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Number of paper %
Papers by Turkish Participants 57 44,19
Papers by International Participants 72 55,81
(26 Countries)
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Evrak Tarih ve Sayisi: 19.02.2025-E.1174800
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GAZi UNIVERSITESI REKTORLUGU
Hemsirelik Fakiiltesi Dekanhgi

Sayr : E-98978265-100-1174800 19.02.2025
Konu : Dilekge( Prof. Dr. Naile
BILGILI)

Saym Prof. Dr. Naile BILGILI )
Halk Saghg1 Hemsireligi Anabilim Dali Baskanhg: - Ogretim Uyesi

Ilgi : 17.02.2025 tarihli ve E-87008936-100- 1173474 sayil1 yazi.

Ilgi dilekgenizde belirttiginiz "Yiiksekdgretim Kurulu'nun 15.06.2023 tarihli oturumunda
docentlik basvurular sartlari ile ilgili degisiklik Onerileri kapsaminda Saglik Bilimleri Temel Alani'nda
gergeklestirilecek olan madde 8'in Bilimsel Toplant1 baslig1 altindaki b bendi" uyarinca, Academy Global
Conferences & Publishing (https://www.akademikongre.org/registration) tarafindan 2025 yilinda
diizenlenecek olan bilimsel etkinliklerde gorev alma talebiniz konusunda bilgilendirildim.

Bilgilerini ve geregini rica ederim.

Prof. Dr. Sultan AYAZ ALKAYA
Dekan

Bu belge, giivenli elektronik imza ile imzalanmustir.
Belge Dogrulama Kodu :BSCMHSP653 Belge Takip Adresi : https://www.turkiye.gov.tr/gazi-universitesi-ebys

'.= e mann
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Emniyet Mahallesi Bandirma Caddesi No :6/1 06560 Yenimahalle/ ANKARA Bilgi igin :Onur Akin

Tel:0 (312) 202 20 00 Faks:0 (312) 221 32 02 Bilgisayar Isletmeni
Internet Adresi :http:/gazi-universitesi.gazi.edu.tr/ Telefon No:0312 216 26 27

Kep Adresi: gaziuniversitesi@hs01.kep.tr
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6™ INTERNATIONAL GROUP EXHIBITION
April 17 -22, 2026
TOKYO

Kongre Baglant1 Linki :

Join Zoom Meeting

https://us06web.zoom.us/j/88571518350?pwd=fOYazCWBmbAiWrHygjKSjkbbSvotfd.1
Meeting ID: 885 7151 8350

Passcode: 202224
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

e ZOOM baglantist i¢in yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini
kullanabilirsiniz.

e  Oturum igerisinde en KIDEMLI olan moderator olarak secilir. Moderatoriin oturum diizenini
gozetmesi, akademisyen adaylarim yonlendirmesi beklenmektedir.

e  Oturuma baglanmadan dnce Salon numaranizi adinizin dniine asagidaki gibi ekleyiniz. Bu sayede
kongre agilisinda beklemeden oturumlarmiza gonderilebileceksiniz. Or. 5§ Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin asilmamasini moderatorler temin edecektir.
Sunum sonrast 5 dakikay1 gegmeyen soru-cevap, tartigma stiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

Kameralar, oturum siiresince toplam % 70 oraninda ag¢ik olmak zorundadir.

Sunum yapan katilimcinin kamerasi acik olmak zorundadir.

Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katihmciya sertifika
verilmesi ve calismasinin yaymlanmasi sézkonusu olamaz.

Katilimei, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e Katilimcilarin kendi oturumlari disindaki oturumlara katilma zorunlulugu yoktur.

e ZOOM platformunun kapasite smir1 nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

e SADECE CALISMADA YAZAR OLARAK GECEN KiSiLER SUNUM YAPABILIR !

IMPORTANT, PLEASE READ CAREFULLY

To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID
or Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

e  Speakers must be connected to the session 10 minutes before the presentation time.

e All congress participants can connect live and listen to all sessions.

e  During the session, your camera should be turned on at least %70 of session period

e  Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

TECHNICAL INFORMATION

e  Make sure your computer has a microphone and is working.

e You should be able to use screen sharing feature in Zoom.

e  Attendance certificates will be sent to you as pdf at the end of the congress.

e  Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

e  Before you login to Zoom please indicate your name surname and hall number,

Academy Global Conferences & Journals @ ‘?’ 'i f.‘;?ﬁ

T A —= TES 0 91
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Meeting ID: 885 7151 8350 Passcode: 202224

17 Nisan / April 17, 2026 / 09:00 — 11:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
OTOMATIK MODULASYON SINIFLANDIRMASI iCIN HAFIF | Umut INCESU
VE VERIMLI BIR DERIN OGRENME MODELI Prof. Dr. Ali KARA
GORSEL ILETISIM TASARIMINDA ARTIRILMIS GERCEKLIK Osr. Gér. Ebubekir
(AR) ENTEGRASYONU: KULLANICI DENEYIMI (UX) Kgoé; AK u
UZERINE BiR INCELEME
)
> VERI GORSELLESTIRMESINDE YAPAY ZEKA DESTEKLI 3B | Ogr. Gér. Ebubekir
a INFOGRAFIK MODELLERIN KULLANIMI KOGAK
o E KONTRASTLI BT GORUNTULERINDE DICOM-SEG Ogr. Gor. Abdulaziz
> > REHBERLI SEGMENTASYON VE ACIKLANABILIR MAKINE | CEYLAN
) EJ OGRENMESI ILE GEOMETRIK OZELLIK TABANLI BOBREK | Dr. Ogr. Uyesi Kadir Sercan
| Z. TUMORU ANALIZI BAYRAM
< »
@ § ALIGNMENT-FREE GENOMIC CLUSTERING USING K-MER gggﬁiﬁﬁ%ﬁv&
_ z DESCRIPTORS
2 |2
I v
o Prof. Dr., CAGIN
G STATISTICAL ANOMALY DETECTION IN DNA SEQUENCES | |-\t i CAVAS
a
e YAPAY ZEKA ILE OTONOM DRON DAVRANISLARININ Dr. Ogr. Uyesi Erciiment
A~ MODELLEMESI OZTURK
AN EXAMPLE TO THE ENCRYPTION AND DECRYPTION igssgé)gg& DR
ALGORITHMS IN CONTROLLED METRIC TYPE SPACES NIHAL .TAS Bt

Academy Global Conferences & Journals
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FAR EAST ASIA 6th INTERNATIONAL CONGRESS ON SOCIAL SCIENCES
April 17 — 22, 2026

TOKYO

Meeting ID: 885 7151 8350 Passcode: 202224

17 Nisan / April 17, 2026 / 09:00 — 11:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Micro-Narratives of Conflict through Folklore in Jaunsar-Bawar gksg;]ta Cha\t;dhary
Region of Uttarakhand r. Shweta Verma
Dr. Nagendra S. Rawat
The history of the development of military terms Prof.Hajar Huseynova
TURK KULTURUNDE UUC BOYNUZLU BASLIK: g;’&gggehmet
SEMBOLIZM, STATU VE INANC BAGLAMINDA BiR L
DEGERLENDIRME Ogr. Gorevlisi, Gokhan
HAMZACEBI
Ogr. Gorevlisi, Gékhan
- DOGU KARADENIZ BOLGESININ GELENEKSEL KADIN VE Er‘g?/[gffﬂiﬁ:net
~ 2 ERKEK BASLIKLARINA TARIHSEL BAKIS OZMENL i
= c
o) Py
| 5 The Child Within the Social System in Charles Dickens’ “Oliver Dog. Dr. Sevra
g I Twist” FIRINCIOGULLARI
- 3
—
j ‘I" READING JOHN STEINBECK'’S “THE PEARL” THROUGH Dog. Dr. SEVRA
% - THE DICHOTOMY OF NATURE AND CULTURE FIRINCIOGULLARI
o
a
FRANSZ KAFKA’NIN ROMANLARINDA FARKLI OTORITE Dr. Ogr. Uyesi Ragip
BICIMLERI ERGUN
MODERN DONEMDE YABANCILASMA BAGLAMINDA iKi Dr. Oar. Uvesi Ragt
INSAN IKi MEDENIYET: TANPINAR VE KAFKA UZERINE ER G(_%N yest Ragip
BIR INCELEME
POTRAYAL OF WOMEN AND THEIR ATTEMPT TO )
SURVIVE IN THE HANDS OF HUSBANDS Selin CEYLAN

Academy Global Conferences & Journals
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FAR EAST ASIA 6th INTERNATIONAL CONGRESS ON SOCIAL SCIENCES
April 17 — 22, 2026

TOKYO

Meeting ID: 885 7151 8350 Passcode: 202224

17 Nisan / April 17, 2026 / 09:00 — 11:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Re.llgIOUS and Scientific Life in Timbuktu, Africa’s Center of Prof. Dr. Ramazan BICER
Science and Culture
The Wisdom of Hajj and Fasting According To Imam Maturidi ]ZrlcgEl[ir RAMAZAN
-
< :
™ 5 CULTURAL HERITAGE BURIED IN THE ILISU DAM: ?:ﬁ;ﬁ:;t”de”t' RUKEN
% E BATMAN HASANKEYF EXAMPLE Prof. Dr. RUSTU ILGAR
-
S % FAIL VE NAIBU’L-FAILIN DILBILGISEL ISLEVIVE Prof. Dr. HALIL AKCAY
- L KULLANIM OZELLIKLERI ILE TURKCEDEKI KARSILIGI Abdulhaluk TARHAN
- =
- - .
< 5 MUHAMMED B. KASIM EL-GAZZi VE ILMi MiRASI gg'l\?; PALIL AKCAY
O
a
THE LITERARY MILIEU IN THE WORK MAHFUZAT-I -
EDEBIYE Dog¢. Dr., MEHMET UNAL
THE USE OF PROPHETIC NARRATIVES AND THE -
NARRATIVE TRADITION IN ISLAMIC LITERATURE Dog. Dr., MEHMET UNAL

Academy Global Conferences & Journals
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FAR EAST ASIA 6th INTERNATIONAL CONGRESS ON SOCIAL SCIENCES
April 17 — 22, 2026

TOKYO
Meeting ID: 885 7151 8350 Passcode: 202224

17 Nisan / April 17, 2026 / 09:00 — 11:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
1 AUDIT MATURITY OF SUSTAINABILITY REPORTS: AN Ali Hiiray GURKAN
INVESTIGATION ON BIST30 COMPANIES Dr. Esra SATICI

Aras. Gor. Veciye TASCI
Prof. Dr. Salih Zeki
IMAMOGLU

Prof. Dr. Hiiseyin INCE
Dog. Dr. Serhat ERAT
Yiiksek Lisans Ogrencisi
THE MEDIATING ROLE OF EMPLOYEE HAPPINESS IN THE Aysu AYDEMIR

RELATIONSHIPS BETWEEN DIGITAL TRANSFORMATION,
INNOVATION, AND FIRM PERFORMANCE

3 RELATIONSHIP BETWEEN WORK ENGAGEMENT AND Dog. Dr. Serhat ERAT
TASK PERFORMANCE Prof. Dr. Salih Zeki
IMAMOGLU
= On Lisans Ogrencisi DILA
@ REDDIT VERILERI UZERINDEN TURKIYE’YE YONELIK (B)ﬂ?f:ﬁ Oarencisi
S 4 ALGININ COK KATMANLI ANALIZI: DENEYIM, CELISKI VE IRMAK SEF‘fS AM
?}i DUYGU DINAMIKLERI Ogr. Gor. Dr. Bahar BALCI
a AYDOGAN
< z 5 2021 YILINDA TURKIYE'DE HALKA ARZ PERFORMANSI VE gg{f;gg‘gg;g‘ém”
e RiSK DINAMIKLERI -
o 5 GOKPINAR
|
S = 5 [HRACATTA KATMA DEGER VERGISI TECIL TERKIN 8‘35‘2% fﬁEﬁgEPU
~ = ISLEMLERININ ORNEK UYGULAMALARLA INCELENMESI gr. Bor.
_ § KARAER
-
% E ADLI MUHASEBEDE TiCARI DEFTERLERIN DELIL Ogr. Gor. MEMIS
— 7 NITELIGI TASIMASI KONUSUNDA YASAL KARAER
i DUZENLEMELER Dog. Dr. ALI ANTEPLI
o)
87 GREEN MONETARY POLICY AND CLIMATE-RELATED Asst. Prof. Serkan Cantiirk
O 8 FINANCIAL RISKS: A THEORETICAL FRAMEWORK FOR ' '
5 TURKIYE IN THE RUN-UP TO COP31

Yiiksek Lisans Ogrencisi,

9 MIKROFINANS KURULUSLARININ FINANSAL NOHAYLA ZIANI
PERFORMANSI: FAS ORNEGI Dr. Ogr. Uyesi Feyzullah
Esad SEKKELI
. Dr. Ogr. Uyesi
10 KATILIM BANKALARININ FINANSAL PERFORMANSININ FEYZULLAH ESAD
ENTROPI TABANLI PES YONETMIYLE ANALIZI ,SEKKELT

Academy Global Conferences & Journals % ‘3 " .
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
21. YUZYILDA HEGEMONYA VEYA BUYUK GUC
1 REKABETINDE UCAK GEMILERININ ONEMI Dr., Cenk TAMER
ZENGEZUR KORIDORU’NUN MAKROEKONOMIK Dr. Osr. Uvesi Nedi
2 ETKILERI: HAZAR-AKDENIZ ULASIM ENTEGRASYONU VE DEKN%EN yest Redim
BOLGESEL BUYUME DINAMIKLERI
Erof.Dr. Abdullah
3 DETERMINANTS OF UNEMPLOYMENT IN OECD OZDEMIR
COUNTRIES: A PANEL DATA ANALYSIS (2001-2023) Prof.Dr. HATICE EROL
Erof.Dr. Abdullah
A FINANCIAL DEVELOPMENT and ECONOMIC GROWTH in &Zopg\’[tjlsesi HATICE
OECD COUNTRIES: A PANEL DATA ANALYSIS (2001-2023) | ASKAYA
5 EVALUATION OF CULTURAL ECONOMY AND CULTURAL Errc')fT ‘Efrbasgfﬁ 67TURK
EMPLOYMENT IN TURKIYE e
&
5
0 Z2 6 EVALUATION OF HEALTH ECONOMICS AND Prof. Dr. Serdar OZTURK
= o PHARMACEUTICAL PRODUCTS TRADE IN TURKIYE Dr. Tugba IBIK
O >
= g Prof. Dr. Yusuf
% \S 7 $§ucr)|£1ic)r:1c Effects of Organized Industrial Zones: The Case of BAYRAKTUTAN
3 3 y Mehmet BAYRAM
_I >-
o
< 5
“.5' 8 Development of Turkish Defense Industry and Its Economic Effects Prof. Dr. YEJ.SUf Bayraktutan
s Zeynep Degirmenci
o
9 BEFORE and AFTER MARSHALL: WHAT CHANGED in Asst. Prof. Dr. Aras
ECONOMICS? Yolusever
INSACI PERSPEKTIFTEN GUVENLIKLESTIRILMIS Prof. Dr. MERAL BALCI
10 KIMLIKLER: BATI TRAKYA TURKLERI VE TURKIYE’DEKI | Doktora Ogrencisi OZAN
RUM ORTODOKS AZINLIKLAR KARSILASTIRMASI CELIK
TURK REKABET HUKUKUNDA GATEKEEPER BENZERI Prof. Dr. MERAL BALCI
11 MUDAHALELER: REKABET KURUMU KARARLARI Aragtirma Gorevlisi

AYTEN SILA BUYUKER
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Salon Moderator Bildiri No ve Baslig: / Paper ID and Title Authors
ELEN BABAYEVA
DATA PREPARATION PROCESS FOR ARTIFICIAL Prof. Dr. HAKAN YAKUT
INTELLIGENCE-BASED Dr. ELIF KEMAH
MEDICAL IMAGE ANALYSIS: A SPINE MRI CASE STUDY Specialist Dr. UMIT
CELAKIL
A COMPARATIVE STUDY OF Al APPROACHES FOR PIN-FIN I'\,’;midﬁ':;%%%?’"ﬂ(
CHANNEL SURROGATE MODELING oo GEMICE
FOTOVOLTAIK JENERATORLERIN P-V o :
KARAKTERISTIKLERININ YENI BiR YONTEMLE gg%ﬁ#&es‘ NURETTIN
CIZILMESI
FOTOVOLTAIK GUNES HUCRESI JENERATORLERININ P-V | Dr. Ogr. Uyesi NURETTIN
Eé KARAKTERISTIKLERININ CiZILMESI GOKSENLI
© >
> ft DFT-BASED INVESTIGATION OF ELECTRONIC Prof. Dr., HAMIT ALYAR
o) e STRUCTURE AND NONLINEAR OPTICAL PROPERTIES OF | Prof. Dr., SALIHA ALYAR
Z(I = 2-(4-FLUOROPHENYL)QUINOXALINE
5|3
~ .
3 a= COMPUTATONAL STUDY ON THE SPECTROSCOPIC, .
2 0 ELECTRONIC AND NLO PROPERTIES OF 2,3 g‘;? B:’ I;:g&%&ﬁ;
% a DIFURYLQUINOXALINE )
i
= SOLVENT-ASSISTED INTERCALATION AND KAMRAN
(=™
SONOCHEMICAL EXFOLIATION FOR THE FABRICATION MUSTAFAZADA

Dr. ELVIN MALIKOV

TUNGSTATE-MODIFIED G-CsNs AS AN EFFICIENT
PHOTOCATALYST FOR RHODAMINE B AND SUNSET
YELLOW DEGRADATION

Dog. Dr. OZLEM TUNA
Dog. Dr. MEHMET
BUGDAYCI

Dog. Dr. SEYDA
KARADIREK

UNVEILING THE ROLE OF METAL CATIONS IN
PEROVSKITE PHOTOCATALYSTS FOR MULTI-POLLUTANT
DEGRADATION

Dog. Dr. OZLEM TUNA
Dog. Dr. MEHMET
BUGDAYCI

Prof. Dr. PELIN BARAN
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HALL / SALON 7
Dog. Dr. AYSEL ARSLAN

KARIYER MERKEZLERININ OGRETMEN ADAYLARININ
KARIYER PLANLAMA KATKISI UZERINE NiTEL BiR
ARASTIRMA

Dr. Tiilin HUNDUR

LISANS OGRENCILERININ YAPAY ZEKA DESTEKLI
TEKNOLOJi KULLANIMININ KARIYER BASARISINA
KATKISINA ILISKIN GORUSLERI

Dr. Tillin HUNDUR

MY SCENE: STEP BY STEP

Ogretmen, GULTEN
AKGUL

Ogretmen, OZCAN CELIK
Ogretmen, HAVVA
TASTEMEL

Ogretmen, ASLI CAKAR
KARAGOZ

Ogretmen, EMINE ERKAN
Ogretmen, GULBAHAR
CIGDEM

THE CITY OF ANIMAL SOUNDS

Ogretmen, GULTEN
AKGUL

Ogretmen, ISMAIL
BACAKSIZ
Ogretmen, HULYA
GOKGOZ
Ogretmen, CAN GORKEM
KARAYEL
Ogretmen, ERSAN
AKARSU
Ogretmen, SERHAT
ERGINLI

A META-EVALUATION OF STUDIES INCLUDING
ILLUMINATIVE EVALUATION

Ogretmen, NAZLI SILA
YERLIYURT
Prof. Dr., SENEL ELALDI

EGITIMDE SOSYAL ADALET: TEK BOYUTLU
YAKLASIMLARDAN COK BOYUTLU YAKLASIMLARA

Yiiksek Lisans Ogrencisi
Giilistan ASLAN

LIiSE OGRENCILERININ TURK DIiLi VE EDEBIYATI
DERSINE YONELIK TUTUMLARI

Yiiksek Lisans Ogrencisi
MERVE NUR OZDEMIR
Dog. Dr. AYSEL ARSLAN
Yiiksek Lisans Ogrencisi
SONGUL KiMSESiZ

LISE OGRENCILERININ YAPAY ZEKA TEKNOLOJILERINE
YONELIK TUTUMLARI

Yiiksek Lisans Ogrencisi
SONGUL KIMSESiZ

Dog. Dr. AYSEL ARSLAN
Yiiksek Lisans Ogrencisi
Merve Nur OZDEMIR
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Tiirkiye Ve Ingiltere’de Sosyal Politikalarda Bagimsiz Yaslt Yiksek Lisans Ogrencisi
1 Temsili: Barmma Modelleri Uzerinden Karsilastirmali Bir Analiz Nazl SAL
: stias Dog. Dr. Sevim KOGER
? TELEVIZYON DiZILERINDE TOPLUMSAL ROLLER VE ALGI | Prof. Dr. Mustafa INCE
5 YONETIMI frem INCE
M
<
g 3 MUHABIRLIKTEN ICERIK URETICILIGINE: DEGISEN Prof. Dr. Mustafa INCE
) GAZETECILIK PRATIKLERI frem INCE
© Z
z | Z
o N
:(' Q THE SOCIAL, PSYCHOLOGICAL, AND ECONOMIC Assoc. Prof. Dr., Alper
) 5 4 DIMENSIONS OF TECHNOLOGY ADDICTION: A GEDIK
: < LITERATURE-BASED ANALYSIS Lec., Siikrii GUVEN
- 2
T = L iikrii GUVEN
T = 5 | MISCOMMUNICATION ON SOCIAL MEDIA: CAUSES, S oer
5 CONSEQUENCES AND SOCIAL EFFECTS GEDIK P
3=
=
o0
QO
% 6 THE ALGORITHMIC CONSTRUCTION OF TRUTH: AN Dr. Ash Kaorol
(=) ANALYSIS OF MEDIA ETHICS AND DISINFORMATION ) P
7 TURKIYE’DE SANAL KUMAR BAGIMLILIGI UZERINE Dr. Ogr. Uy., Mukadder
YAPILAN LISANSUSTU TEZLERIN INCELENMES] OZKAN BARDAKCI
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HALL / SALON 9
Prof. Dr. MEHMET DALKILIC

1 SPORDA YAPAY ZEKA KARARLARININ ETIK BOYUTLARI

Doktora Ogrencisi,
Abdullah KAYABAS
Mehmet DALKILIC

2 SPOR EKONOMISi VE FINANS YONETIMI

Doktora Ogrencisi,
MUHAMMET
KUCUKKORAS
Prof. Dr. MEHMET
DALKILIC

3 SPOR TURIZMi VE SURDURULEBILIR DESTINASYON
GELISiMI

Mine Nur DURSUN
Prof. Dr. Mehmet
DALKILIC

4 SPORDA BEYIN SARSINTISININ CONCUSSION ETKILERI

ESRA ALTUN
Prof. Dr. Mehmet
DALKILIC

5 E-Spor ve Geleneksel Spor Yonetiminde Liderlik Yaklagimlar

ESRA ALTUN
Dr. Mehmet DALKILIC
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HALL / SALON 10

TURKIYE’DE SPOR HUKUKUNUN GELISIMI

Doktora Ogrencisi,
Abdullah KAYABAS,
Mehmet DALKILIC

DIJITALLESME CAGINDA SPOR PAZARLAMASI VE
SPONSORLUK STRATEJILERININ DONUSUMU

AYSENUR OZDOGAN
Prof.Dr. MEHMET
DALKILIC

SPOR TURIiZMI

Doktora Ogrencisi,
MUHAMMET
KUCUKKORAS
Prof. Dr. MEHMET
DALKILIC

LIDERLIK ve MOTIVASYON

Doktora Ogrencisi,
MUHAMMET
KUCUKKORAS
Prof. Dr. MEHMET
DALKILIC

SPOR ORGANIZASYONLARINDA SEFFAFLIK VE HESAP
VEREBILIRLIK

Mine Nur DURSUN
Prof. Dr. Mehmet
DALKILIC

TURKLERDE SPOR

Yiiksek Lisans Ogrencisi
ESRA ALTUN
Dr. Mehmet DALKILIC

NETFILIX’IN SPOR YAYINCILIGINA GiRiSi VE
GELENEKSEL MEDYA iLE REKABETI

Yiiksek Lisans Ogrencisi
ESRA ALTUN
Dr. Mehmet DALKILIC
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EDUCATIONAL LEADERSHIP AND TEACHER Prof. Dr. Amira Ben
DEVELOPMENT IN DIGITAL TRANSFORMATION ERA Youssef
Dr. Salma Khelifi
Dr. Hichem Trabelsi
Rim El Amri
INCLUSIVE CLASSROOM PRACTICES AND STUDENT .
ENGAGEMENT IN HIGHER EDUCATION SETTINGS QIS_SOC- Prof. Dr. Nizar Ben
i
Dr. Marwa Jaziri
ASSESSMENT REFORM AND COMPETENCY-BASED
LEARNING IN ROMANIAN SECONDARY EDUCATION
Dr. loana Marinescu
DIGITAL PEDAGOGY AND CURRICULUM INNOVATION IN Prof. Dr. Mihai lonescu
— § ROMANIAN UNIVERSITIES Dr. Alina Dumitrescu
% 2 Dr. Radu Georgescu
| % ARTIFICIAL INTELLIGENCE TOOLS AND ACADEMIC Assis. Prof. Dr. Ananya
< S INTEGRITY IN INDIAN HIGHER EDUCATION Sharma
& p Assoc. Prof. Dr. Vikram
_ S Mehta
- o Dr. Neha Khanna
% o PROJECT-BASED LEARNING AND STUDENT MOTIVATION . .
[ IN INDIA’S RURAL SCHOOLS Dr. Priya Nair
Dr. Suresh lyer
Dr. Kavita Reddy
EDUCATIONAL REFORM AND QUALITY ASSURANCE IN Dr. Aigerim Sadykova
KAZAKHSTANI TEACHER TRAINING SYSTEMS Assoc. Prof. Dr. Timur
Zhandosov
Dr. Aisulu Nurlan
MULTILINGUAL EDUCATION AND LEARNING OUTCOMES
IN KAZAKHSTAN
Dr. Marat Ospanov
Dr. Gulnaz Karimova
STEM COMPETENCY DEVELOPMENT AND FUTURE Assoc. Prof. Dr. Almas
SKILLS IN KAZAKHSTANI SCHOOLS Zhumabayev
Dr. Saule Tulegen
Dr. Yerlan Aithayev
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HALL / SALON 2
Assoc. Prof. Dr. Aleksandar Petrov

DIGITAL TRANSFORMATION AND DATA-DRIVEN
DECISION MAKING IN SMALL AND MEDIUM-SIZED
ENTERPRISES

Prof. Dr. Wei-Han Lin
Assoc. Prof. Dr. Chia-Yu
Chen

Ming-Jen Hsu

SUSTAINABLE SUPPLY CHAIN INTEGRATION AND
RESILIENCE STRATEGIES IN GLOBAL BUSINESS
ENVIRONMENTS

Dr. Yu-Ting Wang
Prof. Dr. Po-Chun Li
Hui-En Tsai

DIGITAL ENTREPRENEURSHIP, INNOVATION
ECOSYSTEMS, AND MARKET ADAPTATION IN EMERGING
ECONOMIES

Assoc. Prof. Dr. Elena
Markoska

Dr. Nikola Stojanov
Petar Velkov

CORPORATE GOVERNANCE PRACTICES AND FINANCIAL
PERFORMANCE IN FAMILY-OWNED BUSINESSES

Prof. Dr. Marina K.
Dimitrova

Assoc. Prof. Dr. Aleksandar
Petrov

Dr. Stefan Trajkov

CUSTOMER EXPERIENCE MANAGEMENT AND BRAND
LOYALTY IN THE DIGITAL RETAIL SECTOR

Prof. Dr. Ananya lyer
Dr. Rohan Menon
Dr. Priya Nair

Kavya Sharma

STRATEGIC LEADERSHIP, ORGANIZATIONAL
RESILIENCE, AND POST-CRISIS BUSINESS RECOVERY
MODELS

Assoc. Prof. Dr. Arjun
Mehra

Prof. Dr. Neha Kulkarni
Vikram Joshi

SUSTAINABILITY REPORTING, ESG DISCLOSURE, AND
LONG-TERM VALUE CREATION IN CORPORATE SECTORS

Prof. Dr. Amira Ben Salem
Assoc. Prof. Dr. Sami
Khelifi

Dr. Yasmine Trabelsi
Nour Chaker
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MACROECONOMIC RESILIENCE AND INFLATION Prof. Dr. Wei-Hao Lin
MANAGEMENT IN POST-PANDEMIC TAIWAN Dr. Meng-Ting Chen
Dr. Yu-Chen Huang Dr.
Hsin-Yu Kuo
DIGITAL TRANSFORMATION, TRADE ADAPTATION, AND L
SMALL BUSINESS SURVIVAL IN TAIWAN’S URBAN Assoc. Prof. Dr. Chia-Ling
ECONOMY Tsal
Dr. Po-Han Wu
PUBLIC DEBT SUSTAINABILITY AND FISCAL REFORM Dr. Elena Stojanova
PATHWAYS IN NORTH MACEDONIA Dr. Nikola Petrov
— Dr. Marija Ivanova Assoc.
c Prof. Dr. Stefan Dimitrov
§ LABOR MARKET FLEXIBILITY, YOUTH EMPLOYMENT,
- E AND REGIONAL GROWTH IN NORTH MACEDONIA Dr. Ana Trajkovska
z
3 :E INCLUSIVE FINANCE, RURAL CREDIT ACCESS, AND .
< Z ENTREPRENEURSHIP GROWTH IN INDIA Prof. Dr. Rajesh Varma
n R Dr. Ananya Deshmukh
=~ Dr. Kavita lyer
3 |8 y
z:l 'E SUSTAINABLE INDUSTRIAL POLICY AND EXPORT .
T o COMPETITIVENESS IN INDIA’S EMERGING ECONOMY ﬁsiﬁz}ﬁ-mf' Dr. Nitin
. ulkarni
8
&
< ENERGY PRICE SHOCKS, HOUSEHOLD WELFARE, AND _
FOOD SECURITY IN TUNISIA Prof. Dr. Salma Ben Ali
Dr. Youssef Khelifi
Dr. Mariem Trabelsi
TOURISM RECOVERY, MACROECONOMIC STABILITY, Assoc. Prof. Dr. Hichem
AND REGIONAL DEVELOPMENT IN TUNISIA Bouazizi
Dr. Noura Slim
Dr. Firas Ferchichi
GREEN FINANCE, PUBLIC INVESTMENT, AND LONG-TERM . L
GROWTH DYNAMICS IN TUNISIA Dr. Amira Jaziri
Dr. Mehdi Ouerfelli
Dr. Lina Karray
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THE TRANSFORMATION OF SAFAVID COURT POLITICS Prof. Dr. Arman Khosravi
1 AND IMPERIAL IDEOLOGY IN EARLY MODERN IRAN Soraya Javad
Nima Farrokhzad
BORDERLAND DIPLOMACY AND THE RED SEA ROUTES IN i
OTTOMAN-EGYPTIAN RELATIONS, 15171805 Assoc. Prof. Dr. Leila
2 Hassan
Mariam Abdel-Rahman
Youssef El-Sayed
URBAN MEMORY, NAT'ONAL'SM, AND Assoc. Prof. Dr. Omar El-
ARCHAEOLOGICAL PRACTICE IN MODERN EGYPTIAN Masry
® 3 HISTORIOGRAPHY Dalia Fahmy
ﬁ Dr. Karim Naguib
= THE POLITICAL ECONOMY OF THE NILE VALLEY: Assoc. Prof. Dr. Hoda
< - TAXATION, LAND, AND POWER IN OTTOMAN EGYPT Abdallah
Z < 4 Tarek Soliman
3 B Mona Ibrahim
< [a) Dr. Salma Hassan
wn — CHRONICLES OF KINGDOMS: ORAL TRADITION AND .
3 a STATE FORMATION IN ETHIOPIAN HISTORICAL Assis. Prof. Dr. Desta
| o 5 NARRATIVES Tadesse
< =t
T o
@ MONASTIC NETWORKS, TRADE CORRIDORS, AND Assoc. Prof. Dr. Meron
ﬁ RELIGIOUS AUTHORITY IN ETHIOPIAN HIGH-PLATEAU Kidane
< 6 HISTORY Sisay Fikru
Dr. Yared Amanuel
Hana Wolde
COASTAL SULTANATES, SWAHILI CHRONICLES, AND
INDIAN OCEAN CONNECTIVITY IN TANZANIAN HISTORY | juma Salum
7 Neema Mussa
Ibrahim Hamisi
COLONIAL ENCOUNTERS, RESISTANCE, AND STATE Assoc. Prof. Dr. Said
FORMATION IN TANZANIA’S MODERN HISTORICAL Khamis
8 MEMORY Rehema Ally
Abdallah Omar
Zainab Said
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HALL / SALON 5
Assoc. Prof. Dr. Tesfaye Belay

THE ROLE OF EARLY ATTACHMENT PATTERNS IN
SHAPING ADOLESCENT EMOTIONAL REGULATION AND
INTERPERSONAL TRUST

Prof. Dr. Samira El-Hadi
Dr. Youssef Benali

Dr. Nadia Ait Karim Assoc.
Prof. Dr. Rania Boussif

COGNITIVE FLEXIBILITY, ACADEMIC STRESS, AND
COPING STRATEGIES AMONG UNIVERSITY STUDENTS
DURING TRANSITIONAL PERIODS

Dr. Karim EI Mansouri

EMOTION PROCESSING, SOCIAL SUPPORT, AND
RESILIENCE TRAJECTORIES IN POST-CONFLICT YOUTH
POPULATIONS

Mekdes Gebre

Assoc. Prof. Dr. Tesfaye
Belay

Dr. Hana Woldemariam

MINDFULNESS-BASED INTERVENTIONS AND THEIR
IMPACT ON ACADEMIC PROCRASTINATION AND SELF-
REGULATION

Prof. Dr. Laura Ciobanu
Dr. llie Rusu
Dr. Ana Maria Popescu

TRAUMA, IDENTITY FORMATION, AND PSYCHOLOGICAL
WELL-BEING IN MIGRANT ADOLESCENTS

Prof. Dr. Amina Salim
Assoc. Prof. Dr. Dawit
Kassa

Dr. Selamawit Ayele

THE INTERPLAY BETWEEN PERFECTIONISM, ANXIETY,
AND ACHIEVEMENT MOTIVATION IN HIGH-ACHIEVING
STUDENTS

Prof. Dr. Elvin Mammadov
Dr. Nigar Huseynova
Dr. Kamran Aliyev

SOCIAL COMPARISON, SELF-ESTEEM, AND DIGITAL
WELL-BEING IN CONTEMPORARY ADOLESCENTS

Assoc. Prof. Dr. Leyla
Rahimova

Dr. Tural Hasanov
Dr. Aysel Mehdiyeva

EXECUTIVE FUNCTIONS, DECISION-MAKING, AND
IMPULSE CONTROL IN EARLY ADULTHOOD

Prof. Dr. Orkhan Karimli
Dr. Narmin Jafarova
Dr. Rufat Ibrahimov

PSYCHOLOGICAL CAPITAL, HOPE, AND WORKPLACE
ADAPTATION AMONG YOUNG ADULT EMPLOYEES

Assoc. Prof. Dr. Farida
Mammadli

Teymur Hasanli

Dr. Gulnara Aliyeva
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INTERCULTURAL NARRATIVE STRATEGIES IN ETHIOPIAN
LITERARY TEXTS

Tadesse

REINTERPRETING NATIONAL IDENTITY THROUGH
CONTEMPORARY AZERBAIJANI LITERARY CRITICISM

Salon Moderator Bildiri No ve Baslig: / Paper ID and Title Authors
THE TRANSFORMATION OF NARRATIVE VOICE AND
POETIC IDENTITY IN MODERN MOROCCAN LITERARY Prof. Dr. Samir El-Baz
PROSE Nadia El-Alaoui
INTERTEXTUAL MEMORY, CULTURAL HYBRIDITY, AND | Assoc. Prof. Dr. Youssef
GENDER REPRESENTATION IN CONTEMPORARY El-Haddad
Rania Benyoussef Dr.
Imane Sefiani
THE AESTHETICS OF DISPLACEMENT AND
MULTILINGUAL NARRATION IN MODERN MOLDOVAN Prof. Dr. Elena Rusu
° SHORT STORY TRADITIONS Dr. Adrian Munteanu
7] Cristina Ceban
[5)
8 POST-SOVIET IDENTITY, ORAL HERITAGE, AND
= SYMBOLIC SPACE IN CONTEMPORARY MOLDOVAN Dr. lonel Grosu
© *g POETRY Marina Toma
= 2
e e THE POETICS OF RESILIENCE AND MEMORY FRAGMENTS | Prof. Dr. Amanuel Bekele
< ] IN ETHIOPIAN ANGLOPHONE NOVELS Dr. Tsige Mekonnen
2] $ Hanna Girma
3 o Dr. Dawit Alemu
_| 0o Mekdes Asfaw
< '-'5 COLONIAL ECHOES, LINGUISTIC RESISTANCE, AND .
I et Assoc. Prof. Dr. Selamawit
o
o
o
(2]
<

Dr. Aygun Mammadova
Nargiz Aliyeva
Prof. Dr. Farid Huseynov

THE ROLE OF MYTH, MODERNITY, AND MEMORY IN
POST-CLASSICAL AZERBAIJANI POETRY

Assoc. Prof. Dr. Leyla
Guliyeva

Dr. Rufat Karimov
Sabina Hasanli

DIGLOSSIA, TRANSLATION, AND THE EVOLUTION OF THE
MODERN AZERBAIJANI NOVEL

Prof. Dr. Kamal Ismayilov
Dr. Nigar Ahmedova
Ulviya Huseynova
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MIGRATION AND SOCIAL INEQUALITY IN Prof. Dr. Elena Marqués
CONTEMPORARY SPANISH URBAN SOCIOLOGY Assoc. Prof. Dr. Javier
Soler
Dr. Marta Alcaide Prof. Dr.
Isabel Navarro
RURAL-URBAN MOBILITY, LABOR PRECARITY, AND
GENDERED MIGRATION PATTERNS IN SPAIN
Dr. Pau Ferrer
Dr. Lucia Borras
TRANSNATIONAL MIGRATION, FAMILY DISRUPTION, i
AND SOCIAL RESILIENCE IN POST-SOVIET MOLDOVA Prof. Dr. Elena Cebotari
Assoc. Prof. Dr. lon Dobre
Dr. Ana-Maria Lupu
= MIGRATION ASPIRATIONS, REMITTANCES, AND Dr. Vasile Rusu
@ COMMUNITY TRANSFORMATION IN MOLDOVAN - .
I~ - Dr. Cristina Vornicu
o SOCIETY .
= 8 Dr. Daniela Turcanu
9 o FORCED DISPLACEMENT, URBAN SURVIVAL, AND Prof. Dr. Awa Traoré
< s YOUTH VULNERABILITY IN MALIAN SOCIOLOGICAL Assoc. Prof. Dr. Moussa
& 2 CONTEXTS Keita
L . .
j o Dr. Mariam Cissé
< &) CLIMATE-DRIVEN MIGRATION, SOCIAL Prof. Dr. Souleymane
T 4 FRAGMENTATION, AND INFORMAL ECONOMIES IN MALI | Diarra
E Dr. Fatoumata Koné
Dr. Hamidou Sangaré
MIGRATION GOVERNANCE, MULTICULTURAL Prof. Dr. Nur Aisyah
INTEGRATION, AND SOCIAL COHESION IN MALAYSIAN Ahmad
CITIES Assoc. Prof. Dr.
Muhammad Hafiz Zainal
Dr. Siti Farah Hanani
LABOR MIGRATION, URBAN PERIPHERIES, AND IDENTITY | prof. Dr. Nurul Izzah
NEGOTIATION AMONG MIGRANT COMMUNITIES IN Rahman
MALAYSIA Dr. Ahmad Farid Iskandar
Dr. Hani Syazwani Lim
INTERNATIONAL STUDENT MIGRATION, DIGITAL Prof. Dr. Khairul Anuar
CONNECTIVITY, AND SOCIO-CULTURAL ADAPTATION IN Hassan
MALAYSIA Assoc. Prof. Dr. Nur Diana
Salleh
Dr. Aiman Zulfikri Rahim
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HALL / SALON 8
Assoc. Prof. Dr. Putri Lestari

CULTURAL MEMORY AND POSTCOLONIAL IDENTITY IN
CONTEMPORARY MAURITANIAN VISUAL ARTS

Prof. Dr. Ahmed Ould Sidi
Dr. Mariem Mint Hamed
Assoc. Prof. Dr. Cheikh
Ould Ahmed

