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Abstract

Time series analysis provides insights into how two variables move together over
a long period. Unit root tests and cointegration analysis are widely used tools in fields
such as finance, economics, and health. However, applying these methods typically
requires specialized software and coding skills. This study introduces a web-based tool
designed to make these tests more accessible to everyone.

To demonstrate how the tool works, data from Turkey between 1975 and 2023
were used. Two variables were selected: the share of health expenditures in the country’s
GDP and GDP per capita. The tool was used to generate graphical representations of the
data. Then, unit root tests were applied to assess whether the data were stable over time.
The results indicated that both series were non-stationary. Therefore, the Johansen
cointegration test was conducted to check for a long-term relationship. The test results
showed that there is a long-run relationship between the variables.

The findings were compared with results from popular time series software and
were found to be consistent, confirming the accuracy of the tool. This tool is beneficial
for users without coding knowledge and also supports experts who seek to perform fast
and clear analyses. In the future, it is planned to include additional time series methods
such as VAR, VECM, and Granger causality. It is believed that this web-based tool can
contribute to a wide range of research across various fields.

Keywords: Web-Based Application, Time Series, Cointegration, Unit Root,
Economic Growth, Health Expenditures



3rd International Scientific Research Congress Book April 26-27, 2025, Istanbul

Ozet

Zaman serisi analizi, iki degiskenin uzun bir siire boyunca nasil birlikte hareket
ettigi konusunda bilgi saglamaktadir. Birim kok testleri ve egbiitiinlesme analizi, finans,
ekonomi ve saglik gibi alanlarda yaygin olarak kullanilan araclardir. Ancak bu
yontemlerin kullanimi 6zel yazilimlar ve kodlama becerileri gerektirmektedir. Bu
calismada, bu testlerin herkes i¢in daha kolay kullanilabilir hale getirilmesini amaclayan
web tabanli bir ara¢ tanitilmistir.

Aracin nasil calistigini gostermek icin, 1975 ile 2023 yillar1 arasindaki Tiirkiye
verileri kullanilmustir.  Tki degisken secilmistir: tilkenin GSYIH’sindeki saglhk
harcamalarmin pay1 ve kisi basina GSYIH. Arag araciligiyla verilerin grafik gizimleri
yapilmustir. Ardindan, birim kok testleri kullanilarak verilerin zaman iginde istikrarli
olup olmadig: test edilmistir. Sonuclar, her iki serinin de istikrarli olmadigina isaret
etmistir. Bu nedenle, uzun vadeli bir baglant1 olup olmadigini kontrol etmek amaciyla
Johansen egbiitiinlesme testi uygulanmistir. Test sonucunda, degiskenler arasinda uzun
donemli bir iliski oldugu gosterilmistir.

Elde edilen sonugclar, popiiler zaman serisi programlariyla karsilastirilmis ve
birebir ortiistigli gortilmistiir. Boylece aracin dogru calistig1 dogrulanmustir. Bu arac,
kodlama bilgisi olmayan kullanicilar icin fayda saglamaktadir. Ayrica hizli ve net analiz
yapmak isteyen uzmanlara da yardimci olmaktadir. Gelecekte, VAR, VECM ve Granger
nedenselligi gibi daha fazla zaman serisi yonteminin araca eklenmesi planlanmaktadir.
Bu web tabanli aracmn, farkli alanlardaki bircok arastirmaya katki saglayabilecegi
distiniilmektedir.

Anahtar Kelimeler: Web Tabanli Uygulama, Zaman Serisi, Esbiittinlesme, Birim
Kok, Ekonomik Biiytime, Saglik Harcamalar:

Giris

Yatirim ve miihendislik verilerinden finansal verilere kadar bircok alanda zaman
serisi analizleri énemli bir rol oynamaktadir ve ekonomik verilerin incelenmesinde
serilerin duraganliginin belirlenmesini ve uzun vadeli iliskilere odaklanilmasmi son

derece 6nemli kilar. Bu nedenle birim kok testleri ve egbiitiinlesme analizleri zaman
serisi ekonometrisinin temel taglar1 arasinda yer almaktadir.

Zaman serilerinin duragan olup olmadigini test etmek icin kullanilan birim kok
testleri gtivenilirlikte cok 6nemli bir role sahiptir ¢tinkii serinin duragan olmayist model
tahminlerini yaniltabilir ve hatali sonuclar dogurabilir. Bu calismanin odak noktasinda
olan birim kok testlerinden Augmented Dickey-Fuller (ADF), Phillips-Perron(PP), ve
Kwiatkowski-Phillips-Schmidt Shin (KPSS) birim kok testleri, 1975 ile 2023 yillari
arasimdaki Tiirkiyenin gayri safi yurtici hasiladaki saglik harcamalarmin pay: ve kisi
basina gayri safi yurtici hasila araciligs ile tanitilmastir.

Zaman i¢inde birlikte hareket eden ve aralarindaki farkin sabit oldugu iki veya
daha fazla duragan olmayan verilerin durumu esbiitiinlesme olarak adlandirilir. Bu
durum genellikle uzun vadeli bir denge iliskisinin varligin1 gosterir ve bu iliskiyi
belirlemek i¢in yaygin olarak kullanilan testler arasinda Engle-Granger ve Johansen testi
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bulunur. Bu galisma kapsaminda Johansen esbiitiinlesme testinin kullanilmasinin sebebi
simetrik yapisinin avantajlarindan ve sistemin gtictinden kaynaklanur.

Bu projede gelistirilen web tabanli uygulama; Angular kullanilarak Python ve R
kiitiphanelerinin entegrasyonuyla olusturulmustur. Web tabanli bu arac¢ sayesinde
kullanicilar kendi zaman serisi verilerini ytikleyerek birim kok ve esbiitiinlesme
testlerini kolayca gerceklestirebilirler. Kod bilgisi gerektirmeyen bu pratik arag
sayesinde arastirmacilar ve dgrenciler zaman serisi analizlerini interaktif bir sekilde
gerceklestirme imkanina sahip olacaklar.

1. Birim Kok Testleri

Analiz edilecek zaman serilerinin ilk ve en ©nemli adimi duragan olup
olmadigin1 belirlemektir ve bunun icin birincil araglar birim kok testleridir; ancak
“serilerin yapis1 dogrusal mi1 yoksa dogrusal degil mi? “sorusu segilen test tipini
dogrudan etki eder. Dogrusal serilerde kullanilan birim kok testleri ile dogrusal
olmayan serilerde kullanlan testler farklidir. Web tabanli araca entegre edilen birim kok
testleri asagida verilmistir.

Tablo 1: Web Tabanli Analiz Aracinda Yer Alan Birim Kok Testleri

Klasik (Dogrusal) Birim Kok Testleri

Test Ad1 Aciklama

Augmented Dickey-Fuller (ADF) Gecikmeli farklarla duraganlig test eder. En yaygin kullanilan
testtir.

Dickey-Fuller GLS (ERS Testi) ADF'nin daha giiclii bir versiyonudur, seriyi GLS ile 6nceden
diizenler.

Phillips-Perron (PP) ADF gibi calisir ama hata terimlerinde otokorelasyonu
parametrik olmayan sekilde diizeltir.

Kwiatkowski-Phillips-Schmidt- Duraganlik varsayimini test eder. ADF ve PP'ye tamamlayici

Shin (KPSS) olarak kullanilir.

Dogrusal Olmayan (Non-Linear) Birim Kok Testleri
Kapetanios, Shin and Snell (KSS)  STAR modeline dayali dogrusal olmayan yapida duraganlig:

test eder.

Sollis (2009) LSTAR modelinde asimetrik diizeltmeyi test eder.

Kruse (2011) STAR yapisinda daha gelismis bir test; dzellikle kiictik
orneklemlerde gti¢ludiir.

Kilig (2011) Momentum etkileri iceren dogrusal olmayan yapilar icin bir
testtir.

Cuestas and Garratt Esikli dogrusal olmayan yapilar: test eder.

Cuestas and Ordoiiez (2014) fleri diizey non-linear yapilar altinda birim kok sinamast sunar.

Yapisal Kirilma Iceren Birim Kok Testleri
Zivot & Andrews (1992) Seride tek yapisal kirilma varsayimiyla birim kok test eder.

Kirilma noktas1 endojen belirlenir.

Leybourne, Newbold and Vougas  Yapisal kirilma altinda duraganlik testleri sunar.
(1998)

Enders & Granger (1998) TAR modellerde duraganlig: test eder. Rejim gegislerini dikkate
alir.

Hu & Chen Yapisal kirilmalarin oldugu serilerde birim kok testini dogrusal
olmayan modellerle birlestirir.

Park and Shintani Yapisal kirilma + dogrusal olmayanlik iceren modellerde test

imkani saglar.

Kaynak: https:/ / timeseriesanalysis.com/
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Test secimleri yapilirken serilerde, otokorelasyon, dogrusallik, yapisal kirilma
durumlar1 gmz 6niine alinmalidir. Klasik testler ADF, PP, KPSS, DF-GLS seklinde olup
eger otokorelasyon varsa PP, DF-GLS, dogrusalligin olmadig1 durumlarda KSS, Sollis,
Kruse, Enders-Granger, Kilig, asimetrik diizeltme varsa Sollis, Cuestas-Ordofiez, yapisal
kirilma mevcutsa Zivot & Andrews, Leybourne-Newbold, Hu & Chen ve hem kirilma
hem dogrusal olmama durumu mevcutsa Park & Shintani, Cuestas & Garratt testi
kullanilabilir.

2. Esbiitiinlesme Testleri

Zaman serilerindeki iki veya daha fazla degisken arasmda uzun vadeli denge
olup olmadigini test etmek icin esbiitiinlesme analizleri yapilir.Genellikle bu analizler
serilerin her birinin ayr1 ayr1 duragan olmayabilecegi ancak aralarindaki belirli lineer
kombinasyonlarn  duragan  olabilecegi  varsaymmuna dayanir.Eger  seriler
esbiittinlesikse,birbirleriyle uzun vadede hareket etme egiliminde olduklarmni ve
aralarinda bir denge iliskisi oldugunu gosterir.Birim kok testleri gibi dogrusallik
durumu bu analizde de 6nemlidir.Web sitesinde bulunan egbiitiinlesme testleri Tablo
2'deki gibi sunulmustur.

Tablo 2: Web Tabanli Analiz Aracinda Yer Alan Esbiitiinlesme Testleri

Dogrusal Esbiitiinlesme Testleri

Test Ad1 Aciklama

Engle-Granger

(1987) Iki degiskenli modellerde kullamlir. Once serilerin birim kok igerip icermedigi

test edilir, ardindan regresyon kalintilarimin duragan olup olmadigi kontrol
edilir. Esbiitiinlesme varsa, hata diizeltme modeli (ECM) kurulabilir.

Phillips-Ouliaris  ppgle-Granger'a benzer residual-based bir testtir. Seriler arasindaki denge

iliskisinin varlig1 kalintilar izerinden test edilir. Bu testte test istatistigi farklilik
gosterir ve genellikle daha gticludiir.

Johansen (1988, Cok degiskenli (VAR) sistemlerde egbiitiinlesme vektorlerinin sayisi
1991) belirlemeye yarar. Trace ve maksimum o6zdeger (max-eigen) test istatistikleri
kullanilir. Johansen testi, Engle-Granger'in ¢ok degiskenli genisletilmis halidir.

Dogrusal Olmayan Esbiitiinlesme Testleri

Kapetanios, Shin

Dogrusal olmayan birim kok testidir ancak esbiitiinlesme analizlerinde
and Snell (2006)

kalintilarin dogrusal olmayan yapisini test etmekte de kullanilir. Bu sayede
dogrusal olmayan hata diizeltme modelleri kurulabilir.

Hansen and Seo  Egik]i VECM (Threshold Vector Error Correction Model) yaklagimini kullanur.
(2002) Iki farkli rejim altinda egbiitiinlesme iliskisi test edilir. Regresyon
parametrelerinin rejimlere gore degismesine olanak tanir.

Enders ve Siklos g Otoregresif Model (TAR ve M-TAR) tabanli egbiitiinlesme testidir.
(2001) Kalintilarin esik degerine gore asimetrik tepki verip vermedigi analiz edilir.
Pozitif ve negatif sapmalara farkli tepki gosteren serilerde giigliidiir.

Kaynak: https:/ /timeseriesanalysis.com/
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Esbiitiinlesme testleride ayni birim kok testlerinde oldugu gibi verilerin yapisina
bagh olarak degisir. 1ki degiskenli modellerde regresyona bagh olarak kullanilan ve
hatalarin duraganlig: ile esbiitiinlesik iliskiyi tespit eden Engle Granger yaygmn
kullanilan egbiitiinlesme testidir. Phillips Ouliaris Engle Granger’a gore daha guiltiddr.
Johansen ise iki veya ¢ok degiskenli sistemlerde kullanilmasi ve yonsiiz analiz 6zelligi
ile daha giicliidiir. Dogrusal olmayan egbiitiinlesme testlerinden Kapetanios, Shin ve
Snell dogrusal olmayan verilerde yine hata terimlerinin duraganhigina bagl olarak
analiz gergeklestirilir. Hansen ve Seo esikli hata diizeltme modelini kullanir. Son olarak
Enders ve Siklos TAR ve M-TAR tabanlarmi kullanmaktadir.

3. Yontem

Web tabanli zaman serisi aracinin tanitimi igin 1975 ile 2023 yillar1 arasindaki
Ttirkiye verileri kullanilmistir. Analiz icin, tilkenin GSYIH’sindeki saglik harcamalarinm
pay1 ve kisi basina GSYIH arasindaki iliski arastirilmustir. i1k olarak verilerin duraganlig:
arasirmak adina seriler ADF,PP ve KPSS birim kok testi ile sinanmis daha sonra
Johansen esbiitiinlesme testi ile degiskenler arasindaki iliski arastirilmistir. Amacimiz
arac1 tanitmak ve diger poptiler programlarla karsilastirarak dogrulugunu gostermektir.
Bu sebeple her testtin iki gecikmeli ve sabit terimli kombinasyonu E-views ve R
gorselleri ile teyit edilmistir. Sekil 1'de sirasiyla kisi basma GSYIH icin ADF, PP ve KPSS
testlerinin web tabanli analiz arac1 sonuglar1 sabit terim ve iki gecikme igin verilmistir.

Sekil 1: GSYIH i¢in Web Analiz Aract ADF,PP ve KPSS Birim Kok Testi

Fuller Results Phillips-Perron Test (Z-tau) PSS Scavionari sysleauyiesnize

-3.57 (13), -2.92 (58), -2.60 (10!
The procass contains & unit
Alternative Hypothesis: The process is weakly

HO: Seride birim kék vardir. Seri durajan degildir.
HO: Seride birim kik vardir. Seri durajan dedildir. HO: Seride birim kdk yoktur. Seri duragandar.
Hl: Seride birim k8k yoktur. Sers durafandir.
H1: Seride birim X8k yoktur. Seri durajandir. H1: Seride birim kbk vardir. Seri durajan degildir.
31 (2.92) 1% Gnem seviyesindeii krivik degerden =
HOD kabul edilir, Seride birim kbk

- Test istavistidi (3.49) 1% Snem seviyesindeki kritik dejerden - Test istatistidi (0.4) 1% Gnmem ki kritik deerden
(-3.57) buyiik olduundan O kabul edilir. Seride birim kbk (0.22) biiyiik oldufundan HO reddedilir. Seride birim kok vardir.
duragan degildir. Seri durajen dedildir.

vardir

- Test is g3 (3.49) S% Snem seviyesindeki kritik deferden - Test §i (0.4) 5% cnem kritik degerden
(-2.92) byiik oldugundan O kabul edilir. Seride birim kdk (0.15) buyik oldujundan KO reddedilir. Seride birim kdk vardir.
vardir. Seri duraan degildir. Seri durajan degildir.

31 (3.49) 10% Snem seviyesindeii kritik - Test istacistidi (0.4) 10% &nem ki kritik dederden
€) biyik oldufundan HO kebul edilir. Seride birim | (0.12) bilyik oldujundan HO reddedilir. Seride birim kok vardir.
eri durajan dedildir. Seri durajan de§ildir.

- Test is
degerden
X8k vards:

Kaynak: https:/ /timeseriesanalysis.com/

GSYIH icin her iic testte iki gecikme ve ADF ve PP’de sabit terimli modelde
KPSS'de sabit terimli trendli modelde serinin duragan olmadigin1 gostermektedir.
Sirasiyla t istatisikleri 2.92, 3.49, 0.40'tir. ADF ve PP testinin temel hipotezi serinin
duragan olmadigi iken KPSS testinin temel hipotezi seri duragandir seklinde
kurulmustur. ADF ve PP testinde test istatistikleri kritik degerlerden biiytik oldugundan
HO kabul edilir. Seri duragan degildir. KPSS testinde test istatistikleri kritik degerden
biiytin oldugundan Ho reddedilir. Seri duragan degildir. Sonuclar E-views ve R ile
karsilastirilacaktir.



3rd International Scientific Research Congress Book April 26-27, 2025, Istanbul

Sekil 2 : Sol tarafta E-views 12 Sag Tarafta R, ADF, PP, KPSS Birim Kok Testi Sonugclari

Augmented Dickey-Fuller Unit Root Test on GDP_PER_CAPITA__CONSTANT_2015_Uss_ ~ {r}

S i Tibrary(urca)
g;n;guemf?:':hggr';'PER‘CAF"A—CONSTANT‘ZMS‘USS‘hasa"""m ur.df (tr_hexpgdp_excel$ GOP per capita (constant 2015 USS)", type=c("drift), lags=2)

Lag Length: 2 (Fixed)

t-Statistic Prob.*

mented Dickey-Fuller test statistic 2923405 1.0000 Ll
Test critical values: 1% level -3.581152 # Augmented Dickey-Fuller Test Unit Root / Cointegration Test #
5% level -2.926622
10% level -2.601424
*MacKinnon (1996) one-sided p-values. The value of the test statistic is: 2.9234 8.3571
Phillips-Perron Unit Root Test on GDP_PER_CAPITA__CONSTANT_2015_USS_ -
g
Null Hypothesis: GDP_PER_CAPITA__CONSTANT_2015_US$_ has a unit root TibraryCurca)
Exogenous: Constant B ur.pp( tr_hexpgdp_excel$ GDP per capita (constant 2015 USS) ,
Bandwidth: 2 (Used-specified) using Bartlett kernel type=c("Z-tau") ,model=c("constant"), use.lag=2)

Adj. t-Stat  Prob.*

Phillips-Perron test statistic 3490895  1.0000
Test critical values: 1% level -3.574446
5% level -2.923780 # Phillips-Perron Unit Root / Cointegration Test #
10% level -2.599925
*MacKinnon (1996) one-sided p-values. The value of the test statistic is: 3.4891
KPSS Unit Root Test on GDP_PER_CAPITA__CONSTANT_2015_US$_ ) -
Null Hypothesis: GDP_PER_CAPITA__CONSTANT_2015_USS_is stat... Tibrary(urca) . . .
Exogenous: Constant, Linear Trend ur-kpss (tr_hexpgdp_excels'GOP per capita (constant 2015 USS)", type=c("tau"), use.lag=2)
Bandwidth: 2 (Used-specified) using Bartlett kernel
A x
LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0403715 # KPSS Unit Root / Cointegration Test #
Asymptotic critical values*: 1% level 0.216000
5% level 0.146000 .
10% level 0.119000 The value of the test statistic is: 0.4037

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Kaynak: E-views 12, R

Sekil 2 “de web aracinda sinamasi yapilan GSYTH serisinin sol tarafta E-views sag
tarafta R ¢iktilar1 gosterilmistir. Test istatistiklerinde birebir eslesme saglanmis olup
entegreler dogrulanmustir. Saglik harcamalar: icin analiz aracit sonuglar Sekil 3'te
gosterilmistir.

Sekil 3: HEXP icin Web Analiz Araci ADF,PP ve KPSS Birim Kok Testi Sonuclart

Kaynak: https:/ /timeseriesanalysis.com/

HEXP icin her ti¢ testte iki gecikme ve ADF ve PP’de sabit terimli modelde
KPSS'de sabit terimli trendli modelde serinin duragan olmadigini gostermektedir.
Strastyla t istatisikleri -1.35, -1.16, 0.23’ttir. ADF ve PP testinin temel hipotezi serinin
duragan olmadigi iken KPSS testinin temel hipotezi seri duragandir seklinde
kurulmustur. ADF ve PP testinde test istatistikleri kritik degerlerden biiytik oldugundan
HO kabul edilir. Seri duragan degildir. KPSS testinde test istatistikleri kritik degerden
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biiytin oldugundan Ho reddedilir. Seri duragan degildir. Sonuglar E-views ve R ile

karsilastirilacaktir.

Sekil 4: HEXP Icin Web Analiz Araci ADF,PP ve KPSS Birim Kok Testi

Augmented Dickey-Fuller Unit Root Test on HEXP__GDP

Null Hypothesis: HEXP__GDP has a unit root
Exogenous: Constant
Lag Length: 2 (Fixed)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -1.352934  0.5969
Test critical values: 1% level -3.5681152

5% level -2.926622

10% level -2.601424

*MacKinnon (1996) one-sided p-values.
Phillips-Perron Unit Root Test on HEXP__GDP

Null Hypothesis: HEXP__GDP has a unit root
Exogenous: Constant
Bandwidth: 2 (Used-specified) using Bartlett kernel

) w5
Tibrary(urca)
ur.df (" tr_hexpgdp_excel§ hexp %gdp”, type=c("drift]), Tags=2)

# Augnented Dickey-Fuller Test Unit Root / Cointegration Test #

The value of the test statistic is: -1.3529 1.2974

i}
Tibrary(urca)
yr.pp( tr_hexpgdp_excel$ hexp %gdp™, type=c("Z-tau"),model=c("constant"), use.lag=2)

Ad. t-Stat Prob.*

Phillips-Perron test statistic -1.163913 0.6825
Test critical values: 1% level -3.574446

5% level -2.923780

10% level -2.599925

The value of the test statistic is: -1.1651

*MacKinnon (1996) one-sided p-values.
KPSS Unit Root Test on HEXP__GDP

Null Hypothesis: HEXP__GDP is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Used-specified) using Bartlett kernel

S}
library(urca)
ur.kpss( tr_hexpgdp_excel$ hexp %gdp', type=c("tau"), use.lag=2)

LM-Stat
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.236949
Asymptotic critical values™: 1% level 0.216000
5% level 0.146000
10% level 0.119000

# KPSS Unit Root / Cointegration Test #

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Kaynak: E-view 12, R

The value of the test statistic is: 0.2369

Sekil 4 “te web aracinda sinamasi yapilan HEXP serisinin sol tarafta E-views sag
tarafta R ¢iktilar1 gosterilmistir. Test istatistiklerinde birebir eslesme saglanmis olup
entegreler dogrulanmustir. Serilerin levelde duragan olmadig1 sonucuna varildig: igin
aralarindaki uzun donemli iliskinin incelenmesi adina Johansen egbiitiinlesme testi
uygulanmistir. Sekil 5'te web tabanli aracta uygulanan Johansen esbiitiinlesme testi

sonuglar1 verilmistir.

11 -



3rd International Scientific Research Congress Book April 26-27, 2025, Istanbul

Sekil 5: Web Analiz Araci Johansen Egbiitiinlesme Testi Sonucu

Kaynak: https:/ /timeseriesanalysis.com/

Sekil 5 sonuglarina gore, iz test istatistigi r=0 icin 25.99 r<1 igin 3.27'dir. Ozdeger
istatistigi ise r=0 igin 22.72 , r<1 igin 3.27'dir. r=0 igin her iki istatistik icin kritik
degerlerden biiyiik oldugundan Ho reddedilir. Degiskenler arasinda en az bir
esbiittinlesik vektér bulunmaktadir. r<1 i¢in 6nem seviyesindeki kritik degerlerden
kiictik oldugundan Ho kabul edilir. Degiskenler arasinda en fazla bir esbiitiinlesik vektor
vardir. Son olarak Sekil 6'da Johansen esbiitiinlesmenin E-views sonucu verilmistir.

-12-
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Sekil 4: E-views 12 Johansen Egbiitiinlesme Testi Sonucu

Johansen Cointegration Test

Date: 04/20/25 Time: 02:58

Sample (adjusted): 1977 2023

Included observations: 47 after adjustments

Trend assumption: No deterministic trend (restricted constant)

Series: GDP_PER_CAPITA__CONSTANT_2015_US$_HEXP__GDP
Lags interval (in first differences): 1to 1

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05

No. of CE(s) Eigenvalue Statistic Critical Value ~ Prob.**
None * 0.383882 26.02450 20.26184 0.0072
At most 1 0.067043 3.261599 9.164546 0.5329

Trace test indicates 1 cointegrating eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of CE(s)  Eigenvalue Statistic Critical Value  Prob.**
None * 0.383882 22.76290 15.89210 0.0035
At most 1 0.067043 3.261599 9.164546 0.5329

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Kaynak: E-view 12

Test istatistik degerleri hem iz hem 6zdeger icin birebir eslesmistir. Sonuca gore
seriler arasinda egbiitiinlesik vektor bulunmaktadir. Bundan sonraki siireg iligkinin
yonii ve katsayisi adina VECM(Hata Diizeltme Modeli) ile devam ettirilebilir. fleri ki
donemlerde VAR, VECM, Nedensellik gibi yontemlerin siteye eklenmesi
planlanmaktadr.

Sonug¢

Web tabanli istatistiksel analiz araglarmin gelistirilmesinin, ekonomik ve sosyal
bilimsel arastirmalarin erisilebilirligini ve hizin1 6nemli 6lctide artirdig1 giintimtizde, bu
platformun sundugu imkanlar sayesinde zaman serisi analizlerinde siklikla kullanilan
birim kok ve egbiitiinlesme testlerinin dogrusal ve dogrusal olmayan yapilarini detayli
bir sekilde degerlendirmek miimkiin hale gelmektedir. Bu sistem ile ekonometrik
analizlerin g¢evrim icinde gergeklestirilmesinin kolaylasmasiyla beraber, kodlama
becerisine ihtiya¢c duymadan istatistiksel analizler yapabilme yetenegi de elde
edilmektedir. Bu gelismeler sayesinde uzman olmayan arastirmacilar dahi istatistiksel
yontemleri kolaylikla kullanarak veriler tizerinde calisma pratiklerini gelistirebilmekte
ve bu alandaki tecriibelerini artirabilmektedir.

Doktora tez calismasinda gelistirilen bu entegre sistemin stirdiiriilebilirligi ve
bilimsel kapsaminin genisletilmesi, gelecekte cok degiskenli modeller, yapisal kirilmali
analizler ve makine 6grenmesi tabanli zaman serisi yontemlerinin de platforma dahil
edilmesiyle miimkiin olacaktir. Bu dogrultuda, platformun dinamik bir sekilde
gelistirilmesi ve kullanici geri bildirimleri dogrultusunda gtincellenmesi, dijital bilimsel
araclarmn yaygmlasmasi adina dnemli bir katki saglayacaktir.

-13-



3rd International Scientific Research Congress Book April 26-27, 2025, Istanbul

KAYNAKCA

Dickey, D. A., and Fuller, W. A. (1979). Distribution of the estimators for autoregressive time
series with a unit root. Journal of the American Statistical Association, 74(366), 427—431.
https://doi.org/10.1080/01621459.1979.10482531

Enders, W., and Granger, C. W. J. (1998). Unit-root tests and asymmetric adjustment with an
example using the term structure of interest rates. Journal of Business and Economic
Statistics, 16(3), 304-311. https://doi.org/10.1080/07350015.1998.10473717

Enders, W., and Siklos, P. L. (2001). Cointegration and threshold adjustment. Journal of Business
and Economic Statistics, 19(2), 166—176. https://doi.org/10.1198/073500101316970395

Engle, R. F., and Granger, C. W. J. (1987). Co-integration and error correction: Representation,
estimation, and testing. Econometrica, 55(2), 251-276. https://doi.org/10.2307/1913236

Hu, J., and Chen, Z. (2016). A unit root test against globally stationary ESTAR models when
local condition is  non-stationary. Economics  Letters, 146, 89-94.
https://doi.org/10.1016/j.econlet.2016.07.027

Johansen, S. (1988). Statistical analysis of cointegration vectors. Journal of Economic Dynamics
and Control, 12(2-3), 231-254. https://doi.org/10.1016/0165-1889(88)90041-3

Kapetanios, G., Shin, Y., and Snell, A. (2006). Testing for cointegration in nonlinear smooth
transition error correction models. Econometric  Theory, 22(2), 279-303.
https://doi.org/10.1017/S0266466606060113

Kilig, R. (2011). Testing for a unit root in a stationary ESTAR process. Econometric Reviews,
30(3), 274-302. https://doi.org/10.1080/07474938.2010.483885

Kwiatkowski, D., Phillips, P. C. B., Schmidt, P., and Shin, Y. (1992). Testing the null hypothesis
of stationarity against the alternative of a unit root. Journal of Econometrics, 54(1-3),
159-178. https://doi.org/10.1016/0304-4076(92)90104-Y

Park, J. Y., and Shintani, M. (2016). Testing for a unit root against transitional autoregressive
models. International Economic Review, 57(2), 635-664.
https://doi.org/10.1111/iere.12170

Phillips, P. C. B., and Perron, P. (1988). Testing for a unit root in time series regression.
Biometrika, 75(2), 335-346. https://doi.org/10.1093/biomet/75.2.335

Sollis, R. (2009). A simple unit root test against asymmetric STAR nonlinearity with an
application to real exchange rates in Nordic countries. Economic Modelling, 26(1), 118—
125. https://doi.org/10.1016/j.econmod.2008.06.003

Zivot, E., Andrews, K. (1992). Further Evidence On The Great Crash, The Oil Price Shock,
and The Unit Root Hypothesis. Journal of Business and Economic Statistics,10(3),
251-270.

-14-
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Abstract

The aim of this study is to examine the academic studies on health expenditures by
bibliometric analysis method and to provide information to researchers on the subject.

In this study, 40 publications on health expenditures in various scientific databases
(dergipark, google scholar) between 2010 and 2024 were analyzed bibliometrically. The
publications aim to reveal the research dynamics in the field of health expenditures by
examining the most cited studies, most frequently used keywords, number of authors and
collaboration networks.

According to the results of the study, research on health expenditures has
increased significantly in recent years and various interdisciplinary approaches have been
adopted. In particular, it has been observed that the cost of chronic diseases, the impact of
aging population on health expenditures and the economic evaluation of health
technologies have also attracted increasing attention, and health expenditures and access
to health services in developing countries have also attracted increasing attention.

Keywords: Health, Health Expenditures, Health Economics and Bibliometric
Analysis
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Ozet

Bu calismanin amaci, saglhik harcamalar: ile ilgili yapilmis olan akademik
calismalar1 bibliyometrik analiz yontemiyle inceleyerek, arastirmacilara konu ile ilgili
bilgiler sunmaktir. Calismada cesitli bilimsel veri tabanlarinda (dergipark, google scholar)
yer alan, 2010-2024 yillar1 arasinda saglik harcamalar1 baslikli calismalarin bibliyometrik
analiz yapilarak degerlendirilmesi amaglanmistir. Calisma kapsaminda bashiginda saghk
harcamalar1 kelimesi bulunan 35 yayimn tespit edilmistir. Yaymnlar; en ¢ok atif alan
calismalar, en sik kullanilan anahtar kelimeler, yazar sayilari, unvanlar: ve ¢alismanin dili
gibi parametreleri inceleyerek saglik harcamalar1 alanindaki arastirma dinamiklerini
ortaya koymayr amaglamaktadir. Arastirmanmn sonuclarmna gore, calismalarin hem
bireysel hem de ortak isbirligi ile yapildig1, saglik harcamalar1 konusundaki arastirmalarin
son yillarda onemli bir artis gosterdigi ve cesitli disiplinler arasi yaklasimlarin
benimsendigini ortaya koymaktadir. Ozellikle kronik hastaliklarin maliyeti, yaslanan
niifusun saglik harcamalar1 tizerine etkisi ve saglik teknolojilerinin ekonomik
degerlendirilmesi konularinin da giderek artan bir ilgi gordiigti ayrica gelismekte olan
tilkelerdeki saglik harcamalar1 ve saglik hizmetlerine erisim konularmin giderek artan bir
ilgi gordugii gozlemlenmistir.

Anahtar Kelimeler: Saglik, Saglik Harcamalari, Saglik Ekonomisi ve Bibliyometrik
Analiz

GIRIS
Saglik, stirdiirtilebilir kalkinmanin temel bilesenlerinden biri olarak,
organizasyonel ve finansal bir sistemin destegine ihtiya¢ duyar. Bu sistemin yap1 taslarin

olusturan kurumlar saglik sektortinti olustururken, bu sektore yonelik yapilan harcamalar
saglik harcamalar1 kavrami icinde degerlendirilmektedir.(Filiz Ers6z, 2008).

Saglig: gelistirmek ve iyilestirmek icin hammadde ve emek gibi kaynaklar etkili bir
sekilde kullanilmalidir. Etkili tiretimin temel unsurlarindan biri son yillarda tiim tlkeler
icin 6nemli insan sermayesi birlikte, yatirimlarda insan sermayesini artiran faktorlerdeki
degisim, devletin ana politikalarindan biriydi. Insan sermayesi kavrami gegcmisten beri,
ozellikle 1980'lerden beri is literattirtinde kullanilir (F. Ersoz, 2008).

Saglik harcamalarmin 6nemi, aslinda insan hayatina verilen degeri gosterir; saglikli
olmayan bir bireyin ne calismasi, ne iiretmesi, ne de hayattan tam olarak keyif almasi
miimkiindiir. Bu ytizden bireylerin ve devletlerin saglik alanina yaptig1 harcamalar bir
likks degil zorunluluktur Ote yandan saglik harcamalarmm ekonomi {izerine de etkileri
cok bitytiktiir. Clinkii bir toplumda , hastaliklarin goriilme sikhigr yiiksek ve tedavisiz
olusu nedeniyle is gticli azalir, tiretkenlik diiser,egitim ve gelisim sekteye ugrar buda
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dogrudan ekonomik biiytimeyi etkiler.

Saglik harcamalari, yalnizca ekonomik boyutuyla degil aymi zamanda insan
neslinin gelecegini ilgilendiren yoniiyle de stratejik 6neme sahiptir. Kalkinmanin temel
gostergelerinden biri olarak degerlendirilen saglik harcamalari, tilkelerin gelismislik
diizeyinden bagimsiz olarak tiim toplumlar igin kritik bir konumda yer almakta; her tilke,
farkli diizeylerde saglik sorunlariyla miicadele etmek zorunda kalmaktadir(Oztiirk &
Ugan, 2017).

Saglik harcamalari, tilkelerin sosyokiiltiirel etmenleri ve {ilkede uygulanan saglik
politikalari ile sekillenen degiskelerdir. Ozellikle ikinci diinya savasindan sonra beseri
sermayenin dneminin artmasi, saglik ve saglik harcamalarina verilen 6nemi de artirmistir.
Ulkeler sosyal devlet anlayisi cercevesinde vatandaslarinin saghgmi korumak ve
gelistirmek icin gerekli saglik hizmetlerinin sunumu ve finansmaninin saglanmasi
amactyla kendi yonetim bigimlerine gore saglik sistemlerini olusturmuslardir. Bu
donemde ulusal saglik hizmetleri saglik alanma buytik olglide kamusal nitelik
kazandirmistir(Yilmaz & Yenttirk, 2015).

Bununla  birlikte,son  yillarda  kiiresel — Olcekte  yasanan  demografik
dontistimler,saglik harcamalarinin yapisint ve ditizeyini dogrudan etkilemektedir.
Ogzellikle yash niifus oranindaki artis, beraberinde kronik hastaliklarin yayginlasmasini
getirmekte ve saglik sistemleri tizerinde ciddi bir mali ytik olusturmaktadir. Bu durum,
yaslanma ile saghk harcamalari1 arasmnda giiclii bir korelasyon oldugunu gostermektedir.
Yalcin Balcik ve Konca'nin (2021) panel veri analizi ile ortaya koyduklar: gibi, yash ntifus
oranindaki artisin saglik harcamalar1 {izerinde istatistiksel olarak anlamli ve pozitif bir
etkisi bulunmaktadir. Bu bulgu saglik politikalarmin yaslanan ntifusun ihtiyaclarmi goz
ontinde bulundurarak sekillendirmesinin gerekliligine isaret etmektedir.

Bu baglamda, saglik harcamalarina yonelik akademik ilginin nasil bir seyir
izledigini anlamak; bu alandaki bilimsel tiretimin gelecegi hakkinda fikir verebilir.

YONTEM

Bibliyometri, bir arastirma alanmna katkida bulunan yazarlar1 ve kurumlar
belirlemek, yaygin olarak atifta bulunulan calismalar1 ve sik¢a kullanilan anahtar
kelimeleri gostermek ve belirli bir bilimsel arastirma alanindaki tlkeler, kurumlar ve
yazarlar arasinda is birligini kurmak gibi yaymlarimn cesitli 6zelliklerini ortaya ¢ikarabilen
icerik analizi tiiridiir.

Bibliyometrik analiz, belirli bir alandaki yaymnlarin sayisal veriler tizerinden
degerlendirilmesini saglayarak literatiirdeki egilimlerin, arastirma yogunluklarinin ve
yazar profillerinin belirlenmesine olanak taniyan sistematik bir yaklasimdir.Bu yontem,
ozellikle smirh sayida calisma tizerinden bilgi edinilmek istendiginde, arastirmaciya
disiplinin yapisim1 anlamada pratik bir cerceve sunmaktadir.Literatiirde de vurgulandig:
iizere, bibliyometrik analiz, bilimsel yayinlarmn niceliksel ozelliklerini
inceleyerek,arastrima alanlarmm gelisimini ve egilimlerini ortaya koymada etkili bir
aractir( Gilmez & Ozteke & Giimiis,2020).
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Bu calismada, Dergipark ve Google Scholar veri tabanlarinda yer alan 2010-2024
yillar1 arasinda yayimlanan, ‘saglik harcamalar1” konusunu ele alan makalelerin taranmasi
ile elde edilen 35 makale dikkate alinmistir. Makaleler, yayin yili, yazar sayisi, yazar
tinvani, calismanin dili,alintilanma sayisi, anahtar kelimeler ve sirast gibi cesitli
parametrelere gore literattir incelenmistir. Toplanan veriler, Microsoft excel programi
araciligryla sistematik sekilde kodlanmis ve analiz edilmistir,bulgular tablo ve grafiklerle
desteklenerek sunulmustur.

BULGULAR

Calisma kapsaminda incelenen makalelerin yazar sayilarina gore dagilimi Grafik
1'de gosterilmektedir. Makaleleri yazar sayilarmna gore inceledigimizde iki yazarh
makalelerin toplami dikkate alindiginda onemli bir oramn teskil ettigi gortilmektedir (16
adet). Ayn1 zamanda toplamda 35 adet yayinda, bunlarin 11 adeti tek yazarli olup, dikkat
ceken durum ise iki yazar sonrasi yaymlardaki duststiir. Grafik 2'nin incelenmesinde
arastirmacilarin hem bireysel hem de ortak isbirligi alanlarinda saglik harcamalar1 konulu
calismalar1 yaptiklar: sonucuna varilabilir.

Grafik.1 Makalelerin Yazar Sayilarin1 Gore Dagilimi
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Saglik harcamalart1 konulu calismalar1 inceledigimizde olusan grafik.1’de
makalelerin buiytik cogunlugu 2 yazarli(16 adet), bunu tek yazarli calismalar (11 adet) ile
takip etmektedir.3 yazarli makaleler ise 7 adet olarak tespit edilmistir. Dort yazarli makale
tespit edilmemis olup, bes yazarli yalnizca bir galisma yer almistir. Arastirmacilarin hem
bireysel hem de ortak isbirligi icinde saghk harcamalar1 konulu c¢alisma yaptiklar
sonucuna varabiliriz.
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Grafik.2 Yazarlarin Unvana Gore Dagilim
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Bunlar igerisinde Dog. Dr., Dr. Ogr. Uyesi ve Dr. iinvanlarinda belirgin bir
yogunluk yer almaktadir. Yine Prof.Dr. invanl yazarlarin ve diger tiim arastirmacilarin
Saglik Harcamalar1 konulu ¢alismalara ilgi gosterdigi ve biitiin {invanlar itibariyle ilgili
calismalarin  arastirmacilarin  alanlarmma gore vyapildigr degerlendirilebilir. Tam
arastirmacilar kendileri ile bireysel galisma yaptiklar1 gibi ortak calismalar yapmalar: da
soz konusudur.

Grafik.3 Kullanilan Dile Gore Dagilim

0o

m Tirkce m ingilizce

Arastirmacilarin 31’1 Tiirkce dil kullanimini tercih ederken, 4 arastirmacinin
Ingilizce calisma yaptig1 goriilmektedir.

-19 -



31 [nternational Scientific Research Congress Book April 26-27, 2025, Istanbul

Grafik.4 Sayfa Sayisina Gore Dagilim
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Yapilan calismalar sayfa sayilar: itibari ile degerlendirildiginde arastirmacilar
tarafindan ortalama 10 ile 20 sayfa arasinda arastirmalarin daha fazla yer aldigi, 20
sayfadan fazla ¢calismanin ise daha az yapildig1 degerlendirmesine ek olarak dergilerin
makale kabul ve yazim kurallar1 gergcevesinde ortaya ¢ikmaktadir.

Grafik.5 Makalelerin Yillara Gore Dagilimi1
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Yillara gore dagilima bakildiginda 2017 yilinda en fazla calismanin yapildigy,
pandemi stirecine denk gelen yillarda azaldig1 ardindan seyreden yillarda ise tekrar saghk
harcamalari ile ilgili calismalara 6nem goriiyoruz.

Grafik.6 Anahtar Kelime Sayisina Gore Dagilimi
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Kullanilan anahtar kelime sayisi ¢alismanin igerigine gore yahut arastirmanin
gonderildigi derginin yayin politikasina gore farklihik gosterebilmektedir. Bu noktada 3
anahtar kelime kullanimi en fazla,4-5 anahtar kelime kullanimi nispeten daha az olup, 6
anahtar kelime kullanilan arastirma sayist ise birdir.
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Grafik.7 Saglik Harcamalar1 Kelimesinin Anahtar Kelime Olarak Kullanilma Sayisina Gore
Dagilim
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Saglik harcamalar1 anahtar kelimesi 1.anahtar kelime olarak 14 galismada, 2. ve 3.anahtar
kelime olarak ise 8 er calismada kullanilmistir. Sadece bir ¢alismada anahtar kelime olarak
kullanilmis 4 calismada ise hi¢ kullanilmamuis olarak tespit edilmistir.
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Grafik.8 Atif Sayisina Gore Dagilimi
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Grafikte, saglik harcamalar1 konulu secilmis 35 akademik makalenin atif sayilarina
gore dagilimi yer almaktadir. Grafik incelendiginde yayinlarin biiyiik cogunlugunun atif
aldig1 gorulmektedir.

SONUC

Bu calisma, 2010-2024 yillar1 arasinda yayimlanmis saglik harcamalar: konulu 35
akademik makalenin bibliyometrik analizini sunmaktadir. Yapilan analizler neticesinde,
s6z konusu yaymlarin biiytik cogunlugunun birka¢ yazarla isbirligiyle yazildigy,
yazarlarin ¢ogunlukla akademik unvana sahip oldugu ve calismalarin agirlikli olarak
Tiirkce dilinde kaleme alindig; tespit edilmistir. Yillara gore dagilim incelendiginde saglik
harcamalar1 konusuna yonelik ilginin zamanla arttig1 gozlemlenmistir. Anahtar kelime
analizinde “saglik harcamalar1” teriminin siklikla tercih edilen ilk anahtar kelimelerden biri
oldugu, ancak bazi calismalarda daha alt siralarda yer aldig1 gorulmiistiir. Bu durum,
saglik harcamalar1 konusunun yalnizca tek bir baslik altinda toplanmadigini aksine ¢ok
boyutlu ve farkli bakis acilariyla ele alman genis bir arastirma alani oldugunu
gostermektedir.Elde edilen veriler, secilen 35 makalenin biiyiik ¢cogunlugunun azda olsa
atif aldigini gostermistir.Bu durum akademik camiada yeterince ilgi gormediginden degil,
bu calismanin sinirli sayida yayinla gergeklestirilmis olmasindan kaynaklanmaktadir.

Saglik harcamalari, sadece ekonomik bir gosterge degil; aym1 zamanda bir
toplumun saglik sistemine, vatandaslarin yasam kalitesine ve stirdiiriilebilir kalkinmasina
yaptig1 yatinminda bir 6lgiitiidiir .Ozellikle son yillarda pandemi gibi kiiresel krizler,

-22-



3 International Scientific Research Congress Book April 26-27, 2025, Istanbul

yaslanan niifus, kronik hastaliklarin artisi ve saglik hizmetlerine erisimdeki esitsizlikler
gibi kiiresel sorunlar diistintildiigtinde, saglik harcamalar: tizerine yapilan ¢calismalarin ne
kadar 6nemli oldugunu anlasilmaktadir.

Bu yontem ile, yeni arastirmacilara belirli bir arastirma alanmin evrimi ve gelisim
smirlar1 hakkinda uygun bir genel bakis saglayabilir. Sonug olarak bu analiz bize saglik
harcamalar1 konusundaki yaymlarin akademik etki diizeyine dair sinirli ama anlamli bir
on degerlendirme sunmaktadir. Daha kapsamli bir analiz icin daha genis bir yaym
havuzuna ihtiyac vardir.
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Abstract

The state of failure can be defined as the inability of businesses operating at a
certain level to maintain their operations and order, in short, their inability to fulfill
previous obligations. Financial failure, on the other hand, refers to the inability to meet
short-term debt obligations on time or the insufficiency of cash inflows to cover such
debts. This study aims to explain the conceptual framework of the terms ‘failure’ and
‘financial failure’, addressing the emergence of the term financial failure as well as its
internal and external causes. Within this context, a literature review was conducted and
presented through the method of bibliometric analysis. Based on the concept of financial
failure in various businesses and sectors, a bibliometric analysis was carried out on 30
studies that included the term "financial failure" and were published between 2014 and
2024 — the last ten years The articles were evaluated based on criteria such as the name
of the journal in which the article was published, the year of publication, the number of
authors, the authors' academic titles, the language of the study, the research method, the
keywords, and their order. According to the findings, the years in which the concept of
financial failure was studied more frequently, the order and frequency of its appearance
as a keyword, and whether the studies were conducted collaboratively or individually
were examined. The results indicate that studies on financial failure have increased in
recent years. Most of the studies were conducted collaboratively, and the term "financial
failure" generally appeared among the first two keywords.

Keywords: Failure, Financial Failure, Bibliometric Analysis

Ozet

Basarisizlik durumu, belirli diizeyde is yapan isletmelerin artik isleyisi, diizeni
saglayamama kisacas1 onceki yiikiimliiliiklerini yerine getirememe durumu olarak da
ifade edilebilir. Finansal basarisizlik ise kisa stire icerisinde 6denmesi gereken borg
yliktimliiliiklerinin zamaninda 6denememesi ya da elde edilen nakit gelirlerin borglar1
kapatmaya yetmemesi durumudur. Bu calismada, “basarisizlik” ve ‘finansal basarisizlik’
kavramlarmin kavramsal gercevesini aciklayarak, finansal basarisizlik kelimesinin
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ortaya cikisina, finansal basarisizliklarin i¢ ve dis nedenlerine deginilmektir. Bu
baglamda literatiir taramasi yapilarak, yapilan literatiir calismas: bibliyometrik analiz
calismas1 yontemi ile aktarilmistir. Cesitli isletme ve sektorlerdeki finansal basarisizlik
kavrami baz alinarak yapilan literatiir taramasindan 2014/ 2024 yillar1 arasinda yani son
10 yilda finansal basarisizlik kelimesini baz alan 30 adet galisma {izerinden bir
bibliyometrik analiz calismas1 yapilmistir. Makaleler, makalenin yaymlandig1 derginin
adi, yayin yili, yazar sayisy, yazar unvani, calismanin dili, arastirma yontemi, anahtar
kelimeler ve sirasi gibi kriterlere gore degerlendirilmistir. Elde edilen bulgular
dogrultusunda finansal basarisizlik kavraminin hangi yillarda daha ¢ok ¢alismaya konu
olduguna ve anahtar kelime olarak ne siklikla, hangi sirada olduguna bakilarak,
calismalarin ortak mu bireysel olarak m1 daha fazla yiirtitiildtigtine bakilmistir.

Elde edilen sonugclara gore finansal basarisizlik tizerine son yillarda yapilan
calismalar giderek artis gostermektedir. Calismalar genellikle ortak olarak ytirtittilmiis
olup, finansal basarisizlik kavrami anahtar kelime olarak genellikle 1.ve 2.siralarda yer
almaktadir.

Anahtar Kelimeler: Basarisizlik, Finansal Basarisizlik, Bibliyometrik Analiz

GIRIS
Finansal basanisizlik kavrami ilk defa, wuluslararasi derecelendirme
kuruluslarindan biri olan Dun & Bradstreet tarafindan tamimlanmustir.

Basarisizlik isletmeler icin olas1 bir durum olmakla beraber pek cok durumdan
da bagimsiz olarak gerceklesmektedir. Isletmenin bulundugu tilke ya da icinde
bulundugu sektor gibi durumlar basarisizlik oranindaki artis1 ya da azalis1 etkilemez.
Basarisizlik durumu belirli diizeyde is yapan isletmelerin artik isleyisi, diizeni

saglayamama kisacas: eski yiiktimliiliiklerini yerine getirememe durumu olarak da
ifade edilebilir.

Finansal basarisizlik ise kisa stire igerisinde ©denmesi gereken borg
yliktimliiliiklerinin zamaninda 6denememesi ya da elde edilen nakit gelirlerin borglar1
kapatmaya yetmemesi durumudur. Bir diger ifadeyle beklenen karin beklentinin altinda
kalmasi durumudur. Bu duruma gore isletmelerin vadesi gelmis ytiktimliiltiklerini
yerine getirememesi durumu, isletmenin teknik likiditesini kaybetmesi olarak
tanimlanmaktadir (Gonenli, 1994; 647). Isletmelerin artik tamamen borclarini
odeyemeyecek, giderinin gelirini astifi noktaya gelmesi durumu da iflas olarak
adlandirilmaktadir. Finans teorisinde finansal basarisizlik her ne kadar iflas olarak
adlandirilmis olsa da finansal basarisizlik kavrami daha genis bir kavram olup
isletmelerin yasadig1 kiictik olumsuzluklardan iflasa kadar gergeklesen tiim olumsuz
asamalar1 kapsamaktadir.

Iflas kavramini da icerisine alan finansal basarisizlik kavrami; alacaklilara
bor¢larin 6denmemesi, tahvil faizlerinin ve anaparasinin 6denmemesi, karsiliksiz ¢ek
yazilmasi, firmaya kayyum atanmasi veya isletmenin ti¢ yil iist tiste zarar etmesi
seklinde tanimlanmustir (Aktas, 1997; 6).
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Finansal basarisizliklar isletmenin sektor igerisindeki imaji1 acisindan da oldukga
olumsuz bir durumdur. Isletmenin itibarini zedeleyen bu durum is birligi igerisinde
olunan diger isletmeler ile arasinda giiven sorunlari yasanmasma sebebiyet
vermektedir.

Biitiin basarisizliklarda oldugu gibi finansal basarisizliklar1 da tetikleyen ve
etkileyen bircok etmen vardir. Bu etmenler isletmelerin faaliyet gosterdigi her alanda ve
asamada isletmeleri basarisizliga siiriikleyebilmektedir. Yazin incelendiginde
isletmelerin gerek kendinden kaynaklanan gerekse isletme dis1 aktorlerin (ekonomik
kosullar, rakipler, devlet vb.) uygulamalar: sonucu finansal basarisizlikla neticelenen
faaliyetler icine girdikleri belirlenmistir (Yticel, 2001).

Yani finansal basarisizlig1 temel olarak etkileyen iki neden vardir. Bunlar isletme
ici nedenler ve isletme dis1 (cevresel) nedenler olarak adlandirilabilir.

Isletme ici nedenler; isletmenin kendi icerisinde gerceklesmektedir. Firmalarin
finansal basarisizliklar: genellikle firma ici etmenlerden kaynaklanmaktadir. Bu konuda
yapilan bir calismada isletmelerin basarisizligii %60 oraninda yonetim yetersizligi
etkilemektedir (Celik, 2010: 415). Isletmenin gerceklestirilen pazarlama faaliyetlerindeki
alman yanlis kararlar, yonetim stirecinde verilen yanlis kararlar ve yanls stratejiler ve
finansal faaliyetlerin yonetim ve denetimindeki kullanilan yontem ve kararlar
isletmelerin finansal basarisizlig1 da kaginilmaz bir hale getirmektedir. Ayrica calisma
sermayesi yetersizligi ve asir1 bor¢lanma da firma ici finansal basarisizlik nedenleri
olarak gortilmektedir (Selimoglu ve Orhan, 2015: 26).

Isletmelerin finansal olarak yasadig1 basarisizliklara isletmenin icerisindeki
olumsuzluklarin yani sira isletmenin disinda gerceklesen yani cevresel etmenler de
neden olabilmektedir. Isletme dis1 nedenler isletmelerin elinde olmayan sebeplerden
dolay1 yani kontrolt disinda meydana gelmektedir. Isletme dist nedenler isletmenin dis
cevresinde yasanan gelismelere bagli olarak ortaya cikmaktadir. Ani sermaye
hareketleri, faiz ve doviz kurlarindaki ani degismeler, finansal krizler, enflasyon, kiiresel
rekabet gibi etmenler isletme disi finansal basarisizliga neden olmaktadir (Taspmar
Cengiz vd., 2015: 66).

Isletmeler icin biiytik bir risk teskil eden finansal basarisizlik, tahmin edilmesi
zor olsa da finansal zarar1 en aza indirgemek icin literatiirde baz1 tahmin modelleri
gelistirilmistir. Bu tahmin modellerinden en yaygin olanlar1 su sekildedir;

Oran Analizi (Rasyolar): Klasik yaklasimdir. Karlilik, likidite, kaldira¢ gibi
finansal oranlar analiz edilir (Beaver, 1966; 71).

Altman Z-Score Modeli: Bes farkli finansal oran kullanilarak gelistirilen bu
model iflas riskini tahmin etmede yaygin olarak kullanilir (Altman, 1968; 593).

Logit/Probit Modelleri: Olasilik temelli tahmin yontemleridir (Ohlson, 1980;
111).

Makine Ogrenmesi / Yapay Zeka: Karar agaclari, yapay sinir aglari, destek
vektor makineleri gibi algoritmalar son yillarda sikca kullanilmaktadir (Sun et al., 2014;
1643).
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YONTEM

Bu calismada Finansal basarisizlik kavramini baz alan ¢alismalar incelenerek bu
baglamda literatiir taramasi yapilarak, yapilan literatiir calismas: bibliyometrik analiz
calismas1 yontemi ile aktarilmistir. Cesitli isletme ve sektorlerdeki finansal basarisizlik
kavrami baz alinarak yapilan literattir taramasindan 2014/ 2024 yillar1 arasinda yani son
10 yilda finansal basarisizlik kelimesini baz alan 30 adet calisma {izerinden bir
bibliyometrik analiz calismasi yapilmustir. Makaleler, makale ads1, yayin yili, yazar sayist,
yazar unvani, calismanin dili, arastirma yontemi, anahtar kelimeler ve siras1 gibi
kriterlere gore degerlendirilmistir. Elde edilen bulgular dogrultusunda finansal
basarisizlik kavraminin hangi yillarda daha ¢ok galismaya konu olduguna ve anahtar
kelime olarak ne siklikla, hangi sirada olduguna bakilarak, calismalarin ortak mu bireysel
olarak m1 daha fazla ytirtitildiigtine bakilmustir.

Bibliyometrik analiz, bilimsel calismalarin sayisal olarak sunulan veriler
araciligiyla sistemli bir sekilde incelenmesini hedefleyen bir yéntemdir. Bu analiz bigimi
temelde, bilimsel bilginin ortaya cikisini, tiretim siirecini, dagilimi ve etkisinin
olctilmesinde kullanilir. Bir baska deyisle bu analiz yontemi tiim asamalar1 kapsayan bir
biitiindiir.

Literatiir incelendiginde Bibliyometrik konulu calismalarin ilk olarak 1917
yilinda Cole ve Eales tarafindan 1550-1860 yillar1 arasim1 konu alan karsilastirmali
anatomi alanindaki ¢alismalarin istatistiki bir analizinin yapilmasiyla ortaya konuldugu
goriilmektedir. Tiirkiye” de ise Ozinonii tarafindan 1970 yilinda yayinlanan ve biyoloji,
astronomi, kimya, fizik, matematik ve yer bilimleri alanlarindaki bilimsel verimliligi
olgen calisma, bibliyometrik anlamda yapilan ilk calisma olarak kabul edilmektedir
(Hotamush & Erem, 2014: 3-5).

Yayin sayisy, atif sayisi, yazar, dergi, kurum, tilke ve anahtar kelime analizleri
gibi cesitli olctitlerle gerceklestirilir. Bu sayede bir alandaki arastirma egilimleri, is
birlikleri ve etkili yapilar ortaya konulabilir (Bayrak ve Soylemez, 2021: 182-204).

Bibliyometrik analiz belirli bir alandaki yapilan calismanin zaman icerisindeki
gelisim stirecini inceleyerek, 6ne ¢ikan 6zelliklerini gozler 6ntine sermek igin kullanilir.
Calismalarin performanslarmin degerlendirilmesi acisindan arastirmalarin nicelik ve
nitelik itibari ile gelisiminin bilim dallar1 i¢in 6nemli bir yere sahip olmas1 bakimindan
bibliyometrik arastirmalari, bilimsel calismalarin niceliksel ve niteliksel olarak
degerlendirmesine olanak saglamaktadir. (Yilmaz, 2017: 66).

Bibliyometrik analiz calismalari, yapilan bilimsel arastirma ve galismalarmin
degerlendirilmesi ve arastirma yontem ve politikalarinin sekillendirilmesi bakiminda
oldukca faydali bir analiz yontemidir.

BULGULAR

Bu calisma da ele alinan ve cesitli yonleri ile bibliyometrik analiz yontemi
uygulanan makalelerin yayinlandig dergilerin isimleri Tablo 1" de yer almaktadir. Tablo
1 incelendiginde Finansal basarisizlik kavraminin gerek ulusal gerekse uluslararasi
alanda, birbirine baglantili ya da farkli sektorlerde calismalarda ele alindigin
gortilmektedir. Pek ¢cok kamu ve ¢zel sektorde yerli dergilerin yam sira uluslararasi
dergilerde de yaymlanan ¢alismalar konun genis bir alanda kendisine yer bulabildigini
kanitlar niteliktedir.
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Tablo 1. Makalelerin Yayinlandig1 Dergiler

Dergi ad: Say1

International Academic Journal [Econder]

Hacettepe Saglik Idaresi Dergisi
Akademik Bakis Dergisi
MANAS Sosyal Arastirmalar Dergisi

Uluslararasi Yonetim Iktisat ve Isletme Dergisi

Abant Sosyal Bilimler Dergisi

Mubhasebe ve Finansman Dergisi

Uluslararasi Saglik Yonetimi ve Stratejileri Arastirma Dergisi

Adiyaman Universitesi Sosyal Bilimler Enstitiisti Dergisi

Anatolia: Turizm Arastirmalar1 Dergisi

Finans Ekonomi ve Sosyal Arastirmalar Dergisi (FESA)

Istanbul Nisantas1 Universitesi Sosyal Bilimler Dergisi

Giincel Turizm Arastirmalar1 Dergisi

Alanya Akademik Bakis Dergisi

Journal Of Emerging Economies And Policy

VI. International Symposium on Accounting and Finance ISAF

Mali Coztim Dergisi

Uluslararas: Ekonomi ve Yenilik Dergisi

Journal of Forestry

Business and Economics Research Journal

Omer Halisdemir Universitesi Iktisadi ve Idari Bilimler Fakiiltesi Dergisi

Seyahat ve Otel Isletmeciligi Dergisi

Risk ve Finansal Yonetim Dergisi

Isletme Arastirmalar: Dergisi

Indian Journal of Fundamental and Applied Life Sciences

R lRr|lRr|lRrR[R|R|R|R[ R R|RR]R]R|IR[N]R|IRR|N]R|IR[R|N|R|R

E-Proceeding of Management

Asagida Grafik 1° de rastgele se¢me yontemi elde ettig§imiz ve calismanin
evrenini olusturan 30 adet calismanin son 10 yil igerisindeki dagilimmin yillar
icerisindeki durumunu gosterilmektedir. Cesitli araliklarla artis ya da azalis gosteren
grafikte son 10 yilda konu ile alakali her yil en az 1 calismanin yapildig1 gortilmektedir.
Konu ile alakali yapilan galismada 2022 yilinda bir artis meydana gelmektedir. Bunun
sebebini ise Covid-19 siireci ile iliskilendirmek miimkiindiir.
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Grafik 1. Calismalarin Yayinlandig: Yillara Gore Dagilimi
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Pandemi siirecinden etkilenen isletmelerin finansal basarisizlik oranlar1 hizla
yiikselirken ¢alismalara da bu durumun yansidig goriilmektedir. 2019 pandemi stireci
ile sirketler finansal basarisizlik stirecine girmistir. Pandemi gibi 6n goriilemeyen
durumlar pek ¢ok sirketi finansal acidan sarsintiya ugratmistir. 2020 itibar: ile konu
tizerinde ¢alismalar da say1 olarak artisa gegmistir.

Asagida bulunan Grafik 2 calismalarin yazar sayisina gore dagilimlarim
gostermektedir. Grafik 2" ye bakildiginda calismalarin genellikle ¢ok yazarli olarak
yurituldigi gortilmektedir.

Grafik 2. Calismalarin Yazar Sayisina Gore Dagilimi
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Grafige gore cogunlukla 2 ya da 3 yazarli olarak ytirtitiilen calismalar genellikle

2 yazarh olarak yuritiilmesinin yan sira calismalarin bireysel olarak da yapildigi
gorilmektedir.
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Grafige bakildiginda 4 yazarli ¢alismalarin ise nerdeyse yok denecek kadar az
oldugu gortlmektedir.

Asagida yer alan Grafik 3 ¢alismalar yiirtiten yazarlarin unvanlarinmn dagilimi
hakkinda bilgi vermektedir. Grafik’ e gore arastirmacilarin ¢cogunlugunu Dr. unvanl
arastirmacilar olusturmaktadir. Dr. unvanlhi kigilerin ardindan Prof. Dr. unvanl
arastirmacilarin da sayismin fazla oldugu goriilmektedir.

Grafik 3. Caligsmalarin Yazar Unvanina Goére Dagilimi
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Diger unvanlara olan ¢alisma sayisi grafikte belirtilmistir. Grafik 3’e gore bircok
alandan ve unvandan calismalar yiirtiten arastirmacilar oldugu goriilmektedir.

Calismalarda kullanilan calisma yontemi asagidaki Grafik 4. gosterilmistir.

Grafik 4. Calismalarin Yontemlerine Gore Dagilimi
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Grafik 4" e bakildiginda galismalarin biiyiik ¢cogunlugunu nicel calismalarin aldigini
gormek mumkiindiir. Arastirmacilarin  genellikle nicel arastirma ydnteminin
kullanilmasimin sebebi finansal basarisizlik kavraminin dogrudan finans ile iliskili
olmasindan kaynaklidir. Nicel calismalar sayisal bulgularin elde edildigi calisma
yontemidir. Dolayisiyla finansal bir konuda sayisal olmayan galismalara rastlamak pek
miimkiin degildir. Bunun i¢in de ¢alisma evrenimizdeki calismalar da gogunlukla nicel
verilerden olusmakla birlikte nitel ve nicel verilerin bir arada kullanildig: karma yontem
olarak da gortilmektedir.

Asagida bulunan Grafik 5 te calismalarda arastirmacilarin kullandigr dil dagilim
gosterilmektedir.

Grafik 5. Calismanin Kullanilan Yazim Diline Gore Dagilimi1
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Grafik 5e bakildiginda arastirmacilarin genellikle Tiirkge dilinin kullanildig:
yapilan 27 calismada yazim dili olarak Tiirkgeyi tercih ettikleri sadece 3 calismada
calisma dili olarak yabanci dillerin kullanildig1 goriilmektedir.

Asagida yer alan Grafik 6" da calismalarda kullanilan anahtar kelime sayilar: yer
almaktadir.

Arastirmacilarin ¢alismalarinda genellikle anahtar kelime sayisi olarak 5
kelimelik tercihlerde bulundugu goriilmektedir.
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Grafik 6. Calismada Kullanilan Anahtar Kelime Sayisina Goére Dagilimi
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Calismalarda genellikle 5 kelimelik anahtar kelime tercihinin yanm sira
arastirmacilarin 4 kelimelik tercihlerde de bulunduklar: goriilmektedir. Grafik 6" a gore
3 kelimelik anahtar kelime kullanimi ve 6 kelimeden olusan anahtar kelime kullanimi
¢ok tercih edilmeyen anahtar kelime kullanim sayilar1 oldugu soylenebilir.

Asagidaki bulunan Grafik 7' de arastirmacilarin calismalarinda kullandig:
anahtar kelimelerin icerisindeki finansal basarisizlik kavramimin anahtar kelime
sirasinda kaginci sirada yer aldigini gostermektedir.

Grafik 7. Finansal Basarisizlik Kelimesinin Anahtar Kelime Olarak Kullanilma
Sirasi

0 1 2 3

Bu grafige gore arastirmacilarin finansal basarisizlik kavramina genellikle 1.
sirada yer verdigi gortilmektedir. Bunun sebebi olarak arastirmacilarin genel olarak
calistiklar1 konuya gore siralama belirliyor olmalar1 gosterilebilir.
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Bu grafige gore yaygimn olarak 1. sirada yer alan finansal basarisizik kavrami bazi
calismalarda finansal basarisizlik {izerine arastirmalar yapilmasina ragmen anahtar
kelimeler igerisinde yer almamistir. Bunun sebebi olarak ise arastirmacinin
calismasindaki dogrudan amag ya da calisma konusunun finansal basarisizlik olmamast
olarak gosterilebilmektedir.

SONUC

Finans sektorii icin oldukca onemli bir yere sahip olan finansal basarisizlik
kavrami son donemlerde calismalara da sik stk konu olmakla birlikte literattirde de yer
edinmektedir.

Finansal basarisizlik kisaca finansal ytiktimliiliiklerine yerine getiremeyen
isletmeler icin kacmilmaz bir sondur. Isletmelerin icerisindeki yasanan kiigiik
olumsuzluklardan iflasa kadar gecen biitiin stireci kapsayan finansal basarisizlik stireci
isletme disarisinda meydana gelen yani cevresel olan miidahalesi miimkiin olmayan
olaylar1 da kapsamaktadir.

Isletmeler rekabet ortamu icerindeki konumunu korumak ve daha da biiytik
paylara sahip olabilmek icin finansal basarisizliklara kars1 her zaman planli ve hazirlikl
olmalidir. Finansal basarisizlik risklerini uygun strateji ve yontemlerle
hesaplamalidirlar.

Isletmeler tarafindan finansal basarisizliklar her zaman tahmin edilebilir olmasa
da onlemler alarak, isletme igerisinde etkin stratejiler uygulayarak ve finansal
basarisizlik risklerini goz ontinde bulundurarak basarisizliklarin en aza indirilmesi
hedeflenmektedir.

Finansal basarisizliklar: erkenden fark edip 6nlem alamayan isletmeler finansal
olarak zorluklarla karsilasabilmektedir. Ayrica bu durum sirket ici calisanlar1 olumsuz
etkileyecegi gibi ortaklalar aras1 gitiveni ve is diinyasindaki konumuna da
zedelemektedir.

Bu calismada finansal basarisizlik kavramimi konu alan 30 adet calisma cesitli
yonleri ele almarak bibliyometrik analiz yontemine gore incelenmistir.

Calismalarin yer aldig1 dergiler analiz edilerek finansal basarisizlik kavraminin
pek cok sektorde gerek yerli dergilerde gerekse uluslararas: dergilere konu olabilecegi
gorulmisti.

Bibliyometrik analiz yontemine gore elde edilen 30 adet calismani;

Cogunun 2022 yilinda yayinlandig1 ve yillara gore dagilimmin degiskenlik
gosterdigi tespit edilmistir. 2017, 2020 ve 2023 yillarinda 4" er calisma yayinlanarak esit
bir dagilim gosterdigi gortilmusttir.

Calismalarin genellikle 2 kisi ile ytirtittildtigi fakat 3 kisilik arastirma ekipleri ile
de siklikla calismalar yapildig: goriilmiistiir. Ayrica bireysel olarak yapilan calismalarm
da mevcut oldugu goriilmektedir.

Calismalar1 yiirtiten arastirmacilarin  biytik  ¢ogunlugunu Dr. unvanh
arastirmacilar oldugu tespit edilmistir. Prof. Dr. ve Dog. Dr. unvanl arastirmacilarin da
sayica fazla bulundugu arastirmacilarin iginde yiiksek lisans 6grenciler, doktora
ogrencileri ve ogretmenler gibi cesitli unvanlardan arastirmacilar da bulundugu
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gorilmistiir. Finansal basarisizlik kavrami pek cok unvandan kisinin arastirma konusu
olabilecek ttirden bir kavram oldugunu gostermektedir.

Incelenen calismalarda yontem olarak sayisal veri analizleri yapildig1 ve finansal
bir konu oldugu igin genellikle nicel yontemler kullanildig1 tespit edilmistir. Nitel
verilere ¢ok yer verilmese de nicel verilerle birlikte kullanilarak karma yontem olarak
calismalarda yer aldig: goriilmektedir.

Arastirmacilarin galismalarinda ¢ogunlukla Tiirkce dilini tercih ettigi yalnizca 3
adet calismanin dilinin yabanci dil oldugu tespit edilmistir. Bu ¢alismaya gore finansal
basarisizlik kavraminin Tiirkge literatiirde daha cok yer edindigi sdylenebilmektedir.

Calismalarda kullanilan anahtar kelime sayisi genellikle 5 kelimelik anahtar
kelime kullanimui olarak goriiliirken 4 kelimelik anahtar kelime kullanimi da yaygin
olarak yer almustir.

3 ve 6 kelimelik anahtar kelime kullanimina sahip ise 2'ser adet ¢alisma oldugu
tespit edilmistir.

Incelenen calismalar icerisinde anahtar kelimelerin icerisinde finansal
basarisizlik kavraminin kullanim sirasina bakildiginda ise cogunlukla 1. sirada yer alan
bu kavramin 2. ve 3. siralarda da yer aldig gortilmustiir. Baz1 calismalarda ise finansal
basarisizlik kavrami incelenmesine ragmen anahtar kelime olarak yer verilmemis olmasi
yapilan calismalarin dogrudan finansal basarisizlik kavrami ile ilgilenmiyor olusu
olarak degerlendirilebilir.

Bu calisma smirh sayida rastgele secilen 2014/2024 aras: yillardaki yapilan 30
calismay1 baz alarak yurttilmustiir. Cesitli sinirliliklar: bulunmasi dolayisiyla arastirma
kapsamina alinmayan c¢alismalar bulunmaktadir. Yapilan incelemeler sonucu ulasilan
sonugclar farkli calisma evrenlerinde degisiklik gosterebilmektedir. Yapilan bu ¢alisma
diger evrenlerle sonuglar1 karsilastirabilme olanag1 saglamaktadir. Arastirma
smirliliklar degistirilerek ya da genisletilerek calisma yeniden yapilabilir ve bu calisma
ile kiyaslamalar yapilarak yeni tartisma konular1 ve bulgular olusturulabilir.

Ayrica finansal basarisizlik kavramini konu alan ¢alismalar arttirilarak literatiir
zenginlestirilebilir, artan calismalar sayesinde isletmeler daha kapsamli bilgilere
ulasabilir ve bu dogrultuda stratejiler gelistirebilirler.
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Abstract

Insurance is a bilateral contract made to financially protect against risks. Insurance
companies are the organizations that provide this protection and manage risks. The insurance
sector is an important area where risks are shared to provide financial protection and support
economic development. This study discusses the conceptual definition of insurance and the
insurance industry, types of insurance, the historical development of insurance, the insurance
sector and its structure in Turkey, the measures that need to be taken for its development, and
current developments. In this context, literature related to insurance and the insurance
industry is examined using bibliometric analysis. Bibliometric analysis is the quantitative
examination of academic literature. A total of 27 articles published between 2010 and 2025,
containing the word "insurance" in their title, were analyzed. The articles were evaluated
based on their title, publication year, number of authors, author institutions, and keywords.
The purpose of this study is to comprehensively examine the research conducted in the field
of insurance, evaluate the current state and development of insurance in the literature. As a
result of the study, it was observed that the number of insurance-related articles has increased
after 2018, with studies being conducted both individually and through joint collaborations in
various fields.

Keywords: Insurance, Industry, Insurance Sector, Bibliometric Analysis

Ozet

Sigorta, riskleri finansal yonden koruma altmma almak igin iki tarafli yapilan bir
sozlesmedir. Sigortacilik ise bu korumay1 saglayan ve riskleri yoneten kuruluslardir. Sigorta
sektorti, risklerin paylasilarak finansal koruma saglandigi ve ekonominin gelisimini
destekleyen onemli bir alandir. Bu calismada, sigorta ve sigortaciigin kavramsal tanimi,
sigorta tiirleri, sigortanin tarihsel gelisim, Tiirkiye’de sigorta sektorii ve yapisi, gelisimi igin
alinmas1 gereken 6nlemler ve giincel gelismeler ele alinmaktadir. Bu kapsamda, sigorta ve
sigortaciliga iliskin literattiir, bibliyometrik analiz yontemiyle incelenmektedir. Bibliyometrik
analiz, akademik literatiirtin nicel bir sekilde incelenmesidir. Calisma kapsaminda 2010 -2025
yillar1 arasinda yayinlanan ve bashiginda sigorta kelimesi bulunan 27 makaleye ulasilmistir.
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Makaleler, dergi ads, yayin yili, yazar sayisi, yazar kurumu, yazar tinvany, arastirma yontemi,
calismanin dili, anahtar kelimeler ve sirasma gore degerlendirilmistir. Calismanin amac ise
sigorta alanindaki yapilan arastirmalarin detayl sekilde ele almmasi, literatiirdeki sigorta
hakkinda mevcut durum ve gelisim degerlendirmesi yapmaktir. Calismanin sonucu olarak
sigorta konulu makalelerin sayisinda 2018 yilindan sonra ytikselme oldugu, calismalarin hem
bireysel hem de ortak is birligi ile farkli alanlarda yapildig: goriilmdistiir.

Anahtar Kelime: Sigorta, Sigortacilik, Sigorta Sektorti, Bibliyometrik Analiz

GIRIS

Sigorta, yasamda karsilasilan belirsizliklere kars1 koruma saglamak amaciyla gelismis
ve ekonomik oldugu kadar toplumsal acidan da kritik bir sektor haline gelmistir. Sigortacilik
faaliyetleri, bireylerin ve kuruluslarin karst karsiya kalabilecegi riskleri azaltmaysi,
beklenmedik kayiplari telafi etmeyi ve ekonomik dengeyi desteklemeyi hedefler. Bu alanda
yapilan sozlesmeler, kisilere belirli risklere karsi koruma sunarak, yasamin pek ¢ok alaninda
giiven duygusunu pekistirir. Sigorta sektorti yalnizca bireyleri giivence altina almakla kalmaz,
ayni1 zamanda ekonomik kalkinma stireclerinde ve kriz anlarinda ¢nemli gorevler {istlenir.
Sigorta sirketleri; risk degerlendirmesi, prim hesaplama, police olusturma ve miisteri
hizmetleri gibi cok yonlii alanlarda faaliyet gosterir. Bu makale, sigorta ve sigortacilikla ilgili
temel kavramlari, sektordeki gelismeleri ve gelecekteki egilimleri incelemeyi amaglamaktadir.
Bu calismada ilk olarak sigorta ve sigortacilik kavramlar: detayli bir sekilde ele almacak,
sigortanin ttirlerine deginilecek ve literatiirde yer alan sigorta baslikli calismalar bibliyometrik
analiz ile incelenecektir. Oncelikle sigorta kavraminin tanimlarina bakalim.

Tarihsel stire¢ icerisinde insanlar hem dogal afetler hem de toplumsal kaynakl
tehditlerle kars: karsiya kalmislardir. Bu tiir mevcut ya da muhtemel risklere kars1 bireylerin
kendilerini koruma ve gitivence altina alma egilimleri, sigorta kavramimnin ortaya ¢ikmasina
zemin hazirlamistir. Kelime anlamui itibariyla gitivenceyi ifade eden sigorta, yasam stireci
icerisinde ortaya c¢ikmasi kesin ya da muhtemel olan risklerin neden olabilecegi ekonomik
kayiplar: hafifletmek amaciyla diizenlenen; sigortali ile sigorta saglayici yani sigortaci
arasinda yapilan hukuki bir s6zlesme tiirii olarak tanimlanabilir.

Literatiirde sigorta kavramina dair farkli tanimlar mevcuttur. Oziidogru (2017:2),
sigortay1 “daha onceden varlig1 bilinmeyen, fakat ortaya ¢ikma olasiligr bulunan tehlikelere
kars1 varliklar1 ve kisileri, belli bir prim karsiliginda giivence altina alan bir sistem” olarak
tanimlamaktadir. Benzer sekilde Aydmn (2005:66), sigortay: riskin ortaya ¢ikmasi halinde
ekonomik zararin telafisini saglayan bir arag olarak ifade eder. Kocayusufpasaoglu (1998:33)
ise sigortay1r hukuki bir sozlesme iliskisi baglaminda ele alarak, rizikonun gerceklesmesi
durumunda sigortacinin zarar1 karsilamay: taahhtit ettigi bir yap1 olarak tanimlar.

Tanrivermis (2009:55-72), sigortay1 sosyal ve ekonomik giivenligi saglayan kurumsal
bir sistem olarak degerlendirirken; Geng (2011:19), bu yapiy1 risklerin mali sonuglarim
paylasma esasma dayali bir mekanizma olarak tanimlar. Erttirk (2004:25) ise sigortayi,
bireylerin karsilastiklar1 risklere karst dayamisma esasma gore olusturulmus fonlarin
yonetildigi bir yap1 olarak sunar. Baysal (2010:7) da sigortayi, ekonomik tehditlere kars:
bireylerin ve kurumlarin korunmasini saglayan bir arag seklinde aciklamaktadur.

Turkiye Sigorta ve Reastirans Sirketleri Birligi'nin (TSB), yapmus oldugu tanima gore
ise sigorta; “aymn tiirden tehlikeyle karsi karsiya olan kisilerin, belirli bir miktar para 6demesi
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yoluyla toplanan tutarin, sadece o tehlikenin gerceklesmesi sonucu fiilen zarara ugrayanlarin
zararini karsilamada kullanildigy, bir risk transfer sistemidir. Bu uygulama sayesinde kisiler,
kars1 karsiya bulunduklar1 tehlikelerin neden olabilecegi, parayla olctilebilen zararlarini,
nispeten kii¢iik miktarlarda 6demis olduklar1 primler yoluyla paylasmaktadirlar” (TSB,
18.05.2020 tsb.org.tr).

Bu tanimlar ortak olarak, sigortanin temelde belirsizliklerin ekonomik etkilerini
hafifletmeye yotnelik bir gtivence sistemi oldugunu ortaya koymaktadir.

Insanlik, belirsizliklerle ve cesitli risk unsurlariyla gevrili bir diinyada yasamini
stirdtirmektedir. Bu durum, bireylerin hem refah diizeylerini artirma hem de giivenliklerini
saglama amaciyla riskleri en aza indirme yoniinde cesitli stratejiler gelistirmelerine neden
olmustur. Sigorta sistemi ise tam da bu ihtiyactan dogmus; risklerin meydana getirecegi olasi
zararlar1 6nleme, azaltma ya da telafi etme amaciyla gelisim gostermistir.

Toplumsal yapidaki dontistimler ve bireysel ihtiyaclarin cesitlenmesi, kamu
politikalarin da degismesine yol agmakta; bu durum sigorta hizmetlerinin kapsam ve tiir
bakimindan gesitlenmesini beraberinde getirmektedir. Literatiirde sigorta tiirleri temelde
sosyal sigortalar ve o6zel sigortalar olarak iki ana baslik altinda ele alinmaktadir (Aydmn,
2005:66).

Sosyal sigortalar, kamu otoriteleri tarafindan ytrttiilen ve zorunlu katim esasina
dayanan sigorta sistemleridir. Bu sistemlerin temel amaci, bireylerin yasamlarinda
karsilasabilecekleri issizlik, hastalik, yaslilik ve olim gibi sosyal risklere karsi temel bir
guvenlik ag1 sunmaktir (Tanrivermis, 2009:55-72).

Ozel sigortalar, bireylerin veya kurumlarin kendi inisiyatifleriyle dahil olduklar1 ve
ozel sigorta sirketleri tarafindan sunulan istege bagli sigorta hizmetlerini kapsar. Aydin’a
(2005:66) gore, ozel sigortalar ticari bir faaliyet niteliginde olup piyasa mekanizmalari
cercevesinde islem goriir. Ozel sigortalar ayrica hayat ve hayat dis1 sigorta olmak tizere iki alt
baslik altinda incelenmektedir

Hayat sigortalari, bireylerin yasamlariyla ilgili riskleri giivence altina almayi
amaclamaktadir. Oliim, yaghlik, hastalik gibi durumlar karsisinda sigortaliya veya onun
yakinlarina maddi gtivence saglar (Erttirk, 2004:48).

Hayat dis1 sigortalar; yangin, deprem, trafik kazasi, hirsizlik, tarim, nakliyat ve benzeri
risklere kars1t maddi varliklarin korunmasimi amaglar. Bu tiir sigortalar, olgtilebilir ve belirli
olasiliklarla siniflandirilabilir risklere odaklanir (Geng, 2011:74).

Giintimtizde toplumsal yasamin temel yapi taslarindan biri haline gelen sigortacilik
sektorti, ekonomik sistemin isleyisinde kritik bir rol oynamaktadir. Refah seviyesi yiiksek ve
ekonomik olarak gelismis tilkelerde sigortacilik faaliyetleri biiytik 6l¢tide 6nem kazanmustir.
Buna karsin, gelismekte olan ya da az gelismis tilkelerde karsilasilan ekonomik sorunlarm
temel nedenlerinden biri diisiik tasarruf oranlaridir. Bu tiir ekonomilerde siirdiiriilebilir
kalkinmanin saglanabilmesi, mevcut tasarruf potansiyelinin ekonomiye kazandirilmasi ve
tiretken yatirimlara yonlendirilmesi ile miimkiin olabilmektedir. Bu baglamda sigorta sektorti,
potansiyel tasarruflari reel tasarrufa dontistiirerek ekonomik biiytimeye katki saglayan énemli
bir arag olarak one ¢ikmaktadir. Olusturdugu fonlarla sigortacilik, 6zellikle gelismekte olan
tilkelerde kalkinmanin finansmaninda stratejik bir kaynak niteligi tasimaktadir (Okunakul,
2005:94).

Sigorta sektorti, ozellikle ytiksek refah seviyesine sahip ve piyasa ekonomisinin hakim
oldugu tilkelerde, finansal sistemin en énemli iki unsurlarindan biri olan bankalarla birlikte
yer almaktadir. Tiirkiye’de genellikle yeterince taninmasa da bazi Bati iilkelerinde sigorta
sirketlerinin buytikltigii o kadar fazladir ki, bu sirketler, gelirlerini degerlendirmek amaciyla
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btinyelerinde bankalar kurabilmektedirler. Bu nedenle sigorta sektorii, her canli ve biiytiyen
ekonominin vazgecilmez sektorii haline gelmistir. Baska bir deyisle, sigorta sektorti, gelismis
tilkelerde ekonominin diger faaliyet alanlarmi etkileyen ve destekleyen 6nemli bir sektor
olarak karsimiza ¢gitkmaktadir.

Turkiye sigorta sektorii, ekonomik biiytime, finansal gelisim ve sosyal giivenlik
sistemine katki saglama acgisindan o6nemli bir rol {istlenmektedir. Sektdr, her gecen yil
biiytiyerek ekonomik kalkinmaya hizmet etmekte ve toplumsal giivenligi saglamaktadir.
Yazicioglu (2020:85), sigorta sektoriiniin Tirkiye'nin finansal sisteminde her gecen yil daha
biiytiik bir yer tuttugunu belirtirken, "Sigorta sektorti, finansal piyasalarda istikrar saglayici ve
sermaye birikimi yaratici isleviyle dikkat cekmektedir" ifadesine yer vermektedir.

Okunakul (2005:94), sektorti "Ttirkiye'deki sigorta sektorti, gelisen ekonomik yapi ile
paralel olarak hizmet cesitliligini artirmus ve yerli sigorta tirtinleriyle kiiresel piyasada rekabet
edebilir hale gelmistir" seklinde tanimlamaktadr.

Turkiye sigorta sektorti, son yillarda 6zellikle Bireysel Emeklilik Sistemi (BES) ile
dikkat ¢ekmektedir. 2017 yilinda yiirtirliige giren otomatik katilim sistemi, Turkiye’deki
tasarruf oranlarini artirmaya yonelik énemli bir adim olmustur. Aydin ve Yilmaz (2019:78), bu
diizenlemenin etkisini ele alirken "Otomatik katilim sistemi, bireylerin emeklilik
donemlerinde ek gelir saglama firsat1 sunarken, ayn: zamanda tilke ekonomisine de ciddi
katkilar saglamaktadir" seklinde bir degerlendirmede bulunmaktadur.

LITERATUR ARASTIRMASI

Sigorta ve sigortacilik, ekonomik sistemin temel taslarmdan biri olarak, bireylerin ve
kurumlarmn kars: karsiya kaldig: risklerin yonetilmesinde merkezi bir rol oynamaktadir. Bu
alan, yalnizca finansal gtivence saglamakla kalmayip ayn: zamanda ekonomik kalkinmay1
destekleyen tnemli bir sektordiir. Literattirde sigortacilikla ilgili yapilan ¢alismalar, sektorel
gelismeler, yapisal dontisimler ve toplumsal etkiler acisindan cesitli bakis acilar
sunmaktadir.

Son yillarda yapilan arastirmalar, sigorta sektdriintin ekonomik biiytime, tasarruflarin
artirilmas1 ve finansal sistemin istikrar1 tizerindeki etkilerini detayli bicimde incelemistir.
Ayrica, sektorde yasanan dijital doniisiim, miisteri odakli hizmet anlayis1 ve yeni tirtin
cesitliligi de akademik calismalarin odaginda yer almaktadir.

Bu boliimde, sigorta ve sigortaciliga iliskin literatiirde yer alan bazi galismalara ve
bulgularma yer verilmektedir.

Kamilgelebi (2012) Tiirkiye'de Sigorta Sektoriiniin SWOT Analizi calismasinda,
Turk sigorta sektoriiniin i¢ ve dis cevresinde karsilasabilecegi firsatlar, tisttinliikler, tehditler
ve zayifliklar: ele almustir. Sektoriin giiclii yonleri arasinda geng niifus ve biiyiime potansiyeli
vurgulanirken, zayif yonleri arasinda sigorta bilincinin diistik olmas1 ve yetersiz denetim
mekanizmalar: belirtilmistir.

Kotan (2020) Sigortacilik Sektoriiniin Gelisimi ve Dijitallesmesi Siirecinin SWOT
Analizi calismasinda, Tiirkiye'deki sigortacilik sektortintin  dijitallesme  siirecinde
karsilasabilecegi firsatlar, {stiinliikler, tehditler ve zayifliklar1 analiz etmektedir.
Dijitallesmenin, sigorta sirketlerinin hizmet kalitesini artirma ve miisteri memnuniyetini
saglama acisindan onemli firsatlar sundugu belirtilmistir.

