiirel iiretimin standartlagmasi riskini artirmaktadir. Dijital
platformlarim icerikleri algoritmalar aracihigtyla 6nererek, izleyici tercihlerine yonelik iretimi artirmasi, popiiler
iceriklerin daha gok iiretilmesine, bagimsiz ve alternatif filmlerin ise arka planda kalmasina yol agabilmektedir.
Dijitallesmenin getirdigi teknolojik yenilikler yalnizca dagitim ve tiiketim siiregleriyle smnirlt olmayip iiretim
asamalarinda da kapsamli degisikliklere yol agmistir. Yapay zekanin senaryo gelistirme, oyuncu segimi ve post-
prodiiksiyon siireglerine entegre edilmesi, maliyetleri diisiirlip iiretim siireglerini hizlandirmis; ancak yaratici
ozgiinliigiin algoritmalara indirgenmesi konusunda etik ve sanatsal tartismalara zemin hazirlamistir. Ote yandan
VR, AR ve metaverse gibi yeni medya teknolojilerinin sinemada kullanimi, izleyicilerin gergeklik algisini
doniistiirme ve interaktif, katilimer igeriklerle etkilesim saglama potansiyeline sahiptir. Bu yeni gergeklik
bigimlerinin yayginlagmasi, sanatsal ifade bigimlerini ve sinema tiiketimini radikal bigimde yeniden sekillendirme
ihtimalini dogurmakta ve sinemanin gelecekteki gelisim yoniine dair 6nemli sorulari giindeme tagimaktadir.
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INTRODUCTION

Over the last thirty years, digitalization has led to profound and extensive transformations in the
fields of media and communication. One of the sectors at the core of this transformation is the film
industry, which has undergone significant changes from production to distribution, as well as in
consumption practices and economic structures (Zengin, 2018; Erdogan, 2023). The replacement of
traditional analog technologies with digital encoding and distribution systems has reduced production
costs, diversified production opportunities, and enabled the rapid global dissemination of content
(Prince, 2002). In particular, the emergence of Internet-based digital platforms such as Netflix, Amazon
Prime, and Disney+ has radically altered audience habits and reshaped the economic dynamics of the
film sector (Baser & Sogiitliiler, 2023; Zuboft, 2019).

To conceptually interpret the transformation brought about by digitalization, it is useful to draw
on Baudrillard’s (1981) theory of “simulation and hyperreality,” Zuboft’s (2019) conceptualization of
“platform capitalism,” and Hesmondhalgh’s (2019) “cultural industries” approach. According to
Baudrillard, digital technologies blur the boundaries of reality, transporting the viewing experience into
a hyperreal realm (Arda & Akyol, 2020). Zuboff underscores the emergence of a new capitalist model
in which digital platforms analyze user data to guide both the production and consumption of content.
Within the framework of cultural industries, Hesmondhalgh (2019) asserts that digitalization reinforces
economic consolidation and global competition dynamics. Taken together, these three perspectives
enable a comprehensive examination—economically, culturally, and technologically—of the digital
transformation occurring in the film industry.

In the context of Turkey, the digitalization process has brought about radical transformations in
cinema theater operations, film production, and distribution practices (Erkili¢ & Duruel-Erkilig, 2021).
Notably, during the COVID-19 pandemic, the closure of movie theaters rendered digital platforms the
primary bridge between audiences and film producers, substantially altering the traditional business
model dependent on theater revenues (Baser & Sogiitliiler, 2023; Yiiksel, 2022). Although this situation
has created opportunities for independent films and local content to enter global circulation, it has also
fueled debates on issues such as monopolization, standardization, and platform dependence in the sector
(Hesmondhalgh, 2019; Ozen & Celenk, 2006).

The new competitive conditions brought by digitalization have generated different strategies for
independent and major producers. While independent productions have gained the opportunity for
global visibility, major studios (e.g., Disney, Netflix) have increased their investments in content and
strengthened their brand dominance through global platforms (Erdogan, 2023; Zengin, 2018).
Nevertheless, the transformation of content production processes into algorithmic models under
platform capitalism raises concerns about the standardization of cultural and artistic production
(Hesmondhalgh, 2019; Horkheimer & Adorno, 2002 [1947]).

This study aims to examine various facets of how digitalization is reflected in the film sector,
including economic transformation, cultural production and consumption practices, competition
between independent filmmakers and major studios, the position of local platforms in international
markets, and the potential effects of future technological developments on the industry. The central
research question is to determine what kinds of transformations digital platforms and innovative
technologies (artificial intelligence, VR, metaverse) have brought about in the economic and cultural
structure of the film industry. Throughout the study, both theoretical frameworks and empirical data will
be employed to provide a comprehensive assessment of the current impact of digitalization on the film
sector and potential scenarios for the future.
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DIGITALIZATION AND THE FILM INDUSTRY

The Definition of Digitalization and Its Relationship with Cultural Economy

Digitalization refers to the transition from analog formats to digital encoding and data processing
methods, representing not merely a technological renewal but also prompting profound changes in
social, economic, and cultural dynamics (Baudrillard, 1981; Benjamin, 2013). Zuboff (2019) underlines
that digitalization, which gained momentum particularly through microelectronic and information
revolutions in the late 20th century, has restructured economic and social frameworks. In the film
industry, this transformation manifests itself in the conduct of production, distribution, and exhibition
processes via digital platforms, as well as in changes to audience content consumption patterns
(Erdogan, 2023; Yiiksel, 2022).

Hesmondhalgh (2019) notes that digitalization has engendered a comprehensive reorganization
of media industries, ranging from production processes to market strategies. A comparable shift has
been observed in the sports sector. Urganoglu and Kogyigit (2023) investigated how digitalization—
involving vehicle simulators, artificial intelligence, and data analytics—affects strategy development
processes in Formula 1. Because physical testing in Formula 1 is both costly and limited, digital
simulations have become increasingly crucial, enabling data-driven decision-making in race strategies
(Urganoglu & Kogyigit, 2023). Similarly, in the film industry, digitalization has introduced
transformations such as Al-based content creation and recommendation systems relying on audience
data. Accordingly, the digital transformation of the film industry can be examined from technological,
cultural, and economic perspectives. Technologically, traditional film equipment has been replaced by
digital cameras, computer-based editing systems, and cloud-computing-supported distribution networks
(Prince, 2002; Zengin, 2018). Culturally, audiences have shifted from passive consumers to more active
participants in content production and distribution through social media and online platforms (Arda &
Akyol, 2020; Atmacaoglu, 2021). Economically, traditional business models dependent on box-office
revenues have been supplanted by digital revenue models such as subscriptions, advertising, and video-
on-demand (VoD) (Baser & Sogiitliiler, 2023).

The concept of “cultural economy” explains how cultural products circulate as commercial
commodities shaped by capital dynamics (Horkheimer & Adorno, 2002 [1947]; Hesmondhalgh, 2019).
With digitalization, large media corporations’ shift toward platform-based business models not only
exacerbates tendencies toward monopolization but also influences global competitive structures
(Erdogan, 2023). Zuboff’s (2019) concept of “platform capitalism” highlights how digital platforms
transform user data into economic value, underscoring the importance of understanding how content
production processes are directed within the film industry (Atmacaoglu, 2021).

While digital platforms enhance the global visibility of independent productions by reducing
distribution costs, the economic strategies developed by major media companies consolidate power
around certain platforms in the sector (Zengin, 2018; Anadolu, 2020). In Turkey, local platforms such
as BIuTV, Exxen, and Gain have embraced “glocal” content strategies to compete with global players
like Netflix and Disney+ (Yiiksel, 2022; Erdogan, 2023). However, this competitive environment also
introduces risks of monopolization and standardization in content production (Baser & Sogiitliiler,
2023).

In conclusion, digitalization has transformed the film industry technologically, culturally, and
economically, reshaping production, distribution, and consumption practices. Yet, tendencies toward
monopolization, data privacy concerns, and the shaping of content production by commercial
imperatives remain central to critical debates about the future of the industry (Zuboff, 2019; Erdogan,
2023).
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The Emergence and Proliferation of Digital Platforms

The rise of digital platforms has fundamentally transformed traditional production and
distribution systems within the film industry. The development of internet-based broadcasting
accelerated notably in the late 2000s with the increase in bandwidth and improvements in data transfer
speeds (Erdogan, 2023). Platforms such as Netflix, Amazon Prime Video, and Disney+ have moved
beyond physical media and theater-based distribution models, thereby creating new viewing habits
(Zuboft, 2019). In Turkey, local platforms like BluTV, Gain, and Exxen have focused on producing
localized content to compete with global players (Yiiksel, 2022).

Netflix began operating in 1997 using a DVD rental model and transitioned to online broadcasting
in 2007, thus expediting the industry’s transformation (Hesmondhalgh, 2019). Its subscription-based
business model offers consumers online access to content without purchasing physical copies, thereby
altering viewing practices. In traditional distribution models, a film would first screen in theaters and
then be released on DVD or television (Baser & Sogiitliiler, 2023). However, with the rise of digital
platforms, these intervals have significantly shortened, and simultaneous release strategies have become
widespread (Erkilic & Duruel-Erkilig, 2021).

Digital platforms have enabled not only large-budget productions but also independent films to
reach broader audiences (Zengin, 2018). Yet their content recommendation systems can direct users
toward specific genres, giving rise to a risk of homogenization in viewing preferences (Atmacaoglu,
2021).

Competition between movie theaters and digital platforms underwent a major transformation
particularly during the pandemic. Throughout the COVID-19 period, many major productions were
released directly on digital platforms, threatening the financial sustainability of movie theaters (Erdogan,
2023). In response, theaters have embraced innovative technologies such as IMAX, 4DX, and VIP
auditoriums to remain competitive (Baser & Sogiitliiler, 2023).

In conclusion, the rise of digital platforms has reshaped new economic models and audience habits
in the film industry. While this development has broadened global access for independent productions,
it has also strengthened the market dominance of large media companies (Ozen & Celenk, 2006; Zengin,
2018).

The Impact of Digitalization on Film Production and Distribution Processes: Industrial
Transformation and New Dynamics

Digitalization has led to profound changes in the production and distribution processes of the film
industry, creating both new opportunities and challenges for major studios and independent filmmakers
alike. Digital filmmaking techniques have replaced analog processes, reducing production costs while
increasing global accessibility (Zengin, 2018; Anadolu, 2020).

In the production phase, digital cameras and computer-assisted editing systems have accelerated
filmmaking processes and reduced costs. High-resolution digital sensors, which have replaced
traditional analog cameras, provide greater flexibility in post-production and eliminate the need for
physical film stock (Prince, 2002). Digital effects technologies such as Computer-Generated Imagery
(CGI) and Visual Effects (VFX) are no longer exclusive to big-budget productions; they have also
become accessible to independent filmmakers, thereby expanding visual storytelling possibilities (Ozen
& Celenk, 2006). Additionally, green screen and motion capture technologies, which were once
monopolized by major studios, have become widespread, enabling broader access to advanced visual
effects (Hesmondhalgh, 2019).

The impact of digitalization extends beyond production processes and has also led to major
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transformations in film distribution. Traditionally, films were first released in movie theaters before
being distributed via DVD, Blu-ray, or television broadcasts (Baser & Sogiitliiler, 2023). However, with
the rise of digital platforms, this windowing system has undergone a radical shift (Erdogan, 2023).
Today, many films are released simultaneously in cinemas and on digital platforms or become available
online shortly after their theatrical release (Erkilic & Duruel-Erkilig, 2021).

Online platforms have now become the dominant actors in film distribution, creating both new
opportunities and competitive pressures for major studios and independent producers. Streaming
services such as Netflix, Amazon Prime, Disney+, and BluTV now directly compete with movie theaters
and, in many cases, have begun to acquire exclusive rights to premieres, effectively bypassing traditional
theatrical distribution (Baser & Sogiitliiler, 2023). The COVID-19 pandemic further accelerated this
process, increasing the prevalence of simultaneous release models and significantly impacting cinema
revenues (Erdogan, 2023).

Digitalization has not only transformed the distribution of major productions but has also provided
global visibility for independent cinema. In traditional distribution models, independent films were often
limited to screenings in select theaters, whereas digital platforms have allowed them to reach audiences
worldwide (Zengin, 2018). Online film festivals and digital film markets have created new mechanisms
that enhance the international visibility of independent productions (Anadolu, 2020). However, this shift
has also strengthened the position of major digital platforms as gatekeepers in content distribution,
raising concerns about the influence of algorithms in shaping audience preferences (Atmacaoglu, 2021).

The impact of digitalization on the film industry is not limited to technical and economic
transformations. When evaluated within Walter Benjamin’s (2013) concept of the "mechanical
reproduction of art," digital film production introduces new dynamics that challenge the notion of artistic
authenticity. Although the ability to reproduce films infinitely in digital formats has facilitated their
global circulation, commercial considerations have increased the risk of content standardization
(Horkheimer & Adorno, 2002 [1947]).

In conclusion, digitalization has introduced a new paradigm in the film industry by offering speed,
cost advantages, and global accessibility (Benjamin, 2013; Erdogan, 2023). However, this
transformation has also given rise to monopolization, platform dependency, and the homogenization of
content production (Zuboft, 2019). The opportunities and challenges presented by digitalization remain
critical factors shaping the future of the film industry.