TRADITIONAL SYMBOLISM AND URBAN MURAL
PRACTICES IN MODERN MAURITANIAN ART SCENES

Prof. Dr. Fatimata Ould
Abdallahi

Dr. Moussa Ould EI Hadi
Amina Ould Saleck

INTERSECTIONS OF RELIGIOUS ICONOGRAPHY AND
CONTEMPORARY ETHIOPIAN PAINTING PRACTICES

Prof. Dr. Tesfaye Bekele
Dr. Rahel Desalegn
Assoc. Prof. Dr. Girma
Tadesse

THE ROLE OF TEXTILE MOTIFS IN ETHIOPIAN
CONTEMPORARY SCULPTURE AND VISUAL NARRATIVES

Assoc. Prof. Dr. Selamawit
Getachew

Dr. Mekdes Abebe

Hirut Alemu

Nile Valley

DIGITAL INSTALLATION ART AND ENVIRONMENTAL
CONSCIOUSNESS IN INDONESIAN YOUNG ARTISTS

Prof. Dr. Dewi Kartika Sari
Dr. Raka Pratama

Assoc. Prof. Dr. Made
Surya

THE REVIVAL OF INDIGENOUS ORNAMENTS IN
CONTEMPORARY INDONESIAN CERAMIC ART

Assoc. Prof. Dr. Putri
Lestari

Dr. Budi Santoso

Siti Anwar

REPRESENTATIONS OF MIGRATION, MEMORY, AND
RESILIENCE IN CONTEMPORARY PAKISTANI PAINTING

Prof. Dr. Ayesha Khan
Dr. Imran Qureshi
Assoc. Prof. Dr. Sana Malik

PUBLIC ART, GENDER, AND COMMUNITY NARRATIVES IN
PAKISTANI URBAN SPACES

Dr. Fatima Zahra
Dr. Hassan Raza
Noor-ul-Huda Siddiqui
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Assoc. Prof. Dr. Elena Popa
lon Rusu
THE PHILOSOPHY OF JUSTICE, DIGNITY, AND Maria Cebotari
DEMOCRATIC CITIZENSHIP IN CONTEMPORARY Vasile Lupu
MOLDOVAN THOUGHT
Prof. Dr. Jamaluddin Ismail
THE INTERSECTION OF TRADITION, REASON, AND Nurul Huda Karim
ETHICAL MODERNITY IN CONTEMPORARY MALAYSIAN Dr. Syafig Azman
PHILOSOPHY Dr. Farah Nadhirah
PHILOSOPHY OF TECHNOLOGY, HUMAN VALUES, AND Assoc. Prof. Dr. Khairul
THE FUTURE OF MORAL AGENCY IN SOUTHEAST ASIA NizamQistina Razak
Prof. Dr. Farid Rahman
THE ETHICS OF COMMUNITY, BELONGING, AND SOCIAL Nur Aina Zulkifli
HARMONY IN MALAYSIAN PHILOSOPHICAL DEBATES Assis. Prof. Dr. Hafizuddin
I~ Salleh
< Siti Mariam Ahmad
o € |
% < EXISTENTIAL FREEDOM, PERSONAL IDENTITY, AND THE ﬁi‘:ir: CTO‘;:‘:
| = SEARCH FOR MEANING IN MODERN EDUCATIONAL X
e o DISCOURSE Marina Radu
) > Gheorghe Mocanu
= <
4 =)
= 2
% =] Dr. Nicolae lonescu
as’ Ana Ursu
= EPISTEMIC HUMILITY AND THE LIMITS OF HUMAN Assoc. Prof. Dr. Victor
A~ REASON IN MORAL DECISION-MAKING Dima
Cristina Balan
CONTEMPORARY PHILOSOPHICAL PERSPECTIVES ON Prof. Dr. Dwi Santosa
ETHICAL RELATIVISM IN DIGITAL SOCIETIES Andi Pratama )
Msc. Sari Wulandari
Dr. Made Arya Putra
Assoc. Prof. Dr. Rina
RETHINKING EXISTENCE AND KNOWLEDGE: A Maharani
PHENOMENOLOGICAL ANALYSIS OF HUMAN AGENCY IN Budi Kurniawan
POSTMODERN LIFE Nadia Safitri
Teguh Wirawan
Prof. Dr. Moussa Traoré
MORAL RESPONSIBILITY, LANGUAGE, AND COLLECTIVE | Aminata Coulibaly
MEMORY IN WEST AFRICAN PHILOSOPHICAL TRADITION
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Prof. Dr. Hassan El Idrissi
SOCIOLOGICAL TRANSFORMATIONS IN URBAN sz]"%'uzg' Salma
MOROCCAN SOCIETY: IDENTITY, MIGRATION, AND Y .
MODERNITY Dr. You_ssef Ait Lah_cen
Dr. Nadia EI Amrani
CULTURAL DYNAMICS AND SOCIAL STRATIFICATION IN eroschgrEfa’I'_r; Eo(lzjrtﬁﬁgi
CONTEMPORARY MOROCCO : -
Dr. Omar Tazi
Dr. Fatima Zahra EI Fassi
SOCIO-CULTURAL TRANSFORMATIONS IN THE Prof. Dr. Giorgi Beridze
CAUCASUS REGION: IDENTITY, CONFLICT, AND Assoc. Prof. Arman
3 COEXISTENCE Petrosyan
> Dr. Levan Kapanadze
S § Dr. Zara Alieva
Z 0]
@) —_ Prof. Dr. Farid Guliyev
2‘ 5 Assoc. Prof. Aysel
n w SOCIAL STRUCTURES, FAMILY VALUES, AND Karimova
~ — Dr. Tural Ismayilov
| ) GLOBALIZATION IN AZERBAIJAN . g
0 fug Dr. Sabina Rahimova
< o Dr. Kamran Huseynov
I 8 Dr. Nigar Safarova
a
<
TRADITION AND MODERNIZATION IN AZERBAIJANI Prof. Dr. Rashad
SOCIETY: A SOCIOLOGICAL OVERVIEW Mammadov
Assoc. Prof. Leyla Aliyeva
EDUCATION, INEQUALITY, AND YOUTH IDENTITY IN Dr. Giorgos Manolis
GREECE: A SOCIOLOGICAL PERSPECTIVE ' 9 -
Dr. Eleni Vassiliou
SOCIAL CHANGE AND ECONOMIC CRISIS: A Assoc. Prof. Eleni Georgiou
SOCIOLOGICAL ANALYSIS OF MODERN GREEK SOCIETY Dr. Nikos Stavridis
Dr. Maria Kallistratou
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MD.PhD. Zahide Sulejmani
1 ETHICS AND INNOVATION IN SURGICAL DEPARTMENTS: Prof. Asoc. Gjergji Koja
CHALLENGES AND OPPORTUNITIES Prof. Asoc. Erjona Abazaj
Elja Sulejmani
ELECTRONIC CIGARETTES: BETWEEN SMOKING R
S 2 CESSATION BENEFITS AND RISKS Saadi Fatima Zohra
<
=
14 Prof. Dr., MEHTAP
— g DIJITAL “BEYIN CURUMESI”: DUSUK KALITELI ICERIK KAVURMACI
Z e 3 TUKETIMININ BILISSEL, PSIKOLOJIK VE DAVRANISSAL Dr. Ogr. Uyesi, BUSRA
3 4 ETKILERI CEREN DEMIREL
< o YILDIZ
%) <
~ =
- 5 o _ _ o Prof. Dr., MEHTAP
< S TiP 2 DIYABETTE DIiYABETIK NEFROPATI: GUNCEL KAVURMACI
I - 4 BOBREK KORUYUCU STRATEJILER VE YENI TEDAVI Dr. Ogr. Uyesi, BUSRA
5 HEDEFLERI CEREN DEMIREL
- YILDIZ
2
o
Odyolog KUBRA CORUH
KINALI
5 BIYOTINIDAZ EKSIKLIGI OLAN COCUKLARDA ISITSEL Prof.Dr. CAHIT BAGCI
EFFERENT SISTEMIN DEGERLENDIRILMESI Prof. Dr. AHMET KARA
Dr. Ogr. Uyesi HACER
EFNAN MELEK AKSOY
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Neuroacoustic Stimulation and Cognitive Enhancement: -
1 Physiological Effects of Binaural Brain Entrainment Ebru BARDAS OZKAN
5 Resonant Brain: Frequency-Based Modulation of Learning and Ebru BARDAS OZKAN
Cortical Plasticity
NANOTECHNOLOGY AND DRUG DELIVERY SYSTEMS IN EBRU DURAK
Z, 3 CANCER TREATMENT Prof. Dr. MUKADDER
~ § MOLLAOGLU
=z N
@) Q
2' 17
w s THE USE OF ARTIFICIAL INTELLIGENCE IN EBRU DURAK
- 2 4 RHEUMATOLOGY Prof. Dr. MUKADDER
j < MOLLAOGLU
< =]
=
I £
=
=
IMPLANT AND TOOTH SUPPORTED PROSTHETIC BILAL AYAZ
5 REHABILITATION OF THE MAXILLA: A DIGITAL MURAT ALKURT
WORKFLOW
ZIRCONIA AND METAL FRAMEWORK CERAMIC
6 RESTORATIONS IN THE MAXILLA: A CASE REPORT BILAL AYAZ
INVOLVING ATTRITED TEETH
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THE EFFECT OF SLIDING SPEED ON THE TRIBOLOGICAL
PERFORMANCE OF CARBON FIBRE REINFORCED
POLYAMIDE 66 COMPOSITE

YUSUF BERKAY CAN
Prof. Dr. HUSEYIN UNAL

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
HIBRIT ENERJI SISTEMLERINDE KULLANILAN Cagla ONCU
TEKNOLOJILER Prof.Dr. A. Engin
OZCELIK
MATHEMATICAL MODELING AND NUMERICAL ANALYSIS | Abdurrahman AKBAS
_ OF PROJECTILE MOTION AND INDUCED BARREL Sitha SARI
2 VIBRATIONS IN RIFLES Mete KALYONCU
<
g
© =
Z ot
(@) )
| g TENSILE PERFORMANCE AND THERMOMECHANICAL Assoc. Prof. Dr.. Benek
S =_ STABILITY OF CELLULOSE NANOCRYSTAL REINFORCED | 1,%0% 'O D
~ o EPOXY ADHESIVES
- a
= o
£ g
L o
<
S
2
<

THE EFFECT OF VELOCITY AND APPLIED LOAD ON THE
FRICTION AND WEAR PERFORMANCE OF
POLYOXYMETHYLENE COPOLYMER COMPOSITE
REINFORCED WITH GLASS FIBER

YUSUF BERKAY CAN
Prof. Dr. HUSEYIN UNAL
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BETONARME YAPILARDA GUCLU KiRiS-ZAYIF PDr;’f' g;' §§$%N[;\S,ICKIL
KOLONLARIN FRP ILE GUCLENDIRILMESI UZERINE BiR g T
CALISMA Prof. Dr. AYDIN
BUYUKSARAG
Prof. Dr. AYDIN
YERALTINI DINLEMEK: SPAC YONTEMI VE GEOMETRIK BUYUKSARAG
S DIZILIMLER Prof. Dr. ERCAN ISIK
= Dog. Dr. FATIH AVCIL
o
S F
8 T
“ —
< S DETECTION OF INELASTIC REGION FORMATION IN .
@ S NONLINEAR STRUCTURAL SYSTEMS UNDER g’rfag;'ifl‘fcagda
j = EARTHQUAKES
o
< a
—
o
o RELATION BETWEEN RESPONSE ENERGY DISTRIBUTION .
Prof. Dr. Elif Cagda
AND NONLINEAR STRUCTURAL DAMAGE UNDER Kandemir
EARTHQUAKES
UNSTIFFENED FLUSH-TYPE MOMENT CONNECTION .
DESIGN Prof. Dr. Tugrul Talaslioglu
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SEKER PANCARI URETIMINDE YAYGIN YAPRAK Ziraat Yiiksek Muhendisi
1 HASTALIKLARI: ARTAN BASKI ,VERIM VE SEKER RABIA HANDE SEN,
KALITESI UZERINE ETKILERI Prof. Dr. NUH BOYRAZ

TUZLULUK STRESI ALTINDAKI MERCIMEKTE HORMONAL | Dr. Ogr. Uyesi, Mustafa

2 PRIMING UYGULAMALARININ FiDE VE KOK GELISiMi CERITOGLU
UZERINE ETKIisi Zehra OGETURK
PROLIN VE GLISIN BETAIN ILE PRIMING o Dr. Ogr. Uyesi, Mustafa
3 UYGULAMALARININ BORULCEDE KURSUN TOKSISITESI CERITOGLU
UZERINE ETKISI frem Sultan OZTORUN
= Yildiz Can BAL
E Vedat SEKEROGLU
E 4 FLUPYRADIFURONE-INDUCED CYTOTOXICITY, 52\1;11 QELI&TS[E;{E{};%%RU
o OXIDATIVE STRESS, IN HUMAN LUNG CELLS -
= & Ceren BORCEK
o = KASURKA
2 2
< = .
& %) Seval KONTAS YEDIER
j 5 THE AMELIORATIVE EFFECT OF PYCNOGENOL ON %,‘;?;t’;g&%ggsgalj
< o 5 ACROLEIN-INDUCED MITOCHONDRIAL MEMBRANE Birsen AYDIN
T e POTENTIAL CHANGES IN HUMAN PANCREATIC CELLS -
o Ceren BORCEK
< KASURKA
S
2
<

CHARACTERIZATION OF SOME BIOECOLOGICAL

6 | PROPERTIES OF SEA LETTUCE, Ulva lactuca L. 1758 Assoc. Prof. Dr. Seher

(CHLOROPHYTA) Dirican
A BASELINE STUDY ON CHARACTERIZATION OF SOME

7 BIOECOLOGICAL PROPERTIES OF Assoc. Prof. Dr. Seher
Gomphonema parvulum (Kiitzing) Kiitzing 1849 Dirican

(BACILLARIOPHYCEAE)

ABNORMAL OTOLITH PARADOX: ASSESSING THE
8 INFORMATIONAL INTEGRITY OF CRYSTALLOGRAPHIC
DEVIATIONS

Assoc. Prof. Dr. SERDAR
YEDIER
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HALL / SALON 6
Asst. Prof., Demet Ulku GULPINAR SEKBAN

TEA GARDENS AND TEA ART AS AN ELEMENT OF
CULTURAL LANDSCAPE

Asst. Prof., Demet Ulku
GULPINAR SEKBAN
Assoc. Prof. Makbulenur
ONUR

ZEN GARDENS AS THE SPATIAL REFLECTION OF ZEN
PHILOSOPHY AND ART

Asst. Prof., Demet Ulku
GULPINAR SEKBAN
Assoc. Prof. Makbulenur
ONUR

EDIRNE TARIHI KENT MERKEZINDE DUYUSAL KENTSEL
DENEYIM TEMELLI TURISTIK ROTA TASARIMI

Sinenur TIRPAN
Prof. Dr. Tugba KiPER

TURIZM ROTASI TASARIMINA YONELIK ARASTIRMALAR:
BIBLIYOMETRIK PERSPEKTIF

Prof. Dr. Tugba KIPER
Sinenur TIRPAN

Canakkale li Hava Kalitesi izleme Istasyonlarinda 2019-2024 Yaz
Dénemi Kirleticilerin Durumu ve Degisimleri: Merkez, Can, Biga
ve Lapseki Ornekleri

Yiiksek Lisans Ogrencisi,
IBRAHIM KIREC
Prof. Dr, RUSTU ILGAR

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY *




F
LT
S -

&

ACADEY,
Pl

www.akademikongre.org

FAR EAST ASIA 6th INTERNATIONAL CONGRESS ON SOCIAL SCIENCES
April 17 — 22, 2026

TOKYO

Meeting ID: 885 7151 8350 Passcode: 202224

17 Nisan / April 17, 2026 / 12:00 — 14:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
THE FUTURE OF "TOUCH" IN THE DIGITAL AGE: THE Assoc. Prof. Dr
1 BRIDGE BETWEEN ARTIFICIAL INTELLIGENCE AND AYDANUR AYDIN
HUMAN COMPASSION
9 VIRTUAL REALITY-BASED EMOTIONAL RESILIENCE Assoc. Prof. Dr.,
TRAINING: A NEW MODEL FOR HEALTH STUDENTS AYDANUR AYDIN
Gozde Ezgi YALIM
— 3 SAGLIK SEKTORUNDE SESSIZ ISTIFA: NEDENLERI, POLAT
< ETKILERI VE YONETICI STRATEJILERI Prof. Dr. Ozgir
= DEMIRTAS
~ O
= o
O
5 |z |
< - . Merve SAHIN
< NS 4 KRiZ DONEMLERINDE LIDERLIK VE DUYGUSAL ZEKA Prof. Dr. Ozgir
- > :
2 - DEMIRTAS
- <
< w
I @
IS
0 5 AFET SONRASI YERINDEN EDILME VE DAMGALANMA: Hanife Azra DOGAN
o LITERATUR TEMELLI ANALITIK BIR INCELEME Dog. Dr. Baris DEMIREL
AFET SONRASI NORMALLESME POLITIKALARI: TURKIYE . -
6 VE JAPONYA ORNEGINDE KARSILASTIRMALI BiR gamngg a D%?«:?ATREL
POLITIKA ANALIZI 06. Lr. Banis
) ) ) Yiiksek Lisans Ogrencisi,
7 ERKEN COCUKLUK DONEMINDE SOSYAL HIZMET SEYFETTIN KARAYIL
UYGULAMALARI Dr. Ogr. Uyesi Adem
ARSLAN
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. N , . ; Dr. Ogr. Uyesi SERHAT
SOYADI ENDEKSI: AKADEMIDE ‘SARTLI" MERITOKRASI SOYSEKERCI
DIJITAL NIHILiZM VE SEMBOLIK DIRENIS: TESTERE Mert Testere
o— ETKISI UZERINE PILOT BiR CALISMA
Q
[~
ﬁg ALGORITMIK DUNYA ATILISI VE PLATFORM
= EGLENCESININ ALEGORISI: THE RUNNING MAN (2025) Mert Testere
gj* UZERINDEN STREAMING KULTURUNUN ELESTIRIS1
[oe]
= o SEMANUR BAZ
o) x YOGA AND MEDITATION: THE BALANCE OF BODY, MIND, | AYDAN ERMIS
Z:' ; AND SPIRIT OSMAN IMAMOGLU
%) s
i 5 THE DIVINE RUNNING METAPHOR IN ANCIENT i@“g’ig%i%‘sz
- »n MESOPOTAMIA: SPORT AND DIVINITY IN THE CONTEXT OSMAN IMAMOGL
< z OF BALAG TEXTS N v
I . S
) - Ogr. Gor, ARZU YEKE
>80 AWARENESS OF DIGITAL GAME ADDICTION AMONG ALTUN
Q FACULTY OF SPORTS SCIENCES STUDENTS Prof. Dr, TULIN AKMAN
E‘ Dog. Dr. SABAN UNVER
Opr. Gor, ARZU YEKE
AN EXAMINATION OF SPORT SELF-EFFICACY AND ALTUN
HOPELESSNESS LEVELS IN LICENSED ATHLETES Prof. Dr, TULIN AKMAN
Dog. Dr. SABAN UNVER
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Ogretim Gérevlisi, Beril
INTERNATIONAL ARNICA ART WORKSHOP, AS A REIS
MECENAT MODEL IN ART PRODUCTION Ogretim Gorevlisi, Firat
NEZIROGLU
WOMEN’S LABOR, CULTURAL NARRATIVE, AND VISUAL B?ﬁ' Dkr‘LT.may g}J NZU%E(R
IDENTITY IN TURKMEN AND IRANIAN CARPETS uKsex Lisans DEr. Aybike
ORHAN
_
S <Zf Dog. Dr. Tiilay GUMUSER
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OZET

Otomatik Modiilasyon Siniflandirmas1 (AMC), alicilarin 6nceden bilgi sahibi olmadan sinyal
tiirlerini ayirt etmesini saglayarak biligsel radyo, Yazilim Tanimli Radyo (SDR) ve dinamik
spektrum erigim sistemlerinde kritik bir rol oynamaktadir. Son dénemde gelistirilen Derin
Ogrenme (DL) modelleri yiiksek siniflandirma dogruluguna ulagsa da, genellikle donanim
uzerinde uygulanabilirligi zorlastiran yiiksek hesaplama karmasikligi dezavantajini beraberinde
getirmektedir. Bu sorunun iistesinden gelmek amaciyla, ¢alismada Depthwise Separable
Convolutions ile Squeeze-and-Excitation (SE) kanal dikkat mekanizmalarini entegre eden yeni
ve hafif bir mimari énerilmektedir. Onerilen model, dogruluk ve hesaplama verimliligi arasinda
optimum bir denge kurarak RML2016.10b veri setinde yalnizca 18.490 parametre (18.010'u
egitilebilir) ve 0,897 MFLOPs ile %65,04 genel dogruluga ulasmaktadir. Literatiirdeki guncel
modellerden CPPCNet ile kiyaslandiginda, modelimiz parametre sayisim1 6nemli Olciide
diistirmektedir. Teorik FLOPs degeri CPPCNet’e gore bir miktar yiiksek olsa da, mimarimiz
karmagik degerli evrisimlerin neden oldugu donanim optimizasyon darbogazlarini ve islem
gecikmelerini  Onlemek tlizere tamamen ger¢ek degerli islemlere dayanacak sekilde
tasarlanmistir. Ayrica GIGNet, RLITNN, TCN-GRU ve WACN gibi hesaplama agisindan
yogun temel modellerle karsilastirildiginda, 6nerilen mimari hem hesaplama maliyetlerini
(FLOPs) hem de model boyutunu dramatik 6l¢lide azaltmaktadir.

Anahtar Kelimeler: Otomatik Modiilasyon Siniflandirma, Derin Ogrenme, Hafif Mimari,

Squeeze and Excitation, Depthwise Separable Convolutions.
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ABSTRACT

Automatic Modulation Classification (AMC) plays a fundamental role in cognitive radio,
Software-Defined Radio (SDR), and dynamic spectrum access systems by enabling receivers
to classify modulation types without prior knowledge. While recent Deep Learning (DL)
models have achieved high classification accuracy, they often come with the limitation of high
computational complexity. To overcome this limitation, we propose a novel lightweight
architecture that integrates Depthwise Separable Convolutions with Squeeze-and-Excitation
(SE) channel attention mechanisms. This architecture achieves an optimal balance between
accuracy and efficiency, achieving an overall accuracy of 65.04% on the RML2016.10b dataset
with a total of 18,490 parameters (18,010 trainable) and 0.897 MFLOPs. Compared to the state-
of-the-art CPPCNet, our model significantly reduces the parameter count. Although the
theoretical FLOPs are slightly higher than CPPCNet, our architecture relies on strictly real-
valued operations to avoid the hardware optimization bottlenecks and latency associated with
complex-valued convolutions. Furthermore, compared to computationally intensive baselines
such as GIGNet, RLITNN, TCN-GRU, and WACN, the proposed design significantly reduces
both computational costs (FLOPs) and model size.

Keywords : Automatic Modulation Classification, Deep Learning, Lightweight Architecture,

Squeeze and Excitation, Depthwise Separable Convolutions.
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1. INTRODUCTION

The rapid expansion of wireless networks and spectrum congestion has made Cognitive Radio
(CR) essential, with Automatic Modulation Classification (AMC) serving as a key enabler for
dynamic spectrum access. While Deep Learning (DL) has largely superseded traditional
likelihood and feature-based methods by effectively learning from raw 1/Q data, current state-
of-the-art DL models often achieve marginal accuracy gains at the expense of heavy
computational overhead. This high parameter count and processing load creates a significant
bottleneck for deploying AMC on resource-constrained edge devices. To address this critical
gap, we propose a novel architecture specifically designed to achieve an optimal balance
between high classification accuracy and computational efficiency.

2. EXPERIMENTAL STUDY

We introduce the Squeeze-and-Excitation Depthwise Separable CNN, a lightweight
architecture engineered to maximize parameter efficiency. Foregoing the excessive depth of
traditional networks, our model employs a highly compact four-block pipeline. By integrating
real-valued depthwise separable convolutions with Squeeze-and-Excitation (SE) mechanisms,
the design achieves robust spatial feature extraction and channel-wise attention while
maintaining a strictly limited parameter footprint.

The proposed model was evaluated using the RadioML2016.10b benchmark dataset, which
comprises 1.2 million 1/Q signal samples uniformly distributed across 10 analog and digital
modulation schemes. The dataset simulates realistic channel impairments over an SNR range
of -20 dB to +18 dB in 2 dB increments. To accommodate the network’s channel-last
convention, the raw 2 x 128 signal sequences are explicitly transposed to a (128, 2) input
shape prior to processing.

The network processes transposed (128, 2) 1/Q signals to comply with the channel-last
convention. Low-level feature extraction is performed by an initial 1D convolutional layer (32
filters, kernel size 9). The core architecture then utilizes three cascaded depthwise separable
blocks to progressively expand the feature space, employing 48, 64, and 96 filters with kernel
sizes of 9, 7, and 7, respectively. To optimize representational power while strictly
maintaining the overall model complexity within the 15,000 to 45,000 parameter range, a
Squeeze-and-Excitation (SE) module is seamlessly integrated into each block immediately
prior to pooling or final classification.

3. CONCLUSION

In this study, we proposed a novel, lightweight deep learning architecture that addresses the
computational bottlenecks of Automatic Modulation Classification (AMC) for resource-
constrained edge devices. By effectively integrating depthwise separable convolutions with
Squeeze-and-Excitation attention, the model delivers robust classification performance while
operating strictly within a highly efficient budget of 18,490 parameters and 0.897 MFLOPs.
Although the proposed network demonstrates significant computational advantages over
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traditional deep models, challenges remain in distinguishing spectrally similar analog schemes
(e.g., WBFM and AM-DSB) in low-SNR regimes, alongside minor misclassifications among
high-order digital modulations. Future research will explore advanced model compression
strategies, such as quantization and knowledge distillation, to close the remaining accuracy
gap with heavier baseline models without compromising deployment efficiency.
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OZET

Dijital teknolojilerin ivme kazanan gelisimi, geleneksel gorsel iletisim tasarimi disiplinini
onemli bir dOniistime ugratarak statik yiizeylerin 6tesinde, etkilesimli ve mekansal bir boyuta
tasimistir. Bu teknolojik doniisiimiin en dikkat cekici sonuglarindan biri olan Artirilmis
Gergeklik (AR), dijital verilerin fiziksel diinya ile es zamanli ve katmanli bir bi¢imde
birlesmesini saglayarak kullanictya hibrit bir gerceklik algis1 sunmaktadir. Bu calisma,
artirllmig gergeklik teknolojisinin gorsel iletisim tasarimi siireglerine entegrasyon bigimlerini
ve bu yeni tasarim dilinin Kullanict Deneyimi (UX) parametreleri tizerindeki etkilerini
incelemeyi hedeflemektedir.

Arastirmanin amaci, 2B diizlemden 3B mekansal diizleme gecen tasarim 6gelerinin, kullanici
algis1 ve etkilesim kalitesi tizerindeki roliinii genis bir ¢er¢evede tanimlamaktir. Bu dogrultuda
caligma, artirilmis gergeklik ekosisteminde tipografi, renk, hiyerarsi ve form gibi temel tasarim
prensiplerinin nasil yeniden yapilandirildigini sorgulamaktadir. Arastirmanin kapsami, mobil
cihazlar ve giyilebilir teknolojiler aracilifiyla deneyimlenen AR wuygulamalar1 ile
siirlandirilmstir.

Arastirmanin yontemi, nitel aragtirmaya uygun olarak kurgulanmistir. Bu baglamda, konuyla
ilgili gilincel uluslararasi literatiir taranmis ve secilen Ornek {izerinden bir analiz
gerceklestirilmistir. Tasarimin kullanic1 tizerindeki biligsel yiikii, erisilebilirlik standartlar1 ve
gorsel tutarlilik ilkeleri, belirlenen ornekler iizerinden "kullanilabilirlik" kriterlerine gore
degerlendirilmistir. Bulgular, artirillmis gergeklik entegrasyonunun basarili olabilmesi igin
tasarimcinin sadece estetik kaygilarla degil, ayn1 zamanda derinlik algisi, 151k uyumu ve fiziksel
cevre etkilesimi gibi teknik degiskenlerle de hareket etmesi gerektigini gostermektedir.
Geleneksel arayiiz tasarimlarinda kullanilan statik hiyerarsinin yerini, artirilmis gergeklik
ortaminda kullanicinin bakis agisina ve hareketine gore sekillenen dinamik bir yonlendirme
sistemine birakt1§1 saptanmistir. Ozellikle biligsel yiikiin dengelenmesi adina, bilginin mekansal
olarak parcalara ayrilmasinin kullanict deneyimini olumlu yonde etkiledigi gortilmiistiir.

Sonug olarak, gorsel iletisim tasarimcisinin rolii, statik igerik treticiliginden deneyim odakl
tasarima dogru evrilmektedir. Artirilmig gergeklik teknolojisi, gorsel mesajin izlenmesinin yant
sira; yaganmasini ve deneyimlenmesini miimkiin kilarak iletisimde yeni bir donem baslatmistir.
Basaril1 bir UX stratejisi i¢in tasarimcilarin, fiziksel diinya ile dijital katman arasindaki sinirt
seffaflastiran, sezgisel ve mekansal farkindaligi yiiksek tasarimlar gelistirmeleri
onerilmektedir. Calisma, gelecekteki karma gerceklik (MR) calismalari i¢in kuramsal bir zemin
hazirlamay1 amaclamaktadir.

Anahtar Kelimeler : Artirilmis Gergeklik (AR), Gérsel iletisim Tasarimi, Kullanict Deneyimi

(UX), Etkilesim Tasarimi, Dijital Doniigiim.
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VERI GORSELLESTIRMESINDE YAPAY ZEKA DESTEKLI 3B INFOGRAFIK
MODELLERIN KULLANIMI
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OZET

Dijital bilgi caginda, veri setlerinin devasa boyutlara ulasmasi ve karmasiklagmasi, bu verilerin
anlagilabilir kilinmasi siirecini gorsel iletisim tasariminin en énemli odak noktalarindan biri
haline getirmistir. Geleneksel iki boyutlu infografik yontemleri, verinin ¢ok katmanli yapisini
ve derinligini sunmakta zaman zaman yetersiz kalmaktadir. Bu baglamda, yapay zeka ve li¢
boyutlu tasarim teknolojilerinin bir araya gelmesi, veri gorsellestirme disiplininde yeni bir bakis
acisina zemin hazirlamistir. Bu ¢alisma, yapay zeka destekli 3B infografik modellerinin bilgi
tasarimi siireclerindeki roliinii, estetik ve fonksiyonel kriterler ¢ergevesinde kaspamli bir
bicimde incelemeyi hedeflemektedir.

Arastirmanin amaci, soyut ve sayisal verilerin yapay zeka algoritmalari araciligiyla somut 3B
formlara doniistiiriilme mekanizmalarini analiz etmek ve bu yenilik¢i modellerin kullanici
algis1 tlizerindeki biligsel etkilerini belirlemektir. Calisma, verinin statik bir grafik olmanin
Otesine gegerek, mekansal bir deneyim unsuru olarak nasil kurgulanabilecegini akademik bir
dille tartigmaktadir. Arastirmanin kapsami, son yillarda kiiresel 6lgekte gelistirilen yapay zeka
tabanli veri gorsellestirme araclar1 ve bu araglar kullanilarak {iretilen interaktif 3B infografik
projeleri ile smirlandirilmistir. Ozellikle dinamik veri akislarinin 3B nesnelere doniistiiriildiigii
ornekler ¢alismanin temel inceleme alani olarak se¢ilmistir.

Arastirmanin yontemi, nitel arastirma tekniklerinden literatiir taramas1 ve gorsel icerik analizi

iizerine temellendirilmistir. Literatiir taramas1 agsamasinda, Gestalt algi kuramlar1 ve Edward

Tufte gibi kuramcilarin bilgi gorsellestirme prensipleri referans alinarak, yapay zekanin

tasarimct kararlar iizerindeki etkisi sorgulanmistir. Secilen 6rnek projeler; "okunabilirlik",
mon

"etkilesim diizeyi", "verimlilik" ve "gorsel tutarlilik" gibi temel tasarim parametrelerine gore
analize tabi tutulmustur.

Bulgular, yapay zekanin veri setlerindeki oriintiileri ve iliskileri geleneksel yontemlerden ¢ok
daha hizli analiz ederek, tasarimciya karmagik 3B formlar i¢in sayisal bir temel sundugunu
gostermektedir. 3B infografik modellerinin, veriye perspektif kazandirarak kullanicinin
odaklanma siiresini artirdig1 ve bilginin zihinde kaliciligini giiclendirdigi saptanmistir. Ayrica,
yapay zekanin veri ile geometrik form arasindaki bagi iyilestirerek tasarimda hata payimni
azalttig1 ve estetik bir biitlinliik sagladig1 gozlemlenmistir.

Sonug olarak, veri gorsellestirmede 3B ve yapay zeka entegrasyonu, bilgi tasarimini pasif bir
izleme eyleminden aktif bir kesif silirecine doniistiirmektedir. Tasarimcilarin birer grafik
operatorii ve veriyi mekansal olarak kurgulayan birer bilgi mimart gibi hareket etmeleri
gerektigi anlasilmaktadir. Calisma, gelecegin interaktif veri arayiizleri ve sanal gercgeklik
tabanli bilgi ortamlari i¢in kuramsal bir kaynak niteligi tasimaktadir.
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SEGMENTASYON VE ACIKLANABILIR MAKINE OGRENMESI iLE
GEOMETRIK OZELLIK TABANLI BOBREK TUMORU ANALIZi
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OZET

Bobrek tiimorii analizi, erken tani, tedavi planlamasi ve goriintii temelli nicel
degerlendirme siirecleri agisindan yiiksek klinik 6neme sahiptir. Kontrastli bilgisayarli
tomografi (BT), renal Kkitlelerin incelenmesinde en yaygin kullanilan goruntiileme
modelistlerinden biridir. Bununla birlikte mevcut yapay zeka tabanli yaklasimlarin 6nemli bir
bolimii yiiksek performans saglasabile klinik yorumlanabilirlik bakimindan smirliliklar

tasimaktadir.

Bu ¢alismada, DICOM BT serileri ve DICOM segmentasyon nesneleri temelinde
gelistirilen, tekrar tiretilebilir ve aciklanabilir bir geometrik 6zellik tabanli bobrek tlimorii analiz
cercevesi sunulmaktadir. Onerilen is akisinda DICOM dilimleri kullanilarak ii¢ boyutlu BT
hacmi yeniden olusturulmus, DICOM-SEG niitasyonlarindan bobrek ve tiimor maskeleri elde
edilmis, bobrek ilgi bolgesi i¢inde aday segmentasyon uygulanmis ve bagli bilesenler tizerinden
alan, ¢cevre, eksantriklik, major/mindr eksen uzunluklari, uzama orani, dairesellik ve kompaktla

gibi geometrik tanimlayicilar hesaplanmustir.

Elde edilen ozellikler yardimiyla Random Forest tabanli agiklanabilir bir makine
ogrenmesi modeli kurulmustur. ilk 10 vaka iizerinde yapilan deneylerde test kiimesinde %97.46
dogruluk ve 9%96.05 dengeli dogruluk elde edilmistir. Bulgular, geometrik sekil
tanimlayicilarinin  tiimor bilesenleri ile timor disi aday yapilarin ayriminda giiclii ve

yorumlanabilir biyobelirtecler sundugunu gostermektedir.

Anahtar Kelimeler: Bobrek Tiimérii, Bilgisayarli Tomografi, Geometrik Ozellikler, Sekil
Analizi, DICOM-SEG, Yapay Zeka, Makine Ogrenmesi
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ABSTRACT

Alignment-free methods have become increasingly important in computational genomics due
to their efficiency and scalability in analyzing large biological sequence datasets. In particular,
anomaly detection in DNA sequences plays a crucial role in identifying structural variations,
mutations, and biologically irregular patterns. However, many existing approaches rely on
high-dimensional k-mer representations, which introduce computational complexity, sparsity,
and reduced interpretability. In this study, we propose a lightweight statistical anomaly
detection framework for DNA sequences based on compact and biologically meaningful
descriptors. Instead of k-mer frequency vectors, each DNA sequence is represented using a low-
dimensional feature set including GC-content, Shannon entropy, CpG motif ratio, and sequence
complexity. These features capture both compositional and structural properties of nucleotide
sequences while maintaining computational efficiency. A hybrid anomaly scoring mechanism
is introduced by combining centroid-based distance and k-nearest neighbor distance measures.
This approach enables the model to capture both global deviations from the dataset distribution
and local neighborhood inconsistencies. For classification, a robust thresholding strategy based
on the median and standard deviation of anomaly scores is applied, ensuring stability against
outliers and score fluctuations. The proposed framework is evaluated on a synthetic dataset
composed of normal and anomalous DNA sequences with controlled nucleotide distributions.
Experimental results demonstrate strong performance, achieving an accuracy of 0.914,
precision of 0.769, recall of 1.000, and F1-score of 0.870. These results indicate that the model
is highly sensitive to anomalous patterns while maintaining competitive precision. Overall, the
findings suggest that compact statistical representations provide an effective alternative to
traditional high-dimensional k-mer-based approaches, offering improved interpretability,
reduced computational cost, and stable detection performance.

Keywords : Anomaly detection, Bioinformatics, DNA sequence analysis, statistical feature
representation, hybrid distance-based modeling.
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1. INTRODUCTION

DNA sequence analysis is central to modern bioinformatics, enabling the identification of
genetic variations, regulatory elements, and evolutionary relationships. Traditional sequence
comparison methods such as BLAST rely on alignment-based strategies that are
computationally expensive, especially when dealing with large genomic datasets [1]. As
sequencing technologies continue to advance, generating vast amounts of biological data, the
need for scalable and efficient computational approaches has become increasingly critical.

Alignment-free methods have emerged as powerful alternatives by transforming biological
sequences into numerical representations that can be processed more efficiently [2]. These
methods often rely on statistical descriptors such as k-mer frequencies or compositional
features, allowing faster comparison without explicit alignment. However, high-dimensional
representations may introduce sparsity and reduce interpretability, motivating the exploration
of more compact feature sets [3].

Anomaly detection in DNA sequences is particularly important for identifying rare mutations,
sequencing artifacts, and unusual genomic patterns. Previous studies have explored
probabilistic and machine learning-based approaches for anomaly detection, emphasizing the
importance of both global and local data structures [4]. In this context, we propose a lightweight
and interpretable anomaly detection framework that integrates statistical feature extraction with
hybrid scoring techniques. The primary objective is to achieve reliable detection performance
while maintaining low computational complexity

2. METHODS AND MATERIALS

2.1. Synthetic Data Generation

To evaluate the proposed framework, a synthetic dataset was generated using the nucleotide
alphabet {A, T, G, C}. Synthetic data generation is widely used in computational biology to
validate algorithmic performance under controlled conditions [5]. In this study, normal
sequences were generated using a uniform nucleotide distribution, ensuring equal probability
for each base.

In contrast, anomalous sequences were designed to exhibit biased nucleotide distributions,
particularly with increased GC content. This design simulates biologically relevant
irregularities, as GC-rich regions are often associated with specific genomic features. A total of
140 sequences were generated, consisting of 100 normal and 40 anomalous sequences, each
with a fixed length of 100 nucleotides.

10
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2.2. Feature Extraction

Each DNA sequence was transformed into a numerical feature vector using a set of compact
and biologically meaningful descriptors. These features were selected to capture both global
composition and local structural patterns.

GC content was calculated as the proportion of guanine and cytosine nucleotides, providing a
measure of compositional bias. Shannon entropy was used to quantify sequence complexity and
randomness, based on principles from information theory [6]. CpG frequency was included to
capture the occurrence of biologically significant dinucleotide patterns, which are often linked
to gene regulation.

In addition, dinucleotide composition was computed by evaluating the normalized frequencies
of all 16 possible nucleotide pairs. This representation captures local dependencies within the
sequence and has been widely used in alignment-free sequence analysis [2].

To ensure numerical robustness, special care was taken to handle edge cases. Zero-probability
values were stabilized using small constants, and invalid computations were avoided through
safe processing strategies. This ensures that the feature extraction pipeline remains stable across
diverse sequence inputs.

2.3 Feature Alignment and Normalization

Due to conditional feature extraction, some feature vectors may vary in length. To address this
issue, all feature vectors were aligned to a fixed length using zero-padding. This step ensures
compatibility with downstream machine learning techniques.

Following alignment, normalization was applied to standardize feature values and eliminate
scale differences. This step is essential for improving numerical stability and ensuring that no
single feature dominates the analysis.

2.4 Dimensionality Reduction

Principal Component Analysis (PCA) was employed to reduce the dimensionality of the feature
space while preserving the most informative components. PCA is a widely used technique for
transforming high-dimensional data into a lower-dimensional representation by maximizing
variance [7].

By retaining the first five principal components, the model achieves a balance between
dimensionality reduction and information preservation. This transformation also enhances
separability between normal and anomalous samples, facilitating more effective anomaly
detection.

11
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2.5 Anomaly Scoring

The anomaly detection process is based on a hybrid scoring mechanism that combines global
and local perspectives. The centroid distance measures the deviation of each sample from the
global mean of the dataset, capturing overall distributional differences.

In parallel, the k-nearest neighbor (KNN) score evaluates the local density around each sample
by computing the average distance to its nearest neighbors. This approach is consistent with
density-based anomaly detection methods, which have been shown to be effective in identifying
outliers [8].

By combining these two measures, the final anomaly score captures both global deviation and
local isolation as in Eq. (1),

Score=0.5xDistance+0.5xkNNScore 1)
2.6 Thresholding

Asin Eq. (2), arobust statistical threshold was defined using the median and standard deviation
of the anomaly scores. This approach avoids reliance on ROC curve analysis and is particularly
suitable for unsupervised settings where labeled data may be limited.

Threshold=median+0.5xstdThreshold (2)
Samples exceeding this threshold were classified as anomalies.
2.7. Evaluation Metrics

Model performance was evaluated using standard classification metrics, including accuracy,
precision, recall, and F1-score. These metrics provide a comprehensive assessment of detection
performance, particularly in imbalanced datasets [9].

3. RESULTS

3.1. Anomaly Score Distribution

The anomaly score distribution demonstrates a clear separation between normal and anomalous
samples. Most anomalous sequences exhibit significantly higher scores compared to normal
sequences, indicating that the proposed scoring mechanism effectively captures deviations in
sequence composition. The selected threshold successfully partitions the dataset with minimal
overlap between classes as shown in Figure 1.

12
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Figure 1. Anomaly score distribution

The PCA-based visualization as shown in Figure 2 reveals distinct clustering patterns, where
anomalous samples tend to occupy separate regions in the reduced feature space. This
observation confirms that the extracted features, combined with dimensionality reduction,
provide meaningful discrimination between normal and anomalous sequences [7].

True Distribution

Figure 2. PCA Visualization of the true distribution of the normal and anomalous sequences.
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The predicted anomaly labels closely align with the ground truth distribution as illustrated in
Figure 3. The model successfully identifies the majority of anomalous samples, with only a
small number of normal sequences misclassified as anomalies. This indicates a slight tendency
toward false positives but strong detection capability overall.

Predicted Anomalies
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Figure 3. PCA Visualization of the predicted anomaly labels

3.3. Performance Results

The quantitative evaluation results confirm the effectiveness of the proposed framework.
Experimental results demonstrate strong performance, achieving an accuracy of 0.914,
precision of 0.769, recall of 1.000, and F1-score of 0.870. The perfect recall indicates that all
anomalous sequences were correctly identified, which is particularly important in anomaly
detection tasks where missing anomalies can have critical consequences.

The slightly lower precision suggests the presence of some false positives, meaning that a subset
of normal sequences was incorrectly classified as anomalous. However, this trade-off is often
acceptable in anomaly detection scenarios, where detecting all anomalies is prioritized over
minimizing false alarms.

Overall, the results indicate that the hybrid scoring mechanism effectively balances global and

local information, leading to robust anomaly detection performance consistent with established
methods in the literature [8].

4. DISCUSSION

The experimental results demonstrate that the proposed anomaly detection framework achieves
a strong balance between detection capability and computational efficiency. In particular, the

14
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model achieved an accuracy of 0.914 and an F1-score of 0.870, indicating overall robust
classification performance. More importantly, the recall value reached 1.000, meaning that all
anomalous sequences in the dataset were successfully detected. This is a critical outcome in
anomaly detection problems, where failing to identify anomalous instances may lead to
significant downstream consequences, especially in genomic analysis and mutation detection.

The slightly lower precision value (0.769) indicates the presence of false positives, where some
normal sequences were incorrectly classified as anomalous. However, this trade-off is
consistent with the general behavior of anomaly detection systems, which are often designed to
prioritize sensitivity (recall) over specificity. In many real-world bioinformatics applications, it
is preferable to flag potentially suspicious sequences for further analysis rather than risk missing
true anomalies. This observation aligns with established findings in anomaly detection
literature, where high recall is often emphasized as a primary objective [4], [8].

One of the key strengths of the proposed approach lies in its use of compact and interpretable
statistical features. Unlike high-dimensional k-mer based methods, which may suffer from
sparsity and increased computational burden, the selected features (GC content, entropy, CpG
frequency, and dinucleotide composition) provide meaningful biological insights while
maintaining low dimensionality. This supports previous studies demonstrating that alignment-
free methods can achieve competitive performance using carefully selected compositional
descriptors [2], [12].

The use of Shannon entropy as a feature contributes significantly to capturing sequence
complexity and variability. From an information-theoretic perspective, entropy reflects the
uncertainty within nucleotide distributions, enabling the model to distinguish between
structured and irregular sequences [6], [13]. Additionally, PCA plays a crucial role in enhancing
feature representation by reducing redundancy and projecting the data into a lower-dimensional
space where class separability is improved [7].