Yilmaz (2021) COVID-19'un Tiirk Sigorta Sektoriine Etkisi calismasinda, COVID-19
pandemisinin Tiirk sigorta sektorii tizerindeki etkilerini incelemistir. Pandemi stirecinde
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saglik sigortalarma olan talebin arttigi, ancak genel olarak sektoriin biytime hizinda
yavaslama yasandig tespit edilmistir.

Celik & Yildiz (2021) Sigorta Sektoriinde Regiilasyonlarin Etkisi calismasinda,
Turkiye'deki sigorta sektoriinde uygulanan regiilasyonlarin sektorel gelisim {izerindeki
etkilerini analiz etmektedir. Bulgular, dtizenleyici cercevenin sektoriin biiytimesi ve
guivenilirligi acisindan kritik oldugunu ortaya koymaktadir.

Pehlivan & Akpinar (2022) Tiirkiye'de Hayat Dis1 Sigorta Sirketlerinin Performans
Degerlendirmesi calismasinda, Tiirkiye'de faaliyet gosteren hayat disi sigorta sirketlerinin
performansini TOPSIS ve Gri Iliskisel Analiz yontemleriyle degerlendirmistir. Analiz
sonucunda, sirketlerin performanslarinda onemli farkliliklar oldugu ve bazi sirketlerin
sektorde one ¢iktig1 belirlenmistir.

Kara & Ozkan (2022) Sigorta Bilincinin Artirilmasinda Egitim Programlarinin Rolii
calismasinda, Turkiye'de sigorta bilincinin artirilmasinda egitim programlarinin etkisini
degerlendirmektedir. Sonuclar, egitim programlarmin sigorta farkindaligmi ve katiliminm
artirmada etkili oldugunu gostermektedir.

Tiirkiye Sigortacilik Sektorii Ekonomik Etki Analizi (2022) calismasinda, sigorta
sektortintin Tiirkiye ekonomisine katkilarmni analiz etmistir. Sigorta sektoriiniin ekonomik
biiytimeye olumlu etkileri oldugu, ancak sigorta penetrasyonunun diisiik seviyelerde kaldig:
belirtilmistir.

Tiirkeri (2023) Sigortacilik Sektoriinde Basari Kriteri Olarak Pozitif Psikolojik
Sermaye calismasinda, sigorta sektdriinde calisanlarin pozitif psikolojik sermaye diizeylerinin
is performans tizerindeki etkisini incelemistir. Sonuglar, yiiksek pozitif psikolojik sermayeye
sahip calisanlarin daha yiiksek is performansi sergiledigini gostermistir.

Torusdag, Tepeci & Metin (2023) iklim Degisikliginin Sigorta Sektorii Uzerindeki
Etkileri Tiirkiye Ornegi calismasinda, iklim degisikliginin Tiirkiye'deki sigorta sektorii
tizerindeki etkilerini analiz etmistir. Artan dogal afetlerin, sigorta taleplerini ve risk yonetimi
stratejilerini nemli ol¢tide etkiledigi belirtilmistir

Yilmaz & Demir (2023) Sigorta Sektoriinde Dijitallesme ve Miisteri Deneyimi
calismasinda, Tirkiye'deki sigorta sektortinde dijitallesmenin miisteri deneyimi {izerindeki
etkilerini incelemektedir. Arastirma, dijital platformlarin misteri memnuniyeti ve sadakati
tizerindeki olumlu etkilerini ortaya koymaktadir.

YONTEM

Bu calismanin amaci, yayimlanmus sigorta ve sigortacilik temali akademik makalelerin
bibliyometrik yontemle analiz edilerek degerlendirilmesidir. Calismanin odagmi ise "sigorta"
ve "sigortacilik" temali akademik yayinlar olusturmaktadir. Calisma kapsaminda yalnizca son
15 yillik dénemde yayimlanmis olan toplam 27 makale indirilmis ve degerlendirmeye tabi
tutulmustur. Ilgili makaleler; dergi adi, yaym yili, yazar sayisi, yazarlarn kurumsal
baglliklari, yazar tinvani, c¢alisma dili, arastirma yontemi, anahtar kelimeler ve siras1 gibi
cesitli bibliyometrik kriterler dogrultusunda analiz edilmistir.

Bibliyometrik analiz, bilimsel yaymlarin sayisal veriler araciligiyla sistematik olarak
incelenmesini amaclayan bir arastirma yontemidir. Bu yontem, belirli bir alandaki akademik
literattirin  yapisini, egilimlerini ve gelisimini degerlendirmek amaciyla kullanlir.
Bibliyometrik analiz, genellikle makale sayisi, yazar sayisi, atif sayisi, anahtar kelime sikligy,
yaymmlandig1 dergi, yaym dili ve yazarlarin kurumsal dagilimi gibi cesitli parametreler
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tizerinden gerceklestirilerek, literattirtin detaylica incelenmesinde etkin bir yontem olarak 6ne
¢tkmaktadir (Pritchard, 1969:348).

Bu yontem, arastirma alanlarmnin zaman igindeki degisimini izleme, etkili yazarlari,
onemli dergileri ve is birliklerini ortaya koyma acisindan da oldukga islevseldir. Boylece
bilimsel tiretimin haritas: ¢ikarilarak, literattirdeki bosluklar ya da yogunlasan konular daha
net bir sekilde analiz edilebilir.

Literatiir incelendiginde Bibliyometrik konulu ¢alismalarin ilk olarak 1917 yilinda Cole
ve Eales tarafindan 1550 1860 yillar1 arasini konu alan karsilastirmali anatomi alanindaki
calismalarin istatistiki bir analizinin yapilmasiyla ortaya konuldugu gortilmektedir. Ttirkiye’
de ise Ozinénii tarafindan 1970 yilinda yaymlanan ve biyoloji, astronomi, kimya, fizik,
matematik ve yer bilimleri alanlarindaki bilimsel verimliligi ¢lcen calisma, bibliyometrik
anlamda yapilan ilk calisma olarak kabul edilmektedir (Hotamisli & Erem, 2014:3). Son
yillarda bibliyometrik analiz yontemlerine duyulan ilginin artmasindaki baslica etkenlerden
biri, artan bilimsel tiretimin sistematik olarak bibliyografik veri tabanlarinda arsivlenmeye
baslanmasidir.

Giintimtzde bibliyometrik analiz, bilimsel arastirmalarin degerlendirilmesinde yaygin
bicimde tercih edilen yontemlerden biri haline gelmis ve genis veri tabanlari araciligiyla
kaynaklarin kapsamli bicimde incelenmesine olanak tanimistir. Ozellikle sosyal bilimler basta
olmak tizere bircok disiplinde, bilimsel literatiirtin yapisini ve gelisim siirecini analiz etmek
amaciyla bibliyometrik calismalara giderek daha fazla basvurulmaktadir.

BULGULAR

Calisma kapsaminda analiz edilen makalelerin yayimlandiklar1 dergilere iliskin
dagilim Tablo 1’de sunulmustur. Tablo incelendiginde, sigorta ve sigortacilik temal:
calismalarin kamu ve 6zel sektor tarafindan yayimlanan, ulusal ve uluslararas: 6lcekteki farkl
akademik dergilerde yer aldig1 goriilmektedir. Bu durum, konunun disiplinler aras: bir ilgi
gordiiguni ve farkli arastirma platformlarinda ele alindigin ortaya koymaktadir.

Tablo 1. Makalelerin Yayinlandig1 Dergiler

Dergi ad1 Say1
Anadolu Bil Meslek Yiiksekokulu Dergisi

Marmara Universitesi Iktisadi ve Idari Bilimler Dergisi

Finansal Arastirmalar ve Calismalar Dergisi

Afyon Kocatepe Universitesi Sosyal Bilimler Dergisi

Selcuk Universitesi Sosyal Bilimler Meslek Yiiksekokulu Dergisi
Sosyal ve Beseri Bilimler Dergisi

Yasar Universitesi E-Dergisi

Diizce Universitesi Sosyal Bilimler Dergisi

Muhasebe ve Finansman Dergisi

JOEEP: Journal of Emerging Economies and Policy

Liberal Diisiince Dergisi

EKOIST Journal of Econometrics and Statistics

Uygulamali Sosyal Bilimler ve Giizel Sanatlar Dergisi

Biruni Saglik ve Egitim Bilimleri Dergisi

Igdir Universitesi Sosyal Bilimler Dergisi

RiRRRRRR[R[R[RR|R|R|[~R[N

1
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Karatay Sosyal Arastirmalar Dergisi

Istanbul Kiiltiir Universitesi

Kahramanmaras Siitcii Imam Universitesi IIBF Dergisi

Isletme Arastirmalar: Dergisi

Journal of Institute of Economic Development and Social Researches

Dogus Universitesi Dergisi

Finans Ekonomi ve Sosyal Arastirmalar Dergisi

Manisa Celal Bayar Universitesi Sosyal Bilimler Dergisi

Bankacilik ve Sigortacilik Arastirmalar1 Dergisi

Turk Yonetim ve Ekonomi Arastirmalar: Dergisi
MANAS Sosyal Aragtirmalar Dergisi
Cumbhuriyet Universitesi Iktisadi ve Idari Bilimler Dergisi

RRRRRR[R[R [R|R[R]|~

Grafik 1. Makalelerin Yillara Gore Dagilimi

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Yillara gore yapilan inceleme sonucunda, sigorta ve sigortacilik temalr makalelerin en
yogun sekilde 2022 yilinda yaymmlandigi belirlenmistir. Sigorta ve sigortacilik konulu
calismalara odaklanildiginda ise, 2018 yilindan itibaren bu alandaki yayin sayilarinda dikkat
cekici bir artis ve dalgalanma gozlemlenmektedir. Ozellikle 2020 ve 2021 yillarinda bu artig
egrisinin yerini belirgin bir duistise biraktig1 gortilmektedir. Grafik verileri incelendiginde,
2022 yili sonrasinda ilgili alanda yayimlanan makale sayisinda istikrarli bir azalma egilimi
ortaya ¢ikmustir. Bu gerileme, alandaki akademik dergi sayisinin sinirli olmasi ve mevcut
yayin kapasitelerinin yetersizligiyle aciklanabilir.

Ogzellikle 2019 y1li sonrasinda ortaya gikan COVID-19 pandemisi, yalnizca toplumsal
yasamu degil, ayn1 zamanda ekonomik yapilari ve risk yonetimi anlayislarmi da koklii sekilde
etkilemistir. Bu stirecte basta kamu sektorii olmak tizere bir¢ok kurum ve kurulus, sigorta
sistemlerinin yeniden yapilandirilmasi, saglik sigortalarinin kapsamlarmin genisletilmesi ve
risk temelli poligelerin yayginlastirilmas: yoniinde adimlar atmistir. Pandeminin yarattigi bu
yeni ihtiyaclar, akademik camiada da sigorta ve sigortacilik alanina yonelik aragtirma ilgisinin
artmasina zemin hazirlamis olabilir. Bu durum, literatiirde s6z konusu déneme iliskin yapilan
calismalarin artis gostermesiyle desteklenmektedir.
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Grafik 2. Yazarlarin Sayisina Gore Dagilimi

1 2 3

Makaleler yazar sayilari itibari ile degerlendirildiginde tek yazarli ve ¢ok yazarlh bir
dagilim oldugu goriilmektedir (Grafik 2). Bununla birlikte tek yazarli makalelerin toplamu
dikkate alindiginda 6nemli bir orani teskil ettigi goriilmektedir (14 adet). Ayni zamanda
toplamda 13 adet yayin da bunlarin 11 adeti iki yazarli, 2 adeti de ¢ok yazarli olarak ortaya
konmustur. Dikkat ¢eken durum iki yazar sonras: yaymlardaki diisustiir. Grafik 2nin
incelenmesinde arastirmacilarin hem bireysel hem de ortak is birligi alanlarinda sigorta ve
sigortacilik konulu calismalari yaptiklar: sonucuna varilabilir.

Grafik 3. Yazarlarin Kuruma Gére Dagilimi

Kamu Universitesi Vakif Universitesi Arastirma Universitesi Diger Kurumlar

Arastirmacilarin  kurumsal dagilimina bakildiginda, buyiik cogunlugunun kamu
tiniversitelerine bagli kurumlarda gorev yaptigi goriilmektedir (Grafik 3). Bu kurumlar
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arasinda yer alan 5 arastirma tiniversitesi, sigorta ve sigortacilik alanindaki bilimsel tiretimin
onemli bir kismimi olusturmaktadir. Ayrica, 7 vakif tiniversitesinden ve 2 farkli kurumsal
yapidan gelen arastirmacilarin da calismalara katki sagladig tespit edilmistir. Bu durum,
konunun akademik cevrelerde genis bir ilgi alan1 buldugunu ve farkli kurumlardan
arastirmacilarin katkilariyla disiplinler arasi bir perspektif kazandigini gostermektedir.

Grafik 4. Yazarlarin Unvana Gore Dagilim
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Akademik unvanlar arasinda, Prof. Dr. ve Dr. Ogr. Uyesi diizeyindeki akademisyenlerin
sigorta ve sigortacilik alanindaki calismalarda belirgin bir yogunluk sergiledigi
goriilmektedir. Bu durum, alanin akademik derinligi ve uzmanlik gerektiren yapisiyla
iliskilendirilebilir. Ayrica, 6gretim {iiyeleri, 6gretim elemanlar1 ve diger arastirmacilarin hem
bireysel hem de ortak calismalar yiirittiikleri, bu is birliklerinin disiplinler arasi etkilesimi
artirdigl ve arastirma kalitesini ytiikselttigi degerlendirilmektedir. Bu baglamda, sigorta ve
sigortacilik alanindaki akademik tiretimin, farkli unvan dizeylerindeki arastirmacilarin
katkilartyla zenginlestigi ve bu katkilarmn alanm gelisimine olumlu yansidig: sdylenebilir.

Grafik 5. Kullanilan Yonteme Goére Dagilim

Nicel Nitel Karma
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Yapilan arastirmalar incelendiginde, sigorta ve sigortacilik alaninda genellikle nicel,
nitel ve karma yontemler kullanilmaktadir. Cogunlukla nicel yontemlerin tercih edilmesi, bu
alandaki arastirmalarin sayisal verilerle kapsamli analizler yapma imkani saglamasmdan
kaynaklanmaktadir. Nicel yontemler, sektorel performans analizi ve ekonomik etkilerin
degerlendirilmesi gibi konularda objektif ve genellenebilir sonuglar elde edilmesini miimkiin
kilar.

Ote yandan, nitel aragtirmalar da 6nemli bir yer tutmaktadir. Sigorta sektoriine dair
bazi calismalar, derinlemesine miilakatlar veya odak grup goriismeleri gibi nitel veri toplama
yontemlerine basvurmustur. Nitel yontemler, sektordeki toplumsal ve psikolojik unsurlar:
anlamak i¢in kullanilir ve sayisal verilerin 6tesine gecerek daha ayrintili analizler yapilmasima
olanak tanr.

Bazi arastirmalarda ise karma yontemler tercih edilmistir. Karma yontemler, nicel ve
nitel verileri bir arada kullanarak daha kapsamli bir degerlendirme yapmay1 mtmkiin kilar.

Boylece, arastirmalar her iki yontemden de faydalanarak daha derinlemesine sonuglar elde
edebilir.

Grafik 6. Kullanilan Dile Gére Dagilim

0

Tiirkce ingilizce

Sigorta ve sigortacihik alaninda gerceklestirilen akademik calismalarda,
arastirmacilarin hepsinin yayin dili olarak Tiirkceyi tercih ettigi gortilmektedir (Grafik 6).
Incelenen 27 calismanin tamaminin Tiirkge olarak yayimlanmis olmast, bu alandaki yayinlarin
agirlikli olarak ulusal diizeyde yapildigmni gostermektedir. Ingilizce dilinde herhangi bir
yayma rastlanmamasi, konunun wuluslararast akademik literatiirde yeterince temsil
edilmedigine isaret etmektedir. Bu durum, hem Tiirkiye'deki sigortacilik arastirmalarmin
evrensel bilimsel tartismalara entegrasyonu acisindan bir smirliligi hem de yerel literatiiriin
kiiresel gortintirligtinti artirmaya yonelik bir ihtiya¢ oldugunu ortaya koymaktadir. Bu
baglamda, gelecek calismalarda Ingilizce dilinde yaym yapma egiliminin artmasi, alandaki
bilimsel gesitliligi ve etki alanmi genisletebilir.
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Grafik 7. Anahtar Kelime Sayis1

2 Anahtar Kelime 3 Anahtar Kelime 4 Anahtar Kelime 5 Anahtar Kelime

Incelenen galismalarda kullanilan anahtar kelime sayisina bakildiginda, genellikle 4 ila
5 anahtar kelimenin tercih edildigi gortilmektedir. Anahtar kelime sayisinin belirlenmesinde,
¢ogu zaman makalenin gonderildigi derginin yayin politikalar1 belirleyici olmakta; ancak bazi
durumlarda arastirmacinin tercihi de bu sayiya etki etmektedir. Anahtar kelime sayis1, ayni
zamanda ¢alismanin kapsamu ve icerigiyle de dogrudan iliskilidir. 5 ve tizeri anahtar kelimeye
yer verilen makale sayisinin smirli olmasi, bu durumun bir gostergesidir.

Grafik 8. Sigorta ve Sigortacilik Kelimesinin Anahtar Kelime Olarak Kullanilma Sayis1

0.Anahtar Kelime 1.Anahtar Kelime 2.Anahtar Kelime 3.Anahtar Kelime

Sigorta ve sigortacilik terimlerinin biiytik oranda birinci sirada yer almasi, bu
kavramlarin arastirmalarin odak noktasin olusturdugunu ve yazarlarin bu konuya 6zellikle
vurgu yapmak istediklerini ortaya koymaktadir. Ikinci ve tigiincii anahtar kelimeden sonra bu
tur terimlere daha az siklikla yer verilmesi, hatta bazi galismalarda hi¢ verilmemesi
arastirmacilarin smirli sayida anahtar kelimeyle konunun o6ztinti yansitma egiliminde
olduklarii gostermektedir. Genel olarak anahtar kelimelerin segimi ve siralamasi,
arastirmacilarin tizerinde galistiklar1 temaya baglh olarak sekillenmektedir.
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SONUC

Sigorta sektorti hem bireysel diizeyde hem de toplumsal 6lcekte karsilasilan gesitli
risklerin etkilerini azaltarak ekonomik giivenligin saglanmasina katki sunan temel alanlardan
biridir. Sigortacilik faaliyetleri, yalmzca bireylerin gelecekteki Dbelirsizliklere Kkarsi
korunmasimi saglamakla kalmamakta, aym: zamanda ekonomik dalgalanma ve kriz
dénemlerinde ekonominin istikrarini destekleyici bir rol tistlenmektedir. Ote yandan, artan
cevresel tehditler karsisinda, sigorta sirketlerinin stirdiirtilebilirlik esasina dayal1 poligeler
gelistirerek yeni risk tiirlerine karsi koruma saglamalar1 beklenmektedir. Ontimiizdeki siirecte
sigorta sektorti; teknolojiyi etkin kullanan, miisteri ihtiyaclarina daha hizli cevap verebilen ve
esnek yapisiyla 6ne ¢ikan dinamik bir yapiya dontisecektir. Bu dontisim hem sektordeki
rekabeti yogunlastiracak hem de bireylerin daha kapsamli ve yenilikci giivence araglarina
erisimini miimkiin kilacaktir. Dolayisiyla, sigortacilik yalnizca ekonomik sistemin bir unsuru
olarak degil, ayn1 zamanda yasam kalitesinin stirdiiriilebilirligine katk: saglayan stratejik bir
yap1 olarak nemini korumaya devam edecektir. Sigorta sektorti, ekonomik istikrar ve bireysel
guvenlik agisindan temel bir islev {istlenmektedir. Bu sektoriin gelisimi igin oncelikle
toplumsal sigorta bilincinin artirilmas: gerekmektedir. Dijitallesme ve teknoloji kullanim
yayginlastirilarak hizmet kalitesi ve erisilebilirlik artirilmalidur.

Etkin regiilasyon ve denetim sistemleri, sektore olan giiveni giiclendirirken; trtin
cesitliligi, farkli risk gruplarma hitap ederek sigortanin kapsayiciligini artirir. Rekabetin
desteklenmesiyle hem fiyat dengesi saglanabilir hem de hizmet kalitesi ytikselir. Devlet
destekli sigorta modelleri, oOzellikle afet, tarrm ve saglik gibi alanlarda sektdrtin
yayginlasmasma katki saglar. Ayrica, sozlesme seffaflif1 ve Ar-Ge faaliyetleri de sektoriin
uzun vadeli stirdiirtilebilirligi acisindan 6nemlidir. Sonug olarak, sigorta sektoriintin gelisimi
cok boyutlu stratejilerle desteklenmeli; dijital dontistim, yasal altyap1 ve toplumsal farkindalik
bir biitiin olarak ele alinmalidir.

Bu calisma kapsaminda, sigorta ve sigortacilik konularina odaklanan akademik
yayinlarin literatiirde kayda deger bir yer edindigi goriilmektedir. Bibliyometrik analiz
yontemiyle gerceklestirilen arastirma, elde edilen bulgularla bu alandaki bilimsel egilimleri
ortaya koymustur. Incelenen makalelerin hem 6zel hem de kamuya ait kurumlarca
yayimlanan, ulusal ve uluslararas: diizeydeki cesitli sektorel dergilerde yer aldig tespit
edilmistir. Elde edilen sonuclar, son yillarda sigorta ve sigortacilik temali akademik
yayinlarda anlamli bir azalis yasandigini ortaya koymaktadir. Bu azalis, kiiresel olgekte
yasanan ekonomik krizler, dogal afetler ve salgin hastaliklarin etkisiyle iliskilendirilebilir.
Calismalarda gorev alan arastirmacilarin kurum tiirlerine gore dagilimi incelendiginde,
bunlarin 13’tntin kamu {iniversitelerine, 7’sinin vakif tniversitelerine ve 2’sinin diger
kurumlara mensup oldugu; ayrica 5 arastirma tiniversitesinin de bu calismalarda temsil
edildigi gorulmektedir. Bu durum, sigorta alaninin hem devlet hem de 6zel sektor odakl
kurumlar tarafindan ilgi goren bir arastirma konusu oldugunu gostermektedir. Farkli kariyer
diizeyinde arastirmacilarin konuya ilgi duyduklar1 gortilmekle birlikte arastirmaya katilanlar
icerisinde Prof. Dr. ve Dr. Ogr. Uyesi unvanlarinda belirgin bir yogunluk yer almaktadir.
Arastirmacilarin genelde dil olarak Tiirkce ve yontem olarak da ¢ogunlukla nicel yontemler
tercih ettikleri ortaya cikmustir. Arastirmalarin 6nemli bir kismi bireysel calismalar seklinde
yiritilmis olmakla birlikte, ortak ytiriitiilen calismalara da sikca rastlanmistir. Yaymlarda
kullanilan anahtar kelime sayisi genellikle 4 ila 5 arasinda degismekte; "sigorta" ve
"sigortacilik" terimlerine ise c¢ogunlukla ilk siralarda yer verilmektedir. Bu tercih,
arastirmacilarin konuyu 6ne c¢ikarmaya yonelik bilingli bir egilim sergilediklerine isaret
etmektedir. Gelecekteki arastirmalar, farkli veri tabanlar1 ve uzun siireli zaman dilimleriyle
daha genis kapsamli analizler yapilarak, sektordeki egilimler daha derinlemesine
incelenebilir. Ayrica, sigorta alanindaki arastirmalarda karma yontemlerin kullaniminin
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artirilmasi, daha zengin sonuglar elde edilmesine olanak taniyabilir. Uluslararasi perspektifin
de daha fazla dikkate alinmasi, Tiirk sigortacilik sektoriiniin kiiresel egilimlerle uyumunu
daha iyi anlamamiza yardimci olacaktir.

Bu calisma, belirli bir zaman dilimi ve veri tabani cercevesinde sinirli sayida yayin
incelemek suretiyle yiritiilmistiir. Bu nedenle, inceleme kapsamina dahil edilemeyen
calismalarmm bulunmast muhtemeldir. Ayrica, sigorta ve sigortaciik konularinda
gerceklestirilen bibliyometrik analizlerin sayica smirli olmasi, mevcut sonuclarin bagka
calismalarla karsilastirilmasini giiglestirmektedir. Ancak bu durum, gelecekte yapilacak
bibliyometrik analizlerin bu calisma ile kiyaslanabilmesine olanak saglayacak bir zemin
olusturmaktadir. ilerleyen dénemlerde yapilacak arastirmalarin, farkli veri tabanlari,
degiskenler ve daha uzun zaman dilimleri {izerinden tasarlanmasj, literattirdeki egilimlerin
daha kapsamli bicimde analiz edilmesine katki saglayacaktir.
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Abstract

The main purpose of this study is to examine how teachers use artificial
intelligence tools in their educational processes and to reveal their perceptions, attitudes
and opinions towards these tools in depth. With the rapid development of technology,
the integration of artificial intelligence tools into the field of education has also
accelerated. This situation directly affects teachers' professional practices and
pedagogical approaches. In this context, this study was conducted with a mixed design
research method to address teachers' attitudes towards artificial intelligence
technologies with both quantitative and qualitative dimensions. The methodological
framework of the study was constructed in a structure where qualitative and
quantitative data were collected and analyzed together. Three different tools were used
in the data collection process: a demographic information form, a questionnaire to
measure the use of artificial intelligence, and a semi-structured interview form to
analyze teachers' views in depth. Quantitative data were analyzed using frequency and
percentage analysis, while qualitative data were analyzed using content analysis. Fifteen
teachers participated in the study and the data obtained from these participants were
carefully analyzed and presented in detail under the title of findings. According to the
findings, it shows that most teachers are willing to use artificial intelligence tools, but
they adopt a cautious approach towards these tools. Especially the ethical dimension of
artificial intelligence in education was the most frequently mentioned and emphasized
theme by the teachers. A significant number of participants stated that they get
information from artificial intelligence before using search engines and use these tools
as consultants in the process of generating ideas. In addition, teachers stated that Al is a
useful tool, especially in providing quick feedback and generating alternative ideas.
However, they emphasized that it is not possible for this technology to replace the
teacher in the long run and that the teacher's guidance and human touch are
indispensable for the educational process. These results show that although artificial
intelligence is seen as a supportive element in teaching processes, the human factor
remains important.

Keywords: Artificial intelligence, ethics, education, technology integration
Introduction

Interest in the use of artificial intelligence (Al) in education has increased rapidly
in recent years. Especially with the proliferation of generative Al tools, Al integration in
schools and classrooms has gained momentum (Cardona et al., 2023). These technologies
have started to transform teachers' professional practices and classroom roles. In
Aljemely's (2024) study, Al-based tools change teachers' functions and offer them new
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possibilities in teaching and assessment processes. In literature, there are many studies
on how teachers adopt these tools and their effects on teaching and learning processes.
It is stated that Al technologies have various enhancing effects on classroom teaching-
learning processes. In particular, personalized learning and instant feedback
opportunities draw attention to the potential of Al-supported systems to increase
student achievement (Ozer et al, 2023). Al-based intelligent tutoring systems and
chatbots customize learning experiences by providing homework and study support to
students and contribute to their development of different skills (Labadze et al., 2023).
Teachers state that thanks to Al, they can plan their lessons more efficiently and
implement various teaching strategies more easily. For example, Al tools can suggest
new examples, simulations or visuals to enrich the course content, thus helping to
improve the quality of teaching materials (Chen et al., 2020). On the other hand, the
impact of Al on educational processes is not always positive; some limitations and
concerns have also been raised. There are also concerns among teachers that Al tools
may increase their workload instead of reducing it.

With the rapid development of technology, the integration of artificial
intelligence tools into the field of education has also accelerated. This situation directly
affects teachers' professional practices and pedagogical approaches. The aim of this
study is to examine how teachers use artificial intelligence tools in educational processes
and to reveal their perceptions, attitudes and opinions towards these tools.

Methodology

The study was conducted based on a mixed method design to comprehensively
examine teachers' attitudes towards artificial intelligence technologies. In the research
process, both quantitative and qualitative data were collected and analyzed together.
This approach increased the depth and reliability of the findings by providing the
opportunity to evaluate the research topic from multiple perspectives (Creswell & Plano
Clark, 2018).

Three basic tools were used in the data collection process:

e Demographic information form to determine the demographic information of
the participants,

e A structured questionnaire to measure the frequency and purposes of using
artificial intelligence tools,

e Semi-structured interview form for in-depth understanding of teachers' views
and experiences.

Quantitative data were analyzed using frequency and percentage distribution analyses,
while qualitative data were evaluated using content analysis. The data obtained from 15
teachers who voluntarily participated in the study were analyzed with a holistic
approach and presented in detail in the findings section.
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Findings
Demographic Information

Table 1. Demographic Information

Branch Frequency %
Math 4 26,67 %
Foreign Languages 3 20,00%
Social Sciences 2 13,33%
Computer Science Education 2 13,33%
Science and Technology 1 6,67 %
Elementary Education 1 6,67 %
Psychological Counseling and Guidance 1 6,67 %
Biology 1 6,67 %
Level f %
Primary School 2 13,33%
Secondary School 10 66,67 %
High School 3 20,00%
Graduation status f %
Undergraduate 11 73,33%
Graduate 1 6,67 %
Doctorate 3 20,00%
Experience f %

1-3 years 3 20,00%
4-5 years 2 13,33%
6-10 years 8 53,33%
11+ years 2 13,33%
Total 15 100%

When the branch distribution of the participants is examined, it is seen that
26.67% of the teachers work in Mathematics, 20% in Foreign Language, 13.33% in Social
Sciences and Computer Science Education branches; Science and Technology,
Elementary Education, Psychological Counseling and Guidance, and Biology branches
are represented by 6.67%. According to the distribution of the teachers according to the
levels they work in, 66.67% of them work in secondary school, 20% in high school and
13.33% in primary school. In terms of graduation status, 73.33% of the participants had
a bachelor's degree, 6.67% had a master's degree and 20% had a doctorate degree. In
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terms of teaching experience, 53.33% of the participants had 6-10 years of teaching
experience, 20% had 1-3 years of teaching experience, 13.33% had 4-5 years of teaching
experience and 13.33% had 11 years or more of teaching experience.

Quantitative Findings

Table 2. Quantitative Findings

Items Total

1) I use artificial intelligence tools frequently in my classes. 44 2,75
2) Al tools facilitate students' learning process. 58 3,63
3) The integration of artificial intelligence tools into education is essential. |65 4,06
4) Using these tools saves me time. 60 3,75
5) I am concerned about the reliability of Al tools. 59 3,69
6) Al tools cannot replace teachers. 67 4,19
7) I have received sufficient training to use artificial intelligence tools 31 1,94
8) I use search engines before I use Al tools. 53 3,31

When the findings regarding the attitudes of the participant teachers towards
artificial intelligence tools are analyzed, it is seen that the mean of the answers given to
the statement “Avrtificial intelligence tools cannot replace teachers” (X = 4.19) is the
highest. This shows that the majority of teachers have a strong belief that artificial
intelligence cannot replace the teaching profession. This is followed by the items
“Integration of artificial intelligence tools into education is important” (X = 4,06) and
“Using these tools saves me time” (X = 3,75). Teachers also showed a very high level of
agreement that artificial intelligence tools facilitate students' learning process (X = 3.63).

On the other hand, the mean (X = 2,75) given to the statement “I use artificial
intelligence tools frequently in my lessons” reveals that the frequency of use remains at
a moderate level. In addition, the responses to the statement “I use search engines before
I use Al tools” (X = 3,31) indicate that teachers still prefer traditional sources in the
process of accessing information. The mean value (X = 3,69) given to the item “I am
concerned about the reliability of artificial intelligence tools” indicates that teachers have
a certain level of distrust towards these technologies. The lowest mean was observed in
the statement “I have received sufficient training to use artificial intelligence tools
effectively” (X = 1.94). This finding reveals that most of the teachers do not feel
sufficiently equipped to use artificial intelligence tools.
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Qualitative Findings

Findings related to the question “Have you ever used artificial intelligence tools
in education? If yes, which tools do you use?”

Table 3. Have you ever used artificial intelligence tools in education? If yes, which tools do you

use?
Category f %
Yes 9 60%
e Seldom 5 33%
e Frequently 4 27%
No 6 40%

When the answers to the question “Have you ever used artificial intelligence
tools in education?” are analyzed, it is seen that 60% of the teachers stated that they used
these tools at least once. Among these participants, 33% stated that they rarely used
artificial intelligence tools and 27% stated that they used them frequently. On the other
hand, 40% stated that they never use artificial intelligence tools. These findings reveal
that a significant number of teachers have gained some experience with artificial
intelligence tools; however, the frequency of use varies from teacher to teacher. On the
other hand, the fact that the proportion of teachers who do not use these technologies at
all is remarkable suggests that some teachers have not yet adapted to these technologies
or lack access and awareness. It is seen that teachers use Chatgpt (n=6), Teachy app
(n=1), Gemini (n=1), Grok (n=1).

Findings related to the question “What do you think are the benefits of using
these tools?”

Table 4. What do you think are the benefits of using these tools?

Category f %
Saving time 9 60,0%
Support for the learning process 2 13,3%
Retention of knowledge 1 6,7%
Continuous learning and professional development|1 6,7%
Facilitating learning 1 6,7%
Fun 1 6,7%
Total 15 100,0%
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Participants were asked what kind of benefits the artificial intelligence tools they
use in education provide. According to the data obtained, the majority of teachers
(60.0%) stated that the most important contribution of these tools was saving time. This
finding shows that teachers see Al technologies as a means of facilitating routine tasks
and reducing workload.

Other benefits include supporting the learning process (13.3%), increasing the
retention of knowledge (6.7%), supporting continuous learning and professional
development (6.7%), facilitating learning (6.7%) and providing a fun learning
environment (6.7%). These findings reveal that teachers find Al tools valuable not only
for saving time but also for their pedagogical contributions. However, the emphasis on
benefits other than time saving was relatively low, suggesting that teachers may not yet
have fully explored the instructional potential of these technologies.

Findings related to the question “Do you think artificial intelligence tools
contribute to the education process? Could you please explain?”

Table 5. Do you think artificial intelligence tools contribute to the education process? Could
you please explain?

Category f %
Saving time 6 30,0%
Content creation 5 25,0%
Feedback 4 20,0%
Individual learning 2 10,0%
Knowledge repository 1 5,0%
Equality 1 5,0%
Fun and engaging 1 5,0%
Total 20 100,0%

When the opinions of the teachers regarding the contributions of artificial
intelligence tools to the educational process are analyzed, 30% of the participants stated
that the most important contribution of these tools is saving time. This is followed by
creating content (25.0%) and providing quick feedback to students (20.0%). These
findings show that teachers find artificial intelligence technologies especially useful in
preparing teaching materials and increasing the efficiency of the teaching process.

Some of the participants stated that Al tools support individualized learning
(10.0%), provide quick access to information (5.0%), provide equal opportunities among
students (5.0%), and make the learning process more fun and interesting (5.0%). This
diversity reveals that teachers evaluate Al tools from different pedagogical perspectives
and think that they contribute in various areas. However, the fact that direct teacher-
centered functions such as time and content generation are more prominent indicates
that awareness of the student-oriented use of these tools may still be limited.

-60 -



3rd [nternational Scientific Research Congress Book April 26-27, 2025, Istanbul

Findings related to the question “What are your thoughts about the negative aspects
of using these tools in education?”

Table 6. What are your thoughts about the negative aspects of using these tools in education?

Category f %
Ethics 12 80%
Reliability 3 20%
Total 15 100%

When the participants' views on the negative aspects of the use of artificial
intelligence tools in education are analyzed, it is seen that ethical problems are the most
frequently expressed concern with a rate of 80%. This shows that teachers are especially
concerned about issues such as academic honesty, student responsibility and moral
decision-making processes in the use of artificial intelligence.

In addition, 20% of the teachers expressed negative opinions about the reliability
of artificial intelligence tools. These views draw attention to the technical limitations of
Al systems such as accuracy, data security and errors in knowledge generation. When
the findings are evaluated in general, it is understood that although teachers have
positive attitudes towards artificial intelligence technologies, they have serious ethical
and technical concerns about the responsible and conscious use of these technologies in
the educational environment.

Findings related to the question “How do you think these technologies can
affect the teaching profession?”

Table 7. How do you think these technologies can affect the teaching profession?

Category f %

No 13 86,7 %
e Reducing workload 7 46,7 %
e Support for teachers 3 20,0%
e Positive effect on pedagogy 2 13,3%
e DPositive effect on content 1 6,7 %

Not sure 2 13,3%

Total 15 100,0%

When the participants were asked how artificial intelligence technologies might
affect the teaching profession, a majority of 86.7% stated that they thought that these
technologies would not directly affect the teaching profession. This shows that teachers
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have a strong belief that it is unlikely that their professional roles will be replaced by
artificial intelligence systems.

However, 46.7% of the teachers stated that Al tools can reduce their workload
and 20% of the teachers stated that these technologies can play a supportive role for the
teacher. In addition, 13.3% stated that artificial intelligence can contribute positively to
the pedagogical process, while 6.7% stated that these technologies contribute to content
knowledge. On the other hand, 13.3% were undecided and drew attention to the
uncertainty on this issue.

These findings show that teachers generally do not see artificial intelligence as an
occupational threat but draw attention to its potential to support teaching processes.
Most teachers position Al as a tool to help them rather than transform their professional
roles.

Findings related to the question “What kind of support should be provided for
each teacher to use artificial intelligence tools?”

Table 8. What kind of support should be provided for each teacher to use artificial intelligence

tools?
Category f %
Tool based trainings 10 66,7 %
In-service trainings 3 20,0%
Courses and seminars 1 6,7 %
Technology integration 1 6,7 %
Total 15 100,0%

When the participants were asked what kind of support they needed to use
artificial intelligence tools effectively, the most emphasized need was tool-oriented
training with a rate of 66.7%. This finding reveals that teachers especially need practical
programs that directly teach the functions and usage of the tools to use the technology.

While 20% of the teachers stated that in-service training programs should be
provided, 6.7% stated that courses and seminars would be useful, and another 6.7%
stated that technology integration should be provided first. This diversity reflects that
teachers' individual needs and expectations vary in professional development processes.
However, the tendency is that teachers use artificial intelligence tools effectively in a
pedagogical context, they primarily need practical and systematic training directly
related to the use of the tools.

Results

According to the findings, it is seen that most teachers are willing to use
artificial intelligence tools, but they adopt a cautious approach towards these
tools. Especially the ethical dimension of artificial intelligence in education was
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the most frequently mentioned and emphasized theme by teachers. Although
teachers generally find Al useful and easy to use, they are concerned about ethics,
security and the future of the teaching profession. Therefore, they see Al as a
supportive tool but emphasize the importance of the human touch (Shao et al.,
2025). A significant number of participants stated that they get information from
Al before using search engines and use these tools as consultants in the process
of generating ideas. However, teachers indicated that Al was a useful tool,
especially in providing quick feedback and generating alternative ideas.
Similarly, teachers often use Al as an advisor, idea generator or feedback
provider, but emphasize that the final decisions should remain under human
control (Merzifonluoglu & Gunes, 2025).

Although it is stated that artificial intelligence is an important tool, they
emphasized that it is not possible for this technology to replace the teacher in the
long run, and that the guidance and human touch of the teacher is indispensable
for the educational process. These results show that although artificial
intelligence is seen as a supportive element in teaching processes, the human
factor remains important. In Yang's (2024) study, it is clearly stated that Al
contributes to education, but it cannot replace teachers' roles such as emotional
support, guidance and encouraging critical thinking. While the research
emphasizes that it is necessary to train teachers to use Al effectively, it also argues
that these technologies should enhance the roles of teachers, not replace them.

Recommendations

e Training programs for teachers on the ethical use of artificial intelligence
should be created. This is important in terms of reducing concerns and
encouraging conscious use.

e Workshops and guidance services should be offered to teachers to
increase their digital competencies and enable them to use AI more
effectively.

e It should be emphasized that artificial intelligence should be seen as a
supportive element to the role of the teacher, not a substitute, and this
perspective should be included in education policies.
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Abstract

This paper examines the legal and economic status of the acting profession in
Turkey, focusing on how actors” income models influence the professional definition of
acting. The acting profession differs from traditional forms of employment due to its
diverse working conditions and income structures. The absence of a well-defined
framework for actors’ income models creates significant uncertainties regarding
professional identity and status. In Turkey, the acting profession is not directly regulated
by law but is instead addressed indirectly through certain regulations and professional
associations. This situation complicates the protection of actors’ economic rights and
results in legal gaps in areas such as taxation, social security, and contract types. This
study highlights the importance of defining actors” income models within an economic
and political context and categorizes these income structures into three main types. This
classification is based on the structural differences between actors’ professional activities
and their means of generating income. The research explores how these income models
are shaped within the economic-political framework and examines their impact on the
professional definition of acting. Establishing a systematic framework for actors” income
models is crucial for defining the profession and ensuring legal protections. Clarifying
the professional status of actors will not only strengthen their economic rights but also
foster greater professionalization within the industry. In this context, determining the
legal and economic status of the acting profession will enhance the effectiveness of
professional organizations and unions while also improving the credibility of acting
education institutions.

Keywords: Acting, Income Models, Theatre, Cinema

Ozet

Bu ¢alisma, Tiirkiye’de oyunculuk mesleginin hukuki ve ekonomik stattistinii
inceleyerek oyuncularin gelir elde etme bicimlerinin meslek tanimu tizerindeki etkilerini
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ele almaktadir. Oyunculuk meslegi farkli calisma bicimlerine ve gelir modellerine sahip
olmasi nedeniyle geleneksel istihdam tiirlerinden ayrilmaktadir. Oyuncularin gelir elde
etme bi¢imlerinin net bir gercevede tanimlanmamig olmasit mesleki kimlik ve statii
agisindan ciddi belirsizliklere yol agmaktadir. Tiirkiye’de oyunculuk meslegi dogrudan
bir yasa ile diizenlenmemekte yalnizca baz1 mevzuatlar ve meslek birlikleri araciligiyla
dolayli bir sekilde ele alinmaktadir. Bu durum, oyuncularin ekonomik haklarmm
korunmasmi zorlastirarak vergi, sosyal giivence, sozlesme tiirleri gibi alanlarda hukuki
bosluklarin olusmasma yol ag¢maktadir. Calismada, oyuncularmn ekonomi politik
baglamda gelir modellerinin tanimlanmasmin 6nemine deginilerek oyuncularmn gelir
elde etme bicimleri ti¢ ana kategori altinda smiflandirilmistir. Bu gelir modeli
smiflandirmasi, oyuncularin mesleki faaliyetleri ile gelir elde etme bicimleri arasindaki
yapisal farklar temel alinarak olusturulmustur. Calismada, gelir modellerinin ekonomi
politik baglamda nasil sekillendigi ve meslek tanimma nasil etki ettigi tartisilmistir.
Oyuncularin gelir elde etme bigimlerinin sistematik bir cerceveye oturtulmasi, meslek
taniminin yapilabilmesi ve hukuki giivencelerin saglanabilmesi i¢in kritik bir nem arz
etmektedir. Oyuncularin mesleki stattistintin netlestirilmesi ilgili meslek kolunun hem
ekonomik haklarmi giiclendirecek hem de sektordeki profesyonellesmeyi tesvik
edecektir. Bu dogrultuda oyunculuk mesleginin hukuki ve ekonomik statiistintin
belirlenmesi, yalnizca meslek orgiitlerinin ve sendikalarin etkinligini artirmakla
kalmayacak ayni zamanda oyunculuk egitimi veren kurumlarin itibarmi da
gticlendirecektir.

Anahtar Kelimeler: Oyunculuk, Gelir Modelleri, Tiyatro, Sinema

Giris

Oyuncularin toplum igerisindeki ekonomik ve hukuki agidan stattileri, tarih
boyunca neredeyse her donem sanatsal ve toplumsal agidan tartismalara konu
olmaktadir. Giintimiizde sinema, tiyatro ve dijital platformlar gibi farkli mecralarda icra
edilen bu meslek, genis bir gelir modeli bicimine sahiptir. Tiirkiye’de oyuncularin gelir
elde etme bi¢imlerinin belirli bir sistematik cercevede tanimlanmamis olmasi, meslegin
hukuki stattistinti belirsiz kilarak oyuncularin ¢alisma kosullarini agiklamada ciddi
sorunlarin ortaya ¢ikmasma yol agmaktadir. Tiirkiye’de oyunculuk meslegi, dogrudan
bir yasa ile tanimlanmamakta birlikte sadece bazi mevzuatlar ve meslek birlikleri
aracihigiyla dolayli olarak ele alinmaktadir. Oyuncular, biiytik oranda serbest meslek
erbab1 olarak degerlendirilmekte elde ettikleri gelirler ise proje bazli veya parca basi
belirlenen {icretler {izerinden sekillenmektedir. Ayrica, kamu kurumlarinda tam
zamanli olarak galisan veya o6zel sektor biinyesinde istihdam edilen oyuncular da
bulunmaktadir. Gelir elde etme bicimlerindeki bu cesitlilik, oyuncularin meslek
taniminin yapilmasini zorlastirmakta vergi ytikiimliiliikleri, sosyal giivence ve sdzlesme
turleri gibi konularda ekonomik statiilerinin belirsizlesmesine yol acarak ©nemli
problemlerin ortaya ¢ikmasma neden olmaktadir.

Bu calisma, oyuncularin gelir elde etme bi¢imlerine odaklanarak meslegin
ekonomi politik baglamda nasil bir cerceveye oturtulmasi gerektigini tartismaya
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acacaktir. Oyuncularin gelir elde etme modellerini belirlemek yalnizca gelir diizeylerini
degil ayni zamanda mesleki haklar1 ile hukuki gitivencelerini de dogrudan
etkilemektedir. Bu nedenle, oyunculuk mesleginin dogru bir tanimini yapabilmek admna
oncelikle oyuncularin gelir elde etme bigcimlerinin neler oldugunun net bir sekilde
tanimlanmas1 gerekmektedir. Bu dogrultuda calismada oyuncularin gelir elde etme
bicimleri ti¢ temel kategori altinda siniflandirilacak ve bu siniflamanin meslek tanimi
acisindan onemi ve nasil bir katki sunabilecegi degerlendirilecektir.

1. Problem Tanimi

Oyuncularin gelir elde etme bigimlerinin tanimlanmamasi, birincil olarak
oyunculuk mesleginin genel tanimimni dogrudan etkilemektedir. Gelir modellerinin net
olarak belirlenmemesi, oyuncularin hangi ekonomik stattide degerlendirilecegi
konusunda stirekli bir belirsizlik yaratmakta, bu durum ise oyuncularmn mesleki
haklarmin korunmasini zorlastirmaktadir. Bu dogrultuda bazi temel sorunlar ortaya
cikmaktadir. Bunlardan baghicast oyuncularm mesleki kimlik ve statii eksikligi
yasamalaridir. Oyuncularin gelir elde etme bigimleri meslek tanimiyla dogrudan
baglantilidir. Fakat oyuncularin gelir modellerinin netlestiriimemesi, oyunculuk
mesleginin acik bir taniminin yapilmasin zorlastirmakta dolayisiyla meslegin ekonomik
faaliyetinin ne oldugu anlasilamamaktadir. Bir is kolunda meslek tanimmin
yapilabilmesi igin oncelikle o is kolundaki ekonomik faaliyet bicimi ile temel
standartlarin belirlenmesi gereklidir. Oyuncularin gelir modelleri tanimlanmadig1
miiddetce oyunculuk; profesyonel, standartlar1 belirlenmis bir meslek olarak degil,
gecici veya amator bir faaliyet olarak degerlendirilmek zorunda kalacaktir. Bu durum
ozellikle oyuncularin vergilendirilmesi stirecinde de ciddi sorunlara yol agmaktadir.
Turkiye’de oyuncular, 90.01.18 Bagimsiz Aktor, Aktris ve Dublotrlerin Faaliyetleri bashig1
altinda vergilendirilmekte ancak oyunculuk meslegi hukuki ve yasal ¢ercevede agikca
tanimlanmamaktadir. Sadece bazi yasal diizenlemeler ile meslek birlikleri cercevesinde
degerlendirilen dolayli tamimlart mevcuttur(5441 Sayili Devlet Tiyatrolar: Personeli
Hakkinda Kanun, 1949; Istanbul Biiyiiksehir Belediyesi, Sehir Tiyatrolar1 Sube Miidiirliigii,
Gorev ve Calisma Yonetmeligi, 2022). Mesleki Yeterlilik Kurumu (MYK) tarafindan
belirlenen meslek standartlar1 igcinde oyunculuk mesleginin tanimi dolayli olarak yer
almaktadir. Oyunculuk mesleginin tanimi ile mesleki standartlari, sahne sanatlari
alanryla ilgili boltimler tarafindan belirlenmis olmakla birlikte 6zel bir yasa gercevesiyle
belirlenmemistir(Oyuncu, 2025). Oyuncularin bu kategori altinda degerlendirilmesi,
meslegin kistaslarinin neler oldugunun belirlenmeden salt gelir elde etme bicimi
tizerinden vergilendirilmesine neden olmaktadir. Ayrica, oyuncularin gelir elde etme
bicimleri net olarak tanimlanmadigindan -ve ayni zamanda oyunculuk mesleginin
tanimui ve standartlar belirlenmediginden- meslegin vergilendirilmesi bir serbest meslek
faaliyeti olarak degerlendirilmektedir. Yapilan serbest meslek faaliyeti tanimi
cercevesinde degerlendirildiginde, ilgili is kolunda genel gecer bir alginin olusmasma
zemin hazirlamaktadir. Bu baglamda oyunculuk meslegi herhangi bir formel egitim
stirecine tabi tutulmadan da icra edilebilecegi yoniinde bir kanaatin ortaya giktig1
gortilmektedir. Bu durum ayni zamanda meslegin yeterliliklerinin belirlenmesinin goz
ard1 edilerek oyuncularin faaliyet gosterdikleri endiistri icerisinde ekonomik haklarmi
savunmalari zorlastirmaktadar.

Oyuncularin ¢alisma bicimlerinin farklilik gostermesi ayni zamanda hangi gelir
modeline gore vergilendirilecegi, hangi sigorta sistemine tabi olacag1 veya sozlesme
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tirlerinin nasil sekillenecegi gibi hukuki diizenlemeler konusunda eksiklikler ile
tutarsizliklar yaratmaktadir. Ozellikle serbest meslek erbabi olarak calisan oyuncularin
sosyal giivencelerinin kendilerinin mi yoksa isverenlerinin mi yapacag konusu stirekli
tartismaya yol agmaktadir. Bu noktada oyuncu eger bagimsiz bir serbest meslek erbabi
olarak ilgili is kolunda rol alacaksa, elde edecegi asgari gelir miktar1 belirlenerek
bagimsiz olarak mi1 yoksa bir isverene tabi olarak mu calisacagi netlestirilmelidir.
Oyucularin asgari gelir miktarinin belirlenmemesi diisiik {icret alan oyuncularmn
gereksiz yere defter acmalarma ve fazladan vergilendirilmeleri gibi sonuglara yol
a¢gmaktadir. Oyuncularmn biiyiik bir kism1 proje bazli calistig1 igin, stirekliligi olmayan
gelirleri sosyal giivence agisindan biiytik risk olusturmaktadir. Oyuncular igin belirli bir
hukuki statii tanimlanmadi8) siirece, isverenler karsisinda zayif bir konumda kalarak
ticret ile hukuki haklar konusunda pazarlik giiclerini yitirmekte bdylece hak kaybimna
ugramalart kagimilmaz olmaktadir. Ozellikle, serbest meslek erbabi olarak
vergilendirilen oyuncularin, meslek tanimlar1 yapilmadigi icin telif haklary, is giivencesi
ve sigorta gibi sosyal haklar konusunda belirsizlik yasamalar1 kagmilmazdir.
Vergilendirme stirecinde 90.01.18 Bagimsiz Aktor, Aktris ve Dublorlerin Faaliyetleri
basligr altinda toplanmalar1(193 Sayili Gelir Vergisi Kanunu, 1960), onlarin is
gtvencesinden muaf, diizensiz bir ekonomik cercevede calismasimna neden olmaktadir.
Bu durum, oyuncularin meslek tanimi yapilmadan yalmizca ekonomik bir kategoriye
yerlestirilerek vergilendirilmesini ve yasal giivencelerden yoksun birakilmasmi
beraberinde getirmektedir.

Oyunculuk meslegi giintimiizde sadece tiyatro ile smirli degildir. Sinema, dizi
sektorti, reklamcilik, seslendirme ve dijital platformlar gibi farkli alanlarda faaliyet
gosteren oyuncularin gelir modelleri de farklilik gostermektedir. Ancak, bu is
alanlarindaki gelir kaynaklar1 arasinda net bir ayrim yapilmadig1 i¢in oyuncularin hangi
calisma bigciminde hangi haklara sahip oldugu belirsiz kalmaktadir. Ornegin, bir oyuncu
hem kamuda devlet tiyatrosunda calisip hem de reklam filmlerinde oynayabilir veya
seslendirme yapabilir. Ancak bu ve benzer gelir modelindeki oyuncularin devlet
tiyatrosundan (kamudan) sabit maas alirken, reklam sektoriinde proje bazlh
ticretlendirilmesi durumu ayn1 meslek icinde bile farkli ekonomik statiilerin ortaya
ctkmasina yol agmaktadir(Akdede, 2011, s. 69)!. Ozellikle oyuncunun hem kamuda hem
de o©zel sektorde faaliyet gostermesi oyuncunun mesleki onceliklerinin ve
bagimhiliklarmimn kamuya mi yoksa ©6zel sektore mi ait oldugu sorununu ortaya
cikarmaktadir. Oyunculuk mesleginin statiisii net olarak tanimlanmadigmdan, sendikal
orgtitlenme ve meslek birliklerinin etkisi sinirli kalmaktadir. Oyuncular, serbest meslek
erbab1 olarak kabul edildiginde farkli sendikalara tiye olabilmekte, ancak belirli bir
isverene bagl olduklarinda is¢i statiistine gegerek farkli bir hukuki cercevede
degerlendirilme zorunluluguyla kars1 karsiya kalmaktadirlar. Bu nedenle, oyuncular
icin ortak bir hukuki gerceve olusturulmadigindan, sendikalar ve meslek birlikleri
oyuncularm haklarini tam anlamiyla savunamamaktadir. Oyuncularin gelir elde etme
bicimlerinin belirlenmemesi, oyuncularin sendikal orgiitlenme haklarmi zayiflatarak
calisma kosullarmi iyilestirme stireclerini sekteye ugratmaktadir.

Tuirkiye’de oyunculuk mesleginin hukuki cercevede dogrudan tanimlanmamus
olmasi, meslegin kurumsal yapisin zayiflatmakta boylece mesleki egitimin gerekliligini

1 Konu ile ilgili ayrintili arastirma ve ekonomi politik baglamdaki degerlendirmeler igin bkz.
(Akdede, 2014a, 2014b)
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de tartismaya acmaktadir. Oyunculuk, sahne sanatlar1 ve gorsel-isitsel medya
alanlarinda profesyonel bir uzmanlik gerektiren bir meslek olmasimna ragmen, meslek
taniminin yasal olarak netlestirilmemesi -ve oyunculuk alanma dair standartlarmn
belirlenmemesi- bu alanda egitim veren kurumlarin itibarmni olumsuz etkilemekte;
ozellikle alana yonelik herhangi bir egitim almamus bireylerin sektore girisini
kolaylastiran kosul ve sartlarin yaratilmasina neden olmaktadir. Bu durum oyunculuk
meslegine yonelik egitim veren kurumlarda prestij kaybina yol acarak hem sektordeki
nitelikli is glictintin degerini azaltmakta hem de liyakate dayali isleyisin ¢niinde biiytik
bir engel olusturmaktadir. Oyunculuk mesleginin yasal statiistintin belirlenmesi adina
oyuncularimn gelir modellerinin tanimlanmasi, mesleki egitimin 6nemini vurgulamak ve
sektordeki profesyonellesmeyi tesvik etmek adina kritik bir gereklilik olarak karsimiza
¢ikmaktadir.

2. Ekonomi Politik Baglamda Oyuncularin Gelir Modellerinin
Tanimlanmasinin Onemi

Oyunculuk mesleginin taniminin yapilabilmesi icin 6ncelikle oyuncularin hangi
ekonomik kosullarda faaliyet gosterdiginin belirlenmesi gerekmektedir. Oyuncular;
serbest calisma, proje bazli istihdam ve kamusal maash istihdam gibi farkli gelir
modellerine sahiptir ve genellikle birden fazla iste calisirlar (Akdede, 2022, s. 32). Bu
nedenle oyuncularin gelir modelleri netlesmeden meslek tanimi yapilmaya calisilirsa
eksik ve yetersiz bir ¢erceve olusturulacaktir. Ekonomi politik agidan oyuncularin gelir
elde etme bicimlerinin tanimlanmasi, onlarmn is giivencelerinin ve haklarmm
korunmasma dogrudan katki saglayacaktir. Gelir modellerinin net bir sekilde
belirlenmesi, oyuncularm hangi sektorde nasil calistigin1 anlamaya yardimc olurken
meslegin toplumsal ve ekonomik stattistiniin belirlenmesine de zemin hazirlayacaktir.
Bu nedenle, oyunculuk mesleginin dogru bir sekilde tanimlanmasi icin 6nce gelir elde
etme bicimlerinin ekonomi politik baglamda ele alinmasi ve hukuki, ekonomik ve
mesleki statiiniin netlestirilmesi gerekmektedir.

Oyuncularin gelir elde etme bigimleri ti¢ baslik altinda smiflandirilabilir:
a. Gecgici veya Yar: Zamanl Faaliyetlerden Elde Edilen Gelirler

Tiyatro, sinema, dizi, reklam, seslendirme gibi alanlarda proje bazli ya da parca
basi ticretlerle bir serbest meslek erbabi gibi faaliyet gostererek calismak. Dijital
platformlarda (Netflix, YouTube, TikTok vb.) igerik tiretimi yaparak gelir elde etmek.
Sponsorluklar ve marka is birliklerinden gelir kazanmak.

b. Tam Zamanli Olarak Istihdam Edilen Oyuncularin Gelirleri

Devlet Tiyatrosu, Sehir Tiyatrosu gibi kamu kurumlarinda kadrolu olarak
calisarak dtizenli maas almak. Baz1 biiyiik ozel tiyatrolarda veya tiyatro prodiiksiyon
sirketlerinde stirekli ¢alisan olarak gorev alarak maas ya da sozlesmeli ticret almak.
Universitelerde oyunculuk alaninda 6gretim {iyeligi akademisyenlik vb. gorevler
yaparak diizenli bir maas karsilig: gelir elde etmek.
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c. Oyunculuk Meslegi Disinda Baska Gelir Kaynaklariyla Gelir Elde Eden Oyuncular

Oyunculuk disinda baska bir sektorde veya faaliyet kolunda (6rnegin
isletmecilik, medya ve icerik tiretimi gibi alanlarda) calisarak gelir elde etmek. Aileden
gelen servet veya onceden birikmis mal varligiyla ge¢cimini saglamak. Oyunculuk alani
disinda egitim ve danismanlik hizmeti vererek ek gelir saglamak.

Bu smiflandirma, oyuncularin mesleki faaliyetleri ile gelir elde etme bicimleri
arasimndaki yapisal farklar: temel alarak olusturulmustur. Oyunculuk meslegi, diger
geleneksel istihdam bi¢imlerinden farkli olarak stirekliligi ve gitivencesi degiskenlik
gosteren cesitli calisma modellerini iginde barindirmaktadir. Bu baglamda oyuncularmn
gelir kaynaklari, calisma sekillerine ve sektordeki yerlesiklik diizeylerine gore ti¢ ana
baslik altinda ele alinmustir. Gegici veya yar1 zamanl faaliyetlerden elde edilen gelirler,
ozellikle serbest meslek statiistinde calisan ve proje bazl is iligkileri kuran oyuncular
i¢in temel bir model tegkil etmektedir. Buna karsin, tam zamanli olarak istihdam edilen
oyuncularm gelirleri, kamu ve 6zel sektorde kurumsal bir yapiya bagli olarak diizenli
maas ve sozlesmeli calisma dtizeni ile sekillenmektedir. Son olarak, oyunculuk
mesleginden dogrudan gelir elde edemeyen veya ek gelir ihtiyac1 duyan bireylerin
baska sektorlerde calisarak ya da mevcut birikimleriyle gecimlerini saglamalari,
sektoriin ekonomik yapist icinde sikca rastlanan bir diger durumdur. Bu smiflama,
oyuncularm calisma kosullarmin esnekligi, sektorel giivenceleri ve gelir istikrar1 gibi
faktorleri goz ontinde bulundurarak, meslegin ekonomik gercekligini aciklamaya
yonelik sistematik bir cer¢eve sunmaktadir. Ancak, bu siniflandirma kesin ve mutlak bir
ayrim olarak degerlendirilmemelidir; zira oyuncularin gelir elde etme bigimleri sektorel
dinamiklere, bireysel kariyer tercihlerine ve piyasa kosullarina baglh olarak stirekli
degiskenlik gostermektedir. Bununla birlikte alan yazma dair yapilan okumalar ile
gozlemler 15131nda oyuncularin ekonomik durumunu en iyi yansitan ve agiklamaya
calisan en yakin model oldugu kanaatindeyim.

3. Sonug

Oyunculuk meslegi, giintimiiz kultiir endiistrisinin 6nemli bir parcas1 olmasima
ragmen, hukuki ve ekonomik cercevesinin belirsizligi nedeniyle mesleki statti acisindan
ciddi sorunlarla kars1 karsryadir. Oyuncularin gelir elde etme bi¢cimlerinin net bir sekilde
tanimlanmamasi, meslek standartlarinin olusturulmasin zorlastirmakta ve bu durum,
mesleki haklarin korunmasmi engelleyerek oyuncularin hukuki, ekonomik ve sosyal
guvencelerini tehdit etmektedir. Oyuncularin ¢alisma kosullarindaki cesitlilik, farkl
gelir modellerine tabi olmalarmna yol acarken vergilendirme, sosyal gtivence ve mesleki
orgiitlenme stireclerinde 6nemli esitsizlikler ile belirsizliklere neden olmaktadir.

Bu ¢alismada, oyuncularin gelir elde etme bigimleri ti¢ ana kategoriye ayrilarak
degerlendirilmis ve bu simiflamanin mesleki stattintin belirlenmesinde nasil bir temel
teskil edebilecegi tartisilmistir. Oyunculuk mesleginin profesyonel bir kimlik
kazanabilmesi igin oncelikle ekonomi politik bir baglamda gelir modellerinin neler
oldugunun belirlenmesi biiyiik 6nem arz etmektedir. Sektordeki belirsizliklerin
giderilmesi adina, oyuncularin calisma bicimlerine gore hukuki statiilerinin agikca
tanimlanmasi, gelir modellerinin sistematik bir cerceveye oturtulmasi ve sosyal giivence
mekanizmalarinin giiclendirilmesi kritik bir gereklilik olarak ortaya ¢ikmaktadir.
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Ozetle, oyunculuk mesleginin hukuki ve ekonomik acidan net bir cerceveye
oturtulmasi, yalnizca oyuncularin haklarinin korunmasini saglamakla kalmayacak, ayni
zamanda sektordeki profesyonellesmeyi de tesvik edecektir. Bu baglamda, gelir elde
etme bicimleri ile meslek taniminin sistematik bir sekilde belirlenmesi, oyuncularmn
sektorde daha gtivenceli ve stirdiirtilebilir bir kariyer insa etmelerine katkida
bulunacaktir. Yapilacak diizenlemeler hem meslek ¢rgiitlerinin etkinligini artiracak hem
de oyunculuk egitimi veren kurumlarin itibarini giiclendirerek nitelikli is gtictintin
korunmasima katk: saglayacaktir.
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Abstract

This study investigates: a) The development of innovative management practices

inTurkey's tourism sector b) The dynamic drivers of change (opportunities and
challenges focused on Kingdom's tourism)c) Enabling this transformation, what benefit
can we obtain from digital innovation? Employing a mixed method approach including
case analysis and performance indicators, it provides new insights into the potential
benefits of data-driven decision-making, the impact of smart tourism technologies and
customer-centricity centred tourists experience. The results show considerable progress
in terms of operational efficiency, customer satisfaction, and long-term sustainability.
But challenges like these and others remain, including resistances to change, regulatory
restrictions and skills shortages. Through this, the current study enhances the IT tourism
management literature by providing practitioners and policymakers with rich detail on
how to innovate and maintain global competitiveness for the long term.
In conclusion, all of the results suggest that though digitization and innovation have
immensely enhanced the efficiency of service delivery and responsiveness to self-
improvement, these opportunities are marred by obstacles such as resistance to change,
legislation challenges and lack of skilled human resources, among others. Finally,
enhancing a culture of ongoing innovation and advanced technological integration is
deemed essential for the future resilience and global competitiveness of Turkey’s
tourism sector amid an accelerating market evolution.

Keywords: Touristic management, Innovation, Digital transformation, Smart

tourism, Turkey
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I. INTRODUCTION

The tourism industry had emerged as one of the most innovative and rapidly
changing sectors of the global economy, fuelled by technological progress, changing
consumer trends, and growing rivalry among destinations. The way tourism businesses
function has been greatly affected by the digital revolution in recent years, leading them
to embrace management practices spanning from innovation to service quality in order
to remain competitive. Tourism-dependent countries, like Turkey, have come to realize
the importance of focusing on digital solutions to incorporate data-driven decision-
making and customer-oriented methods into their operations, to support development
and guarantee sustainability on a longer-term basis. However, while these technological
innovations present tremendous opportunities, they also pose risks that must be solved
on both operational and strategic levels. Smart tourism technologies have been one of
the main facilitators of change in Turkey’s tourism sector (Mirzohmedov, 2023).

These new technologies consist of artificial intelligence (Al) driven customer
service tools, real-time data analysis solutions, Internet of Things (IoT) compatible
hospitality channels, and automated booking mechanisms delivering tailored
experience. In addition, the increasing prevalence of digital marketing and social media
strategies has completely revolutionized how tourism businesses engage their potential
customers, impacting their decision-making through targeted advertisements, online
reviews, and influencer partnerships (Okuyucu, 2023).

Simultaneously, the industry has been incentivized to adopting smart energy
solutions; digitalized supply chain management; and eco-friendly tourism practices by
sustainability concerns. Even with these advances, major impediments stand in the way
of seamless digital transformation. Among the most stubborn barriers is resistance,
rooted in traditional business models, a dearth of technological expertise in the
workforce and fears of the financial implications of digital transformation. Training and
upgrading the systems in SMEs is unaffordable for many, and they are not always able
to use the new digital strategies. In addition, regulatory restraints can impede the take-
up of new technologies because governments often require extensive approval processes
before deploying new digital infrastructure, while data privacy regulations add an
additional level of complexity for organizations with respect to how they manage
customer data. The second critical problem is the lack of skilled human capital
(Mirzohmedov, 2023).

Digitalization has ushered in new avenues for growth and efficiency, and there
is a growing need for employees trained in big data analytics, artificial intelligence,
cybersecurity, and digital marketing. Many tourism businesses struggle to hire and
retain the professionals with the digital skills needed to close the gap between available
technology and effective use of that technology. All tackling this challenge requires
strategic workforce planning, supported training initiatives by government, and
partnerships between academia and tourism industry to create specialized degree
programmes to educate the workforce. The aim of this research is to find out
developmental positioning of innovative management practices in Turkey's tourism
sector, denominator of digital transformation causatives, and advantages and barriers
as a result of these changes (Okuyucu, 2023).

Adopting a mixed-methods methodology, the study integrates qualitative case
analysis to derive contextual insights and utilizes quantitative performance indicators to

-73 -



3rd International Scientific Research Congress Book April 26-27, 2025, Istanbul

measure the tangible benefits of digital transformation in areas of operational efficiency,
customer engagement, and market position. Through investigating how business
leaders may act as catalysts for innovation and how leadership styles affect the
utilization of technology by tourism enterprises, this article provides valuable
contributions to better understand the decision-making practices of tourism businesses.
It also examines whether external pressures globalization, changing consumer
expectations, financial crises speed up or slow down the digital transition (Republic of
Turkey Ministry of Culture and Tourism, 2023).

To the best of our knowledge, the above research follows the qualitative
approach and thus adds to the extant body of knowledge by incorporating practical
implications for regulators, businessmen and industry leaders on how to endorse digital
transformation in the present era. Enhancing a competitive environment of progressive
development, advancing efficiency of tourism specialists in utilizing digital tools, and
collaboration between public and private sectors alike are critical to making sure
Turkey’s tourism market stays in the dogfight for the global game. In the age of fast-
paced technological changes itself, comprehending the essence of digital transformation
is a business proposition and a game changer for the backdrop of tourism development.

2. METHODOLOGY

In this study a using the mixed-methods analysis conducted in Turkey tourism
sector, innovative management practices and digital transformation success between
organizations were investigated. The combination of qualitative and quantitative
research methods creates a rounded understanding of the underlying factors that spur
innovation and what challenges are experienced by industry players, as well as how
effective are the strategies employed.

The literature review means searching for, analysing and discussing academic
studies, industry reports, policy documents dealing with issues related to digital
transformation, smart tourism technologies and innovation in tourism management to
develop theoretical concepts and identify areas for proceeding research.

3. INDINGS AND ANALYSIS

This study identifies the drivers, obstacles, and outcomes of digital
transformation in tourism and innovative management practices in Turkey tourism
sector.

3.1. Top Engines of Digital Transformation in Tourism Sector

This study identified certain key factors that have synergized the speed of adoption for
digital transformation in the tourism industry. Some guides use data for making
decisions, enabling businesses to tailor services to buy based on customer behaviour
patterns and market trends; while this can be among the most influential drivers. Smart
tourism technologies, including Al-enabled customer service systems, automated
booking engines, and digital marketing solutions have also driven customer experience
improvement through greater engagement and service efficiency. Additionally, the rise
of personalized travel experiences has compelled businesses to adopt digital solutions,
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including mobile apps, virtual reality (VR) tourism experiences, and blockchain-based
reservation systems.

Another important driver is the competitive pressure in the worldwide tourist market.
Digital transformation has been emphasized by Turkish tourism businesses as a
necessary move towards retaining international competitiveness in the face of the ever-
shifting requirements of tech-familiar travellers. Moreover, the development of digital
infrastructure through prospective regulatory policies, along with the push for e-
governance have also helped bring technology into the domain.

3.2. Obstacles and Hurdles to Digital Transformation

While the digital transformation of the tourism industry has its benefits, a
number of challenges are coming in the way of it. A major obstacle to adopting IoT is the
resistance to change from businesses, especially from small and medium-sized
enterprises (SMEs). For most organizations, the digital transformation has been
weighed down by fears of economic costs, higher technological complexities, and loss of
jobs (Mirzohmedov, 2023).

Another bottleneck is the shortage of skilled human capital tourism businesses
need professionals with expertise in digital marketing, data analytics, and Al-based
solutions. Organizations across verticals are experiencing a slowdown of innovation
because of the technology lagging the workforce capabilities. Other challenges that
impact the smooth implementation of digital tools include regulatory restrictions like
data privacy laws and cybersecurity threats.

Financial constraints further emerge as a significant challenge, especially for
SMEs, who may not have the capital to invest in sophisticated digital systems. This is a
challenge many businesses have, struggling with how they will fund technology
commitment, systems upgrade, and employee training. In addition, the process of
technological integration is complex, and businesses need to guarantee that they can
achieve the interoperability of existing legacy systems with the latest digital platforms
(Turkish Statistical Institute, 2024).

3.3. How Digital Transformation Affects Business Performance

From a financial perspective, digitized enterprises write-up incomes
development as good as they are some-more cost-efficient. According to a report,
businesses utilizing digital marketing methods and tailor-made customer interaction
techniques witness 15-25% growth in direct bookings on average, thereby not relying
on any third-party platforms. Indeed, companies leveraging Al-powered predictive
analytics for demand forecasting have been able to optimize their resource allocation
and inventory management, leading to lower operational expenses.

Despite these benefits, businesses that struggle with implementation report
delays in digital adoption, waste in system integration and workforce adaptation.
Organizations that fail to overcome these barriers tend to be slower to grow and leave
customers unsatisfied because their service models are outdated.
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3.4. Industry Leading Practices and Strategic Recommendations

The recommendations for best practices and strategic approaches to advance
digital transformation in the tourism sector follow from the study findings. Adopting a
digital-first mindset organization-wide is where companies need to start leadership
must support it and invest in technology-centric business models. To ensure smooth
technology adoption business should focus on continuous employee training programs
to help in closing the digital gap (Ozcan, 2020).

A further important recommendation is to improve collaboration between the
public and private sectors. Government support through investments in digital
infrastructure, incentives for technology adoption, and regulatory frameworks that
encourage innovation will further speed up digital transformation. In addition to this,
cross-industry partnerships between technology providers and tourism businesses can
accelerate the deployment of Al, big data and automation solutions (Acetes Travel,
2025).

Change is difficult; digital transformation must happen in stages better yet;
incremental digital transformational strategies often win out when it comes to
overcoming change resistance. The next step will be to develop a digital strategy that is
customer-centric and emphasizes creating personalized experiences, delivering efficient
service, and engaging in real time that further assets on business competitiveness
(Mirzohmedov, 2023).

Table 1. Tourism Income and Average Expenditure Per Capita, 2012 - 2024

201 Annual 42 851 - 42 851 826 79
9 778 778

I 4 844 420 - 4 844 420 729 81

II 9163 454 - 9163 454 718 82

III 19 831 - 19 831 918 80
482 482

v 9012421 - 9012421 831 72

202  Annual 15 287 118 439 15 169 958 69
0 810 371

I 4 842 626 66 779 4775 847 847 90

II 651 396 130 651 266 - -

III 5531919 12 645 5519 274 985 67

1A% 4 261 869 38 886 4 222 983 922 56
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202  Annual 30 528 218 620 30 309 1032 74
1 342 722
I 2 669 614 43187 2 626 427 1010 61
II 3492 260 48 058 3 444 202 847 67
III 15 596 60 346 15 536 1139 82
408 063
1Y 8 770 059 67 029 8 703 030 962 70
202  Annual 50 248 391 907 49 857 971 85
2 936 030
I 6 368 559 64 286 6 304 272 977 77
II 10 624 87 578 10 536 883 89
004 425
III 21 508 129 493 21 378 1018 87
293 800
1Y 11 748 110 549 11 637 972 84
081 532
202  Annual 56 439 565 436 55 874 979 92
3 612 176
I 8 450 781 116 613 8 334 167 1019 84
II 13 440 132 677 13 307 951 101
175 498
III 22 502 163 974 22 338 996 91
131 157
IV 12 046 152172 11 894 954 89
525 353
202  Annual 61103 606 401 60 497 972 97
4 419 018
I 8 947 889 163 089 8 784 800 975 93
II 15018 143 425 14 875 924 101
943 518
III 23 348 162118 23186 999 95
551 433
IV 13 788 137 769 13 650 981 97
036 267

Source: Turkish Statistical Institute, 2024

As the tourism income of turkey and the visitor expenditure are two vital subjects
to monitor, the analysis comparing these elements from the year 2019 up until 2024,
presents drastic changes in regards to foreign countries, where the eventual impact of
the COVID-19 pandemic and the recovery are better off by year 2024.

Tourism income from 42.85 billion dollars dropped to 15.28 billion dollars
between the years of 2019 and 2020, largely because of the travel bans and low
international mobility. More, even though the total number of tourists is lower than
before, it indicates that a tourist spends more per visit (the average expenditure per
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capita increased from $826 in 2019 to $958 in 2020) that may come from longer stay at
the countries visited or higher costs from pandemic restriction travellers.

The subsequent recovery stage from 2021 onwards sees a 69.96% increase to
tourism revenue whereby they achieve a value of $50.25 billion in 2022 which the
following value $61.10 billion in 2024 (Investment Office of the Presidency of the
Republic of Turkey, 2025).

This expansion is largely due to the lifting of restrictions, an increase in
international demand, and Turkey's strategic investments in digitalization and smart
tourism technologies. The per capita expenditure settled within the $950-$1,032 range,
with marked spikes in 2021 ($1,032) and 2023 ($979), reflecting the changing spending
habits of visitors as the industry adjusted to post-covid travel behaviour (Investment
Office of the Presidency of the Republic of Turkey, 2025).

Quarterly data is subject to seasonality, with Q3 ever forming the most
significant tourism income in all years, reflecting peak summer travel. The Q3 income
peaked in 2024 when it reached $23,34 billion, beating the years prior to the pandemic,
reflecting the resilience of the tourism rebound in Turkey (Investment Office of the
Presidency of the Republic of Turkey, 2025).

This growth is an indication of changing consumer behaviour and a testament
to the possibilities Youtan Yi can create. Visitor spend per night varies greatly from
quarter to quarter ($56 (Q4 2020) versus $101 (Q2 2023; Q2 2024) highlighting the impact
of cost structures, elasticity of demand to inflation, and changing market dynamics on
spending behaviour. They should ensure an equilibrium between affordability and
profit that will keep Turkey competitive in the global tourism marketplace.

To sum up, the tourism sector of Turkey has shown high resilience capacity and
a robust growth trend in the post-COVID world. While the growing income from
tourism paired with a constant per-capita outlay for travellers indicate a good trend. Key
findings include an emphasis on improved customer experience, digital transformation,
as well as the need to manage economic challenges, including inflation and labour
shortages, to ensure sustainable long-term growth in the industry.
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Table 2. Arriving foreigners and citizens

Nationality 2019 2020 2021 2022 2023 2024
Foreigner total 45058 12734 24712 44564 49209 52629
286 213 266 395 180 283

OECD Countries 15162 3571 7221 17106 19016 21058
(Europe) 487 777 277 276 304 595
Germany 5027 1118 3085 5679 6193 6 620
472 932 215 194 259 612

Austria 401475 112126 284095 454638 496482 548794
Belgium 5567435 138729 339529 596173 596355 625263
Czech Republic 311359 15642 89734 295454 384158 410280
Denmark 335877 44694 111499 356127 319835 345198
Finland 135192 15003 32809 117281 117123 123414
France 875957 311708 621493 986 090 1031 1088
824 386

Netherlands 1117 271526 645601 1244 1232 1303
290 756 220 262

United Kingdom 2562 820709 392746 3370 3800 4433
064 739 922 782

Ireland 96886 26176 36947 136608 163165 195899
Spain 257342 54381 104848 298165 324690 382896
Sweden 444285 93703 192872 415696 364984 397201
Switzerland 311107 127643 219591 382835 390044 406 357
Italy 377011 72619 116806 420661 602176 719 668
Iceland 3 966 541 962 4 070 3975 4758
Luxembourg 10 957 2228 8499 13186 15633 17228
Hungary 149523 16563 76257 165842 222327 252066
Norway 208330 25100 54633 191789 203325 22299
Poland 880839 145908 585076 1135 1539 1866
903 123 986

Portugal 54130 12893 26379 74812 92901 112371
Slovakia 207 108 8648 37963 196462 235303 274047
Greece 836882 136305 157723 569795 686480 707133
OECD Countries 1241 269668 519277 1589 2199 2471
(other) 834 935 958 015
U.S.A. 578 074 148937 371759 1013 1334 1442
478 337 191

Australia 120837 15109 15674 118847 192770 205874
South Korea 212970 36636 15206 99869 159039 206931
Japan 103320 19122 7153 30610 78782 134697
Canada 139164 34210 72034 197416 248868 302728
Mexico 66557 12775 34705 114267 155155 142963
New Zealand 20912 2879 2746 15448 31007 35631
Other European 4 964 2009 2973 5544 5615 5 966
countries 914 596 702 613 126 990
Albania 134869 49667 89748 145032 142482 159 828

Bosnia Herzegovina 144 445 61651 131347 200698 177893 197 388
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Bulgaria 2713 1242 1402 2 882 2893 2918
464 961 795 512 092 581
Estonia 77 041 5113 47 597 93 209 96 227 103 956
Croatia 56 465 16 566 29 464 61 327 66 948 77 003
Latvia 86 051 9392 44 760 97240 117936 124732
Lithuania 229704 14194 114227 251619 277810 285026
North Macedonia 222862 115483 182045 266184 251066 246 626
Romania 763320 269076 496178 @ 886555 990 005 1173
358
Slovenia 50 414 8 108 18 580 48 622 53 600 58 884
Serbia 282347 129284 238852 357787 311738 342002
Other European 203 932 88101 178109 253828 236329 279 606
countries
Com.of independent 13157 4 350 8 742 10 056 11 938 12574
states 885 741 390 039 351 364
Azerbaijan 901723 236797 470618 683834 855445 956178
Belarus 258419 106426 220932 239966 309216 334796
Armenia 66 882 9309 10178 36 445 31 950 31 587
Georgia 1995 410501 291 852 1514 1633 1466
254 813 977 188
Kazakhstan 455724 137213 366076 712136 826319 863 542
Kyrgyzstan 121 364 52142 102840 147487 169906 184174
Moldova 198 867 109137 192441 274257 288377 329796
Uzbekistan 252138 102598 272604 419673 470644 569 818
Russian Federation 7017 2128 4694 5232 6313 6710
657 758 422 611 675 198
Tajikistan 44 155 16 972 41 440 74 101 78 185 32785
Turkmenistan 297 706 43 236 18 979 45249 = 120928 153 688
Ukraine 1547 997 652 2060 675467 839729 941614
996 008
East Asian Countries 591 504 65 554 52166 157335 362086 558 801
China 426 344 40 264 33 641 89515 248119 409733

Source: Turkish Statistical Institute, 2024

Perhaps the most significant trend in the sample is the high volume of European
travellers coming to Turkey, especially those from OECD countries, with Germany,
England and the Netherlands serving as the leading markets for Turkey’s inbound
tourism. Arrivals from the countries in Europe have been gradually increasing and this
indicates that the confidence in travel was regained and interest in Turkey as a
destination was preserved. And one of the fundamental drivers of growth was also the
increasing number of travellers from the Commonwealth of Independent States (CIS),
including Russia, Ukraine, and Kazakhstan, especially in 2021 and onwards. Despite
global geo-political uncertainties, there was a steady growth from 2.12 million in 2020
to 6.71 million in 2024, and Russia had sustained its position as one of the top source
markets (Turkish Statistical Institute, 2024).
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Other noteworthy trend is the rising interest from East Asian nations, especially
China which witnessed a surge in arrivals from 89,515 in 2022 t04129,733 in 2024
(Investment Office of the Presidency of the Republic of Turkey, 2025).

That indicates a growing position of Turkey among the Asian travellers, possibly
thanks to promotional campaigns targeting tourists, better connectivity facilities, and
policies on visa facilitation.

Graphic 1. Foreigner total

[11190501905r71, 14190501905171] (14190501905r71, 181905019051r71]

Source: Turkish Statistical Institute, 2024

The data shows a stark decrease in 2020, with 45.05 million foreign visitors to
Thailand in 2019 falling to just 12.73 million, as the COVID restrictions impacted
globally when lockdowns were imposed. However, the recovery in subsequent years
was robust, bringing the number of foreign visitors to 44.56 million in 2022, exceeding
pre-pandemic levels in 2023 (49.20 million) and further increasing in 2024 (52.62 million).

However, various issues remained in April, such as the continuing economic
instability and shifts in exchange rates, as well as external geopolitical tensions that
could impact tourist arrivals. They need to adopt more sustainable tourism policies that
consider the lessons learned from the post-pandemic tourism landscape and address the
need for sustainable and resilient tourism policies to prevent further disruptions (Global
Sustainable Tourism Council, 2025).

In conclusion, Turkey’s tourism industry has displayed incredible resilience and
adaptability, bouncing back in terms of foreign arrivals and broadening its market base.
Sustaining this momentum will require further investments in tourism infrastructure,
digital transformation, investment in technology and improvement in marketing
strategies in the next two years. Moreover, the close diplomatic and economic ties
developed with essential sourcing markets, most notably Europe, the CIS and East Asia,
will ensure long-term development of inbound travel.

4. RESULTS

This study indicates that though digital transformation plays an important role
in improved operational efficiency, customer engagement and business performance,
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the effective transformation poses several challenges ranging from organizational
aspects to difficulties faced on the financial and regulatory front. Companies that
actively adopt digital tools and nurture innovative mindsets are poised to stay relevant
in the changing tourism environment. Conversely, when we look ahead, we must
remember that in order for Turkey’s tourism sector to remain globally sustainable in the
long-run, it needs to constantly adapt and strategically incorporate technology into its
operations.

5. DISCUSSION / CONCLUSSION

The results of this study show how digital transformation and updated
management practices changed Turkey's tourism industry. Our findings reveal that
incorporating data-driven decision-making, smart tourism technologies, and customer-
oriented strategies has significantly enhanced operational efficiency, customer
satisfaction, and business sustainability. While digital transformation has much
potential, its success largely comes down to addressing organizational inertia, skill
shortages, and regulatory compliance.

The study adds that customer expectations are changing quickly, with travellers
today expecting modernized service that is seamless, personalized, and tech-enabled.
Mobile apps, Al-based recommendations, contactless payments, and virtual travel
experiences create better customer engagement and give a competitive edge to
businesses that invested in these areas. Customer data privacy and cybersecurity risks,
however, remain major challenge. To gain trust and keep consumer confidence,
company needs to create strong protection policies of their data and abide to digital
security laws (Okuyucu, 2023).

On the policy forefront, regulatory challenges like data privacy laws, licensing
needs for new technologies, and bureaucratic processes that move at a snail’s pace
remain challenges to rapid digital adoption. Although Turkey is on a path to developing
its digital infrastructure, further government incentives, tax relief for digital
investments and regulatory simplifications would better promote a broad adoption of
smart tourism technologies. There is a need of public/private working to foster a
conducive digital tourism environment.

This paper gives a thorough overview of Turkey's tourism industry restructured
by digital transformation and innovative management practices. Though the
generalization is vast, the finding bodes well for businesses that embrace digital
solutions, as those that effectively implement current technology see increased
efficiency, higher revenues and more loyal customers, while those that fail to incorporate
these solutions stagnate or suffer destruction from their competitors (Global Sustainable
Tourism Council, 2025).

Digital transformation is also not an end-state, but a continuum that necessitates
agility, targeted investment, and training of the workforce. To this end, the study
underlines that success lies in human elements that include sound leadership, digital
upskilling programs and facilitative regulatory frameworks to support seamless
adoption across the industry. Ultimately, it will be crucial to close the digital skills gap,
which requires education and training initiatives that are vital for long-term
sustainability.
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In the end, this evolution of Turkey’s tourism industry needs an innovative-
driven culture that is customer-oriented in their digital strategies and must also invest
by addressing regulatory and financial hurdles for innovatory action if Turkey wants to
continue to be competitive in the global tourism industry. There is a great deal of
valuable information that can support tourism marketers in adjusting to the digitalized
environment, and future researchers can elaborate on these findings to discover the
impacts of digitalization in the future, and their role on long-term employment trends,
sustainable practices, and consumer behaviour.

6. REFERENCES

Turkish Statistical Institute. (2024). Tourism statistics quarter IV: October-December
and annual, 2024. Retrieved from
https:/ /data.tuik.gov.tr/Bulten/Index?p=Tourism-Statistics-Quarter-IV:-
October-December-and-Annual,-2024-
53660&dil=2#:~:text=Tourism % 20income %20in % 202024 % 20increased,606 % 20m
illion %20401 %20thousand %20dollars.