THEORETICAL FRAMEWORK

To comprehensively analyze the impact of digitalization on the film industry, multiple theoretical
approaches must be considered together. Cinema is not only an artistic and cultural domain of production
but also a sector shaped by industrial and economic dynamics. Therefore, examining the changes
brought by digitalization—ranging from film production to distribution, audience habits, and
transformations in economic structures—requires a multidimensional theoretical framework
(Hesmondhalgh, 2019; Ozen & Celenk, 2006; Zengin, 2018).

Three fundamental theoretical approaches emerge in this context. The first is the cultural
industries perspective, which conceptualizes cinema not merely as an artistic endeavor but also within
the framework of capital dynamics, media ownership structures, and global market conditions
(Hesmondhalgh, 2019). The second is the platform capitalism and digital economy framework, which
examines the economic structure of digital platforms, data-driven content production processes, and new
business models that challenge traditional distribution channels (Zuboff, 2019). The third is the
consumer culture and hyperreality perspective, which evaluates the impact of digitalization on cinematic
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aesthetics and audience experience, particularly through concepts such as virtual reality (VR),
augmented reality (AR), and simulation (Baudrillard, 1981).

These theoretical frameworks provide a comprehensive lens through which to interpret the
transformations in the film industry, encompassing the rise of digital platforms, shifts in film production
processes, competition between independent productions and major studios, and the influence of
artificial intelligence and emerging technologies on the sector.

Cultural Industries and Media Economy (David Hesmondhalgh)

Within the contemporary media ecosystem, where cultural production is deeply intertwined with
economic and industrial dynamics, the film industry is regarded as a key component of the cultural
industries (Hesmondhalgh, 2019). Cinema operates as both an artistic and commercial domain, shaped
by the power relations between major media corporations and independent producers (Ozen & Celenk,
2006).

The impact of digitalization on the film industry has triggered a broad transformation spanning
production and distribution processes. In particular, the rise of digital platforms has disrupted the
traditional theater-based exhibition model, leading to the emergence of new business structures
(Erdogan, 2023; Zengin, 2018). Platforms such as Netflix, Amazon Prime, and Disney+ have reshaped
content production and consumption through digital infrastructures, effectively aligning the film
industry with the principles of platform capitalism (Zuboff, 2019).

Hesmondhalgh (2019) highlights the increasing capital concentration in cultural industries,
analyzing how the growing market power of major media conglomerates influences competitive
dynamics. For example, the Disney-Fox merger fostered both vertical and horizontal integration in
media ownership structures, further constraining independent producers (Horkheimer & Adorno, 2002
[1947]).

On the other hand, digitalization has also created new opportunities for independent productions.
Digital platforms provide alternative distribution channels for independent cinema, which traditionally
struggled to access the distribution networks controlled by major studios (Zengin, 2018). However, these
opportunities come with challenges, as algorithmic recommendation systems on digital platforms may
prioritize certain genres while marginalizing others, thereby influencing audience preferences
(Hesmondhalgh, 2019).

In conclusion, the cultural industries perspective offers a critical framework for evaluating the
effects of digitalization on the economic structure and production processes of the film industry.

Platform Capitalism and Digital Economy (Shoshana Zuboff)

Digitalization has largely replaced traditional economic models with a new structure known as
platform capitalism. Digital platforms are no longer merely content providers; they have evolved into
entities that analyze user data and convert it into economic power (Zuboff, 2019).

Platforms such as Netflix, Amazon Prime, and Disney+ utilize artificial intelligence-based
recommendation systems to analyze audience preferences, transforming content production into a data-
driven process (Atmacaoglu, 2021). For instance, Netflix’s House of Cards was developed based on
large-scale user data analysis, identifying elements that would attract specific audience segments
(Lobato, 2019).

Platform capitalism has intensified monopolization trends within the film industry, positioning
major digital platforms as dominant forces in content production (Erdogan, 2023). This trend became
particularly evident during the COVID-19 pandemic, when the closure of theaters led major studios such
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as Warner Bros, Universal, and Disney to release their films directly on their own digital platforms,
further weakening the traditional box office model (Erkilic & Duruel-Erkilig, 2021).

In conclusion, the platform capitalism model has transformed the film industry into an
increasingly algorithm-driven economic system, shaping both production strategies and audience
engagement.

Consumer Culture and Digitalization (Jean Baudrillard)

Baudrillard’s concepts of simulation and hyperreality provide a crucial framework for
understanding how reality is constructed in the era of digital cinema (Baudrillard, 1981). Today, CGI
(Computer-Generated Imagery) and virtual production techniques have largely replaced physical reality
in filmmaking, leading to the creation of fully digital cinematic worlds (Prince, 2002).

Major productions, such as those in the Marvel Cinematic Universe and Avatar, construct
hyperreal cinematic universes, reshaping audience perception by blurring the distinction between the
real and the artificial (Baudrillard, 1981). In this context, the growing prevalence of binge-watching, or
continuous content consumption, is directly linked to Baudrillard’s concept of consumer culture
(Baudrillard, 1998).

Furthermore, digitalization has transformed cinema from a collective experience into an
individualized mode of consumption. The emergence of metaverse-based and VR (Virtual Reality)
cinema experiences is shifting traditional movie theaters into virtual spaces, redefining the relationship
between the audience and the film (Yiiksel, 2022).

In conclusion, Baudrillard’s hyperreality framework serves as a critical lens through which to
analyze the transformation of aesthetics and consumption practices within the digitalized film industry.

DIGITAL PLATFORM ECONOMY AND TRANSFORMATION IN THE FILM
INDUSTRY

Digitalization has not only transformed the production and consumption practices of the film
industry but has also restructured its economic models and business structures. Traditionally, the film
industry generated revenue through theater-based distribution models, but the rise of digital platforms
has radically altered this approach (Erdogan, 2023; Hesmondhalgh, 2019). The expansion of platforms
such as Netflix, Amazon Prime, and Disney+ has placed economic pressure on cinema theaters, forcing
the industry to adapt to a new operational framework.

Digital platforms offer an alternative to the collective viewing experience of traditional cinemas
by promoting individualized, flexible, and personalized content consumption models (Zengin, 2018).
With Industry 4.0, technological advancements such as smart automation, big data, and artificial
intelligence have not only contributed to economic growth but also disrupted traditional employment
structures by eliminating certain roles (Karakaya, 2021). The increasing digitalization of production
processes has fundamentally altered traditional business models, shaping the core dynamics of the new
economic order. Algorithmic content recommendation systems and global accessibility strategies have
positioned digital platforms as key actors in the film industry, rather than mere content providers
(Zuboft, 2019). Thus, the structural differences between traditional cinemas and digital platforms have
become one of the most critical forces driving transformation in the sector.

Transformation of Business Models and Economic Structures

For many years, movie theaters operated under an economic model based on ticket sales,
concession revenue (e.g., food and beverages), and special screenings (Prince, 2002; Ozen & Celenk,
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2006). However, digital platforms have introduced new business models, including subscription-based
(SVOD), transactional video-on-demand (TVOD), and ad-supported (AVOD) models, fundamentally
reshaping the revenue structures of the film industry (Baser & Sogiitliiler, 2023).

Traditional movie theaters rely heavily on box office revenue, following revenue-sharing
agreements with major studios (Prince, 2002). However, during the COVID-19 pandemic, many studios
adopted a simultaneous release strategy, offering their films both in theaters and on digital platforms,
significantly threatening the economic viability of movie theaters (Erdogan, 2023). One of the most
notable examples of this shift was Warner Bros’ decision in 2021 to release all its major films on HBO
Max simultaneously with their theatrical premieres (Hesmondhalgh, 2019).

Additionally, the windowing strategy, which refers to the traditional staggered release cycle of
films (starting in theaters before moving to home entertainment and TV), has been disrupted. Previously,
films were available only in theaters for a specific period before transitioning to physical media and
television broadcasts. Today, this exclusivity period has significantly shortened, with some productions
being released directly on digital platforms (Baser & Sogiitliiller, 2023). These changes have
significantly altered the distribution of revenue and audience habits within the film industry.

The Impact of Digital Platforms on Independent and Major Film Producers

Digital platforms have created both opportunities and challenges for independent filmmakers and
major studios, generating new industry dynamics (Zengin, 2018). While independent productions often
face limited access to theatrical distribution, digital platforms have provided them with a global audience
reach (Hesmondhalgh, 2019). Platforms such as Netflix, Amazon Prime, and Mubi have enhanced the
visibility of independent films through algorithmic discovery systems and broad distribution networks
(Zuboff, 2019).

However, alongside these opportunities, certain limitations persist. Large digital platforms
prioritize commercialized, high-demand content, often favoring productions with mass appeal over
niche or experimental films. This content standardization poses a challenge for independent filmmakers,
who may struggle to gain visibility (Horkheimer & Adorno, 2002 [1947]). For example, platforms such
as BIuTV and Netflix tend to exclude certain types of content that do not align with dominant audience
preferences (Ozen & Celenk, 2006).

From the perspective of major studios, digital platforms reduce dependency on traditional box
office performance by enabling direct-to-consumer distribution. Studios such as Disney, Warner Bros,
and Universal have developed their own streaming services (e.g., Disney+, HBO Max) to retain greater
control over distribution and maximize profitability (Yiksel, 2022). However, this shift has also
intensified market concentration, reinforcing the dominance of large studios while increasing risks of
monopolization and content homogenization within the industry (Erdogan, 2023).

New Competitive Dynamics in the Global Film Market Brought by Digitalization

The impact of digitalization is not limited to local film markets; it has also fundamentally altered
the nature of competition on a global scale. Traditionally, film screenings were restricted to specific
geographical regions and time constraints due to the physical limitations of cinema theaters. However,
digital platforms have eliminated these barriers, enabling films to be released simultaneously worldwide
through flexible access models (Hesmondhalgh, 2019; Erdogan, 2023).

Netflix, in particular, has leveraged an aggressive global expansion strategy, utilizing localized
content production and algorithmic recommendation systems to attract large audiences across different
regions (Zuboff, 2019). Similarly, Amazon Prime Video and Disney+ have diversified their content
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strategies by targeting regional markets, thereby gaining a competitive edge in global distribution (Baser
& Sogiitliler, 2023).

This transformation has had varied effects on local film industries. In countries like Turkey,
platforms such as BluTV, Exxen, and Gain have sought to compete against global streaming giants by
producing content tailored to national audiences (Yiiksel, 2022). The strategy of “glocalization” has
allowed these platforms to adapt global market trends while maintaining a localized production focus,
thereby strengthening their position in international competition (Anadolu, 2020).

In conclusion, digitalization has reshaped the production and distribution strategies of the film
industry, creating new economic dynamics that challenge traditional models. While digital platforms
offer new opportunities for major studios and independent filmmakers, they also raise concerns
regarding monopolization, content standardization, and economic sustainability (Hesmondhalgh, 2019;
Zengin, 2018). As global competition continues to intensify, these dynamics will remain one of the most
defining factors shaping the future of the film industry.

DIGITAL PLATFORM TECHNOLOGIES AND THE FUTURE OF CINEMA

The rapid advancement of digitalization and new media technologies is transforming the film
industry in both production processes and audience consumption patterns. Traditional cinema models,
which have long been structured around specific narrative techniques and physical viewing experiences,
are now undergoing a paradigm shift due to innovative technologies such as artificial intelligence (Al),
virtual reality (VR), and the metaverse (Zuboft, 2019; Erdogan, 2023). This transformation is not limited
to technical advancements alone but also redefines the cultural, economic, and aesthetic dimensions of
cinema (Hesmondhalgh, 2019).

With the rise of digital platforms, content production has become increasingly data-driven, with
filmmaking processes optimized through algorithms and automation systems (Zengin, 2018;
Atmacaoglu, 2021). In parallel, VR and metaverse-based cinema experiences are shifting audience
engagement away from traditional viewing practices toward more interactive and immersive
experiences. However, the long-term impact of these technologies on artistic creativity remains a subject
of debate, particularly regarding concerns about the mechanization of content production and the
preservation of aesthetic originality (Horkheimer & Adorno, 2002 [1947]).

This section will explore the impact of digital platform technologies on film production, covering
a broad perspective that includes Al-assisted content creation and metaverse-based cinema experiences.

Artificial Intelligence and Film Production

Artificial intelligence (Al) is playing an increasingly significant role in the film industry,
fundamentally transforming content production processes. Al-powered systems are now being used in
various stages, including screenwriting, post-production, distribution, and audience data analysis,
leading to reduced production costs and accelerated workflows (Atmacaoglu, 2021; Zuboff, 2019).

One of the most common applications of Al in the film industry is screenwriting and content
analysis. Algorithms trained on large datasets analyze past box office performances, audience reviews,
and narrative trends to provide data-driven recommendations for screenwriters (Baser & Sogiitliiler,
2023). Al-assisted text generation systems can learn storytelling patterns across different genres, create
draft screenplays, and collaborate with human creativity to develop unique narratives (Arda & Akyol,
2020). However, this process also increases the risk of narrative standardization and over-reliance on
formulaic storytelling structures (Horkheimer & Adorno, 2002 [1947]).

Another major area of Al-driven transformation in filmmaking is visual and audio effects
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development. Al-powered computer-generated imagery (CGI) and visual effects (VFX) technologies
enable faster and more cost-effective production, leveraging object recognition and facial tracking
systems (Prince, 2002). Motion capture technology, supported by Al enhances realistic character
movements in action sequences and facilitates the restoration and digital adaptation of older films
(Zengin, 2018).