Another important contribution of this study is the hybrid anomaly scoring mechanism, which
integrates both global and local perspectives. The centroid-based component captures overall
deviation from the dataset distribution, while the k-nearest neighbor component evaluates local
density structure. This dual approach improves robustness and aligns with established density-
based anomaly detection methods such as LOF and distance-based outlier detection [10], [11].
The effectiveness of this strategy is reflected in the high recall and balanced F1-score observed
in the results.
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ABSTRACT

Alignment-free approaches have become increasingly important in bioinformatics due to their
scalability and efficiency in analyzing large genomic datasets. In this study, a computational
framework is proposed for clustering DNA sequences using k-mer frequency representations.
A synthetic dataset consisting of DNA sequences is generated to evaluate the proposed pipeline
under controlled experimental conditions and to ensure reproducibility. Each sequence is
transformed into a numerical feature vector based on k-mer composition, where K is set to 3,
resulting in 64 possible k-mer patterns. The resulting feature vectors are normalized to eliminate
biases caused by sequence length variations. Principal Component Analysis is applied to reduce
the dimensionality of the high-dimensional feature space and to facilitate visualization of
underlying data structure. Unsupervised clustering is performed using k-means and hierarchical
clustering with Ward’s linkage criterion. The clustering performance is evaluated using
silhouette analysis, which quantifies intra-cluster cohesion and inter-cluster separation.
Experimental results show that k-mer—based representations capture meaningful DNA
sequence patterns, yielding moderate clustering performance with silhouette values around 0.4—
0.8 and an average of ~0.5. PCA-based visualizations further reveal partially separable cluster
structures, although overlap exists between some groups due to the synthetic nature of the
dataset. These findings indicate that alignment-free sequence representations combined with
unsupervised learning methods provide an effective and scalable approach for genomic data
analysis. The proposed framework is computationally efficient, reproducible, and easily
extendable to larger datasets and different k values. Future work will focus on applying the
method to real biological sequences and improving biological interpretability in practical
genomics applications.

Keywords: Bioinformatics, clustering methods, genomic data mining, k-mer analysis, PCA.
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1. INTRODUCTION

DNA sequence analysis plays a fundamental role in understanding biological systems,
evolutionary relationships, and functional genomics. Traditional sequence comparison
approaches, such as alignment-based methods, rely on dynamic programming algorithms and
are widely used in bioinformatics. However, these methods are computationally expensive and
often become inefficient when applied to large-scale genomic datasets [1].

To address these limitations, alignment-free methods have emerged as a powerful alternative.
These approaches bypass the need for sequence alignment and instead focus on extracting
statistical or compositional features from biological sequences. Among alignment-free
techniques, k-mer based representations have gained significant attention due to their
simplicity, computational efficiency, and scalability [2].

The k-mer approach involves decomposing DNA sequences into substrings of length k and
analyzing their frequency distributions. These frequency vectors provide a compact numerical
representation of sequences and have been successfully applied in various bioinformatics tasks,
including phylogenetic analysis, genome classification, and clustering [3].

Recent studies have demonstrated that k-mer frequency profiles can effectively capture
sequence similarities and biological patterns, even in the absence of alignment. Furthermore,
when combined with machine learning techniques such as clustering and dimensionality
reduction, these representations enable efficient exploration of large biological datasets [4].

Principal Component Analysis (PCA) is commonly used to reduce the dimensionality of high-
dimensional k-mer feature spaces, facilitating visualization and interpretation of clustering
structures [5]. Clustering algorithms such as k-means and hierarchical clustering are then
applied to group sequences based on similarity patterns.

In this study, we propose a MATLAB-based pipeline for clustering DNA sequences using k-
mer frequency vectors. Unlike many existing studies that rely on real biological datasets, this
work utilizes a synthetic dataset to validate the computational workflow in a controlled
environment. The aim is to demonstrate the effectiveness of alignment-free methods and
provide a reproducible framework that can be extended to real-world genomic data.

2. MATERIALS AND METHODS

A synthetic DNA dataset consisting of 30 sequences was generated to validate the proposed
computational framework. Each DNA sequence was converted into a numerical vector using
k-mer frequency representation (k=3). Feature vectors were normalized, and PCA was applied
for dimensionality reduction. Clustering was performed using k-means and hierarchical
clustering.
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2.1. Dataset

A synthetic DNA dataset consisting of 30 sequences was generated to validate the proposed
computational framework. The dataset includes three distinct groups, each representing a
different class structure. Each sequence has an approximate length of 800 base pairs and is
composed of randomly generated nucleotide characters (A, C, G, T).

Although synthetic datasets do not fully capture the complexity of biological systems, they are
widely used in methodological studies to evaluate algorithmic performance under controlled
conditions [6]. This approach allows for reproducibility and eliminates potential biases arising
from biological noise.

2.2. k-mer Based Feature Extraction

Each DNA sequence was transformed into a numerical feature vector using the k-mer frequency
approach. A k-mer is defined as a substring of length k extracted from a biological sequence.
In this study, k was set to 3, resulting in 43=64 possible k-mer combinations.

For each sequence, a sliding window of length k was applied to extract all possible k-mers, and
their occurrences were counted. The resulting frequency vector represents the compositional
structure of the sequence.

The k-mer approach has been shown to be effective in capturing sequence similarity without
requiring alignment, making it suitable for large-scale genomic analysis [2][3].

2.3 Feature Normalization
To eliminate biases caused by sequence length differences, each k-mer frequency vector was
normalized by dividing by the total number of k-mers in the sequence. This ensures that all

feature vectors are comparable across samples.

Normalization is a standard preprocessing step in machine learning pipelines and is essential
for improving clustering performance and stability [7].

2.4 Dimensionality Reduction
Given the high dimensionality of k-mer feature space, Principal Component Analysis (PCA)
was applied to reduce the data into a lower-dimensional space. PCA transforms the original
variables into a new set of orthogonal components that maximize variance [5].
In this study, the first three principal components were used for visualization and clustering
purposes. This step not only reduces computational complexity but also enhances

interpretability.
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2.5 Clustering Methods

Two unsupervised clustering techniques were applied to group DNA sequences based on
similarity:

2.5.1. k-means Clustering

k-means is a partition-based clustering algorithm that assigns data points to k clusters by
minimizing within-cluster variance. The algorithm iteratively updates cluster centroids until
convergence [8].

2.5.2. Hierarchical Clustering

Hierarchical clustering was performed using Ward’s linkage method, which minimizes the
variance between clusters. The results were visualized using dendrograms, providing insight
into hierarchical relationships among sequences [9].

2.6. Evaluation Metrics

Clustering performance was evaluated using the silhouette score, which measures how similar
a data point is to its own cluster compared to other clusters. The silhouette value ranges from -
1to 1, where higher values indicate better clustering quality [10].

Additionally, PCA-based visualizations were used to qualitatively assess cluster separation.
3. RESULTS

The proposed k-mer based clustering framework was evaluated using dimensionality reduction
and unsupervised learning techniques. The results were analyzed through Principal Component
Analysis (PCA) visualizations and silhouette-based cluster validation.

PCA was applied to the normalized k-mer feature matrix to reduce dimensionality and visualize
clustering patterns. The first three principal components captured a substantial portion of the
variance in the dataset, enabling meaningful low-dimensional representation.

In Figure 1, the two-dimensional PCA projection shows that the sequences form three
distinguishable clusters. However, partial overlap between clusters is observed, particularly
between two of the groups. This indicates that while the k-mer representation captures
underlying structure, the separation is not perfectly distinct.
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Figure 1. PCA 2D projection of clusters

In the three-dimensional PCA visualization, cluster separation becomes more apparent as
shown in Figure 2. One cluster appears more compact and clearly isolated, while the remaining
clusters show moderate dispersion and partial intersection. This suggests that higher-
dimensional representations preserve additional discriminatory information that is not fully
visible in 2D space.

3D PCA Clustering
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PC1

Figure 2. 3D PCA projection of clusters

Overall, PCA results confirm that k-mer frequency vectors are capable of capturing
compositional similarities among DNA sequences, even in a synthetic dataset.
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Clustering was performed using the k-means algorithm with k=3k = 3k=3, corresponding to the
known number of groups in the dataset. The clustering results were consistent with PCA
observations, where one cluster showed strong internal cohesion, while others exhibited partial
overlap as illustrated in Figure 3.

Hierarchical Clustering Dendrogram
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Figure 3. Hierarchical clustering dendrogram for DNA sequences

To quantitatively evaluate clustering quality, silhouette analysis was conducted as shown in
Figure 4. The silhouette values ranged approximately between 0.3 and 0.75, with an average
silhouette score of around 0.5.

Silhouette Analysis

Cluster

0 0.2 04 0.6 0.8 1
Silhouette Value

Figure 4. Silhouette analysis for each cluster
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This value indicates moderate clustering performance, suggesting that most data points are
reasonably well matched to their assigned clusters. Importantly, very few negative silhouette
values were observed, indicating that misclassification is minimal.
Cluster-wise inspection shows that one cluster has consistently higher silhouette values,
implying better separation and compactness. In contrast, the other clusters exhibit more
variability, reflecting the overlap observed in PCA visualizations.

The observed clustering behavior can be attributed to the nature of the synthetic dataset. Since
the sequences were randomly generated, they do not exhibit strong biological signatures or
evolutionary constraints. As a result, the feature space lacks clear intrinsic boundaries, leading
to partial cluster overlap.

Despite this limitation, the results demonstrate that k-mer based feature extraction successfully
transforms sequence data into a numerical space where similarity patterns can be identified.
The consistency between PCA visualization and silhouette analysis further supports the validity
of the approach.

These findings align with previous studies showing that k-mer frequency representations can
effectively capture sequence composition and enable alignment-free comparison of biological
data [3][4].

4. DISCUSSION

The findings of this study demonstrate that alignment-free, k-mer—based representations
provide a practical and scalable approach for analyzing genomic sequences. Using k=3, the
resulting feature space was able to capture meaningful compositional patterns in DNA
sequences, enabling unsupervised methods to identify underlying structure within the data.

The clustering results, with silhouette scores ranging from approximately 0.4 to 0.8 (average
~0.5), indicate moderate performance. This suggests that while certain groups are reasonably
well separated, some overlap remains between clusters. Nevertheless, both k-means and
hierarchical clustering with Ward’s linkage produced consistent and interpretable results,
highlighting the robustness of the k-mer representation.

Principal Component Analysis proved useful for reducing dimensionality and visualizing the
data. The PCA projections revealed partially separable cluster structures, supporting the
quantitative clustering results and indicating that k-mer features retain informative variation
even after dimensionality reduction.

Overall, the proposed framework is computationally efficient and reproducible, making it
suitable for large-scale genomic applications. Future work can extend this approach to real
biological datasets and explore different k values, as well as alternative dimensionality
reduction techniques, to further enhance performance and biological insight.
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OZET

Otonom dron sistemlerinde davranis modelleme problemini yapay zeka temelli bir yaklagim ile
ele alinmistir. Modern insansiz hava araglarinin (IHA) karmasik ve dinamik ortamlarda
giivenilir, hizl1 ve adaptif kararlar verebilmesi miimkiin degildir. Bu nedenle, klasik kontrol
yontemleri yerine veri odakli ve 6grenebilen sistemlere ihtiyag duyulmaktadir. Bu baglamda,
dron davranislari, konum, hiz, yonelim ve c¢evresel etkilesimleri iceren ¢ok boyutlu bir durum
uzaymda modellenmistir. Onerilen yéntemde, fizik tabanli matematiksel modelleme ile yapay
zeka algoritmalari birlestirilerek hibrit bir yap1 olusturulmustur. Sistem dinamikleri diferansiyel
denklemler ile ifade edilirken, bu modele entegre edilen makine 6grenmesi tabanli karar
mekanizmas1 sayesinde dronun cevresel degisimlere adaptasyonu saglanmstir. Ozellikle
sensor verilerinden elde edilen giiriiltiilii ve belirsiz bilgilerin islenmesinde derin 6grenme ve
pekistirmeli 6grenme yaklagimlarindan yararlanilmistir. Performans, kararlilik, tepki siiresi,
hata oranm1 ve adaptasyon kabiliyeti gibi metrikler lizerinden degerlendirilmistir. Elde edilen
sonuglar, onerilen hibrit yaklagimin klasik kontrol yontemlerine kiyasla daha diisiik hata oran1
ve daha yiiksek cevresel uyum sagladigmi gostermistir. Ayrica sistemin, beklenmeyen
durumlara kars1 daha esnek ve 6grenebilir bir yap1 sundugu gézlemlenmistir. Sonug olarak,
otonom dron davraniglarinin modellenmesinde yapay zeka destekli matematiksel yaklasimlarin
etkinligi ortaya koyulmus olup akilli hava sistemleri i¢in giilii bir temel sunmaktadir. Onerilen
model, savunma, tarim, lojistik ve afet yoOnetimi gibi farkli uygulama alanlarinda
kullanilabilecek potansiyele sahiptir.

Anahtar Kelimeler: Yapay Zeka, Otonom Dron Sistemleri, Matematiksel Modelleme, Sensor
Flzyonu.

1. GIRIS

Giiniimiizde insansiz hava araglar1 (IHA) giderek daha kritik bir rol iistlenmektedir. Savunma,
tarim, lojistik ve afet yonetimi gibi alanlarda kullanilan THA’lar karar verme, degisken
kosullara adaptasyon ve goriintiileme gibi gorevleri basartyla yerine getirdigi bilinmektedir.
Ancak dinamik ortamlarda giivenilir bir sekilde ¢alisabilmesi i¢in klasik kontrol yontemlerinin
Otesine gegilmesi zorunlu hale gelmistir. Geleneksel kontrol sistemleri deterministik modellere
dayanmakta ve sistem parametrelerinin 6nceden bilindigi varsayimi ile ¢alismaktadir (Kumar
ve Michael, 2012). Bununla birlikte, ger¢ek diinya uygulamalarinda sensor giiriiltiisii, dis
etkenler ve model belirsizlikleri gibi faktdrler bu varsayimlari gegersiz kilmaktadir. Bu nedenle,
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son yillarda yapay zeka tabanli yaklagimlar, kontrol ve karar verme siireglerinde yaygin olarak
kullanilmaya baslanmistir (Goodfellow vd., 2016; LeCun vd., 2015).

Makine 6grenmesi ve derin 6grenme sayesinde, sistemlerin ¢evresel verilerden 6grenmesini ve
adaptif davraniglar gelistirmesini miimkiin hale gelmistir. Nitekim, veri odakli yaklagimlar bazi
senaryolarda yetersiz kalabilmektedir. Ozellikle fiziksel sistemlerin dinamiklerini tam olarak
temsil edemeyen saf oOgrenme modelleri, genellenebilirlik agisindan sinirlamalar
gostermektedir (Sutton & Barto, 2018).

Bu ¢alismada, s6z konusu sinirlamalari asmak amactyla hibrit bir model onerilmistir. Model,
fizik tabanli matematiksel denklemler ile yapay zeka algoritmalarini bir araya getirmektedir.
Bu sayede insansiz hava araglarina hem teorik dogruluk hem de adaptif 6grenme yetenegi
kazandirilmasi hedeflenmistir. Ozellikle son yillarda fizik tabanli Al veya hibrit zeki sistemler
olarak literatiirde 6nemli bir yer edinmistir (Raissi et al., 2019).

2. DENEYSEL CALISMALAR

Bu calismada hibrit yapay zeka tabanli dron modeli &nerilmistir. Onerilen model, fiziksel
sistem dinamikleri ile yapay zeka tabanli karar mekanizmalarini entegre eden bir kontrol
yaklasimidir. Sistem uzayinda konum vektorii, hiz, yonelme acis1 ve cevresel etkiler ele
alinmistir. Ayrica sistemde kontrol girdisi ve dis etkiler tanimlanarak gercek diinya kosullarina
daha yakin bir modelleme yapilmistir. Simiilasyon siiresi ve zaman adimi1 6nceden belirlenerek
sistem ayrik zamanli olarak analiz edilmistir. Sistem dinamikleri (1) ve (2) numarali denklemde
gosterildigi sekilde kullanilmistir.

X(t) = f(x(@®),ut),d(®)) 1)
X(t+1)=X({t)+X-At 2

Burada x(t) konum vektorind, u(t) hizi ve d(t) gevresel etkileri temsil etmektedir. Bu yap1
kisaca sistemin fiziksel davraniginin matematiksel olarak modellemesini gostermektedir. Bu
matematiksel model igerisine bir yapay zeka tabanli karar mekanizmasi entegre edilmistir. Bu
mekanizma, sensOr verilerini isleyerek kontrol sinyallerini optimize etmektedir. Sensor
verilerinin iglenmesi siirecinde 6zellikle derin sinir aglar1 kullanilmistir. Bu aglar, giirtiltiili ve
eksik verilerden anlamli 6zellikler ¢ikarabilme yetenegine sahiptir.

Modelin 6grenme bileseni, pekistirmeli 6grenme paradigmasina dayanmaktadir. Pekistirmeli
o0grenme islemi (2) numarali denklemde gosterilen bir 6diil fonksiyonu araciliiyla
gerceklestirilmistir.

R = —(a-error? + B - velocity_error? +y - u?) (2)

Odul fonksiyonu (R) kullanilarak gerceklesen 6grenme islemiyle sistemin hem dogrulugu hem
de enerji verimliligi optimize edilmistir. Bununla birlikte, farkli sensorlerden gelen veriler
birlestirilerek daha giivenilir bir durum tahmini elde edilmeye ¢alisiimistir. Bu siirecte Kalman
filtresi ve derin 6grenme tabanli veri flizyon yontemleri birlikte kullanilmistir (Kalman, 1960).
Deneysel caligmalar, simiilasyon ortaminda gerceklestirilmis ve simiilasyonlarda farkl

26



FAR EAST ASIA 6% INTERNATIONAL CONGRESS ON APPLIED SCIENCES
April 17 -22,2026 - TOKYO
ISBN NR: 978-625-8795-05-9

senaryolar olusturularak sistemin performansi test edilmistir. Bunlar; riizgar etkisi, sensor
hatalar1 ve ani yon degisimleri gibi gercek diinya kosullarini taklit eden senaryolardir.
Algoritmanin baslangi¢ asamasinda, 6nceden egitilmis bir yapay sinir ag1 modele yiiklenmis ve
pekistirmeli 6grenme tabanli politika yapisi baglatilmistir. Sensorlerde 6l¢iim giiriiltiisii dikkate
alarak verilerin daha dogru degerlendirilmesi amaciyla Kalman Filter kullanilmistir. Bu
yaklasim, sistemin gergek senaryolara daha yakin tahminler elde etmesini saglar. Zaman
dongiisii icerisinde ilk olarak sistemin fiziksel modeli giincellenmektedir. Bu asamada sistem
davranig1 hesaplanarak bir sonraki zaman adimindaki durum degeri elde edilmektedir. Siirekli
zamanli sistem ayrik zamana doniistiiriilerek simiilasyon siireci gergeklestirilmistir.

Akabinde sensor verileri sisteme dahil edilip 6lcim gurdltist eklenerek gdzlem verisi
olusturulmustur. Bu asamada Kalman filtresi kullanilmis ve sistemin en olasi durumu tahmin
edilmeye calisilmistir. Zira bu durum 06zellikle garaltuli ve belirsiz ortamlarda sistem
performansini artirmaktadir. Sensorlerden gelen ve dis giiriiltii verileri matematiksel olarak (3)
ve (4) numarali denklemlerde gosterildigi sekilde ifade edilmistir.

z = X + noise 3
Xest = KalmanFilter(z) 4)

Uciincii asamada (5), (6) ve (7) numarali denklemlerle ifade edilen yapay zeka tabanli karar
mekanizmasi kullanilmistir. Tahmin edilen durum vektoriinden elde edilen bilgiler kullanilarak
yapay sinir ag1 araciligtyla optimal kontrol girdisi hesaplanmistir. Bununla birlikte pekistirmeli
o0grenme yaklasimiyla sistem performansi kiimiilatif olarak iyilestirilmeye caligilmistir. Ayrica
odiil fonksiyonu sayesinde sistem hatalar1 ve enerji titketimi minimize edilmistir.

Uy = NN(Xegt) (5)
R = —(a-error? + B - velocity_error? +y - u?) (6)
T < update(R) @)

Doérdiincti asamada hibrit kontrol mekanizmasi uygulanmistir. Bu asamada klasik kontrol
yontemlerinden elde edilen kontrol sinyali ile yapay zeka tarafindan iretilen kontrol sinyali
birlestirilerek sistem i¢in nihai kontrol girdisi olusturulmustur. (8) numarali denklemde
matematiksel olarak ifade edilen bu yapi, sistemin hem kararli hem de adaptif olmasini
saglamaktadir.

u = combine(Uppysicat Wai) (8)
Son asamada sistem performansina iliskin metrikler MATLAB ortaminda kaydedilmistir. Bu
metrikler arasinda konum hatasi, hiz hatasi, enerji tikketimi ve adaptasyon skoru yer almaktadir.
Elde edilen bu veriler, geri beslemeli olarak sistemin performans analizinde ve ileri

optimizasyon ¢alismalarinda kullanilmistir.
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Genel olarak bu hibrit yaklasim, klasik kontrol yontemlerinin saglamligini yapay zeka
algoritmalarinin  6grenme ve adaptasyon yetenekleri ile birlestirerek otonom drone
sistemlerinde yiiksek dogruluk, esneklik ve giiriiltiiye kars1 dayaniklilik saglamaktadir.
Onerilen hibrit otonom dron modeli, MATLAB ortaminda simiile edilerek performans analizi
gerceklestirilmistir. Simiilasyon siirecinde, sistemin fizik tabanli dinamikleri (1), (2), (3), (4),
(5), (6), (7) ve (8) numarali denklemler araciligiyla modellenmis ve bu modele yapay zeka
tabanli karar mekanizmalar1 entegre edilmistir. Sensor verileri, giiriiltii icerecek sekilde
modellenmis ve Kalman filtresi tabanli sensor fiizyonu ile islenerek daha giivenilir durum
tahminleri elde edilmistir. Yapay zeka bileseni olarak, pekistirmeli 6grenme yaklasimi
kullanilarak kontrol sinyalleri adaptif bigimde iiretilmistir. Simiilasyon boyunca konum hatasi,
hiz hatasi, enerji tiikketimi ve adaptasyon skoru gibi performans metrikleri kaydedilmis ve
MATLAB grafik araglar1 kullanilarak gorsellestirilmistir. Elde edilen sonuglar, dnerilen hibrit
modelin kararlilik, dogruluk ve c¢evresel adaptasyon agisindan basarili bir performans
sergiledigini gostermistir.

em— POsition_Error Control_Signal — Adaptation_Score

Velocity_Error

a) Konum ve hiz hatasi b) Kontrol sinyali ve uyum
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c) Enerji tuketimi d) Tim parametreler

Veri setinden elde edilen a, b, ¢ ve d grafikleri incelendiginde, zaman adimlar1 boyunca konum
ve hiz hatalarinin genel olarak diisiik seviyelerde seyrettigi ve belirgin bir kararsizlik egilimi
gostermedigi gozlemlenmektedir. Ozellikle hata egrilerinin zamanla stabilize olmasi, sistemin
O0grenme mekanizmasinin etkinligini ortaya koymaktadir. Kontrol sinyali grafigi
incelendiginde ise ani sigramalarin olmadigi, sistemin yumusak ve dengeli bir kontrol stratejisi
izledigi goriilmektedir. Enerji tiiketimi grafigi, kontrol sinyali ile uyumlu bir yap1 sergileyerek
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sistemin verimli ¢alistigini desteklemektedir. Adaptasyon skoru grafigi ise genel olarak yiiksek
seviyelerde seyrederek oOnerilen modelin ¢evresel degisimlere basarili bir sekilde uyum
sagladigimi gostermektedir. Bu bulgular birlikte degerlendirildiginde, hibrit yapay zeka
yaklagiminin hem kararlilik hem de performans agisindan gii¢lii bir ¢6ziim sundugu sonucuna
ulagilmistir. Genel olarak tiim grafikler birlikte degerlendirildiginde, Onerilen yapay zeka
destekli hibrit modelin hem dogruluk hem kararlilik hem de adaptasyon acisindan yiiksek
performans sundugu agik¢a gorilmektedir. Bu sonuclar, modelin gercek diinya otonom sistem
uygulamalari i¢in giiclii bir aday oldugunu desteklemektedir.

3.SONUCLAR VE DEGERLENDIRME

Calisma kapsaminda hem simiilasyon ortaminda hem de amatdr olarak yapilan dron
ucuslarindan elde edilen verilerle bir veri seti olusturulmustur. Olusturulan veri seti, otonom
dron sisteminin hibrit yapay zeka tabanli kontrol yaklagimi altindaki dinamik davranislarini
temsil edecek sekilde tasarlanmistir. Veri seti toplam 220 zaman-adimindan olugmakta olup her
bir adimda sistemin hata, kontrol ve performans metrikleri ol¢iilmiistiir. Ozellikle
Position_Error ve Velocity_Error degiskenleri, sistemin referans yoriingeden ne olgiide
saptigin1 gdstermek icin kullanilmistir. Bu iki parametre birlikte degerlendirildiginde, sistemin
hem konumsal dogrulugu hem de hareket kararliligt hakkinda o©nemli ¢ikarimlar
yapilabilmektedir.

Cizelge 1. Olusturulan veri setinden bir boliim

Time_Step | Position_Error | Velocity_Error | Control_Signal | Energy_Consumption | Adaptation_Score

1 0,599342831 0,531465857 1,115219635 44,26337993 1

2 0,47234714 0,113273481 0,990191576 44,53141059 0,746913123
3 0,629537708 0,368626019 0,37976737 49,6724673 0,751056056
4 0,804605971 0,138728413 0,973263988 44,56575229 0,904416088
5 0,453169325 0,252806813 0,60865915 42,87154217 0,868189149
6 0,453172609 0,40889506 1,200901765 51,06430228 0,984670733
7 0,815842563 0,306428002 1,109979474 47,45022783 0,858392819
8 0,653486946 0,192225522 0,718036064 65,03992989 0,764070791
9 0,406105123 0,228469629 0,845839925 23,49030192 0,859065483
10 0,608512009 0,367959775 0,682235943 60,91506852 0,910870358
11 0,407316461 0,226963337 0,981196271 62,46085192 0,882048218
12 0,406854049 0,321645859 1,286542696 29,26609768 0,850727403
13 0,548392454 0,304557184 0,704282186 46,57312406 0,906667469
14 0,117343951 0,234839965 1,151213955 46,28559134 0,916929559
15 0,155016433 0,514394409 0,840922714 35,92488305 0,938215899
16 0,387542494 0,363391902 0,76213815 42,22183312 0,864870989
17 0,297433776 0,097485741 0,967890892 38,89424155 0,783288192

Veriler incelendiginde, konum hatasinin genel olarak diisiik varyansh oldugu ve ¢ogunlukla
0.3-0.7 araliginda yogunlastig1 goriilmektedir. Bu durum, 6nerilen hibrit modelin konum takibi
acisindan stabil bir performans sergiledigini gostermektedir. Hiz hatas1 ise daha diisiik
degerlerde seyretmekte olup sistemin dinamik degisimlere hizli tepki verdigini ortaya
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koymaktadir. Bu iki parametrenin birlikte diisiik seyretmesi, modelin hem dogruluk hem de
kararlilik agisindan dengeli bir yap1 sundugunu gostermektedir.

Control_Signal degiskeni incelendiginde, kontrol girislerinin belirli bir bant igerisinde kaldig1
ve asir1 dalgalanma gostermedigi dikkat gekmektedir. Bu durum, sistemin kontrol kararliligini
korudugunu ve gereksiz enerji tiiketimine yol acacak agresif kontrol davraniglarindan
kagindigin1  gostermektedir. Nitekim Energy Consumption parametresi de bu durumu
desteklemekte ve enerji tiiketiminin c¢ogunlukla nominal degerler etrafinda dagildigini
gOstermektedir.

Ozellikle dikkat ¢eken bir diger parametre ise Adaptation Score degiskenidir. Bu degisken,
sistemin g¢evresel degisimlere uyum kabiliyetini temsil etmektedir. Veri setinde bu degerin
blylk 6lcude 0.7-0.9 araliginda yogunlastigi gériilmektedir. Bu durum, onerilen yapay zeka
destekli modelin 6grenme ve adaptasyon mekanizmasinin etkin bir sekilde calistigini
gostermektedir. Adaptasyon skorunun yiiksek olmasi, sistemin beklenmeyen durumlara karsi
hizli sekilde uyum saglayabildigini ve bu sayede performans kaybin1 minimize ettigini ortaya
koymaktadir. Hata oranlarinin diisiik, adaptasyon kabiliyetinin yiksek ve enerji tuketiminin
kontrollii olmasi, sistemin gercek diinya uygulamalari i¢in uygun bir aday oldugunu
gostermektedir.

Kararlilik analizi incelendiginde, sistemin genis bir c¢alisma aralifinda stabil kaldigi
gbzlemlenmistir. Bu durum, modelin hem fiziksel temellere dayanmasindan hem de 6grenme
mekanizmasinin adaptif yapisindan kaynaklanmaktadir. Sensor giirtiltiisiiniin yiiksek oldugu
durumlarda bile sistemin performansinda ciddi bir diisiis gézlemlenmemistir. Bu durum, derin
Ogrenme tabanli veri isleme ve sensor flizyonu yaklagiminin etkinligini gostermektedir. Ayrica
sistemin beklenmeyen durumlara karsi verdigi tepkiler incelendiginde, Ogrenme
mekanizmasinin yeni durumlara hizli adapte olabildigi goriilmistiir. Bu 6zellik, gergek diinya
uygulamalarinda biiyiik bir avantaj saglamaktadir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu c¢alismada, otonom dron sistemlerinde davranis modelleme problemi i¢in hibrit bir yapay
zeka yaklasimi dnerilmistir. Onerilen model, fizik tabanli matematiksel denklemler ile yapay
zeka algoritmalarin birlestirerek hem dogruluk hem de adaptasyon kabiliyeti sunmaktadir.
Elde edilen sonuglar, hibrit yaklagimin klasik yontemlere kiyasla daha iistiin performans
sergiledigini gostermektedir. Ozellikle hata orami, tepki siiresi ve cevresel adaptasyon gibi
metriklerde 6nemli iyilesmeler elde edilmistir. Calismanin en dnemli katkilarindan biri, fiziksel
modelleme ile veri odakli Ogrenme yaklasimlarimin entegrasyonunu saglamasidir. Bu
entegrasyon hem teorik hem de pratik acidan giiclii bir ¢6ziim sunmaktadir. Gelecek
caligmalarda, modelin ger¢ek zamanli sistemler {izerinde test edilmesi ve farkli gorev
senaryolarina uyarlanmasi planlanmaktadir. Ayrica ¢oklu dron sistemleri ve siirii zekas1 gibi
alanlarda da bu yaklasimin uygulanabilirligi arastirilabilir. Sonug olarak, yapay zeka destekli
hibrit modelleme yaklasimlarinin, otonom sistemlerin geleceginde 6nemli bir rol oynayacagi
agiktir.
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OZET

Glinimiizde tan1 yOntemlerinin  gelistirilmesinde yapay zeka kullanimi giderek
yayginlagsmaktadir. Dogru ve zamaninda tan1 konulmasi, hastalarin zamaninda ve etkili bir
sekilde tedavi edilebilmesi ac¢isindan biiyiik onem tagimaktadir. Glinlimiizde en yaygin ve en
stk kullanilan zararsiz tam1 yontemlerinden biri manyetik rezonans goriintileme (MRI)
yontemidir. Iyonize radyasyon icermeyen MRI yontemi, ozellikle kas-iskelet sistemi
hastaliklarinin ve deformasyonlarinin degerlendirilmesinde 6nemli bir rol oynamaktadir.

Bu ¢alismada bel bolgesi (Lomber) omurga MR gériintiilerinde vertebra segmentasyonu igin
veri hazirlama siireci ve yapay zeka tahmin modelleri incelenmistir. Etik kurul izni alindiktan
sonra hastaneden temin edilen MR goriintiileri tizerinde “3D Slicer” yazilimi1 kullanilarak
otomatik segmentasyon uygulanmis ve sinir aglarinin test ve egitiminde U-net mimarisi
kullanilmistir. Otomatik segmentasyon islemi genel olarak siireci hizlandirsa da, bazi
durumlarda segmentasyon hatalarinin olustugu goriilmiistiir. Bu hatalar genellikle vertebra
siirlarinin yanlis belirlenmesi, bazi vertebralarin eksik segment edilmesi veya yanlis vertebra
olarak etiketlenmesi seklinde ortaya ¢ikmistir. Bu nedenle otomatik segmentasyon sonrasinda
elde edilen goriintiiler manuel olarak diizeltilmis ve sadece vertebra gdvdesi bolgesi birakilarak
gerekli diizenlemeler yapilmistir. Yapilan manuel diizeltmeler sonucunda daha dogru
segmentasyon maskeleri elde edilmis ve bu veriler yapay zeka model egitimi igin
kullanilabilecek bir veri seti haline getirilmistir.

Sonug olarak, MR goriinttlerinde otomatik ve manuel segmentasyon yontemlerinin birlikte
kullanilmasinin yapay zeka tahminlerinin giivenirligini artirdigi ve sonuglarin literatiirdeki
diger benzer ¢calismalarin sonuclariyla karsilastirilabilir nitelikte oldugu goriilmiistiir.

Anahtar Kelimeler: MRI, Omurga, Vertebra Segmentasyonu, Veri Hazirlama, Yapay Zeka,
3D Slicer
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1. GIRIS

Son yillarda tibbi goriintiileme alaninda elde edilen veri miktar1 6nemli dlgiide artmistir. Bu
durum, gorintilerin manuel olarak analiz edilmesini hem zorlastirmakta hem de zaman
acisindan verimsiz hale getirmektedir. Ozellikle MRI gibi detayli goriintiileme yontemlerinde,
her hasta i¢in ¢ok sayida kesit elde edilmesi, uzmanlarin is yiikiinii artirmaktadir. Bu nedenle,
tibbi goriintiilerin daha hizli ve dogru analiz edilebilmesi i¢in yapay zeka yontemleri giderek
daha fazla kullanilmaya baslanmistir. Ancak, bu alandaki ¢aligmalarin biiytik bir kism1 model
gelistirmeye odaklanirken, veri hazirlama siireci ¢ogu zaman yeterince dikkate alinmamaktadir
(Moeller ve Reif, 2007, 2017). Oysaki, yapay zeka modellerinin basarisi yalnizca kullanilan

algoritmalara degil, ayn1 zamanda veri kalitesine de dogrudan baghdir. Segmentasyon
islemlerinde yapilan hatalar, model ¢iktilarinda ciddi sapmalara neden olabilmektedir.

Ozellikle Lomber omurga bdlgesindeki patolojilerin teshisi ve anatomik yapilarin hassas bir
sekilde belirlenmesi amaciyla son yillarda segmentasyon ve tahmin temelli derin 6grenme
modelleri iizerine yapilan caligsmalar literatiirde kritik bir yer tutmaktadir. Mevcut ¢alismalar
incelendiginde, dzellikle U-Net mimarisi ve onun ileri tirevlerinin (ResUNet Dense-UNet ve
LSS-net gibi), spinal kanal daralmas1 (LSS) ve lomber disk hernisinin (LDH) otomatik tespiti
ile segmentasyonuna basariyla uygulandigi gorilmektedir (Altun vd., 2023; Altun, 2023; Xu
vd., 2024; Altun ve Alkan, 2022, 2023; Bai vd., 2025; Nakyigwe, 2025; Yildiz Civan, 2023;
Alp, 2025: Chen vd., 2022, 2024, 2026; Qian vd., 2024, 2025; Litjens vd., 2017). Ancak yine
de bel fitiklarinin dogru ve hizli sekilde teshis edilmesi ve omurga segmentasyonlar {izerine
literatiirdeki ¢alismalar oldukga azdir. Ozellikle bel fitig1 teshisi tahminlerini dogrudan
etkileyen segmentasyon yaklagimlarinin model performansina etkisinin arastirilacagi
calismalara ihtiyac vardir.

Bu nedenle mevcut ¢aligmada, lomber MR goriintiilerinde vertebra segmentasyonu igin veri
hazirlama siirecinin 6nemi incelenmis ve farkli segmentasyon yaklasimlarinin model
performansi lizerindeki etkisi degerlendirilmistir.

2. MATERYAL VE YONTEM
2.1. Veri Seti

Bu calismada, lomber omurgaya ait MRI goriintiileri kullanilmistir. Veri seti toplam 15 hastaya
ait olup, analizler sagittal diizlemde elde edilen kesitler {izerinden ger¢eklestirilmistir (Gorsel
1.1). Her hasta icin ortalama 12—13 goriintii kullanilmistir. Elde edilen goriintiiler, model
egitimi i¢in uygun hale getirilmis ve gerekli diizenlemeler yapilarak veri seti olusturulmustur.
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Gorsel 1.1. Calismada kullanilan veri setine ait segmentasyon maskeleri.
2.2. Segmentasyon Sureci

MR  goériintiilerinde  vertebra  segmentasyonu, 3D  Slicer yazilimi1 kullanilarak
gerceklestirilmistir. [lk asamada yar1 otomatik segmentasyon uygulanmistir. Ancak bu siirecte
bazi hatalarla karsilasilmistir. Bu hatalar genellikle vertebra sinirlarinin tam olarak
belirlenememesi, bazi bdlgelerin eksik segment edilmesi veya anatomik olarak farkli yapilarin
segmentasyona dahil edilmesi seklinde ortaya ¢ikmistir. Bu nedenle, elde edilen segmentasyon
sonuglart manuel olarak diizeltilmis (Gorsel 1.2) ve yalmizca vertebra govdesi bolgesi
korunarak veri seti yeniden diizenlenmistir. Calisma kapsaminda, iki farkli veri seti
olusturulmustur: biri dogrudan otomatik segmentasyon ¢iktilarindan olusan veri seti, digeri ise
manuel olarak diizeltilmis segmentasyon verilerinden olusan veri setidir.

Gorsel 1.2. Manuel segmentasyon sonucu elde edilen maske.
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2.3. Yapay Zeka Modeli

Vertebra segmentasyonu i¢in derin 6grenme tabanli U-Net mimarisi kullanilmistir. Model
egitimi sirasinda, olusturulan iki farkli veri seti ayr1 ayri kullamlmstir. Ik model, otomatik
segmentasyon verileri ile egitilmistir (Gorsel 1.3); ikinci model ise manuel olarak diizeltilmis
veri seti ile egitilmistir (Gorsel 1.4). Bu yaklasim ile veri kalitesinin model performansi
uzerindeki etkisinin incelenmesi amaglanmustir.

& Figure 1 = @ 23

Ground Truth mask Predicted mask

casel0 - image (z=16)

-— | o (x, y) = (402., 533)
aed» Q= . i

Gorsel 1.3. Otomatik segmentasyon verisi ile egitilen model ciktisi.

casel32 - image (z=15) Ground Truth Prediction

AEr» Q=

Gorsel 1.4. Manuel olarak diizeltilmis veri seti ile egitilen model ciktisi.

3. SONUCLAR VE DEGERLENDIRME

Elde edilen sonuglar incelendiginde, veri kalitesinin model ¢iktilar1 lizerinde belirgin bir etkisi
oldugu goriilmiistiir. Otomatik segmentasyon verileri ile egitilen modelde, baz1 bolgelerde
hatal1 segmentasyonlar gdzlemlenmistir (Dice katsay1s1=0.38) (Gorsel 1.5). Bu hatalar
genellikle vertebra siirlarinin disina tasma ve yumusak dokularin yanliglikla segmentasyona
dahil edilmesi seklinde ortaya ¢ikmistir. Buna karsilik, manuel olarak diizeltilmis veri seti ile
egitilen modelde daha tutarli ve anatomik olarak daha dogru segmentasyon sonuclar1 elde
edilmistir (Dice katsay1s1=0.57) (Gorsel 1.6). Gorsel karsilastirmalar iki model arasindaki farki
acik bir sekilde ortaya koymaktadir.
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Gorsel 1.6. Manuel olarak diizeltilmis veri seti ile egitilen model.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu ¢alisma, veri hazirlama siirecinin yapay zeka modellerinin basarisi lizerinde 6nemli bir etkisi
oldugunu gostermektedir. Segmentasyon siirecinde yapilan hatalarin model c¢iktilarinda
dogrudan hatalara yol actigr gozlemlenmistir. Bu nedenle, 6zellikle tibbi goriintii analizi
caligmalarinda veri kalitesine daha fazla 6nem verilmesi gerekmektedir. Elde edilen bulgular
dogrultusunda, otomatik ve manuel segmentasyon yontemlerinin birlikte kullanilmasinin daha
guvenilir sonuglar saglayabilecegi diistiniilmektedir.

Gelecekte yapilacak caligmalarda daha biyiikk veri setleri ile benzer analizlerin
gerceklestirilmesi planlanmaktadir.
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ABSTRACT

In this study, we present an Al-based surrogate-modeling framework for the prediction of
thermal-hydraulic behavior in a sandwich-like channel with staggered miniature pin fins. The
physical basis of the study consists of 76 experimental results and 38 CFD results, while all
model training, validation, and testing were performed on a consolidated supervised-learning
dataset of 264 rows. Eight input variables and seven response variables were retained in the
final learning setup. Model development was carried out by Optuna-guided repeated training
and hyperparameter optimization, and the archived study workflow contains 674 documented
optimization trials across the reported model families. The final comparison shows that PINN
provides the strongest overall performance, with RMSE = 100.32, MAE = 28.86, and R2 =
0.9927, and it gives the lowest RMSE for six of the seven targets. GPR remains the best model
for Nuo, while ANN ranks third in the global comparison. In the present paper, PINN is used as
a physics-informed surrogate rather than as a full PDE-residual model, and the results indicate
that it offers the most reliable general solution for the final comparison set.

Keywords: artificial intelligence; Optuna optimization; physics-informed neural network;
surrogate modeling; thermal-fluid systems.

1. INTRODUCTION

Thermal-fluid systems with complex internal geometries are governed by coupled heat-transfer
and flow-resistance mechanisms. In compact heat-transfer devices, the effect of fin geometry,
flow condition, and heating level must often be evaluated across many design cases. Repeated
CFD analysis can provide detailed information, but it also increases computational cost when
the same geometry family is studied under multiple operating conditions [1], [2].

To address this difficulty, surrogate models have become attractive tools for rapid engineering
prediction. ANN-based and machine-learning-based methods are now widely used to estimate
thermo-hydraulic behavior without repeating a full high-resolution simulation for every case
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[31, [4], [5], [6]- Their practical value is especially clear when many candidate configurations
must be screened in a limited time.

This work focuses on the sandwich-like channel with staggered miniature pin fins reported in
[7]. The dataset used in this study includes rectangular-fin and blade-tip-fin cases together with
thermal and hydraulic operating variables. The main aim is to compare whether PINN, ANN,
GPR, and several baseline regressors can reproduce the principal channel responses on the same
predictor-target definition and on the same final comparison set. In this way, the model ranking
is discussed on a common and defensible basis.