Okuyucu, A. (2013). Tourism development in Turkey: Development process, challenges,
and patterns. The Journal of Academic Social Science Studies, 6(7), 815-827.
https:/ /www .researchgate.net/publication/273878854_TOURISM_DEVELOP
MENT_IN_TURKEY_DEVELOPMENT_PROCESS_CHALLANGES_AND_PAT
TERNS

Investment Office of the Presidency of the Republic of Turkey. (2025). Tourism
industry in Turkey. Retrieved from
https:/ /www.invest.gov.tr/en/library/publications/lists/investpublications/ t
ourism-industry.pdf

Mirzohmedov, A., & Azimov, I. (2023, June). Tourism in Turkey. Tashkent State
University of Economics.
https:/ /www .researchgate.net/publication/371227222_tourism_turkey

Ozcan, C. C. (2020). Economic and social impact of mass tourism developments in
Turkey: A theoretical assessment. Necmettin Erbakan University.
https:/ /dergipark.org.tr/en/download/article-file /1488220

Global Sustainable Tourism Council. Retrieved from (2025).
https:/ / www.gstcouncil.org/wp-content/uploads/S16-Pelin-Rodoplu.pdf

Acetes Travel. (2025). Turkey travel guide. Retrieved from
https:/ /www .acetestravel.com/Turkey %20Travel %20Guide.pdf

Republic of Turkey Ministry of Culture and Tourism. (2023). Turkey tourism strategy
2023. Retrieved from
https:/ /www ktb.gov.tr/Eklenti/43537,turkeytourismstrategy2023pdf.pdf

-83 -



A Study on the Boundaries of Al-Rawda Al-Mutahhara

Ravza-i Mutahhara’nin Sumirlar: Uzerine Bir Degerlendirme

Dr. Nilgiin CEVIK
Diyanet Isleri Bagkanligi, Izmir Karsiyaka Miiftiligi
https:/ / orcid.org/0000-0003-4736-1471

nilguncevik@hotmail.com

Abstract

Al-Masjid an-Nabawi is the mosque in Medina that also contains the tomb of
the Prophet Muhammad. Al-Rawda is located between the pulpit and the tomb of the
Prophet Muhammad. In light of the Prophet Muhammad’s declaration, “The area
between my house and my pulpit is a garden from among the gardens of Paradise.” this space
possesses great spiritual significance for Muslims. Therefore, every Muslim who makes
the Hajj and Umrah desires to visit this place. Therefore, Rawda has emerged as one of
the most frequented areas for worship and prayer among Muslims. However, the
limited physical space of the place, the increasing visitor density and the desire for
worship sometimes lead to serious crowds and disruption of the peace of worship. The
appointment system known as 'Nusuk,' which has been introduced to balance the
intensity of visitation, seeks to regulate the process; however, it does not guarantee
access for all pilgrims and at times results in overcrowding and contention. Indeed,
even in front of the Prophet’s tomb —where the verse “Do not raise your voices above the
voice of the Prophet!” (al-Hujurat 49:2) is inscribed —there are at times scenes that
challenge the boundaries of reverence and are marked by noise and disorder.

This paper analyzes the current issues related to the boundaries of al-Rawda al-
Mutahhara in light of relevant narrations and offers both scholarly and practical
recommendations to address the challenges faced by pilgrims.

Keywords: Islamic history, Sira, al-Masjid an-Nabawi, Al-Rawdah al-
Mutahharah, Place, Shrine

Oz

Mescid-i Nebevi, Medine’de, icerisinde Hz. Peygamber'in kabrinin de
bulundugu mescittir. Ravza-i Mutahhara, bu mescidin icerisinde, minber ile Hz.
Muhammed’in kabri arasinda yer almaktadir. Bu mekan, Restl-i Ekrem’in “Evimle
minberim arasi, cennet bahgelerinden bir bahgedir.” beyani hasebiyle Miisliimanlar igin
biiytik bir manevi degere sahiptir. Dolayisiyla hac ve umre ziyareti yapan her
Misliiman igin burayi ziyaret etmeyi arzulamaktadir. Bu sebeple Ravza-i Mutahhara ,
dua ve namaz i¢in en ¢ok ragbet goren alanlardan biri haline gelmistir. Ancak mekanmn
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smirh fiziksel alani, artan ziyaret¢i yogunlugu ve ibadet arzusu, zaman zaman ciddi
kalabaliklara ve ibadet huzurunun sekteye ugramasma yol agmaktadir. Bu yogunlugu
dengelemek ve diizenlemek adina gelistirilen “ntisuk” isimli randevu sistemi, stireci
yonetmeyi hedeflese de tiim ziyaretcilere erisim imkani saglayamamakta; yer yer
izdihamlara ve tartismalara sebep olabilmektedir. Hatta, “Seslerinizi peygamberin
sesinden daha fazla yiikseltmeyin!” (Hucurat Suresi, 49/2) ayetinin yazili oldugu kabrin
ontinde, giiriiltii ve saygi smirlarini zorlayan manzaralar da meydana gelmektedir. Bu
tebligde, Ravza-i Mutahhara'nin smurlarma dair rivayetler 151ginda yasanan mevcut
sorunlar tahlil edilmekte ve umrecilerin karsilastig1 zorluklara kars: hem ilmi hem de
uygulamaya yonelik ¢oziim onerileri sunulmaktadir.

Anahtar Kelimeler: Islam Tarihi, Siyer, Mescid-i Nebevi, Ravza-i mutahhara,
Mekan, Makam

1. GIRiS

Ravza-i Mutahhara, Mescid-i Nebevi'de, Hz. Peygamber’in kabri ile minberi
arasinda yer almaktadir. Islami literatiirde bu alan hem fiziksel konumu hem de dini
anlamu itibariyla son derece onemli bir mekandir. Ravza-i Mutahhara'nin fazileti,
bizzat Hz. Peygamber’in, “Evimle minberim arasi, cennet bahgelerinden bir bahgedir;
minberim de havuzumun iizerindedir.” (Buhari, Fadlu's-salat, 5) hadisiyle beyan
edilmistir. Bu miinasebetle her Miisliiman Ravza'y1 ziyaret etmek ister. Nitekim Hz.
Peygamber’in, “Kim kabrimi ziyaret ederse, ona sefaatim vacip olur.” (Tayalisi, el-Musned,
1/66) ve “Kim hac yapar da éliimiimden sonra kabrimi ziyaret ederse, beni hayatimda ziyaret
etmig gibi olur.” (Féakihi, 1/435) rivayetleri, Restl-i Ekrem’in vefatindan sonra kabrine
yapilan ziyaretin manevi bir bulusma, sevgi ve baghlik ifadesi oldugunu gostermesi
bakimindan son derece dikkat cekicidir. Ayrica bu husus Hz. Peygamber’in manevi
huzuruna yakin olmanin zamanla smirlanmadigini da ifade eder. Dolayisiyla, Ravza-i
Mutahhara mekanla sinurli fiziksel bir mekdn olmanin 6tesinde, Hz. Peygamber’in
manevi huzuruna yakin olmanin bir tezahtirti olarak goralmisttir.

Ravza, 22 metre uzunluga, 15 metre genislige ve yaklasik 330 metrekarelik bir
ylizol¢limtne sahiptir. (Bozkurt, 2007, 34/475) Mescid-i Nebevi'nin diger
boltiimlerinden ayirt edilebilmesi i¢in zemini yesil hali ile kaplanmis olan bu alan,
smirli kapasitesi nedeniyle ayn1 anda yalmzca birkag yiiz kisiyi agirlayabilmektedir.
(https:/ /alharamain.gov.sa/19.04.2025) Fiziki agidan dar bir alan olmasma ragmen,
Ravza-i Mutahhara'nin Islam diinyasinda tasidigi sembolik anlam son derece
biiytiktiir. Diinyanin doért bir yanindan gelen haci ve umreciler Ravza’da namaz kilmak
ve dua edebilmek adma buyiik bir gayret gostermektedir. Ancak, Ravza-i
Mutahhara'nin fiziki kapasitesinin smirliligl, gtintimiizde ciddi bir ihtiyaca cevap
verememe sorununu da beraberinde getirmektedir. Aynm1 anda yalmizca birkag ytiiz
kisiyi agirlayabilen bu alan, 6zellikle hac ve umre donemlerinde yogun bir ziyaretci
akinina ugramakta, bu durum ibadetlerin hust i¢inde eda edilmesini
zorlastirmaktadir.
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Bu tebligde, sz konusu problem ele alinacak; klasik hadis literatiirtinde yer
alan Ravza rivayetleri tizerinden bu soruna nasil bir ¢oziim tretilebilecegi
tartisilacaktir.

2. RAVZA
2.1. Anlam

Ravza (a3l kelimesi, Arapca’da “bahge” anlamina gelir. Genellikle ¢icekli,
yesil ve ferah yerler igin kullanilir. Ozellikle yesilligi, ferahlig1 ve giizelligiyle dikkat
ceken, su ile beslenen ve cevresine hayat veren alanlari tanimlamak igin kullanilir. Er-
Ridan ((b=:)ve Riyad( d=biV) kelimeleri 'ravza' ((=33Y) kelimesinin ¢oguludur ve bu
kelime “bahceler” anlamma gelir. (Halil b. Ahmed, 1988, 7/55) Modern Arapcada
“Riyad” yani  Suudi Arabistan'm  bagkenti de  buradan gelir.
(https:/ /www.almaany.com/tr/dict/ar-tr) Ravza (“=s)V), Mescid-i Nebevi'de Hz.
Peygamber’in evi ile minberi arasinda yer alan miibarek mekana atfen kullanildiginda,
genellikle hiirmet ve tazim ifade eden nitelemelerle birlikte amilir. Bu kullanim,
yalnizca fiziksel bir alan1 degil, ayn1 zamanda makam ifade eden manevi degeri haiz
bir mekdn1 da isaret etmektedir. Kaynaklarda gordiigtimiiz soz konusu terkipler
sunlardir: Ravza-i Miibareke (3S_lwll 45 )) (Kiirdi, 1420/ 2000, 1/247); Ravza-i Serife
(3830 L5 l): (Abdiilgani, 1424, 32); Ravza-i Mutahhara (sekdl 25 1l) (Bozkurt, 2007,
34/475). Mezkar terkiplerde kullanilan miibarek (bereketli), serefli (saygideger) ve
mutahhar (tertemiz) gibi nitelemeler, Ravzanin hem maddi hem de manevi agidan
essiz ve degerli bir mekan oldugunu vurgulamaktadir. Dolayisiyla “cennet
bahgcelerinden bir bahgedir” ifadesiyle mekanin genisligi kastedilebilecegi gibi mecaz
anlamli olabilecegi de belirtilmektedir. (Bozkurt, 2007, 34/475). Zira baz1 hadislerde
'cennet’ kelimesinin, tesvik edici ve manevi degeri vurgulayici bir anlamda, mecazi
sekilde kullanildig1 gortilmektedir. “Kim bir hastay: ziyarete giderse, (onun yamindan)
doniinceye kadar cennet bahgelerindedir.”(Miislim, 6/432) hadisi, bu tiir bir anlatimin
orneklerinden biridir. Nitekim bu hadiste de 'cennet' ifadesi, belirli bir mekani
belirtmekten ziyade, sembolik olarak degerliligi ifade etmek amaciyla mecazen
kullanilmus olabilir.

2.2 Mescid-i Nebevi Ziyareti

Kaynaklara gore Hz. Peygamber’in kabr-i serifini ihtiva eden Mescid-i Nebevi,
fazilet itibariyla Mescid-i Haram’dan sonra ikinci derecede yer almaktadir. Hz.
Peygamber’in, "Benim bu mescidimde kilinan bir namaz, Mescid-i Haram disinda diger
mescitlerde kilinan bin namazdan daha hayirlidir." (Buhari, Fadl es-Salat, 1) hadisi Mescid-i
Nebevi'nin ytiksek bir manevi degere sahip oldugunu ve buradaki kilmnan namazlarmn
daha fazla sevap tasidigini gostermektedir. Ayrica Ravza'y1 ziyaret bir inancin ve bir
aidiyetin de semboliidiir. Bu nedenle, Mescid-i Nebevi'yi ziyaret eden miiminler,
buradaki manevi atmosferin faziletini en iyi sekilde degerlendirmek amaciyla 6zellikle
nafile namazlarini burada kilmayz1 isterler. Bu noktada ise azami derecede siikiinete
ihtiya¢ duyulmaktadir. Ancak kalabalik nedeniyle sikintilar yasanmakta, izdihamlar
meydana gelmekte ve bazi ziyaretciler Ravza'ya girememektedir. Bu nedenle mescidin
disinda giirtltti olusmakta, hatta umreciler ile gorevliler arasinda zaman zaman
cekismeler yasanmaktadir. igeriye girebilenler arasinda da kargasa yasanabilmektedir.
Hatta “Ey iman edenler! Seslerinizi peygamberin sesinden daha fazla yiikseltmeyin, birbirinize
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bagirdigimiz gibi ona bagirmayin; sonra farkinda olmadan amelleriniz bosa gider. (Hucurat, 2)
ayetinin yazili oldugu ve asagida resmi bulunan kabrin yakininda bu manzaralara
sahit olunmaktadir. Bu mukaddes mekanda stik@inetin ve huzurun temini son derece
elzemdir.

Resim 1: Hiicretii’'n-Nebi

Kaynak: https:/ /alharamain.gov.sa/public/(22.04.2025)

Hz. Peygamber'den nakledilen “Oliimiimden sonra kabrimi ziyaret eden, beni
hayatimda ziyaret etmig gibi olur.” (Fakihi, 1/435) beyan1 geregi onun kabrini ziyaret
ederken stiktineti korumak gerektirir. Nitekim Hucurdt Suresi'nin 3. ayeti de bu
hassasiyete isaret etmektedir. Hz. Peygamber donemindeki insanlara hitaben adab-1
muaserete dikkat ceken “Rasiilullah’in huzurunda seslerini kisanlara gelince, Allah onlarin
kalplerini takva ile imtihan etmis, onlar da bu sinavdan basariyla ¢ikmuslardir. Onlar igin bir
bagislanma ve biiyiik bir miikdfat vardir.” ayetinin ginimiiz diinyasinda da uygulamaya
alinmasi gerekliligi Kur’an-1 Kerim’in ¢aglar tistti anlam tasiyan bir mesaj sundugunu

da gostermektedir.

2.3. Ziyaret Nizami ve Giiniimiiz Uygulamalar:

Mescid-i Nebevi'de ziyaretci yogunlugunu kontrol edebilmek ve siireci
yonetebilmek adina Niisuk randevu sistemi ziyaretcilerin planl bir sekilde Ravza'ya
girmesini amaclamaktadir. (https://www.nusuk.sa/tr) Bu sistem dijital platformdan
randevu sistemidir. Ravza’'y1 ziyaret icin Niisuk uygulamasi {izerinden randevu
alinmas1 zorunludur. Bu uygulamada bireysel ve grup randevusu alinabilmektedir.
(https:/ /www.nusuk.sa/tr) Bu uygulama ile kadin ve erkek ayri ayri1 daha fazla
ziyaretginin diizenli bir sekilde Ravza'y1 ziyaret etmesi amaglanmistir. Suud
kaynaklarinin verdigi bilgiye gore sistem tizerinden yapilan randevu sistemiyle Ravza-
i Mutahhara’da 2024 yili boyunca, giinliik ziyaretci sayisi: yaklasik 48.000'dir. Bu
bilgilere gore erkek ziyaretci sayisi: 5.583.885; kadin ziyaretci sayisi: 4.726.247 olmak
tizere toplam 10 milyondan fazla kisi namaz kilma imkdn1 bulmustur.
(https:/ /alharamain.gov.sa/public/ ?page=page_68207)
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Ozellikle son yillarda ziyaretci saymnin artmasi miinasebetiyle ziyaretlerde
izdiham olusmakta ve buna ¢oziim getirilmeye calisilmaktadir. Bir stire bir kisinin
senede bir kere Ravza ziyaretine izin verilerek yogunluga ¢6ztim bulunmak
istenmesine ragmen bu uygulamadan vazgegilmistir. Ocak 2025 tarihinde yaptigimiz
umre sonrasinda, Mescid-i Nebevi ziyaretimiz sirasinda bizzat sahit oldugumuz
durum sudur: Grup ziyareti icin alinan randevuya ragmen Ravza'ya girisimiz
mimkiin olmadi. Gorevliler, sadece randevulu kisi sayis1 kadar kisiyi iceri almakta;
ancak araya karisarak usulsiiz sekilde girenler nedeniyle say1 asimi yasanmakta ve bu
durum, asil girmesi gerekenlerin igeri alinmamasina yol agmaktadir. Neticede, iceri
giremeyenlerle gorevliler arasinda ciddi tartismalar ve zaman zaman bagrismalar
meydana gelmektedir. Ote yandan, bireysel randevu alan ziyaretciler ise uygulama
usulini tam olarak kavrayamadiklarindan, bazen yalnizca birka¢ dakikalik
gecikmeyle randevu saatini kacirmakta ve bu sebeple haklarin1 kaybetmektedirler.
Ravza-i Mutahhara’ya girememe durumu, ozellikle tecriibe eksikligi yasayanlar ile
rehberlik hizmetine yeterince ulasamayanlar icin derin bir hiizne ve ciddi bir 1zdiraba
dontusebilmektedir. Hac1 ve mu’temir, icinde bulundugu kutsal mekanda yasadigi
hayal kirikligi sebebiyle, farkinda olmadan ortama uygun diismeyen sozler sarf
edebilmektedir. Bu noktada, goniillere ferahlik verecek bir katki sunmak niyetiyle,
Ravza-i Mutahhara'nin smirlariyla ilgili islami literatiirti gozden gecirme ihtiyact
duyduk. Asagida, bu konuya dair yer alan rivayetleri derleyerek okuyucunun
istifadesine sunduk.

3. RAVZA-Ii MUTAHHARA'NIN SINIRLARINA DAIR GORUSLER

Ravza-i Mutahhara, gtintimiizde resmi kaynaklara gore 22 metre uzunlugunda
ve 15 metre genisliginde olup, yaklasik 330 metrekarelik bir alani1 kaplamaktadir.
Doguda Hz. Aige’nin evi, batida minber, giineyde kible y6nii, kuzeyde ise Hz. Aise'nin
evinin kuzey hattina paralel bir cizgi ile sinirlandirilmistir.
(https:/ /alharamain.gov.sa/ public/ ?page=page_68207)

Resim 2: Ravza-i Mutahhara’nin mihrab ve minber taraf1

Kaynak: https:/ /alharamain.gov.sa/public/?page=page_68207 (22. 04.2025)
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Yukarida gorseli verilen Ravza-i Mutahhara'min smarlarma iliskin klasik
kaynaklarda farkli rivayetler bulunmaktadir.

3.1. Birinci rivayet

Ravza-i Mutahharanin smirlar1 Hz. Aise’nin evi ile minber arasidir. Asagida
lafzen ayni ya da benzer olan rivayetler verilmistir.

Birinci goriisii ifade eden rivayetler:

25 e (s ites AR (al ) G diay) s ke o O s
“Evimle minberimin arasi, cennet bahcelerinden bir bahcedir ve minberim havzinmin
tizerindedir” (Malik b. Enes, el-Muvatta’, (1435/2015), s. 197)

2 G g e Rl (nl ) e diab) s e (i a0 O e

“Evimle minberimin arasi, cennet bahcelerinden bir bahcedir ve minberim havzimin
tizerindedir” (‘Abdurrezzak, el-Musannef, 3/126)

asn e s tias R (a5 e dlm s (o e s 35 (o e
“Evimle minberimin arasi, cennet bahcelerinden bir bahcedir ve minberim havzinmin
iizerindedir” (Ibn Sa‘d, et-Tabakat, (1421/2001), 1/218)

25 Gl ey Ball Gl ) e Ala) g ey i G e
“Evimle minberimin arasi, cennet bahcelerinden bir bahcedir ve minberim havzinmin
tizerindedir” (Ahmed b. Hanbel, el-Musned, (1431/2010), 3/978)

Bl ala y {pn A s ey (o it s
“Evimle minberimin arasi, cennet bahgelerinden bir bahcedir” (Buhari, es-Sahih, (1422H.),
2/61)

all ) Gn A o e B G o

“Evimle minberimin arasi, cennet bahgelerinden bir bahgedir” (TirmiZi, es-Sunen,
(1395/1975), 5/718)

Bal) iy e A3 5 ey (B i s
“Evimle minberimin arasi, cennet bahgelerinden bir bahgedir” (Nesa’1, es-Sunen, (1406/1986),
2/35)
Benzer mahiyette bir rivayetler ise sunlardir:
Bl ali) (e Amy Atle g (i kel (5 e Al g 5 e e 5 e 5 ke
“Minberim, cennet 1rmaklarmdan bir 1rmagin iizerindedir. Minberim ile Aise'nin  evi

arasindaki alan ise, cennet bahgelerinden bir bahgedir.” (Taberani, el-Mu ‘cemu'l-Evsat,
(1415H.) 3/269)

Ballg 5 bede i (e (g e 05 Hial) (2l ) G 40235 (038 M g pe G 6
“Stiphesiz minberimle hiicrem arasindaki alan, cennet bahgelerinden bir bahgedir. Ve stiphesiz

minberim, cennet 1rmaklarindan bir 1rmagin tizerindedir.” (Ahmed b. Hanbel, el-Musned
(1421/2001), 23/367)
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Bl g 55 (e e 5 e (g e O3 A Gl ) (s 42235 HOAA ) s e i e
“Minberim ile hiicrem arasindaki alan, cennet bahgelerinden bir bahgedir. Ve gercekten

minberim, cennet irmaklarindan bir wma$n dizerindedir.” (EbG Ya'la, el-Musned,
(1438/2017) 2/352)

Birinci goriis, en yaygm ve muteber kabul edilen rivayetlere dayanmaktadir.
Hz. Peygamber’in evi ile minberi arasinda kalan alani ifade eden bu rivayetler, basta
Malik b. Enes, Buhari ve Tirmizi gibi sahih hadis kaynaklarinda yer almakta; ayrica
farkl raviler tarafindan benzer lafizlarla nakledilmektedir. Bu yoniiyle hem rivayet
hem de kaynak cesitliligi acisindan oldukga giicliidiir. Nitekim bugiin Ravza-i
Mutahhara olarak tanimlanan alan, bu gortisle orttismektedir.

3.2. ikinci rivayet
Ravza-i Mutahhara, Hz. Peygamber’in kabri ile minber arasidir.
Ll Gl ) (e i) st 58 om e

“Kabrim ile minberim arasi, cennet bahgelerinden bir bahcedir” (Beyhaki, Su ‘abu'-Imién,
(1410h.) 3, 491)

Ikinci goriiste ifade edilen “kabir” ifadesinden Ravza'min Hz. Aise’nin evinden
basladig1 anlasimaktadir. Zira Hz. Peygamber, Hz. Aise’'nin evinde vefat etmis ve
peygamberler dldiikleri yere defnolunurlar (Tirmi2i, es-Sunen, 1435/2015, 334) hiikmiince
esinin odasina defnedilmistir. Bu rivayette sozii edilen yer ile ilk rivayette kastedilen
yer ayn1 mekandr.

3.3. Ugiincii rivayet
Ravza-i Mutahhara, Ummiihati’l-mii’minin’in evleri ile minber arasidir.
aial) g dede e el s el sy Be Ay o ie ) - 4558 k- sl 03 i
“Su evler — eglerin evleri — ile minberim arasindaki alan, cennet bahgelerinden bir bahcedir. Ve
minberim, cennetin 1rmaklarindan bir irmagin tizerindedir." (Ahmed b. Hanbel, el-Musned,

(1421/2001) 26/383) Bu rivayet esas alindiginda Ravza; Hz. Peygamber’in eslerinin
evlerinin tamaminin simirlarindan baslamaktadir.

Bu rivayete gore yalmzca Hz. Aise’nin evi degil, iimmehatii’l-mii’'minin’in
tamaminin evlerinin sinirlar1 esas alinmakta; bdylece Ravza'nin daha genis bir sekilde
yorumlanmasina imkéan taninmaktadir.

Ancak bu rivayet, ilk iki rivayete kiyasla daha az kabul gormiisttir.

3.4. Dordiincii rivayet

Ravza-i Mutahhara, “Evim ile Musalla arasindaki alan, cennet bahcelerinden bir
bahgedir.” (Taberani, el-Mu'cemu'l-Kebir, (1983) 1/147)

o) (el e da ) @ Naa) i (L

rivayetine gore Ravza'min alani Mescid-i Nebevi ile Musalla (Gamame Mescidi)
arasidir. Bu mescid, Hz. Peygamber’in bayram namazlarmi kildig1 ve yagmur duasi
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yaptig1 yer olarak rivayet edilir. (Semhadi, Vefdu'l-Vefd, (1419H), 2/30.) Gamame
Mescidi (Mescidij’l-Gaméme), Mescid-i Nebevi'nin giiney batisinda, Béabtii’s-Selam’a
sadece 500 metre uzakliktadir.
(https:/ /www.spa.gov.sa/1051581?lang=ar&newsid=1051581)

Mezkir rivayetlerden anlasildigina gore, dordiincti goriis Ravza'nin sinirlarmi
oldukca genis tutmaktadir. Hz. Peygamber zamanindaki mescidin tamami ya da
genisletilmis mescidin tamami1 Ravza kapsaminda degerlendirilmektedir. (Hamid, 1423,
49.) Bu yaklasim, Hz. Peygamber donemindeki Mescid-i Nebevinin tamamini daha
sonra gerceklesen genisletmeleri de icine alacak sekilde Ravza’min kapsamim
belirlemektedir. Asagida resmi yer alan Musalla diger ismiyle Gamame Mescidi smir
olarak kabul edildiginde, Ravza oldukca genis bir alana yayilmaktadir.

Resim: Mescid-i Nebevi ve Gamame Mescidi

iyl (S aad) dd! Hlg Jlall dalaie 2. deleal) dua
Masiid al-Ghamama
Kaynak: Hamid,1423, 49.

Bu goriis, Hz. Peygamber’in Mescid-i Nebevi’de Ravza haricinde namaz kildig:
mekanlar1 da kapsamaktadir. Dolayisiyla Ravza sahasmun genisligi diger goriislere
kiyasla daha stimullti gortinmektedir. Kanaatimizce, dordiincti rivayet Ravza'nm
yalnizca fiziksel smirlariyla degil, ayn1 zamanda sembolik ve manevi boyutlariyla da
ilgili olup “cennet bahgesi” ifadesini daha genis bir baglamda yorumlama imkani
sunmaktadir. Ravza-i Mutahhara’nin cennetle iliskilendirilmesi, yalnizca mekansal bir
aidiyetin otesinde; bu mekanda tecelli eden ilahi rahmet, niibtivvet hatiralar1 ve
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manevi huzur sebebiyle makamsal bir yticeligi de ifade etmektedir. Nitekim, Hz.
Peygamber tarafindan insa edilen Mescid-i Nebevi'nin, onun sagliginda en yogun
sekilde kullanilan aktif alani, ismi daha sonra “Ravza” olarak anilacak mekandir.
Yukarida “Ravza”’nin anlamini agiklarken ifade ettigimiz tizere, “cennet” kelimesi,
cevresine hayat veren alanlar icin kullanilmaktadir. Vahyin nazil oldugu, teblig
faaliyetlerinin yuruttildugt, ashabm yetistirildigi, i¢ ve dis islerin koordine edildigi,
askeri ve adli diizenlemelerin gerceklestirildigi bu alan, islam toplumunun kurumsal
yapisinin temellendirildigi, stinnetin ihya edildigi merkezi bir mekan olma ozelligine
sahiptir. Ravza-i Mutahhara, dontisimiin yasandigi, Restilullah’in hem dini hem de
toplumsal liderligini ortaya koydugu bir mekan olarak etrafina hayat veren bir alan
olmustur. Hem gecmisin hatiralarini tagiyan hem de Islam’m gelecegini sekillendiren
bir merkez olarak, Ravza hem diinyay1 insa etmeye hem de ahireti mamur etmeye
vesile olan bir yer olarak mecazen “cennet”le tavsif edilmistir denilebilir. Ctinki
Kur'an-1 Kerim’'de “Iman edip diinya ve dhirete vyararli isler vyapanlar giizel bir
bahgede/cennette (=35 &) agirlamrlar” ( Ram, 30/15) ve “Iman edip diinya ve dhiret icin
yararl isler yapanlar cennet bahgelerinde (V&) wlimsy 3) olacaklar” Sara, 42/ 22)
ayetlerinde belirtilen bu cennet bahgeleri, Ravza-i Mutahhara’nin manevi anlamu ile
paralellik gostermektedir.

4. SONUC VE COZUM ONERILERI

Mescid-i Nebevi, Medine’de Restil-i Ekrem’in kabrinin bulundugu ve Islam’in
ikinci 6nemli mescididir. Miisliimanlar icin, Rastilullah’a duyulan sevgi ve saygmin bir
gostergesi olarak biiytik manevi bir 6neme sahiptir. Rastilullah’in hadislerinde gecen
“Kim kabrimi ziyaret ederse, ona sefaatim vacip olur” ve “Kim hac yapar da dliimiimden sonra
kabrimi ziyaret ederse, beni hayatimda ziyaret etmis gibi olur” mealindeki rivayetler, bu
mekanin 6zel bir ziyaret alani olarak degerini artirmaktadir. Ayrica bu ziyaretin Hz.
Peygamber’in manevi huzuruna yakin olmanin zamanla da smirlanmadigini da ifade
eder. Dolayisiyla, Ravza-i Mutahhara ziyareti mekanla smurli distintilmemelidir. Bu
kutsal alan, sadece fiziksel bir mekan olmanin 6tesinde, manevi anlam ve sembol deger
tasimaktadir.

Restil-i Ekrem’in “Evimle/evierimle/kabrimle/Musalla ile minberimin arasi, cennet
bahgelerinden bir bahgedir” seklindeki beyanlari da bu mescidi ziyaret etme arzusunu
pekistirmektedir. Ancak son yillarda artan ziyaretci yogunlugu, Ravza-i Mutahhara’ya
erisim konusunda bazi zorluklar yaratmaktadir. Bu durum, bazi ziyaretcilerin Ravza-i
Mutahhara’ya girememesi nedeniyle hayal kirikligima yol agmakta; zaman zaman
mekéna duyulan sayg1 ve 6zlemin yol actig1 duygusal gerilimler, istenmeyen tepkilere
ve yanlis soylemlere dontisebilmektedir. Bu tiir tepkiler, kutsal bir ziyaretin ruhunu
zedeleyebilir. Bu noktada ¢oztim olarak, Ravza-i Mutahhara'nin smrlarmi belirleyen
rivayetlerin tek bir mekana isaret etmedigi, birden fazla rivayet bulundugu ve daha
genis bir alanin da Ravza-i Mutahhara olabilecegi; ayrica bu sinirlarin yalnizca fiziksel
olctilerle siurli olmayip, ayn1 zamanda sembolik anlamlar tasidigr vurgulanmalidir.
Zira, Ravza-i Mutahhara’ya dair mezkur rivayetlerde, bu mekanin yalnizca fiziksel bir
alan degil, ayn1 zamanda metafiziksel bir anlam diinyasma sahip oldugu ortaya
konmaktadir. Yine rivayetler “mekan” ile “makam” arasindaki alakayr gozler ontine
sermektedir. Bu perspektif ile, hac ve umre 6ncesinde gerceklestirilecek bilgilendirme
ve egitim calismalari ile ziyaretgilere Mescid-i Nebevi mekdninin her bir parcasinin
kiymeti hatirlatilmalidir. Ravza-i Mutahharanin tasidigi manevi deger hakkinda
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farkindalik olusturmalidir. Bu biling ile mescidi ziyaret eden kimse; mekanin manevi
boyutuna odaklanarak, daha huzurlu ve anlamli bir ziyaret saglayabilir. Ziyaretin
manevi hususiyetini tam anlamak, hac1 ve umrecilerin bulunduklar1 alanin her bir
metrekaresinin kiymetini anlamalarina yardimci olacaktir. Bu bilingle yapilan
ziyaretler hem bireysel hem de toplumsal diizeyde daha saygili, huzurlu ve suurlu bir
ibadet saglayacaktir.
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Abstract

The contribution summarizes key findings on the forced labor of prisoners of war
in the area of Sudetenland and examines its aspects in terms of the clasification of POWs
based on racial-ideological criteria, as well as their working and living conditions,
including new approaches to a comprehensive study of the issue. These new approaches
rely on interdisciplinary research with significant involvement of sociological disciplines
such as social psychology and historical sociology and their methods, aiming for a
deeper understanding of the functioning of the specifically defined space of the POW
camp, including an analysis of complex relationships between prisoners of war and the
civilian population, everyday interactions, and their impact on local communities. The
author works with the theory that the camp functioned as an isolated community with
its own rules, in which each individual occupied a precisely defined place and adopted
their social role within a strictly delineated space. The contribution applies sociological
approaches to the still underexplored phenomenon of prisoners of war camps during
World War IL

Keywords: Prisoners of War; World War II; Sudetenland; Forced Labor

World War II was the most extensive military conflict in modern history,
eventually involving nearly every part of the globe. Today, we possess a thorough
understanding of almost all aspects related to military operations, resistance
movements, key historical figures, and Nazi ideology. However, over the past few
decades, one area has remained relatively underexplored in public discourse: the study
of forced labor involving civilian workers, concentration camp inmates, and prisoners of
war - groups that were treated in accordance with racial and ideological principles.

This paper aims to introduce the scholarly community to the fundamental issues
concerning the early deployment of prisoners of war in the specific context of the
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Reichsgau Sudetenland, an administrative entity of Nazi Germany established on April
15, 1939, as part of the territorial reorganization of the former Czechoslovak state. The
contribution also outlines the key terminology associated with this subject and presents
new perspectives for research by employing interdisciplinary methodologies to achieve
a deeper understanding of the mechanisms of forced labor involving prisoners of war.

The Origins and Development of the Deployment of Prisoners of War in the
Reichsgau Sudetenland

Following the signing of the Munich Agreement and the subsequent occupation
of the Czechoslovak borderlands in the autumn of 1938}, this territory was incorporated
into Nazi Germany as the Reichsgau Sudetenland.? This newly established
administrative unit became one of the many instruments of the Nazi policy of
Germanization, while also representing a strategically important region for wartime
economic moblization. From the very beginning of the war, the Sudetenland became
involved in military production. Local industry, agriculture, and transport
infrastructure soon experienced a severe labor shortage due to the conscription of
Sudeten Germans into the Wehrmacht. The Nazi regime responded to this shortage by
progressively deploying forced laborers, including civilian workers and prisoners of war
(POWs) 3

Initally, POWs passed through collection and transport stations (Sammelpunkte)
set up by Wehrmacht commanders behind the front lines. From there, they were
transferred to transit camps known as Dulags (short term for Durchganslager), which
were separated from other camps by barbed wire.* In the second stage, the prisoners
were sorted by rank and allocated to different types of camps. Captured officers were

1 The Munich Agreement was a pact between Nazi Germany, Italy, France and Great Britain to cede the
border territories of Czechoslovakia to Germany. It was negotiated on 29 September 1938 in Munich without
the participation of Czechoslovakia and represented a perfect example of the policy of appeasement, which
characterised the concession to aggressive parties in the 1930s. In the Czech environment, the agreement
became known as the ,,us without us agreement”. Numerous scholarly literature has been published on the
agreement. For example, Némecek, Jan (2011). Dlouhé stiny Mnichova. Mnichovska dohoda o¢ima signatait
a jeji dopady na Ceskoslovensko. Prague: Auditorium; Sebkova Jarmila (2024). Na cesté k Mnichovu.
Runcimanova mise v Ceskoslovensku 1938. Prague: Citadelle.

2 Liberec (Reichenberg in German language) became the seat of the Sudetenland and Konrad Henlein was
appointed Reich Governor. The county was administratively divided into three administrative districts
(Regierungsbezirks in German) in Cheb, Usti nad Labem and Opava. The governmental districts were
subsequently divided into urban and rural districts. On the functioning of the Sudetenland and its economic
aspects see Kural, Vaclav, Radvanovsky, Zdenék (2002). ,Sudety” pod hdkovym kizem. Usti nad Labem:
Albis International.

3 Forced labor is defined nder the International Labor Organization Forced or Compulsory Labor
Convention, 1930, No. 29, as ,any work or service which is exacted from a person under pain of punishment and
which the person has not volunteered to perform.” The Convention was adopted at the 14th Session of the
International Labor Conference on 28 June 1930 and entered into force on 1 May 1932. Its full text is available
on the official website of the Czech Ministry of Labour and Social Affairs under number 29 in the section of
ratified conventions.

4 These camps, created in the immediate vicinity of the front, had the task of concentrating, sorting and
sending prisoners of war to other camps. Kocourkova, 2002: 263.
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sent to officer camps (Oflags, from Offizierlager)>, while the rest were assigned to regular
base camps (Stalags, from Stammlager).6

The first POWs deployed in the Sudetenland were primarily from Poland and
France. Initially, they were concentrated in small collection camps and labor
detachments (Arbeitskommandos), which were formed according to the needs of local
industrial enterprises and agricultural estates. This early phase was characterized by
improvised and poorly coordinated deployments, managed mainly by the Wehrmacht
- which oversaw POW affairs - and local district authorities.” Prisoners were not
permitted to have contact with the civilian population, both in the Sudetenland and in
the Protectorate of Bohemia and Moravia, where they were typically not sent due to
concerns about potential solidarity from the Czech population.’

From 1942 onward, the deployment of forced labor became significantly more
organized. As German military losses mounted and more civilians were mobilized for
the war effort, POWs were systematically assigned to individual enterprises within the
framework of Arbeitskommandos, which were subordinate to larger base camps (Stalags)
located outside the Sudetenland, such as Stalag VIII B in Lamsdorf.® Each labor
detachment was supervised either by a military guard or a cooperating civilian
employee who was responsible for taks fulfillment and discipline. POWs were registered
using personal files that tracked attendance, work performance, and any infractions.1
Correspondence was strictly censored, and contact with civilians was oficially
prohibited.

As the war progressed, the deployment of POWSs became increasingly intensive
and diversified. In addition to French and Polish prisoners, Italian'! and especially Soviet
POWs were brought in great numbers - often under the harshest conditions. Their
treatment was shaped by Nazi racial ideology, which viewed them as ,,inferior” laborers.
POWSs worked in a variety of sectors, most commonly in agriculture, but increasingly
also in industry, armaments production, and forestry, including logging operations.

5 The prisoners stayed exclusively in the camp and did not have to work. An exeption was made for Soviet
officers who were transported to Stalags or directly to concentration camps and murdered immediately
upon arrival. Lusek, 2015: 3.

6 Stalags were intended for regular soldiers and non-commissioned officers and assigned larger groups of
prisoners to individual companies, which then established branches or commandos of basic camps.
Bubenickova, 1969: 28.

7 Immediately after the outbreak of war by the invasion of Poland, Polish prisoners of war were deployed
in the Reich’s agricultural and forestry factories. Bubenickovd, 1969: 35.

8 The term Protectorate of Bohemia and Moravia was used for the residual Czechoslovakia, which was
established on 15 March 1939. Konecny, 1967: 43.

9 Stalag VIII B Lamsdorf was located near the village of Lambinovice in Silesia, today this area belongs to
Poland and was later renumbered Stalag 344 as a result of reorganisation. In various places in what is now
southern Poland and northern Bohemia, there were more than 700 labor detachments (Arbeitskommandos
in German) originating from this main basic camp. More detailed information about the POW camp is
provided by, among others, the Central Museum of POWSs, which is currently located there.

10 To this day, there are still records of forced prisoners of war from various factories and diaries with
attendance lists. See e.g. State Regional Archive in Zamrsk in Czech republic.

11 The Italian prisoners were classified only as ,Italian interned soldiers” (,italienische Militdrinternierte”
or IMI in German), which should have separated them from other prisoners and excluded any assistance
under the Geneva Convention guidelines. Bohr, Schnurr, 2023: 131.
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The Status of Prisoners of War and Racial-Ideological Considerations

Racial-ideological considerations played a central role in Nazi policy towards
prisoners of war. Hitler’s régime did not view prisoners as neutral opponents protected
by international law but judged them through the lens of Nazi racial idelogy, which
established a hierarchy of nations - from ,racially related” people to ,racially inferior”
or ,racial enemies.” This ideological categorization had direct consequences for the
treatment, labor deployment, living conditions and survival prospects of prisoners.12

The Nazi regime's racial ideology was based on the concept of the "Aryan
superhuman," considered the bearer of culture and empire; "racially related" nations,
intended for assimilation and utilization; "racially inferior" nationalities, including Slavs
and Roma, designated for enslavement; and '"racial enemies," particularly Jews and
Slavs, marked for extermination.!® The treatment of prisoners was further influenced by
military, economic, and political-propagandistic interests. After 1942, economic
imperatives increasingly overshadowed racial-nationalist policies, as Germany's
deteriorating situation at the front demanded the efficient exploitation of all available
labor. This tension between economic needs and racial-political aims ultimately resolved
in favor of maximizing labor output, regardless of racial considerations.4

In dealing with prisoners of different nationalities, the Nazis applied the
principles of so-called National Socialist racial policy (nationalsozialistische
Fremdvolkpolitik). Based on the aforementioned categories, an ideological hierarchy
was established in which each prisoner occupied a predetermined place. French, Belgian,
and British prisoners were viewed as racially akin to the Germanic race due to cultural
and biological criteria and were mostly afforded the protections of the Geneva
Convention.’5> Nevertheless, the French found themselves in a relatively worse position,
shaped by Germany's deep-seated enmity toward France, which had its roots in the
humiliations of the Treaty of Versailles after World War I and led to stricter measures.6
Still, in practice, French prisoners often experienced relatively lenient conditions: they
were allowed excursions to nearby towns and villages, engaged in barter to acquire other
goods, and interacted with the civilian population, particularly German women. They
could also attend cultural events, theater performances, local cinemas, and public
houses, fostering social interaction with civilians. These circumstances sometimes
caused resentment among the Sudeten German population, ultimately prompting
stricter regulations, particularly when relationships between French prisoners and
Sudeten German women became deemed intolerable.’” French prisoners were typically

12 Rass, 2020: 62.

13 Rass, 2020: 62.

14 Tn 1941-1942, the Reich Ministry for Eastern Territories issued instructions according to which economic
interests were to be disregarded.

15 The Geneva Conventions date from 1929, and according to them, prisoners of war here are members of
the armed forces of the belligerent states who have fallen into enemy captivity, and members of the militia
and volunteer corps. The Convention did not apply to Red Army soldiers because the Soviet Union did not
ratify it and Nazi Germany refused to apply it to Soviet prisoners of war.

16 The idea was fostered in German society that the Germans were starving and dying en masse as a result
of these degrading conditions, leading to the future destruction of Germany and the extermination of the
German nation. Chapoutot, 2021: 357.

17 The tightening of surveillance over French prisoners of war began to be addressed by the High Command
of the Wehrmacht (Oberkommando der Wehrmacht, OKW) as early as October 1941. A directive issued on
14 January 1942 acknowledged that the gradual relaxation of regulations had led to situations exceeding the
original intentions of the command. It newly stipulated, in its key points, a prohibition on movement outside
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employed in agriculture or light industry. Those assigned to farms often enjoyed better
food and living conditions compared to those in regular POW camps, further facilitating
contacts with the local civilian population.

By contrast, Soviet prisoners of war were subjected to extraordinarily harsh
treatment. Since the Soviet Union had not acceded to the Geneva Conventions, Soviet
POWSs were denied any legal protection by the Wehrmacht and SS. Moreover, within the
framework of National Socialist doctrine, ideological and racial motivations converged
to justify their extermination and exploitation through exhaustive labor. Consequently,
large numbers of Soviet prisoners perished early in the war due to starvation, disease,
and brutal mistreatment. Soviet POWs were assigned the harshest types of labor,
predominantly in mining, forestry, and construction and maintenance of roads.'
Initially, they were forbidden from working in the armaments industry due to
ideological concerns about the spread of "Bolshevik contagion" (communist ideology).
However, by late 1942, as Germany's military fortunes worsened, economic necessities
prevailed, and Soviet prisoners were increasingly deployed as cheap labor in armaments
production.?®

Unlike prisoners from Western countries, Soviet POWs were to be strictly
isolated and segregated from other groups of forced laborers, and any contact with the
civilian population was prohibited. This policy was partly driven by fears of their
sabotage capabilities and combat experience.

A comparison of conditions between Western prisoners of war and Soviet
prisoners starkly illustrates the impact of racial-ideological principles on treatment.
While prisoners from Western countries generally benefited from the protections of the
Geneva Convention, including access to better food and opportunities for interaction
with civilians, Soviet prisoners were stripped of their human dignity, subjected to
catastrophic conditions, and suffered extraordinarily high mortality rates. The treatment
of Soviet POWs followed a doctrine aimed at their gradual physical annihilation, with
no regard for their survival.

Research Approaches and Methodologies

A fundamental shift in the historiographical examination of the topic occurred
after that fall of communist regimes in Europe following 1989. Research opened up to
microhistorical, interdisciplinary, and comparative approaches, among which historical
sociology, oral history, social psychology, legal history, and local and regional history
have become particularly significant disciplines.

Microhistorical approaches focus on the detailed analysis of small, specifically
defined historical units such as communities or events, with the aim of uncovering
deeper structures and mechanisms within broader historical processes. In relation to the

designated areas without supervision and forbade visits to public places, particularly restaurants and
cinemas.

18 A report by the Prisoners of War Office in May 1944 spoke of more than five million Soviet soldiers who
had been taken prisoner by the German. More than half of them perished; the final figure speaks of more
than three million Soviet POWs, the fate of most of whom is still unknown. Bubenickova, 1969: 34.

19 For example, Chief of the General Staff general Halder noted in his diary: , Bolshevism equals social crime.
Communism is an unheard-of danger to the future. We must give up military comradeship: a Communist is no friend
before or after.” Pecka, 1995: 38.
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study of prisoners of war (POWs) and captivity during the World War II, these
approaches offer valuable insights, particularly regarding to everyday life in captivity,
interactions between prisoners and civilians, individual survival strategies, and personal
experiences.?0 Typical methods applicable to POW research include detailed archival
reconstruction?!, the biographical method??, oral history?, spatial analysis®* and
comparative case studies.?> Specific examples of microhistorical research focus on
individual camps or daily life within the camps.26

Historical sociology employs methods that facilitate the integration of historical
analysis with theoretical frameworks from the social sciences. The method of
comparative historical analysis, for instance, compares conditions of captivity across
different countries and examines differences in the treatment of prisoners based on
nationality, status, and other criteria. It is particularly applicable to comparisons
between the treatment of Western and Soviet prisoners.?” Institutional analysis examines
the functioning and development of institutions responsible for the administration of
POW camps and can be applied, for example, to the gradual shift in Wehrmacht policies
toward prisoners, as well as the role ideology and military practice played in this
process.? Another valuable method is the analysis of power and state violence, which
can be used to study the deployment of prisoners of war as labor within the wartime
economy and the disciplinary practices within camps.?

Oral history methods have become essential tools for examining POW
experiences during the World War II, especially when capturing individual memory,
emotionality, subjective experiences, and the cultural meanings of war and captivity.
Essentially, the methodology employs biographical and thematic interviews.
Biographical interviews aim to capture a comprehensive life story, with captivity framed
as a key life experience, offering material for the analysis of the long-term impact of
captivity. Thematic interviews focus on specific aspects, enabling structured
comparisons between respondents.3

20 Levi, 1991: 93-113.

21 The study of one particular camp in the Sudetenland for example.

22 Relating to the fate of individual prisoners of war according to the files or correspondence.

2 Memories of civilian contact with prisoners.

2 Focused on mapping specific camps, workplaces and prisoner movement routes.

% Focused on a specific region or location according to well-defined criteria.

2 For examples of monographs working with microhistorical approaches in POW research for example.
Scheck, Raffael (2006). Hitler’s African Victims. The German Army Massacres of Black French Soldiers in
1940. Cambridge: Cambridge University Press. In this book, the author reconstructs the fate of a particular
group of African POWs in German captivity, focusing on ethnicity, racial ideology and regional perspective.
Kiihne, Thomas (2010). Belonging and Genocide. Hitler's Community 1918-1945. Yale: Yale University Press.
The author combines microhistory, social psychology and ideological analysis in this book.

27 In major synthesizing work Bob Morre clearly applies a comparative analysis of the institutional,
ideological and practical aspects of captivity and the post-war fate of POWs. Moore, Bob (2022). Prisoners
of War. Europe 1939-1956. Oxford: Oxford University Press.

2 An example is the now classic work by Rolf Keller, which maps in detail the institutional layout of the
prison camp systém in the Third Reich, mostly at the turn of 1941/1942. Keller, Rolf (2011). Sowjetische
Kriegsgefangene im Deutschen Reich 1941/42. Eine Dokumentation. Gottingen: Wallstein Verlag.

29 Ben Sheperd’s book combines power analysis and military operations in the East with everyday violence,
including the treatment of prisoners. Shepherd, Ben (2004). War in the Wild East. The Germany Army and
Soviet Partisans. Harvard: Harvard University Press.

30 An example of this approach is the Oral History Archive project of the Stiftung EVZ, which focuses on
thematic interviews with former forced laborers, including prisoners of war.
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Methods derived from social psychology in the context of POW research allow
for a deeper understanding of interpersonal interactions, mechanisms of adaptation, and
collective behavior under extreme conditions. The study of group cohesion, hierarchy,
and conformity explains the emergence of informal leaders, moral norms within the
camps, and conflicts between groups. A crucial concept here is that of the ,captured
society,” which views the POW camp as a microcosm with its own set of rules.?
Retrospective anallysis of memories and autobiographies assists in mapping the long-
term psychological impact of captivity on individuals as well as collective narrative
within communities.32 Another method draws on findings from experiments, most
notably the Stanford Prison Experiment conducted by American psychologist Philip
Zimbardo, whose conclusions can be applied to the study of POW camps, raising
questions about individuals as instruments of the regime and the power of uniforms in
establishing authority .3

Legal history represents a specific research direction that connects the history of
armed conflicts with the development of international humanitarian law, institutional
power structures, and legal treatment. In this context, it examines the legal status of
prisoners of war according to international treaties in force during the war, such as the
Geneva Convention, and their application in practice.3* It also focuses on systematic
violations of prisoners' rights through killings, forced labor, or denial of POW status,
seeks to identify responsible individuals and institutions within the Nazi or Allied
administrations, and reconstructs legal arguments used postwar, with reference to the
Nuremberg Trials. The legal framework concerning the forced labor of prisoners of war
is based on the interpretation of the legal distinction between "prisoner of war" and
"civilian forced laborer." Issues of repatriation, retribution, and the legal status of POWs
after the war, including the approaches of postwar judicial bodies toward crimes
committed against prisoners, are also addressed.®

Local and regional history focuses on specific geographic areas and their
particular experiences with prisoners of war. It mainly utilizes local archival documents
and eyewitness testimonies, which are instrumental in researching specific camps within
regional contexts or the local impacts of POWs on everyday life. It often examines the
integration of POWs into the labor force in occupied areas through forced labor and their
interactions with the local civilian population and specific industrial enterprises where
the prisoners were employed.3¢

31 Streit, Christian (1978). Keine Kameraden. Die Wehrmacht und die sowjetischen Kriegsgefangenen 1941-
1945. Bonn: Deutsche Verlags-Anstalt.

32 For example, Pavel Miicke’s monograph focusing on the memorial works of Czechoslovak soldiers from
the World War II, works with this concept in the Czech environment. Miicke, Pavel (2013). Ramce paméti
druhé svétové valky v ceskych zemich. Prague: Ustav pro soudobé d&jiny AV CR.

3 Zimbardo, Philip (2007). The Lucifer Effect. United States: Random House.

34 S.P. Mackenzie’s comparative study covers the treatment of prisoners of different nationalities in the light
of legal frameworks in all the major belligerent countries. Mackenzie, S.P. (1994). The Treatment of Prisoners
of War in World War II. Chicago: Chicago University Press.

3 Chinkin, Christine (2015). International Law and the Protection of Prisoners of War. Oxford: Oxford
University Press.

3 For example in Czech historiography. Rous, Ivan (2023). Zbrojni primysl a tabory. Liberec: Kalendar
Liberecka.
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Conclusion

The aim of this text was not only to inform about the deployment of prisoners of
war (POWs) for labor in the Reichsgau Sudetenland, but also to stimulate interest in this
still relatively underexplored issue, particularly in relation to the ideological framework
of Nazi policy, the social realities of POWs—including their status, everyday life, and
relations with the civilian population—and the transformations of the wartime
economy. Emphasis was also placed on interdisciplinary approaches and the necessity
of further research through microhistorical, sociological, and legal-historical studies.

The treatment of POWs evolved depending on the course of the war. Economic
pressures increasingly prevailed over ideological considerations, though racial
prejudices never fully disappeared; rather, they were pragmatically mitigated. Racial
ideology was not merely a propagandistic formula but functioned as a concrete matrix
of power and organization, decisively influencing matters of life and death for
individuals. Violence became normalized through bureaucracy and institutional
authority.

Prisoner-of-war captivity was not an isolated phenomenon; interactions with the
civilian population created a distinct microcosm in which the boundaries between
captivity and civilian life were blurred. Moreover, it becomes evident that even within
the confines of the regime, there existed spaces for social deviance and resistance against
official norms.

The study of POW forced labor is not merely a subsidiary historical topic; rather,
it reflects broader structures of Nazi governance, the hierarchization of human lives, and
the interconnectedness of power, economy, and ideology. At the same time, it opens
critical questions concerning memory, marginalized historical actors, and the ethical
dimensions of scholarly research.
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Abstract

The European Convention on Human Rights (1953) and the American
Convention on Human Rights (1969) are two regional convention that were born in
difference times and geopolitics situation but with the same objective: human rights.

The ECtHR has its origins after the finalization of WWII in Rome. Because
European societies wanted to live in safety without repeating the traumas suffered.
Italian, Germany, French and other European countries started to create new types of
Constitutions were the protection on human rights to be more appreciate.

The ACtHR was adopted after a long series of struggles for the protection of
human rights in Latin America. This Convention can be seen as the outcome of the
Organization of American States which had the ability to create a regional system of
protection on human rights in a military and political conflict time in that region.

Both Conventions are legal instruments that have been evaluated with the aim
of protecting human rights in different historical and geographical territories.

Keywords: ECtHR, ACtHR, human rights, protection, Latin America, Rome
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I. Introduction

After World War 1II and its terrors, the European government’s societies
observed an official document to maintain the protection on human rights without any
difference of race, origins, religion, language. In this context immediately after the end
of the war, in 1949 the Committee of juridical and administrative problems studied a
proposal about a new,, organization created by the Council of Europe (CoE) with the
main objective: the protection of human rights (Dinu, 2022).

In American system, the American Convention on Human Rights was created
after twenty (20) years after the European convention. The context of this Convention
was marked by political instability, military dictatorships and violations on human
rights. We can see this convention as a direct juridical instrument created against the
violation on human rights that were observant in the counties like: Brazil, Argentine or
Chile.

Both Conventions are like a fresh are after events like: World Wars, colonial
dominance, military dictatorship.

II. The Three European Constitutions that established Human Rights after
World War II

After the end of the war the European societies started to create their own
national legislation with the main purpose: the protection on human rights. In this
context we remember that the Italian Constitution created a legal system where the
human rights started to be inviolable, so the article two (2) from the Italian
Constitution (1948) represent the main center of human rights transformation because
these are guaranteed and recognized in an individual and collective way (Dinu, 2022).
In general, in the Italian jurisprudence the article two (2) was interpreted extensive and
collaborate with the article 3 from Constitution know as, the principle of equality, The
Italian Constitution premised other human rights as:

- Freedom of association

- Freedom of thought

- Rights of family members
- Right to health

The German society developed a direct legislation to obtain a protect human
rights system. This legislation was promulgated on May 23, 1949, and represented a
historical event for the juridical and moral reconstruction after the Nazi events from
Germany (Timu, 2023). The human rights are introduced in the beginning of the
German Constitution (FRG, 1949), articles 1-19 and the article 20 represented the 5
fundamental principles: democracy, rule of law, federal state, social state, republic.
The Constitutional Court of Germany is in Karlsruhe and played an essential role to
establish the human rights in effective protection by showing;:

- Showed state authorities their constitutional limits
- Contributed to the consolidation of the democratic order
- Earned public trust as a defender of fundamental rights
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The French Constitution (1958) (Consel Constitutionel, 1948) is known as the ,,
five Republic of French,, and repressed a crucial role in the French political evolution
system (Les, 2023) and was adopted in October 04, 1958. In that time the French
Republic was confronted with the political instability, decolonization and was needed
a transformation after all these events. The preamble of the French Constitution
guaranteed the inviolability of human rights regardless of origin, ethnicity and others.

II1. The History of the European Convention on Human Rights

After all of these, the French, Germany and Italian Constitutions represented an
historical moment on established the human rights protection after the traumas of the
Second World War (GHITA, 2023). These 3 (three) constitutions show us the beginning
of the protection on human rights in a democratic and European society. All these
Constitution are taking about the human dignity and the Constitutional Court from all
these country plays a crucial role because:

- The German Constitutional Court (German Court, 2025): started to have extensive
power to guarantee the human right protection in a high level. It started to have
the capacity to examinate the constitutional law and administrative acts and
being able to cancel regulations that were discovered to be against human
rights. The German citizens started to have the possibility to notice the official
authorities when their fundamental rights were violated.

- The Italian Constitutional Court (Corte Constitutione, 2025): started to have more
power in evaluation, interpretation on human rights

- The French Constitutional Court (Constitutional Council, 2025): protect the
human rights has an original jurisprudence and original fundamental
principles which maintain a democratic standard by preventing the abuses in
legislative system and guaranteed the human rights

In this context in 1950 was drafted the European Convention on Human Rights
(Concil of Europe, 1953) and was inspirated by the Universal Declaration on Human
Rights that was created by the United Nations in 1948 (United Nations, 1948). The
Germany, Italy and France countries were in the first ten (10) counties which signed
the European Convention on Human Rights (Council of Europe, 1950) in 1950 in Rome.
The Convention established the European Court of Human Rights which permitted
any individual who feels that he or her right that is guaranteed by the Convention was
violated to address to the Court. The Convention has international power, and the
main purpose is to guarantee human rights protection for all people which are in
European territory.

In the European Convention on human rights and in the European Court on
Human Rights are eligible to apply for membership, just the states which guarantee
the: democracy, rule of law and human rights. Guido Raimondi who was an Italian-
judge to European Court on Human Rights between 2015-2019 said that we do not
have a protection of democracy if we do not protect the human rights (Giampiero,
2016). Other states are not eligible to become a member state in the Court.

In the historical time, the protection of the European Convention on Human
Rights was maintained by three (3) institutions (Council of Europe, 2025):
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A. European Commission of Human Rights: was an institutional mechanism which
was created to protect human rights to recreate the juridical system in Europe.
European citizens were able to come with a notification to them if their rights
that were established by the Convention were violated.

B. The European Court of Human Rights: was created in a historical time after the
end of World War II when European societies needed to create a mechanism for
a better life for them and their children. At the same time, the European court
was forced to have a continuous evolution to be capable of surviving in the
modern and contemporary eras with all their criteria: technology, artificial
intelligence and others.

C. Committee of Ministers of the Council of Europe: the main objective is to maintain a
protection on human rights and to monitor the implementation on human
rights in the European societies effectively. This Committee can send
resolutions and recommendations if it is necessary.

IV. Human rights in European systems in present

In our days the Human Rights are protected by a very complex mechanism
structure that have the capacity to guaranteed them in the way that are mentioned in
the Convention (Gutan, 2023, p. 69):

a. Plenary Meeting: has the main objectives: choose the president for three (3) years
and two (2) vice-presidents, adopted the Court Regalement.

b. Unique Judge: has a Mandate for nine (9) years. The national judge cannot judge
alone on a procedure where The National country is involved. The Unique
judge can judge some cases that are simple.

c. Committee: are formed by 3 judges and are established for twelve (12) months,
the presidency is made by the older judge. The main objectives are: to establish
the admissibility of the cases, to declare an invalid case obviously unfounded

d. Chambers: are formed by seven (7) judges, one of the judges needs to be the
judge that was chosen by the national state which had the litigation, and his
role is consultative.

e. Grand Chamber: is formed by seventeen (17 judges) and 3 substitutes for three
(3) years). They judge the complex causes, interpret the Convention.

The total number of judges that are in the European Court of Human Rights are
46: 1 judge for 1 state-member.

In case the national judge cannot judge a case, the Ad-hoc Judge takes the
place. Some purposes of unable are abstention, dispensation from exercising the
function, interest conflicts and other purposes.

Other ways that are used to protect human rights are: juridical organizations:
for example, the examination criteria for an admissible notification. The procedural
conditions that need to be passed are: all the national instances to be finished, the time
of four (4) months after the final decision from the national instance. The found criteria:
to be violated by a right from the Convention, demonstrated a prejudice.

The recent data show us that most notifications that are needed to be judged by
the Court are referring to (Voicu, 2020):

- The equitable process - article six (6) Convention - 25percent
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- The right to be free and safety - 15 percent
- Property protection- 10 percent

The European Court on Human Rights was created after the Second World War
by the European convention with the main objective: to sanction the states which do no
respect the human rights, but because the number of causes that are send to the Court
are bigger and bigger, the Court become the victim of its destiny (Lambert, 2017). In
2023 there were more than 68.000 pending applications and in 2024 were more than
60.000 pending applications with six (6) percent less in generally but this does not
means that the Court has less notification to judge because the number of pending
applications that were sending to Chamber and Grand Chamber and single Judge
increased by six (6) percent (European Court, 2024). This can be interpreted as that the
complex causes started to grow in the last years. Turkey is the country with the
greatest number of pending applications in 2024: 21613 and the second place is Russia
with. 8130 (European Court, 2024, p. 36).

We need to understand that protection on human rights is very important for a
better life in this World. In our days to be feeling safe and to be not discriminate need
to be fundamental. = All the world feels the transformations that are made by
technology and trying to maintain protection on human rights in technological times.

The human rights that are mentioned in the European Convention on Human
rights are guaranteed to everyone no matter of what kind of citizen is as soon as the
human right that was violated was in the territory of the Convention ( we need to
mentioned that are some causes when the human right violation can be made in an
extra-Convention territory for example in a military operations when a country is
responsible for the human rights protection even if the events are in another part of the
Continent and the Convention is not applicable there (CASE OF HASSAN v. THE
UNITED KINGDOM, 2014)). The European court is trying to put the people in the
main center to help him to have a better place in this world (PAVALUCA, 2024). The
main types of rights that are established by the convention:

- Civil and political rights such as: the right of life that is regalement in the
second (2) article of the convention, all the states have the obligation to protect
the live of any individuals. The capital punishment was abolished by the all the
states which adopted the European Convention on human Rights.

- Equitable process that is observant to article six (6) of the convention, all people
have the right to have a equitable judgement. The judgement needs to be
transparent and to be solved in a reasonable time.

- The European society can have a right to free expression: thinking, opinion,
religion but the European Convention on human rights we cannot find the right
to be informed, which is mentioned in the American Convention on Human
Rights.

In this convention we can find just five (5) rights that are absolute untouchable:
the right to life, prohibition of torture, Prohibition of Slavery and Forced Labor,
prohibits the retroactive application of criminal law, ne bis in ibidem. The last human
right protection is mentioned in article four (4) from the Protocol seven (7). These
rights means that no government system that signed the European Convention on
Human Rights cannot limited them even if the world is confront with an emergency
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like the Pandemic of covid-19 when some human rights were limited to protect the
societies.

1.

The right to live, we are considering that is linking with the right not to be subjected
to the death penalty which can be found in the protocols no six (6) and thirty (13).
The Protocol no six (6) abolished the death penalty in the peace time and the last
one abolished the death penalty in all circumstances like: in the case of war
(APADOR-CH, 2025). The abolished penalty is found in in more than 80 nations,
in 2022, Papua New Guinea, The Central Africa abolished the death penalty in all
circumstances (Death Penality, 2025). The death penalty is considering a cruel and
inhuman treatment, the Universal Declaration created by the United Nations in
1948 guarantee the right to life and a life of freedom from torture or other
degrading treatment. At the end of 2023 were registered 112 countries which
abolished the death penalty (Amnesty International, 2025).

Prohibition of Torture is can be found in the article 4 of the European Convention on
human rights, the torture can be mental or physical and the torture can be
degrading treatment. The torture in a cruel treatment that is applicable to an
individual because of different reasons. All people must be protected and have the
principle of dignity applicable. In 1996 was an Indian man Sikh living who lived
in United Kingdom he could not be transported in India because there he could
become a real victim of torture (case - Chahal v United Kingdom , 1996).
Prohibition of Slavery and Forced Labor is founding In article 4 on European
Convention on Human Rights, the modern slavery means any type of control that
is made to another person and put in dangerous the liberty and dignity. Forced
labor means a work that is made without a consent we need to observe the type of
work and the volume that need to be made for this kind of work. The
contemporary states need to take some measures to prevent them using legislative
national and international regulations.

Prohibits the retroactive application of criminal law is founded in article 7 on European
Convention, this means that a person cannot be condemned for an act that did not
constitute a crime at the time it was committed. This article was created to protect
the people against possible abuse, guarantee that no one can be judge for an act
that was not a crime in that time. This article respects at the same time the
principle of dignity and offers a transparent and predictable juridical system.

Ne bis in ibidem: is a Latin metaphoric motto, is referring that no individual can be
judge twice is an essential protection. It can be found in article 4 on Protocol 7 on
European convention and the main objective is to prevent any type of juridical
error and protect human rights, the dignity and the transparency of the juridical
system.

These five (5) articles cannot be limited in any type of circumstances and in

general time are known as,, the hard core of legal protection,, are inalienable and
fundamental in any type of circumstance. The rest of the articles are relative rights
because they can be limited in some conditions. In this context we mention that article
tifty (15) on the Convention says that in some cases the human rights can be limited is
the national or international conditions impose them. The conditions to limit human
rights are:

- To be provided by the European convention
- To have alegitimate scope
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- To be necessary: this means that the measure needs to achieve an important
objective and need to be just for a limited time, after the danger disappears the
limited human rights is no longer legitimate (Act Human Rights, 2025).

- To be proportionate with the objective:

Human rights can be limited in exceptional circumstances such as: war time,
pandemic time, emergency. During the pandemic time the European societies could
not go out without a real reason this limitation was to protect the human natural
against the Covid-19. In that time the European Convention observant that the
limitation of the human rights was proportional with the danger that could be found
outside (Juridice.ro, 2022).

The classification between absolute and relative human rights is to have a
flexible and complex legislative system where the Human rights to be protected in any
type of circumstances. The classification should not be interpreted like the most
important human rights and the not so important human rights but should be
interpreted like a complex human rights protection system where the European
societies need to have a rigorous and permanent balance between free of individual
and the collective security.

V. The American Convention on Human Rights

In 1969 was signed the American Convention on Human Rights know as: Pact
of San Jose, which is an international instrument of human protection (Antkowiak &
Gonza, 2017) and it is coming in force in 1978 after a ratification on eleven (11)
countries. In the preamble we can found that the American Convention spirit is to
protect the democratic institutions and a system where the liberty freedom and social
justice are guarantee (American Convention, 1969). During that time, the American
people were found in in a critic situation because of political and social times that
comes under the Latin America. This Convention was created in America after twenty
(20 years after the European system and it comes with a complex of human rights:
social and political rights that are structured in fundamental principles of human rights
such as: dignity and social justice.

The American convention is based on four (4) fundamental principles:

- prohibition of discrimination

- Equal protection before the law

- Respect for human dignity

- Guarantee of individual and collective rights

The American Convention has a protection mechanism: called: the Inter-
American Court of human rights and the International Commission on Human Rights

The Inter-American Court of Human Rights (Inter-american, 2025), is an
international Court that is located in San Jose-Costa Rica, is a permanent court that was
established in 1979 thankfully to the Organization of American States and the main
objective is to interpret the human rights that are mentioned in Convention
(Wikipedia, 2024). This Court is more a specific Court which is trying to comes with a
solution for the human rights that are not protected in the American region. The Court
comes with a development type of approach, it is trying to see the human rights under
the formal protection.
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The Court is composed by seven (7) judges that are chosen by the states for
seven (7) years with the possibility for another mandate (Inter-american Court, 2025).
The President and the vice-president of the Court are elected for two (2) years and can
be re-elected for another 2 years. The tree (3) functions that are observant in the
American Court are (Inter-american, 2025):

- Contentious: The Court can judge a notification when an individual mentioned
that a right from Convention was violated. Its decisions are binding and may
include reparation measures and financial compensation.

- the power to issue provisional measures: very serious causes that cannot be put
on hold.

- advisory function: observant the compatibility with the internal national
legislation and Convention, The Court comes with personal opinions about the
interpretation of Convention or other American Human Treaties.

The Inter-American Commission on Human Rights (Inter-american
Commission, 2025), is an autonomous organ created by Organization of American
States located in Washington D.C. and it is a permanent Commission that is meeting
regular and in special session all of the year. It's obligations come from three (3)
regional human rights acts:

- OAS Charter
- American Declaration of the Rights and Duties of men
- The American Convention on Human Rights

It is composed from seven (7) independent members that are chosen by the
General Assembly of the Organization of American States for four (4) years with the
possibility to be re-elected. The Commission functions are (OAS, n.d.):

- The investment: receive and analyzed the notifications that are sending from
the American people

- The consultative: opinions in the American Convention interpretation

- The mediation: it is trying to comes with a friendly judgement, amicable
solution, between parties.

The relationship between Commission and Court is based on a long partnership
to offer real and efficient protection in human rights. The Commission has the
possibility to analyzed the notification that are coming from Americans that are feeling
that their rights offered by the Convention were violated and prepared a real rapport
that can be send to the Inter-American Court. To be send a notification to the Court
need to have some criteria:

- Exhaustion of domestic remedies in the State concerned
- Existence of clear evidence of violation of fundamental rights
- Impossibility of achieving an amicable solution between the parties

We can observant that the American and European Courts are the same, this
means that these regionals Court have the possibility to come with a decision about if
the human rights that are mentioned is violated or not by the state-member.

The American Court has the possibility to come with a mandatory decision for
the states, to ask for reparations and imposes reparations and institutional reforms. In
the cause Maria da Penha Fernandes v. Brazil, the Inter-American Commission
invested the domestic violence her husband was trying for many times to kill her. The
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Commission observed the way in which the Brazilian system protect right the human-
her husband was found guilty and sent to prison for eight (8) years. The Commission
sent the report to the Inter-American Court which came with a decision which changed
the Brazilian system of law (Cornell Law School, 2025). The Brazilian system created a
legislation which officialize the recognition of the domestic violence as a form of the
violation of human rights no just a private conflict and come with some specific criteria
of protection (Maria da Penha Law, 2006):

- Creation of specialized police stations for domestic violence

- Possibility of issuing rapid protection orders

- Provisions for free legal aid for victims

- Protective measures prohibiting contact between the aggressor and the victim

This new legislation created in Brazil a better place for women, the results of
this, comes with 2.3 million decisions on protective measures and 64 percent of causes
has a final decision in the favor of the victims (Folha de S.Paulo, 2024).

The Commission and Court is more than a simple collaboration between institutions,
it is a real complex mechanism of human rights protection where the investigation
need to be transferred in justice.

The absolute human rights that are mentioned on American Convention are:

- theright to live

- the prohibition on torture (physical, mental)
- Prohibition of Slavery and servitude

- The Principle of Legality

- Non-Retroactivity of Criminal Law

The absolute human rights that are mentioned by the American Convention are
more than formal declaration on human rights because are the real mechanism that are
established to guarantee the human dignity. Because the same human rights are
absolute in the European Convention, we can say that these rights transcend
geographical and cultural boundaries been international absolute human rights.

The relative human rights that are mentioned in American Convention can be
limited in some specific criteria: the proportion. To have a human right limited, this
means that need this limitation to be observant by the law and the scope of this
limitation need to be legitimate and necessary for a democratic state, national security,
public safety. Some examples of human rights that can be limited (Christina Binder,
2022):

- The expression right: if the scope is to protect human rights, to protect national
security
- The propriety: if we have fair compensation if the law is respected

VI. Conclusion

The human rights need to be protected in an international level, by all the
states, the absolute human rights are the rights that cannot be limited neither in
European region neither in American region. Both Convention was an answer after the
traumas from the Second World War: the protection and the prevention.
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Although both conventions have specific criteria for rights, they regulate
absolute and relative rights, conferring the universal character of human rights,
transforming moral principles into true sources of law that maintain a better world and
greater protection.

European Convention on human rights

American Convention on Human Rights

Signing force

Significance

In 1950 it was signed in
November on the 4th, in
Rome and came into
force in 1953.

Rome was chosen as the
place of signing because
after the war this country
was desirous of having a
democratic basis where
human rights would be
respected.

In 1969 it was signed in November, on the
22nd in Costa Rica. It entered into force
in 1979.

The choice to sign in Costa Rica was
based on its history of respect for human
rights and democracy.

Similitudes between European Convention and American Convention

1. Main object: human protection.

2. They are structured in detail and explain the rights and freedoms guaranteed

3. They are influenced by the Universal Declaration of Human Rights

4. Both have monitoring mechanisms: individual petitions made by individuals, NGOs

Differences between European Convention and American Convention

European Convention

American Convention

geography

Countries that are in
Council of Europe

American States, Latin America and Caribe

Human rights that
are important

the right to life, the right to
expression, due process
and the right to property

social, economic, cultural rights such as:
work, education, Security

Traditions

cultural historian on:
Roman law, common law

the Ibero-American tradition which is
composed of Roman and indigenous law
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The Figure of the Scribe in the Albanian Area as Part of the Byzantine
Heritage
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Abstract

The object of our study is the examination of the figure of the scribe in the
philological manuscripts of Albania, in the “Fund 488”, located in the AQSH.

It seems that the Albanians were far from the cultural centers and Byzantine
civilization, but despite the conquests, the Adriatic Sea remained a Byzantine sea, and
contacts between Puglia and Dalmatia, Greece and Constantinople were frequent.

The tradition of Christian writings in Albania begins from the beginnings of
Christianity and continues until the 19th century.

The definition of the parameters to identify the so-called ‘albanian’ copyist is
complicated.

It is understandable that this selection criterion to define the figure of the
'Albanian' copist cannot be of the political type, and even less of the geographical type,
but only of the cultural type.

If language is an expression of cultural identity, in this case it cannot be
accepted because the scribe, the copist, wrote in the official language, in Greek and
Latin.

We are of the opinion that the activity of the 'Albanian' scribe, copyist, or the
space where he was formed goes beyond the Illyrian-Albanian area.

Keywords: Scribe, copist, manuscript, Albania, Byzantine heritage.

As for the Byzantine scribal world, there is still a lack of reflection on the
graphic education of Byzantine scribes, as we have for the early Latin Middle Ages.
However, there is an awareness that the written culture in Byzantium, at least for the
middle and late Byzantine era, testifies to a set of phenomena quite different from that
of the Latin Middle Ages.

The ways of writing did not necessarily depend on the social class or on the
environment in which the scribe, the copyist, operated at the activity of copying: a
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monk, in general a religious person, before becoming a monk or even in his new status,
was part of an elevated cultural world and wrote precisely like a secular intellectual .

In Byzantium in the 14th century, copyists, especially experts, were able to use
at the same time the two models of writing, calligraphic and cursive.

Based on the analysis of several manuscripts, which create a partial and
temporary panorama, for Byzantium has been extracted the image of a graphic
education that was not codified, not organized from above, but with results that were
too diverse to make classifications in rigid schemes.

In the philological manuscripts of Albania, in the “488 Fund”, which constitutes
the object of our study, to notice the figure of the scribe, the copyist, we have only one
codex written in Latin according to the Roman rite, the “83rd Codex of Shkodra”,
dated in the 14th century.

The other manuscripts of “Fund 488" are in Greek and, in terms of the type of
writing, with the exception of the earliest codex, Codex Purpureus Beratinus ® or
Beratinus-1 (6th century), which is written in “maiuscola biblica”, uncial, and Codex
Aureus Anthimi or Beratinus-2 (9th century), written in semi-uncial, the other
manuscripts are written in small letters according to a more or less cursive model in
varying degrees and are defined as small-letter codices.

Codex Purpureus Beratinus ®”, the Purple Codex of Berat, is the oldest
manuscript, written no later than the middle of the 6th century. Regarding the origin of
the manuscript and the copyist of this codex, the studies are divided without reaching
any definite conclusions.

To research the figure of the copyist, it is first necessary to note whether there
were scriptoria as calligraphic schools in the Albanian area?

In the Middle Ages, Albania was covered with churches and monasteries. This
is evident not only from the scant medieval sources, but also from the numerous ruins
of medieval churches, from documents of later times, as well as from the topographical
nomenclature. Here, of course, it should not be forgotten that Albania, Greece and
Dalmatia belong to the old Christian countries, which were destroyed by the Slavic
invasions less than other countries, and in the 4th-6th centuries, had a topography with
very widespread names of saints. In the Late Middle Ages, we encountered remnants
of a very old ecclesiastical culture. Thus, we encounter names of saints and erased
traces of small churches, once built on the sites of pagan temples.2

We agree with the opinion that in the Albanian area the existence of a local
school of the Holy Scriptures is linked to other cultural traditions developed
continuously since ancient times, especially those of applied ecclesiastical arts, such as
the craftsmanship of iconostasis carving, iconography and mural paintings, liturgical
music, the very art of building churches and monasteries.

! Giuseppe de Gregorio, Kal\iypageiv / tayoypageiv. Some reflections on the graphic education of Byzantine
scribes, in E. Condello and G. De Gregorio, Scribes and Colophons: Copyists’ Subscriptions from the
Origins to the Advent of Printing, Centro italiano di studi sull’Alto Medioevo, Spoleto, 1995, p. 434.

2 Milan Shuflaj, “The situation of the church in pre-Turkish Albania, the area of Orthodox penetration
into the Catholic dam”, Franciscan Publications, Shkodér, 2013, p. 122.
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This is also linked to the inclusion of the Illyrian-Albanian area in what is called
the “biblical source area” since the 1st century AD. It is an area that, like other areas of
the medieval West or East, if it had its own centers of culture, its own scholars, its own
books, it also had masses of illiterate and semi-illiterate people.

With the change in the Christian social climate, from the 4th century, scribes
could be not only individuals of the religious community, but also monks through
whom the sacred codex was produced in copying centers, who wrote even to gain the
kingdom of heaven and, undoubtedly, later there would have been professional
copyists who taught the art of writing, in calligraphic schools. Undoubtedly, if he
wanted to practice the art of writing, the copyist had to be litteratus, to know how to
read and write in Latin or Greek and better if he understood literary usage.

The tradition of Christian writings in Albania begins since the beginning of
Christianity and continues until the 19th century.

According to a note found by Batiffol, the font of the gospels of “Beratinus - 1”
is the same as that of the “Liturgy of Saint John Gojarti”, a manuscript about which
nothing is known anymore. In the local church tradition, this codex was presented to
the faithful once a year, on January 27, on one of the two name days of Saint John
Gojarti. The note cited by Batiffol expressly states that the font of this gospel is the
same as that of Patmos and both are by the hand of Saint John Gojarti himself (345-
407).3

In favor of a real connection between the name of “Beratinus-1” and the name
of this saint comes the conclusion of some contemporary scholars, according to whom
a local school of Holy Scriptures existed in the proto-Albanian area. On the other hand,
it is historically proven that Saint John Gojarti was a monk exiled in Epirus at the
beginning of the 5th century (403). But it remains to be proven that the manuscript is
from an earlier time than what is known today, to accept this connection.

However, the uncial script of "Beratinus-1" or Codex Purpureus Beratinus ® (6th
century), the script par excellence of Christian books, and the semi-uncial script of
"Beratinus-2" or Codex Anthimius (9th century), the script that was used not so much to
transmit biblical or liturgical texts, for which the uncial script was reserved as more
canonized, but for study and reading texts used by the community and by religious
schools, both scripts of these manuscripts, the earliest, we do not encounter later.

According to K. Naco, we can prove the existence of scriptoria in our country
by relying on: “... first, on the data provided by the codices, and mainly on their
bibliographical notes and marginal notes, and, secondly, on the information provided
by historical sources from other fields, which are directly or indirectly related to the
issue we are dealing with. In general, the copyist, after copying the codex, left a
bibliographical note at the end of the text, in which he emphasized the time when he
finished copying it, the place where he wrote it, his name, the name of the person or
institution that financed the work of copying the codex, the owner of the codex, who
could be a person or an institution (church or monastery in general), and the reason
why he wrote the codex... These notes show that in the ecclesiastical centers,

3 Dario Del Corno, “Greek Literature”, Principato, Milan, 2004, p. 610. In the Middle Ages, there are
many works that are discussed as belonging to several authors. Saint John is one of those authors to
whom an infinite number of anonymous works are assigned, which can be seen in the compilation of
the “Codices Chrysostomici graeci” in five volumes.



3rd [nternational Scientific Research Congress Book April 26-27, 2025, Istanbul

monasteries and other centers of our country, codices were copied, which have a
diverse nature in terms of content. "They contain gospel texts, biographies of saints,
psalms, Byzantine music and literature, and even historical and philosophical texts."

Another characteristic is the wide geographical distribution of manuscripts
within the country. We have codices from Vlora, Gjirokastra, Voskopoja, Korca,
Elbasan, Berat, etc. Most of them were found in Berat, but it does not mean that they all
belong to the churches and monasteries of Berat. When Berat became an episcopal
center, it collected the archives, consequently the codices of Vlora, Apollonia, Bylis,
Gllavenica, which is why the number of codices from Berat is greater.

So, medieval codices were not found in two or three isolated centers, but have a
wide geographical spread, just as they also have an amazing variety of texts in terms of
content.

Berat inherited a special tradition of writers and writings, it was the center of
writing skills. Alongside the schools of Berat, there is talk of a writing tradition for the
codices of Vlora, Gjirokastra, and the writing schools of Korga, Shkodra, and Durrés.

In “Fund 488” we also have the “41st Codex of Berat”, which based on the
miniature figures, suggests that it must have been commissioned in the West, in the
14th century, by the Albanian prince Karl Topia, who was Catholic, or it must have
been commissioned by the Balshaj princes, who had Berat under their control at that
time.

The “41st Codex of Berat” has a high artistic level for the time, likewise, the
writing of “4th Codex of Berat” has rare calligraphic values, it is a model where writing
becomes creative mastery. The script of the text can be said to have been taken from the
most prominent calligraphers, in general, in the art of Byzantine calligraphy, it is a
script of first-hand from every aspect.5

The definition of the parameters to identify the so-called ‘Albanian” copyist is
complicated. Who is “Albanian’ in the Middle Ages? Is it enough to have been born,
lived, or worked in the Illyrian-Albanian area?

It is understandable that this selection criterion to define the figure of the
‘Albanian’ copyist cannot be of the political type, and even less of the geographical
type, but only of the cultural type.

Every person, whether this writer or not, regardless of the overall formation he
has, carries within himself an identity of his own and writing is an opportunity to
express it. An expression of the copyist’s individuality is the errors within the text,
which are almost always conceptual errors, but also the marginal notes and
bibliographical notes of philological manuscripts, which express with their content a
secular “text’ in a manuscript with a canonical text.

There is no copying of a manuscript without errors. According to statistics, an
average copyist, who reproduces a moderately varied text, escapes one error per page.

4 Kosta Nago, About the “Birthplace” of Medieval Codices of Albania, in Codices of Albania, DPA,
Tirana, 2003, p. 209.

5 Theofan Popa, Catalogue of Medieval Church Codices of Albania, in Codices of Albania, DPA,
Tirana, 2003, p. 89.
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The activity of the copyist has the special characteristic of being an intellectual work
and at the same time manual work. So, there is a psychological aspect to the work of
copying. It is undeniable that the text read and memorized by the copyist is copied by
him with the phonetic features that belong to him himself.

This also explains the spelling errors made by Albanian copyists during the
writing of the philological manuscripts of the “488 Fund” in the Greek language.

All pronunciation errors are found in the writing. There are cases in which a
single word can be written incorrectly even though it is not read incorrectly. One of the
most common consists of the partial assimilation of a word that is nearby.

There are also numerous psychological errors, because of distraction. Not many
studies have been done on this type of error, because ultimately you must understand
the psychology of every copyist.

In manuscripts, errors are found that depend on the mental categories and the
culture or literacy of the copyist, but according to researcher L. Canfora, almost all
errors are conceptual, which stem from the sufficient knowledge that the copyist must
put into the text.

An important aspect to get to know the copyist of a given manuscript is the
marginalia. Apart from two special cases, coded marginalia and a palimpsest
marginalia, we note these marginalia according to the data they contain: colophon’
marginalia, informative marginalia, curse marginalia, comment marginalia and
chronicle marginalia.

After the copyist has finished copying, if he is a careful person, he has added
the date and a note on the conditions of his copying work and has written his own
name and/or that of the client, the occasion or purpose of the work at the end of the
manuscript. Often religious formulas accompany this colophon that serves as a peritext
for the manuscript, as we see in the following codices:

“The 11th Codex of Vlora”, contains 254 parchment leaves, measuring 320 mm
x 250 mm, (in the “Catalogue ...” of Theofan Popa the possible time of the manuscript’s
decorations is mentioned - the second half of the 12th century, according to Roderic L.
Mullen’s assessment, the codex should be, perhaps, earlier, from the 11th century, but,
certainly, not later than the 12th century). On p. 81 of the manuscript, it is stated that
the book “was written by the hand of the monk John”. According to Roderic L. Mullen,
another note is found on p. 93 and proves that the work was written “by Joan
Meshtari”; it must be about the same person. In a note by the Metropolitan of Berat
Antim Alexoudes, dating from 1886 (March 30), it is expressly stated that this codex
belongs to the church of Saint Vlash in Vlora.¢

In the “Codex 93 of Korca”, a four-gospel manuscript, written on 308
parchment leaves, dated no later than the 13th century, at the end of the Gospel
according to John, there is this note: “In the month of June 1182, this manuscript with
the four gospels was purchased/ordered by me, Luke [...]Jinuri, for the holy monastery
of Peribleptus with 21 hyperpyres, from the monk and grammarian Mr. Luke. I have
donated this gospel forever even after my death”, and, on page 309r, there is a later

6 Shaban Sinani, “Codices of Albania in the Memory of the World”, Academy of Sciences of Albania,
Tirana 2010, p. 111.



3rd [nternational Scientific Research Congress Book April 26-27, 2025, Istanbul

note which states: “I, priest Vasil, wrote this, therefore bless it! Amen! Look down, O
Father, to see your children, who remain undivided”.

The increase in the circulation of books, readers, and copyists seems to have
increasingly necessitated, from the end of the 13th century onwards, an explicit
localization of the codex, especially if it was made to order.

This new need to place the book in space, in addition to time, is expressed on
the one hand by paid scribes, professional copyists, clerics or laymen, who find
themselves working far from their place of origin, while preserving their own - let's
say "national" - way of dating, such as the one found on p. 398r of the last leaf of the
"37th Codex of Berat" - on a 398-page paper, containing patrology and martyrology -
"This book was written in the year 6835 (year 1327), in the time of the devout and
Christian-loving king Andronicus Palaeologus and the devout and Christian-loving
wife of Andronicus Palaeologus, emperor of the Romans" (Byzantium), but on the
other hand also by underlining their new foreign location, mentioning the place of
origin and the one in which they are working, or only the latter.

In the “86th Codex of Elbasan” - a nomocanon, on 185 sheets of paper - on the
tirst page verso of which this inscription is preserved: “It was written in the time of the
grace of the metropolitan and exarch of all .... (illegible) Joasaph ... of the friends and
the honored priests ... . with his surname Makri, while my homeland above the earth
(is) Zaqginthi (?). (Written) by me, the youngest and the poorest, Emanuel, the weak son
of the former economist of the metropolitan church of the St. Mithris pier. In the year
7071 from the creation of the world and from the birth of our Lord Jesus Christ in the
year 1562, March 5”.