Al is also reshaping audience data analysis and content recommendation systems. Subscription-
based digital platforms collect large-scale user data, which Al algorithms analyze to personalize content
recommendations (Zuboff, 2019; Erdogan, 2023). In the film industry, Al-powered systems optimize
content production similarly to talent management systems in other creative fields (Ahat, 2023).
Filmmakers and producers use Al-driven audience insights to predict which genres and themes will
perform best, directing their investment strategies accordingly. However, this data-centric decision-
making approach raises concerns about the commercialization of artistic creativity and the dominance
of market-driven storytelling (Baudrillard, 1981).

Moreover, Al-powered content production brings ethical and legal challenges. Technologies such
as digital actors, Al-generated performances, and deepfake manipulations raise questions about
intellectual property rights and the perception of authenticity in cinema (Benjamin, 2013; Erdogan,
2023). Recent Hollywood actor and writer strikes have highlighted uncertainties regarding the role of
Al in creative processes, emphasizing the need for clear regulatory frameworks (Arda & Akyol, 2020).

Metaverse, VR Cinema, and New Experiences

The impact of digitalization on the film industry extends beyond content production processes,
fundamentally transforming the viewing experience. Metaverse and virtual reality (VR) technologies
are reshaping audience engagement by moving beyond traditional cinematic practices and creating a
hybrid form that blends cinema and gaming (Baudrillard, 1981; Atmacaoglu, 2021).

The metaverse provides a virtual environment where users interact through digital avatars,
allowing cinema experiences to be redefined within social, immersive digital spaces (Baser &
Sogiitliiler, 2023). Meanwhile, VR cinema offers audiences a 360-degree narrative experience, breaking
away from conventional cinematic formats (Anadolu, 2020). Filmmakers are exploring techniques that
extend beyond classic cinematography, using directed gaze methods to guide viewers through specific
storylines while integrating interactive elements that allow audiences to actively participate in narratives
(Prince, 2002).

The widespread adoption of these new technologies depends largely on economic and technical
requirements. VR and metaverse-based cinematic experiences demand expensive hardware and
software, which has so far limited their accessibility to a broad audience (Zengin, 2018). However, if
digital platforms introduce exclusive film screenings in the metaverse or integrate VR content into
subscription services, these technologies could gain faster adoption and mainstream popularity
(Hesmondhalgh, 2019).

From a cultural perspective, VR and metaverse cinema have the potential to individualize the
collective viewing experience traditionally offered by cinema theaters (Horkheimer & Adorno, 2002
[1947]). This shift raises new debates about how cinema will be positioned as a social experience in the
digital age.

In conclusion, digital platform technologies are transforming the film industry in both production
and audience engagement, introducing new dynamics through Al, VR, and the metaverse. However, this
transformation must be critically assessed in terms of its impact on the aesthetic authenticity of cinema
and the future of creative storytelling.
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CONCLUSION

The process of digitalization has profoundly transformed the film industry in terms of production,
distribution, and consumption practices, reshaping its economic and cultural structure. The traditional
theater-centered distribution model has been largely replaced by digital platforms, creating a new
content consumption ecosystem that eliminates spatial and temporal limitations. While this
transformation has provided new opportunities for both major studios and independent filmmakers, it
has also introduced risks such as monopolization, content standardization, and algorithm-driven
curation.

One of the most prominent effects of digitalization in the film industry has been the widespread
adoption of Al-driven content production and distribution processes. Digital platforms analyze viewing
habits and develop data-driven content strategies, which, in turn, risk shifting artistic creativity toward
a market-driven model. From the perspective of Hesmondhalgh's (2019) cultural industries approach,
the increasing economic power of major media companies has led to the marginalization of independent
productions and a growing tendency to adhere to commercially driven narrative structures.

However, digitalization has also opened significant opportunities for independent cinema.
Filmmakers struggling to access traditional distribution channels have gained the ability to reach global
audiences through digital platforms, allowing even low-budget projects to achieve international
visibility. Yet, this transformation has also heightened dependency on platform policies and content
recommendation algorithms, raising concerns about structural limitations for independent creators.

The economic dimension of digitalization in the film sector, as analyzed through Zuboff’s (2019)
concept of platform capitalism, highlights the increasing commercialization of user data and the
dominance of algorithm-driven content production. Digital platforms, through subscription-based and
ad-supported revenue models, have strengthened the financial influence of major media companies
while simultaneously undermining traditional box office revenue models.

The rise of metaverse, virtual reality (VR), and augmented reality (AR) technologies further
signals a shift from a passive cinematic experience toward interactive and immersive forms of
engagement. However, in the context of Baudrillard’s (1981) concept of hyperreality, the extent to
which VR and metaverse-based cinema will alter audience perceptions of reality and how they will
coexist with traditional film formats remains a crucial area of debate.

In conclusion, digitalization has redefined the economic and cultural dynamics of the film
industry, offering both opportunities and challenges for major studios and independent filmmakers alike.
While Al and big data analytics have increased efficiency in content production, they have also posed
risks in terms of artistic originality and aesthetic diversity. As digital platforms continue to expand
globally, the necessity of developing new business models for the economic sustainability of the film
sector becomes more evident.

The future of the film industry will largely depend on technological advancements, evolving
audience behaviors, and regulatory policies shaping the sector. The competition between traditional
theaters and digital platforms is likely to evolve into hybrid distribution strategies, making this transition
one of the defining forces of the industry's trajectory. The ability of film as an art form and an industry
to preserve its creative originality will ultimately depend on how it balances technological innovations
with artistic expression.
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The increased accessibility of film and media content through digital platforms contributes to the
dissemination of cultural education. Moreover, the transformation of creative industries offers new
opportunities for young individuals and educational institutions.

Sustainable Development Goals 8 — Decent Work and Economic Growth

Digitalization fosters the emergence of new business models and economic structures within the
film industry. In particular, it enhances global accessibility for independent filmmakers, thereby
supporting the growth of the creative economy.

Sustainable Development Goals 9 — Industry, Innovation and Infrastructure

The integration of technologies such as artificial intelligence, virtual reality, and the metaverse
into the film sector contributes to the strengthening of digital infrastructure and the advancement of
innovative production methods.

Sustainable Development Goals 10 — Reduced Inequalities

Digital platforms enable independent productions, which often lack access to traditional
distribution channels, to achieve global visibility. This development supports a more equitable structure
in terms of cultural production and accessibility.
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Bilgi teknolojisinin is siireglerinde performansi artirmadaki énemli rolii goz oniinde bulundurarak, bu
calisma siirdiiriilebilirlik perspektifinden Endiistri 4.0 teknolojisi ve bununla iliskilendirilen teknolojik
ilerlemelerin Tedarik Zinciri yonetimi performansina olan potansiyel etkisini arastirmay1 hedeflemektedir.
Birgok sirket, artan iklim degisikligi etkilerine karsi operasyonel siirdiiriilebilirligi saglamak, dogal
kaynaklan azaltmak ve gevresel konularda tiiketici bilincini artirmak igin Endistri 4.0 teknolojilerini
benimsemektedir. Akillilik ve siirdirilebilirlik kavramlarmm hazir olgunluk degerlendirmesi i¢ ige
olmasina ragmen, higbir ¢alisma ayni anda bu kavramlara odaklanmamaktadir. Caligmada, literatiir
taramasi yaparak Siirdiiriilebilirlik perspektifinden Endiistri 4.0 teknolojisinin tedarik zinciri yonetiminin
fonksiyonlari tizerindeki etkisini arastirarak desteklenen operasyonel bir gerceveye kavramsallagtirmaya ve
gelistirmeye calisilmaktadir. Konya'da faaliyet gosteren otomotiv sektoriinde traktdr, dizel motor ve
elektrikli forklift tireten Tiimosan fabrikasinda iiretim miihendislerle bir anket ¢caligmasi hazirlayarak ¢ikan
sonuglarinin analizi yaparak dogrulanmaktadir. Caligmada onceki boliimlerde sunulan literatiir taramasimin
temel bilgileri aliarak, siirdiiriilebilir tedarik zinciri yonetimin olgunluk seviyesi incelenmistir. Modelinin
ozellikle Endiistri 4.0 teknolojilerinin siirdiiriilebilirlik kavraminin {i¢ temel boyutu olan sosyal, ¢evresel ve
ekonomik boyutlarda tedarik zinciri yonetimi ile ne Olgiide entegre oldugunu ne kadar katkida
bulundugunu, organizasyonel hedeflere ne kadar dahil edildigi ve performans ve olgunluk seviyesi hangi
seviyeye geldigini degerlendirmektedir. Boylece endiistri 4.0 teknolojilerin tedarik zinciri yonetimine
adaptasyonunda siirekli AR-GE calismalari yaparak siirdiiriilebilirlik ve yenilik faaliyetlerini destekleyerek
var olan durumlart bir performans ve olgunluk yaklasimi ile degerlendirilmesi, performans ve olgunluk
Olclilmesi ve hedeflerin belirlenmesi gibi olumlu bir sekilde sonuglanabilmektedir. Endiistri 4.0
teknolojileri ve siirdiiriilebilir tedarik zinciri olgunluk yaklagimi modelinin fonksiyonlarmi 12 adet teknoloji
ve 10 adet siirdirilebilirlik fonksiyonunun ii¢ ana boyut (sosyal, cevresel ve ekonomik) olarak
tasarlanmaktadur.
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Considering the important role of information technology in improving performance in business processes,
this study aims to investigate the potential impact of Industry 4.0 technology and associated technological
advances on supply chain management performance from a sustainability perspective. Many companies are
adopting Industry 4.0 technologies to ensure operational sustainability against increasing climate change
effects, reduce natural resources and increase consumer awareness on environmental issues. Although the
concepts of smartness and sustainability are intertwined in the maturity assessment, no study focuses on
these concepts simultaneously. In the study, an operational framework is attempted to be conceptualized
and developed by investigating the impact of Industry 4.0 technology on the functions of supply chain
management from a sustainability perspective by conducting a literature review. A survey study is
conducted with production engineers in the Tiimosan factory in Konya, which produces tractors, diesel
engines and electric forklifts in the automotive sector, and the results are analyzed and verified. The
maturity level of sustainable supply chain management is examined by taking the basic information from
the literature review presented in the previous sections. The model evaluates to what extent Industry 4.0
technologies are integrated with supply chain management in the three basic dimensions of the
sustainability concept, namely social, environmental and economic dimensions, how much they contribute,
how much they are included in organizational goals and what level of performance and maturity level they
have reached. Thus, by continuously conducting Research and Development studies in the adaptation of
Industry 4.0 technologies to supply chain management, by supporting sustainability and innovation
activities, evaluating existing situations with a performance and maturity approach, measuring performance
and maturity and determining targets can yield positive results. The functions of the industry 4.0
technologies and sustainable supply chain maturity approach model are designed as 12 technologies and 10
sustainability functions in three main dimensions (social, environmental and economic).
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Siirdiiriilebilirlik Perspektifinden Endiistri 4.0 Teknolojilerinin Tedarik Zinciri Yonetimi Fonksiyonlar: Uzerine
Etkisi

GIRIS

Her gecen giin Diinya kaynaklar1 azalmakta ve tiretim hacmi artmaktadir. Bununla beraber son
yillarda kiiresel rekabet artmakta ve tiiketici taleplerindeki cesitlilik fazlalasmaktadir. Tiim bu yasanan
gelismeler tedarik zinciri siireglerindeki karmasay1 beraberinde getirmektedir (Gabach ve Uzundz,
2017). Etkin tedarik siireclerinde, gercek zamanli bilgi paylasimi ve zincirdeki her adimin etkin
koordinasyonu 6nemli rol oynamaktadir. Bu durum ise sirketlerin tedarik zinciri siire¢lerinde daha akilli
ve siirdiiriilebilir paradigmalar kullanmasini gerekli kilmaktadir (Dev ve ark., 2020). Giiniimiizde, satin
alma kararlari, tedarik¢i se¢imi, iiretim ve dagitim siireglerinin planlanmasi ve koordinasyonu, miisteri
geri bildirimlerinin alinmasi ve taleplerine karsilik verilmesi, teslimat ve satis sonrasi hizmetler vb.
operasyonlarin siirdiiriilmesi, izlenmesi ve gercek zamanl takibi, dijital tedarik zincirlerine uyum
saglayarak gerceklestirilmektedir (Ghadimi ve ark., 2018; Sahay ve Ranjan, 2008). Bir¢ok endiistri,
halihazirda e-business teknolojisini kullansa da operasyonel verimliligi arttirmak igin yeni
inovasyonlara ihtiya¢ duyulmaktadir (Srinivasan ve Swink, 2015). Karmasik ve siirekli degisen is ortami
ile birlikte miisteri talepleri, kuruluslarda esneklik ve hizli yanit verme ihtiyacini arttirmakta, bu ise
dikkatleri ileri teknolojik yeniliklere cevirmektedir (Fatorachian ve Kazemi, 2021). Kuruluslar;
teknolojiyi, siirdiiriilebilir performans ile gelecekteki basarty1 saglamak icin giiglii bir stratejik silah
olarak goriip hizla artan bliylik 6lgekteki verileri; kontrol edilebilir, akilli ve siirdiiriilebilir tedarik
zincirlerini desteklemek i¢in kullanmaktadir (Jabbour ve ark., 2020; Barrientos ve ark., 2017). Bu hedef
dogrultusunda, Endiistri 4.0 ad1 verilen dordiincii sanayi devrimi ile birlikte, teknolojik inovasyonlari
gelistirmek i¢in otomasyon ve robotlagma alaninda bilylik yatirimlar yapilmaktadir. Son yillarda bilgi
ve iletisim teknolojilerinin hizli gelisimi ve tedarik zincirlerine entegrasyonu, dordiincii sanayi devrimi
olan Endiistri 4.0’1n ortaya ¢ikmasina sebep olmustur (Ghadge ve ark., 2020). Endiistri 4.0’1n en belirgin
etkisinin endiistriyel {iretim ve yonetim; lojistik ve is siireci alanlarinda olmas1 beklenmektedir (Strange
ve Zucchella, 2017). Endiistri 4.0’ baglangicindan bu yana iiretkenligi ve performansi arttirmak igin
bu yeni sanayi devriminin ilke ve teknolojilerini benimseyen sirket sayis1 giderek artmaktadir (Barreto
vd., 2017). Bu baglamda Endiistri 4.0 trendini takiben, tedarik zinciri aglarinda Endiistri 4.0
uygulamasina yonelik aragtirmalara duyulan ihtiya¢ giderek artmaktadir (Akkara ve Kuriakose, 2023).