2. RELATED WORK

Recent studies show that surrogate models can successfully support heat-transfer and heat-
exchanger analysis when direct simulation is expensive. ANN-based models have been reported
for thermo-hydraulic prediction in finned and compact heat-transfer systems, especially when
nonlinear relations among geometry, flow, and thermal loading must be represented with
practical engineering accuracy [3], [5], [6], [8]. CFD-assisted learning and hybrid Al-CFD
workflows have also been used to reduce the cost of repeated thermal-fluid evaluation [2], [4],

[9], [10].

A second relevant line of work concerns geometry-aware and physics-aware modeling.
Although these studies differ in formulation, they share a common objective: to preserve
physically meaningful behavior while still achieving strong predictive performance [2], [7],
[10], [11]. The remaining need is clear. Engineering use does not depend on a single metric
alone; it also requires stable behavior across multiple coupled outputs. For that reason, the
present paper evaluates both global and target-wise performance instead of relying on a single
scalar score. Recent studies reviewed during the final revision likewise report surrogate
modeling, machine-learning-driven optimization, and rapid multi-physical prediction
workflows for finned and pin-fin heat sinks, which confirms that the present problem remains
technically current [12], [13], [14], [15], [16]. More specifically, validated CFD modeling of
finned heat-exchanger geometry remains an important foundation for later surrogate workflows
[11]. Surrogate thermal modeling for finned heat sinks was reported in [12]. Machine-learning-
driven multi-objective optimization for pin-fin heat sink design was presented in [13]. A
combined CFD, deep-learning, and explainable-Al workflow for heat-sink optimization was
reported in [14]. Rapid multi-physical field prediction for pin-fin heat sinks through surrogate
modeling was presented in [15]. A 2026 review of ML/DL-based heat-transfer studies also
highlighted the continued use of RMSE, MAE, and R2 as core evaluation metrics [16].

3. METHODOLOGY

The workflow of the present study is based on a dataset derived from the numerical results
reported in [7], from which 76 data points were extracted, and further extended by 38 additional
CFD simulations. For model development, all training runs were executed on a consolidated
264-row supervised-learning dataset. The raw input set contains mean bottom temperature,
mean top temperature, inlet temperature, upper heat input, lower heat input, fin type, Reynolds
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number, and pressure drop. The response set contains Nu, Nuo, f, fo, FOM (PEC), h, and
Nu/Pr0.4.

Optuna was used as the hyperparameter-optimization framework in this work. In practice, it
repeatedly tests different parameter combinations, evaluates model performance, and directs
the search toward more promising regions of the parameter space. Across the archived
experiments, 674 optimization trials were completed for the documented model families. After
optimization, one best-performing run was retained for each reported model and evaluated on
the same dataset. In the archived repeat-best verification stage, the original Optuna search
selected best trials by minimizing the average validation RMSE across the response set, while
the test split was reserved for final reporting. Each retained best configuration was then rerun
five times with a fixed random seed of 42.

During preprocessing, the categorical fin-type variable was encoded into two binary columns,
so the eight raw inputs became nine predictor columns. The final data partition included 184
training records, 27 validation records, and 53 test records. A fixed random seed was used to
keep data splitting and stochastic training reproducible. Model quality was interpreted mainly
by RMSE, MAE, and R2. RMSE reflects the overall magnitude of prediction error and penalizes
large deviations more strongly, MAE gives the average absolute prediction error in a more
direct form, and R? shows how much of the target variability is explained by the model. The
repeat summaries were identical across those reruns, which confirms deterministic reproduction
of the reported split and retained model settings. For reproducibility, the retained GPR
configuration used an RBF kernel, a regularization level of 5.04 x 107-4, response
normalization, and a single optimizer restart.

Table 1 summarizes the general study configuration and the model-development workflow used in the
present paper.

Table 1. General study settings and model-development workflow

Setting Value Note
Source data basis 76 experimental and 38 CFD | Physical evidence used to
results (114 source results) construct the modeling
corpus
Consolidated modeling 264 rows All reported Optuna
dataset training, validation, and test
runs used this dataset
Data partition 184 training, 27 validation, A fixed random seed
and 53 test records ensured reproducible

splitting; validation and test
fractions were 10% and 20%

Predictor-response structure | 8 input variables and 7 The raw input set included
response variables three temperature
descriptors, two heat-input
variables, fin type, Reynolds
number, and pressure drop
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Preprocessing

Categorical fin-type
encoding and scaled
continuous inputs

Binary encoding of fin type
converted the 8 raw inputs
into 9 predictor columns

Optimization strategy

Optuna-guided repeated
training and hyperparameter
optimization

Each model family
underwent independent
search and best-trial
selection within the same
study workflow

Archived trial volume

674 optimization runs

Documented optimization
effort across the model
families included in the
study

Documented trial allocation

ANN 80; DT 80; GBRT 80;
GPR 62; KNN 62; MLR 80;
PINN 88; RF 62; SVR 80

Counts observed in the
archived Optuna trial
directories

Final comparison set

One selected best-
performing run retained for
each reported model

Reported models: ANN, DT,
GBRT, GPR, KNN, MLR,
PINN, RF, and SVR

Repeat-best verification

5 reruns per retained model
configuration

A fixed random seed of 42
reproduced identical
summary metrics in the
repeat verification runs

Table 2 defines the retained predictor and response variables used in the final supervised-learning
setup. The raw input side contains eight variables, while preprocessing converts the categorical fin-
type descriptor into two binary predictor columns corresponding to rectangular fins and blade-tip fins.
Target notation is written in publication style, including Nuo, fo, and Nu/Pr%4,

Table 2. Predictor and response variables used in the final supervised-learning configuration

Category Variable Role Description
Input Mean bottom Predictor Mean temperature
temperature descriptor derived
from the lower
measurement
location
Input Mean top Predictor Mean temperature
temperature descriptor derived
from the upper
measurement
location
Input Inlet temperature Predictor Inlet-flow
temperature
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condition used in the
learning dataset
Input Qin Top - Upper Predictor Applied heat input at
heat input the upper heated wall
Input Qin Bottom - Lower | Predictor Applied heat input at
heat input the lower heated wall
Input Fin type Predictor Categorical
descriptor with
rectangular-fin and
blade-tip-fin classes
Input Re - Reynolds Predictor Dimensionless
number indicator of flow
regime and flow
intensity
Input Pressure drop (Pa) Predictor Measured or
simulated hydraulic
pressure-loss
variable
Output Nu - Nusselt number | Target Primary convective
heat-transfer
response
Output Nuo - Reference Target Reference or
Nusselt number baseline Nusselt-
number response
Output f - Friction factor Target Primary hydraulic-
resistance response
Output fo - Reference Target Reference or
friction factor baseline friction-
factor response
Output FOM (PEC) - Target Combined thermal-
Performance hydraulic
evaluation criterion performance index
Output h - Heat-transfer Target Convective heat-
coefficient transfer coefficient
Output Nu/Pro4 - Prandtl- Target Prandtl-scaled heat-
scaled Nusselt transfer response
number used in the dataset

This variable definition ensures a consistent multi-output learning problem across all evaluated
models.

Within this framework, the implemented PINN should be interpreted as a surrogate-style
physics-informed model rather than as a full PDE-residual PINN. The selected configuration
uses a single network with a shared residual trunk, five hidden layers of 64 ReLLU units, batch
normalization, staged output heads, and skip-to-head connections. Its training objective
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combines conventional data fitting with an adaptive PEC-related consistency term. In this way,
the model is guided not only toward numerical accuracy, but also toward physically coherent
multi-output behavior. ANN and GPR were trained under the same workflow and with the same
predictor-target definition so that the comparison remained direct and fair.

4. RESULTS AND DISCUSSION

The final comparison indicates that PINN is the strongest overall model for the present dataset.
As shown in Table 3, PINN achieves RMSE = 100.32, MAE = 28.86, and R? = 0.9927, clearly
ahead of GPR and ANN. The three strongest models in the global ranking are therefore PINN,
GPR, and ANN. SVR improves to fourth place in the hybrid best-run comparison, but the
overall lead still belongs to PINN. RMSE was retained as the main aggregate error because it
penalizes larger deviations more strongly; however, Table 3 also reports NRMSE so that the
comparison remains scale-aware across targets with very different magnitudes.

The ranking is also consistent with the structure of the learning problem. This is not a simple
single-output regression task. The dataset contains seven coupled thermo-hydraulic targets that
depend on shared thermal, hydraulic, and geometric inputs. In such a setting, smooth nonlinear
surrogates are more suitable than very coarse partition-based or purely linear models [1], [2],
[3], [4], [5], [6]. For this reason, MLR underfits the nonlinear interactions, DT remains too
coarse for continuous multi-response behavior, and RF, GBRT, and KNN lose consistency in
different parts of the operating space.

The target-wise comparison remains slightly more selective. Table 4 shows that PINN gives
the lowest RMSE for Nu, f, fo, FOM (PEC), h, and Nu/Pr®#, whereas GPR remains the best
option for Nuo. The parity plots support the same reading. The fo predictions are tightly clustered
around the diagonal, while h shows a wider scatter and remains the most difficult target in the
present comparison. Even so, the overall evidence supports PINN as the primary model of this
study.

Table 3 reports the global ranking of the evaluated models using RMSE, NRMSE, R, and MAE,
together with a brief interpretation of model suitability for the present dataset and problem structure.
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Table 3. Global performance comparison of the evaluated regression models and fit-to-problem

interpretation

Model

RMSE

R2

MAE

Fit-to-problem
interpretation

NRMSE

PINN

100.32

0.9927

28.86

Best overall fit:
smooth multi-
output mapping
with PEC-
aware
regularization

0.01993

GPR

208.73

0.9733

40.66

Strong on
smooth
responses such
as Nuo, but less
uniform across
all targets

0.03720

ANN

233.25

0.9742

56.32

Good nonlinear
surrogate, but
purely data-
driven across
seven coupled
outputs

0.03960

SVR

431.77

0.8616

84.32

Competitive
kernel fit, yet
less consistent
across
heterogeneous
target scales

0.06744

MLR

545.88

0.7711

152.10

Linear form
underfits
geometry-
temperature-
Reynolds
interactions

0.11324

GBRT

624.38

0.8216

136.26

Boosted trees
capture trends,
but still
approximate
smooth
coupling
piecewise

0.10183

RF

730.57

0.6913

181.66

Tree averaging
damps extremes
and blurs
sharper thermo-

0.12725
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hydraulic
transitions

KNN 943.57 0.5722 269.40 Neighbor 0.16275
averaging is
sensitive to
sparse regions
and encoded
fin-type splits
DT 1013.85 0.5019 234.11 Single 0.16479
partitions are
too coarse for
continuous
multi-response
behavior

Figure 1 illustrates the parity behavior of the best-performing PINN target, namely fo (reference
friction factor). The near-diagonal clustering indicates extremely low dispersion and high point-wise
agreement between predicted and reference values.

y_true vs y _pred - fduz

0.045 4

0.040 4

pred

0.035 4

0.030 4

0.025 T T T T
0.025 0.030 0.035 0.040 0.045

Figure 1. Parity plot for the best-performing PINN target (fo, reference friction factor).

Because the best model can still change with the selected response variable, Table 4 reports the
lowest RMSE attained for each target together with the corresponding best-performing model.
To avoid scale ambiguity, the same table also lists the dataset min-max range for each response.

Table 4. Lowest RMSE by target variable and corresponding best-performing model

Target Variable Best Model Best RMSE Dataset range
Nu - Nusselt number PINN 4.326 54.21-350.85
Nuo - Reference GPR 0.5668 26.11-173.30
Nusselt number

f - Friction factor PINN 0.01088 0.0971-0.6599
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fo - Reference friction PINN 0.000372 0.02646-
factor 0.04743

FOM (PEC) - PINN 0.04081 0.4067-1.8741
Performance evaluation

criterion

h - Heat-transfer PINN 265.4 3523.56-
coefficient 21550.88
Nu/Pr%4 - Prandtl- PINN 1.847 27.61-143.21
scaled Nusselt number

Figure 2 presents the parity behavior of the most challenging PINN target, h. The broader scatter
relative to Figure 1 highlights the output variable for which predictive uncertainty remains most
pronounced within the same model family.

pred

y_true vs y_pred - h
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4000 -

T T T T T T T T T
4000 6000 8000 10000 12000 14000 16000 18000 20000
true

Figure 2. Parity plot for the most challenging PINN target (h, heat-transfer coefficient).

5. GENERAL EVALUATION AND CONCLUSION

This study shows that Al-based surrogate models can represent the thermal-hydraulic behavior
of the staggered miniature pin-fin channel with high accuracy when they are trained on the
consolidated 264-row dataset used throughout the study. Among the tested regressors, PINN
provides the strongest overall performance and the broadest target-wise advantage, while GPR

remains a meaningful alternative for Nuo.

From an engineering point of view, this result supports the use of the present physics-informed
surrogate as a practical companion to conventional CFD in repeated design studies, screening
tasks, and rapid performance estimation. The next step should be to document the
transformation from source-level results to the 264-row modeling dataset more explicitly and
to test whether the same performance order is preserved under wider operating conditions and

additional geometry variations.
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OZET

Fotovoltaik giines hiicresi jeneratorlerinin diyot modelinden elde edilen geleneksel P-V
karakteristikleri, enerji verimliligi ve maksimum gii¢ noktalarinin belirlenmesinde ¢ok
onemlidir. Bu karakteristikler i¢cin kullanilan geleneksel denklemler dogrusal olmadig1 i¢in,
karakteristiklerin c¢iziminde ¢ok fazla ve c¢ok uzun bilgisayarlarla tekrarlamali islemler
yapilarak, sikict ve zaman harcayan islemler gerekmektedir. Analitik ¢oziimii olmayan bu
denklemler ancak bilgisayar programlar1 kullanilarak niimerik analiz ile yapilabilmektedir.
Basit ve karmasik olmayan bir yontem oldugu i¢in literatiirde Akbaba Modeli olarak bilinen
denklemler kullanilarak, zaman harcayan bu sikici islemler ortadan kaldirilmistir. Bu
calismada, giines panelinin ¢ikisinda bir diizenek kurularak farkli giines 1sinimlarinda akim ve
voltajlar 6l¢iilmiistiir. Elde edilen sonuglar kullanilarak A, B ve C katsayilar1 farkli giines
isinimlarinda hesaplanir. Olgiilen degerler ile giines panelinin P-V Karakteristikleri kolayca
cizilebilir. Bu calismada Akbaba Modeli denklemlerinde gilines 1siniminin bir fonksiyonu
olarak kullanilan A, B ve C katsayilarinin belirlenmesi i¢cin Akbaba Modeli denklemlerinin
gelistirilmis bir versiyonu kullanilmaktadir. Boylece giinesi izlemeye gerek kalmadan akim
denklemleri giines 1siniminin bir fonksiyonu olarak sabit frekansta biitliin sistem birlikte
calismaktadir.

Anahtar Kelimeler: Fotovoltaik P-V Karakteristikleri, Yenilenebilir Enerji, DC-DC
Doniistiirtici

1. GIRIS

Diinyamizin enerjiye olan ihtiyaci, gerek sanayideki gelismeler, gerek biiylimenin etkileri ve
gerekse insanligin yasam aligkanliklarindaki degisiklikler sonucu artmaya devam etmektedir.
Fakat fosil yakit rezervleri, arz ve talep sorunlari problemlere neden olmakta, bazen
maliyetlerin artmasina bazen de kaynak bulunamamasi gibi nedenlerle diinyada enflasyon
artiglarina ve ekonomik ve istihdam sorunlarina neden olmaktadir. Cevreye verdigi zararlar ise
bazen telafisi olmayan durumlara meydan vermekte, bunun sonucu da yine maliyetlere
yansimaktadir. Bu olumsuz durumlari en aza indirmek i¢in, yenilenebilir enerji kaynaklarinin
kullaniminin artmasi kagimilmaz hale gelmektedir. Bunlarin iginde, ¢evreyle barisik, kullanim
kolayligina sahip, ¢ok diisiik olan bakim maliyetleri ve sonsuz biiyiikliikte bir enerji kaynagi
olan giines enerjisidir. Fotovoltaikler, giines enerjisinden elektrik enerjisi elde etmek i¢in
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kullanilmaktadir ve hizli gelisme ve kullanim alani1 bulan yenilenebilir enerji teknolojileri
arasinda 6nemli bir yer teskil etmektedir. Fotovoltaikler (PV) giines paneli haline getirilerek,
elektrik enerjisi elde etmek icin kullanilmaktadir ve fotovoltaik jeneratér (PVG) olarak
bilinmektedirler. Bu sistemlerin ¢aligmasi igin ilave bir enerjiye ihtiyaglari yoktur, ¢evre dostu
olarak kirlilik olusturmazlar ve giiriiltiisiiz olmalar1 6nemli avantajlar1 arasindadir.

Onemli avantajlarindan biri de, silikondan iiretilmeleridir ve bu hammadde diinyada oldukca
biiyilk kaynaklara sahiptir. Fotovoltaiklerin dezavantajlar1 arasinda, ilk yiiksek yatirim
maliyetlerinin ¢ok yiiksek olmasi ve enerji donilisim verimliliginin ¢ok kiigiik degerlerde
olmasidir. Bundan dolayi, fotovoltaiklerin enerji verimliligini arttirmak i¢in gerek yapisal
olarak gerekse kullanirken verimliliginin artmasiyla ilgili caligmalar her gegen giin artarak
devam etmektedir. (Akbaba, 2006 ve Brambilla, 1999 ve Kulaksiz ve Akkaya, 2012). Bu
calismamiz fotovoltaik giines panellerinin ¢ikiginda elektrik enerjisi kullanim verimliliginin
arttirtlmasina yonelik olmaktadir. Gilines panelleri kullanilarak giines enerjisinin elektrik
enerjisine doniistiiriilmesi i¢in iki yontem bulunmaktadir. Bunlar Maksimum Gii¢ Noktasi
Takibi (MPPT) ve Giines Takip Sistemleridir. Her iki yonteminde kullanildigi bir ¢ok
calismaya literatiirde rastlamak miimkiindiir(Akbaba, 2007 ve Appelbaum, 1989). Sabit duran
sistemler, tek eksenli sistemler ve c¢ift eksenli sistemler olarak tasarlanabilen giines takip
sistemleriyle ilgili bir ¢ok ¢alisma vardir. Bunlar arasina karsilastirma yapildiginda, tek eksenli
giines takip sistemlerinin, sabit duran giines sistemlerine gore gilines 1s1nimi1 %30, ¢ift eksenli
giines takip sistemlerinin ise %35 oraninda daha fazla oldugu sdylenebilir (Goksenli ve Akbaba,
2016). Bu durum, maksimum gii¢ noktasi takip (MPPT) eden sistemlerde ¢ok daha fazladir.
Ciinkii MPPT sistemlerinin farkli ¢evresel kosullarda bile maksimum miktarda giines 1s1nimina
maruz kalarak maksimum elektrik giicii ¢ikisi olusturmaktadir (Akbaba, 2007).

2. METODOLOJIi

Fotovoltaik (PV) jeneratorlerin elektriksel dzelliklerinin matematiksel modeli, PV kullanarak
elektrik enerjisi elde etmek icin tasarlanan sistemlerin verimliliginin analizinde oldukca
onemlidir, ¢linkii maksimum enerji kullanimini saglamak i¢in tasarimda kullanilmaktadir. Bu
nedenle, I-V karakteristik modeli denklemi, PV jeneratorlerle ¢alisan sistemlerin performans
analizinde temel unsurlardan biridir (Akbaba, 2007). Literatirde, PV hucrelerinin I-V
karakteristikleri icin orijinal matematiksel model denklemi kullanmaktadir. Bu model, bunun
gibi sistemlerde kullanilan geleneksel p-n ekleminden elde edilen 1-V karakteristik modelidir
(Appelbaum ve Sarma, 1989). Giines Panellerinin Geleneksel I-V Karakteristik model
denklemi asagida yazildig: gibidir.

I=1,, —1,[exp(A(V +1R))-1] 1)

Denklem (1)'de, lpn, liretilen 151k akimu, Io, ters doyma akimi, A, PV Jenerator sabiti ve Rs, PV
JeneratOriin seri direncidir. Yukarida verilen geleneksel 1-V karakteristiklerine sahip denklem
dogrusal olmayan denklem 6zelligindedir. Bu nedenle, ¢oziimii uzun zaman alabilen, bir ¢ok
islemin yapilmasmi gerektiren siiregler igermektedir. Ozellikle maksimum gii¢ noktalarmin
belirlenmesi icin yapilan hesaplamalar ¢ok fazla ve sikici islemler gerektirmektedir. Bu
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istenmeyen durumlar1 ortadan kaldirmak igin, literatiirde gelistirilen bir model vardir (Akbaba
ve Alattawi, 1995). Bu modeldeki akim denklemi asagidaki gibidir.

V-V
A+BV?’-CV

| (2)
Burada, A, B ve C katsayilar1 temel faktorlerdir. Diyot modeli gergek model olarak alinir ve A,
B ve C katsayilarini hesaplamak i¢in kullanilir. A, A = Voc/lsc kullanilarak elde edilir. Burada
Voc glines panelinin agik devre gerilimi ve Isc kisa devre akimidir. Diger iki katsayi, B ve C ise,
I-V Karakteristiginde kisa devre akiminin %94'iine ve %68'ine karsilik gelen noktalardaki
degerler kullanilarak hesaplanmaktadir (Akbaba ve Alattawi, 1995).

Herhangi bir noktadaki PVG giici P=VI denklemiyle hesaplanacagindan gii¢ denklemi su
sekildedir:

_ V(Voc_v) (3)
A+BV?-CV

Maksimum degeri elde etmek i¢in, denklemin (3)’iin tiirevi alinarak, d P/ d V = 0, denklem (4)
elde edilir.

Vrflax - lemax + QZ =0 4)

Denklem (4)’iin ¢ozlilmesiyle, maksimum gerilim,;

Vo =05(Q, - /2 - 4Q, | 5)

seklinde bulunur. Burada,
Q1=2A/(C—-BVq) (6)
Q2 = AVoc / ( C- BVoc ) (7)

A, B ve C degisken katsayilar1 cinsinden bulunur. Buradan maksimum akim denklemini elde
etmek icin denklem (2)’de, V (gerilim) yerine Vmax ( maksimum gerilim) degerini yazarsak
maksimum akim denklemi asagidaki denklem gibi elde edilebilir.

I = Voc 2_ Vmax (8)
A+BV2, —CV, |

Buradan maksimum gug,
Pmax = VmaxImax (9)
denklemiyle hesaplanabilir. Bdylece, analitik bir yontem olarak kullanilarak PV

jeneratorlerinin P-V karakteristik egrileri kolayca ¢izilebilir. Dolayisiyla, sunulan bu yontem,
P-V karakteristik egrisi i¢in yeni ve daha basit, ancak dogru bir yaklasimdir (Goksenli ve
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Akbaba, 2016). Bu yeni modelin dogrulugu, kullanim kolaylig1 ve basitligi, geleneksel modelle
karsilastirilarak saglanmistir (Akbaba ve Alattawi, 1995).

3. UYGULAMA YONTEMI VE P-V KARAKTERISTIK EGRISININ CiziMi

Bu caligmada, farkli giines 1sinimi1 seviyelerinde PV giines panelleri i¢in ilk kez 6l¢timler ve

hesaplamalar yapilmis ve P-V karakteristik egrisi analitik olarak ¢izilmistir. Bu ¢alismanin bir
diger avantaji ise, kullanilan gilines panellerinin bazi elektriksel ozelliklerinin zamanla
degisebilecegi gbz Oniline alindiginda, bu yontemin P-V karakteristik egrisinin yeniden
Olclilmesine ve ¢izilmesine olanak saglamasidir. Glines panelinin P-V karakteristik egrisini
cizmek i¢in, glines panelinin Voc (agik devre gerilimi), Isc (kisa devre akimi) degerleri ve gergek
giines 1s1nim1 altinda farkli yiiklerdeki akim ve gerilimler, c¢ikisa bir degisken direng yiikii
baglanarak Olcililmistiir. Farkli giines 1sinim1 degerlerinde yapilan 6l¢iimler sonucunda elde
edilen degerler denklem (2)’de kullanilarak, hesaplanmis ve 6l¢iim sonuglariyla karsilagtirilmis
ve ¢ok yakin sonuglar elde edilmistir. Bu sonugclar, literatiirdeki simiilasyon ¢alismasinda
(Akbaba ve Alattawi, 1995) oldugu gibi, yaklasik %1 civarinda Onemsiz farkliliklar
gostermistir. Farkli giines 1sinimlarinda yapilan dl¢iimler ve hesaplamalardan elde edilen akim
ve gerilim degerlerinden olusan verilerin kullanimi sonucunda, 4 farkli giines 1s1n1mi i¢in gii¢
degerleri P=VI denklemi kullanilarak hesaplanmis ve bir kismi P1, P2, P3 ve P4 olarak Cizelge
1’de verilmistir.

Cizelge 1. 4 Farkh Giines Istnimn i¢in Hesaplanan Baz Gii¢ Degerleri

P1(lsinim35) P2(lsinim50) P3(lsinim85) P4(lsinim100)
0 0 0 0
1,053 2,74725 1,17 0,6
1,673 4,0261 1,755 1,2
2,205 5,44152 2,34 1,794
3,12355 5,9169 2,925 2,2126
3,5496 6,3535 3,51 2,6865
3,817 6,692 4,095 3,09324
4,4608 6,90525 4,68 3,94345
4,66522 6,9165 4,9725 4,51696
4,67262 6,8382 5,265 5,3985
4,48195 6,7089 5,6648 6,1446
4,12 6,528 6,02239 6,87964
4,02894 6,1827 6,984 7,22538
3,7407 5,797 7,84931 7,5933
3,32516 5,45874 8,33446 8,2534
3,12406 5,27955 8,46849 8,27391
2,792 5,15365 8,3754 8,6488
2,5623 4,7168 8,00156 8,73766
2,36376 4,3463 7,66976 8,5547
2,24536 3,90438 7,37406 8,28191
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2,1324 3,73568 6,37956 7,6368
1,958 3,56796 5,7399 7,43392
1,82172 3,41523 5,11 6,92847

Cizelge 1’deki veriler, farkli giines 1sinimlarinda ¢ok sayida yapilan 6l¢iim sonucu elde edilen
voltaj degerleri ve akim degerlerinin ¢arpimlar1 sonucu gii¢ degerleri bulunmus ve bu gii¢
degerleri kullanilarak, PV Giines Panelinin P-V karakteristik egrileri ¢izilmistir. Elde edilen
¢izim sonuglar1 Gorsel 1, Gorsel 2, Gorsel 3 ve Gorsel 4° de gosterilmistir.
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4. GENEL DEGERLENDIRME VE SONUCLAR

Fotovoltaik (PV) giines panellerinin diyot modelinden elde edilen P-V karakteristikleri, Gretilen
elektrik enerjisinin verimli kullanimi i¢in maksimum gii¢ noktalarinin belirlenmesinde ¢ok
onemlidir. Ciinkii bu karakteristiklerde maksimum enerjinin bulundugu nokta gézlemlenebilir.
Bununla birlikte, bu karakteristikleri tiiretmek i¢in geleneksel olarak kullanilan denklemler
dogrusal degildir. Bu nedenle, bunlarin ¢6ziimii ¢ok uzun, zahmetli ve zaman alic1 siirecler
gerektirir. Ozellikle maksimum gii¢ yoriingesinin hesaplanmas1 oldukca zor ve zahmetlidir.
Dahasi, bu denklemlerin analitik ¢6ziimleri yoktur. Bu nedenle, ¢6ziimleri yalnizca bilgisayar
programlar1 kullanilarak elde edilebilir. Bu zorluklarin iistesinden gelmek icin, PVG
literatiiriinde Akbaba modeli olarak bilinen bir model gelistirilmistir. Bu modelin, geleneksel
denklemlere kiyasla daha kolay kullanildig1 ve uygulamalar ve hesaplamalar i¢in daha uygun
oldugu bulunmustur. En 6nemlisi, calismamiz bu modelin analitik olarak da incelenebilecegini
gostermektedir. Bu modelin bir diger avantaji ise, PV gilines panellerinde zamanla elektriksel
Ozelliklerin kismi kaybi1 nedeniyle, PV giines panellerinin ger¢cek P-V Karakteristiklerinin
tekrarlanan Sl¢iimlerle belirlenebilmesidir. Bu sayede, daha 6nce kullanilan ancak elektriksel
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degisiklikler nedeniyle zamanla dogrulugunu yitirmis olan degerler, 6zellikle maksimum gii¢
noktas1 degerleri, gergek degerler olarak yeniden hesaplanabilir. Bu ¢alismanin, fotovoltaik
giines panelleriyle ilgili P-V karakteristik egrilerinin, daha fazla ¢alisma ve uygulama
gerektiren siireglerdeki kullanilabilirligini gostererek genis bir uygulama yelpazesi bulacagi
umulmakta ve 6nerilmektedir.
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OZET

Bu ¢alisma, fotovoltaik giines hiicrelerinin P-V karakteristiklerinin en kiiglk kareler yontemiyle
¢izilmesinin simiilasyonunu sunmaktadir. Bu yontem, fotovoltaiklerin P-V karakteristiklerinin
formal bir sekilde gizilebilecegini gostermektedir. Bu ¢alismada, geleneksel diyot denklemleri
ve literatlirde yaygin olarak kullanilan Akbaba Modeli olarak bilinen denklemler kullanilarak
ayrt algoritmalar olusturularak simiilasyonlar gerceklestirilmistir. Akbaba Modeli olarak
bilinen P-V karakteristik denklemleri en kicik kareler yontemiyle similasyon igin uygun
oldugundan, fotovoltaiklerin P-V karakteristikleri en kii¢iik kareler yontemi kullanilarak simiile
edilmistir. Bdylece, zor, zaman alici ve zahmetli siireglerden kaginilarak, daha basit bir
algoritma ile formal bir yol olusturulmustur. Sonuglar karsilagtirildiginda, 6nerilen yontem
kullanilarak ¢izilen P-V Karakteristiklerinin simulasyonu ile geleneksel diyot denklemleri
kullanilarak yapilan P-V karakteristiklerinin simiilasyonu arasinda neredeyse %100 benzerlik
oldugu gozlemlenmistir.

Anahtar Kelimeler: Fotovoltaik Hucreler, Solar Enerji, Yenilenebilir Enerji, Solar Enerji
Verimliligi

1.GIRIS

Diinyamizin enerji ihtiyaglart her gecen giin hizla artmaktadir. Siirdiirtilebilir enerji ¢oziimleri
bulma ¢abalarinda, giines enerjisi yenilenebilir enerji kaynaklari1 arasinda 6nemli bir yere
sahiptir. Yesil enerji olarak da bilinen yenilenebilir enerji kaynaklari arasinda gilines enerjisi,
diinyamizin gelecekteki enerji ihtiyaglart i¢in en 6nemli kaynaklardan biridir. Bu biiyiik
potansiyel nedeniyle, ozellikle elektrik olmak {izere giines enerjisini verimli bir sekilde
kullanilabilir formlara doniistiirebilen teknolojiler iizerine arastirmalar yogunlasmistir (Maka,
A. O. ve Alabid, J. M. 2022). Giines enerjisi, kirlilik yaratmayan, tiikenmez bir enerji
kaynagidir. Fotovoltaik sistemler, yar1 iletken bir cihaz olan giines hiicrelerinden olusur.
Fotovoltaik hiicreler esas olarak Diinya'da bol miktarda bulunan bir malzeme olan silikondan
yapilmaktadir. Fotovoltaik hiicreleri kullanan sistemler, giinesten dogrudan enerji ¢ekerek
stirekli ve cevre dostu bir sekilde elektrik iiretir (Chukwuagu, M.1. ve Aneke, E.C. 2023). Glines
panelleri, fotovoltaik hiicrelerin seri veya paralel olarak birlestirilmesiyle olusturulur
(Kattakayam, T. A. ve Srinivasan, K. 1997). Bu paneller elektrik urettikleri igin fotovoltaik
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jeneratorler (PVG) olarak bilinirler. Direncli (Vimala vd., 2023), kapasitif ve enduktif yikler
(Zhang vd., 2023), direncler, transformatorler ve elektrik makineleri (Al-Ezzi vd., 2022) iceren
fotovoltaik paneller ve elektrikle calisan sistemlerle ilgili bircok akademik c¢alisma
bulunmaktadir. Fotovoltaik sistemler kullanilarak iiretilen enerjinin maliyeti, geleneksel
elektrige gore onemli Olgiide daha yiiksektir. Bu nedenle, fotovoltaik sistemler maksimum
verimlilikte calistirilmalidir. Bu, fotovoltaik panellerin P-V karakteristiklerine dayali olarak
maksimum gii¢ noktasinda ¢alistirilmasi gerektigi anlamina gelir (Gulkowski, S. ve Krawczak,
E., 2024). Bu nedenle, fotovoltaik panellerin P-V karakteristiklerinin dogru, kolay ve bigcimsel
olarak cizilmesi o6nemlidir (Tifidat, K. vd., 2022). Fotovoltaik jeneratorlerin P-V
karakteristiklerinin ¢izimi ve modellenmesi iizerine bir¢ok ¢alisma bulunmaktadir (Goksenli,
N. vd., 2024). Fotovoltaik jeneratorlerin P-V Kkarakteristikleri dogrusal olmadigindan
(Olayiwola, T. N. vd., 2024), bir yiik baglandiginda ¢aligma noktas1 maksimum gii¢ noktasinin
yoriingesi lizerinde olmalidir (Goksenli, N. ve Akbaba, M., 2016). Bu nedenle, maksimum gii¢
noktalar1 ¢ok iyi tanimlanmalidir. Bu da, fotovoltaik panellerin P-V karakteristiklerinin bastan
itibaren dogru bir sekilde ¢izilmesinin gerekliligini vurgulamaktadir. Bu ¢aligmada, oncelikle
klasik yontem ve geleneksel diyot denklemleri kullanilarak fotovoltaik jeneratorlerin P-V
karakteristiklerinin simiilasyon grafikleri ¢izilmistir. Daha sonra, fotovoltaik jeneratorlerin P-
V karakteristiklerinin simiilasyon grafikleri, fotovoltaikler icin gelistirilen Akbaba Model
denklemleri kullanilarak en kiigiik kareler yontemiyle tekrar ¢izilmis ve sonuglar
karsilastirilmistir.

2. METODOLOJI

Fotovoltaik hiicre kullaniminin artan 6nemiyle birlikte, simiilasyon modelleri iizerine yapilan
arastirmalar da hizlanmaktadir. Geleneksel alternatif akim (AC) ve dogru akim (DC)
kaynaklarma kiyasla farkli 6zellikleri ve cevresel etkilere duyarliliklar1 nedeniyle, giines
panellerinin modellenmesi ve similasyonu oldukca zordur (Tahir, M. S. vd., 2025).

Gorsel 1, genel modelin en basit esdeger devresini gostermektedir. Bu devre, bir foto akim
(Iph), bir diyot, kacak akimi temsil eden paralel bir direng (Rp) ve akim akisina karsi i¢ direnci
tanimlayan seri bir direngten (Rs) olusmaktadir (Hernanz, R. vd., 2010).

=]

Gorsel 1. Fotovoltaik Hiicrenin Tek Diyotlu Elektrik Esdeger Modeli.

Gorsel 1'deki devre analiz edilirse,
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o — I fexp (L) — 1} PR j = 1)

m.k.T, Rp
Ifadesi elde edilir. Burada I ¢ikis akimi, V ¢ikis gerilimi, Iph foton akimi, Ip diyot akimi, Io
diyot doyma akimi, m diyot kalite faktorii, Tc hiicre sicakligi, q elektron yiikii, k Boltzmann
sabitidir ( Hernanz, R. vd. (2010).
Gerilim degeri sifir ise, kisa devre akimi agsagidaki gibi bulunur.

Lyn — Io.{exp (%Cﬁcs) — 1} — % - I, =0, 2)
I, = RS}?RP _ {Iph — I, {exp (%) - 1}} 3)

Giines radyasyonuna bagh esdeger model parametreleri i¢in gegerli denklemler (Hernanz, R.
vd., 2010) asagida gosterilmistir.

Iph =G. {Iscr + kge. (Te — Tr)} (4)
T =" 2.6 +T, (5)
T\ 3/m Ec (To—T,
1
Ior = # (7
in (V vr )
Rg = Ry exp{Cs- (Tq — Tr)} (8)
Ry = Rpr.{1+C,. (T, — T} 9)

Burada lor, referans sicaklikta diyot doyma akimi; Iscr, referans sicaklikta kisa devre akimi, ks,
kisa devre akimmin sicaklik katsayisi; Tr, referans sicaklik, Ta, ortam sicakligi, NOCT,
nominal hiicre ¢alisma sicakligi, G, giines radyasyonu, Vocr, referans sicaklikta agik devre
gerilimi, Eg, yar1 iletken malzemeler i¢in enerji bant araligi, R, referans sicaklikta seri direng,
Rpr, referans sicaklikta paralel direngtir.

Direng Rp, son derece yiiksek oldugundan modellemede ihmal edilmistir. Bu durumda, Isc=Iph
kisa devre ¢ikis akimi olarak kabul edilebilir. Kisa devre durumunda, pilin ¢ikis akimi asagidaki
gibi bulunur.

Ly = I,. {exp (%C:CS) — 1} + I, (10)
exp (i) =25 ay
Acik devre durumunda, ¢ikis gerilimi asagidaki gibi bulunur.
Ly = I,. {exp (%"TCC) - 1} (12)
exp (ice) =45 (13)
Voo = e In {2 (14)

Geleneksel diyot modelinde maksimum gii¢ noktasini (MPP) belirlemek i¢in gii¢ denklemi
asagidaki gibi olur.

_ P 9 _ V+LRs\ ) _ V+LRs _
P=LV > 2=0- av{(lph Io.{exp(—VT ) -1} o ).V}—O(IS)

Asagida gosterildigi gibi maksimum gii¢ noktasi gerilimini (Vmpp) ve maksimum gii¢ noktasi
akimin1 (Impp) elde edebiliriz.

Vg = 3 lpn =5 {exp (Fepee). (e 1) 1) = (16)
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Vimpp tlhmpp-Rs Vinpp+Impp-Rs
R I e .

Sayisal islemlerde kullaniminin daha kolay ve analizlerde daha basarili oldugu kanitlanmis olan

Akbaba Modeli kullanilarak yazilabilecek PV hiicresi ¢ikis akimi ifadesi literatiirde yerini
bulmustur (Goksenli, N. ve Akbaba, M. (2016)).

=l (18)

T A+BV+CV?
A, B ve C katsayilan giines radyasyonuna bagl parametrelerdir ve degisim formiilasyonlari

asagida verilmistir.
A= (19)

ISC

Acik devre geriliminin kisa devre akimina orani A parametresini belirler ve her ikisi de
asagidaki denklem kullanilarak hesaplanir.

Voe =5.GP — q.G? (20)

Iie = k.G (21)
Akbaba Modelinde maksimum gii¢ noktasin1 (MPP) belirlemek i¢in asagidaki giic denklemi
kullanilir.

_ oP _ 0 [ (Woc=V)V | _
P=LV - v 0 - v {A+B.V+C.V2} =0 (22)

Asagida gosterildigi gibi maksimum gii¢ noktasi gerilimini (Vmpp) ve maksimum gii¢ noktasi
akimin1 (Impp) elde edebiliriz.

At \/A2 +A.B.V, +A.CVE

Vmpp(l,z) = C+B.Vy (23)
Voc—V 1)
I _ oc™Vmpp( 24
mpp(1) A+BVmppa)+CVimpn 1y -
Voc=Vmpp(2)
I = i
mpp(z) A+B.Vmpp(2)+C'V‘r$1 ( 5)

pp(2)

Akbaba Modeli denklemi soyledir:

— Voc=V
CA+BVHCP? (26)
Denklem (26)'y1 asagidaki gibi yazabiliriz,
LA+ILBV+LV?.C=V,. —V (27)

Denklem (27)’ yi, en kii¢iik kareler yontemi teknigi ile ¢cozmek i¢in tanimlamalar yaparsak, her
glines 1s1n1m1 seviyesinde toplam m veri noktas: kullanalim. Ancak A, B ve C sadece
bilinmeyen degiskenlerdir ve j, n'ye kadar olan giines 1s1n1im1 seviyesini, i ise m'ye kadar olan
her 1s1n1m seviyesi i¢in drneklenen veya 6lciilen degerleri temsil eder.

Dogrusal denklemlerin terimlerini su sekilde yazabiliriz:

ai(i,)) =1 (28)

a(i,) =LV (29)

as(i,j) = 1.V? (30)

y(i,j) = Voc — V (31)
Bu terimleri kullanarak, Akbaba Model denklemi su sekilde yazilabilir:

au(i,j).A + ax(i,)).B + as(i,j).C = y(i,)) (32)

Bu, herhangi bir noktada gecerlidir.
Ote yandan, hata hesaplamasi asagidaki denklemle yapilabilir:

& =Yi—g(x) (33)
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Bizim diisiincemize gore,

yi = y(i,) (34)
Buradan

a=y(ij) —{a(ij).A +axi]).B +as(ij).C} (35)
ve sadece tek bir giines 151n1mi1 i¢in toplam hatanin karesini bulmak.

E=J 6 = DL 0 j)~{a; (i) A+as(ij). B+as(ij).CLF (36)

Denklem 31'e bakarak asagidaki ikameleri elde ederiz:

yi = y(i,) 37)

g(xi) = au(i,j).A + ax(i,j).B + as(i,j).C (44)

) = a3 ) (38)

8 — o rii

B az(i,j) (39)

oglxi) i

= = as(i,j) (40)

Glines 151mim seviyesini ayiran j (1 ila n) degiskenlerimiz i¢in en kii¢lik kareler denklemini
yeniden diizenleyerek,bazi matematiksel islemler yaparsak, asagidaki denklemlerde
gosterildigi gibi A, B ve C katsayilarini elde edebiliriz.

ak = A'ya gore kismi tiirev, denklem (41)'u verir.

X2 y(id)-ax (i) = Zi2y {2 ()-aq(isj)- A+az (i.j).B+ay(i)-as(isj).C (41)
ak = B'ye gore kismi tiirev, denklem (42)'yi verir.

T y(ig)-ax(i) = X2y {a1()-ax(i)-A+ad (i.)- B+as(isj)-a3 (i.j).C (42)
ak = C'ye gore kismi turev, denklem (43)'U verir,

T y(ig)-a3 i) = X2y {1 ()23 (). Atag(is)-as(isj)-B+a3i).C} (43)

Denklem (41)- (43)'i asagidaki gibi matris bigiminde diizenleyebiliriz.

Yaiiy)  TaGdai) aiasid] ra1 [2ai).y)
Ya i)  Tadii)  Taipasf|. [B]=|Z axij)y(i)| (44)
Ya(ij)asii) Taijas@j)  Xad(i) Cl [Xas(id)-y(ij)

J, n'ye kadar olan giines 1s1n1m1 seviyesini, 1 ise m'ye kadar olan her bir 151n1m i¢in 6rneklenen
veya Olciilen degerleri temsil eder. Aciklik saglamak icin asagidaki adimlart izleyerek
¢ozebiliriz. Ornegin, herhangi bir 151n1m seviyesinde G=%100, j=1'dir.