From the middle of the 14th century the text of the signatures appears richer
than in the past with biographical, chronological, and topographical data.

Thus, in the “Codex 50 of Berat”, on 198 leaves of paper, the psalter of David -
Book of Psalms, we have one of the most complete colophons, quite well structured as
a text with a scheme like what we find in the colophons of Latin rite manuscripts in the
West.

Colophons often represent the best information we can discover about the
circumstances of the copying of the manuscript. They have often been used as the most
valuable data to identify the copyist, for dating and localizing the copy, and moreover
serve as a basis for including or excluding manuscripts in some paleographic and
codicological research. Sometimes the information in a colophon may not be as
straightforward as it seems, and it should even be noted whether the colophon is
authentic or a copy.

In the Albanian area, during the period of Byzantine influence, as mentioned
above, there were schools of calligraphy, where monks and copyists worked on
copying and illustrating codices, which they decorated with miniatures, making their
contribution to both Byzantine and local calligraphic art. Some of the marginal
inscriptions, as well as some colophons found in manuscripts, prove that the copyists
had a certain training and undoubtedly moved to different writing centers, for various
reasons keeping alive the Byzantine manuscript tradition in the Albanian area and
beyond.



3rd [nternational Scientific Research Congress Book April 26-27, 2025, Istanbul

We are of the opinion that the activity of the 'Albanian' copyist, or the area
where he was formed goes beyond the Albanian area.
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Abstract

Islamic Banking and Halal industry have the strong power to have good collab-
oration to increase the development of halal industry in Indonesia. Many sectors of in-
dustry both of financial and non financial industry show the good performance. Ac-
cording to the Islamic business ethic, the business must fulfill the requirement of Islam-
ic business which refers to the halal industry. This paper uses qualitative methodology
with bibliometric analysis approach. The result of this paper can give explanation re-
garding the role of Islamic banking to increase halal industry

Keywords: Islamic banking, Halal industry

INTRODUCTION

Indonesia has good potential to develop the halal industry. These potentials in-
clude the abundant Muslim population that is projected to reach 256 million people by
2050, the growth of various halal industrial sectors, especially the finance, tourism, and
fashion sectors, the recognition of Indonesia's achievements in the eyes of the world,
Indonesia's geographical conditions and demographic bonuses, technological devel-
opments. as well as the ratification of the Halal Product Guarantee Act number 33 of
2014. This potential can encourage economic growth by increasing the value of exports
and foreign exchange reserves. But on the other hand, Indonesia also has challenges in
developing this halal industry. The challenges facing Indonesia come from external
and internal sources. From an external point of view, the challenges faced by Indonesia
are the number of competing countries, the absence of an internationally valid halal
certificate. Meanwhile, from an internal point of view, the challenges faced by Indone-
sia are the lack of halal awareness among the Indonesian people, problems in the im-
plementation of the Halal Product Guarantee Act, and the low awareness of the Indo-
nesian people to competition (Fathoni, 2020) in (Trimulato et al, 2021).

The role of sharia banking in developing the halal industry in Indonesia must
receive full support, both morally and materially, from the central government and lo-
cal governments as well as interested stakeholders. Opportunities and challenges in
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developing the halal industry will be even greater. These opportunities and challenges
will affect the development and growth of the halal industry. Therefore, an institution-
al synergy between Islamic banks and the government as well as related ministries and
institutions is needed. What Islamic banks can do in optimizing their role in develop-
ing the halal industry in Indonesia is through institutional synergy. An institutional
synergy that can be carried out by Islamic banks is first, institutional synergy with the
government. The forms of institutional synergy carried out by Islamic banks with the
government are identification and mapping of areas for the halal tourism sector; sup-
port for strengthening regulations, standardization, and supervision processes for halal
products. Second, the institutional synergy of Islamic banks with halal industry play-
ers. The form of institutional synergy with Islamic banks and the halal industry can be
done by identifying and developing industrial models; support for strengthening and
providing outlets and market access; provision of financing funds; education and assis-
tance (Husain, 2021) in (Trimulato et al, 2021).

The development of halal industry grows significantly in line with the growing
awareness of the need for halal products and services in Indonesia. The halal industry
which is part of the development of the Islamic economy needs to be continuously im-
proved with the support of Islamic banking that the development of Islamic economy
is not only focus on developing Islamic finance industry such as banking, capital mar-
kets or the non-Islamic financial industry, but also developing Islamic business that
products and services of industry (Kamaruddin et al, 2023).

According to the research of Putriani and Shofawati (2015) have research that
aims to know how Islamic Pattern Behavior Consumption of Students Faculty Econom-
ics and Business University Airlangga in in Choosing Halal Food and Thayyib re-
viewed by level of religiosity. The method that used is qualitative approach with a case
study strategy. Data was collected by interviews and direct observation of the object
research. The analysis technique that used is descriptive qualitative analysis that is nar-
rating the results of interviews and direct observation. Based on the results of the study
concluded that the Faculty of Economics and Business University Press Islamic behav-
ior patterns of consumption good and there is no difference between students of each
program of study. Suggestions for further research should deepen the Islamic con-
sumption behavior of various faculties at the University of Airlangga.

In addition, in order to increase the market share of Islamic banking that the
development of market share also needs to get support a stable and sustainable Islamic
economic and financial ecosystem that halal life style industry as part of Islamic econ-
omy ecosystem is one of potential market can be explored for market share of Islamic
banking (Kamaruddin et al, 2023).

Based on the OJK Islamc Banking Statistics Report (2022), the total assets of Is-
lamic banking were 661 trillion Rupiah with the number of sharia banks about 12
banks, the office network reached 676 branch offices throughout Indonesia, during
2021 the total profit of Islamic banking reached 6 trillion Rupiah. OJK reports that the
performance of Islamic banking has grown positively each period based on various
performance indicators of national Islamic banking financial ratios such as the Capital
Adequacy Ratio (CAR), Return on Assets (ROA), Finance to Deposit (FDR) and Non-
Performing Finance (NPL) (Kamaruddin et al, 2023).

The development of the halal product industry has received regulatory support
from the government through Law Number 33 of 2014 concerning Halal Product
Guarantee. The law covers protection, justice, legal certainty, accountability and trans-
parency, effectiveness and efficiency as well as professionalism. Through the guarantee
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of halal products, small medium entreprises can increase added value to produce and
sell their halal products as well as guarantee halal products (JPH) as well as increase
product competitiveness in the global market (Kamaruddin et al, 2023).

The State of The Global Islamic Economy 2016-2017 report by Thomson Reuters
shows that growth in various halal industry sectors including halal food, finance, trav-
el, fashion, cosmetics and medicine, media and entertainment, as well as other sectors
such as healthcare and education (Kamaruddin et al, 2023).

In Act No. 33 year 2014 about halal product assurances, it is explained that
products are goods and services as well as related food, beverage, drugs, cosmetics,
chemical products, biological products, genetically engineered products, used goods
that mandatory to apply a halal certification. Meanwhile, the definition of halal prod-
uct is product that is declared halal in accordance with Islamic law (Kamaruddin et al,
2023).

The objectives of the halal industry are as a form of embodiment of Law No. 33
year 2014 about halal product guarantees. The existence of Halal regulation is to guar-
antee the independence of each person to embrace their respective religions, which
state is obliged to provide protection and guarantees regarding the halalness of prod-
ucts because the products in society that distributed, there is no guaranteed to be halal.
Hence, necessary to have legal certainty in a law on guaranteeing halal products
(Faried, 2019) in (Kamaruddin et al, 2023).

RESEARCH QUESTION

How about The Role of Islamic Banking to Increase Halal Industry in Indonesia
with Bibliometric Approach?

LITERATURE REVIEW

Islamic Banking/Sharia Banking

Sharia Banking is a Bank that runs its business activities based on Sharia Princi-
ples and by type consists of Sharia Commercial Banks and Sharia People's Financing
Banks. Sharia Banking is everything related to Sharia Banks and Sharia Business Units,
including institutions, business activities, as well as methods and processes in carrying
out their business activities. Sharia principles are principles of Islamic law in banking
activities based on fatwas issued by institutions that have the authority to determine
fatwas in the field of sharia. The principles of Islamic Banking are part of Islamic teach-
ings related to the economy. One of the principles in Islamic economics is the prohibi-
tion of usury in various forms and using a system, including the principle of profit-
sharing (UU. Nomor 21 Tahun 2008) in (Trimulato et al, 2021).

Sharia banking as an intermediary institution was not known at the time of the
Prophet or his companions. However, investment cooperation activities in trade (buy-
ing and selling) and other transactions have been carried out individually by market
participants who must follow Islamic sharia rules. Theoretically, the purpose of sharia
banking is to facilitate the flow of investment from parties who have excess (surplus
spending units) channeled to parties who need funds (spending unit deficit) and ulti-
mately facilitate the circulation of economic resources. Thus, it will smoothen the flow
of the economy, expedite the activities of the real sector, to be able to grow the econo-
my. Sharia banking industry services to customers are equipped with various financial
instruments that are expected to meet the needs of financial transactions that comply
with sharia principles. In addition to being economically profitable, it can also not vio-
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late sharia principles, so it's not just material. The Islamic financial instruments offered
must of course be able to cover various levels of society and industry, including trans-
action needs for the consumption sector. Likewise with productive products (Trimula-
to et al, 2021).

In general, Islamic financial products can be divided into two main groups,
namely; basic Islamic financial products used in traditional banking activities and de-
velopment products. Products that need to be designed can meet the needs of the
community but are also in line with sharia principles. The basic products of Islamic fi-
nance are used by Islamic banking institutions in carrying out their basic activities as
intermediary institutions whose function is to transform the community's liquid assets
into various long-term investments. However, in line with the development of activi-
ties that occur, Islamic banking products need to develop a variety of financial prod-
ucts to be able to flexibly facilitate transactions in different currencies and hedging in-
struments. As well as many more Islamic banking products that will meet the needs of
the community, innovation is very much needed (Darsono.et al, 2017) in (Trimulato et
al, 2021).

The Growth of Financing Sharia Banking

No Type Of Type Of Financing December August Growth
Sharia 2020 2020 (°0)
Banking
1 Bank Umum | Working Capital
Syariah (BUS) a. SMEs a. 35.579 a. 37.291 a. 4,81
b. Non SMEs b. 45.386 b. 41.928 b. -7.62
Investment
a. SMEs 4. 21.739 a. 23.602 c. B.57
b. Non SMEs b. 34.464 b. 33.424 d. -3.02
Consumption
2. MNon SMEs 4. 109.364 a. 116.351 a. 6.39
2 Unit  Usaha | Working Capital
Syariah (UUS) a. SMEs a. 7.300 a. 6.539 a. -10,42
b. Non SMEs b. 26.643 b. 27.505 b. 3,24
Investment
a. SMEs a. 4.917 a. 4.959 a. 0,86
b. Non SMEs b. 26.066 b. 24.232 b. -7,04
Consumption
a. Non SMEs a. 72.486 a. 80.979 a. 11,72
3 Bank
Pembiayaan a.  Working Capital a. 4.842.629 a. 4.943.829 a. 2,09
Rakyat b. Investmen b. 1.437.931 b. 1.523.657 | b. 5,96
Syariah c. Consumption c. 4.400.939 c. 4.783.157 c. 8,69
(BPRS)
4 Total 394.625 408.061 3.4

Source; Financial Services Authority. (OJK) Sharia Banking Statistics August 2021 (processed)

Source: Trimulato et al (2021).

1
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Sharia banking need to be encouraged to channel them for productive activities
that support the real sector, especially in the form of working capital. Sharia banking as
sharia finance industry are expected to support real sector economic activities, includ-
ing the halal industry (Trimulato et al, 2021).

If sharia banking has a major role in the halal industry in Indonesia, not only
sharia banking will progress, but also the Indonesian economy as a whole will also ad-
vance. There are four major sectors that represent great opportunities in developing the
halal industry, namely, the food industry, the pharmaceutical industry, the fashion in-
dustry and the tourism industry. Sharia banking can have a role in developing these
four sectors, including cooperation with companies that will issue products with halal
labeling to financially use sharia banking (Handayani, 2017) in (Trimulato et al, 2021).

On the other hand, the increasing Muslim middle class in Indonesia makes the
halal industry will continue to grow in the future. The growing middle class is a sign
that the consumption ability is also increasing. On the other hand, the development of
information technology is one of the triggers for increasing public awareness of halal
products in Indonesia. The link between Indonesia's economy which is dominated by
consumption, the increasing middle class, and increasing public awareness of the ex-
istence of halal products is a big opportunity for Islamic Banking (LPPI, 2019) in
(Trimulato et al, 2021). Halal is a universal indicator to improve the quality of living
standards. The halal industry is a necessity so that it can participate in promoting sus-
tainable economic growth. Therefore, the halal industry must be fought for and main-
tained for its existence (Sungkawaningrum, 2019) in (Trimulato et al, 2021).

The development of the halal industry is growing rapidly. However, in its de-
velopment, these industries are often constrained by the funds and sources of capital
needed by the company. Several products from the Islamic capital market that can be
selected and used by the halal industry in obtaining funding are IPO, Sukuk, and ECF.
It is hoped that this research can be useful for the development of the halal industry
through the Islamic capital market in the future (Melisa & Khikmawati, 2021) in (Trim-
ulato et al, 2021).

Halal Industry

Concept of Halal. The meaning of halal comes from the Arabic words, namely
halla, hillan, yahillu, and wahalalan which means permissible or permitted by sharia
law. Therefore, the halal industry has the concept of producing industrial products that
must comply with sharia law (permissible in Islam). Based on the sharia concept,
whatever is consumed by Muslims, both food and services must come from halal
sources. Moreover, government regulated under the ACT No. 33 year 2014 about
Guarantees for Halal Products that the State must provide protection and guarantees
regarding the halal status of a product. Halal labeling from industrial products has an
important role in seeing the quality of a product, because halal reflects the goodness of
intrinsic value, both from the process and the final product or service produced (Mo-
hamad & Backhouse, 2019) in Kamaruddin et al (2023). Annisa (2019) in Kamaruddin
et al (2023) states that Halal Value Chain Ecosystem is a set of institutional and organi-
zational arrangements, policies, processes, procedures, regulations and laws that direct
organizations or companies implementing the halal industry towards sharia compli-
ance. Meanwhile, the halal industry ecosystem is influenced by (i) demographic devel-
opments of Muslims; (ii) people's lifestyles that are driven by sharia principles that pri-
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oritize good and avoid evil; (iii) sharia-based trade growth; (iv) development of halal
industry players; (v) development of regulations that are able to provide strong oppor-
tunities for the growth of supply and demand for the halal industry; and (vi) infor-
mation technology development, including Financial Technology or Fintech. (Fauzi,
Karia, & Mokhtar, 2017) in Kamaruddin et al (2023).

Halal Industry often associated with an attempt to produce a product (goods
and services) that are following the provisions of the Islamic religion (sharia). This def-
inition began to emerge recently due to the high demand for halal products and ser-
vices in the world. Previously, it was known that the halal industry was associated
with the halal economy, where the mention of the halal economy was much earlier
known than the halal industry. Thomson Reuters in collaboration with Dinar Standard
contained in the 2019 edition of the State of the Global Islamic Economy Report stated
that the halal economy consists of sectors whose main products and services are struc-
turally influenced by Islamic law, driven by values, consumer lifestyles. and business
practices. The definition of the halal industry in language consists of two words, name-
ly industry and halal. According to the Big Indonesian Dictionary (KBBI), it is stated
that industry is the activity of processing or processing goods using facilities and
equipment, such as machines. Meanwhile, halal means permitted (not prohibited by
sharia), so the halal industry is defined as the activity of processing or processing
goods using facilities and equipment permitted by Islamic sharia. In its implementa-
tion, the halal industry, among others, has been regulated in Law no. 33 of 2014 con-
cerning the Guarantee of Halal Products (Sukoso, et al. 2020) in (Trimulato et al, 2021).

Halal Products are products that have been declared halal following Islamic
law. Halal Product Processing, hereinafter abbreviated as PPH, is a series of activities
to ensure the Halalness of Products including the supply of materials, processing, stor-
age, packaging, distribution, sales, and presentation of Products. Halal Product Guar-
antee, hereinafter abbreviated as JPH, is legal certainty regarding the halalness of a
Product as evidenced by a Halal Certificate. The halal label is a sign of the halalness of
a product. Halal Certificate is an acknowledgment of the halalness of a Product issued
by BPJPH based on a written halal fatwa issued by MUI (UU Nomor 33, 2014) in
(Trimulato et al, 2021).

Four main industries can be developed optimally by Indonesia as a country
with the largest Muslim population in the world, namely the halal tourism industry,
the halal food industry, the halal fashion industry, and the halal finance industry.
Mapping and identification of the potential of each type of industry are very important
as the first step in developing the halal industry. What is very important to do is to cre-
ate an ecosystem that can develop the four halal industries at the same time by ensur-
ing the optimization of the performance of halal value chain management so that the
quality and standards of the products and services produced are very important in ad-
dition to prioritizing halal. In the mapping process, it is known that each halal industry
has potential that can be improved so that it has added value while maintaining Indo-
nesian culture. Five strategic steps need to be taken, namely increasing competitive-
ness, certification, coordination, publication, and cooperation. For this reason, it re-
quires the involvement and coordination of the government, policymakers and cross-
sectoral industry players in building the halal industry in Indonesia, as well as the ac-
tive role of the community as agents of promoting sharia products in thedigital world
so that the development of the halal industry can enter the global market immediately
(Saputri, 2020) in (Trimulato et al, 2021).
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The Growth of Halal Industry

The Growth Of Number Certificate Halal Industry LPPOM 2021

No Components 2015 September 2021 Growth
(%)
1 Number Of Companies 1052 16.856 150228
2 Number SH (Halal Certifacate) | 1404 40.732 2801.14
3 Number Of Producte 46260 1.217.328 253149

Source: LPPOM MUIL. Statistics of MUI Halal Certified Products for the Period 2015 to 2021 (data
processed)

From the data above, it shows that there is a development in the number of halal
certification products issued by LPPOM from 2015 to September 2021, all of which
have a very significant increase. The number of companies that gave business labels to
their products grew by 1,502.28 percent, then the number of halal certificates grew by
2,801.14 percent, and the number of products that had obtained halal certification grew
by 2,531.49. Thus, the development of the goods and service industry will continue to
grow, which obtains the MUI halal certificate, to increase public access to halal
products (Trimulato et al, 2021).

Total World Industry Halal Expenditure

No Halal Industry Sector Nilai (USD. Miliar) Porsi

1 Halal Foods 173 7723
o Halal Trawvel 11 4,91
3 Halal Fashion 21 9.38
4 Halal Media and Tourism 10 4.47
5 Halal Farmacy 5 2,23
6 Halal Cosmetics 4 1,78
7 Total 224 100

Source: Thomson Reuters in Halal Ekosisterm Halal, 2020 Bank Indonesia

Source: (Trimulato et al, 2021).

The data shows that there is a portion of each halal product spent globally in
the world in 2018. The largest sector in shopping for halal products, namely the halal
food and beverage sector, takes the largest portion, which is 77.23 percent, then the
halal fashion sector at 9.38 percent., and 4.91 percent halal travel. From this condition,
various halal sectors still have great opportunities and potential to be developed
globally, with various supports from various parties so that the halal industry can
develop and compete in the global arena. As the country of Indonesia is the world's
largest Muslim, everything requires halal legality so that it can be used and consumed
safely, comfortably, and quietly. The potential for halal products to be accepted in the
global realm can continue to grow with support from the government and other
industries to be able to support it, including in its development which requires no
small amount of capital. In this position, the Islamic finance industry is an institution
that can support the development of the real sector, including the halal industry sector,
and SMEs. This is an opportunity for Islamic banks and Islamic finance to be able to
increase their productive portion, not just increase consumption(Trimulato et al, 2021).

Halal certification by MUI plays an important role because it is defined as the
inspection of certain production processes and meets the hygienic, sanitary, and safety
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requirements. Products certified Halal by the board may use the registered trademark
halal logo. Currently, halal certification is voluntary but in 2019 it will be mandatory.
By having a halal certificate, the product will have many competitive advantages.
Today, a halal certificate is a guarantee that a particular product has been thoroughly
investigated and declared compliant with Islamic sharia law. Hence convincing
Muslims to consume the product (BAPPENAS, 2018) in (Trimulato et al, 2021).

Figure Halal Product Consumption from Dinar Standar (2022)

Halal Food

140 ¢
120
100

m Halal Food

Figure 2 Indicator Score Breakdown for Top 15 Ranking Countries

Source : State of the Global Islamic Economy (2022)

Source: Siregar and Siregar (2024).

According to research from Dinar Standard (Fgure 1), consumption of halal
goods is anticipated to rise to US$ 282 in 2025, up 53% from US$ 184 in 2020. Food and
drink consumption, which accounts for the largest portion of the sector's output and
makes Indonesia the world's largest consumer of food and drink, is expected to rise
through 2025. The growing demand for halal goods is directly influenced by the halal
way of life. In order to assure product safety and hygiene and to boost product com-
petitiveness for export to nations that are highly concerned about halal products, mi-
cro, small, and medium-sized businesses must acquire halal product certification. The
Free Hala Certificate initiative (Sehati), which aims to issue 25,000 halal certificates in
order to hasten the production of 10 million halal certified items, is backed by the Halal
Product Assurance Organizing Agency initiative (Siregar and Siregar, 2024).

Indonesia's Halal Food Products are ranked second in the world according to
the State of the Global Islamic Economy (SGIE) in 2022. From a consumer standpoint,
Indonesia is the world's biggest market for halal food items. The abundance of halal
food items in Indonesia presents a fantastic potential to boost halal food production
each year for both domestic and international markets. Indicators for halal food in In-
donesia are still becoming better, and halal food exports to OIC nations rose by 16%. In
addition, this gives Bank Syariah Indonesia a fantastic chance to assist and finance
MSMEs with halal roots amidst the rapid development of digital in the industrial era.
5.0. There are still numerous challenges facing Indonesia's halal industry, which is
driven by micro, small, and medium-sized businesses. The topic of capital and finance
is one of the most significant. Many micro, small, and medium-sized businesses have
finished the halal certification procedure for their products, but due to capi-
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tal/financial issues, their business development is stagnant. The authors of this study
also want to emphasize how Islamic banks' responses take the shape of special policies
that help them contribute to the growth of the halal sector both globally and in Indone-
sia specifically. Of course, the special capital /finance policy that supports micro, small,
and medium-sized businesses that already have halal certificates is the function that
the halal industry is waiting for (Siregar and Siregar, 2024).

Total Revenue and Estimated Revenue of the Halal Industry

Sector Revenue (2015) Estmated Revenue (2021)

Halal Food $ 1,17 Triliun $ 1,9 Triliun
Finance $ 2 Trliun $ 3,5 Triliun
MTravel $ 151 Miliar $ 243 Miliar
TFashion § 243 Miliar $ 368 Miliar
Pharmaceutical & Cosmetics $ 78 Miliar $ 132 Miliar
Media & entertainment $ 189 Miliar $ 262 Miliar
Healthcare S 436 Miliar 5

Education S 402 Miliar -

Source: State of The Global Islamic Economry 2016/ 2017

Source: Kamaruddin et al. (2023).

Table shows that the need for halal products and services is very huge both in
the world and in Indonesia, while the need for halal products is not only limited to
food productions. The sector in the halal industry consists of 10 sectors that economi-
cally and business make a major contribution to the halal industry which the food pro-
ductions, tourism and travel, clothing and fashion, cosmetics, finance, pharmaceutical,
media and recreational, fitness, education and cultural arts industries. Based on data
from the Global Majlis, the global Muslim population in 2012 was 1.8 billion people, in
2030 it is projected that the world's Muslim population will reach 2.2 billion people.
The growing population is a potential market for the growth and investment of the
halal industry (Kamaruddin et al, 2023).

The development of micro, small and medium enterprises (MSMEs) as part of
the halal industry in Indonesia has made a major contribution to the national economy
that MSMEs have specific advantages to contribute to national economy that support
local economy by use local raw materials with relatively affordable prices, easy labor
and unique product specifications that potential for international markets. In terms of
the halal certification process that businessmen of micro, small and medium enterpris-
es (MSMEs) face obstacles in the halal certification process which is expensive and
needed a long process of bureaucracy whereby in halal certification process, it involves
various parties, not only the Ministry of Religion but involve cross-ministerials such as
the Ministry of Health, Ministry of Trade, Ministry of Industry and Ministry of MSMEs
and Cooperatives, therefore it needs a strong coordination and cooperation among
them so the potential of halal industry can be optimatimazing for national economy.
Hence, the ease of access for the halal certification process and detailed information
about halal procedure needed to improve the halal certification process (Haliding,
2018) in (Kamaruddin et al, 2023).
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Figure 1. Flow diagram of the search strategy

Source: Customized based on Zakaria (2020) and Moher (2009)

This study explores the complexities of The Role of Islamic Banking to Increase
Halal Industry in Indonesia through a bibliometric analysis. By examining a variety of
studies, it aims to identify research gaps and current perspectives within the field. The
analysis utilizes CSV and RIS files from the Scopus database, which are processed
using Excel and Publish or Perish software. To visualize frequently used keywords and
concepts, the VOS Viewer tool is employed. The study analyzes a total of 26
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publications selected from existing literature, providing a comprehensive overview of
the field's intricacies.

RESULTS
Table 1. Document and Source Type
Document Type Total Publications (TP) Percentage (%)
Document
Article 24 92.31%
Book Chapter 1 3.85%
Review 1 3.85%
Source
Journal 25 96.15%
Book 1 3.85%

Source: Data Processed

Table 1 provides an overview of the distribution of documents and sources
within the study, detailing their respective total publications and percentages. In terms
of document types, articles dominate the dataset, consisting of 24 publications and
accounting for 92.31% of the total. Meanwhile, book chapters and reviews each
contribute one publication, representing 3.85% each. Regarding source types, journals
serve as the primary medium for publication, encompassing 25 entries and making up
96.15% of the total. Books, in contrast, constitute a minor share with only one
publication, equating to 3.85%.

Table 2. Languages

Language Total Publications (TP) Percentage (%)
English 25 96.15%
Arabic 1 3.85%

Source: Data Processed
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Table 2 presents an analysis of the total number of publications (TP) categorized by
language, along with their respective percentages. The data reveals that English
dominates as the primary language of publication, accounting for 96.15% of the total,
with 25 publications. In contrast, Arabic represents a minor proportion, comprising
only 3.85% with a single publication. The data suggests a strong preference for English
in academic and scholarly dissemination within this dataset.

Table 3. Subject Area

Subject Area Total Publications  Percentage (%)
Business, Management and Accounting 15 26.79%
Social Sciences 14 25.00%
Arts and Humanities 9 16.07%
Economics, Econometrics and Finance 6 10.71%
Decision Sciences 4 7.14%
Environmental Science 3 5.36%
Computer Science 2 3.57%
Energy 2 3.57%
Psychology 1 1.79%

Source: Data Processed

Table 3 presents a detailed overview of the distribution of publications across
various academic disciplines. The data reveals that Business, Management, and
Accounting is the most extensively studied field, accounting for 26.79% of the total
publications, with 15 documents. Following closely, Social Sciences comprise 25.00% of
the total with 14 publications, demonstrating significant research activity in these areas.
Arts and Humanities hold a notable share, contributing 9 publications (16.07%). In
contrast, Economics, Econometrics, and Finance represent 10.71% of the total
publications, amounting to 6 documents. Furthermore, Decision Sciences accounts for
7.14% of the total, with 4 publications, while Environmental Science comprises 5.36%
with 3 publications. Research output in Computer Science and Energy is relatively
modest, each contributing 2 publications (3.57%). Lastly, Psychology exhibits the least
representation, encompassing only 1 publication, which equates to 1.79% of the total.
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Table 4. Year of Publications and Citations

L Cites per Cites per  Cites per Paper per Authors h- g
Papers  Citations Year Paper Author Author per Paper index index

2013 1 180 15.00 180.00 22.50 0.13 8.00 1 1
2018 1 14 2.00 14.00 3.50 0.25 4.00 1 1
2019 2 11 1.83 5.50 4.33 0.83 2.50 2 2
2020 2 5 1.00 2.50 1.25 0.75 3.00 1 2
2022 2 6 2.00 3.00 1.50 0.50 4.00 1 2
2023 10 103 51.50 10.30 29.65 2.87 3.90 5 10
2024 6 14 14.00 2.33 4.83 2.00 3.17 1 3
?0};511 2 0 0.00 0.00 0.00 0.83 2.50 0 0

Source: Data Processed

The table above presents an analysis of academic output and citation impact
across years, from 2013 to April 2025. In 2013, one paper was published with 180
citations, yielding an average of 15 citations per year and an exceptionally high 180
citations per paper. In 2018, there was also one publication with 14 citations and an
average of 2 citations per year. Research activity increased slightly in 2019, with two
papers published, garnering 11 citations, which is 5.5 citations per paper. In 2020, two
papers were also produced, but they received fewer citations (5 total, 2.5 citations per
paper). A similar trend continued in 2022, where two publications recorded 6 citations,
an average of 3 citations per paper. However, 2023 marked a significant spike in
academic output, with 10 papers published, generating 103 citations. This results in an
impressive 51.5 citations per year and a substantial h-index of 5. Momentum slows in
2024, with 6 papers garnering 14 citations (2.33 citations per paper). As of April 2025, 2
papers have been published, although they have not received any citations.
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Table 5. Citations Metrics

Maetrics

Data

Publication Years

Citation Years

2013- April 2025

12 (2013-2025)

Papers 26
Number of Citations 333
Citations per Year 27.75
Citations per Paper 12.81
Cites per Author 67.56
Papers per Author 8.17
Authors per Paper 3.62
h-index 7
g-index 18
hl,norm 4
hl,annual 0.33
hA-index 4

Source: Data Processed

The table above provides a comprehensive overview of citation-related
indicators for the analyzed publications spanning from 2013 to April 2025. The dataset
comprises 26 papers with a total of 333 citations, reflecting an average of 12.81 citations
per paper. Over the 12-year citation period (2013-2025), the average number of citations
per year stands at 27.75, indicating a steady citation impact across time.The author-
based citation metrics further highlight scholarly influence. Each author, on average,
has accumulated 67.56 citations, while individual authors have contributed to
approximately 8.17 papers, with 3.62 authors per paper, suggesting a strong
collaborative research environment. Several indices are presented to gauge research
impact. The dataset exhibits an h-index of 7, indicating that at least 7 papers have
received 7 or more citations each, signifying both productivity and citation impact. The
g-index of 18 suggests that the top-cited papers collectively contribute to a high citation
count.
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Table 6. Most influential institutions and countries with minimum of two publications

AFFILIATION PUBLICATION
Universitas Airlangga 2
Universitas Diponegoro 2
Universitas Negeri Semarang 2
Universitas Islam Negeri Sunan Kalijaga, 2
Yogyakarta
Institut Agama Islam Negeri Palopo 2

Source: Data Processed

The table above highlights five universities that have contributed at least two
publications. The listed institutions include Universitas Airlangga, Universitas
Diponegoro, Universitas Negeri Semarang, Universitas Islam Negeri Sunan Kalijaga
Yogyakarta, and Institut Agama Islam Negeri Palopo. Each university has met the
threshold for at least two publications, indicating a significant presence in academic
research.

Table 7. Top 10 Highly cited articles

Cited by Authors

Title

180 (Wilson et al., 2013) Crescent marketing, Muslim geographies and
brand Islam: Reflections from the JIMA Senior
Advisory Board

48 (Berakon et al., 2023) An expansion of the technology acceptance
model applied to the halal tourism sector

22 (A. A.N. Pratama et al., The effect of halal brand awareness on pur-

2023) chase intention in indonesia: the mediating

role of attitude

14 (Nurkhin et al., 2018) The role of the Sharia Supervisory Board and
corporate governance mechanisms in enhanc-
ing Islamic performance-evidence from Indo-
nesia

13 (Windasari et al., 2024) Assessing consumer preferences on halal ser-

vice: the emergence of Sharia hospitals for
Muslim consumer
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8 (Mujiatun et al., 2023) The Impact of Marketing Communication and
Islamic Financial Literacy on Islamic Financial
Inclusion and MSMEs Performance: Evidence
from Halal Tourism in Indonesia

7 (Syatar et al., 2023) Examining Call for the Dissolution of Indone-
sian Ulema Council: Siyasah Syar’iyyah Per-
spective

7 (A.P. Pratama et al., 2019) Existence and Position of Islamic Economic

Laws in Indonesia

6 (Mukhibad et al., 2022) Corporate Governance And Islamic Law
Compliance Risk
6 (Iswanto & Hadinatha, Sharia Constitutionalism: Negotiating State
2023) Interests And Islamic Aspirations in Legislat-

ing Sharia Economic Law

Source: Data Processed

The table above presents a ranked list of the most influential research publications in
the field, based on citation counts. The highest-ranked article, authored by Wilson et al.
(2013), has garnered 180 citations and explores branding in Islamic markets. The
second most-cited work, by Berakon et al. (2023), focuses on the expansion of the
technology acceptance model in the halal tourism sector, receiving 48 citations. Other
notable publications include Pratama et al. (2023), which investigates halal brand
awareness and its effect on purchase intention, accumulating 22 citations. Research on
governance and financial literacy by Nurkhin et al. (2018), alongside studies on Islamic
marketing and legal frameworks by Windasari et al. (2024) and Mujiatun et al. (2023),
respectively, have also made significant academic contributions, with citation counts
ranging from 14 to 6.

Table 8. Keywords with minimum of two publications

Author Keywords Total Publications Percentage (%)
Indonesia 6 4.26%
Islamic Bank 3 2.13%
Banking 2 1.42%
Conventional Bank 2 1.42%
Halal 2 1.42%
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Islamic Banks 2 1.42%
Marketing 2 1.42%
Non-halal Income 2 1.42%
Religiosity 2 1.42%
Trust 2 1.42%
Zakah 2 1.42%

Source: Data Processed

The table above provides an analysis of frequently used author keywords in scholarly
publications. The most prominent keyword is "Indonesia," which appears in six
publications, accounting for 4.26% of the total. The keyword "Islamic Bank" is featured
in three publications, representing 2.13% of the total, highlighting the significance of
Islamic banking discussions. Several other keywords, including "Banking,"
"Conventional Bank," "Halal," "Islamic Banks," "Marketing," "Non-halal Income,"
"Religiosity," "Trust," and "Zakah," each appear in two publications, making up 1.42%
of the dataset.
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e
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i halal product supply chain
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@ : -
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@
ik
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Figure 2. VOSviewer Network Visualisation of a term co-occurrence network based on

title and abstract fields (Full Counting)
Source: Data Processed by VOSviewer (2025)
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In VOSviewer, interconnected keywords are referred to as items and are visually
represented by small colored circles, illustrating their association with document
metadata, as shown in Figure 2. The network visualization employs distinct colors to
differentiate clusters of related items, while connecting lines denote the strength of
relationships or co-occurrences between them (Van Eck & Waltman, 2010). According
to Nurhadi and Meilinda (2024), larger circles indicate highly relevant keywords with
stronger connections, whereas smaller circles correspond to less frequently linked
keywords. The VOSviewer analysis identifies five clusters, encompassing a total of 68
items (see Table 9).

Table 9. Cluster-Based Grouping Of Keyword Circles

Clusters Colors Items

(24 Items) Constitutional Court, Consumer, Finance, Halal
Industry, Halal Tourism, Indonesia, Islam, Islamic Banking,
Islamic Economic, Islamic Economic Law, Islamic Financial
Inclusion, Islamic Financial Literacy, Islamic Marketing,
Malaysia, Marketing Communication, Muslim Friendly
Tourism, Research, Sharia, Sharia Certification, Sharia
Economic, Sharia Economic Law, Sharia Hospital, Sharia
Label, Sharia Lodging Business.

Cluster 1 Red

(14 Items) Bank Interest, Conventional Bank, Conventional
Bank Account, Fatwa, Halal Cosmetic Industry, Haram,

Cluster 2 Green Indonesian Ulema Council, MUI, Qualitative Approach,
Regulation, Sharia Bank, Sharia Compliance, Sharia Mutual
Fund, Zakah Fund.

(12 Items) Bank, Bank Muamalat, Corporate Governance,
Cluster 3 Blue Effect, ILCR, Income, Non Halal Fund, PLS, PLS Financing
Ratio, Risk, Ssb, Zakah Performance.

(9 Items) Costumer Loyalty, Halal Product, Halal Product
Commerce, Halal Product Supply Chain, Loyalty, Religiosity,
Religiosity ~Commitment, Sharia Banking, Technology
Acceptance Model.

Cluster 4 Yellow

(9 Items) Financing Performance, Financing, Health Level,
Cluster 5 Purple Islamic Bank, Islamic Fund, Non Halal Income, Policymaker,
Project Financing Model, Sharia Principle.
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Figure 3. VOSviewer Overlay Visualisation of a term co-occurrence network based on
title and abstract fields (Full Counting)

Source: Data Processed by VOSviewer (2025)

The overlay visualization uses a color gradient to represent the average
publication date in the period 2020-2024. Items within the same time period are given a
uniform color, while connecting lines indicate relationships or patterns of co-
occurrence (Van Eck & Waltman, 2010). This visualization method captures the
evolution of a research topic over time, with older publications depicted as darker
circles and newer documents as lighter circles (Dagiene & Xie, 2021). The impact of
publications is represented by a blue-green-yellow spectrum, where yellow
corresponds to the highest impact score (3), and blue indicates the lowest (1) (Van Eck
& Waltman, 2023; Nurhadi & Meilinda, 2024). As shown in Figure 3, 2020 (dark blue)
shows the lowest impact (score 1), while 2024 (yellow) shows the highest impact (score
3). The keyword Tosca, with a score of 2, was associated with the largest number of
keyword documents during the 2021-2023 time period.
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H& vosviewer

Figure 4. VOSviewer Density Visualisation of a term co-occurrence network based on
title and abstract fields (Full Counting)

Source: Data Processed by VOSviewer (2025)

Figure 4 presents a density visualization that utilizes color gradients to
represent the distribution of items within a network. Warm colors, such as yellow,
indicate areas of high density, while cooler tones, including blue and green, correspond
to regions of lower density (Van Eck & Waltman, 2010). Frequently discussed topics,
such as Indonesia and Research, are depicted in warmer hues, signifying their
prominence within the dataset. In contrast, less frequently explored subjects, such as
Bank Muamalat and Fatwa, appear in cooler tones, reflecting their lower occurrence
within the analyzed network.
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Figure 5. Vosviewer Network Visualisation Map of The Co-Authorship (92 tems)
Source: Data Processed by VOSviewer (2025)

Figure 5 provides an in-depth visualization of the strength of co-authorship
relationships. Isolated gray components indicate no connections (van Eck & Waltman,
2013). Meanwhile, there is a visualization map of the co-authorship network. Authors
showing strong collaborative relationships are grouped into clusters distinguished by
uniform colors on the author density map, where each connecting line indicates a co-
citation (Ahmi and Mohd Nasir, 2019; Cheng et al., 2022). After setting a minimum
document threshold of one per author, a total of 367 items were identified, with the
largest interconnected set consisting of 8 items (depicted by red circles). The colored
circles, larger and interconnected, represent well-connected and highly cited authors.
These eight items include Bamossy, G. J; Belk, R. W; Kartajaya, H; Lui, J; Sandikci, O;
Scott, L; Sobh, R; Wilson, J. A.]J.

CONCLUSION

The aim of this research is to examine bibliometric literature on the The Role of
Islamic Banking to Increase Halal Industry in Indonesia. Bibliometric Approach. In the
search process, the keyword was used. "The mapping procedure at that time was com-
pleted using VOSviewer based on the results of analysis and mapping with VOSview-
er, there are clusters identified in the period. From the network visualization results,
gaps or loopholes are found that researchers can use to find new things to determine
relevant research themes. So through Bibliometric analysis of the The Role of Islamic
Banking to Increase Halal Industry in Indonesia. Bibliometric Approach using the
VOSviewer application, themes for novelty in research were obtained
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Abstract

Extraordinary events significantly influence the development of various sectors of
the national economy, with tourism being one of the most sensitive. This scientific paper
focuses on the impacts of three key extraordinary events — the Covid-19 pandemic, the
military conflict in Ukraine, and the energy crisis — on the tourism industry in the Slovak

Republic.

The Covid-19 pandemic caused an unprecedented decline in tourism due to
restrictions on movement, border closures, and changes in tourist behaviour. The
following military conflict between Ukraine and the Russian Federation, which began in
2022, brought new challenges. Slovakia, as a neighbouring country, faced the arrival of a
large number of Ukrainian refugees, which temporarily altered the structure of guests in
accommodation facilities. The state financially compensated entrepreneurs for providing
accommodation to refugees, but after these compensations ended, many businesses lost a
substantial part of their clientele.

Simultaneously, the escalating energy crisis has increased operating costs in
tourism, while inflation and government tax measures have further burdened businesses
in the sector. This paper analyses these events cumulative effects on tourism development
in Slovakia, evaluates the changes in demand and supply, and outlines possible strategies
for future recovery and stabilization of the sector.

Keywords: tourism, extraordinary events, Covid-19, Russian-Ukrajine conflict,
energetic crisis

JEL Classification: M31, Z32

1. Introduction

Tourism is an important part of the national economy of the Slovak Republic.
The theoretical definition of tourism in Slovakia is characterized as “a set of activities
aimed at satisfying the needs related to travel and the stay of individuals outside their
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permanent residence, usually during their free time. The goal is rest, exploration, health,
entertainment and amusement, cultural and sports activities, business trips—in other
words, gaining a comprehensive experience.”? It contributes to job creation, regional
development, and increased state budget revenues. However, it is also one of the most
sensitive sectors to changes in the external environment. Its position in the Slovak
Republic is not dominant. Tourism accounts for only about 5% of the gross domestic
product (GDP) on average, but its share of created jobs is higher (6.3%) in this sector.
Among European Union countries, the Slovak Republic ranks among the lowest in terms
of tourism’s share in GDP, as shown in the following overview:2

Graph 1: Annual visitation of tourism accommodation facilities in the Slovak Republic
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Despite this share, the Slovak Republic has the potential for massive tourism
development. Slovakia is a country with the highest number of castles and chateaux
relative to its area and can rightly be called a castle superpower. It has 220 castles and
castle ruins, and 425 manor houses. The country boasts a wealth of mineral springs (1,650
registered mineral and thermal springs), which are also used in water parks and spa
treatments. There are over 7,000 caves, 60 of which are open to the public, as well as 7
national parks. Tourist centres suitable for hiking, sports, leisure, and relaxation have
been developed. For the development of tourism, there is also a sufficient number of
accommodation facilities and gastronomic establishments.

! Ministry of Travel and Construction of the Slovak Republic, online:
https://www.mindop.sk/ministerstvo- 1/cestovny-ruch-7/informacie/cestovnyruch/terminologia-v-cr-
pdf-183-kb

2World Travel & Tourism Council (WTTC), 2019. online: https://wttc.org, p. 37
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1.1. Tourism in Slovakia from the Perspective of Organization

Tourism services in Slovakia are provided by businesses that have specific
characteristics:

- High dependence on human resources - it is a service industry where the
human factor plays a key role. However, the location of tourism enterprises in some
regions does not provide a sufficiently suitable workforce for these businesses.

- Seasonality of service provision - depending on the location of the enterprise,
the tourist season varies. The summer and winter seasons are the most utilized, while
spring and autumn seasons are typically much weaker.

- Highly competitive environment - although Slovakia has a sufficient number
of accommodation facilities, their average occupancy rate is only 29%. This creates
significant pressure on service quality, as well as on reducing prices and profit margins
for accommodation providers.

- Location - the area in which a tourism business operates and how well the
business can utilize natural and local externalities, while also potentially influencing its
surroundings in a positive or negative manner. The location can be defined as “a naturally
delimited unit which, in terms of tourism development, has unique characteristics
distinguishing it from other destinations. These unique characteristics include attractions,
services offered, and infrastructure.”?

Entities providing tourism services are, according to the purpose of providing
services:

- business with the aim of achieving maximum profit while minimizing costs,

- non-business with the aim of improving the infrastructure of the region, e.g.
information services.

The highest share in tourism in Slovakia is held by small and medium-sized
enterprises, which account for up to 99% of all enterprises. In this case, these are business
entities. Currently, the largest share of enterprises in terms of the tourism sector is made
up of enterprises in the field of gastronomic services (60%), the second sector is passenger
transport (almost 22%). The third sector is accommodation services (9.3%). The rest is
made up of travel agencies, other reservation and related activities, rental of equipment
for passenger transport and sports and recreational activities.

1.2. Internal and external influences on tourism in Slovakia

The development of each sector of the country's economy is influenced by internal
and external factors. Internal factors are factors of the country, the business environment
and incentives for the development of business activities, external factors are factors of an
international and global nature that have an impact on entire economies.

3 GREGOROVA, NERADNY, KLAUCO, MASNY, BALKOVA. 2015. Tourism and Regional
Development. p. 12
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1.2.1. Internal influences on tourism in Slovakia

For a long time, the business environment in Slovakia has been considered
insufficiently stimulated in the field of tourism. The absence was primarily reflected in the
low support for entrepreneurs in this sector. Businesses were burdened by high value-
added tax, income tax. Its organization until 2024 belonged to the Ministry of Transport
and Construction of the Slovak Republic, where tourism was on the edge of attention.
From 2021 to the present, some incentives for tourism in Slovakia have changed, which
can be assessed as positive influences:

- valid from 1.1.2019, a change in value-added tax rates was adopted by Act
369/2018 Coll., which reduced the value-added tax to half the rate from 20% to 10%. This
adjustment brought about tourism performance in terms of achieved sales, the reduced
VAT rate became a positive stimulus for the development of tourism. This can be seen
from the following overview:

Graph 2 Development of performance of accommodation facilities in Slovakia for the
period 1998 - 2022
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Zdroj: Matlovi¢ova, Sprochova, Morong: Economic development of the territory through
tourism and market setting. 2023.4
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- valid from 1.1.2025, another stimulus for tourism was adopted in the form of a
further reduction in the VAT rate from the current 10% to 5%, from which only the
development of tourism can be expected, especially in the context of other extraordinary
events that represent external influences on tourism,

- the introduction of so-called recreational vouchers for employed citizens of the
Slovak Republic, which, however, was not and is not widespread. An employee of a large
employer (over 50 employees) can apply to his employer for a recreation allowance in

4 Matlovi¢ové, Sprochova, Morong, 2023. Economic development of the territory through tourism and
market setting.
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Slovakia if the accommodation during the recreation lasted at least 2 nights. The amount
of the allowance is a maximum of EUR 275 per employee. Given the fact that up to 99% of
business entities in Slovakia are micro and small enterprises, the number of employees
who can use the above-mentioned benefit is limited. On the other hand, much more
employees are concentrated in medium and large enterprises, and it is necessary to add to
them employees of the state administration and state organizations, which also employ a
large number of employees. Recreation vouchers are in any case a positive state incentive
for tourism. For a better overview of the number of individual enterprises in Slovakia, the
following data are provided:

Table 1 Size structure of the business sector in the Slovak Republic and in the EU in 2019

Enterprises size category

Mikro Small [ Mediun| Large SMEs
(0-9) | (10-49] (50-249 (250 +)
Number of busines:
EU-27 subjects
in the non-financial
corporate economy | 2155317 136158 210000 43000| 2312475
Share in the number
business subjects 93,0% 5,9% 0,9% 0,2% 99,8%
Number of busines:
Slovaki subjects
in the non-financial
corporate economy | 497 812 11172 2505 594 511 489
Share in the number
business subjects 97,2% 2,2% 0,5% 0,1% 99,9%

Source: Eurostat. The data includes enterprises operating in industries that cover ¢
NACE sections B5

- until 2014, tourism was managed by the Ministry of Transport and Construction
of the Slovak Republic, where sufficient positive incentives were not created for
this area of business. The establishment of an independent Ministry of Tourism of

the Slovak Republic from 1.2.2024 can be considered a positive incentive,

5 Eurostat. Database. 2020
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- the insufficient state aid during the Covid-19 pandemic, which was limited to
only partially covering employees' wages during the complete prevention of
tourism activities,

- the absence of incentives is also reflected in the insufficient number of calls for
funds from European Union funds. Tourism therefore does not have sufficient
resources for its development, the possibilities of obtaining credit resources are
significantly undersized and tourism business is still considered risky.

1.2.2. External influences on tourism in Slovakia

In addition to the above internal influences, of which only some are listed, the
global situation also affects the tourism business. Extraordinary events, such as global
pandemics, military conflicts, energy crises or economic recessions, have a significant
impact on tourism, affecting consumer behaviour, the availability of services and the
security situation in individual countries. In recent years, Slovakia has faced several such
events that have fundamentally influenced the development of tourism.

Of the most important extraordinary events, we have focused on the following
events, the impact of which on tourism in Slovakia will be described in more detail:

a) Covid-19 pandemic,
b) Ukrainian-Russian military conflict,
c) Ongoing energy crisis.

In addition to the above events, there are also other, local extraordinary events that
have an impact on tourism in individual regions, e.g. floods, consequences of adverse
weather, etc

2. Methodology

This final thesis was developed using a combination of qualitative and
quantitative research methods. The main objective was to collect relevant data and
information on the impacts of extraordinary events - specifically the COVID-19 pandemic
- on tourism in the Slovak Republic, and to analyse them in order to identify the most
significant effects.

2.1 Data Collection

The primary source of information was secondary data obtained from official
statistical databases, such as the Statistical Office of the Slovak Republic, the Ministry of
Transport of the Slovak Republic, the Slovak Tourist Board (SACR), national database
FinStat.sk, the World Tourism Organization (UNWTO), as well as scientific studies,
professional articles, and analytical reports by both domestic and foreign authors. Where
necessary, data from research surveys conducted during the pandemic (e.g., Eurostat,
OECD, World Travel & Tourism Council) were also used. Relevant data was drawn from
the Register of Financial Statements of the Slovak Republic. .6

® Register of Financial Statements of the Slovak Republik.
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2.2 Analytical Methods

Time series analysis, comparative analysis, and SWOT analysis were used to
process and evaluate the collected data. The aim was to assess the development of
tourism before, during, and after the pandemic, war and energetic crisis and to identify
the main trends and deviations

The entire research is a theoretical and practical summary of the most important
impacts of extraordinary events on tourism in Slovakia. Questionnaires for tourism
enterprises in three regions of the Slovak Republic were used as a research method. The
research sample consists of a total of 60 enterprises providing accommodation and
catering services, including related services (wellness, entertainment, relaxation,
preferential treatment of tourist and sports activities). which are divided into stratified
sets (each group of 20 enterprises):

- Facilities with a bed capacity of up to 20 beds,
- Facilities with a bed capacity of 21 - 100 beds,
- Facilities with a bed capacity of over 100 beds.

When processing human resources data, a total of 100 questionnaires were sent to
employees who had terminated their employment in the tourism industry, focusing on
identifying the reasons for their reluctance to work in this industry.

3. Results

We focused the formulation of the results on the extraordinary events that had and
have the greatest influence and impact on the development of tourism in Slovakia, as they
were already formulated in the previous section. The analysis provides only generalized
statements, as well as exact indicators.

3.1. The Covid-19 pandemic a its impact on tourism

The Covid-19 pandemic, which broke out in early 2020, brought unprecedented
travel restrictions, border closures, lockdowns and significant restrictions on the
movement of residents. These measures caused a dramatic decrease in the number of
tourists in Slovakia. Accommodation facilities, restaurants and travel agencies
experienced a significant decrease in sales, which led to employee layoffs and closures. At
the same time, the pandemic changed the behaviour of tourists, who preferred individual
travel, natural locations and safe forms of accommodation.

The COVID-19 pandemic has had a major impact on tourism in Slovakia, with a
significant decline in visitor numbers, a change in the structure of tourists and a
transformation in consumer behaviour.

In general, the impacts of the Covid-19 pandemic can be seen in the following
areas:

3.1.1. Decline in visitors, overnight stays and sales

In 2020, Slovak tourism experienced a significant decline. The number of overnight
stays by foreign visitors decreased by 13.8% compared to the average for 2017-2019, and
by 19.5% compared to 2019.
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Graph 3 Development of the number of overnight stays for 2018-2022 in 7 EU countries

3<

e Ceska republika

Rumunsk

Source: Eurostat. Database.”

Slovakia is among six EU countries where the number of overnight stays has not
yet reached the average level of the last three years before the pandemic - their number is
still lower by up to 7.5%, compared to the record year 2019 by up to 15.7%.

A similar development was also recorded in sales. The following results of sales
were generated in the businesses we monitored, which also show their decline in 2020
and 2021 as a result of the Covid-19 pandemic:

Table 2 Development of sales in the analysed accommodation facilities

Tourism Enterprises [€]
Year
Large Medium Small SMEs Index [%]

2018 58 513 052 5 465 082 3 427 953 67 406 087

2019 65 319 483 6 410 006 4 128 592 75 858 081 12,54
2020 36 910 900 4 006 683 2612295 43 529 878 -42,62
2021 32 866 152 3 351 813 2102 812 38 320 777 -11,97
2022 61 765 892 5983 713 3 885 966 71 635 571 86,94

Source: own processing

The data shows that in 2022, sales did not reach the level of 2019, when their level
reached only 94.43% of 2019 with the current inflation, which fluctuated year-on-year
from 2018 to 2022 at an average of 3%. The recovery of tourism after an extraordinary

7 Eurostat. Database.
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event - a global pandemic - is taking a long time, and a return to the most successful year
in history in real terms can only be expected in 2025. Only after this period can economic
growth be monitored.

The Covid-19 pandemic also meant the demise of many tourism businesses,
especially gastronomic businesses. According to the FinStat.sk database, up to 3,680
service businesses bankrupted in 2021, most of which were part of the tourism industry.

3.1.2. Change in the structure of tourist clientele

The pandemic has caused a significant change in the structure of tourists in
Slovakia. While foreign visitors made up a significant part of tourists before the
pandemic, they have decreased significantly during the pandemic. On the contrary, the
share of domestic tourists has increased, which indicates a shift in Slovaks' interest to
domestic destinations. The increase in Slovak clientele is also due to the internal incentive
of the introduction of the obligation for employers to provide a contribution for recreation
in Slovakia. The development of foreign clientele in Slovakia is visible in the graph:

Graph 4 Visitors to tourism accommodation facilities in the Slovak Republic
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The data shows that while in 2018 foreign visitors accounted for about 159
thousand guests, in 2020 there were only 10 thousand foreign guests, in 2021 there were 42
thousand foreign guests and by the end of 2024 there were 137 thousand foreign guests.
The structure of foreign guests was also affected by another extraordinary event, with a
decrease in guests recorded by guests from the Russian Federation and Ukraine. On the
contrary, they were mainly replaced by guests from the Baltic states. However, tourism

8 Statistic Office of the Slovak Republic
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businesses in Slovakia have not yet managed to compensate for the loss in tourism even by
the end of 2024.

3.1.3. Regional differences

The impact of the pandemic varied across Slovakia's regions. Some areas,
particularly those with developed infrastructure and natural attractions, saw smaller
declines in visitor numbers, while others, dependent on foreign tourists, suffered more
significant losses. In 2023, tourism took off the most in northern Slovakia, with one region
even breaking its pre-COVID record. * Northern Slovakia has the advantage of externalities,
primarily because it is home to the High Tatras, Low Tatras and Slovak Paradise
mountains, as well as many caves and thermal springs that are used as water parks. These
are popular tourist areas.

3.1.4. The crisis in human resources management

Tourism is currently exposed not only to the challenge of renewing its activity and
expanding it, but also to the challenge of employment. In gastronomy and accommodation
services, according to the requirements of employers, there is currently an acute lack of
quality workforce willing to work in this industry. It is important to analyse the changes
that have occurred in the behaviour of employees and their approach to work in the
tourism industry and find out their causes. 10

Turnover in 2021 - 2023 increased rapidly in tourism sector. There is a shortage of
professional staff as concerns persist about a recurring crisis.

Table 2 Ratio of turnover in tourism in H. Tatras and Liptov region compared to

the average of the Slovak Republic (data in %)

Year 2021 2022 2023
Tourism 34,98 39,01 38,10
Average in SR 29,50 32,90

Source: own processing

In the area of human resources, there has also been a significant change in
employees' priorities. Compared to previous periods, the primary motivation for leaving
the tourism sector was not the amount of earnings, but was overtaken by concerns about

® Hospodarske Noviny.2024. Tourism took off the most last year in northern Slovakia, one region broke
the pre-Covid record.

19 Petrusc¢akova. 2023. A current view of the causes of the increase in turnover in the field of tourism. p.
35-41

-154 -



3rd International Scientific Research Congress Book April 26-27, 2025, Istanbul

repeated measures in the event of emergencies and dissatisfaction with the social climate at
the workplace.

The change in employees' priorities signals the impact of the Covid-19 pandemic
in tourism on the social environment of staff. Employers' dissatisfaction with the reduced
work commitment of employees was also noted. Overall, the impact of the Covid-19
pandemic clearly demonstrates the impact on the sociological aspects that tourism in
Slovakia has to deal with.11

3.1.5. Adaptation and new trends

Travel agencies and tour operators have begun to focus on the domestic market
during the pandemic, adapting their products to Slovak clients. At the same time, new
trends have emerged, such as increased interest in nature and rural tourism, individual
travel and digital technologies in tourism services.2

3.2. The military conflict in Ukraine and its consequences for tourism in the SR

Since February 2022, a military conflict has been ongoing between Ukraine and the
Russian Federation. The Slovak Republic, as a neighbouring country, has been directly
affected by the consequences of this war. The conflict caused a wave of migration of
Ukrainian citizens to European Union countries, including Slovakia. Accommodation
facilities were temporarily turned into humanitarian centres and the state provided
financial compensation for the accommodation of refugees. However, after the end of this
compensation, the tourism industry lost many clients and operators had to look for new
sources of income.

In addition to humanitarian challenges, accommodation facilities have also
experienced a significant decline in tourism, which has been reflected mainly in the
reduced number of tourists and economic losses for service providers.

3.2.1. Decrease in number of visitors and economic impacts

According to data from 2021, the number of domestic visitors decreased by more
than 40%, while the number of foreign tourists decreased by up to 77%. This trend was
caused by a combination of the COVID-19 pandemic and the war in Ukraine. Spa facilities
were particularly affected, losing a significant part of their clientele from Russia, Belarus
and Ukraine. Some spas found themselves on the verge of bankruptcy and required state
support.13

1 Tbid.
12 Petrikovitové, Petrikovi¢, Wittlinger. 2022. Reflection of the COVID-19 pandemic on
tourism and travel agencies in the Slovak Republic. p- 320

13 STVR. 26.4.2022. online: https:/spravy.stvr.sk/2022/04/pandemia-covidu-a-vojna-na-ukrajine-
decimuju-cestovny-ruch-na-slovensku
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The recommended structure of domestic and foreign visitors is a ratio of 60:40. In
Slovakia, according to the Association of Hotels and Restaurants of the Slovak Republic,
this ratio is currently at 69:31.14

In Slovakia, a complete decline in Ukrainian guests was recorded, who became
temporarily accommodated in many tourist establishments as refugees. Their
accommodation was temporarily subsidized by the state. Income from subsidies did not
reach the income of ordinary accommodated tourists, but at that time they fulfilled the role
of helping Ukraine. However, subsidies no longer exist and Slovakia still lacks guests from
Ukraine and Russia. The decline is estimated at 20%. The replacement of foreign guests
from other countries has not reached the required level and the tourism industry lacks
incentives that would attract guests from other countries. This means a shortfall in the
income part of tourism.

3.2.2. State response and adaptation measures

The Ministry of Transport and Construction of the Slovak Republic recognized in
2022 the need not only to repair the outages, but also to motivate domestic and foreign
tourists. It considered continuing state aid to hotels, restaurants, spas and aquaparks after
2022 and the aid lasted until the first half of 2024. At the same time, there was discussion
about making Slovak destinations more attractive to new markets.

The Ukrainian-Russian conflict had a significant negative impact on tourism in
Slovakia. In addition to a direct decrease in visitor numbers, it also caused economic losses
and the need for the tourism sector to adapt. The future of the industry will depend on the
ability to attract new visitors and effectively respond to changing geopolitical conditions.

The new Ministry of Tourism and Sports of the Slovak Republic has already
adopted several measures, and calls for projects are currently being issued to support
tourism businesses with high state subsidies.!> The call for projects is ongoing, so it is not
yet possible to see its results.

3.3. The energy crisis - economic consequences for tourism

All these extraordinary events led to unprecedented volatility in energy markets.
Slovakia, heavily reliant on energy imports, particularly from Russia, experienced
significant increases in electricity and gas prices. The crisis also coincided with inflationary
pressures and post-pandemic recovery, compounding its effects.

The energy crisis has increased its impact after Ukraine stopped gas supplies to
Europe from January 1, 2025, with Slovakia being one of the most affected countries in
terms of gas. Although it currently has sufficient gas,¢ its price is rising sharply. Slovakia,
on the other hand, is self-sufficient in electricity production, which also exports. The future
development is unclear, as the situation with stopped supplies is only at its beginning.

14 Association of Hotels and Restaurants of the Slovak Republic. online: https://ahrs.sk/

15 Ministry of Tourism and Sport of the Slovak Republic. online: https://mincrs.sk/ministerstvo-
cestovneho-ruchu-a-sportu-sr-vyhlasuje-vyzvu-na-podporu-organizacii-cestovneho-ruchu-s-historicky-
najvyssou-dotaciou/

16 TASR, News Portal. 2025. online: https://www.teraz.sk/ekonomika/tok-zemneho-plynu-z-ukrajiny-na-
slovens/846551-clanok.html
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As stated in the technical forecast of analysts of the Ministry of Finance of the
Slovak Republic,'” compiled based on the current development of energy prices, gas prices
could increase by 20% next year, and heat prices by 14%. Electricity could increase by 7%.
This means that the growth in energy prices would be very similar to that in 2022 and 2023.

At the same time, from 2025, the Slovak government has introduced consolidation
measures to increase the revenue part of the state budget, which means pressure on
entrepreneurs. Currently, Slovak business entities have started to pay a transaction tax on
banking operations and an increased value added tax, which has increased from the
previous 20% to 23% on most goods and services.

3.3.1. Impact on the Tourism Sector

Energy-intensive tourism services, such as hotels, wellness centers, and winter
resorts, were among the first to feel the consequences. Rising heating, lighting, and
operational costs forced many businesses to limit services, shorten opening hours, or
increase prices. These changes negatively impacted demand, especially from domestic
tourists with reduced purchasing power.

The increase in energy prices according to current forecasts means that while energy
costs in tourism businesses, especially accommodation facilities, accounted for 16.5% of
total costs in 2023, this share increased to 18.5% in 2024. If prices continue to rise as forecast
in 2025, tourism will face problems in its development. Rising sales prices and rising
inflation will reduce interest in tourism, which will significantly slow down economic
growth.

3.3.2. Regional Disparities

Tourism destinations in colder, mountainous regions such as the High Tatras were
more severely affected due to higher energy requirements during winter months. Small and
medium-sized enterprises (SMEs), which make up the majority of tourism businesses in
Slovakia, struggled to absorb the costs without passing them on to consumers.

3.3.3. Government Responses and Measures

The Slovak government introduced temporary support measures, including energy
price caps and direct subsidies. While these mitigated some of the financial burdens, delays
in implementation and limited scope left many businesses vulnerable. The paper evaluates
the effectiveness and sustainability of these interventions.

From mid-2025, however, the Slovak government will also reduce and end energy
price subsidies for businesses by introducing consolidation measures, which means that
their share of costs will mean a significant reduction in business profits. The prediction is
not yet known, as Slovak businesses are trying to deal with the first consolidation measure
in the form of a transaction tax on banking operations from 1 April 2025, which has already
had a significant impact on them in the first few days. This may result in the closure of a
large number of accommodation facilities and at the same time an undesirable return to the
preference for cash payments.

17" Ministry of Finance of the Slovak Republic. 2025. 71. Meeting of Macroeconomic Prognosis

Committee.
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3.3.4. Risk of Increasing Tax Gape in Tourism

Given the current situation in the tourism sector, it is possible to expect a risk that
businesses will seek tax evasion to a greater extent.

When calculating the estimated tax evasion in the area of indirect taxes, we adopted
the methodology for estimating and calculating the volume of the so-called grey economy
in Slovakia, which is used within the European Union.

Both direct and indirect approaches are used for calculation methods, but most
often model method approaches:

Direct methods are aimed at adding to GDP the production of the grey economy at
a certain place and time, i.e. sample surveys or tax evasion surveys. They are detailed and
accurate, but limited, as they can only quantify a sample set.

Indirect methods have a macroeconomic character and are most often monetary
methods, which is also their disadvantage.

The model method approach is based on the assumption of causality between the
cause and effect of the shadow economy. The most commonly used method is the MIMIC
(Multiple-Indicators and Multiple-Causes).!8

It can therefore be predicted that the current 13% of estimated grey income may
increase by as much as 2%, which will create an increased tax gap in the state budget for
both value added tax and income tax, which will be counterproductive to efforts to increase
the revenue part of the state budget.

4. Discussion

We compared the conclusions on the impact of extraordinary events on tourism
with the findings of other authors. In Depreter's article, we find the statement that at least
50% fewer tourists from abroad arrived in Slovakia in 2020 compared to previous years.
This had an impact on the profits achieved by tourism businesses. Similarly, Blahusiakova
states that 73.8% of tourism businesses in the Slovak Republic also recorded a decrease in
revenue, of which 56% saw a decrease of more than 40%.

We also compared our conclusions in the area of change in human resources
management. The development of employment with its decrease and subsequent increase
during the pandemic and then in post-covid period has been overcome according to the
SAV publication.’ It is also shown according to the regions of Slovakia and fully correlates
with our findings for the Tatras and Liptov region.

The situation is not unique to accommodation facilities in Slovakia, similar
developments can be seen elsewhere in the world. Small accommodation facilities in
particular are reaching negative equity values in other countries as well. As an example, we
can cite the results of the analysis in the pre- and post-COVID period in Catalonia, where,
according to the analysis, accommodation facilities were experiencing varying degrees of
financial distress.20

8 Hoov4. 2019. The Shadow Economy in the Slovak Republic.

19 Frank, Morvay. 2022. Economic development of Slovakia in 2021

20 Saus-Sala et al. 2024. Financial analysis of rural tourism in Catalonia and Galicia pre- and post-
COVID-19.
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Conclusion

Extraordinary events, such as the Covid-19 pandemic, the military conflict in
Ukraine, the energy crisis and the economic measures of the Slovak government, have
fundamentally affected tourism in Slovakia. The future of this sector will depend on the
adaptability of entrepreneurs, the ability to diversify the offer, but also on the support of
the state and increasing the quality and safety of the services provided.

The COVID-19 pandemic had a profound and lasting impact on tourism in Slovakia.
In addition to immediate economic losses, it also brought changes in tourist behaviour and
market structure. During the period of Covid-19 restrictions, the share of tourism in GDP in
Slovakia fell year-on-year from 2.76% to 1.45%. In the years before the tourism crisis, the
share of tourism in gross domestic product in European Union countries was 5%.2!

We also perceive the importance of research in the field of tourism, taking into
account the fact that its share in the gross domestic product is very low compared to
neighbouring countries and European Union countries with comparable conditions for
building tourism.

The problem remains that companies in the field of accommodation services are
able to obtain foreign sources of financing for the renewal, modernization or reconstruction
of their long-term assets to a much lower extent than they would be interested in. The area
has long been considered relatively risky by financial institutions and the possibility of
obtaining a loan is conditioned by good long-term financial results, when equity must not
only achieve positive values, but also the financial indicators used in banking must
correspond to the required values.

The energy crisis has posed significant challenges for the Slovak tourism sector,
revealing its vulnerability to external economic and geopolitical shocks. However, it also
presents an opportunity to innovate and move toward a more resilient, sustainable tourism
model. Strategic support and investment in green technologies will be key to the sector's
long-term stability and competitiveness

The crisis has accelerated discussions around energy efficiency and sustainable
tourism. Investments in renewable energy sources, better insulation, and energy-saving
technologies are increasingly seen as essential to the sector's resilience.

Investments are needed in digitalizing services, developing eco-friendly travel,
safety measures and diversifying the offer. At the same time, it is important to support
domestic tourism and develop lesser-known destinations that have the potential to attract
new visitors.
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Abstract

Albania has gradually harmonised its domestic legislation in line with the EU
acquis. The Albanian competition law, currently in force, is drafted in line with EU
competition rules. The Albanian Competition Authority (ACA) has played an important
role in furthering the harmonisation level by issuing directives or guidelines that
transpose EU secondary competition acts or Commission soft. This paper analyses the
role of the Albanian Competition Authority in transposing the ECN + Directive into the
Albanian legal system and whether this approach is correct. The paper argues that
transposing an EU legal act through a non-legal act is an incorrect transposition.

Keywords: EU competition law, public enforcement, ECN+ Directive, Albanian
Competition Law

1. Introduction

Albania has gradually harmonised its competition legislation in line with the EU
competition acquis. The Albanian competition law, currently in force, is drafted in line
with the EU competition rules (Skara, 2022: 217-253). The Albanian Competition
Authority (ACA) has played an important role in furthering the harmonisation level by
issuing directives or guidelines that transpose EU secondary competition acts or
Commission soft (Skara, 2022: 217-253; Skara, 2020: 198-231). To further the level of
harmonisation, on June 30, 2020, the ACA adopted the Guideline on “empowering
Albanian Competition law as amended for ensuring proper functioning of the internal
market”, which transposes the ECN + Directive into the domestic legal system (ACA
Guideline 2020).

This paper analyses the ECN + Directive's transposition into the Albanian legal
system. This research is based on traditional legal doctrine and comparative analysis
methods. Traditional legal doctrine analyses and interprets the EU competition
provisions, the ECN + Directive, and Albanian competition law. CJEU cases, non-
binding soft law documents of the Commission, and secondary European antitrust legal
doctrine have also been consulted. Comparative analysis methods determine how the
EU Member States have transposed the ECN+ Directive. The paper argues that the ECN
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+ Directive, as a legally binding act, needs to be transposed by a legally binding act in
Albania and not by a guideline.

2. Enforcement of EU Competition Rules: from Regulation 17 to Regulation
1/2003

Since establishing the European Economic Community (EEC), the treaty
competition rules (Arts 85 and 86 EEC) have remained basically the same, whereas the
rules governing their enforcement have undergone a fundamental transformation. The
EEC treaty did not provide any enforcement mechanisms of competition rules, yet it
emphasised the necessity of adopting secondary legislation to enforce them (Warlouzet,
2016: 729-730).

For around 40 years, the EU competition law enforcement system was centralised
in the Commission's hands. In 2003, Regulation 1/2003 abolished the centralised
enforcement system and empowered national courts and national competition
authorities to apply EU Treaty competition rules.

Ten years later, the Commission carried out an assessment of the functioning of
Regulation 1/2003. In the covered period - from May 1, 2004 to December 31, 2013 - the
Commission and NCAs have adopted about 787 enforcement decisions (Commission,
2014). These numbers lead to two conclusions: first, the enforcement of EU competition
law is taking place on a level that the Commission could not have achieved with a
centralised system, and, second, NCAs proved effective in enforcing EU competition law
(Potocnik-Manzouri, 2021: 991). On the other hand, empirical data shows that not all
Member States contributed equally to the growth of investigations and decisions, due to
differences in the independence, resourcing, investigative powers and sanctioning
powers of NCAs (Goggin, 2017). Founding EU member states like France, Germany, and
Italy are at the top of the list. The Central and Eastern Europe countries that acceded in
2004 and Croatia that acceded in 2007 are lagging behind, due to a lack of awareness of
competition culture combined with a lack of independence of NCAs from political
influence and insufficient human resources and budget (ECN 2025). In this report, the
Commission stated that “to enhance EU competition enforcement for the future, the
institutional position of NCAs needs to be reinforced while at the same time ensuring
further convergence of national procedures and sanctions applying to infringements of
EU antitrust rules” (Commission, 2014: para 25). Based on this empirical evidence, the
Commission concluded that the NCAs “is an essential building block for the creation of
an open, competitive and innovative internal market” (Commission, 2017: 2).

Following the 2014 Communication, on 5 November 2015, the Commission
launched a public consultation with different stakeholders on whether further action
should be taken to boost enforcement by NCAs. Around 80 % of the respondents
supported the initiative that further action should be taken to boost enforcement by
NCAs (Commission, 2017: 10). Several other public consultations or meetings were held
to get feedback on the initiative.

Finally, on 3 February 2019, the European Parliament and the Council adopted
the ECN+ Directive, which empowers national competition authorities to be more
effective enforcers and ensures the proper functioning of the internal market.
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3. The ECN + Directive: Empowering the NCAs for enforcement of
competition rules

The ECN + Directive aims to increase the effectiveness of NCAs' enforcement of
EU competition rules. Instead of relying on the ‘soft laws” as commonly used, the
Commission opted for a “hard law” instrument to harmonise public enforcement regimes
in the Member States. The choice of hard law was the only way to protect undertakings
of “arbitrary differences in the enforcement of Arts 101 and 102 TFEU, depending on
whether their case is handled by a “weak’ or by a “strong’ authority, or whether national
rules on enforcement offer loopholes or not” (Editorial, 2015: 1195). Contrary to the
regulation used before (Regulation 1/2003), the Commission opted for a directive
because it gives the Member States the discretion to choose appropriate means of
implementing the measures in the Directive (Art 288 TFEU).

The ECN + Directive uses a dual legal basis as it pursues two independent goals:
i) effective application of EU competition policy and ii) proper functioning of the internal
market. The former goal falls within the ambit of Article 103 (1) TFEU. Within this goal,
the ECN + Directive harmonises certain rules to ensure that national competition
authorities: i) are independent and have necessary human resources; ii) be able to apply
Articles 101 and 102 TFEU effectively; iii) impose fines and periodic penalties and iv)
have leniency programmes (Art 1 para 1).

Article 114 TFEU is used as a legal base to approximate national rules that “have
as their object the establishment and functioning of the internal market”. Art 114 TFEU
was chosen for the following reasons: i) to tackle national rules which prevent NCAs
from being effective enforcers; ii) to ensure that the same guarantees and instruments
are in place for national competition law when it is applied in parallel with the EU
competition rules; iii) to put in place effective rules on mutual assistance (Commission,
2017:5).

Another characteristic of the ECN + Directive is that it entails a minimum
harmonisation approach, leaving room for Member States to maintain a minimum
approach. Several core sections of the ECN + Directive partake the attributes of a
minimum harmonisation (Knapp and Cunha, 2023). If Member States wish to go further
than the threshold established by these provisions, they may. On the other hand, some
sections or provisions introduce uniform rules which should be implemented by
Member States. On the other hand, Art 4 (3) introduces a uniform rule concerning not
dismissing the NCAs “authorities for reasons related to the proper performance of their
duties or the proper exercise of their powers for applying Articles 101 and 102 TFEU”.

The ECN + Directive introduces the following novelties. First, the ECN +
Directive laid out rules to guarantee the independence and necessary resources to
enforce EU competition rules effectively (ECN + Directive, Rec 5). Art 4 of the ECN +
Directive requires “Member States to ensure that NCAs perform their duties and
exercise their powers impartially in the interest of effective and uniform application of
Articles 101 and 102 TFEU”. NCA staff shall be recruited or appointed based on clear
and transparent procedures and shall receive no instructions from governments or
public or private entities, not precluding general policy rules. Furthermore, NCAs must
have the right to set their priorities for applying Articles 101 and 102 TFEU, including
the right to decide which cases shall be pursued and which cases shall not be pursued
further (Blazo, 2020: 119-122). The NCA shall be able, at a minimum: i) to conduct
investigations to apply Articles 101 and 102 TFEU; ii) to adopt decisions applying those
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provisions based on Article 5 of Regulation (EC) No 1/2003; and iii) to cooperate closely
in the ECN to ensure the effective and uniform application of Articles 101 and 102 TFEU
(Art 5 para 2). The ECN + Directive is very vague in relation to sufficient human
resources to enforce Arts 101 and 102 TFEU effectively.

Second, the ECN + Directives introduces a minimum set of common powers that
NCAs shall have to enforce EU competition rules effectively (Arts 6-12). Regulation
1/2003 obligated EU Member States to design NCAs “for the application of Articles 81
and 82 of the Treaty in such a way that the provisions of this regulation are effectively
complied with” (Art 35 para 1). Regulation 1/2003 did not regulate the issue of NCAs'
power. Thus, NCAs enjoyed only those powers granted by the national law. In this
context, the degree of NCAs' investigative power varied from one EU Member State to
another. Some countries required court decision for the dawn raids, other not. Also,
exchanging information between EU member states varied from one competition
authority to another. There was no common rule on exchange of information at the EU
level. With the adoption of the ECN + Directive, NCAs shall have a minimum set of
common investigative and decision-making power to be able to enforce EU competition
rules. Accordingly, NCAs shall have the following common power: i) to inspect business
premises (Art 6); ii) to inspect other premises under the condition of prior judicial
authorisation (Art 7); iii) to request information from the undertakings or to summon
any representative of an undertaking or association of undertakings if they possess
information related to the application of the EU competition rules (Arts 8-9); iv) the right
to impose behavioural as well as structural remedies to end conduct that is in breach of
art. 101 or Art 102 TFEU (Art 10); v) the power to issue interim measures upon request
by a complainant and on their own initiative (Art 11); and vi) the power to accept
commitment decisions (Art 12). By introducing these powers, the NCAs become more
effective enforcers. For instance, one NCA may ask another NCA to conduct dawn raids
without a court decision. Moreover, the ECN + Directive introduces rules for the
exchange of information or the summoning of any representative of an undertaking that
possesses this information.

Third, the ECN + Directive empowers NCAs to impose dissuasive fines. Until
the adoption of the ECN + Directive, not all NCAs had the power to impose fines or
periodic fines. Article 13 of the ECN+ Directive introduces, as a minimum standard, the
principle that NCAs have the right to impose “effective, proportionate and dissuasive
fines on undertakings and associations of undertakings”. Such fines shall be determined
proportionately to the undertakings’ total worldwide turnover (Art 13). When
calculating the fine amount to be imposed, NCAs have to consider both the gravity and
the duration of the infringement (Art 14 para 1). The fine should not exceed 10 % of the
total worldwide turnover of the last business year of the decision (Art 15). Furthermore,
Art 14 (2) of the ECN + Directive requires EU MS to ensure that NCAs “may consider
compensation paid as a result of a consensual settlement when determining the amount
of the fine to be imposed for an infringement of Article 101 or 102 TFEU, in accordance
with Article 18(3) of Directive 2014/104/EU”.

Fourth, the ECN + Directive introduces legally binding rules for leniency
programmes, an area previously regulated by Commission soft laws. The ECN +
Directive introduces rules governing leniency applications leading to total immunity
from fines (Art 17) and applications that will only reduce fines (Art 18).
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Finally, the ECN + Directive introduces mutual assistance rules amongst the
NCAs. The general principles of cooperation are foreseen in Art 27. Also, the ECN +
Directive provides several provisions governing cooperation between NCA as, for
instance, the possibility for NCAs to take part in investigations in other Member States
and receive, upon request, relevant information and documents from other NCAs (Arts
24-25). Furthermore, NCAs will be able to request that their decisions are imposed on
other Member States (Art 26).

4. The Transposition of ECN + Directive into the Albanian Legal System

Following Albania's commitment to harmonise its domestic legislation with the
EU acquis, furthering the harmonisation of Albanian competition law with the EU
competition acquis has been one of the main priorities of ACA (ACA Decision 43, 2006:40-
43). In this context, the ACA has been very active in further aligning domestic
competition law with the EU competition acquis. So far, the ACA has transposed several
secondary EU competition legal acts and the Commission’s soft law.

On 30 June 2020, the ACA adopted a guideline that transposes the ECN +
Directive into the Albanian legal system (ACA Guideline 2020). Similarly to the ECN+
Directive, the Guideline sets out certain rules to empower the ACA to be a more effective
enforcer and ensure the Albanian market's proper functioning. Moreover, the Guideline
stipulates rules for cooperation with other NCAs for the protection of competition and
functioning of the market, which are fully in line with the ECN+ Directive.

ACA opted for a literal transposition of the ECN + Directive, with some
exceptions. First, instead of the EU Competition rules [Arts 101 and 102], it refers to the
national competition law, respectively to restrictive agreement (Art 4) and abuse of
dominant position (Art 9). Secondly, contrary to the ECN+ Directive, which “covers the
application of Articles 101 and 102 TFEU and the parallel application of national
competition law to the same case” (ECN + Directive, Art 1 para 1), the Guideline applies
only to Albanian competition law. This is understandable, as Albania is not yet an EU
Member.

In the case of the ECN + Directive, the ACA opted out to transpose the ECN +
Directive through a guideline, instead of a binding legal act. This transposition method
is mistaken from both the perspective of the EU and Albanian Law. From the perspective
of EU law, the directive needs to be transposed by a national legal measure. The directive
is binding on the result to be achieved upon each Member State to which it is addressed
(TFEU, Art 288). Contrary to the regulation, which is directly applicable, the directive
must be transposed by national measures. By looking at the experience of the EU
Member States that have communicated the transposition measure, it can be observed
that none of them have transposed the ECN + Directive through soft law. Instead, the
EU Member States have transposed the ECN + Directive into their domestic legal system
through a legally binding instrument. Some EU Member States have amended the
existing legislation, whereas others have introduced specific legislation (EUR-Lex 2025).

In the case of Albania, the ACA opted out through a guideline without binding
effects. Like EU Member States, the correct transposition of the ECN + Directive should
be done by a legally binding act, either through enacting lex specialis or amending the
existing competition law (Skara & Hajdini, 2022).
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5. Conclusion

Despite the application of EU competition rules by national courts and National
Competition authorities, EU Member States still enjoyed procedural autonomy. In this
regard, EU Member States’” competition authorities had different degrees of
independence and human, financial, and technical resources, investigative power, and
enforcement priorities.

To address this degree of diversity among the NCAs, on 3 February 2019, the
European Parliament and the Council adopted the ECN+ Directive. The ECN+ Directive
harmonises procedural rules on: i) NCA’s independence and resources; ii) NCA’s power;
iii) fines and periodic penalty; iv) leniency program for secret cartels; and v) mutual
assistance between NCAs.

Likewise, EU Member States, even candidate countries, have the obligation to
transpose the ECN + Directive into the domestic legal system. As the paper shows,
transposing the ECN + Directive through a non-legally binding act does not have any
legal effects. Therefore, the proper transposition should be done by amending the Law
on Protection of Competition.

References

ACA Guideline to empower the Albanian Competition Authority to be more effective enforcer of
the Law 9121/2003 as amended and to ensure proper functioning of the market
<https:/ /caa.gov.al/wp-content/uploads/2023/05/Udhezues_30.06.2020.pdf>
accessed 20 April 2025.

Blazo, Ondrej (2020). Proper, transparent and just prioritisation policy as a challenge for national
competition authorities and prioritisation of the Slovak NCA. Yearbook of Antitrust and
Regulatory Studies 13, 117

Commission (2014). Ten Years of Antitrust Enforcement under Regulation 1/2003. SWD(2014)
230/2

Commission (2017). Proposal for a Directive of the European Parliament and of the Council to
empower the competition authorities of the Member States to be more effective enforcers
and to ensure the proper functioning of the internal market. COM(2017) 142 final

Council Regulation (EC) No 1/2003 of 16 December 2002 on the implementation of the rules on
competition laid down in Articles 81 and 82 of the Treaty [2003] O] L 1/1 (Hereafter
Regulation 1/2003).

Directive (EU) 2019/1 of the European Parliament and of the Council of 11 December 2018 to
empower the competition authorities of the Member States to be more effective enforcers

and to ensure the proper functioning of the internal market (Text with EEA relevance)
[2019] OJ L 11/3

ECN (2025). Statistics: Aggregate Figures on antitrust cases. https://competition-
policy.ec.europa.eu/antitrust-and-cartels/european-competition-network/ statistics_en
accessed 15 April 2025.

Editorial (2015). Public Enforcement of EU Competition Law: Why the European Antitrust Family
Needs a Therapy. Common Market Law Review 52, 119

EUR-Lex (2025). National transposition measures communicated by the Member States
concerning: Directive (EU) 2019/1 of the European Parliament and of the Council of 11
December 2018 to empower the competition authorities of the Member States to be more

-167 -



3rd International Scientific Research Congress Book April 26-27, 2025, Istanbul

effective enforcers and to ensure the proper functioning of the internal market (Text with
EEA relevance).

<https:/ /eur-lex.europa.eu/legal-content/ EN/NIM/?uri=CELEX:32019L0001> Accessed 15
April 2025.

Goggin, Isolde (2017). Making Competition Authorities more Enforcers. Journal of Competition
Law and Practice 8, 549.

Knapp, Magdalena and Cunha, Diogo Costa (2023). Antitrust Fines and Limitation Periods After
the Implementation of Directive (EU) 2019/1 Throughout Member States: Focus on
French and Polish Perspectives. IIC-International Review of Intellectual Property and
Competition 54, 891-915.

Law 8417/1998 The Constitution of the Republic of Albania [1998] OJ 28 as last amended by
Law 16/2022 (The Constitution of Albania)

Potocnik-Manzouri, Corinna (2021) The ECN+ Directive: An Example of Decentralised
Cooperation to Enforce Competition Law. European Papers 6, 987

Skara, Gentjan (2020). Private Enforcement of Competition Law and the Directive 2014/104/EU
on Action for Damages for Infringements of Competition Law Provisions: The Impact on
Albanian Legal System compared with the Implementation in some selected EU-Member
States. PhD Thesis. University of Ferrara

Skara, Gentjan (2022). Europeanisation of Private Enforcement of Competition Law: the Case of
Albania: Springer

Skara, Gentjan & Hajdini, Bojana (2022). Transposition of the ECN+ directive in Albania: the
mistaken approach.
https:/ / www.maastrichtuniversity.nl/blog/2022/05/transposition-ecn-directive-
albania-mistaken-approach. Accessed 15 April 2025

Treaty on the Functioning of the European Union (TFEU Consolidated version 2016) [2016] O] C
202/1

Warlouzet, Laurent (2016). The Centralisation of EU Competition Policy: Historical
Institutionalist Dynamics from Cartel Monitoring to Merger Control (1956-1991). Journal
of Common Market Studies 54, 725

- 168 -



An Energy Consumption Prediction Method Based on Verbal Artificial
Intelliegence Classification

Ugur TASKIRAN

Selguk University, Technology Faculty, Department of Electrical and Electronics Engineering,
E-mail: utaskiran@selcuk.edu.tr. ORCID: 0000-0001-5086-6804 .

Abstract

In recent years, global energy demand has risen rapidly due to economic growth,
particularly in developing countries, population growth and industrialization drive
consumption. Energy is a key factor in manufacturing and reflects a country’s economic
and social development potential. Future investments depend on demand, costs, and
environmental regulations, emphasizing the need for cost-effective solutions.
Insufficient energy supply could hinder economic progress. Efficient financial allocation
for energy production investments relies on accurate predictions of future energy
demand. Optimizing financial allocation is crucial due to budget constraints, even in
developed nations. These limitations highlight the growing importance of forecasting
energy demand for effective planning. To increase prediction accuracy many different
methods are used. In this study, an Al based verbal prediction method is suggested, and
some results are presented.

Keywords: Energy Production, Energy Consumption Prediction, Al methods.