Caligmanin ilk etapta hem Siirdiirtilebilir Tedarik Zinciri Yo6netiminin 10 tane fonksiyonu kisaca
bahsedildikten sonra Endiistri 4.0’1n 12 tane teknolojisinin tek tek kiiciik paragraflarla agiklanmistir.
Sonraki boéliimde siirdiiriilebilir tedarik zinciri yonetimin olgunluk seviyesi olgiilenebilmesi igin
uygulanan yontemin metodoloji kisminda detayli bir sekilde anlatilmistir. Konyada faaliyet gosteren
Tiimosan fabrikasinda modelinin 6zellikle Endiistri 4.0 teknolojilerinin siirdiiriilebilirlik kavraminin {i¢
temel boyutu olan sosyal, ¢evresel ve ekonomik boyutlarda tedarik zinciri yonetimi ile ne dl¢iide entegre
oldugunu, ne kadar katkida bulundugunu, organizasyonel hedeflere ne kadar dahil edildigi ve
performans ve olgunluk seviyesi hangi seviyeye geldigini degerlendirmek igin {iretim miihendisleri ile
uygulamis oldugumuz anket caligmasi yapilmistir. Son olarak, makale, Onerilen modelin 6nemini
vurgulayarak ve gelecekteki aragtirmalar igin yollar onererek sona ermektedir.

ENDUSTRI 4.0 VE SURDURULEBILIR TEDARIK ZiINCiRi YONETIMi

Stirdiirtilebilir Tedarik Zinciri Yonetiminde Endiistri 4.0 teknolojileri katkis1t ve bu 2 kavram
nasil biitiinlestigine dair bilginin mevcut durumu bu boéliimde incelenecektir. Endiistri 4.0 bagimsiz
degisken ve siirdiiriilebilirlik bagiml degisken gibi diigiiniip 3 boyuta gore siiflandirilacaktir.

Literatiirde birtakim ¢alismalarda endiistri 4.0 teknolojilerinin siirdiiriilebilirligin sosyal boyutuna
olan katkis1 incelenmektedir buna gore ilk olarak Endiistri 4.0 teknolojileri, ¢alisanlarin sagligi ve
giivenligi, is yasalarina uygunluk, isyeri esitligi ve sosyal sorumluluk gibi siirdiiriilebilirlik hedeflerine
katkida bulunabilir. Ornek olarak robotik teknolojileri kullanarak isletmeler, ¢alisanlarin giivenligini
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artirabilir ve tekrarlanan gorevleri otomatiklestirerek ¢alisanlarin yaralanma riskini azaltabilir. Ayrica,
Endiistri 4.0 teknolojileri, isyerinde esitligi saglamak i¢in ise alim ve terfi siire¢lerinde insan 6n yargisini
azaltabilir. Boylece isletmeler, calisanlarmma daha adil ve giivenli bir ¢alisma ortami sunarak,
stirdiiriilebilir bir sosyal etki yaratabilirler. Cevresel boyutu Endiistri 4.0 teknolojileri, enerji ve kaynak
verimliligi, atik azaltma ve ¢evre dostu iiretim gibi siirdiiriilebilirlik hedeflerine ulagsmak icin
kullanilabilir. Endiistri 4.0 teknolojileri, iiretim siirecindeki enerji kullanimini azaltarak ¢evreye olan
etkiyi azaltabilir. Ayrica, akilli sensorler ve analitik araglar sayesinde, iiretim siirecindeki atik miktari
azaltilabilir ve atiklarin geri doniisiimii kolaylastirilabilir. Bdylece, isletmeler, ¢evreye olan etkilerini
azaltarak daha siirdiiriilebilir bir sekilde faaliyet gosterebilirler. Ekonomik boyut: Endiistri 4.0
teknolojileri, verimlilik artis1, maliyet tasarrufu ve yeni is firsatlar1 saglayarak siirdiiriilebilir ekonomik
biiyiimeye katkida bulunabilir. Ornegin, otomatik {iretim hatlar1, {iretim siirecinde verimlilik artist
saglayarak igletmelerin daha az kaynakla daha fazla {iretim yapmasina olanak tanir. Ayrica, akilli lojistik
ve tedarik zinciri yonetimi sayesinde, iiriinlerin tasima siireci daha verimli hale getirilebilir ve nakliye
sirasinda olusan atiklar azaltilabilir. Boylece isletmeler, maliyetleri diisiirerek daha siirdiiriilebilir bir
sekilde biiyiiyebilirler.

Endiistri 4.0, yapay zeka, Nesnelerin interneti (IoT), biiyiik veri analitigi ve robotik gibi ileri
teknolojilerin {iretim siireclerine entegrasyonu ile karakterize edilen dordiincii sanayi devrimini ifade
eder. Endiistri 4.0, isletmelerin calisma seklini degistirerek daha fazla verimlilik, tiretkenlik ve esneklik
saglamaktadir. Endiistri 4.0'in 6nemli bir uygulamasi, siirdiiriilebilir tedarik zinciri yonetimi alanindadir.
Siirdiiriilebilir bir tedarik zinciri, bir iirlin veya hizmetin ham maddelerin tedarik edilmesinden kullanim
omrii sonunda atilmasina veya geri doniistiiriilmesine kadar tiim yasam dongiisli boyunca cevresel,
sosyal ve ekonomik etkileri dikkate alan bir tedarik zinciridir. Endiistri 4.0 teknolojileri, daha bilingli
karar vermeyi saglayan gercek zamanli veriler ve i¢goriirler saglayarak isletmelerin tedarik zincirlerinde
daha fazla siirdiiriilebilirlik elde etmelerine yardime1 olabilir. Ornegin IoT sensorleri, tedarik zinciri
boyunca enerji ve kaynak tiikketimini izlemek igin kullanilabilir ve isletmelerin verimsizlikleri
belirlemesine ve daha siirdiiriilebilir uygulamalar uygulamasina olanak tanir. Tedarik zinciri
operasyonlarindaki egilimleri ve kaliplar1 belirlemek icin biiylik veri analitigi kullanilabilir, bu da
isletmelerin siireclerini optimize etmesine ve israfi azaltmasina olanak tanir. Robotik otomasyon,
isletmelerin iiretim siireglerinin ¢evresel etkisini azaltarak daha fazla siirdiiriilebilirlik elde etmelerine
de yardimci olabilir. Ornegin, robotik montaj hatlar1 atiklar1 en aza indirecek ve tehlikeli kimyasallarin
kullanimmi azaltacak sekilde tasarlanabilir. Ozetle, Endiistri 4.0, isletmelerin daha fazla
stirdiiriilebilirlik, verimlilik ve rekabet giicii elde etmelerini saglayarak tedarik zinciri yonetimini
doniistiirme potansiyeline sahiptir. Isletmeler, ileri teknolojilerden yararlanarak hem cevreye hem de
topluma fayda saglayan daha siirdiiriilebilir ve sorumlu tedarik zincirleri olusturabilir.

TEDARIK ZINCIiRi YONETIMININ FONKSiYONLARI

Tedarik zinciri yonetiminin fonksiyonlari, mal ve hizmetlerin verimli ve etkin bir sekilde
tiretilmesini ve misterilere teslim edilmesini saglamak i¢in kritik 6neme sahiptir. Tedarik zinciri
yonetiminde yer alan ¢esitli fonksiyonlar arasinda planlama, kaynak bulma, liretim, lojistik, envanter
yonetimi, tahmin, kalite kontrol, miisteri hizmetleri, risk yonetimi, siirdiiriilebilirlik ve performans
Ol¢iimii yer almaktadir. Bu fonksiyonlarin her biri, tedarik zincirinin sorunsuz bir sekilde islemesini ve
sirketlerin maliyetlerini en aza indirirken ve israfi azaltirken misterilerinin taleplerini karsilayabilmesini
saglamada hayati bir rol oynamaktadir.

Tedarikei Yonetimi

Genellikle satin alma veya s6zlesme faaliyetleri yoluyla dis kaynaklardan mal, hizmet veya yapim
isi edinme fonksiyonudur. Tedarik zinciri yonetimi, mal veya hizmet ihtiyacini belirlemeyi, tedarikgileri
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veya saticilart segmeyi, sozlesmeleri miizakere etmeyi ve satin alma siirecini bastan sona yonetmeyi
iceren onemli bir fonksiyondur. Tedarik; hammaddeler, bilesenler, bitmis iiriinler, ekipman, yazilim,
danismanlik ve pazarlama gibi profesyonel hizmetleri icermekle birlikte ¢ok ¢esitli mal ve hizmetleri
barindirmaktadir. Etkili satin alma uygulamalar, kuruluslarin maliyetleri diisirmesine, kaliteyi
artirmasina ve tedarikei iliskileriyle iligkili riskleri azaltmasina yardimci olabilir. Tedarik¢i yonetimi,
kurulusun; kalite, teslimat ve fiyat ihtiyaclarini karsiladiklarindan emin olmak i¢in tedarikgilerle is
birligi yapmasini gerektirmektedir. Tedarik, uzun vadeli ortakliklar kurmak ve tedarik zincirinin verimli
ve sorunsuz bir sekilde islemesini temin etmek i¢in tedarikei iliskilerinin yonetilmesini de icermektedir
(Giindiiz vd., 2021).

Satinalma Yonetimi

Satinalma yonetimi, bir organizasyonun mal ve hizmet ihtiyaclarin1 karsilamak {izere dis
kaynaklardan {irlin veya hizmet satin almayi igeren bir siirectir. Bu siireg, hizmet ve mal tedarikinden
baglayarak tedarik¢i se¢imi, miizakere, sozlesme yoOnetimi ve siirekli performans degerlendirmesini
icermektedir. Satinalma yo6netimi genellikle bir sirketin rekabet avantajimi stirdiirmesine, maliyetleri
optimize etmesine ve siirekli iyilestirmeye odaklanmaktadir. Satinalma yonetimi, sirketlerin rekabet
avantaji kazanmalarina ve silirdiirmelerine destek olan stratejik bir islevdir. Maliyetleri diistirmek,
kaliteyi artirmak, tedarik zinciri risklerini azaltmak ve siirdiiriilebilirlik hedeflerini desteklemek
amaciyla etkili bir sekilde uygulandiginda, sirketler daha rekabet¢i hale gelmektedir (Delke ve ark.,
2023).

Siparis Yonetimi

Siparis yonetimi, bir organizasyonun miisteri taleplerini karsilamak {izere iiriin veya hizmetleri
tedarik etme, isleme ve teslim etme siirecini igeren bir yonetim siirecidir. Bu siire¢, miisteri siparisi
alindigi andan itibaren baslar ve siparigin miisteriye teslim edilmesine kadar devam eder. Miisteri siparisi
vermeye basladiginda, genellikle gevrimici magazalar, satig temsilcileri veya diger satis kanallari
araciligiyla alinmaktadir. Siparisin dogru ve eksiksiz alinmasi, miisteri memnuniyeti ve operasyonel
verimlilik agisindan kritiktir. Siparis yonetimi, miisteri memnuniyetini saglamak, stoklar1 optimize
etmek, lojistik siiregleri yonetmek ve isletme verimliligini yiikseltmek i¢in 6nemli bir rol oynamaktadir.
Teknolojik gelismelerle beraber, otomasyon ve veri analitigi gibi araglar, siparis yonetimini daha etkili
ve verimli hale getirmek i¢in kullanilmaktadir (Hinrichsen ve ark., 2023).

Miisteri liskileri Yonetimi

Miisteri Iliskileri Y®énetimi, bir organizasyonun alicilariyla etkilesimini planlama, uygulama ve
izleme siirecini ifade eder. Temel amag¢, miisteri memnuniyetini artirmak, miisteri sadakatini
giiclendirmek ve uzun vadeli miisteri iligkileri olusturmaktir. Miisteri tanima konusunda misterilerin
ihtiyaglari, tercihleri ve ge¢mis etkilesimleri hakkinda bilgi toplamasi gibi sistemler kullanarak miisteri
verilerini merkezi bir platformda toplamasi tercih edilmektedir. Miisterilerle iletisimi gliglendirmek
adina migsterilerle etkilesimde bulunma ve onlarla dogrudan iletisim kurmasi ve gesitli kanallar
kullanarak (telefon, e-posta, sosyal medya vs) miisterilere ulasma saglanmaktadir (Kevin ve Ana, 2019).