Y ai(i,1) 2a(i,D.ax(i1) XaLD.a@D] ra1 [ZaiGl).yG,1)
ay(i,D.ax(i,1) Y a3(i,1) Ta(i,D.a3(@, D). |B[=]|Xax,1).y(,1)| (45)
Ya(i,1).a31,2) Y ay(i,1).a3(1,1) Y ad(,1) Cl [ Xas(i,D).yG,1)

Eger 6lciilmiis/bilinen degerlere sahip 10 noktamiz varsa, 1 1'den 10'a kadar degisir. Bunun
anlami, j=1 giines 1s1mimu1 i¢in 10x3'liik bir matrise sahip olmamizdir. Benzer durum j=2 i¢in de
elde edilir, yani katsay1 matrisi i¢in 10x3'liik bir matris. Son olarak, n farkl giines 1s1n1mai i¢in
mx3'lik matrislerimiz olur. Bu dogrusal denklem sistemini ¢6zmek i¢in asir1 belirlenmis bir
kosul elde ederiz.

3. UYGULAMA YONTEMI VE P-V KARAKTERISTIK EGRISININ CiziMmi

Ik olarak geleneksel diyot denklemlerini kullanarak fotovoltaik hicrelerin  P-V
karakteristiklerini ¢izmek i¢in bir algoritma gelistirilmistir. Matlab simiilasyon programi
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kullanilarak bu algoritmaya gore bir yazilim gelistirilmistir. Bu yazilim sonucunda, Gorsel 2'de
gosterildigi gibi fotovoltaik hiicrelerin P-V karakteristikleri elde edilmistir.

OO s e e [T
250}

200¢

150

L 111 SRR SR A SN

50

100% - 10% solar radiation, in arder ]\ '
q i L

0 10 20 an 40 20
Gorsel 2. Matlab Program Kullanilarak Geleneksel Diyot Modeli i¢in P-V Karakteristikleri.

0

Daha sonra Akbaba Model denklemlerini kullanarak PV hicrelerinin P-V karakteristiklerini
cizmek igin gelistirilen ve dogrulugu tatmin edici olan bir algoritma daha sunulmustur. Matlab
simiilasyon programi kullanilarak ve bu algoritma uygulanarak, PV hiicrelerinin P-V
karakteristikleri Gorsel 3'te gosterildigi gibi elde edilmistir.
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Gorsel 3. Matlab Programi Kullanilarak Akbaba Modeli i¢in P-V Karakteristikleri.

-50
0

62



FAR EAST ASIA 6% INTERNATIONAL CONGRESS ON APPLIED SCIENCES
April 17 -22,2026 - TOKYO
ISBN NR: 978-625-8795-05-9

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu c¢alismada, fotovoltaik hiicrelerin P-V karakteristiklerinin ¢izimi ii¢ farkli yontem kullanilarak
karsilagtirllmistir. Bunlar geleneksel diyot modeli, Akbaba modeli ve Akbaba modelinin en kiguk
kareler yontemiyle kullanilmasidir. Bu {i¢ yontem igin algoritmalar gelistirilmis, matlab programi
kullanilarak simiilasyonlar yapilmis ve elde edilen P-V karakteristikleri farkli giines 1sinimlart i¢in ayri
ayri ¢izilmistir. Gorsel 3’te gortildigii gibi, fotovoltaik hiicrelerin P-V karakteristiklerinin giziminde
kullanilan {i¢ farkli yontem, daha kolay karsilagtirma i¢in ayn1 grafikte birlestirilmistir. Sonug olarak,
Gorsel 3’te goriilebilecegi gibi, aralarinda cok kiiciik, ihmal edilebilir farkliliklar vardir ve bu kabul
edilebilir bir araliktadir. Bu ¢alismanin, fotovoltaik sistemlerle ilgilenen arastirmacilar ve uygulayicilar
i¢in genig bir arastirma ve uygulama alani olabilecegi diisiiniilmektedir.
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ABSTRACT

In this study, a comprehensive density functional theory (DFT) investigation of 2,3-
difurylquinoxaline was conducted to explore its structural, spectroscopic, electronic, and
nonlinear optical (NLO) properties. All quantum chemical calculations were performed using
the Gaussian 09 program package at the B3LYP level of theory with the 6-311++G(d,p) basis
set. The molecular geometry of the compound was fully optimized in the ground state without
imposing any symmetry constraints, and the absence of imaginary frequencies confirmed the
stability of the optimized structure.

The vibrational frequencies were calculated to obtain the theoretical FT-IR spectrum, and the
computed results were analyzed in detail by assigning the characteristic vibrational modes of
the quinoxaline ring and difuryl moieties. A good agreement between theoretical and expected
experimental FT-IR data was achieved. In addition, the 1H-NMR and 13C-NMR chemical
shifts were calculated using the Gauge-Independent Atomic Orbital (GIAO) method. The
electronic properties of the molecule were further investigated through frontier molecular
orbital (HOMO-LUMO) analysis.

In order to evaluate the potential application of 2,3-difurylquinoxaline in optoelectronic
materials, nonlinear optical (NLO) properties were also calculated. The dipole moment, mean
polarizability, and first hyperpolarizability (B) values were determined and discussed. The
obtained results suggest that the compound exhibits notable NLO response, which may be
attributed to the extended m-conjugation and intramolecular charge transfer between the
electron-rich furyl groups and the quinoxaline core.

Overall, the present theoretical study provides a detailed understanding of the spectroscopic
behavior, electronic structure, and NLO characteristics of 2,3-difurylquinoxaline,
demonstrating that the B3LYP/6-311++G(d,p) level of theory is an effective and reliable
approach for investigating such heterocyclic systems.

Key Words : FT-IR, NMR, NLO
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1. INTRODUCTION

Quinoxaline and its derivatives constitute an important class of nitrogen-containing
heterocyclic compounds widely recognized for their remarkable chemical versatility and broad
spectrum of applications in medicinal chemistry, materials science, and molecular electronics.
The quinoxaline scaffold, formed by the fusion of a benzene ring with a pyrazine moiety,
provides a rigid and conjugated n-System that facilitates electronic delocalization and tunable
physicochemical properties. Due to these structural features, quinoxaline derivatives exhibit
diverse biological activities, including antimicrobial, anticancer, antiviral, and anti-
inflammatory effects [1,2]. In addition to their pharmacological relevance, quinoxaline-based
systems have attracted considerable interest in optoelectronic and nonlinear optical (NLO)
material research because of their strong electron-accepting character and extended conjugation

[3].

Among quinoxaline derivatives, furyl-substituted analogues such as 2,3-difurylquinoxaline
represent promising m-conjugated systems with enhanced donor—acceptor interactions. The
incorporation of electron-rich furan rings into the quinoxaline core increases intramolecular
charge transfer (ICT), thereby modulating frontier molecular orbital energies and improving
optical response properties. Such structural modifications are particularly important in the
rational design of organic semiconductors, photovoltaic materials, and second-order NLO
chromophores [4,5].

Spectroscopic techniques such as Fourier Transform Infrared (FT-IR) and Nuclear Magnetic
Resonance (*H and B3C NMR) spectroscopy play a central role in confirming molecular
structures and evaluating electronic environments in heterocyclic systems. FT-IR spectroscopy
provides valuable information regarding functional group vibrations, hydrogen bonding
interactions, and conjugation effects, whereas *H and *C NMR spectra offer detailed insight
into proton and carbon chemical environments, aromaticity, and substituent effects. Correlating
experimental spectroscopic data with theoretical calculations significantly enhances structural
reliability and vibrational assignment accuracy [6].

In recent decades, Density Functional Theory (DFT) has become one of the most reliable and
widely applied quantum chemical approaches for investigating structural, electronic, and
spectroscopic properties of organic molecules. The B3LYP hybrid functional, introduced by
Becke (1993) and further developed by Lee, Yang, and Parr (1988), combined with extended
basis sets such as 6-311++G(d,p), provides a balanced description of electron correlation,
polarization, and diffuse effects. This level of theory has proven particularly effective for
predicting vibrational frequencies, NMR chemical shifts (via GIAO method), frontier
molecular orbital energies, and molecular electrostatic potential (MEP) surfaces in =-
conjugated systems.

Frontier molecular orbital (FMO) analysis, especially the evaluation of Highest Occupied
Molecular Orbital (HOMO) and Lowest Unoccupied Molecular Orbital (LUMO) energies, is
crucial for understanding chemical reactivity, kinetic stability, and charge transfer behavior.
The HOMO-LUMO energy gap (AE) provides insight into molecular stability and electronic
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excitation characteristics, which are directly related to optical and semiconducting
performance. Molecules with smaller energy gaps generally exhibit enhanced polarizability and
improved NLO responses.

Nonlinear optical (NLO) properties, including dipole moment (p), mean polarizability (o), and
first hyperpolarizability (), are fundamental parameters for evaluating materials suitable for
photonic and electro-optic applications. Organic m-conjugated systems possessing donor—
acceptor architectures and efficient charge delocalization typically display significant NLO
activity [5]. In this context, furyl-substituted quinoxaline derivatives are attractive candidates
due to their extended conjugation pathway and potential intramolecular charge transfer
characteristics.

Furthermore, Molecular Electrostatic Potential (MEP) surface analysis provides a three-
dimensional visualization of electron density distribution and reactive sites within a molecule.
Regions of negative electrostatic potential are generally associated with electrophilic attack
susceptibility, while positive regions indicate nucleophilic attack sites. MEP mapping therefore
offers valuable complementary information to HOMO-LUMO analysis in interpreting
chemical reactivity patterns.

Considering the structural importance and promising electronic features of quinoxaline
derivatives, a comprehensive combined experimental and theoretical investigation of 2,3-
difurylquinoxaline is of significant interest. In the present study, spectroscopic properties of
2,3-difurylquinoxaline were examined using FT-IR, 'H-NMR, and **C-NMR techniques,
supported by DFT calculations at the B3LYP/6-311++G(d,p) level. Vibrational assignments,
NMR chemical shifts, frontier molecular orbital analysis, nonlinear optical parameters, and
molecular electrostatic potential surfaces were systematically analyzed to elucidate structure—
property relationships and evaluate the compound’s potential in optoelectronic and NLO
applications.

2. COMPUTATIONAL DETAILS

All quantum chemical calculations for 2,3-difurylquinoxaline were performed using Density
Functional Theory (DFT) as implemented in the Gaussian 09 program package [7]. Geometry
optimization was carried out without any symmetry constraints using the hybrid B3LYP
functional, which combines Becke’s three-parameter exchange functional with the Lee—Yang—
Parr correlation functional [8,9]. The triple-C split-valence 6-311++G(d,p) basis set was
employed to ensure an accurate description of polarization and diffuse effects, particularly
important for n-conjugated heteroaromatic systems.

Vibrational frequency calculations were performed at the same level of theory to verify that the
optimized structure corresponds to a true minimum on the potential energy surface, confirmed
by the absence of imaginary frequencies.

The *H and 13C NMR chemical shifts were calculated using the Gauge-Including Atomic Orbital
(GIAO) method [10] at the B3LYP/6-311++G(d,p) level. Tetramethylsilane (TMS) was used
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as the reference compound, and the chemical shifts (6) were obtained from the difference
between the isotropic magnetic shielding constants of TMS and those of the studied molecule.

Frontier molecular orbital (FMO) analysis was performed using the optimized geometry to
determine the energies of the Highest Occupied Molecular Orbital (HOMO) and Lowest
Unoccupied Molecular Orbital (LUMO). The HOMO-LUMO energy gap (AE) was used to
evaluate molecular stability and intramolecular charge transfer characteristics.

Nonlinear optical (NLO) properties such as total dipole moment (i), mean polarizability (o),
anisotropy of polarizability (Aa), and first hyperpolarizability () were calculated using the
finite field approach at the same level of theory. The total first hyperpolarizability (B_tot) was
obtained from the tensor components according to standard equations described in the literature
[8]. All NLO parameters were converted from atomic units (a.u.) to electrostatic units (esu) for
comparison with previously reported organic NLO materials.

The Molecular Electrostatic Potential (MEP) surface was generated based on the electron
density distribution of the optimized structure to identify potential electrophilic and
nucleophilic reactive sites. The MEP map was visualized using the graphical interface of
GaussView [11], where negative potential regions (red) indicate electron-rich areas susceptible
to electrophilic attack, and positive regions (blue) correspond to electron-deficient regions
favorable for nucleophilic attack.

All calculations were performed in the gas phase using tight self-consistent field (SCF)
convergence criteria to ensure reliable results. The combined theoretical analyses were
employed to support experimental spectroscopic data and to elucidate the electronic structure,
reactivity, and nonlinear optical behavior of 2,3-difurylquinoxaline.

3. RESULTS AND DISCUSSION

Geometry optimization calculations revealed that there is an approximately 12.5-degree
dihedral angle between the planes of the two furan rings. Geometry optimization calculations
revealed that there is an approximately 12.5-degree dihedral angle between the planes of the
two furan rings. The stable structure of the compound obtained from calculations using the
Gaussian09 program is given in Figure 1.
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Figurel. The Stable Structure of The 2,3-difurylquinoxaline

3.1. Vibrational Analysis

The vibrational frequencies of 2,3-difurylquinoxaline calculated at the B3LYP/6-311++G(d,p)
level were systematically compared with the available experimental data, and the assignments
are presented in Table 1. In general, a good agreement between theoretical and experimental
frequencies was observed, confirming the reliability of the applied density functional theory
(DFT) method for describing the vibrational behavior of the molecule. The small discrepancies
between calculated and experimental values can mainly be attributed to the harmonic
approximation inherent in DFT calculations and the phase differences between theoretical (gas
phase) and experimental (solid or solution phase) conditions.

In the high-frequency region (3200-3300 cm™), the aromatic C—H stretching vibrations
(V(CH)) are clearly identified. The calculated frequencies are slightly higher than the
experimental values, which is a well-known systematic trend in DFT calculations due to the
neglect of anharmonic effects [12]. These modes correspond to the stretching vibrations of
hydrogen atoms attached to the aromatic rings, including both guinoxaline and furan moieties.
Similar behavior has been reported for other heteroaromatic systems, where theoretical methods
tend to overestimate vibrational frequencies [6].

In the frequency region (1500-1650 cm™), strong bands corresponding to C=C and C=N
stretching vibrations are observed. The band around ~1628 cm™ is mainly attributed to the ring
C=C stretching vibration, while the peaks near ~1500 cm™ are associated with C=N stretching
modes. These vibrations often exhibit mixed character due to the extended n-conjugation across
the quinoxaline and furan rings. The coupling of C=C and C=N stretching modes is a
characteristic feature of conjugated heterocyclic compounds and has been widely discussed in
the literature [12,13].
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Assignments of 2,3-difurylquinoxaline

Calculated Exp.| 15] Vibrational Assignment

3292 Vas (CH)r1

3291 Vas (CH)r2

3273 Vas (CH)r2

3270 Vas (CH)ry

3244/3243 Vas (CH)ry

3193 Vs (CH)rs

3189/3174 Vas (CH)rs3

1628 U(Cc)ring

1589/1587 U (CC) 1ing + v (C13-C11) + v (C12-C18)
1563 v (CO)r3

1506 1648 v (CN)

1492 v (CC)r2 + v (CN) +v (C12-C18)
1490 v (CO)r1 + v (CN) + B (CCH)r3

1477 v (CORr1+ v (C13-C11) + B (CCH)rs
1458 ¥ (CO)r2rs + v (CN) + B (CCH)rs3
1399 v (CO)rir2r3,r4 + 0 (CO) + B (CCH)r2
1383/1381 v (CO)rir2 + B (CCH)Rr1r2

1346 v (CC)RI,RZ,R3,R4 +v (CO)

1327 V (CO)r1,r2r3R4 TV (CN) + B (CCH)rs3
1297 v (CN) + v (CC)rs3

1261 B(CCH)rs3 + B(CNC) + B (CCH)r3
1245 v (C13-C11) + B(CCH) rir2r3 + B (CCH)r3
1224/1216 v (CO)r2r3 + v (CN) + B (CCH)ror3
1196 v (CO)ri + v (CN) + B (CCH)ry
1148/1138 1148 v (CO) + v (CCO)r3 + B (CCH)r3

1133 v (CO)r2 + B (CCH)r2

1132 v (CORr1 + B (CCH)r1

1059 v (CO)rir1 + v (C12-C11) + B (CCH)r1r2
1049/1034 v (CORr1r2 + v (CO) + B (CCH)Rr1R2
1019 v (CO)rar3 +v (CO)

1006 v (CO)r1 + v (CO) + B (CCH)ri
993/973 T(CCCH)gs + ©1(CCCC)r3

965 v (CO) + B (CCN) + B (CNC)

915 v (CO) + B (CCO) + B (CCCO)r3

901 B (COC)

The good agreement between theoretical and experimental values in this region further confirms
the proper description of electron delocalization within the molecule.

The region between 1400 and 1200 cm™ is characterized by complex vibrational modes
involving combinations of C-C, C-O, and C-N stretching vibrations along with in-plane C-H
bending modes (B(C—H)). In particular, the presence of furan rings contributes significantly to
the C-O stretching vibrations in this region. The calculated frequencies successfully reproduce
the mixed vibrational character observed experimentally, indicating that the computational
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method adequately captures the interactions between different functional groups. Such mixed
modes are commonly observed in molecules with multiple conjugated rings and heteroatoms

[6].

In the lower frequency region (<1000 cm™), out-of-plane bending (y) and torsional (t)
vibrations dominate. These include ring deformation, C-H wagging, and skeletal torsional
motions. The theoretical frequencies in this region are generally slightly higher than the
experimental values, which is consistent with the limitations of the harmonic oscillator
approximation used in DFT calculations.

Overall, the vibrational assignments show a high degree of consistency between experimental
and theoretical results. The successful reproduction of both stretching and bending vibrational
modes demonstrates that the B3LYP functional combined with the 6-311++G(d,p) basis set is
suitable for modeling the vibrational properties of 2,3-difurylquinoxaline. Furthermore, the
results clearly reflect the influence of m-electron delocalization, heteroatom contributions, and
ring—ring interactions on the vibrational characteristics of the molecule.

3.2. IH-NMR and ¥C-NMR Results

The experimental and theoretical *H and *C-NMR chemical shifts of 2,3-difurylquinoxaline
were analyzed and compared, and the results are summarized in Table 2. The theoretical
chemical shifts were calculated using the DFT/B3LYP method with an appropriate basis set,
and overall, a good agreement between experimental and calculated values was observed. The
deviations between experimental and theoretical data can be attributed to solvent effects,
intermolecular interactions, and the limitations of the computational model, which typically

considers the molecule in the gas phase [14].

For the ¥*C NMR spectrum, the calculated chemical shifts are generally higher than the
experimental values, which is a commonly observed trend in DFT-based NMR calculations.
This systematic deviation arises from the shielding tensor approximations and the absence of
explicit solvent modeling unless a continuum solvation model is applied [14]. The carbon atoms
located in the quinoxaline ring, particularly those bonded to nitrogen atoms (such as C12, C13,
and C11), exhibit relatively high chemical shift values due to the deshielding effect induced by
the electronegative nitrogen atoms. This effect is well documented in heteroaromatic systems,
where electron-withdrawing atoms reduce electron density around adjacent carbon nuclei,

resulting in downfield shifts [6].

Carbons in the furan rings (such as C15, C19, and C21) show comparatively lower chemical

shift values, reflecting the electron-rich nature of the furan moiety. The oxygen atom in the
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furan ring contributes to resonance stabilization, increasing electron density on adjacent
carbons and leading to shielding effects. The calculated values reproduce this trend effectively,
although slight overestimations are observed. Additionally, the aromatic carbons (C1-C6
region) fall within the expected chemical shift range (~110-140 ppm), consistent with literature

reports for conjugated aromatic systems [15]

Table 2. Comparative NMR Chemical Shift Data

Assignment dexp. [15] dcalc.
C13 150.3 141.92
C12 144.9 152.73
Cl1 144.9 148.18
C22 139.9 147.42
C3 142.0 142.98
C14 139.9 142.57
C18 150.3 141.92
C4 142.0 140.17
C15 112.8 128.92
C19 112.8 128.66
Cl 128.6 122.93
C6 128.6 120.61
C5 130.8 118.28
c2 130.8 117.13
C25 112.8 110.83
c21 1121 108.26
H28 6.7 7.11
H16 7.8 8.13
H9 8.1 8.49
H8 8.1 8.49
H7 7.9 8.19
H24 7.8 8.13
H10 7.9 8.11
H17 6.7 7.59
H26 6.7 7.11
H23 6.7 7.09

In the *H NMR spectrum, the aromatic proton signals are observed in the range of
approximately 6.7-8.1 ppm experimentally [16], while the calculated values are slightly shifted
downfield (7.0-8.5 ppm). This deviation is consistent with the known tendency of DFT
methods to overestimate proton chemical shifts due to incomplete treatment of electron
correlation and environmental effects [14]. Protons attached to the quinoxaline ring generally
resonate at higher chemical shifts compared to those on the furan rings, which can be attributed
to the electron-withdrawing nature of the nitrogen atoms and the resulting deshielding effect.
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The protons on the furan rings (e.g., H23, H26, H28) appear at relatively lower chemical shifts,
reflecting the higher electron density in these regions. The theoretical results correctly capture
this distribution, indicating that the computational method is capable of distinguishing between
different electronic environments within the molecule. Minor differences between equivalent
or near-equivalent proton environments may arise from conformational effects and limitations

in the theoretical model.

Overall, the comparison between experimental and calculated NMR chemical shifts
demonstrates that the DFT/B3LYP approach provides a reliable description of the electronic
structure of 2,3-difurylquinoxaline. The observed trends in both ~13C and *1H NMR spectra
are consistent with the molecular structure, particularly the influence of heteroatoms and
conjugation. The results confirm that the applied computational method is suitable for
predicting NMR properties and can be effectively used to support experimental spectral

assignments.
3.3 Frontier Molecular Orbital (HOMO-LUMO) Analysis

The frontier molecular orbitals (FMOs) of 2,3-difurylquinoxaline were analyzed at the
DFT/B3LYP/6-311++G(d,p) level in order to elucidate its electronic structure and
intramolecular charge transfer (ICT) characteristics. Frontier orbital theory, originally proposed
by Fukui, emphasizes the importance of the Highest Occupied Molecular Orbital (HOMO) and
Lowest Unoccupied Molecular Orbital (LUMO) in governing molecular reactivity and
electronic transitions [17]. The spatial distributions of the HOMO and LUMO orbitals are
depicted in Figure 2.

The HOMO is mainly localized over the electron-rich furan rings and partially extended across
the conjugated m-framework. This distribution indicates that the furan moieties behave as
electron-donating groups within the molecular system. The presence of significant r-electron
density over these heteroaromatic rings suggests that they play a dominant role in electron
donation during excitation processes. Similar donor behavior of furyl substituents in conjugated

systems has been widely reported in the literature [18].

In contrast, the LUMO is primarily concentrated on the quinoxaline core, particularly around
the nitrogen-containing aromatic ring. Quinoxaline derivatives are well known for their

electron-accepting properties due to the presence of electronegative nitrogen atoms within the
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conjugated framework. The observed spatial separation between the HOMO (localized on

donor furyl units) and the LUMO (localized on the quinoxaline acceptor core) confirms the

*}a
“ ot = SR
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E goMmoO - E Lumio = 3-54eV

Figure 2. HOMO-LUMO Molecular Orbitals of The 2,3-difurylquinoxaline

existence of a donor—acceptor (D—A) architecture, promoting intramolecular charge transfer
upon electronic excitation. Such ICT characteristics are crucial for enhancing polarizability and

nonlinear optical (NLO) responses in n-conjugated organic systems.

The calculated HOMO and LUMO energies were found to be ExHomo= -5.98 eV and ELumo=-
2.44 eV, respectively, leading to a HOMO-LUMO energy gap (AE) of 3.54 eV. The energy
gap is an important parameter that reflects molecular stability, chemical reactivity, and optical
behavior. A relatively small AE value generally indicates enhanced m-electron delocalization,
higher chemical softness, and improved charge transfer capability. According to Koopmans’
theorem, the negative of the HOMO energy approximates the ionization potential (1), while the
negative of the LUMO energy correlates with the electron affinity (A) [19]. Therefore, the
obtained energy values provide insight into the reactivity descriptors and electronic softness of

the molecule.

The moderate HOMO-LUMO separation observed for 2,3-difurylquinoxaline suggests
balanced kinetic stability and reactivity, supporting its potential applicability in optoelectronic

and NLO materials.
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3.4 Nonlinear Optical (NLO) Properties

Nonlinear optical (NLO) materials play a crucial role in modern photonic and optoelectronic
technologies, including optical data storage, frequency conversion, electro-optic modulation,
and telecommunications. Organic m-conjugated systems are particularly attractive for NLO
applications due to their high optical nonlinearity, fast response times, structural tunability, and
relatively low fabrication cost compared to inorganic counterparts [5]. Molecules possessing
donor-acceptor (D-A) architectures with efficient intramolecular charge transfer (ICT)
pathways generally exhibit enhanced first hyperpolarizability (), making them promising
candidates for second-order NLO applications [4].

The NLO properties of 2,3-difurylquinoxaline were investigated at the DFT/B3LYP/6-
311++G(d,p) level of theory. The calculated dipole moment (n), mean polarizability (o) and
total first hyperpolarizability (Ptwt) were derived from the tensor components obtained from the
finite field approach. The dipole moment (n), mean polarizability (o) and total first
hyperpolarizability (Btt) were calculated using the following equations;

(o)

<o> = (oxx+ o yy + 0 zz) 13

Brot = [(Brooc+ Bryy+ Brzz)” + (Byyyt Byzt Byox)’ + Bzt Bact Bayy)’ 1M

The presence of electron-rich furyl substituents and the electron-deficient quinoxaline core
establishes a donor—acceptor framework within the molecule. As revealed by the HOMO-
LUMO analysis, the HOMO is mainly localized over the furyl rings, while the LUMO is
concentrated on the quinoxaline unit, confirming an intramolecular charge transfer (ICT) from
donor to acceptor segments. Such ICT behavior significantly enhances molecular polarization
under an external electric field, thereby increasing the hyperpolarizability response [4].

In this analysis, the NLO properties of the investigated molecule were evaluated relative to
urea, which was used as a reference. DFT calculations for urea were performed at the B3LYP/6-
311G(d) theory level, and the obtained values are as follows: electric dipole moment (p) =
1.3732 Debye, mean polarizability (o) = 3.8312 A3, and first-order hyperpolarizability (B) =
0.37289 x 107%° cmb5/esu. Table 3 presents the calculated electric dipole moment, mean
polarizability, and first-order hyperpolarizability of the investigated compound. The electric
dipole moment (n) was found to be 2.0908 Debye, while the mean polarizability (cave) Was
determined to be 31.23 x 10-24 esu. The first-order hyperpolarizability (Bwt) of the compound
was calculated as 9454.8 x 10-33 esu, which is approximately 25.33 times higher than that of
urea.
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Table 3. NLO Parameters Calculated at The DFT/B3LYP/6-311++G(d,p) Theory Level for The
2,3-difurylquinoxaline

Parametre Parametre

x -1.0758 BXXX 876.5
Ly -1.3046 BXxXy -39.4
Uz 1.2298 Rxyy 234 4
Mot 2.0908 Ryyy 18
Olxx 313.26 Rxxz 317
Oxy 1.53 Rxyz 585
Olyy 212.53 Ryyz 59

Olxz -3.28 Rxzz 174
Olyz -11.68 Ryzz 19
Oz 106.43 Rzzz 3656
<o> (a.u) 210.74 Brot (a.U) 1094.4
<o> (esu) 31.23x 10 esu Brot (eSU) 9454.8 x10"%esu

Overall, the theoretical NLO analysis suggests that 2,3-difurylquinoxaline possesses significant
first-order hyperpolarizability arising from efficient intramolecular charge transfer and
extended m-electron delocalization. These characteristics indicate that the compound may serve

as a promising candidate for organic nonlinear optical and optoelectronic applications.

3.5. Molecular Electrostatic Potential (MEP) Analysis

The Molecular Electrostatic Potential (MEP) surface of 2,3-difurylquinoxaline was calculated
at the DFT/B3LYP/6-311++G(d,p) level to investigate the charge distribution and to identify
potential reactive sites within the molecule. The MEP surface provides a three-dimensional
representation of the electrostatic potential mapped onto the electron density surface, offering
valuable insight into intermolecular interactions, hydrogen bonding capability, and chemical
reactivity patterns [20].

As illustrated in Figure 3, the most negative electrostatic potential regions (represented in red)
are predominantly localized around the nitrogen atoms of the quinoxaline core and the oxygen
atoms of the furan rings. These regions correspond to areas of high electron density associated
with lone-pair electrons and m-electron delocalization. According to Politzer and Murray,
regions of negative electrostatic potential are generally more susceptible to electrophilic attack
and frequently serve as hydrogen bond acceptor sites [20]. The accumulation of negative charge
around these heteroatoms therefore suggests that they may play a significant role in
intermolecular interactions.
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Conversely, the positive electrostatic potential regions (blue) are mainly distributed over the
hydrogen atoms attached to the aromatic framework. These electron-deficient regions are more
prone to nucleophilic attack and can act as potential hydrogen bond donor sites. The
intermediate green regions observed across the conjugated backbone indicate nearly neutral
electrostatic potential, reflecting effective n-electron delocalization throughout the molecular
skeleton.

The observed spatial separation between electron-rich and electron-poor regions confirms the
presence of intramolecular polarization within the molecule. Such charge asymmetry is
consistent with the donor—acceptor (D—A) architecture inferred from frontier molecular orbital
analysis, where electron density is transferred from the electron-rich furyl substituents toward
the electron-deficient quinoxaline core. It is well established that this type of intramolecular
charge transfer (ICT) enhances molecular polarizability and contributes positively to nonlinear
optical (NLO) responses in conjugated organic systems [4,5].

-5.591e-2 _ i 5.591e-2

Figure 3. Molecular Electrostatic Potential Surface Map (MEP) of The 2,3-difurylquinoxaline

Overall, the MEP analysis of 2,3-difurylquinoxaline reveals a well-defined electrostatic profile
characterized by electron-rich heteroatoms and electron-deficient hydrogen regions. This
charge distribution supports the intramolecular charge transfer character of the molecule and
provides further evidence for its potential reactivity and optoelectronic applicability.

4. CONCLUSION

In this study, the spectroscopic, and electronic properties of 2,3-difurylquinoxaline were
comprehensively investigated using theoretical approach. The molecular structure of the
compound was confirmed by FT-IR, *H NMR, and 3C NMR spectroscopic techniques, and the
xperimental data showed good agreement with the results of DFT calculations performed at the
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B3LYP/6-311++G(d,p) level. The optimized geometry and vibrational analysis verified the
stability of the molecular structure.

Frontier molecular orbital (HOMO-LUMO) analysis revealed a well-defined donor—acceptor
electronic configuration, with electron density localized on the furyl rings in the HOMO and
shifted toward the quinoxaline core in the LUMO, indicating efficient intramolecular charge
transfer. The relatively small HOMO-LUMO energy gap suggests enhanced electronic
delocalization and favorable chemical softness. The calculated nonlinear optical (NLO)
parameters, particularly the first hyperpolarizability, were found to be significantly higher than
that of standard reference molecules, highlighting the strong NLO response of the compound.
This behavior is attributed to the extended m-conjugation and effective donor—acceptor
interaction within the molecular framework.

Furthermore, the Molecular Electrostatic Potential (MEP) analysis demonstrated a distinct
charge distribution, with electron-rich regions localized around nitrogen and oxygen atoms and
electron-deficient regions over hydrogen atoms. These findings provide insight into the reactive
sites and intermolecular interaction potential of the molecule. Overall, the combined results
indicate that 2,3-difurylquinoxaline exhibits promising electronic and nonlinear optical
properties, suggesting its potential applicability in optoelectronic and photonic materials.
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ABSTRACT

In this study, the structural, electronic, and nonlinear optical (NLO) properties of 2-(4-
fluorophenyl)quinoxaline were systematically investigated using density functional theory
(DFT) at the B3LYP/6-311++G(d,p) level of theory. The optimized molecular geometry was
analyzed in terms of bond lengths, bond angles, and dihedral parameters to evaluate the degree
of conjugation between the quinoxaline core and the para-fluorophenyl substituent.

Frontier molecular orbital (FMO) analysis was performed to explore the electronic structure
and charge transfer characteristics of the molecule. The spatial distributions of the HOMO and
LUMO orbitals revealed significant n-electron delocalization over the quinoxaline framework,
with partial contribution from the fluorophenyl group, indicating intramolecular charge transfer
(ICT). The calculated HOMO-LUMO energy gap suggests moderate chemical stability and
favorable electronic communication across the conjugated system.

Global reactivity descriptors, including ionization potential, electron affinity, chemical
hardness, softness, electronegativity, chemical potential, and electrophilicity index, were
derived within the conceptual DFT framework to evaluate the reactivity profile of the
compound. The results indicate balanced electrophilic—nucleophilic behavior, supported by the
electron-withdrawing effect of the fluorine substituent.

The nonlinear optical properties were examined through the calculation of dipole moment (),
mean polarizability (o) and first hyperpolarizability (B). The computed first hyperpolarizability
value was found to be significantly larger than that of urea, suggesting promising second-order
NLO activity.

Overall, the results demonstrate that 2-(4-fluorophenyl)quinoxaline exhibits favorable
electronic delocalization and appreciable nonlinear optical properties, highlighting its potential
as a candidate material for optoelectronic and photonic applications.

Key Words : Quinoxaline, DFT, NLO
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1. INTRODUCTION

Quinoxaline derivatives represent an important class of nitrogen-containing heterocyclic
compounds that have attracted significant attention due to their versatile applications in
medicinal chemistry, materials science, and organic electronics. These compounds exhibit a
wide range of biological activities, including antibacterial, antifungal, anticancer, and anti-
inflammatory properties, making them valuable scaffolds in drug design [1,2]. In addition to
their pharmacological relevance, quinoxaline-based systems are known for their extended =-
conjugation, which contributes to their promising optoelectronic and photophysical properties.

Structural modification of the quinoxaline core through the introduction of substituted phenyl
groups has been widely explored to tailor electronic and optical characteristics. In particular,
the incorporation of electron-withdrawing substituents such as fluorine can significantly
influence the electronic distribution, dipole moment, and intermolecular interactions of the
molecule. The presence of a fluorine atom not only alters the electron density through inductive
and resonance effects but also enhances molecular stability and lipophilicity, which are crucial
for both material and biological applications.

Among such derivatives, 2-(4-fluorophenyl)quinoxaline represents an interesting n-conjugated
system where the quinoxaline core is linked to a para-fluorophenyl ring, potentially facilitating
intramolecular charge transfer (ICT). This feature makes the molecule a promising candidate
for nonlinear optical (NLO) applications and optoelectronic devices. Understanding the
structural and electronic properties of such systems is therefore essential for evaluating their
functional potential.

In this context, computational chemistry methods, particularly Density Functional Theory
(DFT), have become indispensable tools for investigating molecular properties with high
accuracy and reasonable computational cost [3]. Among the various functionals, the B3LYP
functional has been extensively used for studying organic m-conjugated systems due to its
reliable performance in predicting geometries and electronic properties [4,5]. In the present
study, the calculations were carried out using the 6-311++G(d,p) basis set, which provides an
accurate description of electron distribution, particularly for systems involving heteroatoms and
delocalized electrons.

The analysis of optimized geometric parameters provides insight into the molecular structure
and degree of conjugation. Furthermore, frontier molecular orbitals (HOMO and LUMO) play
a key role in determining the chemical reactivity and stability of molecules. The HOMO-
LUMO energy gap is an important parameter that reflects the kinetic stability, chemical
hardness, and electronic transitions of the system [6].

In addition, global reactivity descriptors such as ionization potential, electron affinity,
electronegativity, chemical hardness, softness, and electrophilicity index offer a deeper
understanding of molecular reactivity and interaction tendencies [7]. These descriptors are
particularly useful in predicting reactive sites and understanding chemical behavior in various
environments.
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Nonlinear optical (NLO) properties have attracted considerable interest due to their applications
in modern technologies such as optical switching, data storage, and telecommunications.
Organic molecules with donor—acceptor architectures and extended m-conjugation are
especially promising in this field due to their high polarizability and hyperpolarizability [8,9].
Therefore, the evaluation of dipole moment, polarizability, and first hyperpolarizability is
crucial for assessing the NLO potential of the studied compound.

Moreover, Molecular Electrostatic Potential (MEP) analysis provides a visual representation of
charge distribution across the molecule, allowing the identification of electrophilic and
nucleophilic reactive sites. This analysis is valuable for understanding intermolecular
interactions and predicting chemical reactivity patterns.

In this study, the structural, electronic, and nonlinear optical properties of 2-(4-
fluorophenyl)quinoxaline were systematically investigated using DFT at the B3LYP/6-
311++G(d,p) level of theory. Geometric parameters, frontier molecular orbitals, global
reactivity descriptors, NLO properties, and MEP surfaces were analyzed in detail, and the
results were discussed in relation to existing literature. This work aims to provide
comprehensive insight into the molecular behavior and potential applications of this compound
in optoelectronic and functional material systems.

2. COMPUTATIONAL METHODOLOGY

All quantum chemical calculations for 2-(4-fluorophenyl)quinoxaline were performed using
Density Functional Theory (DFT) as implemented in the Gaussian 09 program [10]. The
molecular structure was initially constructed using standard geometrical parameters and
subsequently subjected to full geometry optimization without any symmetry constraints.
Visualization of molecular structures and graphical representations were carried out using
GaussView 5.0 [11]

Geometry optimizations were performed employing the B3LYP functional in combination with
the 6-311++G(d,p) basis set. This level of theory is widely recognized for providing reliable
geometrical and electronic properties for organic m-conjugated systems [12,13]. No symmetry
restrictions were imposed during the optimization process.

To confirm that the optimized geometry corresponds to a true minimum on the potential energy
surface, vibrational frequency calculations were carried out at the same level of theory. The
absence of imaginary frequencies verified that the structure is at a stable minimum [3].

The energies of the highest occupied molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) were obtained from the optimized structure. The HOMO-LUMO
energy gap (AE) was calculated and used as an indicator of chemical stability and reactivity.
These frontier orbitals play a key role in describing electron donation and acceptance
capabilities of the molecule [6].
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Global reactivity descriptors were calculated using the energies of HOMO and LUMO based
on Koopmans’ theorem.

The nonlinear optical properties of 2-(4-fluorophenyl)quinoxaline were evaluated by
calculating the dipole moment (p), mean polarizability (o), and first hyperpolarizability (B)
using the same DFT level of theory. The total dipole moment was obtained from its vector
components, while polarizability and hyperpolarizability values were derived from the tensor
components using standard relationships. These parameters are essential for assessing the
potential application of the molecule in optoelectronic and photonic devices [8,9].

The molecular electrostatic potential (MEP) surface was generated based on the optimized
geometry to visualize the charge distribution within the molecule.

3. RESULTS AND DISCUSSION
3.1. Geometrical Structure Analysis

The optimized geometric parameters of 2-(4-fluorophenyl)quinoxaline obtained at the
B3LYP/6-311++G(d,p) level were compared with the available experimental data reported by
Wang et al. [14]. Overall, the calculated bond lengths and bond angles are in very good
agreement with the experimental values, confirming the reliability of the selected density
functional theory (DFT) method for describing the molecular structure of this compound. The
calculated geometric parameters of 2-(4-fluorophenyl)quinoxaline at the B3LYP/6-
311++G(d,p) level are presented in Table 1. The stable structure of the 2-(4-
fluorophenyl)quinoxaline given in Figure 1.

Figurel. The Stable Structure of The 2-(4-fluorophenyl)quinoxaline

The C—F bond length (F24—C21) was calculated as 1.354 A, which is slightly shorter than the
experimental value of 1.361 A. This minor deviation can be attributed to the gas-phase nature
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of DFT calculations, whereas experimental values are typically obtained in the solid state,
where intermolecular interactions may slightly elongate bond distances.

Table 1. Geometric Parameters of 2-(4-Fluorophenyl)quinoxaline

Bond Lenght(A) Exp.[14] B3LYP/6-311++G(d,p)
F24-Coy 1.361 1.354
N2s5-Cy4 1.320 1.320
N2s-Cs 1.368 1.358
Na-Ci 1.308 1.308
Nos-Co 1.370 1.363

Cs-Cs 1.414 1.418
Co-Cs 1.417 1.427
Cs-Co 1.368 1.374
Cs-Hipy 0.950 1.080
Co-Cro 1.413 1.416
Cio-C5 1.365 1.375
Cr-C, 1.409 1.415
Ci-C4 1.432 1.433
C4-Ciy 1.479 1.483
Ci5-Cia 1.397 1.403
C14-Ci6 1.397 1.402
Ci6-Cio 1.386 1.392
C19-Ca1 1.379 1.385
Bond Angle(°)
C4-N2s5-C; 117.2 117.9
C1-N2x-C> 116.4 117.0
N»s5-C3-Cs 119.4 119.7
N»5-C3-C, 121.3 121.0
C,-C3-Cg 119.2 119.2
Na6-Co-C 119.6 119.9
N2-Ce-Ci 120.7 120.4
N26-Ci1-Cy4 123.5 123.2
N2s5-Cs-Cy 120.7 120.3
F24-C31-Cy7 118.9 118.9
F24-C31-Cio 118.1 118.7

The C—-N bond lengths within the quinoxaline moiety (N25-C4, N25-C3, N26-C1, and N26-
C2) show excellent agreement with experimental values, with deviations generally less than
0.01 A. These results indicate that the electron distribution within the heterocyclic ring is well
reproduced by the B3LYP functional. The slight shortening of some C-N bonds in the
theoretical model suggests partial double-bond character arising from n-electron delocalization,
which is a characteristic feature of quinoxaline derivatives.

The aromatic C—C bond lengths in both the quinoxaline and phenyl rings fall within the
expected range of 1.36-1.43 A, consistent with conjugated m-systems. Small discrepancies
between theoretical and experimental values (e.g., C2-C3 and C3-C8 bonds) are within
acceptable limits and can be explained by crystal packing effects and thermal motion in
experimental measurements. The elongation observed in the C4—-C14 bond (~1.48 A) reflects
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the single-bond character linking the quinoxaline and fluorophenyl rings, indicating limited but
significant conjugation between the two moieties.

The bond angles also show strong agreement with experimental data. For instance, the
calculated angles around nitrogen atoms (C4-N25-C3 and C1-N26-C2) are slightly larger than
the experimental values, which may result from the absence of intermolecular constraints in the
theoretical model. The near-planar geometry around the nitrogen atoms supports sp?
hybridization and contributes to the extended conjugation across the quinoxaline framework.
Additionally, the bond angles involving the fluorine substituent (F24-C21-C17 and F24-C21—
C19) are well reproduced, indicating that the electron-withdrawing nature of the fluorine atom
is properly accounted for in the calculations. This effect can influence the electronic distribution
and reactivity of the molecule, which is particularly important in pharmaceutical and materials
science applications [15].

3.2. Frontier Molecular Orbital (HOMO-LUMO) Analysis

The frontier molecular orbitals of 2-(4-fluorophenyl)quinoxaline were analyzed to evaluate its
electronic structure and chemical reactivity. The calculated HOMO and LUMO energies are
—6.64 eV and —2.32 eV, respectively, giving an energy band gap (AE) of 4.32 eV. The spatial
distributions of the HOMO and LUMO orbitals are depicted in Figure 2.