INTRODUCTION

In recent years the energy demand increasing rapidly and steadily throughout
the World as the economic growth increases. Especially in developing countries rapid
population increase and industrialization increases energy demand. Energy is an
essential production factor in manufacturing and is one of the fundamental indicators
reflecting a country's potential for economic and social development. Energy
consumption is one of the indicators of social development and economic development
and welfare results in a rise in energy consumption. Consequently, planning the
investments of energy production facilities becomes more important to keep up with the
energy demand increase. Future planning of investment greatly depends on energy
demands, energy costs, environmental restriction etc. Because of the reasons mentioned
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above, cost effective energy production investment becomes important. For example,
under supply of energy may become the major block for economic development. On the
other hand, over supply of energy also blocks economic development because cost of
investment for energy production may be transferred to other areas of economic
development. Optimizing the cost of energy investment is a necessity especially for
developing countries that may have limited budgets investments.

To efficiently allocate the finances for energy production investments requires
good prediction future energy demands. Thus, investments can be allocated according
to future necessities of the country including but not limited to energy demand. An
optimized allocation of finances among the future necessities of the country becomes
more important because of the budget limitations of the many countries that even
include developed regions of the World. Consequently, these limitations and
requirements make future energy demand more and more important.

To increase prediction accuracy many different methods are used. Some of these
methods include but are not limited to metaheuristic optimization algorithms,
adaptively optimal search algorithms, time series models, regression models, artificial
neural networks (ANN), artificial intelligence models.

Islam et all give a wide introduction to energy demand forecasting and
summarizes methods some methods used in forecasting. In their paper time series
methods, regression and ANN are investigated. They also presented some metrics to
measure the success of the methods (1).

Ozdemir at all introduced a novel modified artificial bee colony (M-ABC)
algorithm and evaluates its performance against established optimization techniques,
including ant colony optimization (ACO), particle swarm optimization (PSO), and a
hybrid ACO-PSO (HAP) approach. Furthermore, the study presents energy demand
estimations under four distinct scenarios, utilizing various input parameters. The results
demonstrate that the models developed using the proposed M-ABC algorithm exhibit
superior performance in estimating energy demand compared to the alternative
methods. (2)

A study by Aderibigbe at all provides a comprehensive review of the
transformative impact of artificial intelligence (Al) and machine learning (ML) on energy
efficiency, with a specific focus on electricity demand forecasting. The review critically
analyzes various ML models, assessing their theoretical foundations, selection criteria,
and performance across different scenarios. Findings indicate that ML models,
particularly those leveraging deep learning and big data analytics, surpass traditional
methods in accuracy and adaptability, excelling in managing complex, nonlinear
relationships and large datasets. (3)

Hu reported in 2017 that grey forecasting model has attracted significant
attention among researchers due to its ability to effectively characterize uncertain
systems with limited data sets. The most widely used GM(1,1) model has some
limitations because of its dependence on the evolution coefficient and control variable
and difficulty of determining background value. In order to solve this problem, a neural
network-based GM(1,1) model, NNGM(1,1), is proposed. This study has applied the
NNGM(1,1) model to the field of electricity consumption forecasting and evaluated the
performance of the model using sample data obtained from the Turkish Ministry of
Energy and Natural Resources and the Asia-Pacific Economic Cooperation energy
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database. Experimental findings reveal that the NNGM(1,1) model exhibits effective
performance in electricity consumption forecasting indicating that the model can
provide a more powerful and adaptable alternative to the GM(1,1) model. (4)

In the study by Wang and his colleagues, they provide a practical guide to
determining appropriate techniques in three main areas, namely load forecasting,
anomaly detection and demand response, by conducting a comprehensive analysis of
artificial intelligence models. In the context of load forecasting, the paper presents a
comprehensive framework for selecting the most effective machine learning and deep
learning models, including reinforcement learning methods along with hybrid model
applications and learning optimization strategies. Furthermore, by examining the
advantages and limitations of different learning methods in detail, the study creates a
discussion platform on optimization strategies for the imbalanced data set problem,
which is frequently encountered during anomaly detection in energy systems. (5)

Cunkas and Tagkiran examines Turkey's current electricity generation and
consumption patterns while employing genetic algorithms to model future energy
demand projections. The algorithmic forecasts are subsequently benchmarked against
both conventional regression analysis methodologies and official projections published
by the Ministry of Energy and Natural Resources. (6)

Kog at all summarized the energy situation in the World and Tiirkiye. They
reported that global and Turkish energy resources, focusing on their reserves,
production, and consumption. It examines energy production, consumption, CO,
emissions, and electrical energy usage across different countries, comparing per capita
energy and electricity consumption. Their assessment covers the non-renewable
resources (oil, natural gas, coal, uranium, thorium) and renewable energy sources
(hydropower, geothermal, biomass, solar, wind). Additionally, it highlights countries'
renewable electrical power capacities, providing a comprehensive overview of energy
trends and sustainability efforts worldwide and in Ttirkiye. (7)
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MATERIAL AND METHODS
The data used in this study is given in Table.1

Table.1. Data used in the study (GDP in billion dollars, Export and Import in US
Dollars, Electricity Consumption in TWh)

Year Population GDP Export Import Electricity Consumption
1992 55748000 158 14714629 22871055 67
1993 56653000 180 15345067 29428370 73
1994 57564000 131 18105872 23270019 78
1995 58486000 169 21637041 35709011 86
1996 59423000 181 23224465 43626642 95
1997 60372000 190 26261072 48558721 106
1998 61329000 276 26973952 45921392 114
1999 62287000 256 26587225 40671272 118
2000 63240000 273 27774906 54502821 128
2001 64191000 200 31334216 41399083 127
2002 65143000 238 36059089 51553797 133
2003 66085000 312 47252836 69339692 141
2004 67007000 405 63167153 97539766 150
2005 67903000 501 73476408 116774151 161
2006 68763000 552 85534676 139576174 175
2007 69597000 676 107271750 170062715 190
2008 70440000 764 132027196 201963574 198
2009 71339000 645 102142613 140928421 194
2010 72326000 772 113883219 185544332 210
2011 73409000 833 134906869 240841676 230
2012 74569000 874 152461737 236545141 242
2013 75787000 951 161480915 260822803 248
2014 77030000 934 166504862 251142429 257
2015 78271000 860 150982114 213619211 266
2016 79512000 864 149246999 202189242 278
2017 80810525 859 164494619 238715128 292
2018 82003882 798 177168756 231152483 303
2019 83154997 760 180832722 210345203 302
2020 83614362 717 169637755 219516807 305
2021 84680273 807 225291385 271424473 330
2022 85279553 906 254169747 363710574 327
2023 85372377 1119 255440780 361764556 329

Data is required to train the models collected from various resources. These
resources include the study of Ozdemir at all (2), National Energy Plan of Tiirkiye 2022
prepared by Republic of Tiirkiye Ministry of Energy and Natural Sources (8), Electricity
Distribution Sector Plan of Year 2022 prepared by Turkish Electricity Distribution
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Corporation (TEDAS) (9) and miscellaneous related report of Turkish Statistical Institute

(TUIK) (10).

The data columns used for estimation are the population, GDP, import and
export values. By using the four values per year electricity consumption for the next year
is estimated verbally. The values of the column of electricity consumption are classified
into 3 or 4 four classes.

In the first run 4 classes are chosen. These classes are “Negative” if the increase
is negative percentage, “Low” if the increase is between 0 to 5 percent, “Medium” if the
increase between 5 to 10 percent and High if the increase is larger than 10 percent.
Increase percentages and classes of increases are given in Table 2.

Table.2. 4 Verbal Classes used in Estimation

Year Consumption in TWh | Increase Class Increase Percentage
1992 67 Medium N/A
1993 73 Medium 8.955224
1994 78 High 6.849315
1995 86 High 10.25641
1996 95 High 10.46512
1997 106 Medium 11.57895
1998 114 Low 7.54717
1999 118 Medium 3.508772
2000 128 Negative 8.474576
2001 127 Low -0.78125
2002 133 Medium 4.724409
2003 141 Medium 6.015038
2004 150 Medium 6.382979
2005 161 Medium 7.333333
2006 175 Medium 8.695652
2007 190 Low 8.571429
2008 198 Negative 4.210526
2009 194 Medium -2.0202
2010 210 Medium 8.247423
2011 230 Medium 9.52381
2012 242 Low 5.217391
2013 248 Low 2.479339
2014 257 Low 3.629032
2015 266 Low 3.501946
2016 278 Medium 4.511278
2017 292 Low 5.035971
2018 303 Negative 3.767123
2019 302 Low -0.33003
2020 305 Medium 0.993377
2021 330 Negative 8.196721
2022 327 Low -0.90909
2023 329 N/A 0.611621
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In the second run 3 classes are chosen. These classes are “INONE” if the increase is less
than 3 percent, “NORMAL” if the increase is between 3 to 6 percent, “HIGH” if the
increase is larger than 6 percent. Increase percentages and classes of increases are given
in Table 3.

Table.3. 3 Verbal Classes used in Estimation

Year Consumption in TWh Irg;‘::sse Increase Percentage
1992 67 HIGH N/A
1993 73 HIGH 8,955224
1994 78 HIGH 6,849315
1995 86 HIGH 10,25641
1996 95 HIGH 10,46512
1997 106 HIGH 11,57895
1998 114 HIGH 7,54717
1999 118 NORMAL 3,508772
2000 128 HIGH 8,474576
2001 127 NONE -0,78125
2002 133 NORMAL 4,724409
2003 141 HIGH 6,015038
2004 150 HIGH 6,382979
2005 161 HIGH 7,333333
2006 175 HIGH 8,695652
2007 190 HIGH 8,571429
2008 198 NORMAL 4,210526
2009 194 NONE -2,0202
2010 210 HIGH 8,247423
2011 230 HIGH 9,52381
2012 242 NORMAL 5,217391
2013 248 NONE 2,479339
2014 257 NORMAL 3,629032
2015 266 NORMAL 3,501946
2016 278 NORMAL 4,511278
2017 292 NORMAL 5,035971
2018 303 NORMAL 3,767123
2019 302 NONE -0,33003
2020 305 NONE 0,993377
2021 330 HIGH 8,196721
2022 327 NONE -0,90909
2023 329 N/A 0,611621

Consequently, classification tables of Table 2 and Table 3 are used to produce the
year depth data. Depths from 3 years to 5 years are chosen arbitrarily. Here, the year
depth means how many years are used for estimation backwards for next year’s
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consumption estimation. For example, if data from 3 years back is used to estimate next
year’s consumption estimation, the year depth is 3. To measure the performance of the
classification algorithms, classification algorithms of MATLAB 2023A software is used.
A Large summary of all methods used in this study can be in the work of Patlak at all
(11).

RESULTS
Some classification results are presented below.

The first result is for 3-year depth, 3 class data. In Table 4, the best 5 model based
on accuracy values results are chosen. In Figurel, confusion matrix, accuracy
percentages and true positive results (TPR) and false negative results (FNR) of Linear
SVM being the best method for 3-year depth 3 class data.

Table 4. Best Classification Methods for year depth:3 and number of classes: 3.

Accuracy %

Ranking Model Sub Type (Validation) Total Cost
1 SVM Linear 70.00 9
Sub Space
2 Ensemble  Discriminant 66.67 16
3 Ensemble  Bagged Trees 63.33 16
4 SVM Medium Gaussian 63.33 16
5 KNN Weighted 60.00 13

HIGH 2 3

HIGH 64.3% 14.3% 21.4%

gé NONE 3 3 1 O  NONE| 42.9% 14.3%
E s
&

NORMAL 5 2 2 NORMAL 22.2% 22.2%

HIGH NONE NORMAL HIGH NONE NORMAL TPR  FNR
Predicted Class Predicted Class

Figure 1. Linear SVM (Best Method) Confusion Matrix (left), Accuracy Percentages and
True Positive and False Negative Results (right) for year depth:3 and number of
classes: 3

The second result is for 5-year depth, 4 class data. In Table 5, the best 5 model
based on accuracy values results are chosen. In Figure 2, confusion matrix, accuracy
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percentages and true positive results (TPR) and false negative results (FNR) of Medium
Sized Neural Networks being the best method for 5-year depth 4 class data.

Table 5. Best Classification Methods for year depth:5 and number of classes: 4.

Accuracy %

Ranking Model Sub Type (Validation) Total Cost
1 Neural Net. Medium Size 57.14 12
2 SVM Linear 53.57 13
3 SVM Fine Gaussian 53.57 13
4 Ensemble  Subspace Discriminant 53.57 13
5 Kernel SVM 53.57 13
- 2 3 Low 50.0% 20.0% 30.0% 50.0% 50.0%

Negative 3 1 Negative 25.0% 25.0%

High Low Medium Negative High Low Medium Negative TPR FNR
Predicted Class Predicted Class

Figure 2. Medium Size Neural Network (Best Method) Confusion Matrix (left),
Accuracy Percentages and True Positive and False Negative Results (right) for year
depth:5 and number of classes: 4

The third result is for 4-year depth, 3 class data. In Table 6, the best 6 model based
on accuracy values results are chosen. In Figure 3, confusion matrix, accuracy
percentages and true positive results (TPR) and false negative results (FNR) of Bagged
Tress Ensemble being the best method for 4-year depth 3 class data.

Table 6. Best Classification Methods for year depth:5 and number of classes: 4.

Accuracy %

Ranking Model Sub Type (Validation) Total Cost
1 Ensemble  Bagged Trees 65.52 10
2 SVM Linear 62.07 11
3 Ensemble  Subspace Discriminant 62.07 11
4 SVM Cubic 58.62 12
5 KNN Medium 58.62 12
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HIGH 0 2 1 23.1%

NONE 2 4 1 NONE 57.1% 42.9%

True Class
True Class

NORMAL 3 1 5 NORMAL 33.3% 55.6% 44.4%

HIGH NONE NORMAL HIGH NONE NORMAL TPR FNR
Predicted Class Predicted Class

Figure 3. Medium Size Neural Network (Best Method) Confusion Matrix (left),
Accuracy Percentages and True Positive and False Negative Results (right) for year
depth:5 and number of classes: 4

CONCLUSION

Global energy demand is rising steadily, particularly in developing countries
having rapid growth in population and industrialization. Energy is a crucial factor in
manufacturing and a key indicator of a nation’s economic and social development
potential. Increased energy needs, making strategic planning for energy production
investments essential. Cost-efficient energy production is vital. Insufficient energy
supply can hinder economic growth, while excess may divert funds from other critical
development areas. Optimizing energy investment costs is especially important for
countries having limited budgets to ensure balanced and sustainable economic progress.

Estimating next year’s energy consumption is crucial for effective short-term
financial planning. Even approximate consumption forecasts enable more optimized
allocation of resources. For instance, if projections indicate low or negative growth in
energy demand, financial resources can be diverted to other critical sectors instead of
energy investments. Conversely, medium to high projected consumption necessitates
urgent funding reallocation toward energy production to prevent supply shortages.

The findings of this study establish a promising foundation for future research.
Building upon this groundwork, more precise energy consumption estimations can be
developed, with significant potential for methodological refinement. A key area for
improvement lies in determining the optimal temporal range (year-depth) for
forecasting, which would substantially enhance predictive accuracy. Furthermore,
identifying the optimal predictive model among those evaluated, especially for datasets
of this nature, can substantially improve forecast precision by calibrating key model
parameters. This approach ensures that the selected methodology aligns with the data's
inherent characteristics, thereby enhancing the robustness and reliability of energy
consumption projections. Additionally, further research could focus on developing
advanced numerical prediction models to improve the reliability of energy demand
projections.
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Abstract

In this work, every lattice is a complete modular lattice. An element b of a
lattice L is called a complement of a in L if aAb=0 and avb=1, this case we denote 1=a®b
(a2 and b also are called direct summands of L). Let L be a lattice and keL. If =0 for
every teL with kAt=0, then k is called an essential element of L and denoted by k(L. Let
L be a lattice and a<L. If x=1 for every x(L such that avx=1, then a is called a g-small (or
g-superfluous) element of L and denoted by a<L. The meet of all essential maximal
(#1) elements of L is called the g-radical of L and denoted by r,(L). If L have no essential
maximal (#1) elements, then we call r¢(L)=1. Let L be a lattice and a,beL. a is said to be a
g-supplement of b in L if 1=bva and bAa<za/0. A lattice L is called a g-supplemented
lattice if every element of L has a g-supplement in L. L is called @-g-supplemented if
every element of L has a g-supplement that is a direct summand in L.

Key Words: Lattice, g-Radical, g-Small Element, Supplemented Lattice

1. INTRODUCTION

In this work, each lattice is a complete modular lattice with the smallest element
0 and the greatest element 1. Let L be a lattice, a,b€EL and a<b. A sublattice {x€L | a<x<b}
is called a quotient sublattice, denoted by b/a. An element a' of a lattice L is called a
complement of a in L if aAa'=0 and ava'=1, this case we denote 1=aPa’' (a and a' also are
called direct summands of L). L is called a complemented lattice if every element of L has
at least one complement in L. Let L be a lattice and k€L. If =0 for every t€L with kAt=0,
then k is called an essential element of L and denoted by k(L. An element a of a lattice L
is called a small (or superfluous) element of L and denoted by a<L if b=1 for every
element b of L such that avb=1. Let L be a lattice and a€L. a is called a g-small (or g-
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superfluous) element of L and denoted by a<,L if t=1 for every #(L such that avt=1. The
meet of all maximal (#1) elements of a lattice L is called the radical of L and denoted by
r(L). If L have no maximal (#1) elements, then we call r(L)=1. Let L be a lattice and ¢ be a
maximal (#1) element of L. If t(L, then t is called a g-maximal element of L. The meet of
all g-maximal elements of a lattice L is called the g-radical of L and denoted by r,4(L). If L
have no g-maximal elements, then we call 7,(L)=1. An element b of a lattice L is called a
supplement of a in L if it is minimal for avb=1. b is a supplement of a in a lattice L if and
only if avb=1 and anb<b/0. A lattice L is called a supplemented lattice if every element of
L has a supplement in L. Let L be a lattice. L is said to be @-supplemented if every
element of L has a supplement that is a direct summand in L. An element b of a lattice L
is called a g-supplement of a in L if avb=1 and avt=1 with #(b/0 implies that t=b. a is a g-
supplement of b in a lattice L if and only if avb=1 and aAb<¢a/0. A lattice L is said to be
g-supplemented if every element of L has a g-supplement in L. A lattice L is said to be
hollow if every element (#1) is superfluous in L, and L is said to be local if L has the
greatest element (#1). L is said to be g-hollow if every element of L with distinct from 1
is g-small in L. An element a of a lattice L is called a weak supplement of b in L if avb=1
and aAb<L. A lattice L is said to be weakly supplemented if every element of L has a weak
supplement in L. An element a of a lattice L is called a weak g-supplement of b in L if
avb=1 and anb<;L. A lattice L is said to be weakly g-supplemented if every element of L
has a weak g-supplement in L. An element a of a lattice L has ample supplements in L if
for every beL with avb=1, a has a supplement V' in L with b'<b. L is said to be amply
supplemented if every element of L has ample supplements in L. It is clear that every
supplemented lattice is weakly supplemented and every amply supplemented lattice is
supplemented. An element a of a lattice L has ample g-supplements in L if for every b€L
with avb=1, a has a g-supplement b' in L with b'<b. L is said to be amply g-supplemented if
every element of L has ample g-supplements in L. It is clear that every g-supplemented
lattice is weakly g-supplemented and every amply g-supplemented lattice is g-
supplemented. A lattice L is said to be distributive if an(bvc)=(anb)V(aic) for every
a,b,ceL.

2. ®&-g-SUPPLEMENTED LATTICES

Definition 2.1. Let L be a lattice. If every element of L has a g-supplement that
is a direct summand of L, then L is called a @-g-supplemented lattice. (See also
(Baradaran and Nebiyev, 2024))

Proposition 2.2. Every ®@-g-supplemented lattice is weakly g-supplemented.

Proof. Let L be a ©-g-supplemented lattice. Since L is @-g-supplemented, L is g-
supplemented. Since every g-supplemented lattice is weakly g-supplemented, L is
weakly g-supplemented, as desired.

Proposition 2.3. Let L be a lattice and a,beL. If avb has a g-supplement in L and
b/0 is @-g-supplemented, then a has a weak g-supplement in L.

Proof. Since b/0 is @-g-supplemented, by Proposition 2.2, b/0 is g-
supplemented. Then by (Okten, 2021) Corollary 3, a has a g-supplement x in L. Here
1=avx and aAx<gx/0. Since aAx<<gx/0, aAx<,L. Hence x is a weak g-supplement of a in
L.
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Proposition 2.4. Let L be a lattice, a,beL and avb=1. If a/0 and b/0 are ®-g-
supplemented, then L is weakly g-supplemented.

Proof. Since a/0 and b/0 are @-g-supplemented, they are g-supplemented. Then
by (Okten, 2021) Lemma 4, L is g-supplemented. Since L is g-supplemented, L is
weakly g-supplemented, as desired.

Proposition 2.5. Let L be a lattice and aivaav...va,=1 with a;ieL (1<i<n). If a;/0 is
@-g-supplemented for every i=1, 2, ..., n, then L is weakly g-supplemented.

Proof. Clear from Proposition 2.4.

Proposition 2.6. Let L be a @-g-supplemented lattice. Then 1/a is weakly g-
supplemented for every acL.

Proof. Since L is ®-g-supplemented, L is g-supplemented. Then by (Okten,
2021) Corollary 5, 1/a is g-supplemented for every acL. Hence 1/a is weakly g-
supplemented for every acL.

Proposition 2.7. Let L be a lattice. If L is @-g-supplemented and every nonzero
element of L is essential in L, then L is @-supplemented.

Proof. Since every nonzero element of L is essential in L, every g-small element
in x/0 is small in x/0 for every xeL. Hence every g-supplement element in L is a
supplement element in L. Thus L is @-supplemented.

3. CONCLUSIONS

@-g-supplemented lattices are the special parts of weakly g-supplemented
lattices.
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Abstract

In this work, every lattice is a complete modular lattice with the smallest
element 0 and the greatest element 1. An element b of a lattice L is called a complement
of a in L if anb=0 and avb=1, this case we denote 1=a®b (a and b also are called direct
summands of L). Let L be a lattice and a,beL. If avb=1 and anb<b/0, then b is called a
g-supplement of a in L. A lattice L is said to be g-supplemented if every element of L
has a g-supplement in L. L is said to be @-g-supplemented if every element of L has a g-
supplement that is a direct summand in L. Let L be a g-supplemented lattice. If every g-
supplement element of L is a direct summand of L, then L is called a strongly ®-g-
supplemented lattice. In this work, some properties of strongly @-g-supplemented
lattices are investigated. It is clear that every strongly @-g-supplemented lattice is ®-g-
supplemented.

Keywords: Lattice, g-Small Element, g-Supplemented Lattice, ®-Supplemented
Lattice

1. INTRODUCTION

In this work, all lattices are complete modular lattices with the smallest element
0 and the greatest element 1. Let L be a lattice, a,b€EL and a<b. A quotient sublattice is
defined by {x€L |a<x<b} and denoted by b/a. An element b of a lattice L is called a
complement of c in L if bAc=0 and bvc=1, this case we denote 1=bc (b and c also are
called direct summands of L). If every element of L has a complement in L, then L is
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called a complemented lattice. Let L be a lattice and k€L. If =0 for every t€L with kAt=0,
then k is called an essential element of L and denoted by k(L. An element b of a lattice L
is said to be small (or superfluous) in L and denoted by b<L if c=1 for every element c of
L such that bvc=1. Let L be a lattice and b€L. b is said to be g-small (or g-superfluous) in L
and denoted by b<,L if c=1 for every c(L such that bvc=1. The radical of a lattice L is
defined by the meet of all maximal (#1) elements of L and denoted by r(L). If L have no
maximal (#1) elements, then the radical of L is defined by r(L)=1. Let L be a lattice and ¢
be a maximal (#1) element of L. If (L, then ¢ is called a g-maximal element of L. The g-
radical of a lattice L is defined by the meet of all g-maximal elements of L and denoted
by r¢(L). If L have no g-maximal elements, then the g-radical of L is defined by rg(L)=1.
An element b of a lattice L is called a supplement of a in L if it is minimal for avb=1.bis a
supplement of a in a lattice L if and only if avb=1 and aAb<b/0. A lattice L is said to be
supplemented if every element of L has a supplement in L. Let L be a lattice. If every
element of L has a supplement that is a direct summand of L, then L is called a &®-
supplemented lattice. If a/0 is @-supplemented for every direct summand a of L, then L
is called a completely @©-supplemented lattice. Let L be a supplemented lattice. If every
supplement element in L is a direct summand of L, then L is called a strongly @©-
supplemented lattice. An element b of a lattice L is called a g-supplement of a in L if
avb=1 and avt=1 with t(b/0 implies that t=b. b is a g-supplement of a in a lattice L if and
only if avb=1 and aAb<b/0. A lattice L is said to be g-supplemented if every element of L
has a g-supplement in L. L is said to be @-g-supplemented if every element of L has a g-
supplement that is a direct summand in L. L is said to be hollow if every element (#1) is
superfluous in L, and L is said to be local if L has the greatest element (#1). L is said to
be g-hollow if every element of L with distinct from 1 is g-small in L. An element a of a
lattice L is called a weak supplement of b in L if avb=1 and aAb<L. A lattice L is said to be
weakly supplemented if every element of L has a weak supplement in L. An element a of
a lattice L is called a weak g-supplement of b in L if avb=1 and anb<,L. A lattice L is called
a weakly g-supplemented lattice if every element of L has a weak g-supplement in L. We
say that an element a of a lattice L has ample supplements in L if for every b€EL with
avb=1, a has a supplement c in L with c<b. L is said to be amply supplemented if every
element of L has ample supplements in L. We say that an element a of a lattice L has
ample g-supplements in L if for every b€L with avb=1, a has a g-supplement c in L with
c<b. L is said to be amply g-supplemented if every element of L has ample g-supplements
in L. Let L be a lattice. If an(bvc)=(anb)V(anc) for every a,b,cEL, then L is called a
distributive lattice.

2. STRONGLY &-g-SUPPLEMENTED LATTICES

Definition 2.1. Let L be a g-supplemented lattice. If every g-supplement
element of L is a direct summand of L, then L is called a strongly @-g-supplemented
lattice.

Proposition 2.2. Every strongly ®@-g-supplemented lattice is @-g-supplemented.
Proof. Clear from definitions.
Proposition 2.3. Every strongly @-g-supplemented lattice is g-supplemented.

Proof. Clear from definition.
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Proposition 2.4. Let L be a lattice and a,beL. If avb has a g-supplement in L and
b/0 is strongly @-g-supplemented, then a has a g-supplement in L.

Proof. Since b/0 is strongly @-g-supplemented, by Proposition 2.3, b/0 is g-
supplemented. Then by (Okten, 2021) Corollary 3, 4 has a g-supplement in L.

Proposition 2.5. Let L be a lattice, a,bcL and avb=1. If 2/0 and b/0 are strongly
@-g-supplemented, then L is g-supplemented.

Proof. Since a/0 and b/0 are strongly @-g-supplemented, by Proposition 2.3,
they are g-supplemented. Then by (Okten, 2021) Lemma 4, L is g-supplemented, as
required.

Proposition 2.6. Let L be a lattice and aivaav...va,=1 with a;ieL (1<i<n). If a;/0 is
strongly @-g-supplemented for every i=1, 2, ..., n, then L is g-supplemented.

Proof. Clear from Proposition 2.5.

Proposition 2.7. Let L be a strongly ®-g-supplemented lattice. Then 1/a is g-
supplemented for every acL.

Proof. Since L is strongly @-g-supplemented, by Proposition 2.3, L is g-
supplemented. Then by (Okten, 2021) Corollary 5, 1/a is g-supplemented for every
aelL, as required.

Proposition 2.8. Let L be a lattice. If L is strongly @-g-supplemented, then
1/ry(L) is complemented.

Proof. Since L is strongly @-g-supplemented, by Proposition 2.3, L is g-
supplemented. Then by (Okten, 2021) Lemma 8, 1/7,(L) is complemented, as required.

Proposition 2.9. Let L be a lattice. If L is strongly @-g-supplemented and every
nonzero element of L is essential in L, then L is strongly @-supplemented.

Proof. Since every nonzero element of L is essential in L, every g-small element
in x/0 is small in x/0 for every xeL. Hence every g-supplement element in L is a
supplement element in L. Thus L is strongly @-supplemented.

3. CONCLUSIONS

Strongly @-g-supplemented lattices are the special parts of ®@-g-supplemented
lattices.
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Abstract

The present study is dedicated to the investigation, development, and analysis of
aqueous two-phase polymer systems with properties tailored for specific applications.
In this context, the effects of certain organic salts (NaCH3;COO, Zn(CH3;COO),, and
CeHsNazO) on the properties of the PEG-dextran-water biphasic system and on the
parameters characterizing these properties were examined. The research findings
indicate that the addition of these salts shifts the binodal curve closer to the origin of
coordinates, expands the area of the heterogeneous region, and increases the
immiscibility between PEG and dextran. This behavior suggests that the investigated
salts exhibit a structure-breaking effect on water.

Keywords: Aqueous two-phase system, PEG, dextran, salts, binodal curve

Ozet

Sunulan c¢alisma, belirli uygulama alanlarina uygun o6zelliklere sahip ikifazli su-
polimer sistemlerinin arastirilmasi, elde edilmesi ve incelenmesine adanmistir. Bu
baglamda, bazi organik tuzlarin (NaCH3;COO, Zn(CH3;COO), ve C¢HsNazO) PEG-
dekstran-su ikifazli sisteminin 6zelliklerine ve bu 6zellikleri karakterize eden
parametrelere etkisi arastirilmistir. Arastirma sonuglar1 gostermektedir ki, bu tuzlarin
sisteme ilavesiyle binodal egrisi koordinat baslangicina yaklasmakta, heterojen bolgenin
alan1 genislemekte ve PEG ile dekstran arasindaki suda ¢6ztinmezlik artmaktadir. Bu
durum, incelenen tuzlarin suyun yapisina bozucu (yani yapiy1 parcalayict) bir etki
gosterdigini ortaya koymaktadir.

Anahtar Kelimeler: Tkifazli sistem, PEG, dekstran, tuzlar, binodal egrisi
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Biolojik aktiv parcaciklar karistminin terkip hisselerine ayrilmasi, temizlenmesi ve
arastirilmasi Tip ve Molekiiler Biofizigin ©nemli problemlerindendir. Sozkonusu
alanlarda yapilan arastirmalar biyolojik molekiillerin fonksiyonel 6zelliklerinin
aciklanmasi acisindan 6zel onem teskil etmektedir. Bizzat bu nedenden dolay1 bazi
kimyasal ve biyolojik yontemler islenilmisdir. Kimyasal yontem uygulandiginda soz
konusu ayrilmas: gereken molekiiller bu veya diger nedenlerden dolayr denaturasyona
ugradigindan dolayr s6z konusu bu metot(yontem) kullanima yaramir. Biyolojik
metotlar(yontemler) ise ekonomik acidan  6nemsiz olmakla yanisira  ciddi
zorunluklarla karsi-karsiya gelmektedir.

P.A.Albertsson [1] biyolojik obyektlerin ayrilmasi vo temizlenmesi igin cok énemli
yeni bir yontem islemisdir. Sozkonusu bu yontem, pratik kullanim agisindan ok
onemlidir - ekonomik acidan elverislidir, basittir, yan etkileri yok, fazla avadanlklara
gerek yok. Sozkonusu yontem maddelerin ikifazli su-polimer sistemlerde esit olmayan
dagilimma esaslanmaktadir. Burada kimyasal ozellikleri farkli olan iki polimer
molekiiliintin  sulu ¢ozeltisinde komponentlerin konsentrasyonlarmin belli bir
degerinden biiytik oldugunda iki faz olusur. Boyle ikifazl sisteme biyolojik parcaciklar
(protein, viriis, hiicre ve s.) ekledikte onlar fazlarin birinde daha fazla, digerinde ise
daha diistik dagilir [2]. Bu turlii esit olmayan dagilim ise bizzat komponentlerin
ozellikleri ve dagilim ortam: (polimer molekiillerinin 6zellikleri, konsentrasyonu,
eklenen katkilarin 6zellikleri ve sair) ilgilidir. S6zkonusu ikifazli su-polimer sisteminin
en onemli 6zelliyi sunlardan ibaretdir: bu sistemde rastgele hassas biyolojik materiallar
sistemde dagildigda zedelenmiyor, biyolojik aktivitelerini kayb etmiyorlar. Bu ve diger
onemli Ozelliklerinden dolay1 sézkonusu yontemin uygulama alanlar1 genisdir. Bizzat
bu nedenden dolay1 belirli uygulama alaninin taleplerine cevab veren ikifazl su-
polimer sistemlerinin elde edilmesine ihtiyac duyulmaktadir [3]. Degisik uygulama
alanlarma uygun ikifazli su-polimer sisteminin elde olunmasi ve onlarin gtidiimli
ozelliklere sahip olmalar1 i¢in en optimal tisul degisik kicikmolekiillii bilesenlerin
(tuzlarmn, sekerler, spirtler ve sair) sozkonusu sisteme eklenmeleridir. Halen sisteme
eklenen katkilar icerisinde en fazla kullanilan orqanik ve qayri-orqanik tuzlardir.

Sozkonusu takdim olunan galismada NaCHs;COO, Zn(CH3COO)2 vo CsHsNazOz
qayri-orqanik tuzlarin PEQ-dekstran-su ikifazali sistemlerin faz diaqramina etkileri
arastirilmistir. NaCH;COO, Zn(CH3COO)2 vo C¢HsNazO7 tuzlarmin 5,10,15%-li geki
konsentrasyonlar1 kullanilmistir. Her ti¢ tuzun etkisi sonucu binodal egrinin koordinat
baslangicina taraf yerdegisdiyi, heterogen bolge alanmnin biiytimesi saptanmisdir.
Lakin, NaCH3;COO tuzunun su-polimer ikifazli sistemin faz diaqraminin binodal
oyrisino nisbeten zayif, Zn(CH3COO): tuzu miikayisede nisbeten kiiciik miktarda cox,
CeHsNasO7 tuzu iso daha onemli derecede etkilemektedir. Boyle degisik sonuglarin
nedeni asetat aniyonunun iyonik giictiniin diistik olmasi vo suyu strukturlastirma
yeteneyinin zayif olmasidir. Zinko asetatda iso Zn?* iyonlar1 suda gticlii hidratlasiyor
(yiiksok yiik yogunlugundan dolayl) ve bu nedenden dolayr natrium asetatla
miikayisede suyu nisbeten gticlii strukturlasdirir. Trinatrium sitratin eklenmesi
sonucunda su-polimer ikifazli sistemin heterogen bolgesi 6nemli derecede genlenir, su
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strukturlasdiric1 sitrat iyonlar1 polimerleri hidrat sudan daha fazla cikariyor. Genel
olaraq soyleye bilerik ki, her ti¢ tuzun etkisi sonucu polimerlerin karsilikli suda
uyumsuzluklar1 artir. Elde olunan sonuclardan gortinduyt gibi, her ti¢ tuz suyu
strukturlastirmaktadir, tuzlarin etkisile fazlara ayrilma kolaylasmaktadir ve bizzat bu
nedenlerden dolay1 polimerlerin diisiik konsentrasyonlarindan faydalanmak onemlidir.
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Abstract

This study presents necessary conditions for the existence and sufficient
conditions for the stability or instability of the static meniscus (liquid bridge) appearing
in the ribbon single crystal growth from the melt, of predetermined sizes, by using the
edge-defined-film- fed (EFG) growth method. The cases when the contact angle and the
growth angle verify the inequality 0 <a, < g —ag or g > a, >§ —ay are treated
separately. Experimentally, only static meniscus (liquid bridges) which verifies the
necessary condition of existence and the sufficient conditions of stability can be created;
static meniscus (liquid bridges) which does not verify both of these conditions, exist only
in theory because in reality they collapses. The results of this study is significant for thin

ribbon single crystal growth from melt, with prior given macroscopic dimensions, using
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prior given specific equipment. That is because the obtained inequalities represent limits

for what can and cannot be achieved experimentally.

Keywords: static stability, meniscus, ribbon growth, edge-defined-film-fed-

growth.

MSC: 34.B.15.

1. Introduction. The basic growth methods available for crystal growth are broadly;
growth from the melt, growth from vapor, and growth from solution. Modern engineering does
not only need single crystals of arbitrary shapes but also plates-, rod-,and tube-shaped single
crystals, i.e. single crystals of shapes that allow one to use them as final products without
additional machining. This problem appears to be solved by profiled- container crystallization as
in the case of casting. However, this solution is not always acceptable. Container material needs
to satisfy a certain set of requirements: should be neither react with the melt nor be wetted by it,
it should be of high-temperature and aggressive-medium resistant, etc. Even if all these
requirements are satisfied perfect -single crystal growth is not secured and growing very thin
plate-shaped single crystals, to say nothing of shapes that are more complicated, excludes
container application completely. The Springer Handbook of Crystal Growth [1] present on 1816
pages the state of the art in crystal growth until the years 2010. In Chapter 40 pg. 1379-1402 of this
book the authors Th. George, St. Balint, L. Braescu presents several mathematical models
describing processes, which take place in case of crystal growth from the melt by Bridgman-
Stockbarger (BC) and by Edge-Defined-Film-Fed -Growth (EFG) method. For BC growth of
cylindrical bar see Figl for ribbon (thin plate) growth by EFG method see Figures 2,3.

SN

Fig.1.1Cylindrical bar Fig. 1.2 Ribbon, 0 < a, < g - ag. Fig.1.3 Ribbon,

T T
;>0.’C > E — ag'

In case of the BS method, the melt is encapsulated in a crucible and the crystallization of

the melt takes place in conditions of permanent contact between the melt and the crystal with the
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inner wall of the crucible. A significant advantage of the EFG method in comparison with respect
to the BS method is that the crystal is grown without interaction with the crucible, which
considerably improves the structural quality of the material: less residual stresses, dislocations,
spurious nucleation or twins. In case of EFG method, there is a liquid bridge between the crystal
and the shaper (die), called meniscus.. The melt is in a crucible, from which it flows through a
capillary tube onto the surface of the shaper Fig.2.Fig.3.Hear a liquid bridge is formed between
the shaper surface and the crystal. The crystallization takes place on the so “called crystallization
front” which is the border line between the upper part of the liquid bridge and the bottom of the
crystal. In the second section of this paper a short mathematical description of the real problem
is given. Along with the equations, boundary conditions, and initial values defining the model
are presented. In the third section in the framework of the mathematical model, predictions are
made concerning the stability and instability of convex meniscus. In the fourth section in the
framework of the same mathematical model, predictions are made concerning the stability and
instability of concave meniscus. These predictions are made analyzing the static stability or
instability of meniscus with theoretical tools presented in [2]. In the fifth section we discuss the

problem what is wanted and wat can be done.

2. Mathematical description of meniscus free surface. The free surface of the static
meniscus, in single crystal growth by EFG method, in hydrostatic approximation is described by
the Young- Laplace capillary equation [3], [4]:

yx(=+=) =P —Py 2.1)

R1 Ry

. . 1 1 .
Here: y is the melt surface tension; o denote the main normal curvatures of the free surface
1 2

at an arbitrary point M of the meniscus ; P, is the pressure above the free surface, equal to the
pressure of the gas flow introduced in the furnace for release the heat and thereafter is denoted
by p,; (P, = pg).The pressure B, under the free surface is the sum of the hydrodynamic pressure
Pm in the meniscus melt (due to the thermal convection) and the hydrostatic pressure of the melt
column equal to —p X g X (z+ H) (see Fig.1. 2,Fig.1.3). Here: p denotes the melt density; g is
the gravity acceleration; z is the coordinate of M with respect to the Oz axis, directed vertically
upwards; H denotes the melt column height between the horizontal crucible melt level and the
shaper top level. H is positive when the crucible melt level is under the shaper top level and it

is negative when the shaper top level is under the crucible melt level.
The pressure difference P, — P, across the free surfaceis P, — B, =pg —pm +p X g X (z+H) =
pXgGXzZ=(Pm—Pg—pXgXxH)=pxgxz—p

where p=(pm —Pg—pPXgX H) In hydrodynamic equilibrium p,, = 0 and p=(—pg -
p x g x H) This pressure difference p is constant and it is called the controllable part of the

pressure difference P, — By,.
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In hydrostatic approximation the Young -Laplace capillary surface equation can be written as :

1,1
yx(R—1+E)=pxg><z—p (2.2)
Where p=-pg—pXxXgxH (2.3)

To calculate the meniscus surface shape and size in hydrostatic approximation is convenient to

employ the Young-Laplace equation (2.2) in its differential form:

( ) ] xdx Z?Zc X Z}ZI 6x6y+[ + (_) ] 6(1126237 FE p [1 + (_) +( ) ]
(2.4)

With respect to the Oxyz, reference frame.(see Figs.1.2,1.3.)

For an Oyz plan symmetric meniscus 2_32, = 0 equation (2.4) become

z" = px‘qyﬂ X [[1+27)3 for x; £ x<x, (2.5)

where : x; > 0 is the single crystal ribbon half-thickness and x, (x, > x;) is the shaper half-

thickness.

Equation (2.5) is the Euler equation for the free energy functional /(z) of the melt column
1(z) = f;lo{y X [1+ 41+ (2)2 —%x pxXgxz:—pxzidx z(x;) =h, z(x,) =0 (2.6)

The Euler equation is the first order necessary condition of minimum of the functional (2.6).

Namely

L(E) - (L) =0,FGozz) =ty x[1+/TF @R +ixpxgxz—pxz} (27)

As the Young- Laplace equation in hydrostatic approximation (2.5) is a second order differential
equation formulation of boundary conditions requires assignment of two boundary conditions;
one of the melt crystal interface, the second one on the melt and shaper interface. These conditions

are: solution z = z(x) of the Eq. (2.5) satisfy the following boundary conditions:

z' (x;) = —tan (g— ag),z' (xo) —tan (a;) , z(xp) = 0 and

z(x)is strictly decreasing on [x; ,x,] (2.8)
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Where a, is the growth angle, a. is the contact angle between the meniscus free surface and the

edge of the shaper top .

3. Stability or instability of a convex meniscus. A meniscus is convex if z"(x) >
0 for x; < x <xg
Remark first that in case of a convex meniscus the function z'(x) is increasing. This means that
the angle between the tangent line to meniscus in every point , and the OX axis a(x) =
—arctanz'(x) is decreasing. In particular, it follows that a(x;) > a(x,).Since a(x;) = g— a, and

. . . A .

a(xo) = a. we obtain inequality — — ay > a, >0.(see Fig.2.)
It should be noted that, the convex meniscus stability (the static one) should be distinguished
from the dynamic stability of the crystallization process .For statically stable convex meniscus,
not only indispensable (necessary) first order but also second order sufficient conditions of
functional (2.6) should be satisfied. These second order sufficient conditions for the minimum of
functional (2.6) are the Legendre condition and the Jacobi condition [5].
The Legendre condition is

9%F

5orom > 0 (3.1)
. a . a* P
Computing we find = — Y >0 Therefore the Legendre condition is
0z10z! 0z10z (1+(zn?)2
satisfied.

The Jacoby condition concern the so-called Jacoby equation:

[:zzaz (azaz )] n= i az'az' X7 ] =0 (32)

for which a Sturm type upper bound has to be find.[5]

In case of the functional (2.6) equation (3.2) become:

i[ F—xn'|—gxpxn=0 (3.3)

(1+(z1)2)2

Remark that for the coefficients of (3.3) the following inequalities hold:

3>y X (sinay)* and —-gxp<0 (3.4)
(1+(z1)?)2
Hence
(' xy x (sina,)*)'=0 or n" =0 (3.5)

is a Sturm -type upper bound for (3.3)
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Since every non zero solution of the equation " = 0 vanishes at most once on the interval x; <

x < x, the solution 1(x) of the initial value problem

i[%xn']—gxpxmo W) =0, nG)=1  (36)

P la+@z

has only one zero on the interval x; < x < x, . Hence the stability condition of Jacobi is

verified.

This result can be surprising and create the impression that a convex meniscus is stable. In fact,
the result is that if a convex meniscus exist, then it is stable. For this reason in the following, we

will establish necessary conditions for the existence of convex meniscus (see Fig.1.2.).

Starting from equations (2.3) and (2.5) it is easy to see that in hydrostatic approximation the

pressure difference p verify equalities:

P=-DPg—pXgXH=yXa Xcosx+pXxgxz (3.7)
Using p =y X a' X cos < +p X g x z ,the boundary conditions a(x;) = g —ay,a(xy) = a, ,with
the Lagrange mean value theorem we obtain that there exists x’ in the interval [xy, x;]
such that

p=—-yX m x cosa(x)+pxgxz(x') (3.8

Xo—X1

Since a(x) is strictly decreasing on the interval [x4, x,] the following inequalities hold:

a. <a(x") < g— a, (3.9
sin (ag) < cos (a(x")) < cos (a,) (3.10)
—pXgXh<pxgxz(x)<pxgxh (3.11)

Using equality (3.8) and inequalities (3.9)-(3.11) in hydrostatic approximation, in case of the
existence of s convex static meniscus, for the pressure difference p = —p, — p X g X H the
following inequalities hold:

Z—(ac+ag)

Z—(actag) h < < . b
—yxvst(ac)—pxgx _—pg—pxng_—yxvxmn(ag)+pxgx
(3.12)
Therefore in case of convex meniscus the values of the pressure differencep = —p, —p X g X H

has to be researched in the interval [L;.f¢, Lrigne] where :
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7-(ec g)

Ligpr = -y X &2—— - xcos(a,) —pXgxh and  Lyigp =
- xz(c )XSIH((X)+ xgxh (3.13)
14 o— g) TPXZ .
For
T _(act+ay) T (actay) .
p<—yx#x cos(a,) —pxgxh and for p>—y><#><sm(ag)+pxgxh

(3.14)

convex meniscus like in Fig.1.2 does not exit. These regions of the pressure difference are
regions of static instability .A meniscus obtained with p in this region collapse. For p
satisfying one of the inequalities (3.14) it is impossible to create experimentally a convex

meniscus like in Fig.1.2

Retain that the pressure difference p = —p; — p X g X H can be controlled by the gas pressure

pg and the parameter H.

In the following we will illustrate first the existence of convex static meniscus in case of Ge

assuming that h = 0.00019[m], x; = 0.0001[m], x, = 0.0002[m]

In case of Ge  Ljore =-2302.11249.[Pa] and Ly;gh =-686.52187¢[Pa] and a convex meniscus is

obtained for p = —1525[Pa] .This meniscus is obtained by integrating the initial value problem :

1
cos (a(x)) ’

z'(x) = —tan (a(x)) a'(x) =& PXIXX % z(x;) = h = 0.00019 and a(x,) =

1.361796327. (3.15)

The numerical values of p, g, y are:, p = 5600[%] , g = 9.82[%] , ¥ =0.620 [%] ,alxy) =

T

~—ay, ==>—0.209=1.361796327[rad],
2

ay = 0.209[rad]is the growth angle in case of Ge growth.The pressure p = —1525[Pa] was

found by trial solving (3.15) for different values of p in the range [-2302, —686][Pa}

The obtained results concerning the meniscus shap z(x) and the variation of a(x) are presented

in the next figures:

000015 \
0,00016- e
\
N 12
0,00012- \\
wne] O\
: g .
nnnnnnn N
000006 .
0,00004- A by
nnnnnn Y
Cibors cathiz | agneoameis  somis o0 B T T T T T T
Fig.3.1.Ge convex meniscus shape for p = —1525[Pa] Fig.3.2. a vrsuse x

Fig.3.2. ¢ vrsuse x
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For x = 0.0002000000000000C we have o(x) =0.8207072765260821( and
z(x) = -0.000002148369277296419.

According to the above results concerning stability of the static meniscus that of obtained here

numerically is stable. Can be realized experimentally!

We continue analyzing what happens numerically if p < —2302.11249[Pa] or >
—686.521879[Pa] .

First we solve (3.15) for p = —10000[Pa] .The obtained result is presented on Fig.3.3 and Fig 3.4

Fig.3.3.Ge meniscus shape for p = —10000[Pa] Fig.3.4.a versus x in case of Ge meniscus

This computation shows that for p = —10000[Pa] the meniscus shape is not convex. The

purpose to create a convex meniscus, as in Fig.2 is not realizable experimentally!
Now we solve (3.15) for p = 100[Pa] .The obtained result is presented on Fig.3.5 and Fig 3.6

/
" /

Fig.3.5.Ge meniscus shape for p = 100[Pa] Fig.3.6.a versus x in case of Ge meniscus

This computation shows that for p = 100[Pa] the meniscus shape is not convex. The purpose to

create a convex meniscus, as in Fig.1.2 is not realizable experimentally!

Remember that in hydrostatic approximation p = —p, — p X g X H .This relation can be used

for the control of p viapy and H.

For example if p = —1525[Pa] then —1525[Pa] = —p, — p X g X H and for a given gas pressure

: _ 1525-pg o . e _ 1325_
pg we can find, namely H = “xs .For instance if p, = 200[Pa] we have H = <o
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0.02411897481[m].This means that the crucible melt level is under the shaper top level with
0.02411897481[m].

If p = —10000[Pa] and p, = 200[Pa] then H = % = 21—8; = 0.1816659385[m] .This means

that the crucible melt level is under the shaper top level with 0.1816659385 [m].

100-pg -

If p = 100[Pa] and p, = 200[Pa] then H = —— % =_0.00182029998 [m] .This means that

the shaper top level is under the crucible melt level with 0.00182029998[m].

4. Stability or instability of concave meniscus. A meniscus is concave if z''(x) < 0 for x; <

X < Xy

Remark that in case of a concave meniscus the function z’(x) is decreasing. Therefore, the angle
between the tangent line to meniscus in every point, and the OX axis a(x) = —arctanz’(x) is

increasing. In particular, it follows that a(x;) < a(x,). Since a(x;) = g— ay and a(x,) = a. we

obtain inequality 0 < %— ay < a. .(see Fig.3.)

It should be noted that, the concave meniscus stability (the static one) should be distinguished
from the dynamic stability of the crystallization process .For statically stable concave meniscus,
not only indispensable (necessary) first order but also second order sufficient conditions of
functional (2.6) should be satisfied. These second order sufficient conditions for the minimum of
functional (2.6) are the Legendre condition and the Jacobi condition [5]. Since the functional is
the same as in convex meniscus case the Legendre condition and the Jacobi condition are the

same as in the case of convex meniscus i.e.

9%F y

= >0 4.1
8219z (1+(z/)2)% (4.1)
d ,
E[ 14 XN |—gXpxn=0 (4.2)
(1+(zn?)2

Only the evaluation of coefficients of the equation (4.2) change, and in concave case is given by:

Y >y x(cosa.)® and —g x p < 0. 4.3)
(1+(zn?)?2
Hence
(' Xy X (cosa.)®)'=0 or n" =0 (4.4)

is a Sturm -type upper bound for (4.2)

Since every non zero solution of the equation 7" = 0 vanishes at most once on the interval x; <

x < x, the solution n(x) of the initial value problem
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i[%xn] gxXpxn=0 n(x) =0, 7'(x)=1 (4.5)

(A+(z1)?)2

has only one zero on the interval x; < x < x, . Hence the stability condition of Jacobi is

verified.

This result can be surprising and create the impression that a convex meniscus is stable. In fact,
the result is that if a concave meniscus exist, then it is stable. For this reason in the following, we

will establish necessary conditions for the existence of concave meniscus (see Fig.1.3.)

Starting from equations (2.3) and (2.5) it is easy to see that in hydrostatic approximation the

pressure difference p verify equalities:
P=-Pg—pPXgXH=yXa Xcosx+pXgXxz 4.6)
Usingp =y X a' X cos < +p X g X z ,the boundary conditions a(x;) = g —ay,a(xy) = a. ,with
the Lagrange mean value theorem we obtain that there exists x’ in the interval [x;, x,]
such that

p=-yYX z-(2c*ag) X cosa(x") +pxgxz(x') 4.7)

Xo—X1

Since a(x) is strictly increasing on the interval [x;, x,] the following inequalities hold:

g— ag < a(x') < a. (4.8)
cos (a.) < cos (a(x")) < sin (ay) (4.9)
—pXgXh<pxgxz(x)<pxgxh (4.10)

Using equality (4.7) and inequalities (4.8)-(4.10) in hydrostatic approximation, in case of the
existence of concave static meniscus, for the pressure difference p = —p, — p X g X H the

following inequalities hold:

—yXMXCos(aC) PXGXh<—-p;—pxgxHS< yxz ( fet )XSID(ag)+ngXh
Xo—X1
(4.11)
Therefore in case of concave meniscus the values of the pressure differencep = —p, —p X g X H

has to be researched in the interval [L;c s, Lyigne] where:

Z_(ac+ay) T (actay) .
Ligse = —yxﬁx cos(a) —p X gXh, Lygpe = —yx#xmn(ag) +pXgXxh
(4.12)
g—(“r:’f“g) 7z \&ctag) ( actag)
For p<—-yx2——=xcos(a,)—pXxXgxh and for p>-yX X sm(ag) +
Xo—X1 —X1
pxXgxh (4.13)
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concave meniscus like in Fig.1.3 does not exit. These regions of the pressure difference are
regions of static instability .A meniscus obtained with p in this region collapse. For p
satisfying one of the inequalities (4.13) it is impossible to create experimentally a concave

meniscus like in Fig.1.3.

Retain that the pressure difference p = —p; — p X g X H can be controlled by the gas pressure

pg and the parameter H.

In the following we will illustrate first, the existence of concave static meniscus in case of Ge
assuming that h = 0.00019[m], x; = 0.0001[m], x, = 0.0002[m] and a, = 1.4[rad].This value of

a. can be realized by choosing an appropriate material for shaper.

In case of Germanium Ly, = 29.821049[Pa] and Ly4ne = 59.582547 [Pa] .It turns that

integrating the initial value problem :

z'(x) = —tan (a(x)) a'(x) = p_p;gxx X — (l(x)) ; z(x) = h=0.00019 and a(x,) =

1361796327 (4.14)

for different values of p € |
29.821049,59.582547] there is no value of p for which concave meniscus exist. A typical
solution of (4.14) for

p € [ 29.821049,59.582547] is represented in the next figures,

00 \\
\\ A
,,,,,, \\\ ’ )
-0,0002- \\\ i
; \ )
3 \\\ 10,0001 10,0001 00016 o 01
Fig.4.1. z(x) for p = 59[Pa],h = 0.00019 Fig.4.2. a(x) for p = 59[Pa],h = 0.00019

The computed figures show that none of the conditions z(x,)=0[m], a(x,) = 1.4[Pa] is fulfilled.
Therefore for p € [ 29.821049,59.582547][Pa] with the prior giving data a concave meniscus
like on Fig.1.3. can not be created.Since for p < 29.821049 and p > 59.582547 concave
meniscus like in Fig.1.3.does not exist (see (4.13) it follows that for the above prior given data

concave meniscus can not be created experimentally.

In the same time Fig.4.1.and Fig.4.2. suggest that increasing the level of the crystallization front

h creation of a concave meniscus like in Fig.1.3. wood be possible.In order to verify the true
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value of this impression we assume that h = 2 X 107*[m] and we compute the corresponding

range [Lleftr LTight] We find

[Liefes Lrigne] =[-69.613111,159.016207][Pa].This range is larger than that obtained for h =

0.00019[m]. Integrating the initial value problem :

’ 1 ~ X 1 —
z'(x) = —tan (a(x)) , @' () =FEEE X s 2(n) =h =2 x107[m] and a(x) =
1.361796327[rad] (4.15)

for p €[-69.613111,159.016207]Pa] the following result is found:there exist a concave meniscus
for p = 141[Pa] .

The meniscus z(x) and the angle a(x) are represented in the next figures:

140

e,
o015 R
£
oot B 137
N\
N
Fig.4.3 z(x) for p = 141[Pa],h = 2 x 1073[m] Fig.4.4. a(x) for,h =2 x1073[m]

This meniscus exist, it is stable and can be created experimentally.

For p < —69.613111[Pa] and p > 159.016207[Pa] concave static menisc does not

exit.Therefore can not be created experimentally.

A meniscus z(x) and a(x) obtained for p = —71[Pa] are presented in the next figures:
AN m\
\\
z \\\ dpha '
Fig.4.5.z(x) for p = —71[Pa],h = 2 x 1073[m] Fig.4.6. a(x) for ,h =2 x 1073[m]

A meniscus shape z(x) and a(x) obtained for p = 161[Pa] and h = 2 x 10~3[m]are represented

in the next figures:
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\\
0,0015 \\k .
Fig.4.7 z(x) for p = 161[Pa],h = 2 x 1073[m] Fig.4.8. a(x) for,h =2 x 1073[m]

Note that experimentally the increase of the crystallization front h from h = 0.00019[m] to h =

2 x 1073[m] imply modification of the thermal field.

Remember that in hydrostatic approximation p = —p; — p X g X H .This relation can be used for

the control of p via p; and H.

For example if p = 141[Pa] then 141[Pa] = —p, — p X g X H and for a given gas pressure p, we

can find H, namely H =PI Eor  instance  if pg = 100[Pa] we have H ==
pxg pPxg

0.0007463229940[m].This means that the crucible melt level is under the shaper top level with
0.0007463229940[m].

If p = ~71[Pa] and p, = 200[Pa] then H =~ =-0,00493301295m]

This means that the shaper top level is under the crucible melt level with -0.00493301295 [m].

If p = 161[Pa] and p, = 200[Pa] then H = el=2 _—3g =-0.000709916994[m] .This means that

pxg px

the shaper top level is under the crucible melt level with -0.000709916994[m].

5.Results. Necessary conditions for the existence and sufficient conditions for the
stability or instability of the static meniscus (liquid bridge) appearing in the ribbon single crystal
growth from the melt, of predetermined sizes, by using the edge-defined-film- fed (EFG) growth
method, are presented. Theoretical results are illustrated numerically in case of Germanium

ribbon growth.

6. Comments and Conclusions. The main novelty in this article consists in the obtained
inequalities. These represent limits for what can and cannot be achieved. Experimentally, only
stable static liquid bridges can be created if they exist theoretically. Unstable static liquid bridges
could exist just in theory; in reality, they collapse; therefore, they are not appropriate for crystal

growth.
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Abstract

In this work, every lattice is a complete modular lattice. Let L be a lattice and
aeL. If x=1 for every xeL such that avx=1, then a is called a small (or superfluous)
element of L and denoted by a<L. The meet of all maximal (#1) elements of L is called
the radical of L and denoted by r(L). If L have no maximal (#1) elements, then we call
r(L)=1. If a<L for acL, then a<r(L). Let L be a lattice and a,beL. a is said to be a
supplement of b in L if a is minimal for 1=bva. a is a supplement of b in a lattice L if and
only if 1=bva and bAa<a/0. A lattice L is called a supplemented lattice if every element
of L has a supplement in L. Let L be a lattice, acL and a<r(L). If a<r(L)/0, then a is
called an r-small or (r-superfluous) element of L and denoted by a<,L. Let L be a lattice
and abeL. If avb=1 and aAb<;b/0, then b is called an r-supplement of a in L. If every
element of L has an r-supplement in L, then L is called an r-supplemented lattice.

Keywords: Lattice, Radical, r-Small Element, Supplemented Lattice

1. INTRODUCTION

In this paper, all lattices are complete modular lattices with the greatest element
1 and the smallest element 0. Let L be a lattice and a,b€EL with a<b. A quotient sublattice is
defined by {x€L |a<x<b} and denoted by b/a. Let L be a lattice and a,b€L. a is called a
complement of b in L and denoted by 1=ab if avb=1 and aAb=0 (here we also call that a
and b are direct summands of L). If every element of L has a complement in L, then L is
called a complemented lattice. Let L be a lattice and a€L. If every subset X of L with a<vX
there exists a finite subset F of X such that c<VF, then a is called a compact element of L.
L is called a compact lattice if 1 is compact in L. L is called a compactly generated lattice if
every element of L is a join of compact elements in L. Let L be a lattice and a€L. If b=1
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for every beL with avb=1, then a is called a small or (superfluous) element of L and
denoted by a<L. The meet of all maximal (#1) elements of a lattice L is called the radical
of L and denoted by r(L). If L have no maximal (#1) elements, then the radical of L is
defined by r(L)=1. Let L be a lattice and a,b€L. a is said to be a supplement of b in L if a is
minimal for 1=bva. a is a supplement of b in a lattice L if and only if 1=bva and
bnaka/0. A lattice L is called a supplemented lattice if every element of L has a
supplement in L. L is called a hollow lattice if every element with distinct from 1 is small
in L, and L is called a local lattice if L has the greatest element (#1). We say that an
element a of a lattice L has ample supplements in L if for every b€L with avb=1, a has a
supplement x in L with x<b. L is called an amply supplemented lattice if every element of
L has ample supplements in L. We say that an element y of a lattice L lies above an
element x in L if x<y and y<1/x. Let L be a lattice and a,b€L. If avb=1 and aAb<r(b/0),
then b is called a generalized (radical) supplement (briefly, Rad-supplement) of a in L. If
every element of L has a Rad-supplement in L, then L is called a generalized (radical)
supplemented (briefly, Rad-supplemented) lattice. Let L be a lattice, a€L and a<r(L). If
a<r(L)/0, then a is called an r-small (or r-superfluous) element of L and denoted by
a<,L.

Lemma 1.1. Let L be a lattice. The following statements hold.

(i) Let a,b,ceL and c<a. If b is a supplement of a in L and cvb=1, then b is a
supplement of cin L.

(ii) Let a,b,ceL and c<L. If b is a supplement of a in L, then b is a supplement of
avcin L.

(iii) Let a,beL. If avb has a supplement in L and b/0 is supplemented, then a has
a supplementin L.

(iv) Let abeLl and avb=1. If a/0 and b/0 are supplemented, then L is also
supplemented.

(v) Let aya,...,anel and avapv...va,=1. If a;/0 is supplemented for every
i=1,2,...,n, then L is also supplemented.

(vi) If L is supplemented, then 1/7(L) is complemented.
Proof. See (Calugareanu, 2000).

2.r-SUPPLEMENTED LATTICES

Definition 2.1. Let L be a lattice and a,beL. If avb=1 and anb<;b/0, then b is
called an r-supplement of a in L. If every element of L has an r-supplement in L, then L
is called an r-supplemented lattice.

Proposition 2.2. Let L be a lattice, aeL and a<,L. Then a<L.
Proof. Since a<;L, a<r(L)/0. Then a<L, as desired.

Proposition 2.3. Let L be a lattice and a,beL. If b is an r-supplement of 4 in L,
then b is a supplement of 2 in L.

Proof. Since b is an r-supplement of a in L, 1=avb and aAnb<;b/0. Since anb<<,b/0,
by Proposition 2.2, anb<b/0. Hence b is a supplement of a in L.
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Proposition 2.4. Let L be an r-supplemented lattice. Then L is supplemented.

Proof. Let acL. Since L is r-supplemented, a has an r-supplement b in L. By
Proposition 2.3, b is a supplement of a in L. Hence L is r-supplemented.

Proposition 2.5. Let L be a lattice, a,b,ceL and c<a. If b is an r-supplement of a in
L and cvb=1, then b is a supplement of c in L.

Proof. Since b is an r-supplement of a in L, by Proposition 2.3, b is a supplement
of a in L. Since c<a and cvb=1, by Lemma 1.1, b is a supplement of c in L, as desired.

Proposition 2.6. Let L be a lattice, a,b,ceL and c<,L. If b is a supplement of a in
L, then b is a supplement of avcin L.

Proof. Since c«,;L, by Proposition 2.2, ¢<L. Then by Lemma 1.1, b is a
supplement of avcin L, as desired.

Proposition 2.7. Let L be a lattice, a,b,ceL and c¢<L. If b is an r-supplement of a
in L, then b is a supplement of avcin L.

Proof. Since b is an r-supplement of a in L, by Proposition 2.3, b is a supplement
of ain L. Then by Lemma 1.1, b is a supplement of avc in L, as desired.

Proposition 2.8. Let L be a lattice, a,b,ceL and c<,L. If b is an r-supplement of a
in L, then b is a supplement of avcin L.

Proof. Since ¢«;L, by Proposition 2.2, c<L. Since b is an r-supplement of a in L,
by Proposition 2.3, b is a supplement of 2 in L. Then by Lemma 1.1, b is a supplement of
avcin L, as desired.

Proposition 2.9. Let L be a lattice and a,beL. If avb has an r-supplement in L and
b/0 is supplemented, then a has a supplement in L.

Proof. Since avb has an r-supplement in L, by Proposition 2.3, avb has a
supplement in L. Then by Lemma 1.1, a has a supplement in L.

Proposition 2.10. Let L be a lattice and a,b€L. If avb has a supplement in L and
b/0 is r-supplemented, then 4 has a supplement in L.

Proof. Since b/0 is r-supplemented, by Proposition 2.4, b/0 is supplemented.
Then by Lemma 1.1, 2 has a supplement in L.

3. CONCLUSIONS

r-supplemented lattices are the special parts of supplemented lattices.
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Abstract

In this work, all lattices are complete modular lattices. Let L be a lattice. We
denote the smallest element of L by 0 and the greatest element of L by 1. The meet of all
maximal (#1) elements of L is called the radical of L and denoted by r(L). If L have no
maximal (#1) elements, then we call r(L)=1. Let L be a lattice and teL. If k=0 for every
keL with tAk=0, then t is called an essential element of L and denoted by #(L. The meet
of all essential maximal (#1) elements of L is called the g-radical of L and denoted by
r¢(L). If L have no essential maximal (#1) elements, then we call r,(L)=1. Here r(L)<rg(L).
Let L be a lattice and a<L. If x=1 for every xeL such that avx=1, then a is called a small
(or superfluous) element of L and denoted by a<L. If <L, then a<r(L)< r¢(L). Let L be a
lattice, acL and a<r(L). If a<r(L)/0, then a is called an r-small (or r-superfluous)
element of L and denoted by a<,L. If a<,L, then a<ry(L)/0.

Keywords: Essential Element, Superfluous Element, g-Radical, Supplemented
Lattice

1. INTRODUCTION

In this paper, every lattice is a complete modular lattice with the greatest
element 1 and the smallest element 0. Let L be a lattice and a,b€L with a<b. A sublattice
{x€L | a<x<b} is called a quotient sublattice and denoted by b/a. Let L be a lattice and
a,bEL. If avb=1 and anb=0, then a is called a complement of b in L and denoted by 1=a®b
(here we also call a and b are direct summands of L). L is said to be complemented if each
element of L has a complement in L. Let L be a lattice and a€L. a is called a compact
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element of L if every subset X of L with a<vX there exists a finite subset F of X such that
c<VF. L is called a compact lattice if 1 is compact in L. L is called a compactly generated
lattice if every element of L is a join of compact elements in L. Let L be a lattice and a€L.
a is called a small (or superfluous) element of L and denoted by a<L if b=1 for every bEL
with avb=1. The meet of all maximal (#1) elements of a lattice L is called the radical of L
and denoted by r(L). If L have no maximal (#1) elements, then the radical of L is
defined by r(L)=1. Let L be a lattice and a,b€L. If a is minimal for 1=bva, then a is called
a supplement of b in L. a is a supplement of b in a lattice L if and only if 1=bva and
bnaka/0. A lattice L is said to be supplemented if every element of L has a supplement in
L. L is called a hollow lattice if every element with distinct from 1 is superfluous in L,
and L is called a local lattice if L has the greatest element (#1). We say that an element y
of a lattice L lies above an element x of L if x<y and y<«<1/x. Let L be a lattice and k€L. If
t=0 for every t€L with kAt=0, then k is called an essential element of L and denoted by
k(L. Let L be a lattice and a€L. a is called a g-small (or g-superfluous) element of L and
denoted by a<L if t=1 for every L such that avt=1. Let L be a lattice and ¢ be a
maximal (#1) element of L. If ¢, then ¢ is called a g-maximal element of L. The meet of
all g-maximal elements of a lattice L is called the g-radical of L and denoted by r,(L). If L
have no g-maximal elements, then we call 7,(L)=1. An element b of a lattice L is called a
g-supplement of a in L if avb=1 and avt=1 with #(b/0 implies that t=b. a is a g-supplement
of b in a lattice L if and only if avb=1 and anb</0. A lattice L is said to be g-
supplemented if every element of L has a g-supplement in L.

2.r-SMALL ELEMENTS IN LATTICES

Definition 2.1. Let L be a lattice, acL and a<r(L). If a<r(L)/0, then a is called an
r-small (or r-superfluous) element of L and denoted by a<,L. (See also (Bayat and
Nebiyev, 2024))

Proposition 2.2. Let L be a lattice, aeL and a<L. Then a<,L.

Proof. See (Okten,2021).

Proposition 2.3. Let L be a lattice. Then r(L)<r¢(L).

Proof. See (Okten, 2021) Corollary 6.

Proposition 2.4. Let L be a lattice and a€L. If a<,L, then a<r,(L)/0.

Proof. Since a<;L, by definition, a<r(L)/0. By Proposition 2.3, r(L)<r¢(L). Hence
a<ry(L)/0, as desired.

Proposition 2.5. Let L be a lattice and a€L. If a<,L, then a<,L.
Proof. Since a<;L, a&L. Then by Proposition 2.2, a<,L, as desired.
Proposition 2.6. Let L be a lattice, a,beL and a<b. If b<,L, then a<,L.

Proof. Since b<,L, by Proposition 2.5, b<;L. Since a<b and b<,L, by (Okten,
2021) Lemma 1(i), a<<,L, as desired.

Proposition 2.7. Let L be a lattice, a,beL and a<b. If a<;b/0, then a<,t/0 for
every t€L with b<t.

Proof. Since a<,b/0, by Proposition 2.5, a<<¢b/0. Then by (Okten, 2021) Lemma
1(ii), ak,t/0 for every t€L with b<t.
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Proposition 2.8. Let L be a lattice, a,b,ceL and a<b. If a<;b/0, then avcKg(bvc)/c.

Proof. Since a<,b/0, by Proposition 2.5, a<<¢b/0. Then by (Okten, 2021) Lemma
1(iii), aveKy(bve)/c, as desired.

Proposition 2.9. Let L be a lattice and a,beL. If a<,L, then avb<,1/b.

Proof. Since a<,L, by Proposition 2.5, a<,L. Then by (Okten, 2021) Lemma 1(iii),
avb<1/b, as desired.

Proposition 2.10. Let L be a lattice and a,b,c,deL. If a<,b/0 and ¢«,d/0, then
aveKg(bvd) /0.

Proof. Since a<«;b/0 and ¢«<,d/0, by Proposition 2.5, a<b/0 and c<,d/0. Then
by (Okten, 2021) Lemma 1(iv), avc<g(bvd) /0, as desired.

3. CONCLUSIONS

r-small elements are the special parts of g-small elements in lattices.
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Abstract

In recent years, the growing prevalence of mental health issues and emotional
disorders —partly associated with remote work and social isolation—has led to
increased interest in Facial Emotion Recognition (FER) methods as tools for the early
detection of affective disturbances. Assessing the effectiveness of these methods may
support the development of solutions aimed at identifying reduced psychological well-
being among employees, allowing for timely intervention and professional support.

This publication provides a review of the most frequently used FER techniques
based on visible-spectrum imaging systems. The selected methods were implemented
and empirically compared using the publicly available FER-2013 dataset. The analysis
emphasizes key performance parameters and metrological aspects, with particular
attention to their potential applications in psychological, medical, and research settings.
Laboratory tests allowed for the identification of practical strengths and limitations of
each method, offering abasis for considering their integration into mental health
assessment tools and suggesting directions for future research.

Keywords: affective processing, machine vision, emotion recognition, image
processing

Introduction

We live in an era where technological advancement often outpaces our adaptive
capacities, and automation is permeating increasingly intimate aspects of human
experience — including emotions. More and more frequently, we are asking not only
whether it is possible, but whether it is appropriate to technologically measure
something as elusive as human emotional states. When emotions become data and facial
expressions are reduced to clusters of pixels analyzed by algorithms, a deeper reflection
on the boundaries of technological intervention in psychological well-being becomes
essential. One of the most recent and rapidly evolving areas within this domain is Facial
Emotion Recognition, which combines elements of computer science, psychology, and
artificial intelligence. FER has applications in medicine, education, and the workplace —
especially in contexts where direct human contact is limited, as is often the case in remote
work models. In such settings, technology begins to act as an intermediary — not only
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recording, but also potentially interpreting emotional states. The use of FER as a tool to
support the assessment of remote employees’ psychological well-being seems
particularly relevant in light of increasing reports about the emotional consequences of
professional isolation. The key question, however, is not only whether FER works, but
how it works — and whether it works well enough to be trusted in the sensitive area of
mental health.

The aim of this article is to compare selected FER methods — both classical
approaches based on handcrafted feature extraction and modern deep learning
techniques — in terms of their potential usefulness for monitoring emotions in remote
work environments. For this purpose, selected models were analyzed using the publicly
available FER-2013 dataset, which serves as a standard benchmark in emotion
recognition research. This study seeks not only to evaluate the effectiveness of specific
technological approaches but also to reflect on their potential applications in
psychological and organizational practice. By comparing the performance of classical
and deep learning-based FER methods, we examine not only their classification accuracy
but also their robustness to noise, implementation feasibility, operational transparency,
and ethical implications. The following sections present a theoretical overview of
psychological well-being in the context of remote work, a detailed review of FER
methods, a description of the materials and methodology, results of the comparative
analysis, and a critical discussion of the opportunities and limitations of using such tools
to assess employees’ emotional functioning. Special attention is given to the ethical
dimensions of emotional automation — including concerns related to privacy,
surveillance, and cultural diversity.

Psychological Well-Being in the Context of Remote Work

In recent years, there has been a sharp increase in interest in the mental health of
employees, largely driven by the widespread adoption of remote work and the
accompanying social isolation. The COVID-19 pandemic led to a mass transition to
remote work, which, although initially perceived as a temporary solution, has taken on
a long-term character in many organizations. However, numerous studies indicate that
this mode of work can significantly affect individual psychological well-being. A study
conducted among healthcare workers found that feelings of loneliness and professional
isolation correlate with decreased mental well-being, even in the presence of social
support (O'Hare, 2024: 4). Similarly, Brown and Leite emphasized that the lack of daily
interactions in the professional environment exacerbates stress levels and decreases
employee engagement (Brown & Leite, 2023: 144). Becker et al. demonstrated that a key
risk factor for the psychological well-being of remote workers is low control over tasks,
which contributes to a sense of loneliness (Becker et al., 2022: 453). In light of these
challenges, there is a growing need to implement technological tools that support the
early detection of symptoms related to declining mental well-being and enable timely
preventive and intervention measures.

In order to understand the concept of well-being, it is essential to recognize that
it is a psychological construct rooted in the tradition of positive psychology, which
developed at the turn of the 20th and 21st centuries. Its theoretical grounding in this
perspective implies that it is not limited to the absence of suffering or neutral
functioning, but rather encompasses a qualitative dimension of life experience—
centered on meaning, engagement, interpersonal relationships, and opportunities for
growth. In contrast to the notion of happiness, which is often associated with hedonistic
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pleasure and a transient emotional state, psychological well-being refers to a relatively
stable and multidimensional form of human functioning that integrates both emotional
and existential components (Baes, Speagle & Haslam, 2022: 1-2). The psychological
literature offers numerous models describing well-being, highlighting its complexity
and multidimensional nature. One of the most significant and influential frameworks is
the PERMA model, developed by Martin Seligman, the founder of positive psychology.
This model identifies five core components of well-being: Positive emotions,
Engagement, Relationships, Meaning, and Accomplishment. Each of these elements can
independently affect an individual’s quality of life, and the development of each
contributes to sustained well-being (Seligman, 2011: 47-49). Another notable approach
is Carol Ryff’s six-dimensional model, which adopts a more eudaimonic perspective on
psychological well-being. According to Ryff, well-being is grounded in aspects such as
autonomy, self-acceptance, personal growth, purpose in life, environmental mastery,
and positive relations with others. This model integrates psychological maturity, life
meaning, and relational quality as essential pillars of mental health (Ryff, 1989: 1072~
1075). In the Polish context, a particularly compelling concept is Janusz Czapinski’s onion
theory of happiness, which — despite its reference to happiness —in essence, describes well-
being. Czapinski distinguishes three layers: a deep (core) layer based on the biological
will to live, a middle layer involving emotional reactions to everyday experiences, and
an outer layer comprising evaluations of satisfaction with various life domains
(Czapinski, 2004: 19-22). Each of these models offers a unique perspective on the
understanding of well-being, allowing for recognition of its diverse sources and
underlying mechanisms.

An increasing body of research confirms that the well-being of remote workers
constitutes a significant challenge in the modern world of work. By utilizing reliable
diagnostic tools, such as the PERMA Profiler and Carol Ryff’s model of psychological
well-being, researchers are increasingly identifying decreased levels of well-being
among individuals working outside traditional office environments. A study conducted
among lecturers at private universities revealed a marked decline in the quality of
interpersonal relationships, sense of meaning, and autonomy in those operating
exclusively online (Leong, 2022: 19). Similar conclusions were drawn in a study of
employees from various industries, where a comparative analysis of the pre-pandemic
and pandemic periods revealed declines in PERMA components such as positive
emotions, relationships, and accomplishments (Pataki-Bitté6 & Kun, 2022: 331). These
findings were further confirmed in research on teachers working remotely, who
reported lower well-being scores as measured by the PERMA Profiler, particularly in the
relational and social domains (Berry, 2023: 70). Importantly, this issue is also present in
both technological and industrial sectors. For instance, remote workers in the Finnish IT
sector reported a decrease in engagement and sense of meaning (Lampinen, 2024: 39),
while in South African mining operations, significant deficiencies in relationships and
positive emotions were identified (Kau & Flotman, 2025: 9). Even in more specific
contexts such as the architecture sector, women working remotely reported lower levels
of accomplishment and social connection, both key components of the PERMA model
(Rodriguez-Leudo & Navarro-Astor, 2024: 7). Similar patterns were observed in
multinational corporate environments, where women experienced a diminished sense
of belonging while working remotely (Nozari & Seyedsalehi, 2024: 23).

Studies on well-being also include managerial staff, indicating a strong
correlation between the mode of work and the quality of psychological functioning. The
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highest levels of well-being were observed among individuals working in a hybrid
model, and the lowest among those working fully remotely. Particularly adverse
outcomes were noted among remote leaders in the non-profit sector (Zimnoch, 2024: 53-
59), which may be attributed to the combination of factors such as limited organizational
support, high responsibility with scarce resources, and difficulties in maintaining social
relationships. Given that work modality impacts well-being even at the managerial level,
its influence on lower-level employees—with less autonomy and control over working
conditions—may be even more profound. The breadth of industries examined, the
consistency of findings, and the use of standardized research tools all support the
conclusion that diminished well-being among remote workers is not an isolated
phenomenon but a serious systemic issue.

With the growing prevalence of remote work, the importance of supporting
employee well-being —including for those without daily contact with colleagues or
supervisors—has become increasingly evident. Since monitoring well-being in such
conditions can be challenging, there is a growing interest in new tools that can accurately
and rapidly detect early signs of psychological decline— particularly in the context of
preventing burnout, reduced engagement, or emotional disturbances. One increasingly
popular direction involves the use of emotion recognition technologies, including Facial
Emotion Recognition, as a potential means of assessing the psychological well-being of
remote workers.

Automatic Emotion Recognition (AER) technologies, particularly those based on
FER, are gaining traction in psychological contexts, especially in the fields of mental
health and patient care. As demonstrated in a systematic review of studies from 2013 to
2023, real-time emotion recognition can significantly enhance diagnostic processes,
emotional state monitoring, and therapeutic interventions —both in clinical and home-
based environments (Guo et al.,, 2024: 5-6). Particularly promising are multimodal
approaches —combining facial analysis, speech, and physiological signals —which move
beyond subjective self-report methods toward more objective and dynamic
measurement tools (Guo et al., 2024: 2-4). In a similar vein, systems employing deep
learning to analyze facial expressions during remote psychological consultations are
being developed to support therapists in making more accurate clinical decisions, thanks
to access to real-time emotional feedback (Hadjar & Hemmje, 2025: 2-3). In the context
of work and organizational psychology, however, the application of FER also raises
important ethical concerns, prompting reflection on the boundaries of emotional
surveillance in the workplace and the need to safeguard employees’ rights (Hajric et al.,
2024: 3-4).

Facial Emotion Recognition: From Classical Approaches to Deep Learning

Facial Emotion Recognition has been at the center of scientific attention since the
1970s, bringing together researchers in nonverbal communication, psychology, and
artificial intelligence. As technology evolved, so too did the methods used to identify
emotions — shifting from classical image analysis techniques based on manually defined
rules and handcrafted features (Aslam & Hussian, 2021: 2-5) to modern deep learning
approaches capable of autonomously learning emotional patterns from large datasets
(Rajan, Chenniappan, & Devaraj, 2020: 1373-1374). This transition has not only improved
recognition accuracy but has also opened new possibilities in areas such as remote
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psychological support, education, healthcare, and well-being monitoring (Hans & Rao,
2021: 11-12). The earliest attempts to automate emotion recognition relied on manual
feature extraction, where experts selected facial elements considered relevant to emotion
expression (Wegrzyn, Vogt, Kireclioglu, & Schneider, 2017: 5). Two dominant strategies
emerged: the geometric approach, which analyzed the positions of key facial landmarks
(e.g., the distance between eyebrows), and the appearance-based approach, which
focused on textures, gradients, and local patterns (Kas, Ruichek, & Messoussi, 2021: 10).

One of the most well-known systems was the Facial Action Coding System
(FACS) developed by Ekman, which decomposed facial expressions into Action Units
(AUs), each corresponding to specific muscle movements. While FACS proved accurate
and useful in psychological research, it required significant resources — including time,
training, and resilience to individual and environmental variability (Kas, Ruichek, &
Messoussi, 2021: 11). Several classical FER methods also had technical implementations.
Haar-like features, introduced by Viola and Jones, analyzed brightness differences
between regions of the image in real time (Viola, 2001: 512). Histograms of Oriented
Gradients (HOG) enabled the detection of edges and shapes in images regardless of
lighting or noise — a breakthrough in object detection (Dalal, 2005: 887-888). Another
important stream involved ensemble methods, such as Bagging and Boosting, which
combined the outputs of multiple classifiers. This approach reduced individual model
errors and improved classification performance (Dietterich, 2000: 1-4). Despite their
many advantages, classical approaches proved difficult to scale. They required expert
knowledge, performed poorly on diverse datasets, and were prone to errors in dynamic
environments.

The development of deep learning (DL) has radically transformed how emotions
are analyzed today. Rather than manually defining where to look for emotions, neural
networks learn these patterns independently — analyzing thousands or even millions of
images. As a result, systems have become more robust to changes in lighting, facial
orientation, and individual appearance. The key to this transformation was the
introduction of Convolutional Neural Networks (CNNs), which analyze images in layers
— from simple patterns to complex emotional configurations (Palaniswamy, 2019: 2).
Models such as VGGNet (a deep, symmetrical network with small filters), ResNet (a
residual network that learns the differences between layers, allowing for deeper
architectures), and Inception (a complex structure that analyzes data at multiple scales
simultaneously) have become FER standards (He, et al. 2016: 770). In scenarios where
emotions evolve over time — such as during video calls — Recurrent Neural Networks
(RNNs) and their advanced form, Long Short-Term Memory (LSTM) networks, are used.
These models can "remember" key information while ignoring irrelevant details
(Hochreiter & Schmidhuber, 1997: 1743).

In recent years, hybrid approaches have gained popularity — combining CNNs
with LSTM networks or attention mechanisms, allowing for the capture of both visual
structure and temporal context. Transfer learning has also become significant —
leveraging pre-trained models (e.g., on the ImageNet dataset) and fine-tuning them for
specific tasks, reducing training time and improving performance (Yen & Li, 2022: 4).
Thanks to frameworks such as TensorFlow, PyTorch, and Keras, creating, training, and
deploying DL models has become accessible not only to scientists but also to
practitioners in psychology, medicine, and education (Ismail et al., 2024: 11).
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So why are classical methods still in use if deep learning seems superior? The
answer is context. Classical approaches are faster, cheaper, and easier to implement. In
controlled or educational environments, where high flexibility is not required, they may
be entirely sufficient. Deep learning, on the other hand, is better suited to complex,
dynamic datasets that require high precision — such as psychological diagnostics,
employee well-being assessment, or crisis intervention systems (table 1).

Table 1. Comparison of Classical and Deep Learning Approaches in Facial Emotion

Recognition
Criterion Classical FER Methods Deep Learning Approaches
Feature extraction Manual, expert-driven Automated, learned by the network
Data requirements Low High - requires large datasets
Noise resistance Low High
Result interpretability High Low (“black box”)
Co.n}putatlonal Low High - needs GPU/cloud
efficiency
Model preparation time ~ Short Long (training required)
Applications Education, offline analysis Chm.cal use, remote work, mobile apps, well-being
monitoring
Example techniques FACS, Haar, HOG, CNN, ResNet, LSTM, Attention, Transfer Learning

Boosting

Note. Comparison of classical and deep learning approaches to facial emotion recognition, based on the
authors’ comparative analysis.

Understanding the differences between classical and modern FER methods
enables not only a more precise and context-appropriate selection of analytical tools, but
also a more reflective evaluation of their practical applicability, technical limitations, and
underlying assumptions. As technological capabilities continue to evolve, researchers
and practitioners are increasingly faced with the need to align methodological choices
with the specific demands of their domain. This includes considerations such as data
availability, computational resources, interpretability requirements, and time
constraints. Ultimately, the effectiveness of facial emotion recognition depends not
solely on the sophistication of the algorithm, but also on the clarity of its intended use,
the conditions under which it operates, and the ethical standards guiding its
implementation.

Materials and Methods

This study evaluated the effectiveness of selected machine learning and deep
learning models in the context of automatic Facial Emotion Recognition. The FER-2013
dataset was chosen for the experiments, as it is one of the most widely used and broadly
recognized datasets in the scientific community — particularly in studies involving deep
learning-based emotion recognition. Due to its diversity in terms of facial expressions
and image quality, FER-2013 is considered one of the most frequently used benchmarks
in this field (Goodfellow, 2013: 62). The FER-2013 dataset played a key role in the ICML
2013 Challenge, which contributed to its standardization in the evaluation of novel
algorithms (Mollahosseini, 2016: 1). Additionally, it offers a variety of realistic, “in-the-
wild” facial images, making it highly representative and useful for developing systems
intended for real-world applications (Mollahosseini, 2016: 2; Minaee et al., 2021: 5). In
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numerous literature reviews, FER-2013 has been cited as a benchmark standard in
emotion recognition research due to its widespread use and well-established structure
(Li & Deng, 2022: 1195). Its popularity and accessibility make it a natural choice for
testing the effectiveness of modern emotion recognition models.

To compare different approaches to FER, a set of models was selected to
represent both classical and modern deep learning techniques. The models applied in
this study included CNNs (LeCun, et al, 1998: 2283), RNNs (Elman, 1990: 7), their
advanced variant LSTM networks (Hochreiter, 1997: 9), as well as state-of-the-art deep
architectures such as ResNet (He, 2016: 770) and VGGNet (Simonyan, 2015: 2).
Additionally, ensemble methods were included, combining the outputs of multiple
classifiers to enhance prediction accuracy (Dietterich, 2000: 1). Within the scope of
classical emotion recognition methods, feature extraction techniques based on Haar-like
features (Viola & Jones, 2001: 512) and Histograms of Oriented Gradients (Dalal &
Triggs, 2005: 887-888) were applied. Haar-like features enable the rapid detection of local
brightness differences in an image, making them useful for analyzing simple facial
patterns with low computational complexity. This technique employs rectangular masks
that slide across the image, analyzing contrast between selected regions and capturing
typical lighting configurations associated with specific emotional expressions (Viola &
Jones, 2001: 512). HOG, on the other hand, allows for precise analysis of local edges and
contours by computing gradient directions in small segments of the image and
converting them into gradient histograms (Dalal & Triggs, 2005: 888). This method is
known for its robustness to lighting variations, which enhances its applicability in
visually diverse environments.