Depo/Envanter Yonetimi

Bir kurulusun tedarik zinciri igindeki mal ve malzemelerin akisin1 denetleme ve kontrol etme
stirecidir. Kurulusun miisteri talebini karsilamak i¢in elinde dogru miktarda envantere sahip olmasim
saglamak ve aymi zamanda fazla envanter tutmayla ilgili maliyetleri en aza indirmek igin
hammaddelerin, devam eden iglerin ve bitmis iirlinlerin envanter seviyelerini yonetmeyi igermektedir.
Etkili envanter yonetimi, talep ve tedarik siirelerinin dogru tahmin edilmesini, verimli {iretim planlamasi
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ve envanter seviyelerinin gercek zamanli takibini gerekmektedir. Ayrica envanter seviyelerini izlemek
ve stok tiikkenmesi, fazla stok veya eskimis envanter gibi olas1 sorunlar1 belirlemek i¢in envanter sayimu,
dongili sayimi ve envanter analizi gibi envanter kontrol dnlemlerinin uygulanmasini bulunmaktadir.
Etkili envanter yonetimi ile kuruluslar, tedarik zinciri operasyonlarini optimize edebilir, envanterle ilgili
maliyetleri azaltabilir, iiriinlerin gerektiginde kullanilabilir olmasini saglayarak miisteri memnuniyetini
artirabilir ve israfi ve fazla envanteri en aza indirmektedir (Singh ve Verma, 2018).

Tasima

Operasyon yonetimi baglaminda tasima, bir tedarik zinciri veya iiretim ortaminda mallarin,
malzemelerin veya bilgilerin fiziksel manipiilasyonu, nakliyesi ve yonetimi ile ilgili siire¢ ve
prosediirleri kapsamaktadir. Etkin tasima uygulamalari, operasyonel verimliligi optimize etmek,
maliyetleri en aza indirmek ve tedarik zinciri yasam dongiisii boyunca {iriin kalitesi ve biitiinligiinii
saglamak i¢in kritik 6neme sahiptir (Pandikumar ve Manickavasagam, 2023). Buna malzeme tagima,
envanter yonetimi, paketleme ve nakliye lojistigi gibi faaliyetler dahildir. Ustelik tasima, mallarin
depolanmasi, taginmasi ve dagitimi i¢in en verimli ve uygun maliyetli yontemlerin belirlenmesinde yer
alan stratejik planlama ve karar verme siireclerini de kapsayacak sekilde salt fiziksel gorevlerin Gtesine
gecmektedir. Basarili tagima stratejileri, {iriin 6zellikleri, depo diizeni, ekipman kullanim1 ve is giicii
egitimi gibi faktorleri dikkate alan biitiinsel bir yaklagim gerektirmektedir. Ayrica otomasyon, robot
teknolojisi ve veri analitigi gibi gelisen teknolojilerin benimsenmesi, gelisen pazar dinamikleri ve
miisteri taleplerine yanit olarak daha fazla hassasiyet, 6lgeklenebilirlik ve ¢eviklik saglayarak igleme
operasyonlarinda devrim yaratma potansiyeli tagimaktadir. Bu nedenle, tedarik zinciri performanslarini
optimize etmek ve giliniimiiziin kiiresel pazarinda rekabet avantaji kazanmak isteyen kuruluslar icin
isleme ilkeleri ve en iyi uygulamalara iligskin kapsamli bir anlayis ¢cok 6nemlidir (Kugler, Brandenburg,
ve Limant, 2021).

Lojistik

Tedarik zinciri icerisinde malzemelerin ve mallarin bir alandan baska bir alana tasinmasi
islemidir. Dogru ulasim modunu se¢meyi, lojistik faaliyetlerini koordine etmeyi ve mallarin varig
noktasina zamaninda, emniyetli ve uygun maliyetli bir sekilde teslim edilmesini saglamay1 iceren
tedarik zinciri yonetiminde 6nemli bir fonksiyondur. Tasimacilik, tedarik zincirinin mesafe, hiz ve
maliyet ihtiya¢larina bagli olarak karayolu, demiryolu, deniz ve hava tagimaciligini i¢inde bulunduran
cok ¢esitli modlart icermektedir. Etkili lojistik yonetimi, mal ve malzeme akigini optimize etmek igin
lojistik faaliyetlerini tedarik, depolama ve envanter yonetimi gibi diger tedarik zinciri islevleriyle
koordine etmeyi kapsamaktadir. Bu, tedarik zincirinin ihtiyaglaria gore en verimli lojistik modunu
se¢meyi, nakliye licretlerini miizakere etmeyi ve sevkiyatlarin ger¢ek zamanli olarak takip edilmesini
ve izlenmesini gostermektedir. Etkili lojistik yonetimi ile kuruluslar, {irlinlerin zamaninda ve iyi
durumda teslim edilmesini saglayarak teslimat siirelerini iyilestirmektedir (Chinna, 2016).

Ambalajlama

Ambalaj, {iirlinlerin muhafaza edilmesi ve korunmasinin yam sira iiriinle ilgili bilgilerin
tiiketicilere iletilmesi amacina da hizmet etmektedir. Mallar igin bir konteyner alan1 bulmay1 ve onlari
dis cevre kosullarindan koruyacak sekilde sarmay1 igermektedir. Ambalaj, {irlinlin goriiniirliglini ve
cekiciligini artirmak icin seffaf kisimlar veya goriiniir bolgeler gibi ayirt edici 6zelliklere de sahip
olmaktadir. Ek olarak paketleme yontemleri, {irlinleri emniyete almak ve tasimak i¢in robot kollarinin
kullanilmasini ve bunlarin kap i¢inde dogru sekilde konumlandirilmasini saglamayi 6n goriilmektedir.
Paketleme islemi ayn1 zamanda diger cihazlarla ara baglantiya izin veren bir paket gdvdesi olusturmak
icin bir alt tabaka tizerinde montaj bilesenleri ve ara baglant1 yapilarin1 da igermektedir. Genel olarak
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ambalaj, ¢esitli tirlinlerin korunmasinda, sunulmasinda ve dagitiminin basitlestirmesinde ¢ok miihim bir
rol oynamaktadir (Delahaye ve ark., 2023).

Sigortalama

Sigortalama, modern ekonomilerde bireylere, isletmelere ve kuruluslara cesitli risklere ve
belirsizliklere karsi koruma saglayan hayati bir finansal ara¢ olarak hizmet vermektedir. Sigorta, 6ziinde,
police sahiplerinin belirli kayiplar veya beklenmedik durumlar durumunda tazminat vaadi karsiliginda
sigorta sirketlerine prim 0dedigi risk transferi ilkesine gore ¢aligmaktadir. Bu mekanizma yalnizca
ongoriillemeyen olaylarin mali etkisini azaltmakla kalmiyor, ayn1 zamanda genis ve cesitli police
sahipleri grubu arasinda kaynaklar1 bir havuzda toplayarak risk paylagimini ve toplumsal dayaniklilig:
da desteklemektedir. Sigorta iriinleri, hayat sigortasi, saglik sigortasi, miilk ve kaza sigortasi ve
sorumluluk sigortasi da dahil olmak {izere, farkli sektor ve sanayilerdeki belirli ihtiyaclara ve risklere
yonelik olarak tasarlanmis ¢ok cesitli teminat seceneklerini kapsamaktadir. Ayrica sigorta, potansiyel
kayiplara karst bir giivenlik agi saglayarak ekonomik istikrarin desteklenmesinde ve yatirimin
kolaylastirilmasinda kritik bir rol oynamakta, dolayisiyla girisimciligi, yenilik¢iligi ve uzun vadeli
planlamay1 tesvik etmektedir. Ancak sigortanin etkinligi, risk degerlendirmesinin dogrulugu, sigorta
saglayicilarinin 6deme giicli ve gilivenilirligi ve sektorii yoneten diizenleyici cergeve gibi cesitli
faktorlere baghidir. Bu nedenle, sigorta piyasalarinin gelisen dinamiklerini anlamak, risk yonetimi
uygulamalarini gelistirmek ve hem kisiler hem de sirketler i¢in sigorta kapsaminin erisilebilirligini ve
karsilanabilirligini saglamak i¢in stirekli arastirma ve analiz gereklidir (Lin, Cai, ve Xu, 2010).

Muayene ve Giimriikleme

Glimriikleme, ¢esitli prosediir ve denetimleri iceren, mallarin giimriikten gecirilmesi siirecini
ifade etmektedir (MacDougall ve MacDougall, 2022). Glimriiklemenin siiresi ve karmasikligi, malin
tiirdi, glimriik rejimleri ve glimriik yetkililerinin etkinligi gibi faktorlere baglh olarak degisebilmektedir.
Miifettigler glimriiklemede, mallarin giimriik mevzuatina uygunlugunu saglayarak ve gerekli kontrolleri
yaparak onemli bir rol listlenmektedir (Kim ve ark., 2023). Giimriiklemenin etkinligi, yiik glimriik
komplekslerinin sorunsuz isleyisi ve yliksek kalitede giimriik ve lojistik hizmetlerinin saglanmasi
acisindan 6nemlidir. Bazi durumlarda giimriikleme, Glimriik Kanunu'nda belirtilmeyen ek prosediirleri
de kapsayabilir ve bu da asil iste harcanan siireyi etkilemektedir. Genel olarak giimriikleme, uluslararasi
ticarette etkin prosediirler ve ¢esitli paydaslarin koordinasyonunu gerektiren kritik bir siirectir.

ENDUSTRI 4.0 TEKNOLOJILERI

Nesnelerinin interneti, otonom robotlar ve biiyilk veri gibi bircok dijital teknoloji ve bu
teknolojiler {iretimi yenilemeye ve temel iiretim slireclerinin dijitallesmesinin gelismesine destek
olmaya devam ediyor. Bu teknolojiler, dnde gelen sirketler tarafindan operasyonel gelisim planlarini
kolaylastirmak i¢in uygulanmistir. Hizli bir ivme olusturmak ve stratejik bir vizyona ulasmak icin bu
teknolojilerin sirketler tarafindan uygulanmasi, hizli geri doniisler saglamali ve uygulanarak uzun vadeli
kazanimlar saglamalidir. Bir¢ok sirket, Endiistri 4.0 uygulamasinin avantajlarindan yararlandi. Bununla
birlikte, Endiistri 4.0'dan deger yaratmanin yeni yollar1 hala arastirilmaktadir. Yeni metot ve teknikler
kesfedildikge bu yeni yaklagimin yaratacagi deger artacaktir.

Otonom Robot

Robotlar, ¢agdas imalat endiistrisinde ehemmiyetli bir rol listlenmektedir. Endiistri 4.0'in 6nemli
bir yiizii, emniyet, esneklik, ¢ok yonliiliik ve is birligine odaklanarak gorevleri dogru gergeklestiren
robotlar ile desteklenen otonom {iiretim yontemleridir. Calisma ortamini izole etmeyi gerektirmeden,
insan ¢aligma alanlarina entegrasyonu daha ucuz ve tretken hale getiren ve endiistrilerde birgok olasi
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uygulama olusturmaktadir (Bahrin ve ark., 2016). Sanayi devrimini basitlestirmek igin en gelismis
teknolojik yeniliklerle daha g¢ok endiistriyel robot gelismektedir. Akilli robotlar, sadece caligma
alanlarindaki yapilandirilmis islerde insanlarin yerini almakla sonuglanmayacaktir. Endiistri 4.0'da
robotlar ve insanlar, gorevleri birbirine baglamak ve akilli sensor insan-makine araytiizlerini isletmek
icin ekip gibi ¢alisacaklardir. Robotlarin isletilmesi farkli islevleri barindiracak sekilde biiytimektedir:
iiretim, lojistik ve ofis yonetimi uzaktan kontrol altina almaktadir. Bir problem durumunda is¢i cep
telefonuna bir web kamerasina bagli bir mesaj alir, boylece problemi fark edebilir ve liretimin ertesi
gliniin devamlilig1 i¢in talimatlar verebilir. Boylece fabrika 24 saat calisabilir, isciler ise sadece
giindiizleri orada bulunmaktadir (Blanchet, 2014).

Simiilasyon

Simiilasyon, gercek diinyada var olan bir fiziksel sistemin verilerini sanal bir ortama aktararak
gergek sistemin 6zelliklerinin izlenmesi i¢in bir altyapi olusturan bir modelleme teknigidir. Siireglerin
gelisimini izlenebilir hale getirebildigi icin zaman, maliyet ve risk agisindan avantajlar saglamaktadir
(Celen, 2017). Karmasik ve akilli {iretim sistemlerinin tasarimi ve operasyonlariin yani sira karar
vermeyi optimize etmek igin planlama ve kesif modelleri gelistirmek, 6nemli bir teknolojidir. Ayrica
sirketlerin riskleri, maliyetleri, uygulama engellerini, operasyonel performans iizerindeki etkisini ve
Endiistri 4.0'a yonelik yol haritasini degerlendirmelerine yardimer olabilir. Bu alanda gesitli ilerlemeler
kaydedilmesine ragmen, Endiistri 4.0'da simiilasyon tabanli arastirmalarin gelisimini sistematik olarak
karakterize eden ve analiz eden ¢alismalar azdir. (Ferreira ve ark., 2020).