E LuMo =-2.32 eV

Exomo -E Lumo =432 €V

J
J W J

Figure 2. HOMO-LUMO Molecular Orbitals of the 2-(4-Fluorophenyl)quinoxaline

The relatively large HOMO-LUMO gap indicates considerable kinetic stability and moderate
chemical reactivity. In m-conjugated organic systems, energy gaps in the range of 3-5 eV
generally correspond to stable aromatic frameworks with controlled charge-transfer capability.
The presence of the fluorine substituent contributes to lowering the HOMO energy through its
strong —I inductive effect, thereby increasing molecular stability.
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According to Koopmans’ theorem [15], the ionization potential (I) and electron affinity (A) can
be approximated as:

I=-Enomo
A=-ELumo

Based on conceptual Density Functional Theory (DFT) introduced by Parr and Pearson [17,18],
the global reactivity descriptors were calculated as follows:

Chemical hardness (n) = I-A/2
Chemical softness (S) =1/2n
Electronegativity (y)=1+A/2
Chemical potential (p)=—y

Electrophilicity index (m)=%%/2n

Table 2. Table: Global Reactivity Descriptors of 2-(4-Fluorophenyl)quinoxaline

PARAMETER Value
Enomo (V) -6.64
ELumo (eV) -2.32
AEnomo-Lumo (V) 4.32
I &V) 6.64
A@V) 232
nev) 2.16
SV 0.23
x(eV) 4.48
L(ev) 448
o(eV) 4.65

The calculated hardness value (n = 2.16 ¢V) indicates that the molecule possesses moderate
resistance to charge transfer, consistent with its relatively wide HOMO-LUMO gap. The
softness value (S = 0.231 eV 1) suggests controlled polarizability, implying that the molecule
is not highly reactive but retains sufficient electronic flexibility for intermolecular interactions.

The electronegativity (y = 4.48 eV) reflects a strong tendency to attract electrons, which is
consistent with the presence of the electron-withdrawing fluorine atom and the heteroaromatic
quinoxaline core. The electrophilicity index (o = 4.65 eV), introduced by Parr et al. [18],
indicates that the molecule behaves as a moderate electrophile. Molecules with @ values
between 2-5 eV are generally classified as moderate electrophilic systems, capable of
participating in charge-transfer interactions without excessive instability.

Overall, the combination of a moderate hardness, appreciable electrophilicity, and a 4.32 eV
band gap suggests that 2-(4-fluorophenyl)quinoxaline exhibits balanced stability and reactivity.
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The fluorine substituent lowers the HOMO energy, enhancing oxidative stability, while the
quinoxaline moiety contributes to electron-accepting behavior. These findings indicate that the
molecule may be suitable for applications in optoelectronic materials and charge-transfer
systems.

3.4 Nonlinear Optical (NLO) Properties

Nonlinear optical (NLO) materials have attracted significant attention due to their crucial role
in modern photonic and optoelectronic technologies, including frequency doubling, optical
switching, electro-optic modulation, and optical data storage [8]. Organic n-conjugated systems
are particularly promising for NLO applications because of their high optical nonlinearity, fast
response time, structural tunability, and relatively low cost compared to inorganic materials
[8,19]. It is well established that molecules possessing donor—acceptor (D—A) architectures and
efficient intramolecular charge transfer (ICT) pathways exhibit enhanced first
hyperpolarizability (), which is a key parameter for second-order NLO performance [19].

The NLO properties of 2-(4-fluorophenyl)quinoxaline were evaluated through the calculation
of dipole moment (p1), mean polarizability (cave), and total first hyperpolarizability (Btt). Table
3 presents the calculated electric dipole moment, mean polarizability, and first-order
hyperpolarizability of the investigated compound. The total dipole moment was calculated as
1.3024 D, indicating a moderate degree of molecular polarity. This polarity arises from the
asymmetric electronic distribution induced by the electron-withdrawing fluorine substituent
and the heteroaromatic quinoxaline core. Although the dipole moment is not extremely large,
it reflects sufficient charge separation to support intramolecular charge transfer within the
conjugated framework.

The mean polarizability was determined as 27.97x10°% esu, suggesting considerable electron
cloud deformability under an external electric field. In m-conjugated aromatic systems,
enhanced polarizability is generally associated with extended delocalization of m-electrons,
which facilitates charge redistribution and improves optical response properties [8].

The most significant parameter for evaluating second-order NLO activity is the first
hyperpolarizability (Btt). The calculated value for 2-(4-fluorophenyl)quinoxaline was found to
be 12568.45 x 107 esu. When compared to the standard reference molecule urea (B = 0.3728
x 1073° esu), the compound exhibits a considerably enhanced hyperpolarizability. This
improvement can be attributed to the conjugated aromatic backbone and the electronic
asymmetry introduced by the fluorine substituent. The —I inductive effect of fluorine lowers the
HOMO energy and enhances charge polarization toward the quinoxaline core, thereby
strengthening the intramolecular charge transfer mechanism.

Furthermore, according to conceptual DFT principles, molecular softness and electrophilicity
are directly related to NLO efficiency [17]. Molecules with moderate chemical hardness and
appreciable electrophilicity tend to display improved hyperpolarizability due to their enhanced
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ability to redistribute electron density in response to an applied electric field. The previously
calculated HOMO-LUMO gap (4.32 eV) indicates balanced stability and sufficient electronic
flexibility, which supports the observed NLO behavior.

Overall, the calculated NLO parameters demonstrate that 2-(4-fluorophenyl)quinoxaline
possesses significant first hyperpolarizability arising from its mw-conjugated donor—acceptor
framework and fluorine-induced electronic polarization. These findings suggest that the
compound may serve as a promising candidate for organic second-order nonlinear optical and
optoelectronic applications.

Table 3. NLO Parameters Calculated at The DFT/B3LYP/6-311++G(d,p) Theory Level for The
2-(4-fluorophenyl)quinoxaline

Parametre Value Parametre Value
Jx -1.2740 Rxxx -1416.3
Ly 0.1577 Bxxy 1304
Uz 0.2197 Bxyy 21
Mot 1.3024 Byyy 5.0

Olxx 307.63 RBxxz 0.2

Oxy 13.13 Rxyz 03

Olyy 172.33 Ryyz 04

Oz 0.00 xzz -66.4
Oly; 0.00 Ryzz 155
Oz 86.36 Rzzz 01
<o> (a.u) 188.77 Brot (a.U) 1454.8
<o> (esu) 27.97 x 104 esu Brot (5U) 12568.45 x1033esu

3.5. Molecular Electrostatic Potential (MEP) Analysis

The Molecular Electrostatic Potential (MEP) surface of 2-(4-Fluorophenyl)quinoxaline was
calculated at the DFT/B3LYP/6-311++G(d,p) level to investigate the charge distribution and to
identify possible reactive sites within the molecule. The MEP surface provides a three-
dimensional visualization of the electrostatic potential mapped onto the electron density
surface, allowing prediction of electrophilic and nucleophilic attack regions as well as
intermolecular interaction tendencies [20].

As illustrated in Figure X, the most negative electrostatic potential regions (represented in red)
are mainly localized around the nitrogen atoms of the quinoxaline ring and around the fluorine
atom. These regions correspond to areas of high electron density arising from lone-pair
electrons and the strong electronegativity of the fluorine substituent. According to Politzer and
Murray, regions with negative electrostatic potential are generally prone to electrophilic attack
and may act as hydrogen bond acceptor sites [20]. The localization of negative potential on the
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quinoxaline nitrogen atoms indicates that these centers are the most reactive sites toward
electrophilic interactions.

In contrast, the positive electrostatic potential regions (blue) are primarily distributed over the
hydrogen atoms of the aromatic framework. These electron-deficient regions are more
susceptible to nucleophilic attack and may serve as potential hydrogen bond donor sites. The
green regions observed across the aromatic backbone represent nearly neutral electrostatic
potential, reflecting effective n-electron delocalization throughout the conjugated system.

The observed separation between electron-rich and electron-poor regions confirms the presence
of intramolecular polarization within the molecule. Such polarization is consistent with the
donor-acceptor character suggested by frontier molecular orbital analysis. It is well established
that asymmetric charge distribution enhances molecular reactivity and contributes to
intermolecular interactions, molecular recognition, and nonlinear optical behavior in
conjugated organic systems [19].

-3.455e-2 ! 3.455e-2

Figure 3. Molecular Electrostatic Potential Surface Map (MEP) of The 2-(4-
fluorophenyl)quinoxaline

Furthermore, within the framework of conceptual Density Functional Theory (DFT),
electrostatic potential distribution is closely related to global reactivity descriptors such as
electronegativity and electrophilicity. Regions exhibiting extreme potential values often
correlate with chemically active sites, thereby supporting the interpretation of reactivity
patterns derived from HOMO-LUMO and global descriptor analyses.

Overall, the MEP analysis of 2-(4-Fluorophenyl)quinoxaline reveals a distinct electrostatic
profile characterized by electron-rich heteroatoms (N and F) and electron-deficient hydrogen
regions. This charge distribution supports the molecule’s intramolecular polarization, potential
reactivity, and suitability for charge-transfer related applications.

4. CONCLUSION
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In the present study, the structural, electronic, and nonlinear optical properties of 2-(4-
Fluorophenyl)quinoxaline were comprehensively investigated using DFT calculations at the
B3LYP/6-311++G(d,p) level. The optimized geometrical parameters confirmed the structural
stability of the molecule and revealed effective m-conjugation between the fluorophenyl
substituent and the quinoxaline core. The absence of structural irregularities and the
preservation of aromatic planarity support efficient electronic delocalization across the
molecular framework. The calculated bond lengths and bond angles are in very good agreement
with the experimental values, confirming the reliability of the selected density functional theory

(DFT) method for describing the molecular structure of this compound.

Frontier molecular orbital analysis showed that the HOMO is mainly distributed over the
conjugated aromatic system, while the LUMO is predominantly localized on the quinoxaline
moiety, indicating partial donor—acceptor character within the molecule. The calculated HOMO
and LUMO energies (—6.64 eV and —2.32 eV, respectively) yielded an energy band gap of 4.32
eV, suggesting considerable kinetic stability and moderate chemical reactivity. The derived
global reactivity descriptors further confirmed this behavior, with a chemical hardness of 2.16
eV and an electrophilicity index of 4.65 eV, indicating a balanced electronic structure with
moderate electrophilic character.

The nonlinear optical (NLO) analysis demonstrated that the molecule possesses appreciable
optical response properties. The calculated dipole moment (1.3024 D), mean polarizability
(27.97 x 1030 esu), and first hyperpolarizability (12568.45 x 10-33 esu) reveal significant
electronic polarization under an external electric field. The enhanced hyperpolarizability is
attributed to the conjugated aromatic backbone and the electron-withdrawing effect of the
fluorine substituent, which promotes charge redistribution within the molecular system.

The Molecular Electrostatic Potential (MEP) surface analysis further supported the electronic
findings by revealing electron-rich regions localized around the nitrogen and fluorine atoms,
while electron-deficient regions were concentrated around hydrogen atoms. This distinct charge
separation confirms intramolecular polarization and identifies the probable reactive sites for
electrophilic and nucleophilic interactions.

Overall, the combined geometrical, electronic, reactivity, NLO, and MEP analyses indicate that
2-(4-Fluorophenyl)quinoxaline exhibits a stable yet electronically responsive structure with
moderate charge-transfer capability. These characteristics suggest that the compound may serve

as a promising candidate for optoelectronic and nonlinear optical applications.
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ABSTRACT

This study presents the fabrication of ethylene—vinyl acetate (EVA)/graphene thermoplastic
nanocomposites via a combined solvent-assisted intercalation and sonochemical exfoliation
approach. EVA was dissolved in acetone to form a homogeneous polymer solution, while
natural graphite was ultrasonically treated to achieve partial exfoliation into few-layer
graphene. The dispersion was subsequently incorporated into the polymer matrix, allowing
intercalation of EVA chains between graphene layers, followed by solvent removal and thermal
processing. This method effectively enhanced graphene dispersion and interfacial interaction

within the polymer matrix.

The results indicate that ultrasonic cavitation and prolonged intercalation facilitate the
transformation of graphite into a partially exfoliated structure, leading to the formation of an
intercalated—exfoliated nanocomposite morphology. Improved interfacial adhesion, likely
driven by dipole—r interactions between EVA and graphene, contributes to enhanced stress
transfer and overall material performance. Compared to conventional melt blending, the
solution-based intercalation approach enables better filler distribution due to reduced viscosity

and improved molecular-level interactions.

The developed nanocomposites are expected to exhibit enhanced mechanical strength, thermal
stability, and potential electrical conductivity due to the formation of semi-continuous graphene
networks. These improvements align with previously reported advantages of graphene-based

polymer nanocomposites, particularly in terms of stiffness, thermal resistance, and
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multifunctionality. The proposed method offers a simple, scalable, and cost-effective route for

producing high-performance thermoplastic materials.

The resulting EVA/graphene nanocomposites demonstrate strong potential for applications in
flexible electronics, advanced adhesives, packaging, and lightweight structural components.
Furthermore, tunable properties through controlled processing parameters make these materials
promising for emerging technologies such as 3D printing and conductive systems.

Keywords: Solvent-assisted intercalation, Nanocomposites, Graphene.
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OZET

Yapay zeka spor alaninda performans analizi, sakatlik Onleme ve stratejik karar alma
stireglerinde Oonemli katkilar saglayan yenilik¢i bir teknolojidir; ayn1 zamanda buyik veri
analizi sayesinde antrenman siireclerini optimize ederek sporcularin verimliligini artirmakta ve
daha bilimsel, hizli ve dogru kararlarin alinmasina olanak tanimaktadir. Gilinlimiizde spor
yonetimi, hakem kararlar1 ve performans degerlendirme siireglerinde yapay zeka
uygulamalarinin kullaniminin giderek yayginlastig1 goriilmektedir. Bu durum, beraberinde bazi
etik tartigsmalar1 da glindeme getirmektedir. Bu ¢aligmanin amaci sporda yapay zeka kararlarinin
etik boyutlarinin incelenmesidir. Calismada nitel aragtirma yontemlerinden dokiiman analizi
kullanilmistir.  Yapay zekaya iliskin akademik caligmalar, raporlar ve ilgili kaynaklar
incelenerek kapsamli bir degerlendirme yapilmistir. Elde edilen bulgular sonucunda, sporda
yapay zeka kararlarinin Ozellikle adalet, seffaflik ve tarafsizlik ilkeleri agisindan bazi etik
sorunlar barindirdig1 tespit edilmistir. Veri yanliligi, algoritmalarin karar stireclerinde dnyargili
sonuglar tiretmesi, kararlarin agiklanabilirliginin sinirli olmasi ve insan faktoriiniin geri planda
kalmas1 6ne ¢ikan temel problemler arasinda yer almaktadir. Ayrica, sporun dogasinda bulunan
insan unsuru ve duygusal faktorlerin yapay zeka tarafindan tam anlamiyla
degerlendirilememesi de 6nemli bir sinirlilik olarak goriilmektedir. Bununla birlikte yapay zeka
uygulamalariin uygun etik ilkeler, seffaflik politikalar1 ve etkin denetim mekanizmalari ile
desteklenmesi durumunda karar siireclerine olumlu katkilar saglayabilecegi sonucuna
ulagilmistir.

Anahtar Kelimeler: Spor, Yapay Zeka, Etik, Sporda Yapay Zeka
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1. GIRIS

Yapay zekad teknolojilerinde yasanan hizli gelisim, bircok sektdrde oldugu gibi spor
endiistrisinde de etkisini artirmis; bu teknolojiler sektorel dontigiimii hizlandirarak spor alanini
onemli Ol¢iide yeniden sekillendirmeye baslamistir (Davenport ve Kalakota, 2019; Russell ve
Norvig, 2021; Giiler, 2023). Yapay zeka teknolojileri; spor egitiminden baglayarak performans
analizine, antrenman programlarinin bireysellestirilmesine ve oyun stratejilerinin
gelistirilmesine kadar genis bir kullanim alanina sahiptir. (Bunker ve Thabtah, 2019; Yildiz ve
ark., 2021). Sensor ve kamera sistemleri araciliiyla toplanan veriler yapay zeka tabanh
yazilimlar ile analiz edilerek sporcularin hareketlerinin detayli bicimde incelenmesine ve
performanslarinin daha nesnel kriterlerle degerlendirilmesine olanak saglamaktadir (Clifford,
2018). Bunun yan1 sira yapay zeka uygulamalari, sporcularin fiziksel durumlarinin izlenmesine
ve bireysellestirilmis antrenman programlarinin daha verimli sekilde gelistirilmesine katki
saglarken; takim sporlarinda stratejik ve taktiksel planlamalarin iyilestirilmesine de dnemli
Ol¢iide destek olmaktadir (Gtiler, 2023).

Yapay zekad temelli 6grenme, sporun temel egitim siireglerinde sporcularin giivenligini
korumak, saglik durumlarmi iyilestirmek ve performanslarini artirmak amaciyla kullanilan
onemli bir yontemdir. Bu yaklasim, biiylik veri kiimeleri lizerinden ¢alisan ve elde edilen
verilerden 6grenme yetenegine sahip algoritmalara dayanmaktadir (Bing, 2023). S6z konusu
veriler; sporcularin hareketleri, fiziksel durumlari, davranislari ve bu unsurlarin ortaya gikardigi
sonuclari igeren genis bir veri yelpazesini kapsamaktadir. Yapay zeka sayesinde bu veriler
analiz edilerek sporculara anlik geri bildirim saglanmakta, bireysel ozelliklerine uygun
antrenman programlar1 olusturulmakta, performans gelisimi desteklenmekte ve olas1 sakatlik
riskleri en aza indirilmektedir (Bing, 2023).

Giliniimilizde antrenman bilimcileri sporcularin becerilerini gelistirmek ve egitim siireclerini
daha verimli hale getirmek amaciyla teknolojik araglardan yogun bi¢imde yararlanmaktadir
(Esmer, 2024). Sporcularin hareketlerini ve antrenman performanslarini detayl sekilde analiz
edebilmek i¢in laboratuvar ortamlarinda cesitli testler uygulanmakta; bu sayede kinematik ve
kinetik verilere ulagilmaktadir (Diindar ve Murathan, 2022). Bunun yani sira, sanal gerceklik
(VR) ve artirllmis gerceklik (AR) teknolojileri kullanilarak bilgisayar destekli simiilasyon
ortamlar1 olusturulmakta ve sporun dinamikleri bu ortamlarda modellenmektedir. Bu
uygulamalar sayesinde sporcular, gerceg§e yakin deneyimler yasayarak performanslarini
gelistirme firsat1 bulmaktadir. Ozellikle sanal gerceklik teknolojisi, farkli cografi ortamlarda
antrenman yapma imkani sunarak sporcular i¢in yeni ve esnek ¢aligma alanlar1 yaratmaktadir
(Esmer, 2024).

Ancak yapay zekanin spor alaninda karar alma siireglerine entegre edilmesi, beraberinde ¢esitli
etik sorunlar1 da giindeme getirmistir. Ozellikle adalet, seffaflik, hesap verebilirlik ve veri
gizliligi gibi konular, spor etigi agisindan 6nemli tartigsma alanlari olusturmustur (Floridi, 2018;
Akillioglu, 2025).
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2. Sporda Yapay Zeka Kullanim Alanlar:

Yapay zeka teknolojileri sporun farkli alanlarinda aktif olarak kullanilmaktadir
(Usercompanies, 2018). Bunlar arasinda performans analizi, oyuncu izleme sistemleri, sakatlik
risk tahmini ve hakem karar destek sistemleri yer almaktadir (Usercompanies, 2018; Bunker ve
Thabtah, 2019; Aini, 2020; Car, 2023).

Yapay zeka teknolojisinin spor endustrisinde yenilikler getirmesiyle birlikte giyilebilir
teknolojik aletlerin kullanim1 artmasi en onemli etkenlerden biri olarak kabul edilmektedir
(Esmer, 2024). Giyilebilir teknolojik cihazlar giin gectikce daha gelismis ve ¢ok yonlii bir
yaptya kavugmakta; sporcularin performansina iliskin ivime, hiz, biyomekanik 6zellikler ve kalp
atis hiz1 gibi bir¢ok parametreyi anlik olarak izleyebilmektedir. Bu cihazlar araciligiyla elde
edilen veriler, sporcu performansinin detayli bi¢imde degerlendirilmesine ve antrenman
stireclerinin daha bilimsel temellere dayandirilmasina olanak saglamaktadir (Rowlands, James
ve Lee, 2013; Sarikabak ve Vural, 2025).

3. Etik Sorunlar ve Tartismalar
3.1. Adalet ve Tarafsizhik

Yapay zeka sistemlerinin en Onemli etik sorunlarindan biri, algoritmik onyargi (bias)
problemidir. Egitildigi veriye baglh olarak YZ sistemleri tarafli sonuglar iiretebilir ve bu durum
spor miisabakalarinda adil olmayan sonuglara yol agabilir (Mehrabi, 2021; Cakir ve ark., 2023;
Akillioglu, 2025; Avcr ve Kilingarslan, 2025).

3.2. Seffaflik ve Hesap Verebilirlik

YZ sistemlerinin “kara kutu” (black box) yapisi, aliman kararlarin nasil {retildiginin
anlasilmasin1 zorlastirmaktadir. Bu durum, Ozellikle tartismali hakem kararlarinda hesap
verebilirlik sorununu gundeme getirmektedir (Floridi, 2018; Karanfil ve ark., 2024; Sarikabak
ve Vural, 2025; Akillioglu, 2025 ; Avci ve Kilingarslan, 2025).

3.3. Veri Gizliligi ve Giivenligi

Sporculardan toplanan biyometrik ve performans verileri, kisisel verilerin korunmasi agisindan
onemli riskler tagimaktadir. Bu verilerin kétiiye kullanilmasi, sporcularin mahremiyetini ihlal
edebilir (Hughes ve Leavey, 2012; Cakir ve ark., 2023; Karanfil ve ark., 2024; Sarikabak ve
Vural, 2025; Akillioglu, 2025; Abdelmohsen, 2025; Avci ve Kilingarslan, 2025).

3.4. Insan Faktoriiniin Azalmasi

Yapay zekanin karar alma siireclerinde artan rolii, sporun dogasinda bulunan insan unsurunun
azalmasina neden olmaktadir. Bu durum, sporun “insani” yOniiniin zayiflamasi seklinde
elestirilmektedir (Parry, 2019; Cakir ve ark., 2023; Akillioglu, 2025).

4. Sporda Yapay Zeka ve Etik ilkeler
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Yapay zekanin spor alaninda etik bir sekilde kullanilabilmesi i¢in belirli ilkelerin gozetilmesi
gerekmektedir. Bu ilkeler arasinda adalet, seffaflik, hesap verebilirlik ve giivenilirlik 6n plana
cikmaktadir (Floridi et al., 2018; Cakir ve ark., 2023; Karanfil ve ark., 2024; Sarikabak ve
Vural, 2025).

Ayrica Avrupa Komisyonu'nun yapay zekad etik rehberleri, insan merkezli yapay zeka
anlayisin1 temel almakta ve teknolojinin insan haklarina uygun sekilde gelistirilmesini
onermektedir (European Commission, 2019).

5. Gelecekte Yapay Zeka ve Spor Etigi

Yapay zeka, gelecekte sporun oynanma, izlenme ve yonetilme bicimlerini énemli 6lcude
doniistiirecek; antrendrlerin yerini tamamen almasi beklenmese de performans, strateji ve
tlketici analizi alanlarinda biiyiik avantajlar saglayacak, ancak bu gelisim veri gizliligi ve
hukuki sinirlamalar ¢er¢evesinde sekillenecektir. Bu durum, etik diizenlemelerin daha da 6nem
kazanmasina yol agacaktir. Ozellikle uluslararasi spor kuruluslarinin yapay zeka kullanimina
yonelik standartlar gelistirmesi gerekmektedir (Miiller, 2020; Karanfil ve ark., 2024; Sarikabak
ve Vural, 2025; Avci ve Kilingarslan, 2025).

6. SONUC

Yapay zeka ve etik kavramlarini ele alan ulusal ve uluslararasi ¢alismalar incelendiginde, bu
alanin son yillarda hizla gelisen ve disiplinler arasi bir nitelik kazanan 6nemli bir arastirma
sahast oldugu goriilmektedir. Yapilan bibliyometrik analizler, 6zellikle 2020 sonrasi donemde
yapay zeka etigi lizerine gerceklestirilen ¢aligmalarin sayisinda ciddi bir artis oldugunu ve bu
caligmalarin sosyal bilimler, saglik, miihendislik ve spor bilimleri gibi farkli alanlarda
yogunlastigmni ortaya koymaktadir (Oziskender ve Erdem, 2025). Bu durum yapay zekanin
yalnizca teknik bir ara¢ olmanin 6tesine gecerek toplumsal, ekonomik ve etik boyutlariyla ele
alinmasi gerektigini gostermektedir.

Alan yazinda 6ne ¢ikan temel etik ilkelerin basinda seffaflik, adalet, hesap verebilirlik ve veri
gizliligi gelmektedir. Yapilan sistematik derlemelerde bu ilkelerin yapay zeka sistemlerinin
giivenilirligi ve kabul edilebilirligi agisindan kritik oldugu vurgulanmaktadir (Asil, 2025).
Bununla birlikte bu ilkelerin uygulamaya gecirilmesinde ¢esitli zorluklar bulundugu; 6zellikle
etik standartlarin soyut kalmasi, uygulama eksiklikleri ve denetim mekanizmalariin
yetersizligi gibi sorunlarin devam ettigi belirtilmektedir.

Yapay zekanin farkli alanlardaki uygulamalarina yonelik ¢aligsmalar, bu teknolojinin énemli
faydalar sagladigini ortaya koyarken ayni zamanda ciddi etik riskler barmdirdigini da
gostermektedir. Ornegin saglik alamindaki arastirmalar, yapay zekanin teshis ve tedavi
stireclerinde yiiksek basari sagladigini ancak hatali kararlar, algoritmik onyargilar, veri
giivenligi sorunlari ve mesleki o6zerklik Ttzerindeki etkiler gibi etik problemlere yol
acabilecegini vurgulamaktadir (Giivercin, 2020). Benzer sekilde spor alaninda yapilan
caligmalar da yapay zekanin performans analizi, hakem kararlar1 ve seyirci deneyimi gibi
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alanlarda katki sagladigini; ancak esitlik, insan kontrolii ve etik karar verme stiregleri agisindan
dikkatli bir yaklagim gerektigini ortaya koymaktadir (Akillioglu, 2025).

Kiiresel dlgekte yapilan arastirmalar, yapay zekanin toplumsal etkilerinin cografi ve kiiltiirel
baglama gore farklilik gosterebilecegini, 6zellikle gelismekte olan iilkelerde esitsizlikleri
artirma potansiyeline sahip oldugunu belirtmektedir (Hagerty ve Rubinov, 2019). Bu durum,
etik yaklagimlarin evrensel ilkelerle birlikte yerel dinamikleri de dikkate almasi gerektigini
gostermektedir. Ayrica, yapay zekda uygulamalarinin ¢ogunlukla performans analizi,
optimizasyon ve ekonomik modelleme gibi spesifik alanlara odaklandigi; ancak daha biitiinciil
ve ¢ok boyutlu etik degerlendirmelerin sinirlt oldugu dikkat ¢ekmektedir.

Sporda yapay zeka ozelinde degerlendirildiginde ise mevcut c¢aligmalarin agirlikli olarak
performans artirma, sakatlik tahmini ve veri analizi lizerine yogunlastig1; buna karsin etik karar
alma siiregleri, sporcu haklar1 ve veri paylasimi gibi konularin yeterince derinlemesine
incelenmedigi goriilmektedir.

Sonug olarak yapay zeka teknolojilerinin spor basta olmak lizere bir¢ok alanda doniisiim
yaratmaya devam edecegi agiktir. Ancak bu doniisiimiin silirdiiriilebilir ve adil bir sekilde
gerceklesebilmesi i¢in etik ilkelerin yalnizca teorik diizeyde kalmayip uygulamaya entegre
edilmesi gerekmektedir. Gelecekte yapilacak calismalarin, yapay zeka uygulamalarini yalnizca
teknik basar1 agisindan degil; ayn1 zamanda etik, hukuki ve toplumsal etkileri bakimindan da
cok boyutlu olarak ele almasi biiyilk 6nem tasimaktadir. Bu baglamda, insan merkezli
yaklagimin korunmasi, veri giivenliginin saglanmasi1 ve seffaf algoritmalarin gelistirilmesi,
yapay zekanin spor alanindaki etik kullaniminin temel belirleyicileri olacaktir.
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OZET

Bu ¢alisma, spor turizmini siirdiiriilebilir destinasyon gelisimi perspektifinden ele alarak
Tiirkiye 6zelinde kapsamli bir degerlendirme sunmay1 amaglamaktadir. Spor turizmi kavrami,
rekabetci nitelikteki faaliyetlerden olusan bir spor etkinligine seyirci veya aktif olarak katilan
bir turistin seyahat boyunda edindigi tecriibeleri ifade eden bir turizm faaliyeti tiirii” olarak
tanimlamistir. Tiirkiye’nin cografi konumu, iklim ¢esitliligi ve gelisen spor altyapisi sayesinde
spor turizmi Onemli bir potansiyeli biinyesinde barindirmaktadir. Kamp turizmi, spor
organizasyonlar1 ve doga sporlar1 gibi etkinlikler Tiirkiye’de spor turizminin temel uygulama
alanlarini olusturmaktadir. Bu ¢aligsma, spor turizminin sosyal, kiiltiirel ve politik boyutlariyla
destinasyon rekabet¢iligini artiran ¢cok yonlii ve stratejik bir ara¢ oldugunu ortaya koymaktadir.
Bu baglamda, spor turizmi faaliyetlerinin yerel ekonomik kalkinmaya sagladigi katkilar,
destinasyon imajmin gii¢lendirilmesindeki rolii ve siirdiiriilebilir turizm politikalarinin
gelistirilmesine olan etkileri kapsamli bir bi¢imde ele alinmaktadir. Ayrica, spor turizmi
kapsaminda gerceklestirilen etkinliklerin yerel halkin sosyal katiliminmi artirdigi, kiiltiirel
etkilesimi destekledigi ve uluslararasi taninirligy giiclendirdigi degerlendirilmektedir. Bununla
birlikte, spor turizminin planli ve stratejik bir yaklasimla yOnetilmesinin, destinasyonlarin
rekabet avantaji elde etmesinde ve uzun vadeli siirdiiriilebilirligin saglanmasinda kritik bir
oneme sahip oldugu vurgulanmaktadir. Arastirma bulgulari, spor turizminin siirdiiriilebilir
destinasyon gelisimine 6nemli katkilar sagladigini; gevresel koruma, sosyal biitiinlesme ve
yerel kalkinma siireclerini destekledigini gdstermektedir. Ozellikle doga temelli spor turizmi
faaliyetlerinin planli, kontrollii ve siirdiiriilebilirlik ilkeleri dogrultusunda yiiriitiilmesi,
destinasyonlarin uzun vadeli rekabet giiciinii ve g¢ekiciligini artirmaktadir. Siirdiiriilebilirlik
perspektifinden degerlendirildiginde, planlama siireclerinde c¢evresel hassasiyetlerin
gozetilmesi, dogal kaynaklarin korunmasi, yerel halkin karar alma siireclerine aktif katiliminin
saglanmas1 ve altyapr yatinmlarinin dengeli bi¢cimde gergeklestirilmesi biliyiilk Onem
tasimaktadir. Bununla birlikte, spor etkinliklerinin destinasyon markalagmasina ve uluslararasi
taninirliga katki sundugu; ancak tasima kapasitesi, ¢evresel etkiler ve sosyo-kiilturel dengeler
dikkate alinmadan planlanmasinin olumsuz sonuglar dogurabilecegi belirlenmistir. Sonug
olarak, spor turizmi biitiinciil, katilimc1 ve uzun vadeli stratejilerle siirdiiriilebilir kalkinmay1
destekleyen etkili ve gucll bir ara¢ olarak one ¢ikmaktadir.

Anahtar Kelimeler: Spor Turizmi, Siirdiirebilir Kalkinma, Destinasyon Rekabetgiligi
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1.GIRIS

Spor, bireyin beden ve ruh saghiginin gelistirilmesi, belli kurallara gére rekabet 6l¢iileri iginde
miicadele etme, heyecan duyma, yarisma, lstiin gelme ve gercek anlamda basari giicliniin
arttirllmasi kisisel agidan en yiiksek noktaya ¢ikarilmasi yolunda gosterilen yogun cabalardir
(Arac1,1999: 13). Giinlimiizde spor ve turizm alanlari 6nemli bir doniisim gegcirerek daha
karmasik ve ¢ok boyutlu bir yapiya ulasmistir. Turizm sektorii artik yalnizea deniz, kum ve
giines odakl1 geleneksel anlayisla sinirli kalmamakta; farkli ilgi alanlarina hitap eden alternatif
ve tematik turizm tilirleriyle ¢esitlenmektedir. Eski donemlerde varlikli ve serbest zamanlari
fazla olan bireylerin yaptiklar1 geziler ve ulasim olanaklarinin gelismesiyle turizm giin gectikce
gelismis ve yaygilagsmistir (Pehlivan, 2010). Spor ise sadece fiziksel aktiviteye dayali bir ugras
olmaktan ¢ikmis, ekonomik, toplumsal, kiiltiirel ve politik boyutlariyla genis bir etki alanina
sahip olmustur. Bu doniisiimiin en belirgin sonuclarindan biri, spor ve turizm alanlarinin
kesisim noktasinda ortaya c¢ikan ‘“spor turizmi” kavraminin giderek daha fazla Onem
kazanmasidir. Bireylerin eglence veya rekabet amaciyla bir spor etkinligine katilmak i¢in, sporu
amator ya da elit diizeyde izlemek iizere ya da bir spor cazibe merkezini ziyaret amaciyla,
yasadiklari yerden bagka bir yere seyahat etmeleri seklinde tanimlanmaktadir (Gibson, Attle,
ve Yiannakis, 1997, s. 52). Spor turizmi, bireylerin seyahat kararlarinda sporu temel bir unsur
haline getiren bir turizm turtdir. Spor turizmi gesitleri; olay tabanli spor turizmi, aktif spor
turizmi ve nostalji spor turizmi olmak (lizere i¢ grupta incelenmektedir. Giniimuzde diizenlenen
spor organizasyonlari, kiiresel dlgekte cok dnemli bir yere sahiptir (Bjelac ve Radovanovic,
2003). Sporun kiiresel 6lgekte yarattigr etki ile turizmin dinamik yapisini birlestiren bu alan,
iilkeler agisindan sadece ekonomik gelir saglamakla sinirli kalmaz; ayn1 zamanda uluslararast
goriiniirliik, sehirlerin marka degerinin artmasi ve altyapr yatirimlarinin gelismesi gibi ¢ok
yonlii katkilar sunar. Tirkiye’de gergeklestirilen spor turizmi faaliyetleri; kamu kurumlari,
yerel yonetimler, 6zel sektor, federasyonlar, sivil toplum kuruluslari, spor kuliipleri ve bireysel
sporcular gibi ¢cok sayida paydasin katkisiyla yiiriitiilmektedir. Ancak bu faaliyetlerin ¢cogu
zaman yeterli diizeyde koordinasyon saglanmadan ilerledigi, kurumsal biitiinliikten uzak
kaldig1 ve stratejik bir yonetisim anlayisiyla desteklenmedigi goriilmektedir. Farkli aktorlerin
kendi alanlarinda yogun caba sarf ederek deger iiretmeye ¢alistig1, ancak bu cabalarin ulusal
Olcekte biitiinciil bir yap icerisinde birlestirilemedigi anlasilmaktadir. Bu durum, kaynaklarin
etkin kullanilmamasina, benzer ¢calismalarin farkli paydaslar tarafindan tekrar edilmesine ve
spor turizmine yonelik kamuoyunda karmasik bir algi olusmasina zemin hazirlayabilmektedir.
Tiirkiye’de spor turizmi alaninda karsilagilan temel sorunlardan biri, bu alanin biitiinciil bir
bakis agistyla ele alinamamasidir. Spor turizminin ¢ogunlukla destinasyon odakli stratejik bir
politika arac1 olarak degil; donemsel, firsata dayali veya brans bazli girisimler seklinde
degerlendirilmesi, siirdiiriilebilir bir gelisim siirecinin olusmasini zorlastirmaktadir. Bunun yani
sira kamu ve 6zel sektor arasindaki is birligi mekanizmalarinin yeterince etkin islememesi,
ozellikle yatirim ve tanitim faaliyetlerinde koordinasyon eksikligine neden olabilmektedir. Bu
baglamda, Tiirkiye’de spor turizminin gelisimi yalnizca dogal kaynaklar ve fiziksel altyapi
yatirimlartyla sinirli degildir. Aym1 zamanda giiglii bir yonetsel kapasite, etkili planlama
surecleri, kamu-6zel sektor is birliginin gelistirilmesi ve uzun vadeli stratejik yaklasimlarin
benimsenmesi de bu gelisimin temel belirleyicileri arasinda yer almaktadir. Spor turizmine
yOnetsel, orgiitsel ve politika gelistirme perspektifinden yaklasan bu ¢alisma, sektorel raporlar,
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resmi belgeler ve saha deneyimlerinden elde edilen bulgular dogrultusunda, Tiirkiye’de spor
turizminin siirdiiriilebilir destinasyon gelisimi baglaminda yeniden ele alinmasi gerektigini
ortaya koymay1 amaclamaktadir. Bu kapsamda, spor turizmi paydaslarinin goriis ve Onerileri
dogrultusunda sekillenecek biitiinciil bir yonetsel yapinin, destinasyonlarin siirdiiriilebilirligi
acisindan onemli katkilar sunacagi 6ngoriilmektedir. Tiirkiye; cografi konumu, iklim ¢esitliligi,
geng niifusu ve gelismekte olan spor altyapisi ile spor turizmi agisindan dnemli bir potansiyele
sahiptir. Dort mevsimin yasanabilmesi, farkli cografi alanlarin cesitli spor faaliyetlerine
uygunluk gostermesi ve ulasim imkanlarinin gelismis olmasi, Tiirkiye’yi siirdiiriilebilir spor
turizmi destinasyonu olarak one ¢ikarabilecek temel unsurlar arasinda yer almaktadir. Ancak
mevcut potansiyelin ¢cevresel, ekonomik ve sosyal siirdiiriilebilirlik ilkeleri dogrultusunda etkin
bicimde degerlendirilemedigi; faaliyetlerin ¢ogunlukla kisa vadeli, daginik ve stratejik
planlamadan uzak bir sekilde yiiriitiildiigii goriilmektedir. Bu dogrultuda ¢alismanin temel
amaci, Tiirkiye’de spor turizminin siirdiiriilebilir destinasyon gelisimi ¢ergevesinde mevcut
durumunu ¢ok boyutlu olarak analiz etmek ve ¢ok paydash yapiya sahip bu alanin daha
koordineli, planli ve siirdiirtilebilir bir sekilde yonetilebilmesi i¢in yonetsel bir model Onerisi
geligtirmektir. Boylece spor turizminin yalnizca ekonomik katki saglayan bir faaliyet alani
olmanin 6tesine gecerek, destinasyonlarin uzun vadeli rekabet giiclinii ve stirdiiriilebilirligini
destekleyen stratejik bir unsur haline gelmesi hedeflenmektedir. Sonu¢ olarak, spor turizmi
Tiirkiye agisindan 6nemli firsatlar barindiran stratejik bir alan olmasina ragmen, mevcut yapinin
parcali, koordinasyondan uzak ve siirdiiriilebilirlik ilkeleriyle tam anlamiyla biitiinlesmemis
oldugu goriilmektedir. Spor turizminin yalnizca kisa vadeli ekonomik kazanimlar {izerinden
degil; cevresel, sosyal ve yonetsel boyutlariyla birlikte ele alinmasi, destinasyonlarin uzun
vadeli basarist agisindan kritik bir gereklilik olarak one ¢ikmaktadir. Bu dogrultuda, spor
turizminin siirdiiriilebilir destinasyon gelisimiyle uyumlu hale getirilebilmesi i¢in paydaslar
arasinda gii¢lii bir 1s birligi ve koordinasyon mekanizmasinin kurulmasi, gorev ve
sorumluluklarin netlestirilmesi ve biitiinciil bir stratejik planlama yaklagiminin benimsenmesi
gerekmektedir. Ayrica veri temelli karar alma siireglerinin gelistirilmesi, dl¢iilebilir hedeflerin
belirlenmesi ve politika uygulamalarinin diizenli olarak izlenmesi, alanin etkin yOnetimi
acisindan biiyiik onem tasimaktadir. Tirkiye’nin sahip oldugu dogal, cografi ve altyapisal
avantajlarin stirdiirtilebilirlik ilkeleri dogrultusunda degerlendirilmesi, spor turizminin yalnizca
belirli faaliyetlerle sinirli kalmamasini saglayarak gesitliligin artirilmasina katki sunacaktir. Bu
baglamda Onerilen yonetsel modelin uygulanmasiyla birlikte, spor turizminin daha planli,
koordineli ve sirdurilebilir bir yapiya kavusmasi hem destinasyonlarin rekabet giiciinii
artiracak hem de Tiirkiye’nin uluslararast alandaki konumunu gii¢lendirecektir.