The study also incorporated ensemble methods as an extension of classical
approaches by combining the outputs of multiple independent classifiers. Techniques
such as Bagging and Boosting (Dietterich, 2000: 1-5) improve prediction stability and
accuracy by reducing variance and increasing model diversity. Through mechanisms
such as voting or weighted prediction averaging, ensemble methods help build more
resilient classification systems, particularly in contexts involving incomplete or
heterogeneous training data.

In the domain of deep learning methods, Convolutional Neural Networks were
applied. These networks consist of convolutional layers, pooling layers, activation
functions (ReLU), and fully connected layers (LeCun et al., 1998: 2283). Each module of
the network plays a critical role in extracting and classifying facial patterns —
convolutional layers process the image locally by filtering features such as edges and
textures, while pooling layers reduce dimensionality and increase the model’s
robustness to spatial distortions. The learning process relies on backpropagation and
weight updates to minimize the loss function. The study also included advanced deep
learning architectures such as VGGNet and ResNet. VGGNet, with its consistent
structure of multiple convolutional layers using small filters (3x3), enables efficient
extraction of complex features while maintaining computational stability and limiting
the number of parameters (Simonyan, 2015: 2-3). Regularization techniques such as
dropout and L2 were implemented to reduce overfitting — a critical factor when
working with limited training datasets. ResNet, in contrast to conventional CNNs,
introduces residual connections that allow information to bypass certain layers without
degradation of the gradient, thereby facilitating the training of very deep networks (He
et al., 2016: 771-773). In addition to spatial analysis, sequential architectures were also
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applied — specifically RNNs and their extended form, LSTM networks. RNNs are
capable of modeling temporally ordered data, which is particularly useful for analyzing
sequences of facial images where changes in emotion over time are key (Elman, 1990:
186). LSTM networks, through the use of memory cells with input, output, and forget
gates, can selectively retain or discard information, enabling the modeling of long-term
dependencies and reducing the vanishing gradient problem (Hochreiter &
Schmidhuber, 1997: 1744).

The selection of methods was based on their documented effectiveness and
compatibility with the FER-2013 dataset. All models were implemented and validated
under consistent conditions, ensuring reliable and comparable results. A comparative
analysis was conducted on six models representing both classical feature-based and

modern deep learning approaches to facial emotion recognition.

Table 2. Summary Comparison of All Evaluated FER Method

A h C tational Noi
Model pproac om.pu ationa 0fse Applications Advantages Limitations
type requirements resistance
L ize,
Psychology, Well- n:zgz size
VGG16 Deep learning  High (GPU) High healthcare, documented
R transfer
research and effective K
learning
‘ . ' Psychology, H%gh accuracy  Complex and
ResNet Deep learning  High (GPU) Very high . with deep GPU-
adaptive systems .
structures demanding
Vid 1ls, Long-t
Deep learning Medium-high . tdeo catls . ong-term Challenging
LSTM . Medium temporal emotion  dependency .
(sequential) (GPU) . . to fine-tune
analysis modeling
Simplified L
Deep learning ~ Medium (GPU . Dynamic emotion tpitie ower
RNN ( tial) tional) Medium deli sequence accuracy than
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Note. Overview of key characteristics, strengths, and limitations of selected FER models, developed by the
authors.

These models differ not only in architectural complexity but also in their data
requirements, robustness to noise, and interpretability. The following comparison
includes key technical and metrological aspects, allowing for an informed assessment of
each model’s applicability in psychological, educational, and organizational contexts.
The table (table 2) presents the most relevant configuration parameters, distinguishing
features, and potential applications of all the methods analyzed.

One of the analyzed models was a modified VGG16 architecture, based on the
concept presented by Simonyan and Zisserman (Simonyan, 2015: 1), but adapted to the
practical requirements of experiments using the FER-2013 dataset. The introduced
simplifications were aimed at increasing computational efficiency and reducing training
time while preserving the method’s functionality in the context of emotion analysis
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under remote work conditions. The model utilized a transfer learning strategy —freezing
all convolutional layers responsible for feature extraction, while modifying the final
classification layer to match the seven emotion classes present in the FER-2013 dataset.

Table 3. Configuration of the Simplified VGG16 Model Used for FER Tasks

Configuration Element Description

Architecture VGQ1§ (b.ased on Simonyan & Zisserman, 2015), with
modifications

Approach Transfer learning

Frozen layers Yes (convolutional layers)

Modified final layer Yes - 7 outputs (FER2013 emotion classes)

Input image size 224 x 224 px

Data normalization RGB means and standard deviations from ImageNet

Data split Training: 80%, Validation: 20%

Number of epochs 10

Batch size 32

Optimizer Adam

Learning rate (Ir) 0.0001

Regularization (dropout/L2) Not applied

Loss function CrossEntropyLoss

Evaluation metrics Accuracy, Precision, Recall, F1-score, Confusion Matrix

Note. Configuration details of the simplified VGG16 architecture tailored for FER, as implemented in this
study.

All images were rescaled to a resolution of 224x224 pixels. The data were
standardized based on the mean and standard deviation values of the RGB channels
used during the original ImageNet training. The dataset was split into a training set
(80%) and a validation set (20%), maintaining class balance. The model was trained for
10 epochs using the Adam optimizer (learning rate of 0.0001) and the CrossEntropyLoss
function. A batch size of 32 was applied. Adam optimizer is an adaptive learning rate
optimization algorithm designed for training deep neural networks. It combines the
advantages of two other popular methods: AdaGrad and RMSProp, by estimating both
the first and second moments of the gradients (Yi, Ahn, & Ji, 2020: 2).No regularization
techniques such as dropout or L2 were used, and no learning rate scheduling was
implemented. These decisions were made to simplify the process and allow for efficient
experimentation under resource constraints. During each epoch, classification accuracy
was monitored on both the training and validation sets. After training was completed,
the model’s performance was evaluated using metrics such as precision, recall, and the
harmonic mean (F1-score). A confusion matrix was also generated to analyze the most
frequent classification errors (table 3).

The second analyzed model was the ResNet architecture (He et al., 2016: 771),
originally designed to address the vanishing gradient problem in very deep neural
networks. In this study, the ResNet-18 version was selected as a compromise between
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network depth and computational efficiency, while maintaining the ability to effectively
extract features from complex facial expressions.

Table 4. Configuration of the Simplified ResNet-18 Model Used for FER Tasks

Configuration Element Description

Architecture ResNet-18 (based on He et al., 2016), adapted for FER tasks
Approach Transfer learning

Frozen layers Yes (convolutional layers)

Modified final layer Yes - 7 outputs (FER2013 emotion classes)

Input image size 224 x 224 px

Data normalization RGB means and standard deviations from ImageNet
Data split Training: 80%, Validation: 20%

Number of epochs 10

Batch size 32

Optimizer Adam

Learning rate (Ir) 0.0001

Regularization (dropout/L2) Not applied

Loss function CrossEntropyLoss

Evaluation metrics Accuracy, Precision, Recall, F1-score, Confusion Matrix

Note. Experimental setup of the ResNet-18 model adapted to the FER-2013 dataset.

The model was initialized using pre-trained weights from ImageNet and then
adapted to the specifics of the FER-2013 dataset by freezing all convolutional layers and
replacing the final classification layer with a new fully connected layer featuring seven
outputs corresponding to the FER-2013 emotion classes. The data preparation process
was identical to that used with the VGG16 model: images were resized to 224x224 pixels
and normalized using the RGB means and standard deviations from ImageNet. The
dataset was split into training (80%) and validation (20%) subsets. ResNet was trained
for 10 epochs using the Adam optimizer (learning rate: 0.0001), without additional
regularization. A batch size of 32 was applied. The training strategy prioritized
simplicity and consistency with the VGGI16 configuration, enabling a reliable
comparative analysis. During each epoch, classification accuracy was monitored on both
the training and validation sets. After training, the model’s performance was evaluated
based on accuracy, precision, recall, and F1-score, and a confusion matrix was generated.
The results (table 4) allowed for an assessment of ResNet's effectiveness in recognizing
facial emotions under conditions of limited data and resources.

The next model analyzed was the Long Short-Term Memory network, an
extension of classical Recurrent Neural Networks, designed to retain long-term temporal
dependencies in sequential data (Hochreiter & Schmidhuber, 1997: 1744). In the context
of emotion recognition, this model enables the analysis of image sequences (e.g., video
recordings), allowing for the capture of emotional expression dynamics — a key factor
in psychological diagnostics and the analysis of online interactions. The LSTM network
was combined with a convolutional feature extraction network (e.g., CNN), where the
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CNN served as the feature extractor. The extracted vector representations of each frame
(typically from the final convolutional layers) were then processed by the LSTM layers
to identify temporal emotional changes. A single-layer LSTM structure was used,
consisting of 128 units and a dropout rate of 0.3. A fully connected output layer followed,
producing seven outputs corresponding to the emotion classes. Instead of using
individual static images, the data were transformed into short sequences of images (e.g.,
five consecutive frames). Each frame was normalized according to ImageNet RGB means
and standard deviations and resized to 224x224 pixels. The sequences were class-
balanced across emotion categories. The model was trained for 15 epochs using the
Adam optimizer (learning rate = 0.0001), the CrossEntropyLoss function, and a batch
size of 16. Validation accuracy was monitored during training, and a full evaluation of
classification quality was conducted upon completion. The LSTM model enabled the
capture of the sequential nature of emotions, which is particularly valuable in the
analysis of video recordings, online conversations, and therapeutic observations (table
5). This model allowed for the identification of subtle changes in facial expressions that
might be missed by traditional convolutional models.

Table 5. Configuration of the LSTM-Based Model for Temporal Facial Emotion Recognition

Configuration Element Description

Architecture Long Short-Term Memory (LSTM)
Integration with CNN Yes - CNN as feature extractor
Number of LSTM layers 1

Number of LSTM units 128

Dropout 0.3

Final output layer Fully connected (7 emotion classes)
Input data type Image sequences (e.g., from video)
Input frame size 224 x 224 px

Number of frames per sequence 5

Batch size 16

Number of epochs 15

Optimizer Adam

Learning rate 0.0001

Loss function CrossEntropyLoss

Evaluation metrics Accuracy, Precision, Recall, F1-score, Confusion Matrix

Note. Design of the LSTM-based model used for analyzing temporal dynamics of facial emotions.

RNNSs are among the oldest yet most foundational architectures for sequence
processing in the field of machine learning. In this study, a basic version of an RNN was
applied to analyze sequences of facial images for the purpose of emotion recognition.
Despite its limitations, this model is capable of capturing basic temporal dependencies
in sequential image data, which may be useful in analyzing short-term emotional
dynamics. The RNN model received as input a sequence of feature vectors extracted
from the output of a CNN feature extractor (e.g., convolutional layers). Unlike LSTM,
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classical RNNs lack gating mechanisms to regulate information flow, making them more
susceptible to the vanishing gradient problem but also less resource-intensive and faster
to train. A single-layer RNN with 64 units was implemented, followed by a fully
connected output layer with seven outputs corresponding to the emotion classes. The
input data consisted of five consecutive frames from image sequences (e.g., extracted
from video recordings). Each frame was resized to 224x224 pixels and normalized
according to ImageNet standards. The model was trained for 10 epochs using the Adam
optimizer (learning rate = 0.0001), the CrossEntropyLoss function, and a batch size of 16.
During training, classification accuracy and validation loss were monitored (table 6).
Although RNNs are less advanced than LSTM networks, they enabled a preliminary
analysis of emotional changes over time. This makes them suitable for projects requiring
basic sequence analysis or for use in resource-constrained environments such as mobile
devices or educational systems.

Table 6. Configuration of the RNN-Based Model for Sequential Facial Emotion Recognition

Configuration Element Description

Architecture Recurrent Neural Network (RNN)
Integration with CNN Yes - CNN as feature extractor
Number of RNN layers 1

Number of RNN units 64

Final output layer Fully connected (7 emotion classes)
Input data type Image sequences (e.g., from video)
Input frame size 224 x 224 px

Number of frames per sequence 5

Batch size 16

Number of epochs 10

Optimizer Adam

Learning rate 0.0001

Loss function CrossEntropyLoss

Evaluation metrics Accuracy, Precision, Recall, F1-score, Confusion Matrix

Note. Structure and training setup of the RNN model applied to sequential facial emotion data.

The Histogram of Oriented Gradients is a classical feature extraction technique
that was widely used in image analysis prior to the deep learning era. In the context of
facial emotion recognition, HOG allows for the capture of local edges, contours, and
structural patterns of the face that may be characteristic of specific emotional
expressions. The HOG method divides the image into small, regular cells (e.g., 8x8
pixels), within which a histogram of gradient orientations — i.e., brightness changes —
is computed. These histograms are then normalized across larger blocks (e.g., 2x2 cells),
improving robustness to lighting variations. The result is a feature vector that represents
the structure of the image in a form suitable for classification. In this study, a standard
HOG configuration was used: 8x8 cells, 2x2 blocks, and 9 histogram bins. Feature
extraction was performed using the scikit-image library. The resulting feature vectors
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were classified using a Support Vector Machine (SVM) classifier with a radial basis
function (RBF) kernel. Images from the FER-2013 dataset were rescaled to 64x64 pixels
(due to SVM classifier constraints) and processed using HOG. The data were split into
training and test sets in an 80/20 ratio. The SVM classifier was trained using default
parameters: C=1.0, gamma='scale', with the RBF kernel. After training, classification
performance was evaluated using standard metrics: accuracy, precision, recall, F1-score,
and a confusion matrix (table 7). Although HOG is an older technique compared to deep
learning models, it offers high interpretability and can be implemented on devices with
limited computational power. Its main limitations include low tolerance to data
variability (e.g., different face orientations) and the lack of self-learning capability.
Nevertheless, in controlled or educational environments, it may provide a fast and
efficient solution for basic emotion analysis.

Table 7. Configuration of the HOG-Based Method for Classical Facial Emotion Recognition

Configuration Element Description

Method Type Histogram of Oriented Gradients (HOG)
Cell size 8 x 8 pixels

Block size 2 x 2 cells

Number of histogram bins 9

Histogram normalization L2-Hys

Input image size 64 x 64 px

Feature extraction scikit-image library

Classifier Support Vector Machine (SVM)

SVM parameters C=1.0, gamma='scale', RBF kernel

Data split 80% training, 20% test

Evaluation metrics Accuracy, Precision, Recall, F1-score, Confusion Matrix

Note. Description of the HOG-based feature extraction method combined with SVM, used in the authors’
experiments.

The Haar-like features method is one of the earliest and simplest techniques used
in image analysis, based on intensity differences between adjacent regions. Popularized
by the Viola-Jones face detector, it remains a fast and efficient way to detect structural
features, including facial patterns. Haar features use rectangular masks to compare
brightness areas, such as contrasting the forehead with the eyebrows. Their
computational efficiency results from integral images, enabling rapid pixel sum
calculations. In this study, several hundred Haar features were generated using
OpenCV, and classification was performed using the AdaBoost algorithm — an
ensemble method that improves accuracy by combining weak learners. Images from the
FER-2013 dataset were resized to 48x48 pixels and processed into integral images.
Feature vectors were classified after 50 AdaBoost iterations. Evaluation included
accuracy, precision, recall, and F1-score metrics (Table 8).
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Although considered outdated compared to CNN or HOG methods, Haar-like features
offer advantages in highly resource-constrained environments, such as embedded
systems or mobile applications. Their main strength lies in speed, with limitations in
robustness to data variability and complex pattern recognition.

Table 8. Configuration of the Haar-Like Features Method for Classical Facial Emotion

Recognition
Configuration Element Description
Method Type Haar-like features
Operating principle Analysis of brightness differences between rectangular
regions
Feature extractor OpenCV Haar cascades
Input resolution 48 x 48 px
Image representation Integral image
Number of features Several hundred automatically generated features
Classifier AdaBoost (ensemble method)
AdaBoost parameters 50 iterations, default loss function
Data split 80% training, 20% test
Evaluation metrics Accuracy, Precision, Recall, F1-score

Note. Implementation of the Haar-like features approach with AdaBoost classifier in the context of
classical FER.

All experiments were conducted on a single-workstation rig equipped with an
AMD Ryzen 9 9900X CPU, 32 GB DDR5-6000 RAM, and an NVIDIA GeForce RTX 3090
GPU (24 GB GDDR6X). The host operating system was Windows 11 Pro (23H2), and the
main software stack included Python 3.13, PyTorch 2.7.0, TorchVision 0.21, and CUDA
12.6. During the training and evaluation procedures, the system consistently operated
under 14 GB of VRAM usage and did not exceed 320 W of board power. The entire facial
emotion recognition process — from image input to final evaluation — followed a
structured and repeatable workflow, ensuring methodological consistency. This
workflow is illustrated in Scheme 1.
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Scheme 1. Workflow for Facial Emotion Recognition Model Training and Evaluation.
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Note. Scheme created by the authors based on the experimental setup.

Results

The evaluation of the facial emotion recognition models was conducted using
several complementary metrics: accuracy, precision, recall, F1-score, and training time.
These measures offer different perspectives on model performance, capturing not only
overall correctness but also sensitivity to positive instances and the balance between
precision and recall. In machine learning, an epoch refers to a complete cycle in which
the model processes the entire training dataset. After each epoch, the model updates its
internal parameters (weights) and, if more epochs are set, begins a new cycle with
updated weights (Das & Das, 2023). Table 9 presents the models” overall accuracy,
weighted averages of precision, recall, Fl-score, and the time required to complete
training. Precision in this context reflects how many of the predicted positive cases were
correct; it is calculated by dividing true positives (TP) by the sum of true positives and
false positives (FP) (Hersh, 2005). Recall indicates how many actual positive cases were
correctly identified by the model, calculated by dividing TP by the sum of TP and false
negatives (FN) (Hersh, 2005). The F1-score, which is the harmonic mean of precision and
recall, provides a single measure balancing these two aspects, and gives insight into the
model’s ability to identify emotions accurately and consistently (Hersh, 2005).

Table 9. General Performance Metrics of FER Models

Model Accuracy gzzil;t’e: Avg ;\Li;gllllted Avg z\ll:il(::zd Avg Time (s)
ResNet 0.44 0.42 0.44 0.40 680
VGG-16 0.60 0.60 0.56 0.59 648
HOG 0.44 043 0.44 0.43 155
RNN 0.37 0.30 0.29 0.27 465
LSTM 0.44 043 0.44 0.42 494
Haar 0.56 0.55 0.56 0.55 300

Note. Summary of model classification performance based on weighted averages and computational time.
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Among the evaluated models, VGG-16 achieved the highest overall accuracy
(0.60) and weighted F1-score (0.59), indicating a strong balance between precision and
recall. Haar-based detection also yielded robust results (accuracy: 0.56), with notably
lower training times (300 seconds), which highlights its efficiency in resource-
constrained environments. In contrast, the RNN model demonstrated the weakest
performance across all metrics, achieving the lowest weighted Fl-score (0.27) and
accuracy (0.37), suggesting limitations in recognizing facial emotions effectively.
Additionally, the LSTM model, although showing better performance than the RNN,
exhibited only moderate improvements, indicating that sequential architectures might
require further tuning for optimal FER performance.

A more detailed analysis focusing on recognition performance for specific
emotions is presented in Table 10. This table identifies the emotion best recognized
(based on precision and recall) and the least effectively detected emotion (based on
recall) for each model, providing further insight into their individual strengths and
weaknesses across emotional categories.

Table 10. Summary of Facial Emotion Recognition (FER) Model Performance

Model ovenllaccuraey g it otiom Emoion (ecal)
ResNet 0.44 surprise (0.72) happiness (0.71) disgust (0.03)
VGG16 0.6 disgust (0.79) happiness (0.88) fear (0.34)

HOG 044 happiness (0.57) happiness (0.72) disgust (0.2)

RNN 0.37 surprise (0.52) happiness (0.72) fear (0)

LSTM 0.44 surprise (0.62) happiness (0.73) fear (0.16)

Haar 0.56 neutral (0.76) happiness (0.78) fear (0.37)

Note. Summary of classification performance across all tested models, based on the results obtained in the
present study.

Among the tested models, VGG-16 again stood out, achieving the highest
precision (0.79 for disgust) and recall (0.88 for happiness), confirming its capacity to
recognize distinct emotional patterns effectively. Haar cascades performed well for
neutral and happiness emotions, balancing speed and classification performance. The
ResNet model demonstrated good precision for surprise (0.72) and recall for happiness
(0.71), but struggled considerably with disgust (recall: 0.03), indicating challenges in
capturing more subtle expressions. Classical feature-based methods, such as HOG,
achieved stable but modest results, while RNN and LSTM models displayed weaker
recognition rates, particularly for fear, with RNN failing to recognize it at all (recall: 0.00).

To further explore model performance, three additional visual analyses were
conducted.

-227 -



3rd International Scientific Research Congress Book April 26-27, 2025, Istanbul

Figure 1. F1-score across FER models by emotion category
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Note. Figure created by the authors based on the current study results.

Figure 2. F1-score for each emotion by model, including average performance
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Note. Figure created by the authors to compare average and emotion-specific scores.

Figure 3. Model accuracy as a function of training time
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Note. Figure created by the authors to show the trade-off between accuracy and time.
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Figure 1 presents Fl-scores across emotional categories for each model,
highlighting that happiness and surprise were generally easier to recognize, whereas
fear and disgust remained more difficult for all architectures. Figure 2 aggregates F1-
scores across models, with the bold curve representing mean performance. VGG-16 and
LSTM consistently showed higher overall recognition abilities compared to the other
models. Figure 3 illustrates the trade-off between model accuracy and training time,
showing that while VGG-16 and Haar achieved better classification results, their training
times were significantly longer compared to lightweight methods like HOG.

Discussion

The comparative analysis revealed that certain emotions, such as happiness and
surprise, were generally recognized with higher accuracy across models, while others,
including fear, disgust, and anger, remained significantly more difficult to classify.
These patterns, also observable in Figures 1 and 2, reflect the inherent ambiguity and
lower facial distinctiveness of some emotional expressions. Notably, even advanced
deep learning models struggled to detect these more nuanced emotions consistently.
Moreover, as highlighted in Figure 3, achieving high accuracy often came at the cost of
extensive training time, raising important questions about the practical feasibility of
deploying complex FER systems in low-resource environments. These observations
underscore the need to match model complexity with the intended application context—
balancing performance, efficiency, and ethical considerations.

Facial Emotion Recognition systems are gaining increasing significance across a
variety of domains, from education and healthcare to smart home technologies. In
education, FER can be used to monitor students’” emotions in real time—allowing
teachers to assess whether a student is frustrated, bored, or engaged and tailor their
teaching methods accordingly (Khalfallah & Ben Hadj Slama,, 2015: 276). One example
includes a JavaScript-based system that tracks facial landmarks and assesses emotional
responses during remote laboratory sessions (Khalfallah, 2015: 279). In the workplace,
FER helps monitor employees’ moods, supporting psychological well-being and
productivity. For instance, Raspberry Pi-based systems can recognize real-time emotions
such as joy, sadness, or anger (Rathour et al., 2021: 4). In smart home environments, FER
is used to automate surroundings—e.g., by changing a television channel or lowering
the volume upon detecting user frustration (Hossain & Muhammad, 2017: 2283). In
healthcare, FER is applied in the diagnosis and monitoring of mood disorders such as
depression, including in home settings. This technology may facilitate early detection of
relapses and assessment of treatment effectiveness (Guo et al.,, 2024: 6). Recent
advancements also include the development of contactless FER systems, which utilize
radar sensors, thermal cameras, or Wi-Fi wave analysis instead of RGB cameras. These
allow for emotion detection even without direct facial visibility (Khan et al., 2024: 13).

The results obtained in this study suggest that FER systems can significantly
support remote work —provided that the technology is appropriately matched to the
organization’s needs and team structure. The choice of model should not be based solely
on classification accuracy but also on computational requirements, robustness to
environmental noise, and real-time performance capabilities. For example, the stable
VGG16 architecture proves effective in educational settings where teachers conduct
online classes and need to monitor student engagement without relying on high-
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performance hardware. Due to its predictable structure and consistent results, VGG16
also performs well in organizations that conduct remote training or professional
development sessions—especially where capturing clear emotional states such as
frustration, joy, or boredom is essential.

The more complex ResNet architecture, with its use of residual connections,
proved effective in capturing subtle facial variations. It may be successfully applied in
large corporate environments where real-time emotion analysis supports not only
mental well-being but also the early detection of burnout or work overload. Such
systems may also be valuable for UX and Al research departments, where users’
emotional reactions to new digital products are evaluated. Although ResNet requires
significant computational resources, it enables deep emotion analysis in visually and
culturally diverse settings.

For organizations relying on intensive synchronous communication—such as
therapeutic teams, consultants, coaches, or customer service units—the LSTM model
may be more appropriate. It enables temporal analysis of emotions, capturing mood
changes throughout the course of an interaction. This makes it possible not only to detect
emotions at a given moment but also to identify critical turning points —such as when a
client begins to experience irritation or anxiety. LSTM is particularly valuable in
analyzing continuous interactions, such as video calls, psychological support sessions,
or online coaching.

Organizations without access to advanced technological infrastructure, but with
aneed for speed and interpretability, may benefit from classical methods like Histogram
of Oriented Gradients. Due to their relatively low computational requirements, such
methods are ideal for small businesses, NGOs, or educational institutions in developing
countries, especially when emotion analysis is conducted on recorded material rather
than in real time. HOG can also be used in basic feedback systems after remote meetings,
aimed at assessing the general emotional tone of participant responses.

In cases where maximum responsiveness and minimal resource consumption are
essential —such as in smart homes or mobile devices — techniques like Haar-like features
combined with AdaBoost classifiers may be employed. These systems can respond
instantly to the user's emotions, e.g., by adjusting lighting or music based on mood.
While their performance does not match that of deep learning models, their simplicity
and efficiency make them viable for implementation where other methods may be
impractical.

Recurrent Neural Networks (RNNs), although less advanced than LSTMs, may
be suitable for projects requiring basic emotion analysis over time—particularly in
mobile applications, chatbots, or educational systems, where limited resources and fast
processing are critical. Their simplicity may be an advantage for rapid prototyping or
deploying “good enough” solutions that work effectively in the moment. The diversity
of FER methods not only demonstrates the technological potential for emotion analysis
but also underscores the importance of a cautious, context-aware implementation
strategy. The choice of model should always be preceded by an assessment of technical
constraints, organizational goals, and the specific nature of remote work in a given team.
When applied thoughtfully, FER systems can support emotional diagnostics and
contribute to building healthier, more balanced, and human-centered work
environments.
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Despite the promising results and the broad range of methods applied, this study
has several important limitations that should be considered when interpreting the
findings or attempting to generalize them. First, the FER-2013 dataset —although widely
recognized as a benchmark in emotion recognition research —has structural and content-
related limitations. Its grayscale images are standardized to a low resolution (48x48
pixels), which reduces the ability to capture subtle facial nuances —especially for more
complex or less distinct emotions such as surprise or disgust. Moreover, the dataset lacks
ethnic diversity; most facial images are of white individuals, which may result in models
learning emotion patterns that are typical for this demographic while marginalizing
facial expressions from other populations. This raises concerns about the generalizability
of results to demographically diverse educational or workplace settings.

A second limitation of the study was the simplified experimental configuration,
driven by the need to conduct research under constrained technical conditions. All
models were trained for a relatively short time — only 10 to 15 epochs —without applying
performance-enhancing techniques such as data augmentation, fine-tuning, dynamic
learning rate adjustments, or advanced regularization strategies. While this approach
allowed for the efficient comparison of multiple architectures under unified conditions,
it may have limited the models” actual potential. This is particularly relevant for more
complex architectures, such as ResNet or LSTM, which typically require longer training
periods and precise hyperparameter calibration to achieve optimal performance.

Another important constraint was the computational limitation, which
necessitated the exclusion of more advanced architectures such as ResNet50,
EfficientNet, or deeper LSTM variants. The study was conducted using locally available
hardware, which limited both the experimentation with larger models and their testing
in production-like environments —e.g., real-time emotion recognition using full video
datasets. As a result, the study assumed more of a comparative testing character, similar
to educational or prototyping settings, rather than a full-scale industrial validation.

All of these limitations should be taken into account when interpreting the
results. The project’s goal was not to achieve the highest possible classification accuracy,
but rather to explore the practical viability of various approaches in conditions similar
to those faced by research, therapeutic, or educational teams without access to advanced
computational resources. Although the results are promising, they serve as a starting
point for further research—particularly studies involving more diverse datasets,
extended training, and models tailored to specific cultural and technological contexts.

Despite the increasing accuracy and availability of facial emotion recognition
(FER) systems, their application raises significant ethical concerns—especially in
contexts where decisions based on emotion recognition may have real consequences for
individuals. Even when such technologies are deployed with good intentions, they may
infringe upon fundamental values such as privacy, autonomy, equality, and human
dignity.

One of the most frequently cited issues is the violation of emotional privacy.
Emotions are inherently personal, and their recognition — especially when done without
a person’s awareness or consent—can constitute a form of surveillance. Cavoukian
emphasizes that privacy is not about hiding information but about having control over
what is shared and with whom. FER systems deployed in workplaces, educational
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platforms, or public spaces —without the informed consent of users—may undermine
this right, contributing to a sense of continuous monitoring (Cavoukian, 2019: 5).

Another serious concern involves system errors and algorithmic bias. Research
has shown that FER systems are more likely to misclassify the emotions of individuals
with darker skin tones —for instance, labeling neutral expressions as negative emotions
such as anger (Buolamwini & Gebru, 2018: 4). This occurs in part because the training
datasets used to build neural networks are predominantly composed of images of white
individuals. Consequently, these systems may perpetuate stereotypes and lead to unjust
outcomes in workplaces, educational institutions, or even legal proceedings trajectory
(Boyd & Andalibi, 2023: 5).

Even high-performing systems are not without significant challenges. Emotion
recognition is a probabilistic process, and the notion that an algorithm can "know the
truth" about a person's emotional state is heavily contested in scientific literature
(Barrett, 2017: 12). Studies show that emotions are deeply dependent on cultural, social,
and psychological contexts —dimensions that algorithms are fundamentally incapable
of fully capturing (Barrett, 2017: 18). Moreover, the illusion of objectivity may lead to
FER results being treated as infallible, thereby marginalizing human voice and limiting
opportunities for appeal (Keyes, 2019: 14). FER technologies also carry the risk of
function creep —the gradual broadening of a system’s use beyond its original intent.
Systems initially designed to monitor employee well-being may later be used to assess
productivity, diagnose mental illnesses, or—in the most controversial scenarios—
predict criminal tendencies (Mohammad, 2022: 244). Such applications not only
oversimplify the complexity of human behavior but also risk pathologizing natural
emotional responses and relinquishing control over how and by whom results are
interpreted (Keyes, 2019: 15). FER can also distort power dynamics in professional
relationships. Employees subjected to continuous emotional monitoring may experience
increased stress, pressure to conform emotionally, and uncertainty about how results
may impact their career trajectory (Boyd & Andalibi, 2023: 5) In such contexts, the notion
of “voluntary consent” becomes questionable, as the realistic possibility of refusal is
often non-existent (Buolamwini & Gebru, 2018: 5).

Ultimately, the advancement of FER raises the question of whether every domain
of life should be automated. Emotions are profoundly human phenomena —shaped by
history, experience, and socio-cultural relationships. Automating their recognition
invites not only technical questions but also philosophical ones: Can a machine truly
understand a human being? Should it? As Mohammad (2022: 246) points out, the key
issue is not whether we can, but whether we should. Ethical implementation of FER
requires more than technical safeguards. It demands participatory design principles,
system transparency, acknowledgment of cultural and social diversity, and —most
importantly —humility in the face of technological limitations and human complexity
(Mohammad, 2022: 247).

Future research should prioritize the use of more diverse datasets—those that
include color images in higher resolution and feature individuals from a wide range of
cultural and ethnic backgrounds. Additionally, the scope of analysis should be expanded
to include multimodal data—combining facial expressions with vocal tone, gestures, or
physiological signals —to enhance emotion recognition accuracy in complex, real-world
communicative situations. A compelling direction would also be to investigate the
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behavioral effects of FER interfaces themselves—for example, whether awareness of
being monitored alters the way people express emotions.

Conclusion

This analysis has demonstrated that facial emotion recognition (FER)
technologies can serve as a valuable complement to diagnostic tools in the context of
remote work and psychological well-being. While classical methods offer fast and cost-
effective implementation despite certain limitations, deep learning approaches provide
significantly higher accuracy and flexibility in dynamic conditions. However, despite
growing technological accessibility, further research is necessary to assess these systems’
effectiveness in real-world environments and to ensure their ethical implementation.
Future directions should consider integrating FER models into multimodal systems and
developing tools that support mental well-being across various organizational levels.

Both our study and the review of existing literature point to a clear potential for
applying FER as a technology supporting remote work environments. Most importantly,
such systems can systematically and more objectively identify early symptoms of
declining mental well-being. This enables the implementation of preventive actions—
such as recommending breaks, adjusting work rhythms, facilitating communication
with the team or supervisor, or, in more advanced scenarios, signaling the need for
psychological consultation. Potential benefits also include adapting the work
environment to a user’s current emotional state, which may improve concentration,
reduce stress, and even enhance efficiency and job satisfaction.

Nevertheless, it is critical to recognize that FER technology touches upon one of
the most intimate aspects of the human experience —emotion. Introducing such systems
into the workplace carries the risk of both technological and social abuses. The most
serious of these is the potential instrumentalization of emotion — treating it as another
productivity metric rather than an authentic expression of an individual’s mental state.
Particularly concerning are potential abuses of power, where emotional data is used
without the employee’s informed consent or beyond the original purpose for which it
was collected. Examples include using FER to evaluate loyalty, monitor motivation in real
time, or even select candidates during recruitment based on their emotional responses.

Several other concerns also emerge: technical ones—related to classification
accuracy and potential errors; psychological ones—concerning the impact of constant
monitoring on well-being and the authenticity of emotional expression; and social
ones—such as cultural differences in emotional expression, which may lead to
algorithmic biases and misinterpretations. Moreover, there is a tangible risk of function
creep —expanding the original use of FER systems into ethically questionable areas, such
as behavior control, diagnosing mental disorders without consent, or even profiling
individuals based on perceived emotional risk.

Therefore, as authors, we recommend that any implementation of FER
technology in work settings—especially remote environments—be preceded by
systemic regulation. This should include not only legal frameworks but also ethical
standards, codes of conduct, auditing mechanisms, and a genuine option for individuals
to opt out without facing negative consequences. Only an approach based on
transparency, voluntariness, and participatory design can ensure that these technologies
serve to support humans rather than control them.
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This study contributes to the development of practical FER applications in the realities
of remote work, demonstrating that even simplified models—when appropriately
tuned — can effectively support the monitoring of psychological well-being without the
need for advanced or costly systems. In the future, research on multimodal FER systems,
combining visual data with voice, text, or physiological signals, may prove particularly
valuable. Such approaches could not only improve the accuracy of emotion recognition
but also reduce the risk of misinterpretation stemming from the one-sided analysis of
facial expressions.

Technology that can perceive emotions has the potential to become a powerful
ally —provided it is accompanied by attentiveness to the human being.
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Abstract

In recent years, the use of underground high-voltage (HV) cables for power
transmission has significantly increased. Cross-linked polyethylene (XLPE) insulation
systems are preferred for the highest transmission voltages due to their exceptional
performance, which is largely dependent on cleanliness. However, the presence of
impurities in the insulation material leads to premature aging and poses a major
concern for power utilities. A three-dimensional (3D) and two-dimensional (2D) model
of spheroidal contaminants on cable layers has been developed using Finite Element
Method (FEM)- based software. The impact of pulse voltage on the geometry of
contaminants, considering different sizes and locations, has been investigated. This
study focuses on the presence of contaminants in the insulation and shield regions,
though research on specific contaminants like silicon, selenium, phosphorus, and
sulfur remains limited. The electrical stress enhancement and current density caused
by these contaminants has been evaluated through a comparative study, identifying
key factors that contribute to the stochastic degradation of insulation. The results
demonstrate the severity of local electric stress under the influence of various
contaminants in the cable, and this advanced method has been successfully applied to
monitor actual XLPE contaminated insulation.

Keywords: XLPE, contaminants, degradation, electric field amplification,
current density
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INTRODUCTION

Polymers have been used in the cable business since ancient times. Low
density polyethylene (LDPE), high density polyethylene (HDPE), and cross-linked
polyethylene (XLPE) are the three polymers that have replaced paper and polyvinyl
chloride (PVC). Avoiding the variability of cable insulating material throughout the
production and installation processes is extremely challenging (Yang Xu, Pan Luo
et.al., 2014). Previous research found that water treeing and electrical treeing are the
causes of failure and degradation in polymeric materials. Water treeing is caused by
the presence of water, an electric field, and contaminants. A. T. Bulinski 1998 reported
that macrostructured trees contain large quantities of metals and ionic contaminants.
According to theory, water treeing and thermal bond breakage at faults occur when
molecular chain bond energies exceed local tensions (A. T. Bulinski 1998). Carboxylates
are the most major oxidative byproduct (R. Ross et al., 1992). The concentration of
oxidative byproducts in the water tree area rises with oxidation. Fan & Yoshimura 1996
discovered that the chemical reduction potential is the most important feature of metal
ions. According to James J. Xu & Steven A. Boggs 1994, several transition metal ions
cause polymer oxidation at the polymer/water contact. The material's main electrical
features include dielectric measurements, conduction currents, and space charge
characteristics (J.C.Fothergill et al. 2003). Contaminants, protrusions, and voids are the
weakest points that cause electrical failure in polymeric cables. Carbon black material
is another possible source of contamination, as is the interaction of strong electrical
stresses with ionic species inside semiconductors to produce water trees (Karl-Michael
Jager et al., 2005). According to the electro-osmosis hypothesis, a distributed
ion/contaminant undergoing repeated recombination and resolving processes fatigues
the insulation surrounding the ion/contaminant sites, resulting in irreversible
mechanical damage to the polymer (Andrew ]. Thomas et al., 2008). A method of
variable charge mobility lowers the local activation energy. Zepeng Lv et al., 2017
shown that local electric field distortion is required to induce polymer chain
movement. The primary elements assessed by Neutron activation analysis (NAA) in
XLPE cables are sodium (Na), silicon (Si), aluminum (Al), sulfur (S), chlorine (Cl),
potassium (K), calcium (Ca), and copper (Cu) (Serge Pdlissou 1990). According to
Takeo Kubota et al. 1994, impurities (metallic impurity in insulation) account for 74%
of breakdown, whereas protrusions account for 26 %.

CABLE CONFIGURATION AND OVERVIEW

A 400KV, single core, 2500 sq.mm Extra High Voltage AC underground power
cable is explored and investigated for a simulation analysis. The suggested study is
based on the implementation of contaminant particles implanted in cable. Figure 1a
depicts the preferred cable configuration, which has four primary layers: conductor,
inner and outer semi-conductive screens, insulation, and sheath. The extruded primary
insulation provides for a maximum allowed conductor continuous operation
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temperature of 90°C. This research examines the both normal design of a single core

XLPE underground healthy cable and a contaminated cable. Table 1 illustrates the

cable specification with thickness values for each layer.

In the earlier studies, the primary interest is the presence of different

contaminants and focuses solely on the pulse voltage with varied amplitude and pulse

widths of 3 msec, as illustrated in Figure 1b, when applied to the conductor boundary

conditions and zero potential on metallic sheaths. This short duration pulse parameter

is tested for modeling purposes.
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Fig.1 (a) Structure of the 400kV cable with presence of contaminant (b) Applied

Pulse voltage (Priya Selvamany et al., 2019)

The maximum electric field can be calculated as

(1)

Emax = V/Rin ln(Rout/Rin)

The analytical value obtained for maximum dielectric stress at conductor screen is 10.9

kV/mm whereas for insulation screen is 6 kV/mm is obtained by using equation 1.

Table 1 Thickness (T) value for each layer (Priya Selvamany et al., 2019)

Description Particulars T(mm)
Conductor diameter Copper 63.5
Conductor screen Semi-conducting 1.7mm
thermosetting compound
Insulation Cross-linked polyethylene 27mm
Insulation screen Semi-conducting 2.2mm
thermosetting compound
Metallic sheath Cu-Te lead alloy 2.9mm
Over sheath Black HDPE compound 6.0mm
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SIMULATION USING FINITE ELEMENT METHOD(FEM)

Numerical simulations are used to test the cable model using pulse voltage of
peak value 10 kV in cross-linked polyethylene (XLPE), and a full explanation is
provided. Figure 2 depicts in detail the three- and two-dimensional (2D) cable
description models, as well as the presence of contamination geometries. The
contamination geometry is represented as a spheroidal form, with radius R. For
simulation analysis, spheroidal contaminants are sized at 10pm, 20pm, 40pm, and
80pm radius. Extensive study is conducted on contaminants such as sulphur, selenium,
phosphorus, and silicon.

() (b)
Fig. 2 Mesh formation in XLPE cable with inclusion of contaminants (a) 3D (b)

2D

The simulations with and without contaminants in the cable model are used for
analysis. The Evolution of Global AC/DC electric current equation is as follows:

=V.(0 + jwey)VV = Q; (2)

The set of equations relating electric field E to electric potential V reads as

E=-VV
3)

The physics interface solves a current conservation equation:

J= (a+£osr %)E+]e
(4)

The correctness of the solution is highly influenced by the size and form of the
mesh components. For 3D geometry, a mapped mesh with free tetrahedral components
consists of 6 domains, 40 borders, 72 edges, and 44 vertices. A complete mesh
consisting of 189952 domain elements, 15864 boundary elements, and 1104 edge
elements was generated. The minimal element quality is 0.1986, and the number of
degrees of freedom solved is 1485359. This software generates an incredibly tiny mesh
for the completed 2D geometry, which contains 9 domains, 36 borders, and 36 vertices,
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with a total degree of freedom of 128821.The simulation study aids in understanding
the detailed performance of the contaminated cable, and the results of several
parametric calculations such as current density are reported. As a result, the following
parameters are utilized to replicate the various contaminants as assigned from table 2.

Table 2 Material properties of contaminants (Priya Selvamany et al., 2019)

Description Relative permittivity Electrical
conductivity
(S/m)

Copper 1 5.8x107

XLPE 2.3 1x1015

Inner and outer 3.2 1x10-14

semiconductive screen

Silicon 11.68 1.56x10-3
Sulphur 2.7 5x10-16
Selenium 5.4 1x10-4
Phosphorous 41 1x10°

RESULTS AND DISCUSSION

In this study, for a pulse width of 3ms, the suggested applied pulse voltage has
a rising and declining part with varied amplitude. The impact of rising part of pulse
voltage 10kV at instant 0.05ms is illustrated in the next subdivision. Furthermore, the
influence of the decaying part is evaluated for a time of roughly 0.4ms and a voltage
magnitude of 5kV. First, the contaminant location is chosen on the insulation region at
a distance of 9mm from the inner semiconductor surface, and then the particle is
embedded in the center of the conductor shield, and their results are evaluated and
reported here. Distinctive results are delivered in power cable configurations. The
acquired findings represent the fundamental pattern and serve as a baseline for
comparing the presence of various contaminants in both 2D and 3D views.

EFFECTS OF NON-CONTAMINATION IN XLPE CABLE: IMPLICATIONS
FOR ELECTRICAL PERFORMANCE AND SYSTEM INTEGRITY

To assess the impact of actual impurities on XLPE insulation, it is essential to
compare the results with those of a non-contaminated (healthy) cable. As a baseline, a
healthy 400 kV cable was simulated to understand the natural behavior of the
insulation without impurities. This simulation aimed to achieve a uniform distribution
of the electric field and equipotential lines across a 20 mm section of the cable
insulation. The resulting data is presented as a surface plot with distinct color
gradients, illustrating the hierarchical variation of key electrical parameters, as shown
in Fig. 3.
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Fig.3 (a) Surface plot of electric potential (b) Contour plot of electric potential (c)
surface plot of electric field distribution in XLPE cable (d) surface plot of surface plot
of current density in XLPE cable

IMPACT OF CONTAMINANTS ON XLPE CABLE: CONSEQUENCES FOR
OPERATIONAL RELIABILITY AND INSULATION QUALITY

Carbon black is used to create semi-conductive screening materials, and other
necessary additives are included into the polymer matrix (Parpal J.-L et al., 1993 ).
Previous research indicated that shield resin is highly polluted (Pelissou 1994). The
authors Kwang S. Suh, Sun J. Hwang, Jin S. Noh, and Tatsuo Takada 1994 report on the
ambiguity of charge buildup properties in XLPE. The mechanism of homocharge
accumulation is known as space charge production, whereas heterocharge variation in
XLPE is known as spatial charge. This disparity might be attributed to the composition
of XLPE. However, very little study has been published on the fluctuation of current
density caused by different contaminants in XLPE cable. Two instances have been
recognized in relation to contaminants found in the insulation and shield regions. The
current density and pulse voltage influence in situations are investigated. The reason is
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that the influence of impurities on the shield causes a high intensity local effect, and
therefore the influence of same impurities in the region far from the conductor is little
due to uniform current distribution. Hence, the impact of current density involves
inhomogeneous heating. Furthermore, when the contamination in the region far from
the conductor is compared to the position of the inner shield, as illustrated in Figure 4.
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Fig.4 Intensity of Current density due to various contaminant on 400 kV XLPE cable
(a, b) centre of inner shield at t,0.05ms (c,d) 1/3rd distance in the insulation

Fig. 4a and 4c explode the variation of current density under the presence of
impurities in insulation and shield region. When the contaminant located on insulation
as well as in shield region, the conductor achieved maximum current density of
58A/m?2 and 71.7A/m? respectively. It is found that the current density is not much
varied due to utilization of smaller microns in both cases. From the above observed
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results, the contaminant electrical conductivity equals even though contaminant size
varies. The simulated value for each domain layer of XLPE cable is inner semicon 0.395

A/m?2, insulation 0.27 A/m?2, outer semicon

0.21A/m? .Compared to various

impurities, the maximum current density obtained for silicon contaminant which is
located in insulation region as 0.604 A/m? and for shield region is 0.79 A/m? . In the
earlier study, simplified 2D model was repeatedly used to examine the influence of the
contaminants. The different nature of spherical contaminants simulated by 3D model,
which leads to better accuracy.

Silicon

Time=0.05 me Volume: Current density norm (Am*)

Sulphur

e Time=0.05ms Volume: Current density norm (A/m?)

Selenium

Time=0.05 ms Volume: Current density norm (A/m*)

(5]

Phosphorous

Time=0.05ms Volume: Current densty nomm (Aim’)

Fig. 5 Current density in the presence of 3D spherical contaminant with respect to

time at center of the shield

Figure 5 signposts a volume plot and graphical pattern of current density for

center of the shield location. According to the colour code, it is well cleared about the

non-uniform distribution of current intensity in each contaminant case. The effect of

selenium contaminant within inner shield is to increase the current density comparable

to insulation region. Comparison between 2D and 3D results for same conditions of

pulse voltage on spherical contaminants shows that sulphur contaminant result in

smaller current density while silicon results larger. The nearer the contaminant to the

conductor shield, the larger the current density. From figure 6, it may be accounted for

comparing the results of various contaminant such as silicon 23.5%, sulphur 9.2%,

selenium 22.4% and phosphorous 11.4% increase in the current density against position

of contaminant in insulation region. It is well agreed with 2D and 3D simulation results

are coordinated with each other.
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CONCLUSION

This study investigates the effects of impurities confined within the insulation
and inner semiconductor shield of XLPE cables. The current density distribution within
the contaminated regions under pulsed voltage conditions was analyzed. Results show
that contaminants such as silicon and selenium, when present in the insulation layer,
significantly increase electric field stress, potentially promoting water-treeing
phenomena. Among all contaminant positions, those located in the insulation have a
more pronounced impact compared to those in the conductor shield. Notably, the
presence of sulfur on either the insulation or inner shield surfaces tends to reduce
current density, whereas silicon contamination on the shield results in the highest
current intensity —approximately 23.5% higher than when located in the insulation.
These findings are based on the studied range of contaminant size, position, and
material properties outlined in this work.
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Abstract

Stepped spillways are vital hydraulic structures for flood control, requiring
accurate prediction of energy dissipation (AE/Eo) for optimal design. Traditional
methods often face limitations in capturing complex flow dynamics. This study
investigates the application of various soft computing techniques: Multivariate
Adaptive Regression Splines (MARS), Artificial Neural Networks (ANN), Support
Vector Regression (SVR), Decision Tree (DT), Gaussian Process Regression (GPR), and
Ensemble Trees (En-T), for predicting energy dissipation on stepped spillways.
Utilizing a published experimental dataset, we employed MARS for feature selection to
identify the most influential hydraulic parameters. Two sets of models were
developed: M1 using all initial features, and M2 using MARS-selected features (Froude
number Fr; and drop number DN=q2/gHu?). Performance was evaluated using R2,
RMSE, MAE, and MAPE. Results indicated that MARS, GPR, and particularly ANN
models achieved superior accuracy and generalization. Feature selection via MARS
(M2 models) yielded comparable or slightly improved performance over models using
all features (M1 models), demonstrating the potential for more efficient and
interpretable models. This research highlights the effectiveness of soft computing,
especially ANN and MARS, combined with feature selection, for enhancing the design
and optimization of stepped spillways.

Keywords : Stepped spillway; Energy dissipation predicton; Selection feature;
MARS; ML
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1. Introduction

Stepped spillways play a crucial role in hydraulic engineering by safely
conveying floodwaters and dissipating excess energy, thereby protecting downstream
areas. Accurate prediction of the relative energy dissipation, AE/Eo, where Ey is the
upstream energy and AE is the energy dissipated, is essential for the safe and economic
design of these structures. Traditional predictive methods can be complex or limited in
their ability to capture the non-linear relationships involved.

Recent advancements in soft computing and machine learning offer promising
alternatives for modeling complex hydraulic phenomena. Techniques such as
Multivariate Adaptive Regression Splines (MARS), Artificial Neural Networks (ANN),
Support Vector Regression (SVR), Decision Tree (DT), Gaussian Process Regression
(GPR), and Ensemble Trees (En-T) have shown potential in various engineering fields
due to their ability to learn from data and model non-linearities.

This paper investigates the application of these machine learning methods to
predict energy dissipation on stepped spillways using a published experimental
dataset. A key aspect of this study is the use of MARS for feature selection to identify
the most critical parameters affecting energy dissipation. We compare the performance
of models developed using all available features versus those using only the MARS-
selected features to assess the impact of feature selection on predictive accuracy. The
objective is to demonstrate the potential of these data-driven techniques for improving
the design and optimization of stepped spillways.

2. Literature Review

Research on energy dissipation in stepped spillways has evolved significantly.
Early studies relied heavily on physical hydraulic modeling. Researchers like Pegram
et al. (1999), Chamani and Rajaratnam (1994), and Chanson (2001) conducted
laboratory experiments to understand flow regimes (nappe, transition, skimming) and
the influence of geometry on energy dissipation. While foundational, physical models
struggle with complex non-linear relationships.

Recognizing these limitations, researchers turned to data-driven approaches.
Salmasi and Ozger (2014) pioneered a neuro-fuzzy approach, combining neural
networks and fuzzy logic to handle imprecise hydraulic data, finding it more accurate
than traditional regression for predicting energy dissipation in skimming flow. Jiang et
al. (2018) combined Support Vector Regression (SVR) with a Genetic Algorithm (GA)
for optimization, using parameters like relative critical flow depth, number of steps,
and slope, achieving high accuracy (R2=0.9540) and outperforming a Back-Propagation
Neural Network (BPNN). Nouri et al. (2020) compared Al-based methods (M5P,
stochastic M5P, Random Forest) with regression, finding AI methods, particularly
those using neural networks trained on large datasets, superior in capturing the
complex factors influencing energy loss.

Soft computing techniques like MARS, ANN, SVR, DT, GPR, and En-T have
proven effective in various hydraulic engineering problems, such as predicting river
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stages, scour depth, sediment transport, flood forecasting, and water resource
optimization. Their application in related fields like environmental and geotechnical
engineering further supports their potential for stepped spillway analysis. This study
builds upon this body of work by systematically comparing multiple ML techniques
and explicitly incorporating feature selection using MARS to improve model efficiency
and interpretability for stepped spillway energy dissipation prediction.

3. Methodology
3.1. Dataset and Preprocessing

This study utilizes the experimental dataset published by Salmasi and Ozger
(2014). The experiments were conducted in laboratory flumes at Shahid Chamran
University, Iran, covering 20 stepped spillway configurations with varying step
numbers (3-50), heights, and slopes (15°,25°,45°) under flow rates from 7 to 50 1/s. The
dataset includes parameters like discharge (q), upstream and downstream energy (Eo
,E1), flow depths (y1,y2), and step geometry.

Dimensional analysis, following Salmasi and Ozger (2014), was used to define
relevant dimensionless parameters. The relative energy dissipation AE/Eo=1-E:/Eo
was expressed as a function of dimensionless groups derived using the Buckingham -
theorem. The key dimensionless input variables considered initially were Froude
number (Frl), relative critical depth (yc/h), drop number (DN=q2/gHw?), number of
steps (N), and spillway slope (S).

The dataset comprises 154 data points, split into a training set (108 points, 70%)
and a testing set (46 points, 30%). Data preprocessing involved normalization to ensure
suitability for ML models. Based on comparative performance evaluation, Z-Score
standardization was selected as the normalization technique for subsequent modeling.

3.2. Feature Selection using MARS

Multivariate Adaptive Regression Splines (MARS) was employed for feature
selection to identify the most influential input variables. MARS builds a model using
piecewise linear basis functions, automatically selecting important variables and their
interactions while avoiding overfitting. The optimal MARS model complexity (number
of basis functions) was determined using Generalized Cross-Validation (GCV) and
Mean Squared Error (MSE), identifying around 15 basis functions as optimal.

ANOVA decomposition and variable importance metrics (delGCV, nSubsets)
from the MARS analysis (Table 3.1) indicated that the Froude number (Frl) and the
drop number (DN=q?/gH«?) were the most significant predictors of energy
dissipation. Variables y./h, N, and S showed negligible importance and were excluded
by the MARS model.

Based on this, two modeling scenarios were defined:

M1: Models trained using all five initial dimensionless inputs (Frl,yc
/h,DN,N,S).
M2: Models trained using only the two MARS-selected inputs (Fr1,DN).
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Table 3.1: Variable Importance and Subset Metrics for MARS model.

Variable | delGCV | nSubsets | subsRSS | subsGCV
Fry 39.473 16 100 100
ye/h 0 0 0 0
q?/gH3 100 16 100 100
N 0 0 0 0
S 0 0 0 0

3.3. Machine Learning Models

Six machine learning techniques were implemented and compared using

MATLAB (2019b):

MARS: Implemented as described above, using piecewise-linear functions
based on comparative performance (Zeroual et al., 2024).

ANN: Feed-forward networks trained using backpropagation. Optimization

involved

selecting activation functions

(Tansig chosen),

training algorithms

(Levenberg-Marquardt chosen), and the optimal number of hidden neurons (10 for M1,

5 for M2) via trial-and-error minimizing MSE.

SVR, DT, GPR, En-T: Implemented using MATLAB's Regression Learner App.
Hyperparameters were optimized using 10-fold cross-validation. Optimal parameters
(e.g., linear kernel for SVR, boosted ensemble for En-T) are detailed in Table 3.2.

Table 3.2: Optimal parameters of the four RLT models.

RLT method Parameters M1 M2
DT Minimum leaf size 12 12
Box constraints 12
SVR Epsilon 0.00031804 0.00031804
Kernel function Linear Linear
Standardised data False False
Sigma: 0.16623 0.16623
Basis function Zero Zero
GPR Kernel function: Isotropic exponential | Isotropic exponential
Kernel scale 0.66404 0.66404
Standarised data true true
Ensemble method Boost Boost
Number of learners 57 57
EnT - -
Minimum leaf size 2 2
Number of predictors to 8 8

3.4. Performance Evaluation

Model performance was assessed using standard statistical metrics calculated
on both the training and testing datasets:

o Coefficient of Determination (R2)
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e Root Mean Squared Error (RMSE)
e Mean Absolute Error (MAE)
e Mean Absolute Percentage Error (MAPE)

The optimal model was selected based on maximizing R2 and minimizing
RMSE, MAE, and MAPE, particularly on the testing set to evaluate generalization
ability.

4. Results and Discussion
4.1. Performance Comparison (M1 vs. M2)

The performance metrics for all six ML techniques under both M1 (all features)
and M2 (MARS-selected features) scenarios are presented in Tables 3.3 and 3.4,
respectively.

Table 3.3: Values of performance parameters for model M1.

Set Performance | \rsps | EnT | GPR | DT SVR | ANN
parameter
R? 0.9994 | 09873 | 0.9975 | 0.9699 0.9594 | 0.9924
.. RMSE 0.0230 | 0.1070 | 0.0479 | 0.1648 0.1913 | 0.0830
Training
MAE 0.0171 | 0.0691 | 0.0208 | 0.1052 0.1288 | 0.0536
MAPE (%) 5.2017 | 16.9766 | 8.3347 | 33.6952 | 38.0409 | 18.5068
R? 0.9932 | 0.9354 | 0.9008 | 0.8654 0.6374 | 0.9964
Testing RMSE 0.0804 | 0.2482 | 0.3077 | 0.3583 0.5881 | 0.0589
MAE 0.0595 | 0.1927 | 0.2514 | 0.2722 0.4496 | 0.0448
MAPE (%) 11.1624 | 57.9999 | 39.7419 | 93.3461 | 62.7608 | 17.6501
Table 3.4: Values of performance parameters for model (M2)
set | Performance |y y\pg| EaT | GPR | DT | SVR | ANN
parameter
R? 0.9998 | 0.9864 | 0.9999 | 0.9686 | 0.9023 | 0.9992
Training RMSE 0.0147 | 0.1106 | 0.0005 | 0.1683 | 0.2970 | 0.0267
MAE 0.0107 | 0.0736 | 0.0003 | 0.1115 | 0.2297 | 0.0174
MAPE (%) | 2.7666 | 20.2488 | 0.0988 | 37.5945 | 68.5699 | 5.2908
R? 0.9977 | 0.9307 | 0.9811 | 0.8645 | 0.8566 | 0.9997
Testing RMSE 0.0471 | 0.2571 | 0.1343 | 0.3596 | 0.3699 | 0.01778
MAE 0.0296 | 0.1972 | 0.0915 | 0.2743 | 0.2808 | 0.01143
MAPE (%) | 5.9658 | 58.4232 | 19.2713 | 95.0417 | 116.3142 | 3.5033

Training Performance: For both M1 and M2, MARS, GPR, and ANN models
generally showed excellent fits on the training data, with R2 values close to 1 and very
low error metrics (RMSE, MAE, MAPE). En-T, DT, and SVR showed comparatively
lower performance on the training set.
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Testing Performance (Generalization): The ANN and MARS models
consistently demonstrated superior generalization ability on the unseen testing data for
both M1 and M2 scenarios, maintaining high R2 values and low error rates. The ANN
model, particularly ANN(M?2), achieved the best testing performance overall
(R2=0.9997, lowest RMSE, MAE, MAPE). GPR also performed well on the test set but
showed a larger increase in error compared to training, suggesting some overfitting.
En-T, DT, and SVR models exhibited weaker generalization, with noticeable drops in
R2 and increases in error metrics on the testing set, indicating overfitting issues.

Impact of Feature Selection: Comparing M1 and M2 results, the models using
only the two MARS-selected features (M2) achieved performance levels that were
comparable to, or even slightly better than, the models using all five initial features
(M1). This was particularly true for the top-performing models (ANN, MARS, GPR).
This indicates that the MARS feature selection successfully identified the most critical
predictors (Frl and DN) and that including the other variables (y./h,N,S) did not
significantly improve, and in some cases might have slightly hindered, the predictive
performance, especially for generalization. The M2 models offer the advantage of
reduced complexity and potentially better interpretability without sacrificing accuracy.

Regression plots (Figures 3.1-3.2) visually confirm these findings, showing tight
clustering around the ideal line for ANN and MARS in testing, while other models
show more scatter, especially in testing. Boxplots of relative errors (Figures 3.3-3.4)
further illustrate the lower error distribution and variance for MARS and ANN
compared to other methods, particularly in the testing phase.

Predicted vs. Actual Values for Testing sets (M1)
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Figure 3.1: Regression plots between actual and predicted values for testing set. (M1).
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Predicted vs. Actual Values for Testing sets (M2)
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Figure 3.2: Regression plots between actual and predicted values for testing set (M2).
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Figure 3.3: Representation of the relative errors for each method using boxplot
diagram for model (M1)
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Relative Errors of Different ML Methods (M2-Testing phase)
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Figure 3.4: Representation of the relative errors for each method using boxplot
diagram for model (M2).

4.2. Discussion

The results strongly suggest that machine learning techniques, particularly
ANN and MARS, are highly effective for predicting energy dissipation on stepped
spillways. The ANN model demonstrated the best overall performance and
generalization capability.

The MARS feature selection proved valuable, identifying Fr1l and DN as the key
drivers of energy dissipation in this dataset. Using only these two features (M2 models)
led to simpler models with excellent predictive power, highlighting the benefit of
feature selection for improving model efficiency and potentially interpretability.

The superior performance of data-driven models like ANN and MARS over
potentially simpler models like DT or SVR (in this specific implementation)
underscores their ability to capture the complex, non-linear hydraulic processes
involved in energy dissipation over stepped structures. The enhanced accuracy offered
by these models can lead to more reliable and optimized stepped spillway designs,
improving safety and cost-effectiveness.

5. Conclusion

This study successfully demonstrated the application of various machine
learning techniques (MARS, ANN, SVR, DT, GPR, En-T) for predicting energy
dissipation (AE/EQ) on stepped spillways using a published dataset. MARS was
effectively used for feature selection, identifying the Froude number (Frl) and drop
number (DN) as the most influential parameters.
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Comparing models built with all initial features (M1) versus only MARS-
selected features (M2), the results showed that M2 models provided comparable or
slightly superior predictive accuracy, particularly for the top-performing algorithms
(ANN, MARS, GPR). The ANN and MARS models consistently outperformed the
other techniques, exhibiting high accuracy (R2>0.99 on testing) and excellent
generalization capabilities.

The findings confirm that soft computing techniques, combined with effective
feature selection, offer powerful tools for hydraulic engineers. They enable more
accurate predictions of complex phenomena like energy dissipation, leading to
improved design, enhanced safety, and optimization of hydraulic structures like
stepped spillways. Future work could involve validating these models on broader
datasets, exploring hybrid modeling approaches, and further investigating the physical
interpretation of the model findings.
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Abstract

This study presents the development and evaluation of blend membranes
composed of Sodium Alginate (NaAlg) and Poly (ethylene glycol) (PEG) for the
pervaporation separation of water-ethanol mixtures. The membranes were fabricated
via solution casting and cross-linked using glutaraldehyde in a water-acetone
medium. Pervaporation experiments were conducted at 30 °C using aqueous ethanol
feed mixtures containing 10-15 wt% water. Sorption studies were performed in both
pure liquids and binary mixtures to assess polymer-liquid interactions and membrane
stability in aqueous environments. Membrane performance was evaluated in terms of
permeation flux and selectivity. Results revealed that the membrane exhibited the
highest selectivity and lowest flux at 10 wt% water in the feed, while an increase in
water content led to higher flux but reduced selectivity. The performance of the
NaAlg-PEG blend membranes was compared with that of pristine NaAlg membranes,
demonstrating enhanced separation efficiency for isopropanol dehydration.
Membranes were characterized using Differential Scanning Calorimetry (DSC) and
Fourier Transform Infrared Spectroscopy (FTIR), confirming successful blending and
cross-linking. The membrane thickness ranged between 35 and 40 um. Gravimetric
sorption experiments, conducted on circular disc-shaped membrane samples, further
validated the interaction behavior of the membranes in water-ethanol systems.

Keywords: Sodium Alginate, Poly(ethylene glycol), Pervaporation, Water-
Ethanol Separation, Flux, Selectivity, Sorption, Cross-linking

Introduction

Pervaporation (PV) has emerged as a promising membrane-based separation
technique for the selective separation of close-boiling and azeotropic liquid mixtures,
particularly aqueous-organic systems where conventional methods such as distillation
become energetically inefficient or economically unviable [1,2]. In a typical PV process,
the liquid feed mixture flows along one side of a dense, non-porous membrane, while
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the permeate is collected as vapor on the opposite side under reduced pressure or
sweeping gas conditions. The overall transport through the membrane follows a
solution-diffusion mechanism involving three sequential steps: (i) sorption and
partitioning of the feed components at the membrane-feed interface, (ii) diffusion
through the swollen polymer matrix, and (iii) desorption at the permeate side under
vacuum [3]. PV offers several advantages over conventional separation techniques,
including high selectivity, low energy consumption, mild operating conditions, and
suitability for heat-sensitive and chemically reactive systems [4]. Polymeric membranes
have been extensively employed in PV due to their tunable properties, ease of
processing, and cost-effectiveness. Applications span across dehydration of alcohols,
removal of organics from aqueous streams, separation of isomers, and aroma recovery
from fermentation broths [5,6]. Recently, the development of polymeric blend
membranes has gained significant attention to combine desirable properties such as
high permeability from one component and mechanical robustness or selectivity from
another. In this context, membrane modification strategies such as blending,
crosslinking, and copolymerization have been explored to enhance performance
characteristics [7].

Natural polymers, especially polysaccharides, are increasingly favored for
membrane fabrication due to their renewability, biocompatibility, and functional
versatility [8-10]. Sodium Alginate (NaAlg), a water-soluble anionic polysaccharide
derived from brown seaweed, is particularly attractive owing to its excellent film-
forming ability and modifiable structure. Composed of alternating blocks of p-D-
mannuronic acid (M) and a-L-guluronic acid (G), the physicochemical properties of
NaAlg —including hydrophilicity, flexibility, and ion-binding capacity —can be tailored
by varying the M/G ratio or introducing crosslinking agents such as glutaraldehyde or
multivalent cations [11-14]. Prior studies have demonstrated the utility of crosslinked
NaAlg membranes in pervaporation, especially for the dehydration of alcohols and
separation of water-organic mixtures [15-18]. Although efforts have been made to
enhance NaAlg membrane performance through blending with hydrophilic polymers
such as poly(vinyl alcohol) (PVA) or cellulose [19-21], studies involving Poly(ethylene
glycol) (PEG) as a blending partner remain largely unexplored in the context of PV.
PEG, a non-ionic, water-soluble polyether, exhibits excellent miscibility with other
polymers, high chain flexibility, and good chemical stability. It has found wide
applications in biomedical, pharmaceutical, and separation technologies due to its
amphiphilic nature and molecular tunability [22-24]. Incorporating PEG into NaAlg
matrices offers a unique opportunity to modulate hydrophilicity, enhance chain
mobility, and potentially improve the sorption-diffusion dynamics critical to
pervaporation [25,26].

To the best of our knowledge, there are no systematic reports on the
pervaporation performance of NaAlg-PEG blend membranes for the separation of
ethanol-water mixtures. This study aims to fill that gap by fabricating crosslinked
NaAlg-PEG blend membranes and investigating their structural, sorptive, and
separation properties. The membranes are characterized using Fourier Transform
Infrared Spectroscopy (FTIR) and Differential Scanning Calorimetry (DSC), while their
PV performance is evaluated in terms of flux and selectivity across varying water
concentrations in the feed. The findings are compared with pristine NaAlg membranes
to establish the synergistic role of PEG in modulating membrane behavior. These
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insights are expected to contribute to the rational design of high-performance
biopolymer-based membranes for energy-efficient liquid separations.

2. Experimental methodology
2.1 Preparation of PEG/NaAlg blend membrane

In this study, PEG/NaAlg blend membranes were synthesized via the solution
casting method, a reliable and uniform film-forming technique commonly used for
fabricating polymeric membranes. The blending ratio was optimized with 20% PEG
and 80% sodium alginate (NaAlg), utilizing PEG for its hydrophilicity and NaAlg for
its film-forming and ionic crosslinking properties. PEG was first fully dissolved in
distilled water under constant magnetic stirring for 24 hours to ensure homogeneity.
Subsequently, NaAlg was added to the solution. The resulting blend was cast onto a
clean, dust-free glass plate and air-dried under ambient conditions to avoid bubble
formation and ensure uniform film thickness. After drying, the membranes were
crosslinked using a 75% aqueous-acetone bath containing glutaraldehyde (GA) and
hydrochloric acid (HCI), promoting network formation through aldehyde-carboxylic
interactions. This step enhances the membrane's mechanical strength and chemical
stability. The final dried membranes exhibited a consistent thickness in the range of 30-
35 pm, confirmed by micrometry.

2.2 Sorption studies

Sorption studies were conducted to assess the affinity of the blend membranes
toward water and ethanol, which is essential for evaluating their pervaporation
performance. Membranes were equilibrated with various feed compositions at 30°C for
48 hours in specially designed airtight chambers. After equilibration, swollen samples
were carefully weighed following the removal of surface liquid using filter paper. The
degree of sorption (DS) was calculated gravimetrically by comparing the weights of the
swollen and dry membranes. This parameter provides critical information about the
polymer's swelling behavior, influencing diffusion and transport selectivity during
pervaporation[27] . After complete swelling, the % of sorption, DS, was calculated as:

W —W
%DS=[°°—°J><100 1

0

where W, and W) are weights of sorbed and dry membranes, respectively
2.3 Pervaporation experiments

Pervaporation (PV) experiments were performed to examine the dehydration
performance of the PEG/NaAlg membranes. Before each experiment, membranes were
equilibrated with the feed mixture for 2 to 4 hours. Permeate was collected over 4 to 5
hours in cold traps immersed in liquid nitrogen to minimize condensation losses. The
weight of the permeate was measured using a high-precision balance, and flux was
calculated based on the permeate weight, membrane area, and time of collection.
Pervaporation selectivity (“pv) was determined by comparing the water content in the
permeate with that in the feed, as determined by refractive index analysis[28,29].

Pervaporation selectivity, (apv) was calculated as,
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P 1-F
Apy = A A 3
1-p, ) F,

4

Where Fais wt % of water in the feed and Pa is wt % of water in the permeate.

All measurements were performed in triplicate to ensure accuracy and
consistency under steady-state conditions.

2.4 Refractive index measurement

Quantitative compositional analysis of the permeate was carried out using an
Abbe refractometer (Atago 3T, Japan) with a precision of +0.0002. The instrument was
equipped with a thermostatically controlled prism system to maintain constant
temperature during measurements. The refractive index (nD) of the test liquid was
determined by observing the boundary between light and dark fields in the
viewfinder, allowing direct reading of nD values. The water content of permeates was
estimated by comparing the measured values with a standard calibration curve.

2.5 Fourier transform infrared (FTIR) spectroscopy

FTIR spectroscopy was used to analyze chemical interactions and confirm the
crosslinking in the PEG/NaAlg membranes. Finely powdered membrane samples
were mixed with KBr and pressed into pellets under a hydraulic pressure of 600
kg/cm? To improve reproducibility, the pelleting process was repeated multiple times.
FTIR spectra were recorded over a wavelength range of 400 to 4000 cm™. The presence
and shifts of characteristic peaks corresponding to functional groups such as hydroxyl,
carboxyl, and aldehyde confirmed successful blending and crosslinking.

2.6 Differential scanning calorimetry (DSC)

DSC analysis was performed to evaluate the thermal transitions and stability of
the blend membranes. Samples were first heated to remove residual moisture.
Thermograms were recorded from 30°C to 400°C at a heating rate of 10°C/min under a
nitrogen atmosphere. The sample pan was conditioned before analysis to ensure
measurement accuracy. Thermal data were used to assess the glass transition
temperature, melting behavior, and phase interactions, providing insights into the
membrane's structural and thermal stability.

3. Results and Discussion:
3.1. Crosslinking of NaAlg/PEG blend membrane

The solutions of PEG, NaAlg, and NaAlg-PEG blend were optically clear,
showing no signs of phase separation or precipitation, even after 2-3 months at
ambient temperature.
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Scheme 1 illustrates the crosslink formation in the NaAlg-PEG blend via interaction
with the -CHO groups of glutaraldehyde.
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Scheme 1: Model structure of crosslinked NaAlg-PEG blend membranes

3.2. FTIR studies

FTIR spectra of (a) uncrosslinked and (b) crosslinked NaAlg-PEG blend
membranes (Fig. 1) provide compelling evidence for the occurrence of crosslinking
reactions. The prominent broad peak observed at 3401.03 cm™ is attributed to O-H
stretching vibrations from both NaAlg and PEG components, indicating hydrogen
bonding and hydroxyl functionality in the polymeric matrix. Distinct sharp bands at
2925.5 cm™ and 2863 cm™ correspond to C-H stretching vibrations of aliphatic -CH,
groups. A well-defined peak at 1647.34 cm™ is associated with C=O stretching, likely
from residual carboxylate groups of NaAlg. Notably, the marked increase in peak
intensity at 1097 cm™ in the crosslinked membrane signifies the formation of acetal
linkages and ether bonds between hydroxyl groups of NaAlg/PEG and the aldehydic
groups of glutaraldehyde. This increase strongly confirms the successful crosslinking
reaction and structural modification of the membrane matrix
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Fig. 1: FTIR spectra of (a) crosslinked and (b) uncrosslinked NaAlg-PEG blend
membranes

3.3. DSC Analysis

Differential Scanning Calorimetry (DSC) analysis was performed to investigate
the thermal behavior and phase transitions of NaAlg upon blending with PEG and
subsequent crosslinking, as shown in Fig. 2. The thermogram of the crosslinked plain
NaAlg membrane (Fig. 2a) exhibited a distinct endothermic peak at approximately
188°C, corresponding to its melting transition. In contrast, the uncrosslinked NaAlg-
PEG blend membrane (Fig. 2b) showed a slightly reduced endothermic peak at around
182°C, indicating partial disruption of the crystalline structure due to the introduction
of PEG into the NaAlg matrix. Further reduction in the melting transition to 178°C was
observed in the crosslinked NaAlg-PEG blend membrane (Fig. 2c). This downward
shift in melting temperature suggests a significant decrease in the crystallinity of the
polymer matrix, attributed to the crosslinking process. The formation of covalent
crosslinks likely hinders regular polymer chain packing, leading to reduced thermal
stability and altered molecular mobility. These findings collectively confirm the
structural modifications induced by both blending and crosslinking,.
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Fig. 2: DSC thermograms of (a) crosslinked plain NaAlg, (b) uncrosslinked NaAlg-PEG
blend, and (c) crosslinked NaAlg-PEG blend membranes.

3.4. Swelling Results

The swelling behavior of NaAlg and NaAlg-PEG (80:20) membranes was
evaluated in water-isopropanol mixtures with varying water content (0-100%) at room
temperature, as shown in Fig. 3. Swelling is governed by the diffusion of solvent
molecules relative to the relaxation of polymer chains, as described by Fick’s theory
[30]. The study revealed that swelling is inversely proportional to the degree of
crosslinking, with crosslinked membranes exhibiting reduced swelling. The NaAlg-
PEG (80:20) blend membrane demonstrated significantly higher swelling compared to
plain NaAlg, indicating enhanced hydrophilicity. The presence of PEG in the blend
increased membrane flexibility and free volume, thereby facilitating greater water
uptake. These observations suggest that PEG incorporation enhances water selectivity
and swelling capacity, making the blend membranes more suitable for aqueous

separation applications.
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Fig. 3: Degree of swelling versus weight percentage of water in the feed for
plain NaAlg (m) and NaAlg-PEG (80:20) (e) membranes at 30 °C.

3.5. Pervaporation (PV) results
3.5.1. Membrane performance

Pervaporation (PV) performance was evaluated by measuring flux and
selectivity for water over ethanol, with molecular transport governed by the solution-
diffusion model. The NaAlg-PEG blend membranes exhibited enhanced flux and
selectivity compared to pure NaAlg membranes, primarily due to increased
hydrophilicity and improved membrane swelling. This improved performance
suggests that blending NaAlg with PEG positively affects the membrane's ability to
separate water from ethanol in pervaporation applications [31,32]. Table 1 provides the
detailed pervaporation performance data of both NaAlg and NaAlg-PEG blend
membranes in water-isopropanol mixtures.
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Table 1: Pervaporation performance of NaAlg and NaAlg-PEG blend membranes in
water-isopropanol mixtures

S.No Wate Water Selec Water in
r in Feed Flux (kg/m? h) tivity (a) Permeate (%)
(%)
Pure
NaAlg membrane

1 10 0.250 147.7 94.26

9
2 20 0.373 48.56 92.39
3 30 0.514 20.34 89.71
4 40 0.726 9.78 86.71
5 50 0.891 4.82 82.83

NaAlg-
PEG (80:20) blend

1 10 0.316 480.1 98.16

3
2 20 0.543 197.0 98.01

0
3 30 0.679 72.21 96.87
4 40 0.983 2418 94.16
5 50 1.321 11.78 92.18

3.5.2. Effect of feed composition

The effect of feed composition on pervaporation performance was examined by
varying the water content in the feed solution and evaluating its impact on both water
flux and selectivity at 30°C. As shown in Fig. 4 and 5, for the pure NaAlg membrane,
water flux increased significantly from 0.250 to 0.891 kg/m2?h as the water
concentration in the feed rose from 10 to 50 wt%. This increase is attributed to
enhanced membrane plasticization and swelling. However, a corresponding decline in
selectivity was observed, dropping sharply from 147.79 to 4.82, indicating a trade-off
between permeability and selectivity. In the case of the NaAlg-PEG (80:20) membrane,
the flux rose even higher to 1.321 kg/m?2h with increased water content, reflecting
greater swelling due to PEG's hydrophilic nature.
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Fig. 4. Water flux vs. wt% of water in feed for plain NaAlg (m) and NaAlg-PEG (80:20)
(e) membranes at 30°C.

Although selectivity also declined from 480.13 to 11.78; it remained higher than
that of the pure NaAlg membrane across all compositions, demonstrating that PEG
incorporation enhances water transport without compromising selectivity to the same
extent.
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Fig. 5. Selectivity vs. wt% of water in feed for plain NaAlg (m) and NaAlg-PEG (80:20)
(®) membranes at 30°C.

3.5.3. Comparison with literature

The pervaporation (PV) performance of the NaAlg-PEG (80:20) blend
membrane developed in the present study demonstrates superior characteristics when
compared with several literature-reported membranes for water-ethanol separation at
30°C. At a feed composition of 10% water, the NaAlg-PEG (80:20) membrane exhibited
a flux of 0.316 kg/m? h and a remarkably high selectivity of 480.13. This is significantly
higher than that of the plain NaAlg membrane from the current study, which showed a
flux of 0.250 kg/m? h and selectivity of 147.79, indicating the positive impact of PEG
incorporation in enhancing membrane hydrophilicity and transport performance.
Compared to other reported systems (Table 2), such as the CS/NaAlg (50:50)
membrane with 0.22 kg/m? h flux and selectivity of 436.45 at 13.56% water feed [33],
the NaAlg-PEG (80:20) membrane provides a higher flux and better selectivity at a
lower water feed concentration. Similarly, NaAlg/HEMA blend membranes at 10%
water feed reported lower flux and significantly reduced selectivities—56 and 79 for
90:10 and 80:20 blends, respectively [34]. These comparisons clearly demonstrate that
the NaAlg-PEG (80:20) membrane not only enhances water transport but also
significantly improves water-ethanol separation efficiency, making it a promising
candidate for efficient pervaporation applications.

Table 2: Comparison of PV performance of current NaAlg-PEG (80:20) blend
membrane with literature-reported membranes for water-ethanol mixtures at 30°C
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Membrane Water in Feed | Flux Selectivity | Reference
(%) (kg/m? h)

Plain NaAlg 10 0.250 147.79 Present
work

NaAlg-PEG (80:20) 10 0.316 480.13 Present
work

CS/NaAlg (50:50) 13.56 0.22 436.45 [30]

NaAlg/HEMA 10 0.210 56 [31]

(90:10)

NaAlg/HEMA 10 0.245 79 [31]

(80:20)

Where: NaAlg: Sodium Alginate, CS: Chitosan, HEMA: Poly(hydroxyethyl methacrylate)

4. Conclusion

In the biopharmaceutical and chemical industries, ethanol is widely used as a
solvent; however, its separation from water at the azeotropic point (89.4 mol% ethanol
at 78°C) presents a significant challenge due to the formation of a constant boiling
mixture. Traditional azeotropic distillation, which typically employs benzene as an
entrainer, is not only energy-intensive but also raises concerns over product purity and
safety due to the carcinogenic nature of benzene. In this context, pervaporation (PV)
emerges as a promising alternative separation technique, offering lower energy
consumption and eliminating the need for hazardous entrainers. The NaAlg-PEG
(80:20) blend membrane developed in this study demonstrated excellent pervaporation
performance with high water flux and selectivity at the azeotropic feed composition
(10 wt% water), indicating its strong potential to effectively break the ethanol-water
azeotrope. This performance highlights the membrane’s suitability as a clean and
efficient "third phase" in place of conventional entrainers. Moreover, the membrane's
performance suggests its viability in hybrid separation systems, such as distillation-PV
integration, for enhanced ethanol dehydration. Therefore, the NaAlg-PEG blend
membrane not only offers a safer and greener alternative to conventional methods but
also provides a robust platform for future industrial-scale applications in ethanol
purification.
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Abstract

Oil spills through operational or accidental discharges are common in the activity of
ships, especially in protected areas and in the Albanian coastal area. Due to the activity of
fishing vessels and the presence of marine pollution, ecosystem development in the area is
among the lowest in the region. The ecosystem along the coast is being threatened by constant
erosion due to over fishing and the crude oil tanker traffic. Besides oil spills, ships activity emit
other types of hazardous materials such as marine waste, hazardous and harmful substances
that are sources of marine pollution. With increased shipping traffic, the current regime for
environmental protection may not be sufficient to protect the marine environment of the area.
With more ships traversing the area, safety and environmental concerns will become more
acute for Albanian state. Fishing vessels usually do not comply with the rules of navigation and
do not meet the standards required for the conservation of the marine environment.This paper
examines this situation and proposes possible legal measures for coastal states to increase their
regulatory power and enforcement that is limited by the application of the LOSC Convention.
The proposed legal measures provide a platform to strengthen their power and to ensure that
the marine environment can be protected from pollution and damage. An available option to
assist in the protection of the coastal zone is to propose additional safeguards within the IMO
competency such as the designation of separate areas under MARPOL 73/78. In adittion it is
recommended that efforts be made to further promote the development of cooperation
mechanisms between state and private institutions in the efficient management of the coastal
zone. The coastal area is a navigational area, especially for cargo and fishing vessels, the
proposed measures will not be fully applicable if their crews are unaware of them. Therefore, it
is important for users of these tools to continue supporting existing plans for the protection and
development of this area.This will ultimately promote a situation which maintains a better
balance between the rights of navigation and the protection and preservation of the marine
environment of the coastal area.

Keywords: maritime transportation, fishing vessels, marine environmental, coastal
areas, oil spills.
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Introduction

The Republic of Albania is a country in South-Eastern Europe. It is bordered by
Montenegro to the northwest, Kosovo to the northeast, the Former Yugoslav Republic
of Macedonia to the east and Greece to the south and southeast. Albania has a coastline
427 km long with 273 km of coast in the West facing the Adriatic Sea and 154 km of
coast in the South West on the Ionian Sea. Internal waters represent 735 km? and the
territorial waters (extending from the internal waters to 12 nautical miles offshore)
represent 5,322 km?2. Albania’s marine ecosystems and coastal wetlands are rich in
habitat typologies and associated biodiversity. They constitute an important part of
natural heritage, not only for the country itself, but also for the Mediterranean region
as a whole. The main threats to the coastal marine environment have been identified
and are listed hereafter: uncontrolled urban and tourism development; increased
pollution in particular due to untreated waste and sewage discharged into the sea;
deforestation and erosion; low public awareness and education on marine and coastal
issues; abusive interventions in river beds and watersheds; unsustainable land
reclamation in coastal wetlands; illegal fishing and hunting; unsustainable fishery and
aquaculture.[6,7]

Integrated Coastal Zone Management

Coastal erosion is a significant problem in the northern and central coastal
regions. Sediment discharges from rivers are relatively large, which explains the very
dynamic nature of the deltaic development of the coast, resulting in the rapid
development of new coastal features, such as spits and lagoons. The main causes of
coastal erosion are: sediment input (mainly brought by rivers); reduced sand amount
in the coastal zone due to anthropogenic activities (sand extraction from beaches and
the sea bottom - although this is prohibited by law); the changing location of river
mouths in deltaic systems as a result of natural causes or anthropogenic effects; the
alteration of the usual pattern of coastal currents and the associated sediment transport
along and across the shoreline, due to manmade structures built along the coast.[1]

Management plans of protected areas will include at least the following;:

a) Management objectives of a protected area;
b) Mechanisms and direction authority either of the Ministry of Environment,
other state organs or organizations and juridical persons;
c) Processes and categories of activities which threaten or are menacing to the
protected area and its surrounding areas inclusive;
d) Regulatory or administrative measures necessary to avoid or lessen the
identified threats;
e) Permitted activities within the protected area;
f) The right activities for surrounding areas including buffer areas and beyond;
g) Conditions for control of tourism and other services;
h) Conditions for scientific research, inventory and monitoring;
Albanian coastal ecosystem resources and cultural assets to promote their sustainable
development and management.[3,6]
The main outputs are:
e establishing an Integrated Coastal Zone Management institutional and policy
framework;
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e strengthening the broader regulatory and enforcement capacity at the central,
regional and local levels for the protection of coastal and marine natural
resources;

e increasing access to basic services associated with the improvement of the
quality of life and attractiveness of the coastal areas; and

e implementing sub-projects aiming at promoting sustainable tourism
development.

Implementation of Conventions for the Protection of Marine Environment

An emergency fishing incident is, first of all, the loss of the fishing gear. It is
associated with failures of technical equipment, errors of vessels operators while
tishing, meteorological conditions, etc. Fishing vessels must comply with the discharge
restrictions, but are exempt from any specific ship-board equipment requirements.

In most cases this means that oily mixtures must be stored onboard for disposal
at port waste reception facilities. This includes diesel, hydraulic fluids and bilge water
with any concentration of 0il.[4,9]

To reduce a potential oil discharge:

e All leakage of fuel oil, lubricating oil and cooling water should be dealt with as
soon as it is detected. If repairs cannot be carried out by the crew at sea, they
should be done as soon as the vessel reaches port.

e A drip tray should be fitted under all engines with suitable drainage to a
holding tank or drum for disposal ashore.

e Make sure that engine rooms and other machinery spaces are fitted with sump
plumbing so that any leakage is collected in the sump instead of the bilge.

e Make sure that the propeller shaft seal is in good working order.

e Where the manufacturer’s warranty is not affected, high efficiency bypass oil
filters can be installed that extend the life of the engine oil and reduce the need
for frequent oil changes.

Lost fishing gear may harm the marine environment or create a navigational
hazard.Garbage such as rope and plastic material can also get caught in propeller
shafts or block water intakes, causing major damage and expensive repairs and posing
a risk to the safety of vessels. Whenever practicable, fishing gear should have
degradable panels of natural material to reduce the entanglement of marine life.[2]

The law states that fishing vessels must make every effort to retrieve all lost or
damaged fishing gear. Fishing vessel operators are also required to record the
discharge or loss of fishing gear in the garbage record book or ship log. The best way to
avoid the discharge of garbage and the possibility of fines is to reduce the amount of
potential garbage taken onboard and the amount of garbage generated through the use
of packaged items. Where is possible, consider how much waste a product will
generate when buying products.