Yatay ve Dikey Entegrasyon

Yatay Entegrasyon

Yatay entegrasyon, benzer miisteri tipine sahip farkli sirketlerin birlesmesidir. Bu birlesmenin
temel amaci, ayn1 miisteri tipine hitap eden bu sirketlerin pazar payim artirmaktir. Yatay entegrasyon
genellikle geng girisimciler tarafindan tercih edilmektedir. Bunun nedeni piyasada miisteri profillerinin
heniiz olusmamis olmasidir. Bu tiir bir entegrasyon, rekabetin ¢ok yiiksek olmasi ve iiriin eskime
oraninin yiiksek olmasindan kaynaklanmaktadir. Ar-Ge faaliyetlerine 6nem verilerek belirsizlikleri
azaltmak, rekabet giiclerini ve piyasa degerlerini artirmak amaciyla firmalar yatay entegrasyon
sistemine dahil edilmektedir (Yelis, 2021). Sirketin performansi, sahip oldugu sinerji seviyesinde
yatmaktadir, bu nedenle iirliniin yaratilmasi, gelistirilmesi ve imalat1 ile idaresi ile ilgili 6nemli unsurlar
olarak diisliniilmelidir; dikey entegrasyon veya dahili entegrasyon haritalamasi, yardimlari i¢in 6nemli
alanlar farkli bir sekilde belirlemek icin sistemi degerlendirmektir (Lara ve ark., 2020).

Dikey Entegrasyon

Dikey entegrasyon, ayni sektdrdeki ancak farkli alt sektorlerdeki miisterileri olan sirketlerin
birlesmesidir. Ug tiir vardir: geriye dogru dikey entegrasyon, ileri dikey entegrasyon ve dengeli dikey
entegrasyon. Girdi kaynaklarmin birlestirilmesine geriye doniik entegrasyon denir. Isletmeyi iirettigi
mallar1 kullananlara bir adim daha yaklastiran genislemeye ileri entegrasyon denir. Daha ¢ok satis ve
dagitim kanallarim kontrol etmeyi amaglar. Dengeli entegrasyon tipinde sirketler hem girdi kaynaklar
hem de pazarlama kismi igin birlestirir. Bu tiir birlesme digerlerine gore daha azdir. Dikey entegrasyon
sistemine bir ornek, araba iireten bir girketin tekerlek iireten bir sirketle birlesmesidir (Yelis, 2021).
Akilli bir tiretim sisteminin gergeklestirilmesini engelleyen iiretim sistemlerinin farkli diizeylerinden
gelen stratejik ve operasyonel hedefler arasinda karmasik bir iligki vardir. Stratejik planlama igin
hedeflenecek bir tiretim sisteminin 6zelliklerini belirlemek i¢in kullanilir; operasyonel hedef olarak
standartlastirilmis teknikleri ve ¢evik bir senaryoyu kullanmaktadir (Lara ve ark., 2020).
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Nesnelerin interneti

Nesnelerin Interneti ifadesi ilk olarak 1999'da Ashton tarafindan kullanilmistir (Barreto ve ark.,
2017). Genel olarak, Nesnelerin Interneti, fabrika ekipmani ve arabalardan mobil cihazlara ve akill
saatlere kadar bir Internet agina baglanabilen herhangi bir nesneyi igermektedir. Ancak bugiin, IoT
(Internet of Things) daha spesifik olarak sensorler, yazilimlar ve diger seylerden veri iletmelerine ve
almalarina izin veren diger teknolojilerle donatilmis baglantili seyler anlamina gelmektedir. Geleneksel
halinde, baglanti, esas olarak Wi-Fi araciligiyla saglanirken, giiniimiizde 5G ve diger ag platformlari,
biiyiik veri kiimelerini hiz ve giivenilirlikle giderek daha fazla igleyebilmektedir.

Siber Giivenlik

Siber alan, bilgisayar bilimi, matematik, ekonomi, hukuk, psikoloji ve miihendisligin ¢ok
disiplinli bir birlesimidir. Yalnizca c¢evrimic¢i cihazlarin birbirine baglanmasi degil, insanlarin bu
cihazlardan nasil etkilendigini ve nasil etkilendigini de kapsamaktadir. Bu nedenle, siber alan,
milyonlarca eve gii¢ saglayan elektrikten her giin milyonlarca insan1 hareket ettiren ulagim agina kadar
modern yagamin her yoniinii etkiler. Bagli cihazlarin sayis1 ve kullanimlar arttikca, siber altyapinin
karmagikligr ve savunmasiz cihazlarin sayisi katlanarak artmaktadir (Dawson ve Thomson, 2018).
Nesneler baglandiginda, daha fazla risk seviyesi olusturacaklar. IoT cihazlarinin bazilar ¢ok biiyiik siber
risklere sahip oldugundan ve sonug olarak, giivenligi ihlal edilmis cihazdaki giivenlik etkileri tesise veya
ekipmana zarar vereceginden ve iiretim i¢in aksama siiresine neden olacagindan, ekipmanin feci sekilde
arizalanmasina ve hatta asir1 durumlarda, can kaybina neden olur (Clim, 2019). Siber giivenlik,
sistemleri, aglar1 ve programlari dijital saldirilardan koruma uygulamasidir. Bu siber saldirilar genellikle
hassas bilgilere erismeyi, bunlar1 degistirmeyi veya yok etmeyi, kullanicilardan zorla para almay1 veya
normal ig siire¢lerini kesintiye ugratmayi amaglamaktadir (Halvorsen, 2021).

Bulut Bilisim

Bulut Bilisim, biiyiilk miktarda verinin depolanmasmi saglar. Bu kapasite, makinelerin ve
sensorlerin bir kisiden daha fazla veri iirettigi ve bu tir verilerin her zaman baglantili oldugu
diisiiniildiigiinde, tiim iiretim siireci boyunca iiretilen verileri depolamak icin esas olarak 6nemlidir.
Olgeklenebilir bir yap: sayesinde bulut, talep iizerine kaynaklarin tiiketilmesine izin verir. Sunucular,
lisanslar satin almaktan ve bakim i¢in uzman personel istihdam etmekten kagindig i¢in maliyetleri
diisiirmenin yani sira enerji tasarrufu saglar. Ayrica platform ve baglanti cihazlarindan bagimsiz olarak
farkli cografi noktalardan ve farkli programlardan depolamaya erisim kolaylig1 saglar. Tiim bunlar,
tiretim ekosistemlerinin olusturulmasini kolaylastirir ve miisteriler ile tedarikg¢iler arasindaki is birligini
tesvik eder. Ozellikle miisteri, iiretim siirecinin tiim asamalarma katilabilmekte ve bu sayede
memnuniyetleri artirilmaktadir (Velasquez, Estevez, ve Pesado, 2018).

Katmanh Uretim

Katmanl tiretim veya eklemeli imalat denir. 1987 yilinda baslayan Ultra Viole 1s181na duyarl
polimerlerin lazer ile katman katman kiirlenmesi, birka¢ yil sonra biiyiik ¢apta bir endiistri haline
gelmistir. Katmanh iiretim modeli, 6zel yazilim programlar ile katmanlara dilimlendikten sonra 3B
yazici araciligi ile tabandan baglayarak katman katman fiziksel bir modele doniistiiriilmektedir.
Uretilmesi miimkiin olmayan ya da zor olan parcalar bu sayede kisa zamanda kolaylikla iiretilmektedir.
Katmanl {iretim sayesinde, zaman tasarruf ile beraber tasarimda ¢ok biiylik bir esneklik saglanmaktadir
(Kahraman, 2021). Yaklagan Endiistri 4.0 doneminde akilli iiretim i¢in biiyiik firsatlar sunmaktadir. Ek
olarak, eklemeli imalat, metaller, seramikler ve polimerler dahil olmak {izere ¢ok ¢esitli malzemelerin
imalatina uygun, cok yonli, esnek ve son derece Ozellestirilebilir iiretim tekniklerinden
siniflandirilmaktadir (Liu ve ark., 2022). Katmanli {iretim, ii¢ boyutlu Bilgisayar Destekli Tasarim (3D
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CAD) modeline dayali olarak, malzemeyi birlestirerek fiziksel bir nesne olusturmaya izin veren bir
stiregtir (Pajonk ve ark., 2022).

Artirillmis Gergeklik

Artirllmig gergeklik (AR), dijital gorsel 6geler, ses veya teknoloji aracilifiyla saglanan diger
duyusal uyaranlarin kullanimiyla elde edilen gergek fiziksel diinyanin gelistirilmis bir versiyonudur.
Ozellikle mobil bilgi islem ve is uygulamalarryla ugrasan sirketler arasinda biiyiiyen bir trend olmustur.
Kiginin deneyimini gelistirmek i¢in gorsel, isitsel veya diger duyusal bilgilerin diinya iizerine
bindirilmesini igerir. Sirketler {iriinleri veya hizmetleri tanitmak, yeni pazarlama kampanyalari
baglatmak ve benzersiz kullanici verileri toplamak i¢in artirilmis gercekligi kullanilmaktadir (Hayes,
2020).

Biiyiik Veri ve Analitik (BDA)

Endiistri 4.0 teknolojileri yeni baslamasi ile birlikte, bilgi teknolojisi iiretim sistemleriyle
entegrasyonunu hizlandird1 ve sirketlerinin sahip oldugu veri hacmi, cesitliligi ve hiz 6zellikleriyle
giderek daha zengin hale gelmistir (Wang ve ark., 2021). Endiistriyel biiyiik veri, firmalarinin sistemdeki
ic ve dis cevre degisikliklerini dogru algilamasini saglamakla kalmaz, ayn1 zamanda iiretim siirecini
optimize etmek, maliyetleri diisiirmek ve operasyonel verimliligi artirmak i¢in bilimsel analiz ve karar
vermeyi kolaylastirir. Biiyiik verilerle, sosyal kalkinmay1 ve ekonomik biiylimeyi giiclendirmek igin
kitlesel 6zellestirme ve hassas pazarlama gibi beklentilerden yeni is modlari olusturulmaktadir (Leng ve
ark., 2021).

Yapay Zeka

Yapay Zeka (Al), insan zekasini simiile etmek ve yaygin gercek diinya sorunlarimi ¢ézmek igin
sistemler ve makineler kullanir. Makine 6grenimi ve derin 6grenme, insan miidahalesine dayanmadan
sonuclar1 daha dogru tahmin etmek i¢in algoritmalar kullanan yapay zeka teknolojileridir (Saranya ve
Subhashini , 2023). Yapay zeka sistemleri, biiylik miktarda veriyi analiz etmek ve yorumlamak, kaliplari
tanimak, kararlar almak ve sorunlar1 ¢6zmek icin tasarlanmistir. Deneyimlerden 6grenebilirler ve yeni
girdilere uyum saglayabilmektedir, bu da zaman iginde performanslarini iyilestirmelerine olanak
tanimaktadir.

SURDURULEBILIRLIK BOYUTLARI

Sosyal Siirdiiriilebilirlik

Son birkag on yilda, sosyal siirdiiriilebilirlik, tiim diinyada kentsel politikay1, konutlar ve sehir
planlamasim giderek daha fazla etkilemektedir. Ozellikle son yillarda, sosyal siirdiiriilebilirlik,
siirdiiriilebilir kalkinmanin temel bir bileseni olarak artan bir ilgi gérmiistiir. Bununla birlikte, 2000
yilinda bir Avrupa Konseyi (AK) toplantisinda siirdiiriilebilir kalkinmanin igiincii ayag olarak ilk kez
tanitilmasindan bu yana neredeyse bir buguk on yil gegmesine ragmen, sosyal siirdiiriilebilirlik hala
stirdiiriilebilir kalkinma glindemindeki yerini bulmak i¢in miicadele etmektedir. 2000 yilindan bu yana,
stirdiiriilebilir kalkinmanin sosyal boyutuna ¢evresel ve ekonomik boyutlara kiyasla nispeten daha az
onem verilmektedir (Burton, 2000). Bu, sosyal siirdiiriilebilirligi neyin olusturduguna ve nasil elde
edilebilecegine dair hala simirli bir anlayis oldugu anlamina gelmektedir. Sosyal siirdiiriilebilirligi ¢ok
boyutlu bir kavram olarak tanimlamak, 6lgmek ve analiz etmek i¢in genis kabul gérmiis bir yaklagim
yoktur, sosyal siirdiiriilebilirlik kavrami degerlendirirken hangi kriterlerin dikkate alinmas1 gerektigi
konusunda hala bir fikir birligi yoktur (Bramley ve ark., 2006). Gergekten de siirdiiriilebilir kalkinmanin
sosyal boyutu, ekonomik veya cevresel siirdiiriilebilirlikten farkli tanimindan yoksun oldugu siirece,
kendi uygulama modellerini sunamaz. Bu zorluklara ragmen, bazi arastirmacilar sosyal
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stirdiiriilebilirligi tanimlamaya ¢alismaktadir.