2.KAVRAMSAL CERCEVE

2.1 Spor Turizmi

Spor kelimesi, tarihsel olarak Latince kokenli terimlerden tiiremis olup zamanla eglenme,
bedensel hareket ve rekabet gibi anlamlar kazanarak giiniimiizdeki bi¢imini almistir (Akin A.,
2018). Spor, bireylerin fiziksel ve zihinsel sagliklarin1 korumak, eglenmek ve bos zamanlarini
verimli bir sekilde degerlendirmek amaciyla gerceklestirdikleri planli ve diizenli hareketler
biitiiniidiir. Insana var oldugundan beri eslik eden, belirli kurallar1 iceren, rekabet ortamina
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sahip, zevk veren faaliyetler biitiinlidiir (Mihgiogullari, 2004). Spor turizmi kendi igerisinde
birden fazla konu igerdiginden ¢ok fazla bir yapiya sahip oldugundan yorum yapmakta
zorlanilmaktadir. Bu yorumlar giliniimlizde arastirmacilar tarafindan farkli yonleri ile
arastirilmakta ve zaman gectikge gelisen bir olgu olarak goriilmektedir (Sahin ve Oren, 2018).
Fiziksel etkinlikler ile seyahat olgusunun birlestigi bir alan olarak degerlendirilen spor turizmi,
ekonomik ve toplumsal a¢idan 6nem tasiyan bir yapidir. Turizm endiistrisi igerisinde dikkate
deger bir paya sahip olan bu alan, son déonemlerde yiikselen ilgi ve farklilasan organizasyonlar
sayesinde ekonomik degerini her gecen giin daha da artirmaktadir. Spor Turizmi, sportif
aktivitelere katilmak, izlemek veya orada bulunmak amaciyla uluslararasi veya ulusal alanda
seyahat etmek olarak tanimlanmaktadir” (Kurtzman ve Zauhar, 2001). Bir bagka tanima gore
ise “spor turizmi, evden uzakta spor aktivitelerine katilma veya seyretme amaciyla yapilan ve
ticari amag tagimayan seyahattir.” (Weed 1997). Spor turizmi kapsaminda bireyler etkinliklere
aktif ya da pasif bicimde katilim gdsterebilmektedir. Aktif katilim, bireylerin spor faaliyetlerine
dogrudan katilimci olarak yer almasini ifade ederken; pasif katilim, spor etkinliklerini izleyici
olarak takip etmeyi ve sporla iligkili 6nemli mekanlari ziyaret etmeyi kapsamaktadir.
Literatiirde spor turizmine iligkin ¢aligsmalar; spor turistlerinin harcama davraniglari ve bu
davranislari etkileyen faktorler, motivasyon ve katilim egilimleri, memnuniyet ve tekrar ziyaret
niyeti gibi bireysel boyutlarin yani sira; spor turizminin ekonomik, sosyal, mekéansal ve
zamansal etkileri tizerine yogunlagmaktadir. Ayrica siirdiiriilebilirlik, yerel halkin destegi,
yoksullugun azaltilmasi, kiiciik 6lgekli etkinliklerin rolii ve ¢evresel faktorler gibi konular da
onemli arastirma alanlar arasinda yer almaktadir. Bununla birlikte, spor turizminin destinasyon
gelisimi, kalite algisi, rekabetcilik ve gelecekteki gelisim dinamikleri iizerine yapilan
caligmalar, bu alanin ¢ok katmanli ve disiplinler istii bir 6zellige sahip oldugunu ortaya
koymaktadir. Buna karsin, spor turizminin siirdiiriilebilir destinasyon gelisimindeki paydas
rollerini (yerel halk, turistler, uzmanlar, kamu kurumlari, sivil toplum ve isletmeler) kapsaml
bir perspektifle inceleyen aragtirmalarin yeterli diizeyde olmadig: dikkat ¢ekmektedir. Sporun
turizm icindeki dnemli yeri, iki alan arasindaki giiglii iliskiyi ortaya koyarken; bu iligkinin
niteligi paydaslarin bakis acilarina ve ilgi alanlarina gore degisiklik gostermektedir. Bu durum,
spor turizmi alanindaki ¢ok boyutlu ¢ikar yapisinin daha kapsamli ve biitlinlesik bir sekilde ele
alimmas1 gerekliligini ortaya koymaktadir. Spor ve turizm kavramlarmin koklii gegmise sahip
olmasi, bu alanlarin kapsamli ve ¢ok yonlii bicimde incelenmesini zorlastirmaktadir. Her iki
kavramin farkli disiplinlere yayilmasi; sosyal, kiiltiirel, ekonomik ve g¢evresel boyutlarda
derinlemesine analiz yapilmasina imkan tanirken, ayni zamanda alan yazinda biitiinciil ve giiclii
bir teorik ¢erceve olusturulmasini giiclestirmektedir.

2.2 Spor Turizmi Turleri

Spor tiirleri ile ilgili yapilan ¢alismalar dogrultusunda genellikle ii¢ tiir spor turizmi davranigi
incelenmistir: aktif spor turizmi, olay tabanli ve nostalji spor turizmi (Ross, 2001: 3). Aktif spor
turizmi, bireylerin seyahat ederek dogrudan spor faaliyetlerine katildigi organizasyonlari
kapsarken; pasif spor turizmi, spor etkinliklerini izleme amaciyla yapilan seyahatleri ifade eder.
Nostalji temelli spor turizmi ise bireylerin ge¢mise ait spor deneyimlerini yeniden yasamak,
onemli spor mekanlarin1 ziyaret etmek veya spor Kkiiltiiriine ait unsurlar1 deneyimlemek
amaciyla gerceklestirdikleri faaliyetleri icermektedir.
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Olay Tabanli Spor Turizmi: Herhangi bir spor bransinda diizenlenen Olimpiyatlar, Diinya
Kupalar1 gibi organizasyonlarin igerisinde yer aldigi spor turizmi ¢esidi olay tabanli spor
turizmi seklinde tanimlanabilir (Osmanoglu, 2017)

Bu smiflandirma, spor turizminin yalnizca fiziksel katilim iizerinden degil; aym1 zamanda
sosyal, kiiltirel ve duygusal baglar iizerinden de sekillendigini gostermektedir. Spor
etkinliklerine katilim ya da izleyicilik, bireyler arasinda ortak bir kimlik ve aidiyet duygusu
olustururken; bu durum sosyal etkilesimi artiran 6nemli bir unsur olarak 6ne ¢ikmaktadir. Ayni
zamanda spor turizmi tiirleri, bireylerin motivasyonlarina, beklentilerine ve sosyo-demografik
ozelliklerine gore farklilasmakta ve destinasyonlarin sundugu imkanlara bagli olarak
cesitlenmektedir. Bununla birlikte, spor turizmi faaliyetlerinin kitlesel hareketlilik yaratmasi,
destinasyonlarin ekonomik ve sosyal agidan gelisiminde 6nemli bir rol oynamaktadir. Spor
etkinlikleri aracilifiyla olusan turist akisi, yerel ekonomiye katki saglarken; ayni zamanda
destinasyonlarin tanitimina ve marka degerinin artmasina da destek olmaktadir. Bu durum, spor
turizmi tiirlerinin yalnizca bireysel deneyimler degil, ayn1 zamanda destinasyonlarin kalkinma
stireclerinde etkili bir ara¢ oldugunu ortaya koymaktadir. Bu baglamda Peri¢ (2010), spor
turizmi kapsaminda bireylerin deneyimlerini daha iyi analiz edebilmek amaciyla; spor odakli
ve spor odakli olmayan turistlerin yani sira aktif ve pasif katilimcilar1 da igeren farkl
modellemeler gelistirmistir.

SPOR ODAKLI TURIiST
Diinya kupasi Diisiik seviyede
magclarmn; bireysel ve takim
izlemek miisabakalar
Eglendirerek
Eglence Egitim
PASIF AKTIF
TURIST TURIST

Yerel jimnastik
olayini izlemek

Olimpiyat Ovunlari,
Diinya Kupasi maglannda
bireysel ve takim sporlar

SPOR ODAKLI OLMAYAN |

Gorsel 1: Deneyim Sistemi — Spor Turizmi (Peric, 2010)

Gorsel 1, spor turizmi ve spor deneyimini biitiinciil bir ¢cergevede ele alan bir yap1 sunmaktadir.
Bu modelde; aktif spor turizmi, miisabaka odakli spor turizmi ve nostalji temelli spor turizmi
faaliyetleri sonucunda ortaya ¢ikan deneyimler bir arada degerlendirilmektedir.

Spor turistlerinin deneyimleri; eglence, dgrenme (eglenerek 6grenme), giinliik yasamdan
uzaklagma ve estetik haz gibi temel boyutlar iizerinden ac¢iklanmaktadir.

Model ayrica, turizm faaliyetlerinin spor odakli olup olmamasina bagl olarak turistleri aktif ya
da pasif katilimcilar seklinde siniflandirmaktadir. Bu siniflandirma gergevesinde, bireylerin
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spor deneyimlerinden ne tiir kazanimlar clde etmek istedikleri modelin merkezinde
konumlandirilarak analiz edilmektedir.

2.3 Siirdiiriilebilir Destinasyon Gelisimi Kavram

Stirdiiriilebilir turizm destinasyonu, destinasyonlarda siirdiiriilebilir kalkinmay1 tesvik etmek
icin tanima programlarinda kullanilan bir terim olarak 6ne c¢ikmaktadir (Lee, 2001: 313).
Destinasyon  gelisiminde  siirdiiriilebilirlik;  ¢evresel — siirdiiriilebilirlik,  ekonomik
surdaralebilirlik ve sosyo-kultirel surdarilebilirlik olmak tzere t¢ temel boyut Uzerinden ele
alimmaktadir (UNEP & UNWTO, 2005).

Surdurulebilir destinasyon gelisimi, turizm faaliyetlerinin ekonomik fayda saglarken gevresel
kaynaklar1 korumasini ve yerel toplumun sosyal refahini desteklemesini amaglayan bir yonetim
anlayis1 olarak tanimlanmaktadir (UNWTO, 2018). Bu yaklasim, turizm planlamasinda kisa
stireli kazanimlar yerine uzun vadeli stabilizasyonu esas almakta ve dogal, kiiltiirel ve beseri
kaynaklarin korunmasini temel almaktadir. Siirdiriilebilirlik ilkeleri ¢er¢evesinde gelistirilen
destinasyonlar, rekabet avantaji saglarken bir taraftan da turizm etkinliklerinin olumsuz
etkilerini en aza indirgemektedir. Cevresel siirdiiriilebilirlik, dogal kaynaklarin korunmasini ve
doga tizerindeki baskinin azaltilmasini amaglarken; ekonomik siirdiriilebilirlik, turizm
gelirlerinin yerel ekonomi icerisinde stabil ve kalict olacak sekilde dagitilmasini
hedeflemektedir. Sosyo-kiiltiirel siirdiiriilebilirlik ise bolge halkinin yasam kalitesinin
artirtlmasini ve kiiltiirel degerlerin korunmasini 6n plana ¢ikarmaktadir.

2.4 Spor Turizmi ve Siirdiiriilebilir Destinasyon Gelisimi Arasindaki iliski

Spor turizmi, siirdiiriilebilir destinasyon gelisimi acisindan 6énemli firsatlar sunan bir turizm
tiirli olarak degerlendirilmektedir (Higham, 2007). Spor faaliyetleri sayesinde turizm talebinin
yil geneline yayilmasi, destinasyonlarin mevsimsellik problemini azaltmakta ve altyapinin daha
etkin degerlendirilmesini saglamaktadir. Ozellikle kamp turizmi ve rekreasyonel spor
faaliyetleri, ¢evresel etkilerin kontrol edilebilir olmasi sebebiyle siirdiiriilebilir turizm
politikalariyla yiiksek seviyede uyum gostermektedir. Bununla birlikte spor turizminin
stirdiiriilebilirlik agisindan bazi riskler barindirdig1 da literatiirde vurgulanmaktadir (Preuss,
2007). Mega spor organizasyonlarinin yiiksek maliyetleri ve gevresel baskilarinin yani sira
yerel halk Gzerindeki sosyo-kiiltiirel etkileri, etkinlik sonrasi altyapinin siirdiiriilebilir bigimde
kullanilamamasi sorununu beraberinde getirebilmektedir. Bu nedenle spor turizminin
destinasyon planlamasinda, ¢ok aktorlii katilimi, ¢evresel etki degerlendirmesi ve uzun vadeli
kullanim politikalar1 ile biitiinciil bir sekilde ele alinmasi gerekmektedir. Tiirkiye baglaminda
spor turizmi, silirdiiriilebilir destinasyon gelisimini ileriye tasiyacak stratejik bir arac olarak 6ne
cikmaktadir. Tiirkiye’nin sahip oldugu dogal ve cografi avantajlar, spor turizminin gevresel ve
ekonomik stirdiiriilebilirlik ilkeleri dogrultusunda gelistirilmesine olanak saglamaktadir. Ancak
bu potansiyelin dogru ve etkin bir sekilde degerlendirilebilmesi, spor turizmi politikalarinin
bituncul bir planlama stratejisiyle ele alinmasini zorunlu kilmaktadir.

2.5 Tiirkiye’de Spor Turizmi Uygulamalari ve Siirdiirebilirlik Acisindan
Degerlendirilmesi
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Tiirkiye’de spor turizmi uygulamalari, {ilkenin cografi ¢esitliligi, iklim avantajlar1 ve gelisen
altyapist dogrultusunda farkli branslarda ve destinasyonlarda yogunlasmaktadir. Tiirkiye,
ozellikle dort mevsim turizme uygun yapist sayesinde hem yaz hem de kis sporlarina ev
sahipligi yapabilen onemli bir potansiyele sahiptir. Tiirkiye’de spor turizmi uygulamalari
incelendiginde, en yaygin faaliyetlerin futbol turizmi kapsaminda gergeklestirilen kamp
organizasyonlar1 oldugu goriilmektedir. Ozellikle Antalya bélgesi, iklim avantaji ve konaklama
tesisleri sayesinde uluslararasi futbol takimlarmin tercih ettigi onemli bir merkez haline
gelmistir. Bunun yani sira basketbol, voleybol ve tenis gibi branslarda da kamp ve turnuva
organizasyonlar1 diizenlenmektedir. Kis sporlar1 turizmi agisindan Uludag, Erciyes, Palandoken
ve Kartalkaya gibi merkezler 6ne ¢ikmakta; kayak, snowboard ve diger kis sporlar1 faaliyetleri
yerli ve yabanci turistlerin ilgisini ¢cekmektedir. Yaz ve doga sporlar1 kapsaminda ise trekking,
dagcilik, rafting, yamac parasiitii ve bisiklet gibi aktiviteler ozellikle Akdeniz, Ege ve
Karadeniz bolgelerinde yogun olarak gergeklestirilmektedir. Bunun yani sira Tiirkiye, kiiresel
olgekte diizenlenen sportif etkinliklere ev sahipligi iistlenerek spor turizmini ilerletme yoniinde
adimlar atmaktadir. Maratonlar, bisiklet turlari, triatlon yariglar1 ve ¢esitli diinya sampiyonalar1
bu kapsamda diizenlenen etkinlikler arasinda yer almaktadir. Bu organizasyonlar hem turizm
gelirlerini artirmakta hem de Tirkiye’nin uluslararasi tanitimina katki saglamaktadir. Bununla
birlikte, Tiirkiye’de spor turizmi uygulamalarinin ¢cogu zaman belirli bolgelerde yogunlastigi,
brans cesitliliginin siirli kaldigi ve faaliyetlerin yeterince planli ve koordineli bir sekilde
ylriitiilmedigi goriilmektedir. Bu nedenle spor turizminin siirdiiriilebilir bir sekilde
gelistirilmesi i¢in stratejik planlama, altyapir yatinmlar1 ve paydaslar arasi is birliginin
giiclendirilmesi biiyilk Onem tasimaktadir. Tiirkiye’de spor turizmi uygulamalar
stirdiiriilebilirlik perspektifinden degerlendirildiginde, alanin 6nemli bir potansiyel tasimasina
karsin bu potansiyelin biitiinciil ve sistematik bir yaklasimla yeterince degerlendirilemedigi
gorulmektedir. Sardurulebilirlik; ekonomik, cevresel ve sosyo-kiiltiirel boyutlariyla ele
alindiginda spor turizminin ¢ok yonlii etkileri ve mevcut yapisal sorunlart daha agik bir sekilde
ortaya ¢ikmaktadir. Ekonomik stirdiiriilebilirlik a¢isindan bakildiginda, Ttirkiye’de spor turizmi
faaliyetlerinin 6zellikle belirli destinasyonlarda ve belirli spor branslar1 etrafinda yogunlastigi
dikkat cekmektedir. Ozellikle futbol turizmi kapsaminda gergeklestirilen kamp
organizasyonlari, kisa vadede 6nemli gelir artiglar1 saglamakla birlikte, bu gelirlerin stirekliligi
ve ¢esitliligi sinirlh kalmaktadir. Spor turizminin ekonomik anlamda siirdiirtilebilir bir yapiya
kavusabilmesi i¢in faaliyetlerin y1l geneline yayilmasi, brans ¢esitliliginin artirilmasi ve farkl
destinasyonlarin siirece dahil edilmesi gerekmektedir. Cevresel siirdiiriilebilirlik baglaminda,
Tiirkiye’nin sahip oldugu dogal kaynaklar ve cografi ¢esitlilik spor turizmi agisindan 6nemli
firsatlar sunmaktadir. Ancak bu kaynaklarin plansiz ve yogun kullanimi, dogal ¢evre iizerinde
olumsuz etkiler yaratma riski tagimaktadir. Ozellikle doga sporlarinin gerceklestirildigi
alanlarda tasima kapasitesinin dikkate alinmamasi, ¢evresel bozulmalara yol acabilmektedir.
Bu nedenle spor turizmi faaliyetlerinin ¢evresel hassasiyetler gozetilerek planlanmasi ve
koruma-kullanma dengesinin saglanmasi biiyilk Onem tasimaktadir. Sosyo-kiltirel
stirdiiriilebilirlik agisindan spor turizmi, farkl kiiltiirler arasinda etkilesim ve iletisimi artiran
bir arag olarak one ¢ikmaktadir. Ancak yerel halkin bu siirecte yeterince aktif bir sekilde yer
almamas ve elde edilen ekonomik faydalardan esit diizeyde yararlanamamasz, stirdiiriilebilirlik
acisindan Onemli bir sorun olusturmaktadir. Bu baglamda, yerel halkin spor turizmi
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faaliyetlerine katiliminin tesvik edilmesi ve karar alma siireglerine dahil edilmesi
gerekmektedir. Yonetsel ve stratejik agidan degerlendirildiginde ise Tiirkiye’de spor turizmi
uygulamalarinin en O6nemli eksikliginin kurumsal koordinasyon yetersizligi, uzun vadeli
planlama eksikligi ve veri temelli yonetim anlayisinin yeterince gelismemis olmasi oldugu
goriilmektedir. Spor ve turizm alaninda faaliyet gosteren kurumlar arasinda etkin bir is
birliginin saglanamamasi, uygulamalarin parcali bir yapida ilerlemesine neden olmaktadir. Bu
durum, spor turizminin siirdiiriilebilir bir sekilde gelisimini sinirlandirmaktadir. Sonug olarak,
Tiirkiye’de spor turizmi siirdiiriilebilirlik acisindan giiclii dogal ve altyapisal potansiyele
ragmen ekonomik ¢esitlilik, ¢evresel koruma, sosyo-Kiltiirel katilim ve yonetsel koordinasyon
alanlarinda gelistirilmesi gereken yonlerin bulundugu anlagilmaktadir.

3. SONUC VE ONERILER

Bu calisma, spor turizmini siirdiiriilebilir destinasyon gelisimi perspektifiyle ele alarak Tiirkiye
0zelinde kavramsal, yapisal ve uygulamaya yonelik bir degerlendirme sunmay1 amaglamistir
Bulgular, spor turizminin Tiirkiye’de yalnizca ekonomik getiriler saglayan bir turizm tiirii
olmadigini; ayn1 zamanda destinasyon rekabetgiligini artiran, kiiltiirel etkilesimi giiglendiren ve
politik goriiniirliigli destekleyen ¢cok boyutlu bir ara¢ oldugunu ortaya koymaktadir. Tiirkiye nin
sahip oldugu cografi ¢esitlilik, iklim avantaji ve gelismekte olan spor altyapisi, spor turizminin
strdiiriilebilir bigimde gelistirilmesi acisindan Onemli firsatlar sunmaktadir. Ancak bu
potansiyelin etkin bicimde degerlendirilebilmesi, spor turizminin plansiz ve yalnizca kisa vadeli
ekonomik kazanclar lizerinden ele alinmamasini zorunlu kilmaktadir. Calisma kapsaminda elde
edilen degerlendirmeler, mega spor organizasyonlarinin yiiksek maliyetleri ve g¢evresel
baskilar1 nedeniyle siirdiiriilebilirlik a¢isindan dikkatle ele alinmasi gerektigini gdstermektedir.
Bu tiir organizasyonlarin uzun vadeli fayda yaratabilmesi, etkinlik sonrasi tesis kullanim
planlarinin 6nceden belirlenmesine ve yerel halkin siirece aktif katiliminin saglanmasina
baglidir. Aksi takdirde spor turizmi yatirimlari, ekonomik ve g¢evresel agidan siirdiiriilebilir
olmayan sonuglar dogurabilmektedir. Bu dogrultuda Tiirkiye’de spor turizminin siirdiiriilebilir
destinasyon gelisimine katki saglayabilmesi i¢in bazi politika Onerileri gelistirilmektedir.
Oncelikle spor turizmi, ulusal turizm stratejileri icerisinde ayr1 ve biitiinciil bir politika alan1
olarak ele alinmali ve merkezi yonetim ile yerel yonetimler arasinda etkin bir koordinasyon
saglanmalidir. Spor turizmi yatirnmlarinda cevresel etki degerlendirmeleri zorunlu hale
getirilmeli ve dogal kaynaklarin korunmasia yonelik siirdiiriilebilirlik kriterleri planlama
stirecine entegre edilmelidir. Bununla birlikte yerel halkin spor turizmi faaliyetlerine katilimini
artiracak mekanizmalarin gelistirilmesi, sosyo-kiiltiirel siirdiiriilebilirligin saglanmas1 agisindan
onem tagimaktadir. Yerel girisimcilerin, spor kuliiplerinin ve sivil toplum kuruluglarinin siirece
dahil edilmesi, spor turizminin ekonomik faydalarmin daha dengeli bicimde dagitilmasina katki
saglayacaktir. Ayrica spor turizmi alaninda uzmanlagsmis insan kaynagmin yetistirilmesi,
hizmet kalitesinin artirilmasi ve destinasyon imajinin giiglendirilmesi agisindan Kkritik bir
gereklilik olarak one ¢ikmaktadir. Sonug olarak spor turizmi, Tiirkiye agisindan siirdiirtilebilir
destinasyon gelisimini destekleyebilecek stratejik bir ara¢ olarak degerlendirilmektedir. Spor
turizminin uzun vadeli ve kalic1 faydalar tiretebilmesi; ¢evresel, ekonomik ve sosyo-klturel
strdiiriilebilirlik ilkeleri dogrultusunda planlanmasina, paydaslar arast is birliginin
giiclendirilmesine ve etkin politika uygulamalarmin hayata gecirilmesine baghdir. Bu
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cercevede spor turizmine yonelik gelistirilecek biitlinciil politikalar, Tiirkiye nin uluslararasi
turizm rekabet¢iligini artirirken siirdiiriilebilir kalkinma hedeflerine de 6nemli katkilar

saglayacaktir.

KAYNAKCA

1. Akin, A. (2018). Spor ve turizm. Ekin Basim Yayin Dagitim.

2. Aract, H(1999); Okullarda Beden Egitimi, Bagirgan Vakfi Yayinlari, Ankara.

3. Balc1, V. (2020.). Spor turizmi (Unite 9). Atatiirk Universitesi A¢ikogretim Fakiiltesi.
Ders notu

4. Bjelac, Z. ve Radovanovic, M. (2003). Sports events as a form of tourist product,
relating to the volume and character of demand. Journal of Sport tourism, 8(4), 260-269.

5. Eroglu, A., ve Kaynar, O. (2021). Spor turizminin bolgesel kalkinma iizerindeki etkileri:
Tiirkiye 6rnegi. Turizm Akademik Dergisi, 8(2), 45-62.

6. Getz, D. (2008). Event tourism: Definition, evolution, and research. Tourism
Management, 29(3), 403-428.

7. Gibson, H. J., Attle, S., and Yiannakis, A. (1997). Segmenting the active sport tourist
market: A life span perspective. Journal of Vacation Marketing, 4(1), 52-64.

8. Gibson, H. J. (1998). Sport tourism: A critical analysis of research. Sport Management
Review, 1(1), 45-76.

9. Gibson, H. J. (2004). Moving beyond the “what is and who” of sport tourism to
understanding “why”. Journal of Sport ve Tourism, 9(3), 247-265.

10. Higham, J. (2007). Critical issues in sport tourism. Elsevier Butterworth-Heinemann.

11.  Higham, J. (2007). Sport tourism destinations: Issues, opportunities and analysis.
Elsevier.

12.  Kurtzman, J., and Zauhar, J. (2001). Virtual sport tourism. In Hudson, S. (ed.). Sport
and adventure tourism. Haworth Pres.

13.  Lee, K. (2001). Sustainable tourism destinations: The importance of cleaner production.
Journal of Cleaner Production, 9(4), 313-323.

14.  Mihgiogullari, B.O. (2004). Tiirkiye Igin Spor Turizm Stratejisinin Belirlenmesi ve

Gelistirilmesi. Yiiksek Lisans Tezi. Mugla Universitesi Sosyal Bilimler Enstitiisii,

Mugla

110



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.
27.

FAR EAST ASIA 6% INTERNATIONAL CONGRESS ON APPLIED SCIENCES
April 17 -22,2026 - TOKYO
ISBN NR: 978-625-8795-05-9

Osmanoglu, H. (2017). Spor Turizmi Yapan Otel Isletmelerinin Hizmet Kalitesinin
Sporcular A¢isindan Degerlendirilmesi. Yayimmlanmamis Doktora Tezi, Abant Duman
Izzet Baysal Universitesi, Sosyal Bilimler Enstitiisii, Spor Y&neticiligi Anabilim Dals,
Spor Yoneticiligi Bilim Dal1, Bolu.

Pehlivan, E. (2010). Ulasim Faaliyetlerinin Turizm Faaliyetlerine Etkisi (Istanbul
Ornegi). Yayimlanmamus Yiiksek Lisans Tezi, Istanbul Teknik Universitesi, Istanbul
Peric, M. (2010). “Sports Tourism and System of Experiences”. Tourism and
Hospitality Management, 16 (2): 197-206

Preuss, H. (2007). The conceptualisation and measurement of mega sport event legacies.
Journal of Sport ve Tourism, 12(3-4), 207-228.

Ross, S. D. (2001). “Developing Sports Tourism: An e Guide for Destination Marketers
and Sports Events Planners”. National Laboratory for Tourism and E-Commerce,
[llnois.

Silik, C. E., ve Glger, E. (2016). Rekreasyonel spor turizminin yerel halk zerindeki
sosyo-kulturel etkileri. Uluslararasit Sosyal Arastirmalar Dergisi, 9(43), 1830-1838.
Sahin-Oren, T. (2018). Spor turizmi araciligi ile siirdiiriilebilir destinasyon gelistirme:
hava sporlar1 agisindan Usak ili potansiyeli. Akdeniz Universitesi Sosyal Bilimler
Enstitlisti, Doktora Tezi, s.27-60, Antalya

UNEP and UNWTO. (2005). Making tourism more sustainable: A guide for policy
makers. United Nations Environment Programme ve World Tourism Organization.
UNWTO. (2018). Tourism and the sustainable development goals — Journey to 2030.
World Tourism Organization.

Weed, M. (2003). Why the two won’t tango! Explaining the lack of integrated policies
for sport and tourism. Journal of Sport Management.

World Tourism Organization (UNWTO). (2018). Tourism highlights, 2018 edition.
UNWTO.

World Tourism Organization. (2019). UNWTO tourism definitions. UNWTO.

Yasun, A., ve Kaynar, O. (2022). Doga sporlar1 temelli turizmin siirdiiriilebilir

destinasyon gelisimine etkisi. Spor Bilimleri Arastirmalart Dergisi, 7(1), 112-128.

111



FAR EAST ASIA 6% INTERNATIONAL CONGRESS ON APPLIED SCIENCES
April 17 -22,2026 - TOKYO
ISBN NR: 978-625-8795-05-9

SPOR EKONOMISIi VE FINANS YONETIMI

Doktora Ogrencisi, Muhammet KUCUKKORAS!, Prof. Dr. Mehmet DALKILIC?
!Karamanoglu Mehmetbey Universitesi, Saglik Bilimleri Enstitiisii,
E-mail: muhammetkucukkoras@gmail.com, ORCID: 0000-0002-1187-3697
?Karamanoglu Mehmetbey Universitesi, Spor Bilimleri Fakiiltesi,
E-mail: m.dalkilic@hotmail.com, ORCID: 0000-0002-0776-7365

OZET

Bu calisma, sporun tarihsel siirecte fiziksel bir aktivite olmanin 6tesine gecerek kiiresel
Ol¢cekte milyarlarca dolarlik bir endiistriye doniisiimiinii ve bu siiregte finans yonetiminin kritik
roliinii incelemeyi amaglamaktadir. Spor ekonomisi; yayin haklari, sponsorluklar, bilet satislar
ve lisanslt iiriinler gibi temel gelir kaynaklari ile oyuncu maaslar1 ve transfer harcamalart gibi
yliksek maliyet kalemleri arasindaki dengeye odaklanan bir disiplindir. Aragtirma kapsaminda
ele alinan temel bulgular sunlardir: Finansal Siirdiiriilebilirlik: Spor kuliiplerinin uzun vadeli
basarisi, yalnizca sportif performansa degil, mali disiplin ve seffafliga dayali finansal
politikalara baglhidir. Kiiresel Standartlar: UEFA’nin Finansal Fair Play (FFP) diizenlemeleri,
kultplerin gelir-gider dengesini korumak ve asiri bor¢lanmay1 onlemek adina stratejik bir
cerceve sunmaktadir. Dijitallesme ve Yeni Modeller: Yeni medya teknolojileri, e-spor ve dijital
bilet uygulamalari, geleneksel gelir kaynaklarini ¢gesitlendirerek spor ekonomisinin biiyiimesini
hizlandirmaktadir. Tirkiye Perspektifi: Tiirkiye’de spor ekonomisi bliylik oranda futbol ve
yayin haklarina bagimli bir yap1 sergilemekte; yliksek bor¢lanma oranlar1 ve mali disiplin
eksikligi nedeniyle Avrupa kuliiplerine kiyasla daha kirilgan bir finansal yapi1 ortaya
koymaktadir. Sonug olarak, spor organizasyonlarinin finansal krizlerden korunmasi ve rekabet
giiclerini koruyabilmeleri i¢in gelir ¢esitliliginin saglanmasi, seffaflik ilkelerine bagl kalinmasi
ve dijital doniisiimiin stratejik bir arag olarak kullanilmasi zorunluluk arz etmektedir.

Anahtar Kelimeler: Spor Ekonomisi, Finans Yo6netimi, Finansal Sirdiriilebilirlik, Yayimn
Haklari, Dijitallesme.
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1. GIRIS

Spor, insanlik tarihi boyunca yalnizca fiziksel bir aktivite degil, ayn1 zamanda kiiltiirel ve
toplumsal bir olgu olarak varligini stirdiirmiistiir. Antik Yunan’daki olimpiyat oyunlarindan
giiniimiiz modern spor organizasyonlarina kadar spor, toplumlarin sosyal yapisini sekillendiren
ve bireyler arasinda etkilesimi artiran bir unsur olmustur. Ancak 20. ylizyilin ikinci yarisindan
itibaren sporun ekonomik boyutu giderek 6n plana ¢ikmis, spor endiistrisi kiiresel 6lgekte
milyarlarca dolarlik bir sektor haline gelmistir (Zimbalist, 2003).

Ozellikle futbol, basketbol ve olimpiyat oyunlar gibi branslar, yalnizca sportif basarilarla degil
ayni zamanda ekonomik getirileriyle de dikkat c¢ekmektedir. Yayin haklari, sponsorluk
anlagmalari, bilet satislar1 ve lisanslt irtinler, spor kuliiplerinin ve organizasyonlariin temel
gelir kaynaklarin1 olusturmaktadir. Bu gelirlerin yonetimi ise finansal siirdiirilebilirlik
acisindan kritik 6neme sahiptir. Yanlis finansal politikalar, kuliiplerin borg yiikiinii artirmakta
ve uzun vadede sportif basarty1 da olumsuz etkilemektedir (Yeghiazaryan, 2020).

Literatiirde spor ekonomisi, finansal yatirimlarin takim performansi tizerindeki etkisi, rekabet
dengesi ve kuliiplerin uzun vadeli siirdiiriilebilirligi baglaminda ele alinmaktadir. Ozellikle
Avrupa’da futbol kuliiplerinin finansal yapilari iizerine yapilan c¢alismalar, gelir-gider
dengesinin bozulmasinin sportif basariy1r dogrudan etkiledigini gostermektedir (Feiler ve ark.,
2023). Bu baglamda finans yonetimi, kuliiplerin biitceleme siirecleri, gelir cesitliligi ve
bor¢lanma politikalariyla ekonomik istikrar1 belirleyen temel faktorlerden biri olarak 6ne
cikmaktadir.

Kiiresellesme ve dijitallesme siirecleri, spor finansmaninda yeni modellerin ortaya ¢ikmasina
yol agmistir. Yeni medya teknolojileri, e-sporun yiikselisi ve dijital bilet uygulamalari, spor
ekonomisinin biiytimesini hizlandiran unsurlar arasinda yer almaktadir (Zheng ve Mason, 2022;
Cmar, 2022). Bu gelismeler, sporun yalnizca sportif bir faaliyet degil ayn1 zamanda ekonomik
ve teknolojik bir sektdr oldugunu ortaya koymaktadir.

Bu ¢alismanin amaci, spor ekonomisinin temel unsurlarini ve finans yonetiminin spor kuliipleri
acisindan Onemini incelemektir. Caligmada ayrica Tirkiye’de spor ekonomisinin mevcut
durumu ve kuliiplerin karsilastig1 finansal sorunlar ele alinacaktir. Arastirma sorulari su sekilde
belirlenmistir:

2. Literatiir Taramasi
2.1. Spor Ekonomisi

Sporun ekonomik faaliyetler igerisindeki roliini ve spor kuluplerinin gelir-gider dengelerini
inceleyen bir alan olarak tanimlanir (Zimbalist, 2003). Sporun bir hizmet sektorii olugturmasi,
iiretici ve tliketici gruplariyla kendi ekonomik dongiisiinii yaratmast bu kavramin temelini
olusturur (Deger, 2022). Tiirkiye’de spor ekonomisi lizerine yapilan ¢alismalar, 6zellikle futbol
kuliiplerinin finansal yapisina odaklanmaktadir (Atagocugu, 2023). Spor ekonomisi, 20.
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ylizyilin ikinci yarisindan itibaren akademik arastirmalarin 6nemli bir konusu haline gelmistir.
IIk ¢alismalar, sporun ekonomik boyutunu ozellikle profesyonel takim sporlari iizerinden
incelemis ve gelir-gider dengesi ile rekabet yapisina odaklanmistir (Fort ve Quirk, 1995). Bu
arastirmalar, spor kulliplerinin yalmizca sportif basariya degil aym1 zamanda finansal
stirdiirtilebilirlige de bagli oldugunu gostermistir.

2.2. Finans Yonetimi

Spor kuliiplerinin mali disiplinini saglamak, gelir-gider dengesini korumak ve uzun vadeli
stirdiirtilebilirligi giivence altina almak i¢in kullanilan yontem ve politikalar1 ifade eder (Sevim
ve Biilbiil, 2020). Tiirkiye’de futbol kuliiplerinin finansal siirdiirtilebilirligi iizerine yapilan
caligmalarda, kuliiplerin yonetim modellerinin mali disiplin ve siirdiiriilebilirlik agisindan
belirleyici oldugu goriilmektedir (Devecioglu ve ark., 2011). Benzer sekilde Boztepe ve Atalay
(2020), spor ekonomisi literatiiriinde muhasebe-finans temali ¢aligmalarin metodolojik
egilimlerini inceleyerek kuliiplerin finansal sorunlarinin akademik diizeyde tartisildigini ortaya
koymustur.

Andreff ve Szymanski’nin (2006) derledigi kapsamli ¢calismada spor ekonomisinin temel teorik
cergevesi ortaya konmus; yayin haklari, sponsorluklar ve bilet satiglarinin kuliiplerin finansal
yapisindaki belirleyici rolii vurgulanmistir. Kesenne (2014) ise profesyonel takim sporlarinin
ekonomik teorisini analitik bir bakis acisiyla ele alarak, kuliiplerin gelir maksimizasyonu ile
rekabet dengesi arasindaki iligkiyi tartigmistir.

Finans yonetimi literatiiriin de ise kuliiplerin mali disiplin sorunlar1 6ne ¢ikmaktadir. Cordery
ve arkadaslar1 (2013), spor kuliiplerinin finansal durumlarinin algilanig bi¢imini incelemis ve
bir¢ok kuliibiin bor¢lanma politikalari nedeniyle siirdiiriilebilirlik sorunlar1 yasadigini ortaya
koymustur. UEFA’nin Finansal Fair Play diizenlemeleri, bu sorunlara ¢ozim getirmek
amaciyla gelistirilmis; kuliiplerin gelirlerinden daha fazla harcama yapmalarin1 engellemeyi
hedeflemistir (UEFA, 2023).

Son yillarda spor ekonomisi literatiirii, kiiresellesme ve dijitallesme siireclerine yogunlasmistir.
Zheng ve Mason (2022), yeni medya teknolojilerinin spor endiistrisini nasil doniistiirdigiinii
incelemis ve dijitallesmenin gelir kaynaklarini ¢esitlendirdigini gostermistir. Benzer sekilde
Cmar (2025), sporun dijitallesme siirecinde inovasyonlarin ve yeni finansal modellerin 6nemini
vurgulamistir. Bu ¢alismalar, spor ekonomisinin yalnizca geleneksel gelir kaynaklarina degil
ayni zamanda dijital platformlara da dayandigini ortaya koymaktadir.

Tiirkiye oOzelinde yapilan arastirmalar 1ise futbol kuliiplerinin finansal yapisina
odaklanmaktadir. Ozellikle yayin gelirlerinin kuliiplerin biitgelerinde belirleyici oldugu, ancak
bor¢lanma oranlarmin yiiksekligi nedeniyle siirdiiriilebilirlik sorunlarinin devam ettigi
goriilmektedir (Devecioglu ve ark., 2011; Boztepe ve Atalay, 2020). Bu baglamda Tiirkiye’de
spor ekonomisi literatiirii, Avrupa kuliipleriyle karsilastirildiginda finansal yonetim agisindan
daha kirilgan bir yap1 sergilemektedir.
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2.3. Spor Ekonomisinin Temel Unsurlar:

Spor ekonomisi, temel olarak gelir ve gider dengesine dayali bir yapiya sahiptir. Kuliiplerin ve
organizasyonlarin gelir kaynaklar1 arasinda yayin haklari, bilet satislari, sponsorluk
anlagmalari, lisansli iiriinler ve spor turizmi 6ne ¢ikmaktadir (Miceli, 2024; Hacthasanoglu ve
ark., 2023). Buna karsilik, oyuncu maaslari, transfer harcamalari, tesis yatirimlari ve altyapi
giderleri spor ekonomisinin baslica maliyet kalemlerini olusturmaktadir (Giimiisdag, 2024). Bu
ekonomik dongii, yalnizca kuliiplerin finansal siirdiiriilebilirligi agisindan degil, ayn1 zamanda
ulkelerin makroekonomik gelisimi agisindan da kritik bir rol oynamaktadir (Wu, 2024).
Nitekim FIFA Diinya Kupasi ve Olimpiyat Oyunlar1 gibi mega etkinlikler, ev sahibi ulkelere
milyarlarca dolarlik ekonomik katki saglayarak sporun kiiresel 6lgekte bir endiistri oldugunu
gostermektedir (Kalogiannidis ve Syndoukas, 2023; Lang ve ark., 2025). Tiirkiye’de yapilan
caligmalar da sporun, sosyal bir faaliyet olmanin &tesinde, devlet destekleri ve 6zel sektor
yatirimlariyla biiyliyen bir ekonomik alan haline geldigini ortaya koymaktadir (Kuyzu ve
Lokeii, 2019). Spor kuliiplerinin mali tablolar: iizerine yapilan aragtirmalar ise yayin haklari,
sponsorluklar ve bilet satiglarinin gelir tarafinda; oyuncu maaslari, transfer harcamalar1 ve tesis
giderlerinin ise gider tarafinda belirleyici oldugunu vurgulamaktadir (Hacthasanoglu ve ark.,
2023). Ayrica Tiirkiye’de spor ekonomisi iizerine yapilan tez ve akademik caligmalarda, bu
alanin akademik bir disiplin olarak gelistigi ve gelir-gider dengesi, finansal stirdurtlebilirlik ile
mega etkinliklerin ekonomik etkilerinin 6ne ¢ikan arastirma temalari oldugu gortilmektedir.

2.4. Finans Yonetimi Perspektifi

Spor kuliiplerinde finans yonetimi, yalnizca sportif basarilarin degil ayn1 zamanda kurumsal
stirdiirtilebilirligin de temel belirleyicisidir; gelir ve giderlerin dengelenmesi, uzun vadeli mali
stratejilerin olusturulmasi, bor¢lanma risklerinin kontrolii, sponsorluk yatirimlar: ve UEFA’ nin
Finansal Fair Play (FFP) diizenlemeleri bu siirecin kritik unsurlarini olusturur. Gelir kalemleri
arasinda yayin haklari, bilet satiglar1 ve sponsorluklar yer alirken, giderler oyuncu maaslari,
transfer harcamalar1 ve tesis masraflarii kapsar; bu dengenin bozulmas: kuliipleri finansal
krizlere stiriikleyebilir (Morrow, 2013). Profesyonel futbolda “soft budget constraint”
olgusunun kuliiplerin mali siirdiiriilebilirligini tehdit ettigi belirtilmistir (Storm ve Nielsen,
2012). Sportif performansin gelirler ve ekonomik sonuglar tizerindeki etkisi, sponsorluk ve
yatirimin dnemini ortaya koymaktadir (Barajas ve ark., 2016). Ingiltere futbolunda iflas
stirecleri, mali yonetim eksikliklerinin sonuglarini gostermektedir (Szymanski, 2017). FFP nin
kuliiplerin mali disiplinini artirarak uzun vadeli siirdiiriilebilirligi destekledigi ifade
edilmektedir (Franck, 2014). UEFA’nin yeni finansal siirdiiriilebilirlik kurallar1 ise bor¢ 6deme
giicli, istikrar ve maliyet kontrolii ilkelerine dayandirilmistir (UEFA. 2023). Bu biitiinsel
yaklagim, spor kuliiplerinin yalnizca sahada degil finansal alanda da siirdiiriilebilir bir gelecek
kurmasina olanak tanimaktadir.

2.5. Tiirkiye’de Spor Ekonomisi

Tiirkiye’de spor ekonomisi biiylik 6l¢iide futbol kuliiplerinin gelirlerine dayanmaktadir; yayin
gelirleri ve sponsorluk anlasmalar1 kuliiplerin finansal yapisinda belirleyici rol oynarken,

115



FAR EAST ASIA 6% INTERNATIONAL CONGRESS ON APPLIED SCIENCES
April 17 -22,2026 - TOKYO
ISBN NR: 978-625-8795-05-9

bor¢lanma sorunu ciddi bir risk olusturmaktadir (Day1 ve Mousa, 2025). Avrupa ile
karsilagtirmali ¢calismalar, Tiirkiye’de futbol ekonomisinin 6zellikle Siiper Lig yayin haklarina
bagimli oldugunu ve bu durumun kuliiplerin gelir ¢esitliligini siirladigini gostermektedir
(Saatgioglu ve Cakmak, 2019). Bunun yaninda, kiiresellesmenin etkisiyle sporun Tiirkiye’deki
yapisi doniismekte, futbolun yani sira farkli branslarda da ekonomik katkilar ortaya ¢ikmaktadir
(Sahin, 2018). Spor turizmi ise Tiirkiye ekonomisine dogrudan katki saglayan bir diger alan
olup, UEFA finalleri, Formula 1 ve uluslararasi turnuvalar gibi biiyiik organizasyonlar turizm
gelirlerini artirmakta ve {ilke imajin1 gliglendirmektedir; benzer sekilde Avrupa’daki drnekler
bu etkinliklerin ev sahibi iilkeler i¢in uzun vadeli ekonomik faydalar yarattigini ortaya
koymaktadir (Constantinescu ve Ungureanu, 2024). Bu biitiinsel ¢ergeve, Tirkiye’de spor
ekonomisinin futbol kuliiplerinin finansal siirdiiriilebilirligi, yayin gelirleri ve spor turizmi
iizerinden sekillendigini gostermektedir.