The use of reusable and recyclable packaging and avoiding plastic packaging,
unless it is reusable or recyclable, are all ways to reduce the amount of waste
generated.
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If fishing vessels are unable to incinerate their rubbish, they will need sufficient
storage space and equipment-including cans, drums, bags or other containers-to retain
all plastics for disposal ashore.[1,3]

Protecting the Marine Environment from Fishing Vessels

Fishing, including aquaculture, provides a vital source of food, employment,
recreation, trade and economic prosperity to people around the world, present and
future generations, and should therefore be addressed in a responsible manner.

Fisheries management bodies should through a suitable policy and appropriate
legal framework, take measures for the conservation and sustainable use of fishery
resources. Preservation and management measures at the local and national level
should be based on the best scientific evidence and be conceived to ensure long-term
sustainability to guarantee their existence for present and future generations.

The management of fishing and the impact on the environment objectives are:

e assessing the negative environmental consequences from human activities and
where possible, correcting;

e reduce the consequences of pollution from waste, junk and lost fishing gear,

e development and use of fishing gear and techniques, economically viable and
environmentally safe.

Where fishing capacity exists, such mechanisms should be established to
include capacity monitoring of fishing fleets. Examine the characteristics of all existing
tishing tools, methods and practices and take measures to ensure that tools, methods
and practices that are not in line with technical standards are excluded and replaced
with more acceptable alternatives.

Owners and managers should ensure that their vessels are equipped with the
appropriate equipment as required by the MARPOL 73/78 Convention and must
consider installing a combustion furnace for the relevant types of vessels for the
purpose of handling waste of food and other waste generated during normal ship's
service. In adittion, the fishing vessel crew must be familiar with the proper procedures
of the ship board in order to ensure that the discharges do not exceed the levels
established by MARPOL 73/78. These procedures should include the elimination of oil
waste and the handling and collection of other shipboard waste.[3,10]

In the design and construction stage of ports and harbors for fishing vessels
should be considered:

e to provide safe places for fishing vessels and adequate service structures for
ships,

e ensure the supply of fresh water and sanitation facilities;

e to implement waste elimination systems, including the elimination of oil, oil
residues and damaged fishing gear;

e minimize pollution from fishing activities and external factors;

e settle agreements between different actors to combat erosion and sedimentation
effects,
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e to establish an institutional framework for the improvement of port facilities for
fishing vessels, which shall include consultation between the responsible
authorities for the management of the coastal area.

In this aspect, little has been done in Albania to bring favorable conditions for fishing
in the exercise of their normal activity. Today, most of the fishing ports are in bad
conditions, whether in their structural conditions or in the opportunities they have to
serve fishermen. Actually there are four fishing ports in Albania positioned in: Durres,
Vlore, Sarande and Shengjin.

Tab 1 Fishing vessels statistics in Albanian ports

Port Name Ship Amortization Service Years
number
Durrés 90 30% 20-30
Vlora 65 40% 30-40
Saranda 45 25% 25-30
Shéngjin 55 30% 20

About 60% of the ships are imported after 1990 and about 40% are inherited
from the state enterprise before 1990. Fishing vessels result in variations ranging from
10 to 33 m in length. The technical conditions are very bad with an average age of
about 35 years old. Furthermore, fishing ports need to scrub, deepen and build new
quays for vessels.

From frequent inspections it turns out that no ship is equipped with deposits for the
collection of oil waste accumulated by the use of the vessel.

Maritime traffic

Others
3%

The vessels

Purse seine Th ssels with floating
vessels with hooks trauling
6% 9% 12%

Fig 1 Maritime Traffic in Albania

There are no fuel filtration and separation plants for wastewater residues that
are mandatory under the MARPOL 73-78 Convention. Furthermore, there is no
company licensed for the removal of waste, such as oil, oil residues and other waste on
board. As a result of these deficiencies, the wastewater mixed with engine oil is
discharged into the sea, creating a major threat to the marine environment.
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Fig 2. Fishing Port of Vlora

The fishing industry in Albania contributes significantly to the national
economy both in terms of economic income for the country and employment. It is one
of the industries that need investements to enhance shipping safety and to maintain the
standards of uncontaminated marine environment. Meanwhile, fishing boats have
been an important contributor to the reported marine pollution incidents. Fishermen
have an increased responsibility not to pollute the sea that secures their livelihoods.
[6,7]

Integration of Fishing Activities in Coastal Zone Management

Fishers must be recognized as major stakeholders, with their representatives
included in general coastal management planning. Authorities should have a role in
environmental impact studies, issuing construction permits, drafting laws and
regulations, and in decisions regarding the use of coastal areas.

Internal disputes may arise between fishers from different places using the
same area, and between different groups of fishermen, especially with regard to the
use of different fishing gears. Regulations on when and where fishing may be done, or
placing limitations on the use of different gears in different areas or at different times,
are examples of ways to resolve internal disputes. These regulatory measures should
be developed and implemented in consultation with the fishers. [1,9]

If potential conflicts between fishers and other groups using the marine
environment are anticipated, some conflicts may be avoided. The important thing is
that fisheries and coastal area management authorities work cooperatively to identify
and resolve conflicts quickly and fairly.

This requires:
e to provide an appropriate policy, legal and institutional framework with the
aim to achieve sustainable and integrated use of resources, taking into account
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the fragility of coastal ecosystems and the finite nature of their natural
resources and the needs of coastal communities.

e ensure that fishers and fishers representatives are consulted in decision-making
processes and engage in other activities related to planning and development of
coastal zone management.

e to develop, as appropriate, the institutional and legal framework for defining
the potential use of coastal resources and managing the use of these resources,
taking into account the rights of coastal fishing communities and their
traditional practices, how they are in line with sustainable development.

e support the introduction of fishing practices that avoid conflict between fishery
users, and between them and other users of the coastal zone.

With damage prevention in focus, it is important to identify potential effects of
development activities as early as possible. Fishery authorities should monitor, or be
able to collect information on areas of interest to the sector. Fisheries are best integrated
into overall coastal development through informed cooperation with agencies
representing other activities in the area. The aim is to balance various kinds of
developments with the protection of the natural environment, for the benefit of all
coastal area communities.

National Laws and International Conventions

In our national legislation, the basic norms related to the pollution of the coastal
zone by vessels are set by recognizing the shipowner liability regarding sea pollution.
This includes procedures relating to the prosecution of ships and their owners in the
event of marine pollution and damage to coastal areas by vessels, including fishing
vessels.

In accordance to the provisions of current national legislation, direct or indirect
discharging of ballast and bilge water and dumping of any kind of waste and residues
from ships and waterborne crafts into the sea within the territorial waters, free zones
and Exclusive economic regions of Albania, inland waters, straits, harbors, canals and
shores have been prohibited.

All marine and coastal protection activities are based on the implementation of
national laws and international conventions that Albania has already ratified.[5,7]

The Conventions, with relevance and impact on coastal areas, rectified and
signed by the Albanian state authorities include the following;:

e In 1990, Albania acceded to Barcelona Convention for the Protection of
Mediterranean Sea against Pollution;

e On November 29, 1995, Albania acceded to the Ramsar Convention and ratified
it on March 29, 1996. This is very important in terms of management and
administration of the wetland ecosystems, which are very prominent in the
Albanian coast;

e In 2001 Albania ratified amendments of the Barcelona convention and its six
protocols.

e Under the sub-agreement with UNESCO, Albania is making efforts to install
pollution monitoring systems in the coastal areas.
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e International Convention for the Prevention of Pollution from Ships,
(MARPOL73-78),

e Law for the Protection of the Marine Environment of the Republic of Albania
from pollution and damage 2002;

e The law on Environmental Impact Assessment in Albania 2003.

e The law on Ship and Port Security in Albania 2004.

e The law on Environmental Protection in Albania 2011.

CONCLUSIONS

Integrated Coastal Management is necessary to ensure that costal areas are
planned, developed and managed in a responsible and longterm sustainable way. The
coastal zone is subject to many competing uses and fisheries may be pushed out or
marginalized and given lower priority because fishers and their communities are not
as well organized or vocal as other interests such as those from the tourist industries,
aquaculture, manufacturing, etc.[7,8]

To prevent engine spills from seeping off the coast;

e [t is necessary to invest more in the professional training of the crew and
captains, especially in those cases where the ships in which they work carries
dangerous cargo;

e Apply monetary sanctions;

e All the shipping operators should be aware of their responsibilities in the event
of pollution of the marine areas;

e Constant accurate measurement of oil concentrations in water via reliable real-
time equipment.

e Establish a mechanism that helps long-term partnerships with industry,
government, and local communities with the oversight of environmental
problems in coastal areas;

e Involving local citizens in the process of preparing, approving, and revising
contingency oil spill plans;

e National integration with each regional unit of priorities, programs and
strategies for environmental protection;

e Port facilities are required to have all the capacity to manage risky situations in
case of oil spills at sea.

e Use of new technologies that minimize negative environmental impacts.

e Perhaps the best strategy to reduce marine pollution is environmental
education. Most people are unaware of the sources and the dangerous effects of
marine pollution. Inform the population and all data should be made
known.[2,6]

A “participatory or inclusive” approach to Integrated Coastal Management is
important to ensure that all legitimate interests in the coastal zone are fairly and
transparently represented. By involving all interests in this way, better policies and
measures will be developed for management. More importantly, this type of
participation should also lead to a greater level of compliance with measures and
regulations after they are adopted and implemented. Furthermore, people from the
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different interest groups will consider themselves to have been part of the
development process and they will feel some “ownership” over it. [8,10]
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Abstract

The digital transformation of higher education is one of the most significant
shifts in global academic systems in recent decades. At the core of this transformation
lies Information and Communication Technology (ICT), which has redefined how
knowledge is created, disseminated, and consumed. This paper critically examines the
role of ICT in higher education, exploring its impact on pedagogy, institutional
governance, learner outcomes, research, and global academic engagement. The study
also identifies key challenges such as infrastructural limitations, faculty readiness, policy
inconsistencies, and the socio- economic digital divide. It concludes with
recommendations for sustainable integration and potential future directions,
emphasizing the need for a student- centric, inclusive, and innovation-driven higher
education ecosystem. The paper draws upon both global and Indian contexts,
recognizing the diverse challenges and opportunities ICT presents in a digitally evolving
world.

Keywords: ICT, Higher Education, Digital Transformation, Pedagogy, Learning
Outcomes, Virtual Classrooms, Online Assessment, Digital Divide, Policy, Blended
Learning, Future Skills.

1. Introduction

The evolution of higher education over the past few decades has been
inextricably linked with technological advancements. Among these, Information and
Communication Technology (ICT) stands out as the most transformative force. ICT
refers to a broad set of digital tools and resources used to create, store, manage, and
share information. These include computers, the internet, broadcasting technologies
(radio and television), and telephony.
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The higher education sector, characterized by knowledge creation and
intellectual exploration, has embraced ICT to meet the growing demands of mass
education, global competition, and the need for lifelong learning. The COVID-19
pandemic further accelerated ICT adoption, compelling institutions to move beyond
physical campuses to virtual platforms. This digital pivot was not just a temporary
workaround but a glimpse into the future of learning.

ICT in higher education is not merely about replacing chalkboards with smart
boards or classrooms with Zoom calls. It represents a paradigmatic shift in how learning
is conceptualized, structured, delivered, and assessed. It enables personalization of
education, encourages collaborative learning, and bridges geographical and socio-
economic barriers.

However, despite its immense potential, the integration of ICT in higher
education systems—particularly in developing countries like India—remains uneven.
This paper investigates the evolving role of ICT in higher education and assesses its
multifaceted impact while identifying challenges and proposing strategies for effective
implementation.

2. Literature Review
2.1 Conceptual Foundations

ICT has been widely studied in educational research as both a pedagogical tool
and a strategic enabler. According to Anderson and Dron (2011), ICT- enabled education
has progressed through three major pedagogical paradigms: cognitive-behavioral
(focused on content delivery), social- constructivist (focused on learner interaction), and
connectivist (focused on digital networking and knowledge co-creation).

Laurillard (2012) introduced the concept of "teaching as a design science,"
emphasizing that digital tools allow instructors to design learning experiences that are
responsive and adaptive. Bates and Sangra (2011) stress the role of ICT in managing
educational change and fostering scalable, cost-effective learning systems.

2.2 Global Perspectives

Globally, ICT integration in higher education has been most successful where it
aligns with institutional goals, policy support, and faculty training. The European
Commission’s Digital Education Action Plan (2021) underscores the importance of
fostering digital readiness across institutions, curricula, and teaching practices.

In the United States, universities increasingly offer MOOC:s, flipped classrooms,
and Al-driven adaptive learning systems. According to Educause (2020), over 80% of
higher education institutions in the U.S. use LMS platforms to support hybrid learning
environments.
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2.3 Indian Context

In India, the National Education Policy (NEP) 2020 places significant emphasis
on digital education, promoting initiatives like SWAYAM, DIKSHA, and the National
Digital Library. While premier institutions like IITs and IIMs have pioneered ICT-driven
innovations, many state and rural universities face challenges related to funding,
connectivity, and training.

Sharma and Mishra (2017) note that ICT adoption in Indian higher education is
often top-down and policy-driven, lacking adequate stakeholder engagement. Bridging
this implementation gap remains a critical area of focus.

3. Methodology

This study adopts a qualitative, interpretive research methodology aimed at
synthesizing existing literature, policy frameworks, and institutional case studies related
to the integration of ICT in higher education. The focus is on understanding the
conceptual underpinnings, implementation practices, and observable impacts of ICT
within diverse higher education settings, with special reference to India.

3.1 Data Sources

The analysis is grounded in; Peer-reviewed journal articles, books, and
conference papers on educational technology, Reports from national and international
organizations (e.g., UNESCO, World Bank, MHRD, UGC), Government policy
documents such as the National Education Policy (NEP) 2020, Institutional reports and
case studies from selected universities implementing ICT- based learning environments.

3.2 Analytical Framework

The data were analyzed using thematic content analysis, guided by three broad
themes; Adoption and integration: How ICT is embedded in teaching, learning, and
administration, Impact and effectiveness: Measurable and observed benefits to students,
teachers, and institutions, Barriers and challenges: Systemic, technical, and pedagogical
constraints, The study does not involve primary empirical research but builds a strong
conceptual and policy-oriented narrative, suitable for guiding future research or
implementation strategies.

4. Discussion: Role and Impact of ICT in Higher Education
4.1 Transformation of Teaching and Learning

ICT has shifted the educational process from teacher-centered to learner-centered
paradigms. With the proliferation of Learning Management Systems (LMS) such as
Moodle, Blackboard, and Google Classroom, teachers now act more as facilitators than
transmitters of knowledge.
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Key innovations include; Flipped Classrooms: Students learn core content online
and engage in active problem-solving during in-person sessions, MOOCs and Open
Educational Resources: Platforms like SWAYAM, edX, and Coursera offer courses from
leading institutions, democratizing access to quality learning, Simulation and Virtual
Labs: Especially in engineering, medicine, and science, tools like Virtual Labs (India)
enable hands-on learning without physical infrastructure.

4.2 Enhancing Student Engagement and Outcomes

ICT tools promote active learning through; Multimedia Content; Videos,
animations, podcasts, and interactive modules improve comprehension and retention.
Collaborative Tools; Forums, chats, and cloud-based group projects enhance peer
interaction and teamwork. Self-paced Learning; Asynchronous access to learning
materials allows students to learn at their own speed, accommodating different learning
styles and schedules, Numerous studies (e.g., Tondeur et al., 2017) have found a positive
correlation between ICT exposure and student performance, especially in terms of
digital literacy, critical thinking, and academic confidence.

4.3 Research Facilitation

ICT accelerates academic research through Access to Global Databases; JSTOR,
Science Direct, Scopus, and Google Scholar provide immediate access to global
knowledge. Data Analysis Software; SPSS, R, NVivo, and MATLAB are integral to
research methodology. Collaborative Research Platforms; Tools like ResearchGate and
Mendeley support global academic networking.

4.4 Administrative and Institutional Benefits

Higher education institutions leverage ICT for Digital Admissions and
Enrollment Systems, Online Fee Collection and Transcript Issuance, Academic
Monitoring and Evaluation, Faculty Management Systems, Online Grievance Redressal
Mechanisms.

5. Challenges in ICT Integration

Despite its transformational potential, ICT adoption faces numerous roadblocks
in the higher education sector, particularly in low- and middle-income countries:

5.1 Infrastructure Deficits

Connectivity Issues: Many institutions, especially in rural India, suffer from
unreliable internet and power supply. Digital Devices: Not all students can afford
laptops or smartphones, exacerbating the digital divide. Obsolete Hardware: Many
government-funded colleges use outdated computers and software.
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5.2 Faculty Preparedness and Attitudes

A significant portion of faculty members lack pedagogical training in digital
tools. There is often resistance to change, especially among senior educators accustomed
to traditional methods. Time constraints and increased workload further demotivate
staff from engaging with ICT meaningfully.

5.3 Policy and Planning Gaps

Lack of institution-wide ICT strategies that align with academic goals.
Fragmented funding models and poor interdepartmental coordination. Inconsistent
evaluation frameworks for monitoring ICT impact.

5.4 Socio- economic and Cultural Barriers

Students from marginalized communities face compounded challenges of
language, connectivity, and unfamiliarity with digital tools. Gender gaps also persist in
digital literacy and device ownership in some regions.

6. Conclusion and Future Directions

ICT has emerged as a cornerstone of transformation in higher education, offering
powerful tools to improve learning outcomes, institutional management, and research
capabilities. However, the true potential of ICT can only be realized when integrated
within a visionary policy framework, adequate infrastructure, and a human-centered
approach to pedagogy.

Future Recommendations:

Comprehensive Faculty Development; Regular workshops, certification
programs, and incentives to motivate technology adoption. Public-Private Partnerships
(PPP): Collaborations with Ed.Tech firms to support innovation and cost-sharing.
Targeted ICT Policies: Institution-specific digital strategies aligned with NEP 2020 goals.
Localized Content Development: More content in regional languages and tailored to
cultural contexts. Digital Inclusion Strategies: Device distribution schemes, subsidized
internet access, and digital literacy training for disadvantaged students. The future of
higher education lies not just in digitization, but in digitally-enabled equity, innovation,
and lifelong learning. ICT, when thoughtfully integrated, becomes not merely a tool but
a catalyst for re-imagining education for the 21st century.
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Abstract

Bladder malignancy is the most common malignant tumor of the urogenital
system, being the second most common in its field and the tenth most common cancer
globally. This cancer ranges from non-invasive, frequently recurring tumors To highly
aggressive and invasive tumors with elevated mortality rates. Among the various genes
involved in carcinogenesis, the cytochrome P450 (CYP) gene family has garnered notable
focus because of its essential function in the Metabolizing a wide range of internal and
external molecules, including environmental carcinogens. CYP450 enzymes, particularly
CYP1Al, shape the individual's response to environmental exposures by activating and
detoxifying various procarcinogens. Studies have shown that genetic variations in
CYP450 are significantly associated with various cancer types, including lung cancer,
breast cancer, colorectal cancer, and oral cancer. This study investigates the potential
role of CYP1A1 gene polymorphisms m1 (T>C) and m2 (A>G) in bladder malignancy.

* Bu bildiri, Mersin Universitesi Saglik Bilimleri Enstitiisiinde yiiksek lisans tezi olarak hazirlanan ¢alismamizdan
tiretilmistir. calismada kullanilan 6zgtin bilgiler, sekil, tablo ve fotograflardan kaynak gostermeden alint1 yapmak 5846
say1l1 Fikir ve Sanat Eserleri Kanunu hiikiimlerine tabidir.
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The goal is to quantify the frequency of CYP1A1 polymorphisms in our region by
analyzing allele distribution in the control group.

The study included 54 patients diagnosed with bladder cancer who had no other
systemic diseases and 54 healthy individuals with no cancer or general illnesses, all of
whom were referred to the Urology Clinic of Mersin University Hospital. Blood samples
of 2 ml were collected from both patient and control groups in EDTA-coated hemogram
tubes. DNA isolation was performed using a DNA isolation kit provided by Roche
Diagnostics (Mannheim, Germany). The analysis of CYP1A1 gene polymorphisms m1
(T>C) and m2 (A>G) was conducted using the Roche LightCycler 480 RT-PCR device
(Roche Diagnostics, Mannheim, Germany). Data analysis was carried out using Statistica
v.13.3.0 and MedCalc v.11.5.0 software, with results considered significant at p<0.05.

According to the research results, The patient group and the control group
showed no appreciable differences for CYP1A1 (rs1048943) polymorphisms in AA, GG,
and AG genotypes (p=0.193) or for CYP1A1 (rs4646903) polymorphisms in TT and TC
genotypes (p=0.108). Given the limited number of studies on this topic in the literature,
We anticipate that our findings will add value to the current body of knowledge and
offer guidance for future studies.

Keywords: Gene polymorphisms; CYP1A1; cytochrome CYP450; bladder cancer

Ozet

Mesane malignitesi, tirogenital sistemin en sik goriilen kotti huylu tiimora olup
alaninda ikinci, diinya genelinde ise en sik goriilen onuncu kanser tiirtidiir. Bu kanser,
genellikle invaziv olmayan ve sik niiks eden ttimorlerden, ytiksek 6liim oranina sahip
hastaliga 6zgiti agresif ve invaziv tiimorlere kadar genis bir spektruma sahiptir.
Karsinojenezde yer alan cesitli genler arasinda, sitokrom P450 (CYP) gen ailesi, cevresel
karsinojenler de dahil olmak tizere cok sayida endojen ve eksojen bilesigin
metabolizmasimdaki onemli rolii nedeniyle énemli dlctide dikkat ¢ekmistir. CYP450
enzimleri, 6zellikle CYP1A1, cesitli prokarsinojenleri aktive edip detoksifiye ederek
bireyin cevresel maruziyetlere verdigi tepkiyi sekillendirir. Yapilan calismalar CYP450
genetik varyasyonlarinin, akciger kanseri, gogiis kanseri, bagsak kanser ve oral kanseri
gibi cesitli kanser tiirleri ile anlaml1 bir iliski olusturdugunu gostermistir. Calismada
CYP1A1 geni m1(T>C) ve m2 (A>G) polimorfizminin mesane malignitesindeki olas1
rolti arastirilmistir. Kontrol grubu verileri ile de CYP1A1 polimorfizmi alel frekansi
olctilerek bolgemizde bulunma sikligini belirlemek amaclandi.

Calismaya Mersin Universitesi Hastanesi Uroloji polinikligine bagvuran
herhangi bir sistemik hastalig1 olmayan sadece mesane kanser tanisi alan 54 hasta ve
rutin analiz ve klinik muayene sonucu kanser ve genel hastalig1 bulunmayan 54 saglikli
birey dahil edildi. Hasta ve kontrol gruplarindan 2 ml'lik kan ¢rnekleri EDTA’lx
hemogram ttiplerinde toplandi. DNA izolasyonu, Roche Diagnostics'in (Mannheim,
Almanya) sagladigi DNA izolasyon kiti kullanilarak yapildi. CYP1A1 genii¢cin m1 (T>C)
ve m2 (A>G) polimorfizm analizi, Roche LightCycler 480 RT-PCR cihaziyla (Roche
Diagnostics, Mannheim, Almanya) yapildi. Veri analizleri , Statistica v.13.3.0 ve
MedCalc v.11.5.0 yazilimlari ile gergeklestirildi ve sonuglar p<0.05 kayda deger olarak
degerlendirildi.

- 287 -



3rd [nternational Scientific Research Congress Book April 26-27, 2025, Istanbul

Arastirma sonuclarma gore, hasta grubu ve kontrol grubu arasinda CYP1A1l
(rs1048943) polimorfizmi icin AA, GG ve AG genotipleri (p=0,193) ile CYP1A1l
(rs4646903) polimorfizmi icin TT ve TC genotipleri (p=0,108) arasinda kayda deger bir
tark gozlemlenmedi. Bu konuyla ilgili literatiirde sinirli calisma bulundugundan, elde
ettigimiz verilerin literatiire katkida bulunacagini ve sonraki ¢alismalara 1s1k tutacagini
distintiyoruz.

Anahtar Kelimeler: Gen polimorfizmleri; CYP1A1; sitokrom CYP450; mesane
kanseri

1.GIRIS

Idrar kesesi kanserleri ve {irogenital sistem en sik teshis edilen malignitelerinden
biri olarak siralanan 6nemli bir kiiresel saglik sorununu temsil eder. Insidansi ve
prevalansi, farkli cografi bolgelerde biiytik farkliliklar gostermekte olup, gelismis
tilkelerde daha yiiksek oranlar gozlenmektedir ve bu da yasam tarzi ve cevresel
faktorlerin olasi katimmi distindiirmektedir (1). Mesane kanseri agirlikli olarak
erkekleri etkiler ve artan yasla iliskilidir ve vakalarm ¢ogu 55 yas {tistii bireylerde teshis
edilir (2). Tam1 ve tedavi yontemlerindeki ilerlemelere ragmen, mesane kanserinin
prognozu, ozellikle ileri evre hastalik icin yetersiz kalmaktadir ve bu da, gelisimine
neden olan altta yatan genetik ve cevresel faktorlerin anlasilmasini zorunlu kilmaktadir

(2)-

Kanser temel olarak hiicre proliferasyonu, farklilasmasi ve apoptoz ile ilgili
anahtar diizenleyici genlerdeki somatik mutasyonlarin ve degisikliklerin birikmesinden
kaynaklanan genetik bir hastaliktir. Son arastirmalar, bir bireyin kansere duyarliligini
etkileyebilen kalitsal genetik varyasyonlarin roliinii de vurgulamistir. Karsinojenezde
yer alan cesitli genler arasinda, sitokrom P450 (CYP) gen ailesi, cevresel karsinojenler de
dahil olmak tizere ¢cok sayida endojen ve eksojen bilesigin metabolizmasindaki énemli
rolii nedeniyle dikkat c¢ekmistir (3). CYP enzimlerinin, ozellikle CYP1Al'in gesitli
prokarsinojenleri aktive ettii ve detoksifiye ettigi, boylece bireyin cevresel
maruziyetlere tepkisini sekillendirdigi bulunmustur(3).

15924.1 kromozomunda yer alan CYP1A1l geni, baslica akciger, bobrek ve
mesane gibi ekstrahepatik dokularda eksprese edilen bir enzimi kodlar (4). Polisiklik
aromatik hidrokarbonlarin (PAH'lar), aromatik aminlerin, endiistriyel emisyonlarda ve
bazi1 diyet bilesenlerinde bulunan diger kanserojen bilesiklerin metabolizmasinda
merkezi bir rol oynar (5). Enzimatik aktivite yoluyla, CYP1A1l bu prokarsinojenleri,
DNA'ya baglanabilen, eklentiler olusturan ve genetik mutasyonlar: indiikleyen etkilere
neden olarak kanserojen stireci baslatan reaktif ara {irtinlere dontisttirebilir (6).

Insan CYP1A1 geni, enzim aktivitesini ve ekspresyon seviyelerini etkileyebilen
birka¢ genetik polimorfizm sergiler. Ksenobiotik metabolizmas1 acisindan énemli iki
polimorfizm, CYP1A1 geninin promotor bolgesinde yer alan m1 (T>C) ve m2 (A>G)
varyantlarmni igerir. m1 (T>C) polimorfizmi, bir ksenobiyotik yanit elemanini bozarak
CYP1A1l transkripsiyonel aktivitesini potansiyel olarak azaltirken, m2 (A>G)
polimorfizmi, transkripsiyon faktorti baglanmasini degistirerek gen ekspresyonunda
degisikliklere yol acabilir (7). CYP1A1l aktivitesi ve ekspresyonundaki bu fonksiyonel
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degisiklikler, potansiyel olarak bir kisinin mesane kanseri de dahil olmak tizere kanser
gelisimine duyarliligini etkileyebilir (7).

CYP1A1 geninin kanserojenleri metabolize etmedeki merkezi rolii ve aktivitesini
modiile edebilen genetik varyasyonlar goz ontine alindiginda, ¢ok sayida calisma
CYP1A1 ml (T>C) ve m2 (A>G) polimorfizmleri ile kanser riski arasindaki iliskiyi
arastirmistir. Akciger, meme, prostat ve kolorektal kanser gibi gesitli kanser tiirlerinde
arastirmalar yapilmustir, ancak CYP1A1 polimorfizmlerinin mesane kanserindeki rolii
nispeten az arastirilmis ve sonugsuz kalmistir.

Bu detaylar dikkate alindiginda, CYP1Al geni polimorfizmleri ml (T>C;
rs4646903) ve m2 (A>G; rs1048943) ile mesane kanseri gelisimi arasinda anlamli bir iliski
olup olmadigin arastirmak hedeflendi.

2. KAYNAK ARASTIRMALARI
2.1. Mesane Anatomik Yapisi1 ve Histolojisi

Mesane, idrarin viicutta depolanmasi ve viicuttan atilmasindan sorumlu olan
tiriner sistemin hayati bir organidir. Islevleri; anatomik, fizyolojik ve noral
mekanizmalarin etkilesimi ile diizenlenir. Mesanenin ayrimntili fizyolojisini anlamalk,
normal mesane fonksiyonunu ve mesane kanseri de dahil olmak tizere cesitli mesane
bozukluklarma yol agabilecek patofizyolojik degisiklikleri anlamak icin olduk¢a 6nem
arz etmektedir.

Mesane anatomik yapis1 Sekil 1” de verilmis olup; yapisina ve islevine katkida
bulunan birka¢ katmandan olusur. En icteki katman, idrar ve toksik maddelerin alttaki
dokulara girmesini engelleyen bir bariyer olusturan {iirotelyumdur (gecis epiteli).
Urotelyumun altinda, kan damarlar1 ve sinirler agisindan zengin bir bag dokusu
tabakas1 olan lamina propria bulunur. Detriisor kas1 olarak bilinen kas tabakasi, mesane
duvarmnin btiytik boltiimiinti olusturur ve kasilma ozelliklerinden sorumludur. Son
olarak, en distaki tabaka, mesaneyi cevreleyen yapilara baglayan bir bag dokusu
tabakasi olan adventisyadir (8)
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Sekil 2.1. Mesane anatomik yapisi [8]

Idrar Depolama ve Doldurma: Depolama faz1 sirasinda mesane gevsemis halde
kalir ve artan idrar hacimlerini barindirmasina izin verir. Detriisor kas1 hareketsiz kalir
ve mesane ¢ikisinda bir diiz kas halkas1 olan i¢ iiriner sfinkter kontinansi korumak icin
kasilir. Mesane duvar1 kompliyans sergiler ve basingta 6nemli bir artis olmaksizin artan
idrar hacmini esnetebilir ve barindirabilir. Mesane duvarinda bulunan ve gerilme
reseptorleri olarak bilinen duyu reseptorleri, merkezi sinir sistemine sinyaller ileterek
mesanenin dolma derecesini gosterir ve idrar doluluk hissini tetikler (9).

Iseme Refleksi ve Iseme: Mesane kapasitesine ulastiginda iseme refleksi devreye
girerek iseme siirecini baslatir. Iseme refleksi, hem inhibe edici hem de uyarici sinyalleri
iceren karmasik bir otonomik reflekstir. Mesanenin gerilme reseptorlerinden gelen
duyusal bilgi, afferent sinirler yoluyla sakral omurilikteki iseme merkezine iletilir.
Eszamanli olarak beyin sap1 mesanenin doluluk durumu hakkinda bilgi alir (10).

Mesane Fonksiyonunun Noral Kontrolii: Sakral omurilikteki iseme merkezi,
afferent girdileri birlestirir ve i¢ ve dis idrar sfinkterlerinin mesane kasilmasini ve
gevsemesini koordine eden efferent sinyaller {iiretir. Detriisor kasindaki muskarinik
reseptorler yoluyla hareket eden parasempatik sinirler, mesane kasilmasini uyarir ve
isemeyi baslatir. Bu sinirler, muskarinik resepttrleri aktive ederek detriisér kas
kasilmasina yol acan asetilkolin salgilar. Eszamanli olarak, ic tiriner sfinkteri gevseten,
tiretranin agilmasmna ve idrar akismi kolaylastirmasmna izin veren sempatik sinirlere
inhibitor sinyaller gonderilir. Beyin sapindaki istemli kontrol merkezi, uygun kosullarda
eksternal iriner sfinkteri gevseterek isemenin bilingli kontroltinti saglar (Sekil 2) (11)
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Sekil 2.2. Mesanenin noral kontrolii [11]

Yasa Bagli Degisiklikler ve Mesane Islevi: Yaslanmayla birlikte mesane islevini
etkileyebilecek degisikliklere ugrar. Mesane kompliansi, detrusor kas kontraktilitesinde
ve noral kontrol mekanizmalarinda yasa bagli degisiklikler idrar sikliginda, aciliyette ve
noktiiride artisa neden olabilir. Bu degisiklikler ayrica yasli popiilasyonda yaygin olarak
goriilen cesitli mesane disfonksiyonlarina da neden olabilir (12).

2.2. Mesane Kanseri Epidemiyolojisi

Mesane kanseri, tiriner sistemin yaygin bir malignitesidir ve epidemiyolojisi,
diinya capinda farkli popiilasyonlar ve bolgeler arasinda degismektedir. Mesane kanseri
insidansi, prevalanst ve mortalite modellerini anlamak, yiiksek riskli gruplari
belirlemek, 6nleyici tedbirleri uygulamak ve erken teshis ve tedavi icin hedef stratejileri
gelistirmek i¢in oldukca 6nem arz etmektedir (13).

Mesane kanseri, iilkeler arasinda insidans oranlarinda onemli farkliliklar ile
diinya capinda en sik teshis edilen on kanser arasinda yer almaktadir (13). Kiiresel
Kanser Gozlemevine gore, 2020'de tahmini 550.000 yeni mesane kanseri vakasi ve
200.000 oliim bildirilmistir. Bu rakamlar, mesane kanserinin énemli halk saglhig etkisini
vurgulayarak, kapsamli stirveyans ve ¢nleme programlarma duyulan ihtiyacin altini
cizmektedir (14).

Ozellikle Kuzey Amerika ve Avrupa'daki yiiksek gelirli tilkeler, diisiik ve orta
gelirli tilkelere kiyasla daha yiiksek yasa standardize edilmis insidans oranlari
bildirmistir (15). Ek olarak, cevresel karsinojenlere daha fazla maruz kalan sanayilesmis
bolgeler gibi tilkelerdeki belirli bolgeler, diger bolgelere gore daha yiiksek insidans
oranlarina sahip olabilmektedir (15).

Mesane kanseri agirlikli olarak erkekleri etkilemektedir ve erkek-kadin orani
yaklasik 3:1'dir (16). Erkeklerde daha ytiiksek insidans, genetik, hormonal ve davranissal
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faktorlerin bir kombinasyonuna baglanmaktadir. Mesane kanseri oncelikle yaslilarm
hastaligidir ve vakalarin cogu 55 yas {istii bireylerde teshis edilir (17). insidans yagla
birlikte artar, en ytiksek oranlar 75 yas iistti bireylerde gozlenir (17).

Sigara icmek mesane malignitesi igin bilinen en 6nemli risk faktortudiir ve
vakalarin biiyiik bir kismindan sorumludur. Tiitiin dumaninda bulunan aromatik
halkalar iceren amine gruplarina sahip organik bilesenler ve iki veya daha fazla benzen
halkasmnin birlesmesiyle olusan organik bilesenler gibi kanserojenler, kan dolasimima
emilir ve idrar yoluyla atilir ve mesane zarmi potansiyel olarak zararl bilesiklere maruz
birakir (18). Aromatik aminler ve endiistriyel boyalar gibi belirli kimyasallara mesleki
maruziyet, ozellikle kauguk, tekstil ve boya gibi endiistrilerde calisanlar arasinda
mesane kanseri riskinde artis bildirilmektedir (19).

Mesane kanseri duyarliligr genetik faktorlerden etkilenir ve ailede mesane
kanseri oykiisti olmas: yiiksek risk ile iligkilidir. Cesitli genetik polimorfizmler ve
kalitsal genetik sendromlar, mesane kanseri gelisiminde rol oynamustir. Ornegin,
kanserojen metabolizmas1 ve DNA onarim yollarinda yer alan genlerdeki belirli tek
niikleotid polimorfizmleri (SNP'ler), mesane kanserine karsi bireysel duyarlilig
degistirebilir (20).

Mesane kanseri epidemiyolojisinde cografi ve cevresel faktorler onemli bir rol
oynamaktadir. Arsenikle kirlenmis igme suyuna maruz kalma, baz1 bolgelerde artmus
mesane kanseri riski ile iligkilendirilir. Ayrica Afrika ve Orta Dogu'nun belirli
bolgelerinde yaygin olan paraziter bir hastalik olan Schistosoma haematobium
enfeksiyonunun mesane kanseri ile baglantis1 saptanmustir. Bu enfeksiyonlarin, mesane
zarmin kronik iltihaplanmasi ve tahrisi yoluyla mesane kanserine neden olduguna
inanilmaktadir (21).

Degistirilebilir risk faktorlerinin etkisi géz oniine alindiginda, birincil koruma
cabalar1 sigarayr birakmaya ve Kkarsinojenlere mesleki maruziyeti azaltmaya
odaklanmalidir. Ek olarak, saglikli yasam tarzi secimlerini ve gevresel risk azaltmayi
tesvik eden halk saglig1 girisimleri, mesane kanseri yiikiintin azaltilmasma yardimci
olabilir. Sigara icenler ve ailede mesane kanseri 6ykiisii olanlar gibi yiiksek riskli bireyler
arasinda dtizenli tarama ve erken teshis, erken miidahale ve tedaviyi miimkiin kilarak
sonugclari iyilestirebilir (22).

2.3. Mesane Kanserinin Patofizyolojisi

Mesane kanseri, mesane zarindaki anormal hiicrelerin kontrolsiiz biiytimesi ve
¢ogalmasindan kaynaklanan bir hastaliktir. Mesane kanserinin patofizyolojisi, timor
gelisimine ve ilerlemesine neden olan genetik, molekiiler ve cevresel faktorlerin bir
kombinasyonunu icermektedir.

Onkogenler (MDM2, Myc, Ras, ERBB-2, PI3BKCAvb) ve timor supresor genler
(PB, p53, SFRP1, PTEN, CDKN2A..vb); hiicre dongiisii, P3K sinyal, histon modifikasyon,
SWI/SNF niikleozom yeniden modelleme gibi yolaklarda farkliliklara neden olur ve
mesane kanseri patofizyolojisi, invazif ve non-invazif vakalarda bu nedenle farkliliklar
gostermektedir (23).

Cevresel kanserojenlere maruz kalma, mesane tiimorii igin onemli bir risk
faktortidiir. Ttittin kullanimi, mesleki olarak kimyasallara (6rnegin, aromatik aminler)
maruz ve mesane zarmin kronik iltihaplanmasi artan mesane kanseri gelisme riski ile
iliskilidir (24).
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Fosfatidilinositol 3-kinaz (PI3K)/AKT/mTOR yolu ve mitojenle aktive olan
protein kinaz (MAPK) yolu gibi sinyal yolaklarmin diizensizligi, mesane kanseri
hticrelerinde hiicrenin hayatta kalmasini, ¢ogalmasini ve anjiyojenezi desteklemektedir
(25).

Mesane kanseri biiytimesi ve ilerlemesi, tiimore besin ve oksijen saglayan yeni
kan damarlarmin olusumu olan anjiyogeneze baghdir. immiin hiicreler ve stromal
bilesenler dahil olmak tizere timor mikrogevre etkilesimleri, timor davranisimi ve
tedaviye yanit1 etkilemektedir (26).

[leri mesane kanseri evreleri, mesane duvarinin invazyonunu ve uzak bolgelere
potansiyel yayilmayi igerir. Epitelial Mezenkimal Transition (gecis) (EMT), kanser
hiicrelerinin metastazina katkida bulunarak invaziv ve metastatik ozellikler
kazanmasina olanak saglamaktadir (27).

2.4. Mesane Kanseri Insidansinm1 Etkileyen Faktorler
2.4.1.Cevresel Faktorler

Tuttin Kullanimi ve Tiitiin Maruziyeti: Sigara icmek, mesane timori icin en iyi
bilinen cevresel tehlike foktortidir. Tuttin dumani, karacigerde metabolize edilen ve
idrarla atilan aromatik aminler ve polisiklik aromatik hidrokarbonlar gibi ¢ok sayida
karsinojen igerir. Mesaneye ulastiktan sonra, bu karsinojenler dogrudan tirotelyum ile
temas ederek DNA hasarma, mutasyonlara ve ardindan tiimor baglangicina yol acar.
Cok sayida epidemiyolojik calisma, sigara icmek ile yiiksek mesane kanseri riski
arasmda giiclii bir iliski oldugunu tutarh bir sekilde gostermektedir (28).

Mesleki Maruziyetler: Bazi mesleki maruziyetler, mesane kanseri riskinin
artmasiyla iliskilendirilmistir. Boya, kauguk, tekstil, matbaa ve altiiminyum tretimi
iceren endiistrilerdeki isciler, tehlikeli kimyasallara uzun siire maruz kalmalari
nedeniyle daha yiiksek mesane kanseri riskine sahiptir. Pek cok endiistriyel siirecte
bulunan aromatik aminler, bilinen mesane karsinojenleridir. Ek olarak, benzidin ve beta-
naftilamin gibi endistriyel kimyasallara maruz kalma, artmis mesane kanseri riski ile
iliskilendirilmektedir (29).

Arsenige Maruz Kalma: Belirli cografi bolgelerde, icme suyunda yiiksek diizeyde
arsenige maruz kalma, artan mesane kanseri riski ile iliskilendirilmistir. Arsenik, dogal
olarak olusan bir metaloid ve bilinen bir insan karsinojenidir. Arsenikle kirlenmis suyun
kronik olarak yutulmasi, mesane epitelinde DNA mutasyonlarmin birikmesine yol
acarak timor olusumunu tesvik edebilir. Bu cevresel maruziyet 6zellikle Asya'nin bazi
bolgelerinde, Giiney Amerika'da ve Amerika Birlesik Devletlerinin baz1 bolgelerinde
gortilmektedir (30).

Enfeksiyonlar ve Kronik Enflamasyon: Idrar yolu enfeksiyonlar1 gibi mesanenin
kronik enfeksiyonlari, mesane kanseri gelisimi ile baglantili olan kronik enflamasyona
yol acabilir. Kronik inflamasyon, hasarli hiicrelerin cogalmasini destekleyen ve genetik
mutasyon riskini artiran bir ortam saglar. Ek olarak, parazitik organizma Schistosoma
haematobium'un neden oldugu enfeksiyonlar, endemik bolgelerde artmis skuamoz
hiicreli mesane kanseri riski ile iligskilendirilmektedir (31).

Diyet Faktorleri: Diyet aliskanliklart mesane kanseri riski ile iliskilendirilmistir.
Yiiksek oranda kirmizi et ve islenmis et titketimi, muhtemelen pisirme sirasinda olusan
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kanserojen bilesiklerin varligindan dolayr mesane kanseri riskinin artmasiyla
iliskilendirilmistir. Tersine, antioksidanlar ve antienflamatuar bilesiklerin kaynaklari
olan meyve ve sebzeler agisindan zengin diyetler, mesane kanseri riskinin azalmasiyla
iliskilendirilmistir (32).

Pestisitler ve Kimyasal Maruziyetler: Pestisitler ve bazi endiistriyel kimyasallar,
mesane kanseri riskinde artisin nedenleri arasinda yer alirlar. Atrazin ve klorpirifos gibi
herbisitlere ve bocek ilaglarima maruz kalan tarim iscilerinde, bu kimyasallara uzun stire
maruz kalma nedeniyle mesane kanseri riskinde artis oldugu gosterilmistir (33).

2.4.2. Mesleki Faktorler

Mesleki faktorler, karsinojene maruz kalma nedeniyle daha ytiiksek risklerle kars:
karsiya kalan belirli endiistrilerdeki iscilerde mesane kanseri insidansini 6nemli 6l¢tide
etkilemektedir. Aromatik aminler, Polisiklik Aromatik Hidrokarbonlar (PAH’lar)
organik coziiciiler, agir metaller ve dizel egzoz, mesane kanseri gelisimi ile iliskili temel
mesleki risk faktorleri arasindadir. Bu iliskileri ve bunlarin altinda yatan mekanizmalar1
anlamak, onleyici tedbirlerin uygulanmasi ve is yeri saghgl ve gitivenliginin
iyilestirilmesi acisindan oldukca dnemlidir.

e Aromatik Aminler ve Mesleki Karsinojenler: Benzidin, beta-naftilamin ve
4-aminobifenil gibi aromatik aminler, mesane kanseri gelisimi ile iliskili
iyi bilinen mesleki karsinojenlerdir. Boya tiretimi, kauguk isleme ve belirli
kimyasallarin tiretimi ile ugrasan endustrilerdeki isciler, bu tehlikeli
maddelere maruz kalma nedeniyle artan bir mesane kanseri riski
altindadir. Aromatik aminlerin karacigerde metabolize edilmesi, idrarla
atilan reaktif ara trtinlerin olusmasma neden olarak mesane astariyla
dogrudan temas ederek DNA hasarma ve mutasyonlarina neden olur
(34).

e DPolisiklik Aromatik Hidrokarbonlar (PAH'lar): Komiir katrani, asfalt ve
belirli yakma islemlerini iceren mesleklerde calisanlar (PAH'lar) maruz
kalir. Bu bilesikler eksik yanma sirasinda olusur ve giiclii mesane
karsinojenleridir. Maruz kalindiginda, PAH'lar DNA'ya baglanan reaktif
ara trtinler olusturmak igin metabolik aktivasyona ugrayarak mesane
kanseri gelisimine yol agabilir (35).

e Organik Coziictiler: Trikloretilen (TCE) ve aromatik hidrokarbonlar gibi
belirli organik ¢oziictiler, mesleki ortamlarda artan mesane kanseri riski
ile iliskilendirilmistir. Metal yag giderme, baski ve boyama gibi bu
solventleri kullanan endistrilerdeki isgiler yiiksek risk altindadir.
Mesane karsinogenezisin mekanizmasi, mesane epitel hiicrelerinde DNA
hasarma ve mutasyonlara neden olabilen TCE ve aromatik
hidrokarbonlarin metabolitlerini igerir (36).

o Agir Metaller: Arsenik ve kadmiyum gibi bazi agir metallere maruz
kalma, mesleki ortamlarda mesane kanseri ile iligkilendirilmistir. Metal
eritme, pil tretimi ve kaynaklama iceren endiistrilerdeki isciler, bu
kanserojen metallere uzun siire maruz kalmalar1 nedeniyle artan mesane
kanseri riski altindadir. Ozellikle arsenik, insanlar icin bilinen bir
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karsinojendir ve arsenigin kronik olarak yutulmas: veya solunmasi
mesane kanserine yol acabilir (37).

Mesleki Dizel Egzoz Maruziyeti: Kamyon softrleri, tamirciler ve
madenciler gibi dizel motor egzozuna maruz kalan isciler, artan mesane
kanseri riskiyle karsi karsiya kalabilir. Dizel egzozu, PAH'lar ve aromatik
aminler dahil olmak {izere, solunabilen ve solunum yolu yoluyla
emilebilen ve mesane kanseri gelisimine yol agan ¢ok sayida karsinojen
igerir (38).

2.4.3.Genetik Faktorler

Genetik faktorler, hastaliga karsi bireysel duyarlilig1 etkileyen anahtar

genlerdeki

varyasyonlarla mesane kanseri insidansinda cok oOnemli bir rol

oynamaktadir. Genetik duyarlilik genleri, Tek Niikleotid Polimorfizmleri (SNP'ler),
ailesel kiimelenme, Genom Capinda Iligskilendirme Calismalari (GWAS) ve epigenetik
degisiklikler mesane karsinogenezine neden olur. Mesane kanserinin genetik resmini
anlamak, kisisellestirilmis risk degerlendirmesi, erken teshis ve hedefe yonelik terapotik
stratejilerin gelistirilmesine yardimci olabilir.

Genetik Duyarlilik Genleri: DNA onarimi, hiicre dongiisti kontrolt ve
apoptoz ile iliskili birka¢ gen, mesane kanseri duyarliligr ile
iliskilendirilmistir. Tumor Protein 53 (TP53), Retinoblastoma 1 (RB1) ve
X-ray repair cross-complementing (XRCC1) gibi genlerdeki
polimorfizmler, mesane kanseri riski tizerindeki potansiyel etkileri
agisindan kapsaml bir sekilde arastirilmistir. Bu genlerin diizensizligi,
DNA hasarinin birikmesine ve genomik kararsizliga neden olarak
mesane karsinogenezine neden olabilir (39).

Tek Niikleotid Polimorfizmleri (SNP'ler): Cesitli genlerdeki tek ntikleotid
polimorfizmleri ~ (SNP'ler), mesane kanseri  duyarliigr ile
iliskilendirilmistir. Ornegin, CYP1A1 (Sitokro P450 1A1) geninin ml
(T>C) ve m2 (A>G) polimorfizmlerinin kanser riskindeki potansiyel
rolleri arastirtlmigtir. CYP1A1, cevresel kanserojenlerin
metabolizmasinda yer alir ve bu gendeki spesifik SNP'ler, mesane
kanserine karsi bireysel duyarlilig1 degistirebilir (40).

Ailesel Mesane Kanseri: Mesane kanserinin ailesel kiimelenmesi, bazi
durumlarda kalitsal bir bileseni diisiindiiriir. Ailesel mesane kanserinde,
Harvey Rat Sarcoma Virus (HRAS), Fibroblast biiytime faktorii reseptori
3(FGFR3) ve Fosfatidilinozitol 3-kinaz katalitik alt tinite alfa (PIK3CA)
dahil olmak tizere birka¢ gen yer alir. Bu genlerdeki germ hatt1
mutasyonlari, bir bireyin mesane kanseri gelistirme riskini artirabilir ve
rollerinin anlasilmasi, gelismis risk degerlendirmesi ve hedefli taramaya
imkan verebilir (41).

Genom Capinda Iliskilendirme Calismalar1 (GWAS): Mesane kanseri
duyarlilig: ile iligkili ¢ok sayida genetik lokus tanimlamistir. Bu
calismalar, mesane karsinojenezinin altinda yatan potansiyel
mekanizmalara 1s1k tutan gesitli hticresel siireclerde yer alan yeni aday
genleri ortaya cikarmustir. Bununla birlikte, bu genetik varyantlarm
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fonksiyonel 6nemine dair net bir kavrayis elde etmek amaciyla ek
arastirmalara ihtiyac bulunmaktadir. (42).

Epigenetik Degisiklikler: DNA metilasyonu ve histon modifikasyonlar1
gibi epigenetik degisiklikler mesane kanseri gelisimini etkileyebilir.
Tumor baskilayict genlerin promotor bolgelerindeki anormal DNA
metilasyonu, bunlarin susturulmasma yol acarak kontrolsiiz hiicre
biiytimesine neden olabilir. Ek olarak, histon modifikasyonlari, mesane
karsinogenezini etkileyerek gen ekspresyon modellerini etkileyebilir (43).

2.5. Mesane Kanseriyle Iliskili Genler

Hiicre dongiisti diizenlemesi, DNA onarimi ve telomer bakimu ile ilgili anahtar
genlerdeki genetik degisiklikler, mesane kanseri gelisimini 6nemli 6l¢tide etkiler. Tiumor
Protein 53 (TP53), Retinoblastoma 1 (RB1), Harvey Rat sarcoma virus (HRAS), Fibroblast
biiytime faktori reseptorii 3 (FGFR3), X-ray Repair Cross Complementing 1(XRCC1) ve
Telomerase Reverse Transcriptase (TERT), mesane kanseri ile iliskili 6nemli genler
arasimdadir. Bu genlerin molekiiler fonksiyonlarmi ve etkilesimlerini anlamak, mesane
kanserli hastalar icin hedefe yonelik tedaviler ve kisisellestirilmis tedavi stratejileri
gelistirmek i¢in hayati 6nem tasir.

Tiimor Baskilayici Genler:

Onkogenler:

TP53 (Ttimor Protein 53): "Genomun koruyucusu" olarak da bilinen TP53,
mesane kanserinde en sik mutasyona ugrayan tiimor baskilayici
genlerden biridir. TP53, DNA hasar1 yanitinda ve hiicre dongtisu
diizenlemesinde kritik bir rol oynar. TP53'teki mutasyonlar, bozulmus
DNA onarmmina, artan genomik Kkararsizliga ve kontrolstiz hiicre
biiytimesine yol acarak mesane kanseri gelisimini tesvik edebilir (44).

RB1 (Retinoblastoma 1): Hiicre dongtisii diizenlemesi ve biiytime
kontroliinde yer alan bir tiimor baskilayic1 gendir. RB1'deki mutasyonlar
veya heterozigotluk kaybr gibi degisiklikler, mesane kanserinde
kontrolsiiz hiicre ¢ogalmasma ve tiimor gelisiminin artmasina neden
olabilir (45).

HRAS (Harvey Rat Sarcoma Viriis): Hiicre biytimesinde ve
cogalmasinda yer alan bir proto-onkogendir. HRAS'taki aktive edici
mutasyonlar, kontrolstiz hticre biiytimesini tesvik ederek ve mesane
kanseri gelisimine katkida bulunarak, asag1 akis sinyal yollarmin kurucu
aktivasyonuna yol acabilir (46).

FGFR3 (Fibroblast Biiytime Faktorii Reseptorii 3): Mesane kanserinde yer
alan baska bir proto-onkogendir. FGFR3'teki aktive edici mutasyonlar,
diistik dereceli non-invaziv mesane tiimorlerinin bir alt kiimesinde
tanimlanmustir. Bu mutasyonlar hiicre proliferasyonunu tesvik eder ve
apoptozu inhibe ederek tiimor biiytimesine katkida bulunur (47).

DNA Onarim Genleri:
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e XRCC1 (X-15111 onarim capraz tamamlayici 1): Cevresel ajanlarin neden
oldugu DNA hasarini onarmaktan sorumlu baz eksizyon onarim yolunda
yer alir. XRCC1'deki polimorfizmler, degismis DNA onarim kapasitesi ve
artan mesane kanseri riski ile iliskilendirilmistir (48).

Telomeraz Genleri:

e TERT (Telomeraz Ters Transkriptaz): Telomer uzunlugunu koruyan bir
enzim olan telomerazin katalitik alt birimini kodlar. TERT promotor
mutasyonlar1 mesane kanserinde tanimlanir ve artan telomeraz aktivitesi
ile iliskilendirilerek sinirsiz hiicre ¢ogalmasina ve timor ilerlemesine
katkida bulunur (49).

2.5.1. Sitokrom P450 Genleri ve Mesane Kanseri iliskisi

CYP (Sitokrom P450) enzim ailesi, mesane kanseri gelisimi ve ilerlemesinde
kritik bir rol oynamaktadir. CYP1A1 (Sitokrom P450 1A1), CYP2E1 (Sitokrom P450 2E1),
CYP1B1 (Sitokrom P450 1B1) ve CYP3A4 (Sitokrom P450 3A4), mesane
karsinogenezinde yer alan anahtar tiyeler arasmndadir. Mesane kanserinde CYP
enzimlerinin rolii karmasik ve ¢ok yonltdiir. CYP ailesinin baz: {iyeleri karsinojenlerin
aktivasyonunda yer alirken, digerleri tanisal biyobelirtecler veya terapotik hedefler
olarak islev gorebilir.

CYP genleri ile mesane kanseri arasindaki karmasik iliski, hastaligin
patogenezinde genetik faktorlerin ©nemini vurgulamaktadir. CYP1A1 (Sitokrom
P4501A1), CYP2E1 (Sitokrom P450 2E1), CYP1B1 (Sitokrom P450 1B1) ve CYP3A4
(Sitokrom P450 3A4), mesane kanseri gelisimi ve tedavi yanitinda yer alan anahtar CYP
enzimleri arasmndadir. Farmakogenomik ve biyobelirte¢ arastirmalarinin klinik
uygulamaya dahil edilmesi, hasta sonuclarmin iyilestirilmesine ve kisisellestirilmis
terapotik stratejilere katki saglayabilir.

Mesane Kanseri ile Iliskili Olan CYP Ailesi
[lag Metabolizmasinda ve Detoksifikasyonda CYP Enzimleri:

e CYP1A1l: CYP1 ailesinin bir {yesidir ve polisiklik aromatik
hidrokarbonlar (PAH'lar) ve aromatik aminler gibi cevresel kanserojenler
dahil olmak {tizere cesitli eksojen bilesiklerin metabolizmasinda yer alir.
Bu bilesiklerin CYP1A1l tarafindan aktivasyonu, mesane kanserinin
baslamasina ve ilerlemesine katkida bulunan DNA eklentilerinin
olusumuna yol agar (50).

e CYP2E1 (Sitokrom P450 2E1): Mesane kanseri gelisimine katkida
bulunabilen nitrozaminler ve benzen gibi cesitli cevresel toksinlerin ve
prokarsinojenlerin metabolizmasinda yer alir. Mesane kanseri
dokularinda yiiksek CYP2E1 ekspresyonu gozlemlenmistir, bu da
mesane karsinogenezindeki potansiyel rolint gostermektedir (51).

Tanisal Biyobelirtecler Olarak CYP Enzimleri:

e CYP1B1 (Sitokrom P450 1B1): CYP1 ailesinin bir tiyesidir ve normal
mesane dokularma kiyasla mesane kanseri dokularinda asir1 eksprese
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edilir. Yuksek CYP1B1 ekspresyonu, ilerlemis timor evresi ve koti
prognoz ile iliskilendirilmistir, bu da onu mesane kanseri i¢in potansiyel
bir tanisal ve prognostik biyobelirte¢ haline getirmektedir (52).

Terapotik Hedefler Olarak CYP Enzimleri:

CYP3A4 (Sitokrom P450 3A4): CYP3A4, insan karacigerinde en bol
bulunan CYP enzimidir ve mesane kanseri tedavisinde kullanilan ¢ok
say1da ilacin metabolizmasinda kritik bir rol oynar. CYP3A4 aktivitesinde
bireyler aras1 degiskenlik, ilag etkinligini ve toksisitesini etkileyebilir, bu
da mesane kanseri tedavisinde kisisellestirilmis ila¢ yaklasimlarmin
onemini vurgular (53)

CYP1A1 (Sitokrom P450 1A1), mesane kanseri gelisimi ile iliskili cevresel
karsinojenler olan PAH'lar ve aromatik aminlerin metabolizmasindan
sorumlu bir faz I ilag metabolize edici enzimdir. CYP1A1 genindeki m1
(T>C) ve m2 (A>G) varyantlar1 gibi belirli polimorfizmler, degisen
enzimatik aktivite ve artmis mesane kanseri riski ile iliskilendirildi (54).

CYP2E1, mesane kanseri gelisimine katkida bulunabilen nitrozaminler ve
benzen dahil olmak {izere ¢esitli ¢evresel karsinojenlerin
metabolizmasinda yer alir. CYP2E1 genindeki polimorfizmler, enzimin
aktivitesini diizenleyerek kisinin mesane kanserine duyarliligmi
etkileyebilir (55).

CYP1B1, endojen hormonlarin ve ksenobiyotiklerin metabolizmasinda
yer alir ve mesane kanseri dokularinda asir1 ekspresyonu gozlenmistir.
Yiiksek CYP1BI seviyeleri, ilerlemis ttiimor evresi ve kotii prognoz ile
iliskilidir ve mesane kanseri igin tanisal ve prognostik bir biyobelirteg
olma potansiyelini gosterir (56).

CYP3A4, insan karacigerinde en bol bulunan CYP enzimidir ve mesane
kanseri tedavisinde kullanilan ¢ok c¢esitli ilaglarin metabolize
edilmesinden sorumludur. CYP3A4 aktivitesindeki degiskenlik, ilag
yanitin ve toksisiteyi etkileyebilir, bu da farmakogenomiklerin terapotik
sonuglar1 optimize etmedeki 6nemini vurgular (57).

DNA Onarim Genlerinde Polimorfizmler:

XRCC1 (X-ray Repair Cross Complementing 1): Cevresel ajanlarin neden
oldugu DNA hasarini onarmaktan sorumlu baz eksizyon onarim yolunda
yer alir. XRCC1'deki polimorfizmler, artmis mesane kanseri riskine yol
acan, degistirilmis bir DNA onarim kapasitesi ile iliskilendirilmistir.
XRCC1 genindeki polimorfizmlerin, proteinin fonksiyonel yapisini
degistirerek tamir etkinligini olumsuz etkileyebilecegi 6ne stirtilmustir.
Insanlarda kanser gelisimi tizerindeki roliint incelemek amaciyla bas,
boyun, kolon, mide, 6zefagus, akciger, mesane, meme ve deri kanserleri
gibi cesitli hastaliklar {izerinde bircok hasta ve kontrol ¢alismasi yapilms
ve farkli sonuclar elde edilmistir. (58).

ERCC2 (Excision Repair Cross Complementing 2): Cevresel
kanserojenlerin neden oldugu hacimli DNA lezyonlarmi onaran
niikleotid eksizyon onarimm yolunun kritik bir bilesenidir. ERCC2'deki
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polimorfizmler, ozellikle cevresel genotoksik ajanlara maruz kalan
kisilerde mesane kanseri duyarlilig: ile iliskilendirilmistir(59).

Metabolik Enzimlerde Polimorfizmler:

e NAT2 (N-Asetiltransferaz 2): Sigara dumaninda ve endiistriyel
kimyasallarda bulunan arilaminlerin metabolizmasinda yer alr.
NAT2'deki polimorfizmler, ozellikle sigara icenlerde artan mesane
kanseri riski ile iliskilendirilmistir (60).

e GSTM1 (Glutatyon S-Transferaz Mu 1) ve GSTT1 (Glutatyon S-Transferaz
Teta 1): Glutatyon ile konjugasyon yoluyla karsinojenlerin detoksifiye
edilmesinde yer alir. GSTM1 ve GSTT1 bos genotiplerinin varlig,
ozellikle sigara icenlerde ve cevresel toksinlere maruz kalan kisilerde
artmis mesane kanseri riski ile iliskilendirilmistir (61).

Bagisiklik Tepkisi Genlerinde Polimorfizmler:

e IL-10 (Interleukin-10): Bagisiklik yaniti diizenlemesinde yer alan bir
sitokindir. IL-10 genindeki polimorfizmler, artan kanser riskine bagli baz1
varyantlarla mesane kanseri duyarlilig: ile iliskilendirilmistir (62).

Hiicre Dongiisii Diizenleyicilerinde Polimorfizmler:

e TP53 (Tumor Proteini p53): Hiicre dongiisti diizenlemesi ve DNA
onariminda yer alan kritik bir timor baskilayic1 gendir. TP53'teki
polimorfizmler, degisen mesane kanseri riski ile iliskilendirilmistir (63).

3.MATERYAL ve METOD

3.1. Materyal

3.1.1. Kimyasal Madde ve Coziiciiler
Saf Etil Alkol (Reidel-Haen, Almanya)
2-propanol (Merck, Almanya)

Bidistile su

3.1.2. Alet ve Geregler

Santrifiij (Sigma k-15-1, Almanya)

Etuv (Nuve EN 500, Turkiye)

-20°C Sogutucu (Ugur Derin Dondurucu, Tiirkiye)

-80 °C Sogutucu (Jouan, Danimarka)

+4 0C Sogutucu (Bosch, Almanya)

1,5 mI'lik kapakli mikrosantrifdj ttipti (Isolab, Almanya)
Otomatik ayarlanabilir pipet (Eppendorf, Almanya)

Gergcek zamanli PCR cihaz1 (LightCycler480 II, Roche Diagnostics GmbH
Mannheim, Almanya)
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Lightcycler 480 multiwell plate 96 (Roche Kat No: 4729692)
Lightcycler 480 sealing foil (Roche Kat No: 4729757)
Tagman Universal Master Mix II (Thermo Kat No: 4440038)
Distile su cihaz (Milli pore, Fransa )

3 ml'lik %7,5 EDTA'l1 tiip (BD, Vacutainer, Ingiltere)
AU5800 BECKMAN COULTER

UNICEL DXI800

SYMEX XN1000

3.1.3. Kullanilan Kitler

High Pure PCR Template Preparation Kit (Cat. No. 11 796 828 001, Roche
Diagnostics GmbH Mannheim, Almanya)

TagMan® SNP Genotyping CYP1A1 rs4646903 Assay Kit (Thermo Kat No:
4351379)

TagMan® SNP Genotyping CYP1A1 rs1048943 Assay Kit (Thermo Kat No:
4351379)

PureLink® Genomic DNA Mini Kit (Thermo Kat No: K182002)
Kreatinin, (Beckman Coulter, Inc, Brea, CA, USA)
HDL (Beckman Coulter, Inc, Brea, CA, USA)
LDL (Beckman Coulter, Inc, Brea, CA, USA)
VLDL (Beckman Coulter, Inc, Brea, CA, USA)
AST (Beckman Coulter, Inc, Brea, CA, USA)

ALT (Beckman Coulter, Inc, Brea, CA, USA)

CRP (Beckman Coulter, Inc, Brea, CA, USA)

Ure (Beckman Coulter, Inc, Brea, CA, USA)

WBC (Symex XN1000, USA)

RBC (Symex XN1000, USA)

Ferritin (Beckman Coulter, Inc, Brea, CA, USA)

3.2. Calisma Grubu ve Kan Ornek Orneklerinin Toplanmasi1 ve Saklanmas1
3.2.1. Calisma Grubu

Bu calismaya Mersin Universitesi Hastanesi, Uroloji polinikligine basvuran
herhangi bir sistemik hastalig1 olmayan, sadece mesane kanser tanisi alan 18-80 yas
araligindaki 55 hasta (Hasta Grubu) ve yine tiroloji poliklinigine basvuran diizenli analiz
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ve klinik muayene sonucu kanser ve genel hastalig1 bulunmayan 18-80 yas araliginda 56
saglikli birey (Kontrol Grubu) dahil edilmistir. Bu ¢alisma 23/03/2022 tarihli ve
2022/197 sayili kurul karari ile Mersin Universitesi Klinik Aragtirmalar Etik Kurulu
tarafindan onaylanmustir.

Arastirmaya dahil edilmesi planlanan hasta ve kontrol grubuna ait 6rneklem
genisligi hesaplamasmda, gruplarda orta dereceli etki biiytikliigii belirlenip 0,30 olarak
almmustir. Bu etki btiytikltigtintin 0.05 Tip I hata ve 0.80 gtig ile her bir grupta 54 vaka
ile olmasma karar verilmistir.

3.2.1.1. Hasta ve Kontrol Grubu i¢in Dahil Edilme Kriterleri
Hasta Grubu:

1. Mersin Universitesi Tip Fakiiltesi Hastanesi, Uroloji polikliniginde takip
edilen ve mesane kanseri tanis1 alan ve mesane kanseri disinda herhangi
bir sistemik hastalig1 olmayan hastalar

2. 18ila 80 yas araligindaki hastalar

3. Tim dosya verileri saglanmis hastalar

4. Goniilli olur formunu imzalamis olan hastalar
Kontrol Grubu:

1- Mersin Universitesi Tip Fakiiltesi Hastanesi, Uroloji Polikliniginde
takip edilen bireyler

2- 18ila 80 yas araligindaki hastalar
3- Tium dosya verileri saglanmis hastalar

4-  Goniillii olur formunu imzalamis olan hastalar

3.2.1.2.Hasta ve Kontrol Grubu I¢in Dislanma Kriterleri
Hasta grubu

1- Mersin Universitesi Tip Fakiiltesi Hastanesi, Uroloji Polikliniginde
kayitli olmayan hastalar

2- 18 yas alt1 ve 80 yas tistii hastalar
3- Dosya verileri tamamlanmamuis hastalar

4-  Goniilli olur formunu imzalamamis olan hastalar

Kontrol grubu

1- Mersin Universitesi Tip Fakiiltesi Hastanesi, Uroloji Polikliniginde
kayitli olmayan hastalar

2- 18 yas alt1 ve 80 yas tistii hastalar

3- Dosya verileri tamamlanmamuis bireyler
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4- Goniilld olur formunu imzalamamais olan bireyler

3.3. Calisma Gruplarindan Kan Orneklerin Alimi1 ve Saklanmas1

Etik kurul onay1 alindiktan sonraki tarihten itibaren (23/03/2022 ) 3 ay icinde
hasta ve kontrol gruplarindan EDTA’L tiiplere alinan 5 ml kan 6rneklerinden WBC ve
RBC analizi ayn giin ¢alisildi. Takiben CYP1A1 rs4646903 ve rs1048943 polimorfizm
analizi i¢in Tibbi Biyokimya Laboratuvarinda calisma giintine kadar olan siire iginde
+4°C’de saklandi. Bos biyokimya tiiplerine alman kan rnekleri ise 3000 rpm’de 10
dakika santriftij edildikten sonra ayrilan serum orneklerinde biyokimyasal
parametrelerden Kreatinin, HDL, LDL, VLDL, AST, ALT, WBC, RBC, CRP ve Ure,
Ferritin analizi ayni gitin calisildi.

3.4. Metod

3.4.1. CYP1A1l rs4646903 ve rs1048943 Polimorfizm Analizi icin DNA
Izolasyonu

Calismaya katilmay1 kabul eden hasta ve kontrol grubundaki bireylerden alinan
ve +4°C'de saklanan EDTA'll tiiplerdeki kan orneklerinden DNA izolasyonu, Roche
Diagnostics (GmbH, Mannheim, Almanya) tarafindan saglanan DNA izolasyon kiti
kullanilarak gerceklestirildi. Bu islemde uygulanan presediir;

1-  Steril bir 1,5 ml kapakl tiipe 200 pL tam kan alind1. Uzerine sirastyla
200 pL baglayict tampon ve 40 pL proteinaz K eklendi. Proteinaz
eklendikten sonra tiiplerin kapaklar1 hemen karistirildi.

2- Tipler, 70 °C'de 10 dakika inkiibe edildi.

3- Inkiibasyonun ardindan tiiplere 100 pL izopropanol eklenip iyice
karistirildi. Karisim, bir filtre tiiptine aktarildi.

4- Karisim, 8000 g'de 1 dakika santriftij edildi.

5- Toplama tupii degistirildi ve yeni tiipe 500 pL Inhibitor Removal
Buffer eklendi. Bu tiip, 8000 g'de 1 dakika santrifiij edildi ve toplama
tupt tekrar degistirildi.

6- Sonraki adimda, tiipe 500 pL wash buffer eklenip, 8000 g’de 1 dakika
santrifiij edildi. Toplama ttipti degistirildi.

7- Bu yikama islemi bir kez daha tekrarlandi ve toplama tiipi
degistirildi.

8- Tiipe herhangi bir ¢ozelti eklenmeden, 13.000 g’de 10 saniye santrifiij
edildi.

9- Son olarak 1,5 ml'lik kapaklt DNA saklama tiiplerine filtre ttipleri
yerlestirilerek icerisine 70 °C’de bekletilen eliisyon tamponundan 200
pL eklenerek 1 dakika 8000 g’'de santrifiij edildi. Bu defa DNA
eltisyon tamponunun yardimi ile 1,5 ml’lik kapaklt DNA saklama
tiuplerine gectigi icin filtre ttipleri uzaklastirilip ve DNA eldesi
tamamland.
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3.4.2 CYP1A1 rs4646903 Ve rs1048943 Polimorfizmi Analizi

CYP1A1 rs4646903 ve rs1048943 polimorfizmleri, elde edilen DNA 6rneklerinde
Roche Diagnostics LightCycler 480 RT-PCR cihazi (GmbH, Mannheim, Almanya) ile
analiz edildi. Analiz sirasinda, tiretici firmanin onerilerine uygun olarak asagidaki
reaksiyon karisimi hazirlandi. Reaksiyon karisiminda kullanilan materyaller ve
miktarlar1 Tablo 2'de belirtilmistir.

Tablo 3.1. Reaksiyon karisiminin hazirlanmasimda kullanilan materyaller ve miktarlar:

Icerik Miktar
H>O 4 pL
Master Mix 10 uL
Primer-probe Assay 1L
Toplam karisim hacmi 15 uL
DNA 5uL

Multiwell plate icerisine her bir 6rnek icin 15 pL karisim ve karisimin tizerine 5
puL DNA eklendi. CYP1A1 rs4646903 ve rs1048943 polimorfizmlerinin analizi igin
uygulanan PCR kosullar1 Tablo 3’de verilmistir.

Tablo 3.2. CYP1A1 rs4646903 ve rs1048943 polimorfizmlerinin analizi i¢cin PCR

kosullar:
PCR asamalari Hedefis1 Bekleme stiresi (sn)
(°C)
Denatiirasyon 95 600
Amplifikasyon Denatiirasyon 95 15
(40 Dong) IAnneal / extend 60 60
Soguma 40 30

3.4.3. Biyokimyasal Parametrelerin Olciimii ve Prensipleri

Kreatinin, HDL, LDL, VLDL, AST, ALT, CRP, Ure parametreleri Beckman
Coulter, Inc, Brea, CA, USA AU5800 BECKMAN COULTER biyokimya otoanalizorii
kullanilarak gerceklestirildi.
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Kreatinin; Kreatinin 6lciim prensibi, kreatininin alkalin ortamda pikrik asitle
sar1-turuncu renkli bir bilesik olusturmasina dayanir. 520/800 nm dalga boylarinda renk
degisimi, 6rnekte bulunan kreatinin konsantrasyonuyla dogru orantilidir.

HDL; Enzimatik kolorimetrik analiz prensibi, anti-insan-p-lipoprotein
antikorunun HDL disindaki lipoproteinlere (LDL, VLDL ve silomikronlar) baglanmasi
esasina dayanir. Olusan antijen-antikor kompleksleri R2 eklendiginde enzimatik
reaksiyonlar: inhibe eder. HDL-kolesterol miktari, bir enzim kromojen sisteminin
kullanimryla belirlenir.

LDL; Kolorimetrik yontem, koruyucu bir ajamin LDL'yi enzimatik
reaksiyonlardan korumasini esas alir. LDL disindaki lipoproteinler (HDL, VLDL, CM),
kolesterol esteraz (CHE) ve kolesterol oksidaz (CHO) ile parcalanir. Olusan hidrojen
peroksit, R1'deki katalaz tarafindan yok edilir. LDL'nin 6l¢tim prensibi, sodyum azid
gibi koruyucu reaktiflerin eklenmesiyle LDL'nin ve katalazin inaktive edilmesini igerir.
Bu islemden sonra, LDL miktar1 CHO/PAP sistemi kullanilarak belirlenir.

VLDL; VLDL diizeyleri oransal olarak Friedwald esitligine gore (Trigliserid +5)
hesaplanmistir.

AST; Bu yontemde, aspartat aminotransferaz (AST), aspartat ile 2-oksoglutaratin
transaminasyonunu katalize ederek L-glutamat ve oksalasetat tiretir. Reaksiyon
karisimma piridoksal fosfat eklenmesi, AST'nin en yiiksek katalitik etkinligini saglar.
Oksalasetat, malat dehidrojenaz (MDH) tarafindan L-malata indirgenirken, es zamanl
olarak NADH NAD*ya dontistir. NADH'nin tiiketilmesi, 340 nm’de absorbansta bir
azalma ile 6lctiliir ve bu azalma numunedeki AST aktivitesiyle dogru orantilidir. Ayrica,
endojen piruvat inkiibasyon stiresince LDH reaksiyonu ile temizlenir.

ALT; Amino grubu, 2-oksoglutarat tizerinde alanindaki piruvat (ALT) ve
glutamat olusturarak aktarilir. Reaksiyon karisimina piridoksal fosfat eklenmesi,
ALT'nin en yiiksek katalitik performansimni garantiler. Piruvat, laktat dehidrojenaz
(LDH) tarafindan NADH ile katalize edilen bir reaksiyona girer ve bu stirecte laktat ile
NAD+ agiga ¢ikar. NADH ttiketimi 340 nm’de absorbansta gozlemlenen diistisle lgtiliir
ve bu dustis ALT aktivitesi ile iligkilidir. Inkiibasyon stiresi boyunca endojen piruvat
temizlenir.

CRP; Immiinotiirbidimetrik 6lgtim prensibi, R1 (Glycine buffer) ve R2 (anti-CRP
antikorlariyla kaplanmus latex stispansiyonu ) ile karistirildiginda CRP, ¢oziinmeyen
agregatlar olusturacak sekilde 6zel olarak, lateks partikiillerinin tizerini kaplamis anti-
insan CRP antikorlar1 ile Reaksiyona girmesi prensibine dayanir. Bu agregatlarin
absorbansi numunedeki CRP konsantrasyonu ile orantilidir.

Ure; Ure olgiim prensibi, iirenin su ve iireaz varliginda hidrolize olarak amonyak ve
karbon dioksit agiga ¢ikmasina dayanir. Ilk reaksiyonda olusan amonyak, glutamat
dehidrojenaz (GLDH) enziminde 2-oksoglutarat ve NADH ile birlesir, sonug olarak
glutamat ve NAD+ olusur. Birim zaman icinde NADH'nin absorbansindaki azalma, tire
konsantrasyonu ile dogru orantilidir.

WBC ve RBC parametreleri Sysmex modeli SYMEX XN1000kan saymm
cihazi cihazi kullanilarak gerceklestirildi.

WBC; akim sitometri yontemi ile hesaplanr.

RBC; impedans yontemi ile hesaplanir.
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Ferritin parametreleri Beckman Coulter, Inc, Brea, CA, USA UNICEL DXI800
hormon otoanalizorii kullanilarak gerceklestirilmistir. Acces Ferritin testi, iki bolgeli
immiinoenzimatik (sandvig) bir testtir. Testin gerceklestirilmesi icin reaksiyon kabina
keci anti-ferritin alkalin fosfataz konjugat1 ve keci anti-ferritin ile kapl paramanyetik
partikiiller iceren ornek eklenir. Serum veya plazma (heparin) icindeki ferritin, kat
fazda bulunan monoklonal anti-ferritin ile baglanirken, keci anti-ferritin enzim
konjugat1 ferritin molekiillerindeki farkli antijen bolgeleriyle etkilesime girer.
Inkiibasyon sonrasi, baglanmis maddeler kat1 fazda tutulur, baglanmamis maddeler
yikanir ve manyetik alan kullanilarak tutulur. Daha sonra Lumi-Phos 530
kemiltiminesans substrati eklenir ve reaksiyondan olusan isik bir luminometre ile
olctiltir. Elde edilen 1s1k miktar1, 6rnekteki ferritin konsantrasyonu ile dogru orantilidur.
Analit miktari, saklanmis olan kalibrasyon egrisi kullanilarak hesaplanir.

3.4.4. Istatistiksel Analiz

Degiskenlerin normal dagilim Shapiro-Wilk testi ile kontrol edildi. Yas
degiskeni, ortalama * standart sapma (SS) ile birlikte minimum-maximum, medyan, 1.
ceyreklik ve 3. ceyreklik degerleri kullanilarak 6zetlendi. Smiflandirilmis degiskenler ise
say1 (n) ve yiizde (%) olarak tablolandu. Iki grup arasindaki karsilastirmalarda bagimsiz
orneklem t testi kullanildi. Smiflandirilmis degiskenler arasindaki iliskiler Ki-Kare testi
ile analiz edildi. Genotipler agisindan Hasta ve Kontrol gruplarmim Hardy-Weinberg
dengesi kontrol edildi. Analizler Statistica v.13.3.1 yazilimi ile gerceklestirildi ve p<0,05
istatistiksel anlamlilik sinir1 olarak belirlendi.

4. BULGULAR

4.1.Calisma Grubunu Olusturan Bireylerin Tanimlayic1 Bilgilerine Ait
Bulgular

Calismaya, Mersin Universitesi Tip Fakiiltesi Hastanesi Uroloji poliklinigine
basvurmus, 18 yasindan biiyiik ve 80 yasindan kiiciik hastalar, dosya verileri tam olup
bilgilendirilmis gontillii olur formunu imzalamis olan mesane kanseri tanist konulan 55
hasta (yas ortalamasi: 66,87+6,48), ve mesane kanseri tanisi almamis olan 56 (yas
ortalamasi: 58,48+13,69) saglikl1 kontrol olmak tizere 111 birey dahil edildi.

Tablo 4.1’de yasa gore hasta ve kontrol gruplarinin yas ortalamalarmna gore
dagilimlar1 bakimindan verileri veilmis olup hasta ve kontrol grubunda yas ortalamalar1
bakimindan anlamli bir fark bulundu (p<0,001).

Tablo 4.1. Hasta ve Kontrol gruplarmnin yas ortalamalarina gore dagilimlar:

GRUP N OrttS.Sapma | Min-Maks p

Yas Hasta 55 66,87+6,48 49,00-81,00 <0,001
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Kontrol

56

58,48+13,69

26,00-85,00

n: hasta/ kontrol sayisi, p:gruplar arasi anlamlilik derecesi

Calisma gruplarina ait cinsiyet, yas, aile oykiisti, sigara kullanimi, alkol
kullanimi, Hipertansiyon (HT), Diyabetes mellitus (DM), Kronik Obstriiktif Akciger
Hastalig1 (KOAH) ve Koroner Arter Hastalig1 (KAH) gibi demografik verileri Tablo
4.2'de verilmistir.

Tablo 4.2. Calisma Grubunu Olusturan Bireylerin Demografik Verilerine Ait Bulgular

Hasta Kontrol
Kadin n 8 8 16
Cinsiyet % %14,5 %14,3 %144 0,969
Erkek n 47 48 95
% %85,5 %85,7 %85,6
Yok n 50 56 106
% %90,9 %100,0 95,5 0021
Aile Oykiisii o o ’
Var n 5 0 5
% %9,1 %0,0 %4,5
Yok n 12 23 35
Sigara o o o ) 0,028
Kullanimi o @21,8 641,1 631,5
Var n 43 33 76
% %78,2 %58,9 %68,5
Yok n 37 56 93
DM : <0,001
% %67,3 %100,0 %83,8
Var n 18 0 18
% %32,7 %0,0 %16,2
Yok n 31 56 87
% %56,4 %100,0 %78,4 <0,001
HT 0J0, (o] , 0/0,
Var n 24 0 24
% %43,6 %0,0 %21,6
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Yok n 48 56 104
- 0,061
% %87,3 %100,0 %93,7
KOAH
Var n 7 0 7
% %12,7 %0,0 %6,3
Yok n 51 56 107
% %92,7 %100,0 %96,4 0122
KAH o — -
Var n 4 0 4
% %73 %0,0 %3,6

n: hasta sayisi, %: hasta ytizdesi, p:gruplar aras1 anlamlilik derecesi

*HT: hipertansiyon, DM: Diyabetes mellitus, KOAH: Kronik Obstriiktif Akciger
Hastalign KAH: Koroner Arter Hastalig1

Mesane kanseri calisma grubu cinsiyet dagilimi bakimindan incelendiginde,
hasta grubunu olusturan 55 katilimcinin 8’si kadin, 47’si erkek olup, kontrol grubunu
olusturan 56 katilimcmin ise; 8'i kadin, 48'i erkektir. Cinsiyet dagilimi bakimimndan
gruplar arasinda istatistiksel olarak anlamli bir iliski saptanmadi (p=0,969).

Bu calismada kontrol grubu herhangi bir sistemik hastaligi ve kanser dykiisii
olmayan bununla birlikte aile dykiisiinde de herhangi bir kanser oykiisii olmayan
saglikli bireylerden olusturuldu. Bu nedenle mesane kanseri grubunda aile oykiisii
bulunanlar kontrol grubu aile dykiisti bulunanlara gore anlaml1 derecede daha ytiksek
bulundu (p=0,021). Sistemik hastaliklar agisindan hasta grubunda bulunan bireyler
incelendiginde, DM; %32,7, HT;%43,6, KOAH;%12,7, KAH;%7,3 oraninda bulundugu
tespit edildi.

4.2. Kontrol ve Hasta Gruplarinin CYP1A1 rs1048943 Polimorfizminde
Genotiplerinde Hardy- Weinberg Dengesine Ait Bulgular

Calisma grubunu rs1048943 polimorfizmdeki genotipler ile beklenen genotipler
arasimdaki uyum ‘Hardy Weinberg’” dengesine gore incelendi ve popiilasyonun dengede
oldugu bulundu.

Tablo 4.3. Hasta ve Kontrol Grubu CYP1A1 rs1048943 polimorfizmi agisindan ‘Hardy
Weinberg’ dengesindeki veriler

HASTA/KONTROL | GENOTIP | HWE

P Degeri
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Gozlenen Deger Beklenen Deger
AA 43 (%78,2) 43,65
rs1048943 Hasta AG 12 (%21,8) 10,69 0,364
GG 0 (%0,0) 0,65
AA 49 (%87,5) 49,22
rs1048943 Kontrol AG 7 (%12,5) 6,56 0,618
GG 0 (%0,0) 0,22

p: gruplar arasi anlamlilik derecesi

Mesane kanseri calisma grubunu olusturan hasta grubu CYP1A1 (rs1048943)
polimorfizmi agisindan ‘Hardy Weinberg' dengesindedir (p=0,364). Kontrol grubu
CYP1A1 (rs1048943) agisindan ‘Hardy Weinberg” dengesindedir (p=0,618).

4.3. Kontrol ve Hasta Gruplarinda CYP1A1 rs1048943 Polimorfizminde
Genotip Dagilimina Ait Bulgular

Kontrol ve hasta gruplar1 arasindaki CYP1A1 rs1048943 genotip dagilimi Tablo
4.4’ de verilmigtir.

Tablo 4.4. CYP1A1 rs1048943 polimorfizminde hasta ve kontrol gruplarindaki genotip

dagilimi
Grup
. . Total L.
Polimorfizm Genotip Hasta Kontrol P degeri
AA n 43 49 92
% | %782 %87,5 %82,9
0,193
rs1048943 |AC 0 |12 7 1
% | %218 %12,5 %17,1

n: hasta sayisi, p: gruplar arasi anlamlilik derecesi

CYP1A1 rs1048943 polimorfizmi icin genotip dagilimlar1 incelendiginde, hasta
grubunda AA genotipine sahip 43 katilimc1 (%78,2) hasta, AG genotipine sahip 12
katilimer (%21,8) hasta bulundu. Kontrol grubunda ise AA genotipine sahip 49 katilimci
(%87,5) hasta, AG genotipine sahip 7 katilimci (%12,5) hasta bulundu. Hasta ve kontrol
gruplar1 toplam dagilimlari incelendiginde ise; AA genotipine sahip 92 katilimci (%82,9),
AG genotipine sahip 19 katilimci (%17,1) ve GG genotipine sahip 0 katilimci (%0,0) hasta
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tespit edildi. Tium bu bilgiler 1s138§1nda hasta-kontrol grubu ile CYP1A1 (rs1048943)
polimorfizmi arasinda kayda deger bir iliski yoktur (p=0,193).

4.4. Kontrol ve Hasta Gruplarinda CYP1A1 rs1048943 Polimorfizminde Allel
Dagilimlarina Ait Bulgular

CYP1A1l 1s1048943 polimorfizminde kontrol ve hasta gruplar1 ile allel
dagilimlarmna ait veriler Tablo 4.5 de verildi.

Tablo 4.5. Kontrol ve hasta gruplarinda CYP1A1 rs1048943 polimorfizminde allel
dagilimlarina ait veriler

Alel Allel Oranlar:
Kontrol Hasta P Degeri
n 105 98
A
% | %84,7 %89,1
0,541
n 19 12
G
% | %153 %10,9

n: hasta sayisi, p: gruplar arasi anlamlilik derecesi

CYP1A1 (rs1048943) polimorfizmi i¢in hasta ve kontrol gruplar: ile allel
dagilimlarinda A alleli kontrol grubunda 105 katilimc1 (%84,7), hasta grubunda 98
katilimc (%89,1); G alleli oran1 kontrol grubunda 19 katilimci (%15,3), hasta grubunda
12 katilimc (%10,9) olarak tespit edildi. Tim bu veriler 15181nda CYP1A1 (rs1048943)
polimorfizmi icin Hasta-Kontrol gruplari ile allel dagilimlar: arasinda kayda deger bir
iliski saptanmadi (p=0,541).