Cevresel Siirdiiriilebilirlik

Cevresel siirdiiriilebilirlik, gelecek nesillerin kendi ihtiyaglarini karsilama yeteneginden 6diin
vermeden simdiki neslin ihtiyaglarini karsilamay1 amaglayan bir kaynak kullanimi yaklagimidir. Dogal
kaynaklarin sorumlu ve siirdiiriilebilir bir sekilde kullanilmasini saglamak i¢in ekonomik, sosyal ve
cevresel hususlar1 dengelemeyi igerir (Liu, Browne ve lossifova, 2022). Cevresel siirdiiriilebilirlik, dogal
kaynaklan tiiketirken ve atiklari iiretirken, ¢evreye zarar vermeden, gelecek nesillerin ihtiyaglarimi da
karsilayacak sekilde hareket etmeyi amaclayan bir yaklagimdir. Bu yaklasim, ¢cevre, ekonomi ve toplum
arasindaki dengeyi korumak ve gelecekteki nesillere daha yasanabilir bir diinya birakmak i¢in gereklidir.
cevrenin korunmasini, dogal kaynaklarin verimli kullanimini, atik azaltimini ve geri doniistimii icerir
(Khan, Tabish ve Zhang, 2023). Bu amacla, cevre dostu iiretim ydntemleri, yenilenebilir enerji
kaynaklari, enerji verimliligi, ¢evresel diizenlemeler ve atik yonetimi gibi bir¢ok strateji kullanilir.
Glines ve rilizgar enerjisi gibi yenilenebilir enerji kaynaklarinin tesvik edilmesi de cevresel
stirdiiriilebilirligin kritik bir yoniidiir (Cansino ve ark., 2011). Fosil yakitlara olan bagimliligimiz
azaltarak ve yenilenebilir enerji kaynaklarima gecerek, sera gazi emisyonlarini azaltabilir ve iklim
degisikliginin etkilerini azaltabiliriz (Chen ve ark., 2023).

Ekonomik Siirdiiriilebilirlik

Ekonomik siirdiiriilebilirlik, bir ekonomik sistemin, gelecek nesillerin kendi ihtiyaglarini
karsilama yeteneginden odiin vermeden simdiki neslin ihtiyaclarin1 karsilama kabiliyetini ifade
etmektedir. Kaynaklari, iiretimi ve tiikketimi ekonomik biiylime, sosyal refah ve ¢evre koruma arasinda
saglikli bir denge saglayacak sekilde yonetmeyi igermektedir (Baumgirtner ve Quaas, 2010).
Siirdiiriilebilir bir ekonomik sistem, dogal kaynaklari tilketmeden veya ¢evresel bozulmaya neden
olmadan sonsuza kadar islemeye devam edebilen sistemdir. Bu, kisa vadeli biiyiimeye ve kara uzun
vadeli siirdiiriilebilirlik yerine oncelik veren geleneksel ekonomik modellerden uzaklagsmay1
gerektirmektedir (Barbier, 1987).

Ekonomik siirdiiriilebilirligin kilit yonlerinden biri, enerji, su ve malzemeler dahil olmak iizere
kaynaklarin verimli kullanilmasidir. Bu, atiklarin azaltilmasi, enerji verimliliginin artirilmasi ve
yenilenebilir enerji kaynaklarinin kullanilmasi gibi 6nlemlerle saglanmaktadir (Sfakianaki, 2015). Bir
diger Oonemli faktér de toplumun tiim {yelerinin ekonomik firsatlara ve faydalara erigiminin
saglanmasini igeren sosyal esitlik ve icermenin tesvik edilmesidir. Bu, adil vergilendirme, gelirin
yeniden dagitimi ve egitim ve dgretime yatirim gibi politikalarla basar elde edilmektedir. Ekonomik
siirdiiriilebilirlik ayrica dogal ¢cevrenin korunmasini ve ekonomik faaliyetlerin iklim degisikligine veya
diger ¢evresel bozulma bigimlerine katkida bulunmamasini saglamaktadir. Bu, sera gazi emisyonlarinin
azaltilmasi, biyogesitliligin korunmasi ve siirdiiriilebilir arazi kullanimi ve kaynak yonetiminin tesvik
edilmesi gibi 6nlemler alinmaktadir. Ekonomik siirdiiriilebilirlik, ekonomik, sosyal ve ¢cevresel hususlari
dengeleyen kapsamli bir yaklasim gerektirmektedir. Herkes i¢in daha siirdiiriilebilir ve esitlik¢i bir
ekonomik sistem olusturmak i¢in hiikiimetler, igletmeler ve bireyler arasindaki isbirligi olusturmay1
hedeflenmektedir (Curtis ve Lehner, 2019).

YONTEM

Bu ¢alisma i¢in veri toplama, niceliksel degerlendirmeler toplamak ve arastirma sorularmin
kapsamli bir sekilde anlasilmasini saglamak igin 6rnek sirket uzmanlariyla bir anketi igeriyordu. Anketin
uygulanmasiyla akilli iiretim uygulamalarimin siirdiiriilebilirlik perspektifiyle entegrasyonunun analizi
i¢in saglam bir veri seti saglanmasi amaglanmaistir.
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Tezde bahsedilen 6nceki bdliimlerde sunulan literatiir taramasi temel bilgileri alinarak akilli ve
stirdiiriilebilir tedarik zinciri olgunluk seviyesi. Modelde temel olarak Endiistri 4.0 teknolojiklerinin
siirdiiriilebilirligin {i¢ temel boyutu olan sosyal, cevresel ve ekonomik boyutlarda tedarik zinciri
yonetimi ile integrasyonu ne derece uygulandigi, ne derece katkida bulundugu ve organizasyonel
amaglara ne derece ic¢sellestirildigi nitelenmektedir. Boylece endiistri 4.0 teknolojilerin tedarik zincirine
adaptasyonunda siirekli AR-GE calismalar siirdiiriip ve yenilik faaliyetlerini destekleyerek var olan
durumu bir olgunluk yaklasimi ile degerlendirilmesi, performans olgiilmesi ve hedeflerin belirlenmesi
olumlu bir sekilde sonuglanabilmektedir.

Akilli ve siirdiiriilebilir tedarik zinciri olgunluk yaklasimi modelinin fonksiyonlarim1 12 adet
Endiistri 4.0 teknoloji ve 10 adet siirdiiriilebilirlik fonksiyonunun 3 ana boyutu (sosyal, cevresel ve
ekonomik) olarak tasarlanmaktadir.

Sosyal siirdiiriilebilirlik boyutu; stok devir, maliyet ve karlilik gibi parametreler ger¢evesinde
degerlendirilmektedir.

Cevresel siirdiiriilebilirlik boyutu; atik minimzasiyonu, emisyon ve kirlilik gibi parametreler
cercevesinde degerlendirilmektedir.

Ekonomik siirdiiriilebilirlik boyutu; ise kurumsal sosyal sorumluluk, ¢alisan refah1 ve is sagligi
ve gilivenligi gibi parametreler ¢ergevesinde degerlendirilmektedir.

NUMERIK ORNEK

Konyada faaliyet gosteren Tiimosan, dizel motor ve traktér iiretmektedir. Uretim alan1 1.600.000
m? tlizerine kurulmus olup 93.000 m? kapali alan igerisinde iiretim gerceklestirmektedir. Tiimosan
fabrikasi, ii¢ vardiya ile calsip 45.000 adet traktor ve 75.000 adete kadar dizel motoru {iretim
kapasitesine ulagsmaktadir. Tiimosan fabrikasi, traktor, dizel motor ve elektrikli forklift {iretmekte olup
pazarlama ve satis1 ile miisterilerine vermis oldugu etkin satis sonrasi hizmet sunmaktadir. Uretilen dizel
motorlarin Tiirkiye ve yurtdisinda bir ¢ok {ilkeye miisterileri tarafindan traktdr, otomotiv sanayi yedek
parcalari, temizlik ekipmanlari, jenerator ve deniz araglari iiretiminde kullanilmaktadir.

Tecriibeli kadrosu ile beraber yeni uygulanan teknolojilerle miisterilere kaliteli ve giivenilir
traktor ¢cozlimleri sunarak pazarlama siireclerini yiiriiterek performansi artirmaktadir. Miisteri odakl
yaklagimlariyla, ihtiyaglara uygun modeller ve satis sonrast hizmetlerle uzun siireli is birligi
saglamaktadir. Pazarlama faaliyet merkezi Istanbul'da bulunmaktadir. Tiimosan fabrikasi iirettigi
triinlerle miisteri memnuniyetini yiikseltmek, uygulanabilir yeni teknolojileri kullanarak iiretim
maliyetlerini azaltmak ve AR-GE calismalarina 6nemli kaynak ayirmakta ve oncelik vermektedir.
Timosan Fabrikasi biinyesinde bulundurdugu miihendislik organizasyonu araciligi ile {iretilen motor ve
traktorlere iligkin modernizasyon ve gelistirme ¢alismalarini yapmaktadir. Tiimosan fabrikasi olarak
miisterilerine sunmus oldugu {iriin ve hizmeti degerlendirerek en son teknolojik gelismeleri {iretiminde
uygulanmak ve tiim c¢aligmalarinda gilincel tasarim, kabul goérmiis modern otomasyonlarindan
yararlanmak icin yatirnmdan hi¢ kaginmamaktadir. Yeni iriinlerin gelistirilmesinde, prototip iiriinler
sanal ortamda olusturularak seri iiretime kisa zamanda gegilmesi saglanabilmektedir.

Metodoloji

Adim 1. Endiistri 4.0 teknolojilerinin siirdiiriilebilirlik katkilarinin belirlenmesi: ilk olarak
modelin on iki adet Endiistri 4.0 teknolojileri, {i¢ adet siirdiiriilebilirlik (¢evresel, ekonomik ve sosyal)
boyutlari lizerine on adet Tedarik Zinciri yonetimi fonksiyonlarina tek tek tablo olusturarak olgunluk ve
performans katki puanlari katilmcilardan 5°1i Likert 6lcegi ile elde edilmektedir. Olgekte 1 ¢ok diisiik,
2 diisiik, 3 orta, 4 yiiksek, 5 ¢ok yiiksek olgunluk ve performans katki puani olarak gosterilmektedir.
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Boylece on iki Endiistri 4.0 teknolojinin satirlar siirdiiriilebilirligin ti¢ ana boyutunda, her boyutun 8
tane gosterge vardir asagidaki tablo 6.1°da agiklanmigtir. Uygulama, katki ve skorlarin siitunlar
olusturdugu 12x9’luk arag olgunluk birincil matrisi elde edilmektedir.

Tablo 1
Stirdiiriilebilirlik boyutlarinin gostergeleri
Siirdiiriilebilirlik Boyutlari Gostergeler
Al. Atk
A2. Kirlilik
A3. Emisyon

A4. Arazi kullanimi

AS5. Enerji kullanimi

A6. Dogal kaynak kullanim1
A7. Yeniden kullan

A8. Geri doniisiim

B1. Maliyet

B2. MLT

B3. OEE

B4. Stok devri

B5. Tesis alanmi kullanimi

Cevresel

Ekonomik

B6. Hasar ve kayip

B7. Borsa degeri

B8. Satig geliri

C1. Sosyal sorumluluk
C2. Avantajlar ve bonuslar
C3. Olumlu ¢alisma ortamt
C4. Is saghgi ve giivenligi

osya C5. Kariyer gelisimi

C6. Is memnuniyeti
C7. Is giivenligi
C8. Esnek calisma programi

Adim 2. Endiistri 4.0 teknolojilerin olgunlugunun degerlendirilmesi: Endiistri 4.0 teknolojilerin
olgunluk ve performans diizeyi, boyut puanlarinin (mevcut durumu, uygulama durumu ve benimsenme
durumu) geometrik ortalamasi alinarak degerlendirilmektedir. Olgunluk puani, teknolojilerinin
derecesini ve bunlarin olgunluk ve performans agisindan nasil degerlendirildigini gostermektedir.

Adim 3. Katki acigimin hesaplanmasi: Katki agig1, 1'den 5'e kadar bir 6lgekte 5'e esit olan ideal
seviyeden mevcut olgunluk diizeyinin ¢ikarilmasiyla belirlenir. Metodolojik ¢ergeve, mevcut arag
olgunlugu ile mevcut arag olgunlugu arasindaki boslugu kapatmanin énemini vurgulamaktadir. Ve
istenilen seviye. Daha yiiksek bir bosluk puani, daha yiiksek 6ncelik anlamina gelir ¢iinkii daha yiiksek
bir puan, istenen ve hedef diizeyler arasinda daha 6nemli bir farkin bulundugunu gostermektedir.

Adim 4. Sirdirilebilirlik tizerindeki etkinin analiz edilmesi: Katki agiginin siirdiiriilebilirlik
iizerindeki kapatilmasinin potansiyel etkisini anlamak igin her boyutun (¢evresel, ekonomik ve sosyal)
iliskisel degerleri (korelasyon derecelendirmeleri) katki agigiyla carpilir. Siirdiiriilebilirligin her boyutu
icin agirlig esit aldik ve ardindan boslukla ¢arptik. Ancak karar verici isterse, ii¢ boyutu ayr1 ayr toplam
1 olacak sekilde agirliklandirabilir ve daha sonra iligki degerlerini agirliklar ve boslukla ¢arparak:
(stirdiirtilebilirlik alt boyutunun bireysel agirligi) * (iliski degerleri) * (GAP).
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Not: GAP =5 —iligki degerleri

Adim 5. Oncelik puanmin belirlenmesi: Onceliklendirme puani, her bir siirdiiriilebilirlik boyutu
icin iliskisel degerlerin ve katki a¢iginin ¢arpimlarinin toplanmasiyla elde edilmektedir. Bu puan, akill
veya yalin bir aracin 6nemini ve siirdiiriilebilirlige potansiyel katkisin1 gostermektedir.