4.5. Kontrol ve Hasta Gruplarinin CYP1A1l rs4646903 Polimorfizminde
Genotiplerinde Hardy- Weinberg Dengesine Ait Bulgular

Mesane kanseri ¢alisma grubunu olusturan kontrol ve hasta grubunda CYP1A1
rs4646903 varyantina ait olan T/ C allellerinin olusturdugu genotiplerle olmas1 beklenen
genotipler arasindaki uyum (Hardy-Weinberg Dengesi) Tablo 4.6 da verildi.

Tablo 4.6. Hasta ve Kontrol Grubu CYP1A1 rs4646903 acisindan “Hardy Weinberg’
dengesindeki veriler

HWE
Hasta/Kontrol Genotip P Degeri
Gozlenen Deger Beklenen Deger
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TT 41 (%74,5) 41,02

rs4646903 Hasta CcC 13 (%23,6) 12,95 0,979
TC 1(%1,8) 1,02
TT 50 (%89,3) 50,16

rs4646903 Kontrol CcC 6 (%10,7) 5,68 0,672
TC 0 (%0,0) 0,16

HWE: Hardy Weinberg Dengesi, p:gruplar arasi anlamlilik derecesi

Calisma grubu rs4646903 polimorfizmdeki genotipler ile beklenen genotipler
arasimdaki uyum ‘Hardy Weinberg’” dengesine gore incelendi ve popiilasyonun dengede
oldugu bulundu. Hasta grubu rs4646903 polimorfizmi acisindan ‘Hardy Weinberg’
dengesindedir. (p=0,979). Kontrol grubu rs4646903 acisindan ‘Hardy Weinberg’
dengesindedir (p=0,672).

4.6. Kontrol ve Hasta Gruplarinda CYP1A1 rs4646903 PolimorfizmindeGenotip
Dagilimina Ait Bulgular

Kontrol ve hasta gruplar1 arasindaki CYP1A1 rs4646903genotip dagilimi Tablo
4.7’ de verildi.

Tablo 4.7. Kontrol ve hasta gruplarinda CYP1A1 rs4646903polimorfizminde genotip

dagilimi
Grup
Polimorfizm |Genotip Hasta Kontrol Total P
1T n 41 50 91
% %74,5 %89,3 %82,0
rs4646903 TC N 13 6 19 0,108
% %23,6 %10,7 %17,1
CcC n 1 0 1
% %1,8 %0,0 %0,9

n: hasta sayisi, p:gruplar arasi anlamlilik derecesi

CYP1A1 (rs4646903) polimorfizmi igin genotip dagilimlar: incelendiginde, hasta
grubunda TT genotipine sahip 41 katilimc1 (%74,5) hasta, TC genotipine sahip 13
katilimc (%23,6) hasta, CC genotipine sahip 1 katilimei (%1,8) hasta bulundu. Kontrol
grubunda ise TT genotipine sahip 50 katilimc1 (%89,3) birey, TC genotipine sahip 6
katilimc1 (%10,7) birey, CC genotipine sahip 0 katilimci (%0) birey bulundu. Hasta ve
kontrol gruplar1 toplam dagilimlari incelendiginde ise; TT genotipine sahip 91 katilimect
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(%82), TC genotipine sahip 19 katilimci (%17,1), CC genotipine sahip 1 katilimc (%0,9)
birey tespit edildi. Tum bu bilgiler 1s151nda hasta-kontrol grubu ile CYP1A1 (rs4646903)
polimorfizmi arasinda anlaml bir iliski saptanmadi (p=0,108).

4.7. Kontrol ve Hasta Gruplarinda CYP1A1 rs4646903 Polimorfizminde Allel
Dagilimlarina Ait Bulgular

CYP1A1l 1s4646903 polimorfizminde kontrol ve hasta gruplar1 ile allel
dagilimlarma ait veriler Tablo 4.8" de verilmistir.

Tablo 4.8. Hasta-Kontrol gruplari ile allel dagilimlar:

Allel Oranlar
Kontrol Hasta P Degeri
100 83
T
%89,2 %75,5
0,871
12 27
C
%10,8 %24,5

p:gruplar aras1 anlamlilik derecesi

CYP1A1l (rs4646903) polimorfizmi i¢in hasta ve kontrol gruplarma ait allel
dagilimlarinda T alleli kontrol grubunda 100 saglikli katilimci (%89,2), hasta grubunda
83 katilimci(%75,5); C alleli oran1 kontrol grubunda 12 saghkli katilimei (%10,8), hasta
grubunda 27 katilimer (%24,5) olarak tespit edildi. Tim bu veriler 1s181nda CYP1A1
(rs4646903) polimorfizmi i¢in Hasta-Kontrol gruplar1 ile Allel dagilimlari arasinda
anlaml bir iliski saptanmad1 (p=0,871).

5. TARTISMA

Mesane kanseri, mesane astarindaki hiicrelerin anormal biiytimesiyle
karakterize edilen, diinya capinda onemli bir saghk sorunudur. Gelisiminin ve
ilerlemesinin altinda yatan molekiiler mekanizmalar1 anlamak, teshis ve tedavi
stratejilerini gelistirmek icin 6nemlidir Son arastirmalar, bir bireyin kansere duyarliligimni
etkileyebilen kalitsal genetik varyasyonlarm roliinii de vurgulamistir. Karsinojenezde
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yer alan cesitli genler arasinda, sitokrom P450 (CYP) gen ailesi, cevresel karsinojenler de
dahil olmak tizere ¢cok sayida endojen ve eksojen bilesigin metabolizmasindaki énemli
rolii nedeniyle 6nemli ¢l¢iide dikkat cekmistir (3). CYP1A1l ve CYP1A2'yi de iceren
CYP450 enzimleri, tiitiin dumaninda ve cevresel kirleticilerde bulunan kanserojenlerin
metabolize edilmesinde nemli roller oynar. Bu enzimler, mesane kanseri igin bilinen
risk faktorleri olan aromatik aminlerin ve polisiklik aromatik hidrokarbonlarm
(PAH'ar) aktivasyonunda rol oynar (63). Arastirmalar, CYP450 enzimlerindeki genetik
varyasyonlarin mesane kanserine Kkarsi bireysel duyarlilig:i etkileyebilecegini
duistindtirmektedir (64). Bu nedenle, CYP1A1l genindeki m1l (T>C) ve m2 (A>G)
varyantlari gibi polimorfizmlerin mesane kanseri riski ile potansiyel iliskileri agisindan
incelenmistir(65). Bu genetik varyasyonlar enzim aktivitesini ve substrat
metabolizmasimi etkileyebilir, dolayisiyla bireyin kanserojen maruziyetlere karsi
tepkisini modiile edebilir. CYP450 genetik polimorfizmlerinin mesane kanseri
duyarliligindaki roltinti anlamak, kisisellestirilmis risk degerlendirmesi ve onleyici
stratejiler konusunda degerli bilgiler saglayabilir (66,67)

Mesane kanseri ile CYP450 enzimleri arasindaki iliski, onkoloji aragtirmalar: ve
klinik uygulamalarda molekiiler ongoriileri oneminin altim1 cizmektedir. Bilimsel
buluslarin hasta sonuclarmi iyilestirecek ve mesane kanserinin kiiresel ytikiint
azaltacak yenilikci stratejilere dontistiiriilmesi igin disiplinler arasi ¢abalara devam
edilmesi gerekmektedir. Bu bilgilerin 1siginda bu calismada, Sitokrom P450
enzimlerinden olan CYP1A1 geni ile iliskili m1 (T>C; rs4646903) ve m2 (A>G; rs1048943)
polimorfizmlerinin mesane malignitesi ile olan iliskisinin arastirilmasi1 amaclanmaustir.

Mesane kanseri tizerine yapilan calismalar sonucunda risk faktorti olarak
bakilan; yas, aile faktort, sigara kullanimi, DM, HT, KOAH, KAH gibi parametrelerin
etkili oldugu gortilmustiir (68). Yasimn mesane kanseri icin dnemli bir tehlike unsuru
oldugu tespit edilmistir. Yapilan calismalarda, mesane kanserinin 55 yas iistii bireylerde
daha sik goriildagiinti ve hasta ile kontrol gruplar1 arasinda benzer yas dagilimi
olmadigin1 ortaya koyulmustur. Ayrica geng yetiskinlerde mesane kanseri goriilme
sikliginin arttig1 gozlenmistir. (69). Bagska bir calismada mesane kanseri hastalarinin %
27,3"1 65 yasindan kiictik, % 72,7’si 65 yasindan buiytik oldugu ileri stirtilmiistiir (70). Bu
calismaya dahil edilen hasta ve kontrol gruplarmna ait bireylerin yas ortalamasi
incelendiginde, hasta grubunun yas ortalamasi 66,87+6,48 iken herhangi bir sistemik
hastali$1 ve kanser oykiisti olmayan saglikl1 bireylerden olusturulan kontrol grubunun
ise yas ortalamasi 58,48+13,69 olarak bulundu. Bu anlaml1 yas farklilig: (p<0,001), yash
bireylerde mesane kanseri prevalansinin daha yiiksek oldugunu gosterip risk faktorleri
arasinda yasm onemli bir yere sahip oldugu gortildii. Bu kapsamda, bulgularimiz
literattir ile uyumludur.

Mesane kanseri insidansindaki cinsiyet dagilim modelleri genis capta
arastirilmis olup, erkeklerde kadinlara gore daha ytiksek bir prevalansin oldugu ortaya
¢ikmistir (71). Bu cinsiyet esitsizligi, mesleki maruziyetlerdeki farkliliklar, sigara icme
aliskanliklar1 ve hormonal etkiler dahil olmak tizere gesitli faktorlere baglanmstir (71).
Fajkovic ve arkadaslari ile Lutz ve arkadaslari da mesane kanseri demografisi {izerine
genis capli bir calisma yliriitmiis ve cinsiyete dayali onemli bir esitsizlik ortaya
koymustur (72, 73). Bu calismada, mesane kanseri i¢in bircok risk faktortinde cinsiyet
etkili oldugundan, kontrol grubu hasta grubuna cinsiyet sayis1 bakimindan eslestirme
yapilarak olusturuldu. Bu nedenle yapilan analizler neticesinde mesane kanseri ¢alisma
gruplarinda cinsiyet dagilimi incelendiginde hasta ve kontrol gruplarinda Kadinlar ve
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erkekler arasinda anlamli bir fark tespit edilmedi (p=0,969). Hasta grubundaki cinsiyet
dagilimlar, literatiire benzer sekilde, kadin birey sayisiin % 14,3, erkek birey sayisi ise
% 85,5 oldugu tespit edildi.

Ailede mesane kanseri oykiistiniin, hastaliga genetik yatkinlig1 diistindiiren
potansiyel bir risk faktorii oldugu belirlenmistir. Birinci derece akrabalarinda mesane
kanseri tanmis1 alan bireylerin, bu durumu kendilerinde gelistirme riskinin ytiksek
oldugu gosterilmistir (74-76). Mesane kanseri ile diyabet (DM), hipertansiyon (HT),
kronik obstriiktif akciger hastaligi (KOAH) ve koroner arter hastalig1 (KAH) gibi eslik
eden hastaliklar arasindaki iliski incelenmistir (77). Bu komorbiditelerin, mesane
kanserinin gelisimine ve ilerlemesine neden olabilecegi diisiiniilen gesitli mekanizmalar
aracihigiyla, inflamasyon, oksidatif stres ve metabolik dtizensizlik gibi etkenlerle
iliskilendirilmektedir (77). Olusturulan hasta grubunda aile dykiistinde mesane kanseri
olan oran % 9'dur ve yapilan analiz neticesinde aile dykiisii faktoriinde anlamli bir
farklilik tespit edilerek kontrol grubuna kiyasla daha fazla sayida hastanin ailesinde
mesane kanseri 6ykiisii bulundu (p=0,021).

Calismamizda mesane kanserli hasta grubunda DM, HT, KOAH, KAH gibi
durumlarin prevalans: ve bu durumlarla mesane kanseri arasnda bir baglant1 olup
olmadigina bakildi. Veriler dogrultusunda; hasta grubu bireylerinde DM; % 67,2, HT; %
56,3, KOAH; % 87,2 KAH; % 92,7 oranlarinda oldugu tespit edildi.

Sigara icimi, mesane kanseri vakalarmin %50'inden fazlasinda bulunan en buiytik
risk faktortidiir ve sigara kullanimi mesane kanseri gelisme riskini 2-4 kat artirmaktadir
(68,78). Bircok arastirma, sigara i¢gmenin sadece mesane kanseri olusumunda etkili
olmadigini, hastaligin ilerleyisinde ve sonuglarinda da rol oynadigini gostermistir (79).
Sigara kullanim siiresi arttikga, timorlerin tan1 aninda daha biiytik, daha ileri evrelerde
ve daha agresif patolojik 6zellikler gosterme egiliminde oldugu bulunmustur. Sigara
igme siiresinin uzamas, hastalarin tan1 anindaki klinik ve patolojik 6zelliklerini olumsuz
etkileyebilir. Bu da tiroloji ve patoloji uzmanlarina, mesane tiimortiniin ilk tan1 aninda
ne kadar agresif olabilecegi konusunda 6nceden bilgi saglayabilecegi ongoriilmiistiir
(80). Calismamizda yapilan analizler sonucunda hasta ve kontrol gruplari, mesane
kanseri ile sigara kullanimi arasinda anlamli bir fark bulundugunu gosterdi (p= 0,028).

Mesane kanseri genellikle cevresel faktorlerin 6rnegin sigara i¢mek, mesleki
deformasyonlara maruz kalmak gibi durumlarda etkisini arttirirken genetik yatkinlik da
onemli bir rol oynamaktadir. Baz1 genetik varyantlar mesane kanseri riskini artirabilir
veya azaltabilir. Ornegin, bircok genom capinda iliski ¢alismasi (GWAS), mesane
kanseri ile iliskili genetik lokuslar1 tanimlamistir (81). Baska bir calismada ise; mesane
kanseri ile genetik varyasyonlar arasinda iligkiler oldugu bildirilmistir (82). Mesane
timorlerinde siklikla FGFR3 VE TP53 mutasyonlar1 goriildtigu belirtilmis olup PI3K
yolaginda da mutasyonlar tespit edildigi ve bunlarn AKT1,TSC1, PTEN VE PIK3CA
genlerini icerdigi bildirilmistir (83). Bununla birlikte, yeni yapilan ¢alismalarin, mesane
timorlerinin tedavisinde bu gen mutasyonunu hedef alan ajanlar icin umut verici
oldugu vurgulanmustir (84).

CYP genlerinde bircok 6nemli tek niikleotid polimorfizmi (SNP) tanimlanmistir
ve bu genler icindeki bu tiir polimorfizmler bircok kansere kars1 bireysel duyarlilig
belirlemede 6nemli bir rol oynayabilir. CYP1A1'deki iki islevsel SNP [ CYP1A1 Ile462Val
( CYP1A1 *2B ve *2C; rs1048943) ve Mspl (3798 T > C; CYP1A1 *2A ve *2B; rs4646903)]
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tanimlanmustir. CYP1A1 rs1048943 ve rs4646903 polimorfizmleri farkli popiilasyonlarda
bircok kanser bolgesinde kapsamli bir sekilde incelenmistir (85)

Baska bir calismada ise; prokarsinojen aktivasyonunda CYP katilimina dair tiim
arastirmalar arasinda, rs1048943 A > G ve rs4646903 T > C CYP1A1 polimorfizmleri en
yaygmn olarak calisildigr belirtilmistir. (86) Calismada CYP1A1 rs1048943 A > G,
CYP1Al'in 7. eksonunda 462. kodonda Ile'den Val'e (niikleotidler A'dan G'ye) dogru
amino asit degisimine yol actig1 ve CYP1A1 rs4646903 T > C, genin 3'-yan bolgesindeki
3801. niikleotidde T'den C'ye mutasyonla karakterize edildigi belirtilmistir (87).

CYP1A1 rs1048943 A > G ve rs4646903 T > C polimorfizmleri, yiiksek minor alel
siklig1 (MAF) ve akciger kanseri, bagsak kanseri, gogiis kanseri, kan kanseri, 6zofageal
karsinom ve prostat kanseri (88) gibi gesitli karsinomlarmn (89) artmus riskine katkilar
nedeniyle daha genis capta incelenmistir. Kanserlerin olusumunu tetiklemenin yani
sira, CYP1A1 polimorfizmleri tilseratif kolit, kolorektal adenom, ateroskleroz, miyokard
enfarktiisii vb. gibi diger hastaliklara da yol agabilecegi (90-92) tespit edilmistir. CYP1A1
gen polimorfizmlerinin akciger, mesane, pankreas, meme, yumurtalik, prostat, oral ve
servikal kanser de dahil olmak {izere jinekolojik maligniteler gibi gesitli kanser ttirlerine
yatkinlikla iliskisi farkli poptilasyonlarda degerlendirilmistir (93-99). CYP1Al gen
polimorfizmlerinin mesane kanseri riski tizerindeki etkileri farkli poptilasyonlarda
tartismal1 olarak kabul edilmistir. Bir meta-analizde, CYP1A1 polimorfizminin Cinli,
Turk ve Fransiz poptilasyonlarinda mesane kanseri riskiyle iliskili olmadig belirtilmistir
(100). Ancak, Cin ve Kuzey Hindistan poptilasyonlarinda yapilan birkag ¢alismada ise
CYP1A1 geninin mesane kanseri riskinin arttig1 gézlemlenmistir (101,102).

CYP1A1 rs1048943 polimorfizm ile yapilan bir calismada, Irakli erkeklerde
prostat kanseri ile CYP1Al geni 151048943 polimorfizmi arasindaki iliski
degerlendirilmistir. Calisma toplamda 100 hasta ve 150 saglikli kontrol ile PCR teknigi
kullanilarak rs1048943 genotiplerinin prostat kanseri ile iliskisi agisindan incelenmistir
(103). Kontrol grubu; AA genotipi icin % 61.3, AG genotipi igin % 27.3 ve GG genotipi
icin % 11.3 olarak bulunmustur. Hasta grubu ise; AA genotipi igin % 70, GA genotipi
icin % 14 ve GG genotipi igin %16 tespit edilmistir. CYP1A1l geni 1rs1048943
polimorfizminin alel dagilimi; kontrol grubundaki A aleli orani % 75 ve G alelinin orani
% 25 olarak; hasta grubundaki A ve G alellerinin oranlar1 ise sirastyla % 77 ve % 23 olarak
bulunmustur. G aleli ile referans A aleli arasinda da anlamli bir iliski bulunmamustir.
CYP1A1'in rs1048943 polimorfizminde kontrol ve hasta grubunu temsil etmesi arasinda
onemli bir korelasyon bulunmustur (103).

Kuzey Hindistan'da rahim agzi kanseri CYP1A1 rs4646903 polimorfizmi genotip
dagilimi tizerine bir ¢alisma yapilmustir. Calismada tiim katilimcilar CYP1A1 m1 T>C
rs4646903 varyanti PCR-RFLP kullanilarak incelenmistir (104). CYP1A1l rs4646903
polimorfizmin TC ve CC genotiplerinin prevalansi vakalarda sirasiyla % 51 ve % 16
kontrollere %34 ve %10 gore daha fazla oldugu belirtilmistir. TC ve CC genotiplerinin
yiiksek siklig1, rahim agz1 kanseri riskinin artmasiyla anlamli olarak iliskili oldugu tespit
edilmistir (104).

CYP1A1 1rs1048943 ve rs4646903 polimorfizmleri ile laringeal kanser riski
arasmdaki iliskiyi inceleyen mevcut meta-analiz, bu polimorfizmlerin laringeal kanser
riski ile anlaml1 bir iliski gosterdigini ortaya koymustur. Bu bulgular, CYP1A1 geninin
farkli kanser ttirlerindeki roliinti anlamak icin 6nemli kanitlar sunmaktadir (85). Bu
¢alismanin sonugclarma gore, CYP1A1 rs1048943 polimorfizmi ile laringeal kanser riski
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arasmdaki iliski incelenmis ve su bulgular elde edilmistir: G/G alel tasiyicilarinda OR
(Odds Ratio) degeri 1,77 olarak tespit edilmistir. A/A alel tasiyicilarinda ise OR degeri
1,86 olarak belirlenmistir. Etnik kokene gore yapilan analizde, Asyalilar arasinda hem G
alel tastyicilar1 hem de G/G genotipi i¢in 6nemli riskler saptanmistir. Ancak, Kafkasyali
popiilasyonlar arasinda G/G genotipi ile A/A ve G alel tasiyicilar1 ile A/A arasinda
anlamli bir iliski bulunmamistir. Bu bulgular, CYP1A1 1rs1048943 polimorfizminin
laringeal kanser riski tizerinde etnik farkliliklar gosterebilecegini gostermektedir (85).
CYP1A1 rs4646903 polimorfizmi ile laringeal kanser riski arasindaki iliski incelenmis ve
su sonuglar elde edilmistir: A/ A genotipi ile karsilastirildiginda, G/G alel tasiyicilarinda
Odds Ratio ( OR ) degeri 1,53 iken, G alel tasiyicilarinda OR degeri 1,33 olarak
bulunmustur. Etnik kokene gore yapilan tabakali analizde, Asyalilar arasinda hem G
alel tasiyicilar1 hem de G/G genotipi icin onemli riskler gozlemlenmistir. Ancak,
Kafkasyal1 popiilasyonlar arasinda G/G genotipi ile A/ A ve G alel tasiyicilar: ile A/ A
arasinda anlamh bir iliski saptanmamistir. Bu bulgular, CYP1A1 rs4646903
polimorfizminin laringeal kanser riski tizerinde etnik farkliliklarin rol oynayabilecegini
belirtmislerdir.

Yapilan baska bir meta-analiz galismasinda ise; 26 calisma tizerinden iki
polimorfizm (rs1048943 A > G ve rs4646903 T > C) ile CRC riski arasindaki iligkileri
kapsamli bir sekilde degerlendirilmis ve rs1048943 A > G genetik varyasyonunun CRC
riskinde artisla iligkili oldugu gozlemlenmistir. rs4646903 T > C ile CRC riski arasindaki
iliski anlamlilik diizeyine ulasmadig1 6ne stirmislerdir (105).

Turkiye’de yapilan bir calismada; 60 kontrol ve 60 mesane kanseri hasta
katilimemin olusturuldugu calisma grubunda PCR teknigi kullanilmistir. CYP1A1
geninin ¢.*1189 i¢in, mesane kanseri bireylerinde TT genotipi %50, TC genotipi %48,3,
CC genotipi %1,7 oraninda bulunmustur. T alel frekans oran1 %74,2 ve C alel frekans
orani %25,8 tespit edilmistir. TC genotip ve C alel frekanslar1 saglikli bireylere gore daha
yiiksek bulunmustur. CYP1A1 ¢.*1189 TC genotipi ve C alelinin siklig1 mesane kanseri
hastalar1 ve saglikli bireyler arasindaki iliski anlaml diizeyde tespit edilmistir (106).

CYP1A1l gen polimorfizmleri ile mesane kanseri duyarlilig: arasindaki iliskiyi
belirlemek amaciyla sekiz vaka-kontrol calismasinin verileri analiz edilmistir. CYP1A1
mutasyonlar: ile mesane kanseri riski arasinda kayda degerbir fark bulunmadigimni
gostermistir. Bununla birlikte, Srivastava ve arkadaslar1 (2008), CYP1A1l (2A* T/C)
mutasyonu ile mesane kanseri riski arasinda hafif bir iliski bulmuslardir (OR = 1.56)
ancak bu iligki istatistiksel olarak anlamli degildir. Literatiirde, cevresel faktorlerin
mesane kanserinin karsinojenik stirecinde CYP1Al'in rol aldigina dair kanitlar
mevcuttur. Ornegin, Murai ve digerleri (1995) tarafindan yapilan bir calismada, insan
mesane kanseri orneklerinde immiinohistokimya ile CYP1A1l'in artmus ekspresyonu
gozlemlenmistir. Ayrica, Wolf ve ekibi (2005) tarafindan benzo[a]piren ile tedavi edilen
hticrelerde CYP1A1 ekspresyonunda dramatik bir artis bulunmustur. Benzer sonuclar,
ttittin iceren bilesikler olan benzo[a]piren ve arilaminlere maruz birakilan diger deneysel
hayvanlarda da rapor edilmistir (107,108). Ancak, bu calismada, her iki CYP1Al
polimorfizmi ile mesane kanseeri duyarliligi arasinda herhangi bir kanit
bulunamamustir; bu durum ekleyici, baskin veya resesif genetik modellere gore
degismemistir (109).

Ufuk Berber ve ark. (2013), viicudun bagka bolgelerinde herhangi bir kanser
bulunan hastalar calismadan ¢ikarilarak, histolojik olarak teshis edilmis 114 mesane
kanseri hastas1 (103 erkek, 11 kadin) ve 114 kontrol birey (103 erkek, 11 kadin) ile PCR
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teknigi kullanilarak CYP450 1A1 geninin mesane Kkanseri {izerindeki riski
calisilmistir(110).CYP1A1 genindeki Ile462Val polimorfizmi (rs1048943) varyantlars,
allele 6zgtil PCR (ASPCR) yontemi kullanilarak belirlendi (111). Bu ¢calismada, kontrol
ve hasta gruplarindaki genotip frekanslari ile bunlarin mesane kanseri riski arasmdaki
iliski incelenmistir. CYP1A1l polimorfik varyantlarmin ise kombinasyon analizinde
mesane kanseri riskini artirmadigy tespit edilmistir CYP1Al gen polimorfizmi, tek
basma veya kombinasyonlu genotip analizinde kayda deger bir fark gostermemistir
(110).

Calismada;  CYP1A1 rs4646903 polimorfizmi icin genotip dagilimlar:
incelendiginde, hasta grubunda TT genotipine sahip olanlarin %74,5'i, TC genotipine
sahip olanlarin %23,6's1 ve CC genotipine sahip olanlarin ise %1,8'i bulundu. Kontrol
grubunda ise TT genotipine sahip olanlarin orani %89,3, TC genotipine sahip olanlarin
oran1 %10,7 ve CC genotipine sahip olanlarin ise %0 bulundu. Toplamda, hasta ve
kontrol gruplarindaki genotip dagilimlar: incelendiginde, TT genotipine sahip olanlarin
orani %82, TC genotipine sahip olanlarin oranm1 %17,1 ve CC genotipine sahip olanlarmn
oraniise %0,9 olarak belirlendi. Ttim bu veriler 15181nda, hasta-kontrol grubu ile CYP1A1
rs4646903 polimorfizmi arasinda kayda deger bir fark bulunmadig goriildii (p=0,108)
(112).

CYP1A1 (rs4646903) polimorfizmi agisindan hasta ve kontrol gruplarindaki alel
dagilimlar: incelendiginde, kontrol grubunda T aleli oran1 %89,2 ve C aleli oran1 %10,8
olarak tespit edildi. Hasta grubunda ise T aleli oran1 %75,5 ve C aleli oran1t %24,5
bulundu. Yapilan analizler sonucunda, CYP1A1 (rs4646903) polimorfizmi igin hasta ve
kontrol gruplar1 arasinda alel dagilimlari acisindan anlamli bir iliski bulunmadi
(p=0,871).

CYP1A1l 1rs1048943 polimorfizm genotip dagiliminin mesane kanserli
hastalarinda iliskisine bakildi. Calismamizda, hem hasta hem de kontrol grubunda
CYP1A1 1s1048943 polimorfizminin genotip dagilimlar: incelendiginde belirgin
farkhiliklar gozlendi. Hasta grubunun ¢ogunlugunun % 78,2 AA genotipine sahip, %
21,8'i ise AG genotipine sahip oldugu tespit edildi. Benzer sekilde kontrol grubu, AG
genotipine % 12,5 kiyasla AA genotipinin % 87,5 daha yiiksek bir prevalansa sahip
oldugunu gosterdi. Her iki gruptaki kiimiilatif genotip dagilim1 % 82,9 AA genotipi ve
% 17,1 AG genotipini gosterdigi tespit edildi. Bulgularimiz, mevcut literatiirle paralellik
gostermektedir.

CYP1A1 1s1048943 polimorfizm hasta ve kontrol gruplari arasinda allel
dagilimlar1 incelendiginde, kontrol grubunda A alleli oran1 % 84,7, hasta grubunda ise
% 89,1 olarak bulundu. G alleli orani ise kontrol grubunda % 15,3, hasta grubunda ise %
10,9 olarak tespit edildi. Bu verilere gore, CYP1A1 rs1048943 polimorfizmi igin hasta-
kontrol gruplar1 arasinda kayda deger bir fark saptanmadi (p=0,541).

Bu baglamda, calismada, mesane kanseri ile 151048943 ve rs4646903
polimorfizmleri arasinda anlamli bir iliski olmadig1 bulundu. Mesane kanseri ile tek
niikleotid polimorfizmleri arasindaki iliskiyi inceleyen bircok calismada da, bu
polimorfizmler ile hastalik arasinda anlamli bir iliski olmadigr ancak ilag
metabolizmasinin aktivasyonundaki éneminin de gz ardi edilemeyecegi bildirilmistir.
Bununla bir sonucu olarak, karsinogenezisin mesane kanserinde genetik yatkinlik igin
birden fazla genin etkilesimini gerektirdigini gosteren calismada bulunmaktadir.
Genetik polimorfizmler sonucu gelisen farkli iliskilerin genotoksisiteye ve
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karsinojenlere kars1 farkl bireysel duyarliliklara neden oldugunu bildirmistir (113,114).
Ayrica, literattirde polimorfizler sonucu olusan varyantlarin, karsinojenlerin
aktivasyonu ve detoksifikasyonunda ne olctide etkili oldugu veya popiilasyonlar
icindeki farkliliklarin kaynaklar1 konusunda hala yeterli bilgi bulunmamaktadir. Bu
nedenle cografik farkliliklar gozoniinde bulundurarak, farkli SNP’lerin dahil edildigi,
orneklem saymin arttirildig ileri calismalar yapilmasinin katkisinin énemli olacagmi
diistinmekteyiz.

6.SONUC VE ONERILER
6.1. Sonug
Yapilan calismanin neticesinde;

e Mesane Kkanseri calisma grubu cinsiyet dagilimi bakimindan
incelendiginde, hasta ve kontrol grubunu olusturan 111 katilimcinin
%144 ’i kadin, 85,6% si erkektir. Cinsiyet dagilimi bakimindan
bakildiginda gruplar arast anlaml1 bir iliski bulunmada (0,969).

e Sigara kullanimi agisindan gruplar incelendiginde hasta ve kontrol
gruplarinda sigara kullananlar %68,5 oldugu tespit edildi. Mesane
kanseri ile sigara kullanimi1 arasinda anlamli bir fark bulundu (0,028).

e Yasa gore dagilimlar1 verilen mesane kanseri hastalarinin yas
ortalamalar1 Tablo 4.2° de verildi. Bu bakimindan hasta ve kontrol
grubunda yas ortalamalar1 arasinda kayda deger bir fark bulundu
(p<0,001).

e Aile oyktisti acisindan gruplar incelendiginde ise; mesane kanseri
grubundaki katilimcilarin %9,1'inde ailede mesane kanseri oykiisi
oldugu tespit edildi. Calismada, kontrol grubu herhangi bir sistemik
hastali1 ve kanser dykiisii olmayan, bununla birlikte aile 6ykiistinde de
herhangi bir kanser Oykiisii bulunmayan saglikli bireylerden
olusturuldugundan, mesane kanseri grubunda aile 6ykiisti bulunanlarmn
orani kontrol grubuna gore anlamli derecede daha yiiksek bulundu
(p=0,021).

e Sistemik hastaliklar agisindan hasta grubunda bulunan bireyler
incelendiginde, DM; %32,7, HT;%43,6, KOAH;%12,7, KAH;%7,3
oraninda bulundugu tespit edildi. Sistemik hastaliklar acisindan anlaml
bir iliski bulunmadi.

o CYP1A1 rs1048943 polimorfizmi igin genotip dagilimlar: incelendiginde,
hasta grubunda AA genotipine sahip 43 (%78,2) ve AG genotipine sahip
12 (%21,8) hasta bulundu. Kontrol grubunda ise AA genotipine sahip 49
(%87,5) ve AG genotipine sahip 7 (%12,5) birey tespit edildi. Hasta ve
kontrol gruplarmnin toplam dagilimlari incelendiginde, AA genotipine
sahip 92 (%82,9), AG genotipine sahip 19 (%17,1) ve GG genotipine sahip
0 (%0,0) birey bulundu. Ttim bu bilgiler 1s181nda, hasta ve kontrol gruplar1
arasinda CYP1A1 (rs1048943) polimorfizmi agisindan kayda deger bir
iliski tespit edilmedi (p=0,193).
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CYP1A1 (rs1048943) polimorfizmi igin hasta ve kontrol gruplarmdaki
allel dagilimlar1 incelendiginde, A alleli kontrol grubunda 105 (%84,7),
hasta grubunda 98 (%89,1); G alleli orani ise kontrol grubunda 19 (%15,3)
ve hasta grubunda 12 (%10,9) olarak tespit edildi. Ttim bu veriler 15181nda,
CYP1A1 (rs1048943) polimorfizmi igin hasta ve kontrol gruplarindaki
allel dagilimlar1 arasinda anlamli bir iliski bulunmadi (p=0,541).

CYP1A1 (rs4646903) polimorfizmi genotip dagilimlarina bakildiginda,
hasta grubunda TT genotipine sahip 41 (%74,5) hasta, TC genotipine
sahip 13 (%23,6) hasta ve CC genotipine sahip 1 (%1,8) hasta tespit edildi.
Kontrol grubunda ise TT genotipine sahip 50 (%89,3) birey, TC genotipine
sahip 6 (%10,7) birey ve CC genotipine sahip 0 (%0) birey bulundu.
Toplam dagilimlar incelendiginde, TT genotipine sahip 91 (%82), TC
genotipine sahip 19 (%17,1) ve CC genotipine sahip 1 (%0,9) birey
belirlendi. Bu veriler dogrultusunda, CYP1A1 (rs4646903) polimorfizmi
icin hasta ve kontrol gruplar1 arasinda anlaml bir iliski bulunmadi
(p=0,108).

CYP1A1 (rs4646903) polimorfizmi igin hasta ve kontrol gruplarina ait alel
dagilimlarina bakildiginda, T aleli kontrol grubunda %89,2 (100) ve hasta
grubunda %75,5 (83) oraninda bulundu. C alleli ise kontrol grubunda
%10,8 (12) ve hasta grubunda %24,5 (27) oraninda tespit edildi. Bu veriler
dogrultusunda, CYP1A1 (rs4646903) polimorfizmi icin hasta ve kontrol
gruplar1 arasindaki alel dagilimlari arasinda kayda deger bir iliski
gozlenmedi (p=0,871).

6.2. Oneriler

Biittin bu calismalar degerlendirildiginde:

Mesane kanseri risk faktorlerini degerlendirmek ve kanserin evreleri ile
iliskilendirmek i¢in 6nemli bir temel saglayabilir.

Cografi ve cevresel faktorler, sigara kullanimi, mesleki maruziyetler ve
genetik faktorler gibi risk faktorlerini her biri icin ayr1 6rneklem gruplar:
olusturularak incelenmesi, bu faktorlerin mesane kanserinin farkl
evrelerindeki etkilerini anlamamiza yardimci olabilir.

Ayrica, 6rneklem sayisinin artirilmasi veya cesitlendirilmesi, calismanin
guvenilirligini ve sonuglarin genellestirilebilirligini artirabilir.

Bu calismalarin 6tesinde, mesane kanseri ile iligkili genler tizerindeki tek
niikleotid polimorfizmleri (SNP'ler) gibi genetik bilesenlerin daha detayli
incelenmesi gerekebilir.

Bu sekilde, mesane kanserinin etiyolojisini daha iyi anlayabilir ve daha etkili
tedavi ve onleme stratejileri gelistirebiliriz.
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Abstract

Purpose: This preliminary study aims to determine the relationship between
physiologic curvatures of the spine and demographic characteristics, balance, postural
habits and postural awareness.

Method: Forty-five female university students, aged between 18 and 27 years,
were included in the study. In the sagittal alignment assessment, the angles of kyphosis
and lordosis were measured using a Bubble inclinometer. Balance parameters were
evaluated statically and dynamically with the Corebalance device. The Postural Habit
and Awareness Scale was used to determine postural behaviors. Pearson correlation
analysis was used to determine the relationships between these parameters.

Result: There was no significant correlation between the physiological
curvatures of the spine and balance parameters, as well as postural behaviors. However,
a moderate positive correlation was found between kyphosis and lordosis angles
(r:0.314,p:0.035). In addition, a moderate significant relationship was found between the
body mass index of the participants and their postural awareness (r:0.322,p:0.031), static
(r:0.435,p:0.003) and dynamic balance parameters (r:-0.386,p:0.009).

Conclusion: The results of this preliminary study revealed no significant
correlation between the physiological curvatures of the spine and balance parameters,
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as well as postural behaviors, in young female university students. There is a need for
further studies with a large sample group in which the parameters affecting the
physiologic curvatures of the spine will be examined more extensively.

Keywords: Spinal curvatures, Balance, Postural Habit , Postural Awareness

Ozet

Amag: Bu 6n ¢alisma, omurganin fizyolojik egrilikleri ile demografik 6zellikler,
denge, postural aliskanliklar ve postural farkindalik arasindaki iliskiyi belirlemeyi
amaclamaktadar.

Yontem: Calismaya yaslar1 18-27 arasinda degisen 45 kadin tiniversite 6grencisi
dahil edilmistir. Sagittal diizlem degerlendirmesinde kifoz ve lordoz acilar1 Bubble
inklinometre ile olctilmistiir. Denge parametreleri Corebalance cihazi ile statik ve
dinamik olarak degerlendirilmistir. Postural davramislarin belirlenmesinde Postural
Aligkanlik ve Farkindalik Olgegi kullanilmistir. Parametreler arasindaki iliskilerin
belirlenmesinde Pearson korelasyon analizi uygulanmistir.

Bulgular: Omurganin fizyolojik egrilikleri ile denge parametreleri ve postural
davraniglar arasinda anlamli bir korelasyon saptanmamustir. Bununla birlikte, kifoz ve
lordoz agcilar1 arasinda orta dtizeyde pozitif bir korelasyon bulunmustur (r:0,314,
p:0,035). Ayrica, katilimcilarm viicut kitle indeksi ile postural farkindalik (r:0,322,
p:0,031), statik (r:0,435, p:0,003) ve dinamik denge parametreleri (r:-0,386, p:0,009)
arasinda orta diizeyde anlamli bir iliski tespit edilmistir.

Sonug: Bu 6n calismanin sonuglarina gore, geng kadin tiniversite 6grencilerinde
omurganin fizyolojik egrilikleri ile denge parametreleri ve postural davranislar arasinda
anlamli bir iliski bulunmamustir. Omurganin fizyolojik egriliklerini etkileyen
parametrelerin daha kapsamli incelenecegi, genis 6rneklem gruplu ileri ¢alismalara
ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: Omurga egrilikleri, Denge , Postural aliskanlik ,Postural
farkindalik

Giris
Insan omurgasmin servikal ve lomber lordoz ile torakal/sakral kifoz gibi
tizyolojik egrilikleri, postiiral stabilite, hareket kabiliyeti ve biomekanik stres

dagiliminda kritik rol oynar. Bu egriliklerdeki degisimler, yas ve cinsiyet gibi
demografik faktorlerden énemli 6lctide etkilenir:
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Omurganin Yasam Boyu Degisimi ve Klinik Sonuglar1

Omurganin yapisal 6zellikleri, yasam boyunca dinamik bir degisim stirecinden
gecer. Cocukluk doneminde servikal ve lomber lordoz gelisimi motor becerilerle
iliskilendirilirken (1), ileri yaslarda dejeneratif stiregler torasik kifozda artisa neden
olmaktadir. Ozellikle 50 yas {izeri bireylerde intervertebral disk dejenerasyonu ve
vertebral morfometrik degisiklikler, sagittal diizlemde egrilik artistyla sonuglanabilir
(2). Bu stiregte, kadinlarda osteoporoz kaynakli deformiteler daha belirgin hale gelirken,
erkeklerde disk dejenerasyonuna bagli degisimler 6n plana ¢ikmaktadir (3,4). Yaslanma
ile iligkili spinal deformitelerin patofizyolojisini inceleyen giincel calismalar, dejeneratif
skolyoz insidansinin yasla birlikte arttigini ortaya koymaktadir (5).

Cinsiyete Bagli Spinal Adaptasyonlar

Lomber lordoz agis1 ve pelvik parametrelerde gozlenen cinsiyete bagh
farkliliklar, biyomekanik adaptasyonlarla iligkilidir. Kadinlarda daha belirgin olan
lomber egrilik, pelvik pozisyona ve pelvik acisal farkliliklara bagli artan postiiral
yiiklenmelere kars1 gelisen fonksiyonel bir adaptasyon olarak yorumlanabilir (6). Sakral
egim ve pelvik tilt acilarindaki cinsiyet farkliliklari, spinal mobilite paternlerinde de
varyasyonlara yol agmaktadir (7).

Postiiral Denge ve Spinal Deformitelerin Etkisi

Torakolomber bolgedeki egrilik degisimleri, postiiral kontrol mekanizmalarini
onemli dlctide etkilemektedir. Dejeneratif spinal deformitesi olan bireylerde yapilan
stabilometrik analizler, lomber kifoz artis1 ile posttiral salinim parametreleri arasinda
anlamli korelasyonlar oldugunu gostermektedir (8). Skolyoz gibi spinal deformiteler,
ozellikle sagital ve koronal diizlemde postiiral instabiliteye yol acarak diisme riskini
artirmaktadir (9,10). Adolesan idiyopatik skolyozlu bireylerde sagittal dengesizligin
denge performansini olumsuz etkiledigi bildirilmistir (11).

Postiiral Aligkanliklarin Omurga Uzerindeki Etkileri

Uzun siireli statik postiirler, omurga segmentleri {izerinde yiik dagilimini
degistirerek egrilik modifikasyonlarina neden olabilmektedir. Dinamik manyettik
rezonans goriintiileme teknikleriyle yapilan calismalar, farkli oturma pozisyonlarinin
lomber segmental hareketliligi onemli olgtide etkiledigini ortaya koymustur (12).
Pediatrik popiilasyonda ise torakal kifotik pozisyonda oturma aligkanligmin lomber
hiperkifoz ile iligkili oldugu gosterilmistir (13).

Postiiral Farkindalik ve Rehabilitasyon Yaklasimlar:

Kronik muskuloskeletal agrili bireylerde postiiral farkindalik diizeyi ile agr
siddeti arasinda ters orant1 bulunmaktadir (14). Postiir farkindaliginin artirilmasi, yoga
ve Pilates gibi egzersizlerle spinal hizalanmay1 iyilestirerek agriy1 azaltmaktadir. Zihin-
beden tekniklerine dayali miidahalelerin posttiral kontrolii iyilestirerek spinal saglk
parametrelerini olumlu yonde etkileyebilecegi 6ne stirtilmektedir (14,15).

- 327 -



3rd International Scientific Research Congress Book April 26-27, 2025, Istanbul

Sonug olarak, spinal saglik; demografik ozelliklerden postiiral davranislara
kadar ¢ok yonlii bir etkilesim agma baglidir ve bu faktorlerin biitiinciil bir yaklasimla
ele alinmasi, klinik miidahalelerin etkinligini artirabilir.

Yontem
Calisma Tasarimi ve Katilimcilar

Bu calismada 18-27 yas araligindaki 45 kadin tiniversite 6grencisiyle bir analiz
gerceklestirilmistir. Spinal cerrahi oykiisti, noromiiskiiler bozukluklar veya akut kas-
iskelet yaralanmalari olan bireyler calisma dis1 birakilmustir.

Demografik Veriler

Demografik bilgi formu kapsaminda katilimcilarin yas, cinsiyet, kilo, boy, viicut
kitle indeksi sorgulanmustir.

Postural Davranislar

Katilimeilarin genel viicut postiiriic New York Postiir Degerlendirme Olgegi
(NYPD) ile degerlendirilmistir. NYPD, anatomik pozisyonda cesitli viicut boltimlerinin
dogru ve yanlis hizalanmasmi degerlendirmek amaciyla gelistirilmistir. NYPD; bas,
boyun, omuzlar, bel ve sirt, kalga, diz ve ayak bilekleri dahil olmak tizere 13 viicut
bolimiinde meydana gelebilecek muhtemel postiir bozukluklarmin resim yoluyla
degerlendirilmesini saglayan bir dlcektir (16).

Postiiral Aligkanlik ve Farkindalik Olcegi

19 madden olusan bu anket postiiral farkindalik (12) ve postiiral aliskanlik (7) alt
maddeleri olmak {tizere toplam 19 maddeden olusan anket Bayar ve ark. tarafindan
Tiirkge gegerlilik ve giivenirlik calismast yapilmistir. Olgek her bir madde igin 5'1i likert
tipinde olup (Hi¢ Katilmiyorum=1, Katilmiyorum=2, Kararsizim=3, Katiliyorum=4,
Tamamen Katiliyorum=5) katiimci tarafindan isaretlenen maddenin ilgili puani
toplanarak olgekten alman toplam skor elde edilmistir. Yiiksek puan, iyi bir postiirti ve
farkindalig: gosterir (17).

Sagital Dizilimin Degerlendirilmesi

Bu calismada, tiniversite 6grencilerinin sagital omurga dizilimi, Baseline® marka
yercekimi tabanli bubble inklinometre (Fabrication Enterprises Inc.,, ABD) ile
degerlendirilmistir. Bu cihaz, eklem hareket agikligini 6lcen, kalibrasyon gerektirmeyen
ve diistik maliyetli bir gonyometredir (18).

Olciim Protokolii

Katilimcilar, standart platform {izerinde c¢iplak ayakla, ayaklar1 omuz
genisliginde agik ve kollar1 serbest pozisyonda durmustur. Bas pozisyonu, Frankfort
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diizlemi yere paralel olacak sekilde standardize edilmis, 6lgtim 6ncesi 1 saatlik fiziksel
aktivite kisitlamasi uygulanmis ve oda sicaklig1 24°C'de sabitlenmistir.

Torasik Kifoz Ol¢iimii

Clarkson (19) protokoliine uygun olarak, inklinometrenin tist ucu C7
spindz cikintisina, alt ucu T12 seviyesine yerlestirilmistir. Cihaz goz
hizasinda tutularak okuma hatalart minimize edilmistir. Kifoz agisi, iki
vertebral seviyeden alinan acgisal degerlerin farki hesaplanarak
belirlenmistir.

Lomber Lordoz Ol¢iimii

Lomber lordoz acis1 icin inklinometre, L1 ve S1 spindz cikintilarina
yerlestirilmis ve bu iki seviyeden elde edilen degerlerin toplamu
kullanilmistir (20). Tim ol¢timler notral ayakta durus pozisyonunda
gerceklestirilmis olup, bu yontem sagital egrilik degerlendirmelerinde
yiiksek tekrarlanabilirlik saglamaktadir.

Denge Degerlendirmesi

Statik ve dinamik denge performansinin belirlenmesi igin bir¢ok yontem ve cihaz
bulunmaktadir. Bu yontemler manuel ve elektronik sistemlerle yapilan 6lctimler olarak

iki smaifta

degerlendirilmektedir. Calismamizda statik ve dinamik denge

parametrelerinin objektif olarak degerlendirilmesinde gecerli bir bilgisayar destekli
cihaz olan Corebalance kullanilmstir (21-23).

Istatistiksel Analiz

Spinal egrilikler, denge parametreleri, PAFO skorlar1 ve BKI arasindaki iliskiler
Pearson korelasyon katsayilari ile incelenmistir. Anlamlilik diizeyi p < 0.05 olarak

belirlenmistir.

Sonug¢

Tablo

1l'de katiimcilarin demografik ozellikleri ile arastirmada incelenen

degiskenlere ait betimsel istatistikler yer almaktadir. Tabloda, her bir degisken igin
ortalama ve standart sapma degerlerini icermektedir.
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Tablo 1. Katilimcilarin demografik 6zellikleri ve sonug 6l¢iimleri degerleri

Degisken OrtalamatStandart Sapma
Postiiral Aliskanlik 22.98+3.35
Postiiral Farkindalik 41.04+4.77
Dinamik Denge 1738.49+701.45
Statik Denge Gozler Acgik 292.80+200.93
Statik Denge Gozler Kapali 807.73+462.82
Torasik Kifoz Acisi 30.89+10.51
Lumbal Lordoz Acisi 26.11+10.87
Boy (cm) 165.47+6.20
Kilo (kg) 64.38+12.19
Beden Kitle indeksi (BKI) 23.52+4.27

Tablo 2, bu arastirmada incelenen degiskenler arasindaki iliskileri incelemek
tizere yapilan Pearson korelasyon analizi sonuglarin1 sunmaktadir. Korelasyon analizi,
degiskenler arasindaki dogrusal iliskinin yontinii ve giiciinii -1 ile +1 arasinda degisen
katsayilarla ifade etmektedir. Pozitif korelasyon degerleri (+), bir degiskendeki artisin
diger degiskende de artisa eslik ettigini gosterirken, negatif degerler (-) bir degiskendeki
artisin digerinde azalmayla iligkili oldugunu ifade etmektedir. Analiz sonuglarinin
istatistiksel anlamlilig1 p<0.05 diizeyinde (*) ve p<0.01 diizeyinde (**) olmak {izere iki
farkl seviyede degerlendirilmistir. Bu tablo, postural 6zellikler, denge performansi ve
antropometrik Olgtimler arasindaki karmasik iliskiler agim ortaya koymakta ve
arastirma bulgularinin yorumlanmasi igin bir cerceve sunmaktadir.

Analiz sonuclarina gore, viicut agirligi ile beden kitle indeksi (VKI) arasinda
gliclu pozitif korelasyon saptanmistir (r=0.921, p<0.001). Postiiral farkindalik ile viicut
agirhgr (r=0.332, p=0.026) ve VKI (r=0.322, p=0.031) arasinda ise zayif pozitif
korelasyonlar mevcuttur (Tablo 2).

Denge parametreleri agisindan bakildiginda, viicut agirhigi ve VKi'nin gozler
kapal: statik denge ile orta diizeyde pozitif korelasyon gostermektedir (sirasiyla r=0.488,
p=0.001 ve r=0.435, p=0.003). Buna karsilik, ayni1 parametrelerin dinamik denge ile orta
diizeyde negatif korelasyon gostermektedir (sirasityla r=-0.392, p=0.008 ve r=-0.386,
p=0.009). Spinal egrilikler arasindaki iliskiler incelendiginde, torasik kifoz ile lumbal
lordoz arasinda zayif pozitif yonde anlamh bir iliski belirlenmistir (r=0.314, p=0.035)
(Tablo 2).

Calismada, postiiral aliskanlik ile diger tiim degiskenler arasinda istatistiksel
olarak anlamli bir iligki tespit edilememistir (p>0.05). Benzer sekilde, postiiral
farkindalik ile dinamik denge, statik denge (gozler acik/kapali), torasik kifoz, lumbal
lordoz ve boy uzunlugu arasinda da anlaml korelasyon bulunamamustir (p>0.05) (Tablo
2).

Dinamik denge ile statik denge parametreleri (gozler agik/kapali), torasik kifoz,
lumbal lordoz ve boy uzunlugu arasindaki iliskiler istatistiksel olarak anlamli degildir
(p>0.05). Statik denge (gozler agik) ile diger degiskenler arasinda da anlamli bir
korelasyon gozlemlenmemistir (p>0.05) (Tablo 2).
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Antropometrik dl¢timlerden boy uzunlugu ile viicut agirligr (r=0.270, p=0.073)
ve boy uzunlugu ile VKI (r=-0.120, p=0.431) arasindaki iligkiler anlaml1 bulunmamustr.
Ayrica, torasik kifoz ve lumbal lordozun boy uzunlugu, viicut agirhigi ve VKI ile olan
iligkileri de istatistiksel olarak anlamli degildir (p>0.05) (Tablo 2).

Tablo 2. Omurganin fizyolojik egriliklerinin diger parametreler ile iliskisi

Postural Postural Dinamik [Statik Statik Denge|Torasik [Lumbal ([Boy |Kilo [VKI
Aliskanlik Farkindalik Denge Denge Gozler Kifoz Lordoz
Gozler Agik [Kapali

Postural 1.000 -0.014 -0.088 -0.126 -0.253 0.172 0.038 -0.003-0.192 -0.189
Aliskanlik
Postural -0.014 1.000 -0.172 -0.048 0.101 0.278a 0.245 0.035 [0.3322 (0.3222
Farkindalik
Dinamik Denge [-0.088 -0.172 1.000 0.149 -0.284 0.025 -0.165 -0.023]-0.392b|-0.386b
Statik Denge -0.126 -0.048 0.149 1.000 0.058 -0.066 0.137 0.119 [-0.082 [-0.139
Gozler Agik
Statik Denge -0.253 0.101 -0.284 0.058 1.000 -0.136 0.010 0.141 (0.488b |0.435b
Gozler Kapali
Torasik Kifoz  [0.172 0.2782 0.025 -0.066 -0.136 1.000 0.3142 0.246 (0.144 |0.052
Lumbal Lordoz (0.038 0.245 -0.165 0.137 0.010 0.3142 1.000 -0.042(0.115 |0.119
Boy -0.003 0.035 -0.023 0.119 0.141 0.246 -0.042 1.000 (0.270 |-0.120
Kilo -0.192 0.3322 -0.392b -0.082 0.488P 0.144 0.115 0.270 (1.000 |0.921b
VKI -0.189 0.3222 -0.386P -0.139 0.435P 0.052 0.119 -0.120(0.921 [1.000

2 Correlation is significant at the 0.05 level (2-tailed).
b Correlation is significant at the 0.01 level (2-tailed).

Tartisma

Bu 6n c¢alismanin sonuglari, geng kadin tiniversite 6grencilerinde omurganin
fizyolojik egrilikleri ile denge parametreleri ve postiiral davranislar arasinda anlamli bir
korelasyon olmadigini ortaya koymustur.

Postiiral farkindalik ve BKI arasindaki iliskiyi inceleyen calismalar sinirli olup,
elde edilen bulgular farklilik gostermektedir. Literatiirde (24), genel popiilasyonda BKi
ile postiiral farkindalik arasinda anlamli bir korelasyon bulamamistir. Bununla birlikte,
bariatrik cerrahi hastalarinda yapilan bir calismada viicut farkindaligi ile BKI arasinda
pozitif bir iliski oldugu bildirilmistir (25). Yapilan bir calismada (26) ise normal kilolu
bireylerin, fazla kilolu olanlara kiyasla daha ytiksek postiiral farkindaliga sahip
oldugunu belirtmistir. Diger taraftan, bazi calismalar postiiral farkindalik ile viicut
agirlig1 ve BKI arasinda pozitif bir korelasyon oldugunu ortaya koymaktadir. Bu durum,
yiiksek viicut kiitlesine sahip bireylerin postiirlerine daha fazla dikkat ediyor olabilecegi
seklinde yorumlanabilir. Artan postiiral farkindalik, fazla kilolu bireylerde postiiral
rahatsizliklarin veya saglik kaygilarmin bir sonucu olarak gelisebilir. Nitekim, yapilan
arastirmalar yiiksek BKi'nin fiziksel rahatsizliklar veya saglik motivasyonlari nedeniyle
postiiral farkindalig: artirabilecegini desteklemektedir (27).

Giincel calismalar, dinamik denge ile viicut agirlig1 ve beden kitle indeksi (BKI)
arasinda negatif bir korelasyon oldugunu gostermektedir. Bu bulgu, ytiksek viicut
kiitlesinin denge performansmi olumsuz yonde etkiledigine isaret etmektedir. Artan
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viicut agirhiginin, agirhik merkezini degistirerek ve cekirdek stabiliteyi azaltarak denge
mekanizmalarii bozdugu one stirtilmektedir (28,29). Ancak bu ¢calismada gozler kapali
yapilan statik denge testlerinde viicut agirlig1 ve BKl ile pozitif bir iliski gozlemlenmistir.
Normalde yiiksek viicut kiitlesinin dengeyi bozmasi beklenirken, bu sonug, fazla kilolu
bireylerin gorsel uyaranlar olmadiginda propriyosepsiyon ve kinestetik geri bildirim
mekanizmalarin1 daha iyi kullanarak dengeyi koruyabildigini diistindtirmektedir. Bu
bulgu, mevcut literatiirle kismen celisse de, statik dengede hentiz tam anlasilmamais
kompanzasyon stratejilerinin varligina isaret ediyor olabilir (29).

Calismamizdaki torasik kifoz ile lumbal lordoz arasindaki pozitif korelasyon,
omurganin farkli bolgelerindeki egriliklerin birbirini etkiledigini gostermektedir. Artan
torasik kifozun, lumbal lordozda kompansatuvar degisikliklere yol agarak genel
postiiral dengeyi korumaya yardimci oldugu diistintilmektedir. Bu da postiir diizeltme
calismalarinda omurganin biitiinctil  bir yaklasimla ele almmasi gerektigini
vurgulamaktadir. Torasik kifoz ve lumbal lordoz arasindaki iliski 6zellikle adolesan
idiyopatik skolyoz (AIS) hastalarinda belirgin olarak gozlemlenmektedir (30).
Calismalar, bu iki spinal egrilik arasinda anlamli bir baglanti oldugunu ortaya
koymaktadir. Yasl: bireylerde ise lumbal lordoz ile torasik kifoz arasindaki farkin (LL-
TK), sagittal dengeyi degerlendirmede klinik acidan onemli bir parametre oldugu
bildirilmistir (31). Ancak saglikli yetiskin popiilasyonda bu iliskinin daha az belirgin
oldugu gortilmektedir. Legaye ve arkadaslarmin galismasi, pelvis parametreleri ile
spinal egrilikler arasindaki korelasyonlar1 vurgularken, torasik kifoz ve lumbal lordoz
arasinda dogrudan bir iligki tespit edememistir (32). Mevcut bulgular, saglikli bireylerde
sagittal dengenin korunmasinda bu egriliklerin uyumlu sekilde c¢alistigini
diisindtirmekle birlikte, dogrudan korelasyonlarin smirli oldugunu gostermektedir.

Bu ¢alismanin bulgularina gore, geng kadin tiniversite 6grencilerinde omurganin
tizyolojik lordoz ve kifoz egrilikleri ile denge parametreleri ve postiir arasinda anlaml
bir iliski tespit edilmemistir. Bu durum, ¢alisma popiilasyonunun saglikli bireylerden
olusmas ve patolojik spinal egriliklerin (hiperlordoz veya hiperkifoz) bulunmamasi ile
aciklanabilir. Spinal deformitelerin daha belirgin oldugu klinik popiilasyonlarda bu
iliskiler farklilik gosterebilir.

Bu 6n c¢alismanin sonuglari, omurga egriliklerinin postiiral kontrol ve denge
tizerindeki potansiyel etkilerinin daha kapsaml bir sekilde incelenmesi gerektigini
ortaya koymaktadur. Ileriki aragtirmalarda, daha genis rneklem biiyiikliikleri, farkli yas
gruplar1 ve klinik popiilasyonlarn dahil edilmesiyle spinal egriliklerin postiiral
davranislar tizerindeki roliiniin daha detayl1 degerlendirilmesi 6nerilmektedir.
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Abstract

Diabetes mellitus develops when the pancreas is unable to secrete sufficient
amounts of insulin or when the body is unable to use the available insulin effectively.
This impairment leads to an increase in blood glucose levels (hyperglycaemia) and can
cause serious damage to many organs and systems, especially the blood vessels and
nervous system. Diabetes is a chronic health problem with high morbidity and mortality
rates, which is encountered more and more frequently both in Turkey and worldwide.
Diabetic foot; It usually occurs as a result of nerve injuries caused by peripheral
neuropathy and circulatory disorders due to atherosclerosis in the lower extremity
vessels. This condition, which often begins after minor trauma, is characterised by ulcer
formation, infection development and deep tissue damage. Classification of diabetic foot
infections is extremely important in terms of assessing the severity of the ulcer,
determining the risk factors and establishing an effective treatment plan. The main
classification systems used for this purpose include Meggitt-Wagner, University of
Texas, DIAFORA, PEDIS, WIfI and SINBAD classifications. Self-care of the individual
has an important place in the successful control of diabetes. However, many individuals
have difficulty in implementing lifestyle changes and this may negatively affect both
physical and mental well-being. In this context, interventions applied by nurses and
health professionals in the process of disease management are among the main goals.

Keywords: Diabetic foot ulcer, diabetic wound management, nursing approach,
nursing.
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Ozet

Diabetes mellitus, pankreas yeterli miktarda instilin salgilayamadiginda veya
viicut mevcut instilini etkili bir sekilde kullanamadiginda gelisir. Bu bozukluk kan
glikoz seviyelerinde artisa (hiperglisemi) yol acar ve basta kan damarlari ve sinir sistemi
olmak tizere bircok organ ve sistemde ciddi hasara neden olabilir. Diyabet, hem
Turkiye'de hem de diinyada giderek daha sik karsilasilan, ytiksek morbidite ve mortalite
oranlarma sahip kronik bir saglik sorunudur. Diyabetik ayak; genellikle periferik
noropatinin neden oldugu sinir yaralanmalari ve alt ekstremite damarlarindaki
ateroskleroza bagli dolasim bozukluklari sonucu ortaya ¢ikar. Siklikla min6r travma
sonrasl baslayan bu durum tilser olusumu, enfeksiyon gelisimi ve derin doku hasari ile
karakterizedir. Diyabetik ayak enfeksiyonlarmin siniflandirilmasi iilserin ciddiyetinin
degerlendirilmesi, risk faktorlerinin belirlenmesi ve etkin bir tedavi planmin
olusturulmasi agisindan son derece ©Onemlidir. Bu amagla kullanilan baslica
siniflandirma sistemleri Meggitt-Wagner, Teksas Universitesi, DIAFORA, PEDIS, WIfI
ve SINBAD smiflandirmalaridir. Diyabetin basarili bir sekilde kontrol altma
alinmasinda bireyin 6z bakimi énemli bir yere sahiptir. Ancak bircok birey yasam tarzi
degisikliklerini uygulamakta gticliik cekmekte ve bu durum hem fiziksel hem de ruhsal
iyilik halini olumsuz etkileyebilmektedir. Bu baglamda hastalik yotnetimi stirecinde
hemsireler ve saglik profesyonelleri tarafindan uygulanan miidahaleler temel hedefler
arasinda yer almaktadir.

Anahtar Kelimeler: Diyabetik ayak tilseri, diyabetik yara yonetimi, hemsirelik
yaklasimi, hemsirelik.

GIRIS

Diyabet, diinya genelinde yaygin bir saglik sorunudur. Diabetes mellitus olarak
da bilinen bu hastalik, pankreasin yeterli miktarda instilin tiretememesi veya viicudun
tiretilen instlini etkin bir sekilde kullanamamasi sonucu ortaya ¢ikan kronik bir
rahatsizliktir. Bu durum, kan sekeri seviyesinin yiikselmesine (hiperglisemi) yol acarak
ozellikle kan damarlar1 ve sinirler basta olmak iizere bircok viicut sisteminde ciddi
hasarlara neden olabilir (Akilli ve ark., 2022). Diyabetik yara, diyabet hastalarmnda
viicudun herhangi bir bolgesinde gelisebilen acik bir yaradir. Bu tir
yaralar, Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae,
Escherichia coli, Vibrio vulnificus, Acinetobacter baumannii ve Citrobacter
freundii gibi mikroorganizmalarin varligi nedeniyle enfeksiyona yatkin hale gelir. Bu
bakteriler yara iyilesmesini geciktirerek enfeksiyonun ilerlemesine ve kangren
olusumuna sebep olabilir. (Kamal ve ark., 2024). Diinya genelinde her 11 yetiskinden
biri diyabet hastasidir ve bu bireylerin yaklasik %901 Tip 2 diyabetle yasamaktadir
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(Dong ve ark., 2024). Diyabet hem Tiirkiye'de hem de diinya genelinde goriilme siklig
giderek artan, yiiksek morbidite ve mortalite oranlarina sahip kronik bir hastaliktir
(Yavuz Batmaz ve Katran, 2024).

DIYABETIK AYAK YARALARININ OLUSUM MEKANIZMASI
Diyabetik ayak {ilserlerinin gelisiminde; periferik néropati, damar yapisindaki
bozulmalar, enfeksiyonlar ve bagisiklik sistemi diizensizlikleri tek basina ya da birlikte

etkili olabilir. Bu komplikasyonlar arasinda, periferik duyu kaybiyla birlikte goriilen
periferik noropati en yaygin ve en kritik olanidir (Demir ve ark., 2004).

/ Diabetik néropati \

Otonom noropati Duyusal noropati Motor noropati
Anhidroz, hiperkeratoz Tekrarlayici travmalar Anatomik yapinin
bozulmasina bagh
l bazi alanlarda bas artis1
Deride fissiir olusumu

B
\ Ulser olusumu

|

v

Mikroorganizma girisi
infeksiyon

Diyabetik ayakta noropatiye baglh enfeksiyon gelisim mekanizmasi (Demir ve ark.,
2004).

Diyabetik ayak, periferik noropatiye bagli sinir hasar1 ve alt ekstremite
damarlarinda ateroskleroza bagli dolasim bozuklugu sonucu, genellikle kiictik
travmalar sonrasinda gelisen tlser, enfeksiyon ve derin doku hasarmni tanimlar.
Diyabetik ayak yaralarinin yaklasik %601 noropatik kokenlidir. Bu durum, 6zellikle
erkeklerde ve Tip 2 diyabetli bireylerde daha sik gozlenmektedir. Diyabetli hastalarda
noropati, iskemi ve bagisiklik sisteminde zayiflamaya bagli olarak direngli enfeksiyonlar
ortaya cikabilmekte, bu enfeksiyonlar ise siklikla kemige kadar ilerleyerek amputasyon
ya da oltimle sonuclanabilmektedir. Amputasyonlarda en sik karsilasilan nedenler
arasinda iyilesmeyen yaralar, enfeksiyonlar ve gangren yer almaktadir. Tiirkiye'de,
travmaya bagli olmayan amputasyonlarin yaklasik %50’si diyabete bagli olarak
gerceklesmekte ve Saglik Bakanlig1 verilerine gore yilda ortalama 12.000 amputasyon
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yapilmaktadir. Bu amputasyonlarin %45 ila %85’inin aslinda onlenebilir nedenlere
dayandig bildirilmistir. Diyabetik bireylerde noropati, enfeksiyon ve iskeminin etkili
sekilde yonetilememesi, ayak yaralarinin olusmasma ve bu durumun %80 oraninda
major ampiitasyonla sonuglanmasina yol acabilmektedir (Ceyhan ve Akutay, 2019).

DIYABETIK AYAK YARALARINDA EVRELEME VE KLINIK
DEGERLENDIRME

Diyabetik ayak enfeksiyonlarinin simiflandirilmasi, tlserin  ciddiyetinin
derecelendirilmesi, risk faktorlerinin belirlenmesi ve uygun tedavi stratejisinin segimi
acisindan btiytik 6nem tasir. Diyabetik hastalarda ayak yaralarinmn analizi igin
literatiirde cesitli simiflama sistemleri gelistirilmistir. Bu sistemlerin bir kismi yara,
enfeksiyon ve dolasimi ayr1 ayr1 ele alirken, digerleri bu parametreleri kombine bir
sekilde degerlendirmektedir. One ¢ikan siniflama sistemleri sunlardar:

Meggitt-Wagner Siniflamasi: Ulser ve gangren durumunu temel alir.
Texas Universitesi Siniflamas: Ulser, enfeksiyon ve iskemi varligini inceler.

DIAFORA (Diabetic Foot Risk Assessment): Noropati, ayak deformitesi, gecmis
tilser/amptitasyon Oykiisii, gangren, enfeksiyon ve osteomyelit gibi parametreleri
degerlendirir.

PEDIS Simiflamasa: Perfiizyon, yara boyutu, enfeksiyon siddeti ve duyu kayb:
tizerine odaklanir.

WIfI (Wound, Ischemia, foot Infection): Yara, iskemi ve enfeksiyon bilesenlerini
analiz eder.

SINBAD (Site, Ischemia, Neuropathy, Bacterial Infection, Area, Depth): Ulserin
lokalizasyonu, iskemi, noropati, bakteriyel enfeksiyon ve derinlik gibi kriterleri
puanlayarak degerlendirir.

PEDIS smiflamasi, detayl1 bir degerlendirme sunmasina ragmen klinik pratikte
uygulanmasi zordur. Ideal bir smiflama sistemi; basit, ek ekipman gerektirmeyen, acil
triyajda hizli karar vermeyi kolaylastiran ve saglik calisanlar1 arasinda standart iletisimi
saglayan bir yapida olmalidir. Ancak gtiniimiizde bu 6zelliklerin tamamini karsilayan
tek bir sistem bulunmamaktadir. Bu nedenle farkli klinik senaryolara gore farkli
siniflamalarin kullanilmasi 6nerilmektedir (Kadanali ve ark., 2024).

IWGDF 2019 Kilavuzu, uluslararasi iletisim ve pratik uygulanabilirlik
acisindan SINBAD sistemini onermistir. Bu sistemde her bir parametre (yara boyutu,
iskemi, noropati, enfeksiyon, lokalizasyon ve derinlik) 0-1 puanla skorlanir ve toplam 6
puan {izerinden degerlendirme yapilir. SINBAD'1n basit ve ekipmansiz uygulanabilir
olmasy, acil servislerde hizli triyaja imkan tanimasi ve saglik calisanlar1 arasinda ortak
bir dil olusturmas: avantajlaridir.

2023 IWGDF Giincellemesi, iilser 6zelliklerinin degerlendirilmesinde SINBAD'1 giiclii
oneri (diisik kamit diizeyi) ile onermistir. Ek uzmanlhk ve kaynak varliginda
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ise WIfI sisteminin kosullu olarak kullanilabilecegi belirtilmistir. WIfI, periferik arter
hastalig1 ve iskemi degerlendirmesinde etkili olsa da transkutanoz oksijen ¢l¢timii gibi
teknik gereksinimler nedeniyle acil kullanim1 sinirlidir.

Oneriler:

Acil Degerlendirme: Hizli triyaj icin ekipman gerektirmeyen ve Kkolay
uygulanabilen SINBAD sistemi tercih edilmelidir.

Enfeksiyon Degerlendirmesi: 2023 IWGDF/IDSA smiflamasi kullanilmalidir.

Ileri Inceleme: Periferik dolasim degerlendirmesi gereken
durumlarda WIfI sistemi diistintilebilir.

Sonug olarak, diyabetik ayak {ilserlerinde prognozu o6ngoren evrensel bir
smiflama  bulunmamakla  birlikte, klinik  ihtiyaca  gore SINBAD (pratiklik)
veya WIfI (dolasim odakli) sistemleri kullanilabilir. Bu uzlas1 raporunda, enfeksiyon
degerlendirmesi  icin IWGDF/IDSA, vyara analizi icinse SINBAD smiflamasi
onerilmektedir (Kadanali ve ark., 2024).

Tablo 1. IWGDF 2023 Risk Diizeyi Sistemi ve karsilik gelen tarama siklig1
Kategori | Yara riski | Ozellikleri Sikhik*
0 Cok diisiik | KDK yok, PAH yok Yilda bir
1 Diisiik KDK veya PAH Her 6-12 ayda bir
KDK + PAH, veya
2 Orta KDK + ayakta sekil bozuklugu veya Her 3-6 ayda bir
PAH + ayakta sekil bozuklugu
KDK veya PAH, ve asagidakilerden en az
biri:

" - Ayak yaras1 dykiisii .
e ke - Aﬁ ek.}s’tremiteyampﬁtasyonu (minor veya Hex'le3 aydabic
major)
- Son evre bobrek hastaligi
Not: KDK=Koruyucu Duyu Kaybi, PAH= Periferik Arter Hastalig1; *Tarama siklig1 uzman

goriislerine dayanmaktadir. Bu siireleri 6neren bir yayin bulunmamaktadir.

(IWGDF Guidelines, 2023)

DIYABETIK AYAK YARALARINDA HEMSIRELIK YAKLASIMLARI

Diyabetin etkili bir sekilde kontrol alta alinmasinda 6z yonetim temel bir rol
oynar. Bu stirecin yaklasik %98'i; kan sekeri takibi, diisiik yag iceren beslenme, diizenli
fiziksel aktivite ve ayak tilserlerini 6nlemeye yonelik bilingli uygulamalar1 iceren kisisel
bakim faaliyetlerini kapsamaktadir. Ancak diyabetle basa ¢ikmak sadece teknik olarak
karmasik degil, ayn1 zamanda oldukca zorlayicidir. Bu nedenle bircok hasta yasam
tarzimi degistirme konusunda gti¢liik yasar ve hem fiziksel hem de psikolojik anlamda
istenilen sonuglara ulasmakta zorlanir (Wuri ve ark., 2021). Hastaligin etkin bir sekilde
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yonetilmesi, hemsireler ve saglik ekibi tarafindan yiiriitiilen mudahalelerin temel
amaclar: arasinda yer almaktadir. Diyabetik ayak tilseri ile yasamak, bu alanda gorev
yapan hemsireler ve hastalar icin genellikle alisiilmadik ve stresli bir deneyim olup,
multidisipliner bakim stirecinde 6nemli bir zorluk olusturmaktadir (Nayeri ve ark.,
2020). Diyabetik ayak tilserleri; enfeksiyon gelisimi, hastaneye yatis ve amptitasyon gibi
ciddi komplikasyonlara neden olabileceginden, iilser niikslerinin 6nlenmesi, iyilesme
stirecindeki bireylerin etkin yonetiminde kritik bir 5neme sahiptir (Guo ve ark., 2023).

Diyabete bagli ayak tilserlerinde hemsirelik bakiminin temel hedefi; doku
biittinligini muhafaza etmek, yeni tilserlerin olusmasini engellemek, mevcut
dokularda meydana gelebilecek yikimi ve enfeksiyon riskini en aza indirgemek ve etkili
yara bakimi saglamaktir. Diyabetli bireylerde hemsirelik uygulamalari; hastanin risk
diizeyinin belirlenmesi, yara bakimi yapilmasi, ozellikle ayak sagliginin korunmasi ve
kan sekeri diizeyinin dengede tutulmasina yonelik egitim ve danismanlik hizmetlerini
icermelidir (Eraydin ve Avsar, 2019).

Diyabetli bireylerde ayakta iilser gelisimini onleyebilmek icin riskli ayaklarin
erken donemde belirlenmesi ve diizenli araliklarla yapilan ayak muayeneleri buytik
onem tasimaktadir. Uygun ayakkab1 kullanimimin saglanmasi ve yara gelisimine zemin
hazirlayan faktorlerin ortadan kaldirilmasi, koruyucu bakimin temel basamaklarmni
olusturur. Bu siirecte saghk profesyonelleri, diyabetli bireylerin ve ailelerinin ayak
bakimi konusundaki bilgi diizeylerini diizenli olarak degerlendirerek farkindalik
kazandirmaya yonelik egitimler diizenlemelidir (Ozgiirsoy ve ark., 2024).

Hemsireler, diyabetin ve diyabetik ayagm yonetimine iliskin egitim
programlarinin planlanmas: ve uygulanmasinda temel sorumluluga sahiptir. Ayni
zamanda bireyin terapotik 6z bakim becerilerini destekleyerek, hastaliga ve bakim
stireclerine dair bilgileri davranis degisikligine dontistirmesini saglarlar. Bu sekilde
hastanin yasam kalitesini artirmada 6nemli bir rol tistlenirler. Hemsireler ayrica, toplum
icinde risk altindaki bireyleri tespit ederek diyabetin gelisimini onleyebilir ya da
geciktirebilir (Ozgtirsoy ve ark., 2024).

Diyabetik ayak tilseri gelisen bireylerde karsilasilan sorunlarin biiytik bir kismi
onlenebilir nitelikte olup, tan1 konuldugu andan itibaren dtizenli takiplerin yapilmasi ve
koruyucu yasam tarzi davranislarinin kazandirilmasi gerekmektedir. Diyabet bakim
ekibinin etkin bir {iyesi olan hemsireler, koruyucu saglik hizmetlerinin planlanmasi ve
strdurtlmesinde kilit konumdadir. Diyabetli bireyler i¢in birincil hemsirelik yaklasimi
egitimdir. Bu nedenle hemsirelerin yeterli bilgi ve beceriye sahip olmalari, bu bilgi ve
deneyimi hastalara etkili bir bicimde aktarabilmeleri, kaliteli ve konforlu bakim sunumu
agisindan biiyiik 6nem tagir (Ozgiirsoy ve ark., 2024).

Hemsirelerin diyabetli bireylerde tistlendigi baslica roller arasmnda; riskli
ayaklarin degerlendirilmesi, yara ve tlser bakimimin uygulanmasi, ayak sagligimni
koruyucu yaklagimlar ve glisemik kontroliin saglanmasmna yonelik damismanlik ve
egitim hizmetleri sunulmasi yer almaktadir (Ozgiirsoy ve ark., 2024).
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SONUC

Hemsireler, diyabete bagli ayak iilseri gelisimini tetikleyen etkenleri belirleyerek,
risk grubundaki hastalar1 erken donemde saptayip uygun 6nlemleri alarak hastalara bu
konuda biling kazandirabilir. Bu sayede olasi ayak problemleri hentiz baslangic
asamasinda fark edilip onlenebilir. Hemsireler, diyabet bakim ekibinin aktif tiyeleri
olarak; hastalarin ayak bakimina dair egitimi, tlser takibi, yara bakimi ve
komplikasyonlarin 6nlenmesine yonelik faaliyetlerde etkili bicimde yer almalidir.
Ozellikle tekrar eden {ilserlerin 6nlenmesinde hemsirenin egitici ve koruyucu rolii
biiytik 6nem tasimaktadir.
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Abstract

Intubation is the process of inserting a tube called an endotracheal tube (ET)
through the mouth or nose and then into the airway (trachea).
Endotracheal intubation is performed in patients with airway obstruction, cardiac arrest,
trauma or injury to the neck, abdomen, or chest affecting the airway, loss of
consciousness or decreased level of consciousness, during general anesthesia,
respiratory failure or apnea, and in patients at risk of aspiration.

The intubation procedure can be performed via either the oral or nasal route.

Endotracheal Intubation via the Oral Route:This is intubation through the mouth.
Due to its quicker application, it is especially preferred over nasotracheal intubation in
emergency situations.

Nasotracheal Intubation:This is intubation through the nasal passage. The
nasotracheal intubation process is similar to endotracheal intubation, but the tube is
passed through the nose and then advanced into the trachea.

Nasotracheal intubation is preferred in cases where orotracheal intubation
cannot be performed due to intraoral space-occupying lesions, structural abnormalities,
or trismus; in cervical instability or degenerative cervical diseases; in head and neck
surgeries (intraoral and oropharyngeal surgeries such as segmental mandibulectomy,
mandibular osteotomy, mandibular reconstructive surgery, etc.); in tonsillectomies to
provide the surgeon with a better working area and in intensive care unit patients
requiring long-term ventilation, as an alternative to tracheostomy.

Keywords: Intubation, Nasotracheal Intubation

Ozet

Entiibasyon endotrakeal tiip (ET) ad1 verilen bir tiiptin ag1z veya buruna, daha
sonra da hava yoluna (trakea) yerlestirilme islemidir.
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Hava yolu tikanikligi, kalp durmasi, boyun, karin ve gogiiste hava yolunu
etkileyen yaralanma veya travma, bilin¢ kayb1 veya diistik biling diizeyi, genel anestezi
islemi sirasinda, solunum yetmezligi veya apne ve aspirasyon riski olan hastalarda
endotrakeal enttibasyon islemi uygulanmaktadir.

Entiibasyon islemi oral veya nazal yoldan uygulanabilmektedir.

Oral yol ile Endotrakeal Entiibasyon: Ag1z yoluyla entiibasyondur. Daha hizl
olmasi1 nedeniyle 6zellikle acil durumlarda nazotrakeal enttibasyona tercih edilir.

Nazotrakeal Enttibasyon: Burun yolu ile enttibasyondur. Nazotrakeal
enttibasyon stireci endotrakeal entiibasyona benzer, ancak burada tiip burun iginden
gecirilir ve ardindan trakeaya ilerletilir.

Agiz ici yer kaplayan lezyonlar, yapisal anormallikler, trismus nedeniyle
orotrakeal entiibasyonun gergeklestirilemeyecegi olgularda, Servikal instabilite, servikal
dejeneratif hastaliklarda, bas ve boyun cerrahisinde (intraoral ve orofaringeal cerrahiler;
segmental mandibulektomi, mandibuler osteotomi, mandibular rekonstruktif cerrahi
vb) , tonsillektomilerde nazotrekeal entiibasyon cerraha rahat calisilacak alan
saglanmasi acisindan ve yogun bakim tinitesinde uzun ventilasyon gerektiren olgularda
trakeostomiye alternatif olarak tercih edilmektedir.

Anahtar Kelimeler: Entiibasyon, Nazotrekeal Entiibasyon

GIRis:
Enttibasyon endotrakeal ttip (ET) ad1 verilen bir tiiptin ag1z veya buruna, daha

sonra da hava yoluna (trakea) yerlestirilme islemidir.

Entiibasyon Gerektiren Durumlar:

Hava yolu tikaniklig1

Kalp durmasi

e Boyun, karin ve gogtiste hava yolunu etkileyen yaralanma veya travma
« Biling kayb1 veya diistik biling diizeyi

¢ Genel anestezi islemi sirasinda

e Solunum yetmezligi veya apne

e Aspirasyon riski

Entiibasyon Nasil Uygulanir?

Enttibasyon islemini farkli yontemlerle uygulamak miimkiindiir. Bu yontemler
su sekildedir.

Oral yol ile Endotrakeal Entiibasyon : Ag1z yoluyla entiibasyondur. Daha hizli
olmasi1 nedeniyle 6zellikle acil durumlarda nazotrakeal enttibasyona tercih edilir.
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Nazotrakeal Entiibasyon : Burun yolu ile entiibasyondur.Nazotrakeal
entiibasyon stireci endotrakeal entiibasyona benzer, ancak burada tiip burun icinden
gecirilir ve ardindan trakeaya ilerletilir.

NAZOTREKEAL ENTUBASYON

Kuhn F1 1902 yilinda Nazotrakeal enttibasyonu (NE) ilk kez tanimlamistir. Daha
sonra, 1920 li yillarda bu teknik intraoral, faringeal ve laringeal ameliyatlar i¢in anestezi
indiiksiyonunda ve boyun ameliyatlar1 sirasinda cerrahi sahada daha iyi goriis alani
saglanmasi icin popiilerlik kazanmistir Gliniimiizde ise uygulama basta dis hekimlikleri
olmak tizere iyice yaygimlasmistir. 1-3

Nazotrakeal entiibasyon orotrakeal entiibasyona gore daha travmatiktir ve
postoperatif morbiditede artisa neden olmaktadir+’. Bu travmaya katkida bulunan
taktorler arasinda uygulayicinin deneyimsizligi ve gozetim eksikliginin yani sira hasta
anatomik varyasyonlari, orofasiyal bolgede ge¢mis rekonstriiktif cerrahi ve nasotrakeal
tiiptin gecisini bozabilecek yarik damak veya yiiz kemigi kirig1 yer alir. 8-9-10

Nazotrakeal = entiibasyon  uygulayacagimiz  olgularin  preanestezik
degerlendirilmesinde detayli bir anamnez sonras: tek tek nazal kavitelerini kapatip,
rahat hava gecisi olan nazal kaviteyi tespit etmemizin, nazotrakeal entiibasyon basarisini
arttirdig bilinmektedir.Ciinkt burun boslugundaki anatomik varyasyonlar (¢r., septal
deviasyon veya konka hipertrofisi) yaygindir ve hastalarda asemptomatik olabilir.10.11
Bu nedenle, hem nazotrakeal entiibasyondan ¢nce hem de orotrakeal entiibasyondan
once burun boslugunun dikkatli bir sekilde degerlendirilmesi gerekir.

Nazotrakeal entiibasyon da o¢nce tiip dar ve uzun burun boslugundan
gecirilmelidir.2 Nasotrakeal enttibasyon sirasinda, burun deligindeki endotrakeal
ttiptin gecebilecegi iki yol vardir.Bunlardan birincisi orta ve alt konkalar arasindaki tist
yol digeri ise alt konka ile burun boslugunun taban1 arasmdaki alt yoldur.1?* Giivenlik
acisindan degerlendirilir ise Alt yol daha giivenlidir ¢tinkii orta konka ve kribriform
plakadan daha uzakta bulunur.

Endotrekeal tiip 6n-arka yonde yiiz diizlemine dik olarak yerlestirilir; Boylece alt
konka ile burun boslugunun tabani arasindaki alt yoldan gegirilmis olur.14

Nazotrakeal  enttibasyon  ¢ncesi nazal mukozanin  hazirlanmasi
gerekmektedir.Bu sebeple lubrikan jeller, topikal lokal anestezik yada
vazokonstriiktorler yaygin olarak kullanilmaktadir.*

Bir ¢ok klinisyen diisiik konsantrasyonda adrena- lin (1:200000 veya daha az)
yada fenilefrin (%0.05) iceren lokal anestezik (lidokain) kullanmay1 tercih etmektedir.
Buna alternatif olarak o©ncesinde vazokonstriiktor nazal sprey (oxymetazoline)
kullaniminin, travmay1 ve burun mukozasindaki kanamay1 azaltip mekanik genisleme
olusturdugu kanisinda olanlarda vardir.51516

Nazotrakeal entiibasyon tercih edilen cerrahi islemler 45:

-Ag1z ici yer kaplayan lezyonlar, yapisal anormallikler, trismus nedeniyle
orotrakeal entiibasyonun gergeklestirilemeyecegi olgularda,

-Servikal instabilite, servikal dejeneratif hastaliklar,
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-Bas ve boyun cerrahisinde (intraoral ve orofaringeal cerrahiler; segmental
mandibulektomi, mandibuler osteotomi, mandibular rekonstruktif cerrahi vb)

-Obstriiktif uyku apne sendromu bulunanlarda,

-Yogun bakim tinitesinde uzun ventilasyon gerektiren olgularda trakeostomiye
alternatif olarak

-Tonsillektomiler

Nazotrekeal entiibasyonun kontrendike oldugu durumlar4>:
- Kanama diyatezi,

-Antikoagulan kullanima,

- Kafa taban kir1gy,

- Alt hava yolunda yabanci cisim 6ykiisii olanlarda,

-Bakteremi riskinin yiiksek oldugu kalp kapakgik anomalileri ile protez kalp
kapag1 bulunanlarda.

Nazotrakeal entiibasyonun komplikasyonlari45717,1819,20,21,22;

- Burun kanamasidir. genellikle nazal septumun anteriorunda yer alan
Kisselbach’s plexusunun tahribi yol agmaktadir

-Dental  girisimlerde  gozlenen, alfa  hemolitik  streptokoklar  ve
Corynibakterium’un etken olarak saptandig1 bakteriyemidir.

-Ttptin lokal ya da yabanci cisimlerle parsiyel ya da tam obstriikte olmasidir.
Obstriiksiyona en sik yol agan; kopan nazal polip, alt konka, subliikse dis, bant ya da
kan pihtisidir. En belirgin tani end tidal CO2 monitorizasyonuyla konur.

- Atrofik mukoza,

- Siliyer fonksiyonda azalma, kuru ve fonksiyonu azalmis havayolu sonrasi
ortaya ¢ikabilen submukozal laserasyondur.

- Retrofaringeal perforasyon

- Priform fossanin perforasyonu sonrasit subkutandz/mediastinal amfizem
ortaya cikabi- lir.

- Sintizittir.
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