Adim 6. Yol haritasimin gelistirilmesi: Onceliklendirme puani ile uygulamaya yonelik yol
haritasinda akilli ve yalin araglara oncelik verilir. Bu yol haritasi, firmalara siirdiiriilebilirligi olumlu
yonde etkileme potansiyeli olan akilli ve yalin araglar birlestirme konusunda rehberlik edecek ve hem
bir dl¢liim hem de gelecekteki gelisim i¢in bir yol sunacaktir (Giindiiz ve ark., 2024).

Caligmanin bu boliimiinde, modelin uygulanabilirligini test etmek amaciyla gergeklestirilen 6rnek
olay calismasinin ayrintilart ve sonuglar1 sunulmaktadir. Sirketin AR-GE Tasarim ve Miihendislik
departmaninin yoneticileriyle, Endiistri 4.0 araclarinin olgunluk seviyelerini belirlemeyi amaclayan bir
anket caligsmasi yapilmistir. Verilerin analizi sonucunda elde edilen bulgular asagida sunulmustur. Tablo
6.1 oldugu gibi 6nerilen modelin uygulanabilirligini gostermek i¢in varsayimsal bir 6rnek sunmaktadir.
Basitlik adina, her bir aracin siirdiiriilebilirlik agisindan iligki diizeyini “esit” olarak aldim. Ancak karar
verici bunlarin hepsini tek tek belirleyebilecek, daha sonra aracin siirdiiriilebilirlik alt boyutunun iliski
diizeyi “geometrik ortalama” ile belirlenebilecektir. Sonuglara gore, yol haritalamasinda Oncelik
siralamasinda 30.6452 dncelik puaniyla siber giivenlik ilk sirada yer alirken, biiyiik veri analitik 26.3159
oncelik puaniyla ikinci, otonom robot ise 21.1927 6ncelik puaniyla {igiincii sirada yer almaktadir.
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BULGULAR

Tablo 2
Stirdiiriilebilirlik varsayimsal 6rnegi

evresel Ekonomik Sosyal .
Siir((i;iiriilebilirlik Siirdiiriile bilirlik Sijrdiiriilibilir]ik Bilesen Olgunlugu Gap Cevresel Boyutta Ekonomik Boyutta
Katki Puam Katki Puam Katki Puam Eylem Onemi Eylem Onemi
Otonom Robot 2 2 2 1,8171 3,1829 7,0593 7,2743
Simiilasyon 3 2 2 3,3019 1,6981 4,7779 3,7267
Yatay ve Dikey Sistem integrasyonu 2 2 2 2,8845 2,1155 5,1212 4,4583
Nesnelerin interneti 3 3 3 2,8845 2,1155 6,6708 5,9068
Siber Giivenlik 5 4 4 2,6207 2,3793 11,6338 9,1877
Bulut Bilisim 4 4 4 3,4200 1,5800 6,7578 6,8216
Katmanh Uretim 2 2 2 3,3019 1,6981 4,1594 3,2063
Artinlmis Gergeklik 2 1 2 2,2894 2,7106 5,0581 3,8787
Biiyiik Veri Analitik 4 4 3 2,6207 2,3793 10,5719 8,3293
Yapay Zeka 2 2 2 2,8845 2,1155 4,4061 4,3319
Blok Zinciri Teknolojisi 4 3 3 3,0000 2,0000 7,5041 6,9282
Makine Ogrenmesi 3 3 2 2,6207 2,3793 6,5736 6,5047
0=Yok 1=Cok Diisiik 2=Diisiik 3=Orta 4=Y1iiksek 5=Cok Yiiksek
Tablo 3
Stirdiiriilebilirlik Perspektifinden Endiistri 4.0 Teknolojileri Olgunluk Anketi
. . Mevcut Durumu  Uygulama Durumu Adaptasyon Geometrik

Endiistri 4.0 Teknolojileri Durumu Ortalamasi

Otonom Robot 3 2 1 1,8171

Simiilasyon 4 3 3 3,3019

Yatay ve Dikey Sistem integrasyonu 4 2 3 2,8845

Nesnelerin interneti 4 3 2 2.8845

Siber Giivenlik 3 3 2 2,6207

Bulut Bilisim 5 4 2 3,4200

Katmanh Uretim 4 3 3 3,3019

Artinlmis Gergeklik 3 2 2 2,2894

Biiyiik Veri Analitik 3 3 2 2,6207

Yapay Zeka 4 2 3 2,8845

Blok Zinciri Teknolojisi 3 3 3 3,0000

Makine Ogrenmesi 3 3 2 2,6207

0=Yok 1=Cok Diisiik 2=Diisiik 3=Orta 4=Yiiksek 5=Cok Yiiksek
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Sosyal Boyutta
Eylem Onemi

6,8591
3,9474
4,1597
6,4058
9,8238
6,3799
3,3389
4,1085
7,4147
4,0418
5,0420
5,7227

Gap

3,1829
1,6981
2,1155
2,1155
2,3793
1,5800
1,6981
2,7106
2,3793
2,1155
2,0000
2,3793

Siirdiiriile bilirlik
Eylem Onemi
21,1927
12,4519
13,7392
18,9834
30,6452
19,9593
10,7046
13,0453
26,3159
12,7797
19,4743
18,8010

Siirdiiriile bilirlik
Oncelik Siralamasi
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TARTISMA VE SONUC

Endiistri 4.0, akilli cihazlar1 kullanarak, iiretim siireci ve tedarik zincirleri arasinda iletisim
kurarak, iyilestirme alanlarini aragtirmak igin sanal toplu veri toplayarak, yeni {irlin ve hizmet teklifleri
gelistirerek yeni bir dijitallesme donemi baslamaktadir. Endiistri 4.0, kitlesel iiretimden, gercek son
tilketici talep ihtiyaglarina dayal: iiretim sistemine potansiyel bir gecis getirmektedir. Siirdiiriilebilirlik,
tiriinlerde kullanilan kit kaynaklarin miktarmi azaltmak, {irlinlerdeki malzemelerin onarilmasini,
yeniden kullanilmasini ve geri doniistiiriilmesini saglamaktadir (Takhar, 2018). Endiistri 4.0 konseptinin
ortaya ¢ikmasiyla birlikte, ¢esitli endiistrilerde IoT, bulut bilisim, biiylik veri analitigi, otonom robotik
vb. gibi yenilik¢i teknolojilerin artan oranda benimsendigi goézlemlenmektedir. Kuruluslar, siireg
verimliligini artirmak i¢in dretim sistemlerinde ileri teknolojileri kullanmanin faydalarindan
yararlanmaya baslamaktadir (Shao ve ark., 2021). Endiistri 4.0, Isletmelerin rekabetci kalmak ve
siirdiiriilebilirligi esit derecede saglamak icin dijital doniisimii takip etmesi gerekmektedir. Bu teknoloji,
sosyal ve ekonomik avantajlar elde edilmesini saglamaktadir. Bu ¢alismada, endiistri 4.0 teknolojilerinin
sergilenmesine ve teknolojilerin tedarik zinciri operasyonlarina entegre edilmesinin faydalarina
odaklanmaktadir. Endiistri 4.0 teknolojileri, tedarik zincirinde etkin bir sekilde uygulanirsa, iiriinler
kaynaktan varig noktalarina zamaninda teslim edileceginden iiretim operasyonlarinda verimliligi biiyiik
Olciide artiracaktir. Yeni teknolojiden elde edilecek diger avantajlar arasinda daha iyi yonetilmesi, daha
diisiikk maliyet, daha iyi satiglar ve finansal performansta genel iyilesme yer almaktadir. Tiim bunlar
basarmak icin stratejik planlama, yiiksek teknolojide iyilestirme, biitiinsel kiiresel liderlik, is siireci
doniisiimii ve kiiresel uygulamalar icin en iyi bilgiye ihtiyag olacaktir (Okwu ve ark., 2020).

Bu arastirma boyunca, makale siirdiiriilebilirlik agisindan iiretimde kurumsal hazirligin temel
roliinii vurgulamistir. Liderlik taahhiidii, calisan katilimi, saglam teknoloji altyapisi, veri yonetimi ve
siber giivenlik 6nlemleri akilli-yalin araglarin basarili bir sekilde konuslandirilmasi ve kullanilmasi igin
temel on kosullar olarak belirlenmistir. Bu, akilli bir organizasyon olmada kurumsal olgunlugun
O6nemini vurgulayan (Elizondo ve ark., 2023) bulgulariyla uyumludur.

Yukardaki tabloda gosterildigi gibi Onerilen modelin uygulanabilirligini gdstermek i¢in
varsayimsal bir 6rnek sunmaktadir. Basitlik adina, her bir aracin siirdiiriilebilirlik acisindan iliski
diizeyini “esit” olarak aldim. Ancak karar verici bunlarin hepsini tek tek belirleyebilecek, daha sonra
aracin siirdiiriilebilirlik alt boyutunun iliski diizeyi “geometrik ortalama” ile belirlenebilecektir.
Sonuglara gore, yol haritalamasinda oncelik siralamasinda 30.6452 dncelik puantyla siber giivenlik ilk
sirada yer alirken, biiylik veri analitik 26.3159 6ncelik puaniyla ikinci, otonom robot ise 21.1927 6ncelik
puaniyla li¢iincii sirada yer almaktadir.

Oniimiizdeki yillarda ulasim ve tedarik zinciri sektdriiniin siiriiciisiiz araglara, kaptansiz gemilere
ve pilotsuz ugaklara sahip olacagi ongoriilmektedir. Tedarik zinciri ile yeni teknolojiler hayatimizi
yakindan etkileyecek ve mevcut tedarik zinciri sistemi yerini en son teknoloji ile dijitallestirilmis entegre
yeni sistemlere birakacaktir. Organizasyonlar arasi koordinasyon ve baglantilar gerektiren yeni ortaya
¢ikan bir fenomendir. Buna ek olarak, ortak firmalarin teknoloji uzmanlig: ve igbirligi ge¢misglerinin de
daha fazla arastirilmasi1 gerekmektedir.

Siirdiiriilebilir perspektifinden Endistri 4.0 teknolojikeri ve Tedarik Zinciri yonetiminin araglarla
birlestirmenin sundugu donistiiriicii firsat abartilamaz. (Benkhati ve ark., 2023), (Dahmani ve ark.,
2021), Shahin ve ark. (2020), Trevifio-Elizondo ve ark. (2023), Akbal ve Dogan (2023), Li (2019),
Mahmood ve Montagna (2013) ve Tripathi ve ark. (2023) tarafindan yapilan ¢aligmalar, rekabet giiciinii
artirma, ¢evresel siirdiiriilebilirlik hedeflerine ulagma ve sosyal refaha katkida bulunma konusunda bu
entegre yaklasimin potansiyelini topluca vurgulamaktadir. Uretim endiistrisindeki kuruluslar bu entegre
modeli benimsedikce, kendilerini yalnizca operasyonel miikemmellik i¢in degil, ayn1 zamanda
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stirdiiriilebilir ve sosyal olarak bilingli bir gelecege sorumlu katkida bulunanlar olarak da
konumlandirirlar.

SINIRLAMALAR VE GELECEKTEKI ARASTIRMA YONLERI

Ek olarak, gelecekteki kesif yollarin1 degerlendirirken arastirmacilarin sektore 6zgii uygulamalart
derinlemesine incelemeleri, uygulama konusunda uzunlamasina ¢alismalar yiiriitmeleri, ortaya ¢ikan
teknolojileri kesfetmeleri, kiiresel karsilastirmali ¢aligmalar yapmalari, siirdiiriilebilirlik etkisinin nicel
analizini kullanmalari, derinlemesine vaka c¢aligmalar1 yiriitmeleri ve c¢alisan bakis agilarim
degerlendirmeleri onerilmektedir

Calismada birkag smirlamayi kabul ediyoruz. 11k olarak, arastirmamiz dncelikle iiretim sektdriine
odaklanmistir ve oOnerilen modelin diger sektorlere dogrudan uygulanabilirligini sinirlamaktadir.
Bulgularin  genellestirilmesine, farkli organizasyonel baglamlarin oOzgiilliikkleri g6z Oniinde
bulundurularak  ihtiyath  yaklasilmalidir.  Dahasi, modelin  uygulanabilirligi,  {iretim
organizasyonlarindaki birincil veri toplamasindan elde edilen ampirik dogrulamadan yoksun olan
mevcut literatiire ve kavramsal analize dayanmaktadir. Akilli {iretim teknolojilerinin dinamik yapisi,
ortaya c¢ikan gelismeleri dahil etmek i¢in periyodik glincellemeler gerektiren bir zorluk olusturmaktadir.
Ek olarak, modelimiz ekonomik, sosyal ve c¢evresel boyutlar1 kapsarken, belirli siirdiiriilebilirlik
Olciimlerinin endiistri ve organizasyonel faktorlere gore ozellestirilmesi gerekebilir. Bu sinirlamalar,
Onerilen modelin saglamligin1 ve pratikligini artirmak i¢in gelecekteki arastirmalar i¢in alanlar
vurgulamaktadir.
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