Sonug olarak bu ¢alisma, sporun ekonomik ve finansal siirdiiriilebilirlikleri agisindan ciddi
sorunlar yasadigini ortaya koymaktadir. Tirkiye’deki spor alanindaki gelir-gider dengesi
bozulmus, bor¢lanma oranlar1 artmis ve Avrupa ile karsilastirildiginda finansal ydnetim
konusunda daha fazla zorluk yasandig1 goriilmektedir. Dolayisiyla sporun uzun vadeli varligini
giivence altina alabilmesi icin finansal disiplinin ve seffaflifin vazgecilmez oldugu
goriilmektedir. Ozellikle seffaflik ve hesap verebilirlik ilkelerine bagl kalinmasi hem taraftar
giivenini hem de yatirimci ilgisini artiracaktir. Bunlarin yani sira, gelir ¢esitliliginin saglanmasi
biliyiik 6nem tasimaktadir; dijitallesme, spor turizmi ve yeni gelir kaynaklarinin devreye
alinmasi kuliiplerin kirillgan mali yapisini giiclendirebilir. Sporun ekonomik giiciiniin yalnizca
kuliiplerin finansal istikrarina degil, ayni zamanda toplumsal faydaya doniistiiriilmesi
gerektigini diislinliyorum; bu baglamda sosyal sorumluluk projelerinin desteklenmesi sporun
toplumla bagini kuvvetlendirecek ve siirdiiriilebilirligi pekistirecektir.
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OZET

Spor ortamlarinda ortaya c¢ikan yaralanmalar arasinda kafa travmalart 6nemli bir yer
tutmaktadir. Ozellikle temasin yogun oldugu branslarda goriilen beyin sarsintis1 (concussion),
sporcularin hem performansint hem de genel saglik durumunu etkileyen ciddi bir durum olarak
degerlendirilmektedir. Bu tiir yaralanmalar, dogrudan bas bodlgesine alinan darbeler ya da
viicuda gelen kuvvetin basa iletilmesi sonucunda olusabilmekte ve bireylerde ¢esitli norolojik
belirtiler ortaya ¢ikarabilmektedir.

Beyin sarsintis1 yasayan sporcularda dikkat azalmasi, denge problemleri, bas donmesi ve
reaksiyon siiresinde gecikme gibi etkiler gozlemlenebilmektedir. Bu durum yalnizca kisa siireli
performans kaybina neden olmakla kalmayip, gerekli onlemler alinmadiginda daha ciddi ve
kalict sorunlara da yol acgabilmektedir. Ozellikle tekrarlayan travmalarm, uzun vadede
sporcularin biligsel fonksiyonlar1 iizerinde olumsuz etkiler olusturabilecegi bilinmektedir.

Bu dogrultuda, beyin sarsintisinin erken déonemde fark edilmesi ve uygun sekilde yonetilmesi
biiyiik 5nem tasimaktadir. Sporcularin yeterli dinlenme stirecine girmesi ve kontrollii bir sekilde
spora geri donmesi, olas1 risklerin azaltilmasinda etkili olmaktadir. Bununla birlikte
antrendrlerin ve sporcularin konu hakkinda bilinglendirilmesi, koruyucu yaklagimlarin
uygulanmasini kolaylastirmaktadir. Sonug olarak, sporcu sagliginin korunabilmesi i¢in beyin
sarsintisina yonelik farkindaligin artirilmasi ve bilimsel temelli uygulamalarin benimsenmesi
gerekmektedir.

Anahtar Kelimeler: Beyin Sarsintisi, Spor Yaralanmalari, Norolojik Etkiler, Sporcu Saglig:
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GIRIS

Spor, bireylerin fiziksel, psikolojik ve sosyal gelisimlerine dnemli katkilar saglayan bir etkinlik
alan1 olarak kabul edilmektedir. Bununla birlikte, 6zellikle temasin yogun oldugu spor
dallarinda cesitli yaralanma riskleri de ortaya ¢ikmaktadir. Bu yaralanmalar arasinda beyin
sarsintis1 (concussion), son yillarda hem bilimsel literatiirde hem de spor kamuoyunda 6nemli
bir arastirma konusu haline gelmistir (Harmon et al., 2019; McCrory et al., 2017). Acikcasi

disaridan bakildiginda ¢ogu zaman c¢ok ciddi gibi algilanmasa da, bu durumun etkileri
diisiindiigiimiizden daha kapsamli ve 6nemli olabilmektedir.

Beyin sarsintisi; basa alinan dogrudan darbeler ya da viicuda gelen kuvvetin beyne iletilmesi
sonucu ortaya ¢ikan hafif travmatik beyin yaralanmasi olarak tanimlanmaktadir (Giza & Hovda,
2014; Centers for Disease Control and Prevention [CDC], 2018). Spor ortaminda &zellikle
tackwondo, futbol, boks ve rugby gibi temasin yogun oldugu branslarda bu tiir yaralanmalarin
goriilme siklig1 daha yiiksektir (Pfister et al., 2016; Broglio et al., 2014). Yani aslinda sahada
karsilasabilecegimiz, ¢ok da uzak olmayan bir durumdur.

Beyin sarsintisinin etkileri yalnizca fiziksel semptomlarla sinirli kalmamakta; bas agrisi, bas
donmesi ve mide bulantis1 gibi belirtilerin yam sira dikkat eksikligi, hatiza problemleri ve
reaksiyon siiresinde yavaslama gibi bilissel bozulmalart da icermektedir (Guskiewicz et al.,
2003; McCrory et al., 2017). Bununla birlikte baz1 sporcularda duygusal degisimler, irritabilite
ve uyku bozukluklar1 gibi semptomlar da gozlemlenebilmektedir (Kutcher & Eckner, 2010;
Harmon et al., 2019). A¢ik konusmak gerekirse, bu belirtiler bazen sporcular tarafindan
yeterince 0nemsenmeyebilmekte, ancak bu durum ilerleyen siiregte daha ciddi problemlere yol
acabilmektedir.

Son yillarda yapilan ¢alismalar, tekrarlayan beyin sarsintilarinin uzun vadede kronik travmatik
ensefalopati (CTE) gibi norodejeneratif hastaliklarla iliskili olabilecegini gostermektedir (Stern
etal., 2011; Mez et al., 2017). Ozellikle gelisim ¢agindaki sporcular acisindan bu risk daha da
onem kazanmaktadir. Clinkii gen¢ bireylerde beynin gelisim siirecinde olmasi, travmatik
etkilerin daha kalic1 sonuglar dogurmasina neden olabilmektedir (Field et al., 2003; Broglio et
al., 2014). Yani bu durumun “6nemsiz” olarak degerlendirilmesi dogru degildir.

Bu baglamda, sporda beyin sarsintisinin etkilerinin kapsamli bir sekilde incelenmesi; erken tani,
uygun tedavi ve Onleyici stratejilerin gelistirilmesi acisindan biiyiik onem tasimaktadir
(McCrory et al., 2017; Harmon et al., 2019). Ayn1 zamanda antrendrler, sporcular ve saglik
profesyonelleri arasinda bu konuda farkindalik olusturulmasi gerekmektedir. Clinkii ancak bu
sekilde sporun sagladig faydalar korunurken, sporcu sagligi1 da glivence altina alinabilecektir.
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GELISME

Beyin sarsitisinin sporcular iizerindeki etkileri incelendiginde, bu durumun yalnizca kisa siireli
bir yaralanma olmadigi, aksine ¢ok boyutlu ve karmasik sonuglar dogurabildigi goriilmektedir.
Literatiirde beyin sarsintisinin nérometabolik bir siire¢ oldugu ve darbe sonrasinda beyinde
gecici enerji dengesizliklerine yol agtig1 belirtilmektedir (Giza & Hovda, 2014). Bu siirecte
noronal fonksiyonlarda bozulmalar meydana gelmekte ve bu durum sporcularin hem fiziksel
hem de biligsel performanslarini dogrudan etkilemektedir. Agikcasi bu noktada olayin sadece
“bagini ¢arpt1 gecti” gibi basit bir durum olmadigi net bir sekilde anlasilmaktadir.

Beyin sarsintisinin akut etkileri arasinda bas agrisi, bas donmesi, denge kaybi ve gorsel
bozukluklar gibi fiziksel semptomlar yer almaktadir (McCrory et al., 2017). Bununla birlikte,
dikkat eksikligi, bilgi isleme hizinda azalma ve hafiza problemleri gibi biligsel etkiler de sik¢a
rapor edilmektedir (Guskiewicz et al., 2003). Sporcular agisindan bakildiginda bu durum,
performans diisiistine ve karar verme mekanizmalarinda yavaslamaya neden olabilmektedir.
Yani sahada bir sporcunun ge¢ reaksiyon vermesi ya da hatali kararlar almasi, aslinda altta yatan
bir beyin sarsintisinin sonucu olabilir.

Beyin sarsintisinin psikolojik etkileri de géz ardi edilmemelidir. Yapilan ¢caligsmalar, sporcularda
irritabilite, anksiyete, depresif belirtiler ve duygusal dalgalanmalarin goriilebildigini ortaya
koymaktadir (Kutcher & Eckner, 2010; Harmon et al., 2019). Bu durum o6zellikle miisabik
sporcular i¢in ciddi bir problem olusturabilmektedir. Ciinkii sadece fiziksel olarak degil, mental
olarak da performans diisiisii yasanmaktadir. A¢ik konusmak gerekirse, bazen bu psikolojik
etkiler fiziksel belirtilerden bile daha uzun siirebilmektedir.

Tekrarlayan beyin sarsintilar1 ise ¢ok daha ciddi sonuclara yol agabilmektedir. Literatiirde
“ikinci darbe sendromu” (second impact syndrome) olarak adlandirilan durum, ilk sarsinti tam
olarak 1iyilesmeden ikinci bir darbenin alinmasiyla ortaya c¢ikmakta ve hayati risk
olusturabilmektedir (McCrory et al., 2017). Bununla birlikte, uzun vadede tekrarlayan
travmalarin kronik travmatik ensefalopati (CTE) ile iligkili oldugu belirtilmektedir (Stern et al.,
2011; Mez et al., 2017). Bu hastalik; biligsel gerileme, davranis degisiklikleri ve norolojik
bozukluklarla karakterizedir. Yani olay sadece o anlik bir sakatlik degil, ilerleyen yillarda bile
etkisini gosterebilen bir siirectir.

Ozellikle geng sporcular iizerinde yapilan galismalar, beyin sarsintisinin etkilerinin yasa baglh
olarak farklilik gosterebilecegini ortaya koymaktadir. Gelisim cagindaki bireylerde beynin
heniiz tam olgunlagsmamis olmasi nedeniyle iyilesme siirecinin daha uzun siirdiigii ve etkilerin
daha belirgin oldugu ifade edilmektedir (Field et al., 2003; Broglio et al., 2014). Bu nedenle
geng sporcularin korunmasi ve uygun dinlenme siireglerinin saglanmasi biiyiikk 6nem
tagimaktadir. Yani burada antrenorlere de ciddi sorumluluk diismektedir.

Beyin sarsintisinin yonetimi ve Onlenmesine yonelik yaklasimlar da literatiirde genis yer
bulmaktadir. Erken tani, uygun dinlenme siiresi ve kademeli olarak spora doniis protokollerinin
uygulanmasi, sporcu sagliginin korunmasinda kritik rol oynamaktadir (Harmon et al., 2019;
McCrory et al., 2017). Bunun yaninda, koruyucu ekipmanlarin kullanimi ve egitim programlari
ile farkindaligin artirilmasi da 6nemli stratejiler arasinda yer almaktadir (CDC, 2018). Acikgast
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bu isin en kritik noktasi, belirtileri dogru tanimak ve sporcuyu erken asamada oyundan
cekebilmektir.

Sonug olarak, beyin sarsintisi sporcular lizerinde fiziksel, biligsel ve psikolojik boyutlar1 olan
cok yonlii etkiler yaratmaktadir. Bu etkilerin kisa ve uzun vadede ciddi sonuglara yol
acabilmesi, konunun yalnizca tibbi degil ayn1 zamanda egitsel ve yonetsel bir perspektifle ele
alimmasini zorunlu kilmaktadir. Bu nedenle, spor ortaminda bilingli yaklasimin benimsenmesi
ve bilimsel veriler dogrultusunda hareket edilmesi biiyiik 6nem tagimaktadir.

SONUC

Sporcularda beyin sarsintisi, yalnizca gegici bir yaralanma olarak degerlendirilmemelidir.
Fiziksel, biligsel ve psikolojik etkileri bir araya geldiginde, sporcular iizerinde karmasik ve uzun
vadeli sonuglar dogurabilmektedir. A¢ikcast bazen bu durum “geger” gibi diisiiniilebilir, fakat
yasanan semptomlar ve performanstaki diisiisler bunun ¢ok ciddi bir saglik sorunu oldugunu
gosteriyor. Bas donmesi, bas agrisi, dikkat ve hafiza problemleri gibi etkiler, sahada sporcunun
karar verme mekanizmasini dogrudan etkileyebiliyor ve tekrarlayan darbeler uzun vadede
kalic1 sorunlara yol agabiliyor.

Geng sporcular acisindan risk daha da yiiksek. Beyin gelisimi tamamlanmamis olan bireylerde
iyilesme siireci daha uzun stiriiyor ve etkiler daha belirgin olabiliyor. Burada benim vurgulamak
istedigim sey sudur: sporun sagladigi faydalar kadar, risklerini bilmek ve ona gore dnlem almak
da son derece 6nemli.

Beyin sarsintisinin yonetimi, erken fark edilmesi, uygun dinlenme siireleri ve kademeli olarak
spora doniis siirecleriyle miimkiin olabiliyor. Ayrica antrendrlerin ve sporcularin bilingli olmast,
farkindaligin artirilmasi ve koruyucu ekipmanlarin kullanimi da bu siirecin kritik pargalari.
Acikcas1 sahada sporcunun sagligini korumak, sadece fiziksel dnlem almakla degil, ayni
zamanda bilingli bir yaklasim ve egitimle saglanabiliyor.

Sonug olarak, beyin sarsintis1 sadece anlik bir sakatlik degil, uzun vadeli etkileri olan ve
sporcularin hem performansini hem de genel sagligini etkileyen bir durumdur. Bu nedenle spor
ortaminda bilingli hareket etmek, sporcunun korunmasini saglamak ve riskleri en aza indirmek
icin gerekli adimlarin atilmasi biiylik 6nem tasimaktadir. Ben de her zaman vurgulamak isterim
ki; sporun keyfi ve faydalarn kadar, olas1 riskleri de bilmek ve ona gore hareket etmek isin
ozudiir.
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OZET

Spor ortamlarinda ortaya c¢ikan yaralanmalar arasinda kafa travmalart 6nemli bir yer
tutmaktadir. Ozellikle temasin yogun oldugu branslarda goriilen beyin sarsintis1 (concussion),
sporcularin hem performansint hem de genel saglik durumunu etkileyen ciddi bir durum olarak
degerlendirilmektedir. Bu tiir yaralanmalar, dogrudan bas bodlgesine alinan darbeler ya da
viicuda gelen kuvvetin basa iletilmesi sonucunda olusabilmekte ve bireylerde cesitli nérolojik
belirtiler ortaya ¢ikarabilmektedir.

Beyin sarsintis1 yasayan sporcularda dikkat azalmasi, denge problemleri, bas donmesi ve
reaksiyon siiresinde gecikme gibi etkiler gozlemlenebilmektedir. Bu durum yalnizca kisa siireli
performans kaybina neden olmakla kalmayip, gerekli onlemler alinmadiginda daha ciddi ve
kalict sorunlara da yol acabilmektedir. Ozellikle tekrarlayan travmalarm, uzun vadede
sporcularin biligsel fonksiyonlari iizerinde olumsuz etkiler olusturabilecegi bilinmektedir.

Bu dogrultuda, beyin sarsintisinin erken déonemde fark edilmesi ve uygun sekilde yonetilmesi
biiyiik 5nem tasimaktadir. Sporcularin yeterli dinlenme stirecine girmesi ve kontrollii bir sekilde
spora geri donmesi, olas1 risklerin azaltilmasinda etkili olmaktadir. Bununla birlikte
antrendrlerin ve sporcularin konu hakkinda bilinglendirilmesi, koruyucu yaklagimlarin
uygulanmasini kolaylastirmaktadir. Sonug olarak, sporcu sagliginin korunabilmesi i¢in beyin
sarsintisina yonelik farkindaligin artirilmasi ve bilimsel temelli uygulamalarin benimsenmesi
gerekmektedir.
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GIRIS

Spor, bireylerin fiziksel, psikolojik ve sosyal gelisimlerine dnemli katkilar saglayan bir etkinlik
alan1 olarak kabul edilmektedir. Bununla birlikte, 6zellikle temasin yogun oldugu spor
dallarinda cesitli yaralanma riskleri de ortaya ¢ikmaktadir. Bu yaralanmalar arasinda beyin
sarsintis1 (concussion), son yillarda hem bilimsel literatiirde hem de spor kamuoyunda 6nemli
bir arastirma konusu haline gelmistir (Harmon et al., 2019; McCrory et al., 2017). Acikgas1

disaridan bakildiginda ¢ogu zaman c¢ok ciddi gibi algilanmasa da, bu durumun etkileri
diisiindiigiimiizden daha kapsamli ve 6nemli olabilmektedir.

Beyin sarsintisi; basa alinan dogrudan darbeler ya da viicuda gelen kuvvetin beyne iletilmesi
sonucu ortaya ¢ikan hafif travmatik beyin yaralanmasi olarak tanimlanmaktadir (Giza & Hovda,
2014; Centers for Disease Control and Prevention [CDC], 2018). Spor ortaminda &zellikle
tackwondo, futbol, boks ve rugby gibi temasin yogun oldugu branslarda bu tiir yaralanmalarin
goriilme siklig1 daha yiiksektir (Pfister et al., 2016; Broglio et al., 2014). Yani aslinda sahada
karsilasabilecegimiz, ¢ok da uzak olmayan bir durumdur.

Beyin sarsintisinin etkileri yalnizca fiziksel semptomlarla sinirli kalmamakta; bas agrisi, bas
donmesi ve mide bulantis1 gibi belirtilerin yam sira dikkat eksikligi, hatiza problemleri ve
reaksiyon siiresinde yavaslama gibi bilissel bozulmalar1 da icermektedir (Guskiewicz et al.,
2003; McCrory et al., 2017). Bununla birlikte baz1 sporcularda duygusal degisimler, irritabilite
ve uyku bozukluklar1 gibi semptomlar da gozlemlenebilmektedir (Kutcher & Eckner, 2010;
Harmon et al., 2019). A¢ik konusmak gerekirse, bu belirtiler bazen sporcular tarafindan
yeterince 0nemsenmeyebilmekte, ancak bu durum ilerleyen siiregte daha ciddi problemlere yol
acabilmektedir.

Son yillarda yapilan ¢alismalar, tekrarlayan beyin sarsintilarinin uzun vadede kronik travmatik
ensefalopati (CTE) gibi norodejeneratif hastaliklarla iliskili olabilecegini gostermektedir (Stern
etal., 2011; Mez et al., 2017). Ozellikle gelisim ¢agindaki sporcular acisindan bu risk daha da
onem kazanmaktadir. Clinkii gen¢ bireylerde beynin gelisim siirecinde olmasi, travmatik
etkilerin daha kalic1 sonuglar dogurmasina neden olabilmektedir (Field et al., 2003; Broglio et
al., 2014). Yani bu durumun “6nemsiz” olarak degerlendirilmesi dogru degildir.

Bu baglamda, sporda beyin sarsintisinin etkilerinin kapsamli bir sekilde incelenmesi; erken tani,
uygun tedavi ve Onleyici stratejilerin gelistirilmesi acisindan biiylik Onem tasimaktadir
(McCrory et al., 2017; Harmon et al., 2019). Ayn1 zamanda antrendrler, sporcular ve saglik
profesyonelleri arasinda bu konuda farkindalik olusturulmasi gerekmektedir. Clinkii ancak bu
sekilde sporun sagladig faydalar korunurken, sporcu sagligi da giivence altina alinabilecektir.
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GELISME

Beyin sarsintisinin sporcular tizerindeki etkileri incelendiginde, bu durumun yalnizca kisa siireli
bir yaralanma olmadigi, aksine ¢ok boyutlu ve karmasik sonuglar dogurabildigi goriilmektedir.
Literatiirde beyin sarsintisinin nérometabolik bir siire¢ oldugu ve darbe sonrasinda beyinde
gegcici enerji dengesizliklerine yol agtig1 belirtilmektedir (Giza & Hovda, 2014). Bu siirecte
noronal fonksiyonlarda bozulmalar meydana gelmekte ve bu durum sporcularin hem fiziksel
hem de biligsel performanslarini dogrudan etkilemektedir. Agikcasi bu noktada olayin sadece
“bagini ¢arpt1 gecti” gibi basit bir durum olmadigi net bir sekilde anlasilmaktadir.

Beyin sarsintisinin akut etkileri arasinda bas agrisi, bas donmesi, denge kaybi ve gorsel
bozukluklar gibi fiziksel semptomlar yer almaktadir (McCrory et al., 2017). Bununla birlikte,
dikkat eksikligi, bilgi isleme hizinda azalma ve hafiza problemleri gibi biligsel etkiler de sik¢a
rapor edilmektedir (Guskiewicz et al., 2003). Sporcular agisindan bakildiginda bu durum,
performans diisiistine ve karar verme mekanizmalarinda yavaslamaya neden olabilmektedir.
Yani sahada bir sporcunun ge¢ reaksiyon vermesi ya da hatali kararlar almasi, aslinda altta yatan
bir beyin sarsintisinin sonucu olabilir.

Beyin sarsintisinin psikolojik etkileri de géz ard1 edilmemelidir. Yapilan ¢alismalar, sporcularda
irritabilite, anksiyete, depresif belirtiler ve duygusal dalgalanmalarin goriilebildigini ortaya
koymaktadir (Kutcher & Eckner, 2010; Harmon et al., 2019). Bu durum o6zellikle miisabik
sporcular i¢in ciddi bir problem olusturabilmektedir. Ciinkii sadece fiziksel olarak degil, mental
olarak da performans diisiisii yasanmaktadir. A¢ik konusmak gerekirse, bazen bu psikolojik
etkiler fiziksel belirtilerden bile daha uzun siirebilmektedir.

Tekrarlayan beyin sarsintilart ise ¢cok daha ciddi sonuclara yol agabilmektedir. Literatiirde
“ikinci darbe sendromu” (second impact syndrome) olarak adlandirilan durum, ilk sarsinti tam
olarak 1iyilesmeden ikinci bir darbenin alinmasiyla ortaya c¢ikmakta ve hayati risk
olusturabilmektedir (McCrory et al., 2017). Bununla birlikte, uzun vadede tekrarlayan
travmalarin kronik travmatik ensefalopati (CTE) ile iligkili oldugu belirtilmektedir (Stern et al.,
2011; Mez et al., 2017). Bu hastalik; biligsel gerileme, davranis degisiklikleri ve norolojik
bozukluklarla karakterizedir. Yani olay sadece o anlik bir sakatlik degil, ilerleyen yillarda bile
etkisini gosterebilen bir siirectir.

Ozellikle geng sporcular iizerinde yapilan galismalar, beyin sarsintisinin etkilerinin yasa baglh
olarak farklilik gosterebilecegini ortaya koymaktadir. Gelisim cagindaki bireylerde beynin
heniiz tam olgunlagsmamis olmasi nedeniyle iyilesme siirecinin daha uzun siirdiigii ve etkilerin
daha belirgin oldugu ifade edilmektedir (Field et al., 2003; Broglio et al., 2014). Bu nedenle
geng sporcularin korunmasi ve uygun dinlenme siireglerinin saglanmasi biiyilk 6nem
tagimaktadir. Yani burada antrenorlere de ciddi sorumluluk diismektedir.

Beyin sarsintisinin yonetimi ve Onlenmesine yonelik yaklasimlar da literatiirde genis yer
bulmaktadir. Erken tani, uygun dinlenme siiresi ve kademeli olarak spora doniis protokollerinin
uygulanmasi, sporcu sagliginin korunmasinda kritik rol oynamaktadir (Harmon et al., 2019;
McCrory et al., 2017). Bunun yaninda, koruyucu ekipmanlarin kullanimi ve egitim programlari
ile farkindaligin artirilmasi da 6nemli stratejiler arasinda yer almaktadir (CDC, 2018). Acikgasi
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bu isin en kritik noktasi, belirtileri dogru tanimak ve sporcuyu erken asamada oyundan
cekebilmektir.

Sonug olarak, beyin sarsintis1 sporcular lizerinde fiziksel, biligsel ve psikolojik boyutlar1 olan
cok yonlii etkiler yaratmaktadir. Bu etkilerin kisa ve uzun vadede ciddi sonuglara yol
acabilmesi, konunun yalnizca tibbi degil ayn1 zamanda egitsel ve yonetsel bir perspektifle ele
alimmasini zorunlu kilmaktadir. Bu nedenle, spor ortaminda bilingli yaklasimin benimsenmesi
ve bilimsel veriler dogrultusunda hareket edilmesi biiyiik 6nem tagimaktadir.

SONUC

Sporcularda beyin sarsintisi, yalnizca gegici bir yaralanma olarak degerlendirilmemelidir.
Fiziksel, biligsel ve psikolojik etkileri bir araya geldiginde, sporcular iizerinde karmasik ve uzun
vadeli sonuglar dogurabilmektedir. A¢ikcast bazen bu durum “geger” gibi diisiiniilebilir, fakat
yasanan semptomlar ve performanstaki diisiisler bunun ¢ok ciddi bir saglik sorunu oldugunu
gosteriyor. Bas donmesi, bas agrisi, dikkat ve hafiza problemleri gibi etkiler, sahada sporcunun
karar verme mekanizmasini dogrudan etkileyebiliyor ve tekrarlayan darbeler uzun vadede
kalic1 sorunlara yol agabiliyor.

Geng sporcular agisindan risk daha da yiiksek. Beyin gelisimi tamamlanmamis olan bireylerde
iyilesme siireci daha uzun stiriiyor ve etkiler daha belirgin olabiliyor. Burada benim vurgulamak
istedigim sey sudur: sporun sagladigi faydalar kadar, risklerini bilmek ve ona gore 6nlem almak
da son derece 6nemli.

Beyin sarsintisinin yonetimi, erken fark edilmesi, uygun dinlenme siireleri ve kademeli olarak
spora doniis siirecleriyle miimkiin olabiliyor. Ayrica antrendrlerin ve sporcularin bilingli olmast,
farkindaligin artirilmasi ve koruyucu ekipmanlarin kullanimi da bu siirecin kritik pargalarr.
Acikcas1 sahada sporcunun sagligini korumak, sadece fiziksel dnlem almakla degil, ayni
zamanda bilingli bir yaklasim ve egitimle saglanabiliyor.

Sonug olarak, beyin sarsintis1 sadece anlik bir sakatlik degil, uzun vadeli etkileri olan ve
sporcularin hem performansini hem de genel sagligini etkileyen bir durumdur. Bu nedenle spor
ortaminda bilingli hareket etmek, sporcunun korunmasini saglamak ve riskleri en aza indirmek
icin gerekli adimlarin atilmasi biiylik 6nem tasimaktadir. Ben de her zaman vurgulamak isterim
ki; sporun keyfi ve faydalarn kadar, olas1 riskleri de bilmek ve ona gore hareket etmek isin
ozudiir.
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ABSTRACT

Electronic cigarettes, also known as Electronic Nicotine Delivery Systems, are increasingly
used worldwide as alternatives to conventional tobacco and as smoking cessation tools. Their
growing popularity is largely driven by the perception of reduced harm. However, accumulating
evidence indicates that e-cigarette aerosols contain toxic compounds capable of inducing
oxidative stress and inflammation, raising concerns about their long-term safety. The objective
of the present work was to synthesize current evidence on the health risks associated with e-
cigarette use.

A narrative review was conducted using Google Scholar as the primary source for literature
retrieval, with the keyword “electronic cigarettes.” The search was limited to review articles
published in 2026. A total of 180 articles were identified, from which the 10 most relevant peer-
reviewed studies were selected based on their scientific relevance and methodological quality.

Analysis of the selected studies indicates that e-cigarette aerosols promote excessive production
of reactive oxygen species, mitochondrial dysfunction, DNA damage, and activation of redox-
sensitive pathways such as NF-kB and NRF2. These molecular alterations contribute to
oxidative stress and inflammation, potentially leading to long-term cellular damage.
Epidemiological evidence also suggests increased odds of major adverse cardiovascular events,
including stroke and coronary heart disease, particularly among dual users. Conversely,
nicotine-containing e-cigarettes may enhance smoking cessation rates compared with
conventional therapies, although evidence regarding serious adverse events remains
inconclusive.

In conclusion, e-cigarettes represent a complex public health issue, combining potential
benefits in smoking cessation with emerging health risks. Further high-quality longitudinal
studies are needed to clarify their long-term safety.

Keywords:
Electronic cigarettes; oxidative stress; health risk; smoking cessation
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OZET

Diyabetik nefropati, tip 2 diyabetes mellitusun en ciddi mikrovaskiiler komplikasyonlarindan
biri olup, diinya genelinde kronik bobrek hastaligi ve son donem bobrek yetmezliginin baslica
nedenlerinden biridir. Diyabetik nefropatinin patogenezi; hiperglisemiye bagli metabolik
degisiklikler, hemodinamik bozukluklar, inflamasyon, oksidatif stres ve ilerleyici renal
fibrozisi igeren kompleks ve ¢ok faktorlii bir siirectir. Hastaligin erken tanisi ve etkin yonetimi,
hastalik progresyonunun dnlenmesi ve hasta sonuglarinin iyilestirilmesi agisindan kritik 6neme
sahiptir.

Giincel bobrek koruyucu stratejiler; temel olarak glisemik kontroliin saglanmasi, kan basincinin
diizenlenmesi ve renin-anjiyotensin-aldosteron sistemi (RAAS) inhibitorleri kullanilarak
albuminiirinin azaltilmasina odaklanmaktadir. Son yillarda, (SGLT2) sodyum-glukoz
kotransporter 2 inhibitdrleri ve (GLP-1) glukagon benzeri peptid-1 reseptdr agonistleri gibi yeni
tedavi ajanlarinin, sadece glisemik kontrol igin degil aymi zamanda anti-inflamatuar,
antifibrotik ve hemodinamik etkiler yoluyla belirgin bobrek koruyucu faydalar sagladigi
gosterilmistir.

Gelismekte olan tedavi hedefleri ise giderek daha fazla altta yatan patofizyolojik
mekanizmalara, Ozellikle oksidatif stres, inflamatuar yolaklar ve fibrotik sireclere
yonelmektedir. Bu yaklasimlar, tip 2 diyabetli hastalarda renal sonuglarin iyilestirilmesi
acisindan umut verici goriinmektedir.

Bu derlemenin amaci, diyabetik nefropatide giincel bobrek koruyucu stratejileri 6zetlemek ve
patofizyolojik iggoriiler dogrultusunda gelismekte olan yeni tedavi hedeflerini ortaya
koymaktir.

Anahtar Kelimeler : Diyabetik nefropati; Tip 2 diyabet; SGLT2 inhibitorleri

1. GIRIS
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Diyabetes mellitus, diinya genelinde prevalansi hizla artan kronik metabolik bir hastalik olup,
ciddi mikrovaskiiler ve makrovaskiiler komplikasyonlara yol agmaktadir. Bu komplikasyonlar
arasinda yer alan diyabetik nefropati, kronik bobrek hastaligi ve son donem bobrek
yetmezliginin baslica nedenlerinden biri olarak kabul edilmektedir. Tip 2 diyabetli bireylerin
yaklasik %30—40’1nda diyabetik nefropati gelistigi bildirilmektedir. Hastalik, genellikle sinsi
bir seyir izleyerek erken evrelerde belirgin klinik bulgu vermemekte ve bu durum tani ve
tedavide gecikmelere neden olmaktadir. (Alicic et al., 2017; Thomas et al., 2015)

Diyabetik nefropatinin gelisimi, kronik hipergliseminin tetikledigi metabolik ve hemodinamik
degisikliklerin karmagik etkilesimi sonucu ortaya ¢ikmaktadir. Siirekli yiiksek kan glukoz
dizeyleri; ileri glikasyon son drinlerinin (AGEs) birikimine, protein kinaz C (PKC)
aktivasyonuna ve poliol yolunun artmasina neden olarak hiicresel diizeyde hasari
baslatmaktadir. Bununla birlikte, intraglomeriiler basing artist ve hiperfiltrasyon gibi
hemodinamik degisiklikler glomeriiler yapida bozulmalara yol a¢maktadir. Bu siiregler
sonucunda glomeriiler bazal membran kalinlagsmasi, mezangial genisleme ve podosit hasar1 gibi
yapisal degisiklikler gelismekte ve hastaligin ilerlemesine katki saglamaktadir. (Brosius et al.,
2021; Samsu, 2021)

Son yillarda yapilan ¢aligmalar, diyabetik nefropatinin patogenezinde inflamasyon ve oksidatif
stresin merkezi bir rol oynadigin1 ortaya koymustur. Kronik hiperglisemiye bagl olarak artan
reaktif oksijen tiirleri (ROS), hiicresel yapilarda hasara yol acarken ayni zamanda inflamatuar
yanitt tetiklemektedir. Bu siiregte tiimor nekroz faktor-alfa (TNF-a), interlokin-6 (IL-6) ve
transforming growth factor-beta (TGF-B) gibi sitokinlerin artigi, bobrek dokusunda
inflamasyonun ve fibrotik siireclerin ilerlemesine katki saglamaktadir. Oksidatif stres ve
inflamasyon arasindaki karsilikli etkilesim, podosit kaybi, mezangial hiicre proliferasyonu ve
ekstraselliler matriks birikimi gibi patolojik degisikliklere yol agarak renal fibrozisin gelisimini
hizlandirmaktadir. Bu nedenle inflamasyon ve oksidatif stres, diyabetik nefropatinin hem
gelisiminde hem de ilerlemesinde onemli terapotik hedefler olarak
degerlendirilmektedir.(Liyun & Yanyun, 2021; Yang et al., 2024)

Bu baglamda, diyabetik nefropatinin erken tanisi ve hastaligin ilerlemesini 6nlemeye yonelik
etkili tedavi stratejilerinin gelistirilmesi biliylikk Onem tasimaktadir. Geleneksel tedavi
yaklagimlar1 ¢cogunlukla glisemik kontrol ve kan basincinin diizenlenmesine odaklanirken, son
yillarda bobrek hasarinin altinda yatan patofizyolojik mekanizmalarin daha iyi anlasilmasi, yeni
tedavi hedeflerinin ortaya ¢ikmasini saglamistir. Ozellikle sodyum-glukoz kotransporter 2
(SGLT2) inhibitorleri ve glukagon benzeri peptid-1 (GLP-1) reseptor agonistleri gibi ajanlar,
yalnizca glisemik kontrol saglamakla kalmayip ayni zamanda anti-inflamatuar ve antifibrotik
etkileriyle bobrek koruyucu 6zellikler gostermektedir. Bu dogrultuda, bu derlemenin amaci; tip
2 diyabette diyabetik nefropatide guncel bobrek koruyucu stratejileri incelemek ve gelismekte
olan yeni tedavi hedeflerini patofizyolojik bir bakis agisiyla degerlendirmektir.(Heerspink et
al., 2020; Mann et al., 2017)

2. DIYABETIK NEFROPATININ PATOFIZYOLOJISI
Diyabetik nefropati, kronik hipergliseminin tetikledigi metabolik ve hemodinamik
degisikliklerin bir araya gelmesiyle gelisen kompleks bir hastaliktir. Hiperglisemiye baglh
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olarak ileri glikasyon son trunlerinin (AGES) birikimi, protein kinaz C (PKC) aktivasyonu ve
poliol yolunun artig1 gibi mekanizmalar hiicresel diizeyde hasar1 baslatmaktadir. Bu siiregler,
bobrek dokusunda oksidatif stresin artmasina ve inflamatuar yanitin aktive olmasina yol
acmaktadir. Ayn1 zamanda intraglomeriiler basing artis1 ve hiperfiltrasyon gibi hemodinamik
degisiklikler, glomeriiler yapida bozulmalara neden olarak hastaligin ilerlemesine katki
saglamaktadir.(Adamczak et al., 2024; Samsu, 2021)

Diyabetik nefropatinin patogenezinde inflamasyon ve oksidatif stres temel belirleyici
mekanizmalar arasinda yer almaktadir. Kronik hiperglisemiye bagl olarak artan reaktif oksijen
tirleri (ROS), hicresel lipit, protein ve DNA yapilarinda hasara neden olmakta ve bobrek
dokusunda oksidatif stresin artmasina yol agmaktadir. Bu durum, niikleer faktor kappa-B (NF-
kB) gibi inflamatuar yolaklarin aktivasyonunu tetikleyerek tiimor nekroz faktor-alfa (TNF-a),
interlokin-1 (IL-1) ve interlokin-6 (IL-6) gibi proinflamatuar sitokinlerin salinimin
artirmaktadir. Artan inflamatuar yanit, mezangial hiicre proliferasyonu, podosit hasari ve
ekstraselliiler matriks birikimi gibi patolojik slirecleri hizlandirarak bdbrek hasarinin
ilerlemesine katki saglamaktadir. Oksidatif stres ve inflamasyon arasindaki bu karsilikli
etkilesim, diyabetik nefropatinin progresyonunda 6nemli bir rol oynamaktadir.(Liyun &
Yanyun, 2021)

Diyabetik nefropatinin ilerleyici dogasinin temelinde renal fibrozis yer almaktadir. Kronik
inflamasyon ve oksidatif stresin etkisiyle aktive olan transforming growth factor-beta (TGF-p3)
sinyal yolu, fibrotik siireclerin baslica diizenleyicilerinden biri olarak kabul edilmektedir. TGF-
B’nin artis1, fibroblast aktivasyonu ve ekstraselliiler matriks (ECM) proteinlerinin birikimini
tetikleyerek glomeruloskleroz ve tbulointerstisyel fibrozise yol agmaktadir. Bununla birlikte,
podosit kayb1 ve epitel-mezenkimal gecis (EMT) siirecleri de bobrek dokusunda yapisal
bozulmay1 hizlandirmaktadir. Bu fibrotik degisiklikler, glomeriiler filtrasyon hizinda azalma ve
ilerleyici bobrek fonksiyon kaybi ile sonuglanmaktadir. Bu nedenle renal fibrozis, diyabetik
nefropatinin geri donilislimsiiz evresine geciste anahtar rol oynayan bir siire¢ olarak
degerlendirilmektedir.(Tang & Yiu, 2020)

Son yillarda diyabetik nefropatinin tedavisinde yalmzca glisemik kontrolii hedefleyen
yaklagimlarin Gtesine gecilerek, bobrek koruyucu etkileri 6n planda olan yeni tedavi stratejileri
gelistirilmistir. ~ Ozellikle sodyum-glukoz  kotransporter 2 (SGLT2) inhibitorleri,
intraglomeriiler basinci azaltarak ve tiibiilloglomeriiler geri bildirimi diizenleyerek bobrek
fonksiyonlarimi1 koruyucu etki gostermektedir. Bunun yani sira, glukagon benzeri peptid-1
(GLP-1) reseptor agonistlerinin anti-inflamatuar ve antioksidan etkileri sayesinde renal hasari
azaltabilecegi bildirilmektedir. Yeni tedavi yaklasimlari yalnizca hemodinamik diizenleme ile
sinirl kalmay1p, ayni1 zamanda inflamasyon, oksidatif stres ve fibrozis streclerini hedef alarak
hastaligin progresyonunu yavaslatmay1 amaglamaktadir. Bu dogrultuda, endotelin reseptor
antagonistleri ve antifibrotik ajanlar gibi yeni terapotik hedefler de diyabetik nefropatinin
yonetiminde umut verici segenekler olarak 6ne ¢ikmaktadir.(Bakris et al., 2020; Heerspink et
al., 2020)
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3. GUNCEL BOBREK KORUYUCU STRATEJILER

Diyabetik nefropatinin yonetiminde bobrek fonksiyonlarinin korunmasina yonelik stratejiler,
hastaligin progresyonunu yavaslatmada temel yaklasimi olusturmaktadir. Giincel tedavi
yaklasimlari; glisemik kontroliin saglanmasi, kan basincinin diizenlenmesi, albuminiirinin
azaltilmast ve bobrek hasarina yol acan patofizyolojik mekanizmalarin hedeflenmesini
icermektedir. Bu dogrultuda, farmakolojik tedaviler ve yasam tarzi diizenlemeleri birlikte ele
alinarak multidisipliner bir yaklagim benimsenmektedir. Erken dénemde uygulanan bobrek
koruyucu stratejiler, kronik bobrek hastaligi gelisimini 6nlemede ve hastalifin ilerlemesini
geciktirmede kritik 6neme sahiptir.("2. Diagnosis and Classification of Diabetes: Standards of
Care in Diabetes-2024", 2024; de Boer et al., 2022)

Diyabetik nefropatinin 6nlenmesi ve progresyonunun yavaslatilmasinda glisemik kontrol temel
bir rol oynamaktadir. Uzun donemli caligmalar, iyi glisemik kontroliin mikroalbliminiiri
gelisimini geciktirdigini ve mevcut bobrek hasarinin ilerlemesini yavaslattigini gostermektedir.
Bu dogrultuda, ¢ogu hasta i¢in bireysellestirilmis olmakla birlikte HbA 1c diizeyinin genellikle
%7’nin altinda tutulmas1 Onerilmektedir. Bununla birlikte, hipoglisemi riski yiiksek olan
hastalarda daha esnek hedefler belirlenmesi gerekmektedir.(de Boer et al., 2022)

Kan basincinin kontrolii de bdbrek korunmasinda kritik 6neme sahiptir. Hipertansiyon,
diyabetik nefropatinin ilerlemesini hizlandiran en 6nemli risk faktorlerinden biridir. Bu nedenle
diyabetik nefropatisi olan bireylerde kan basincinin genellikle <130/80 mmHg diizeyinde
tutulmasi1 onerilmektedir. Etkili kan basinci kontrolii, glomeriiler basinci azaltarak proteiniiriyi
diistirmekte ve bobrek fonksiyon kaybini yavaslatmaktadir.("2. Diagnosis and Classification of
Diabetes: Standards of Care in Diabetes-2024", 2024; de Boer et al., 2022)

Diyabetik nefropatinin tedavisinde renin-anjiyotensin-aldosteron sistemi (RAAS) inhibitorleri,
bobrek koruyucu etkileri nedeniyle uzun yillardir temel tedavi secenekleri arasinda yer
almaktadir. Anjiyotensin donistiiriicii enzim (ACE) inhibitorleri ve anjiyotensin reseptor
blokerleri (ARB’ler), intraglomeriiler basinci azaltarak proteiniiriyi diislirmekte ve bdbrek
fonksiyonlarinin korunmasimna katki saglamaktadir. Ozellikle albuminiirisi olan diyabetik
hastalarda bu ajanlarin kullanimi, hastaligin ilerlemesini yavaglatmada etkili bulunmustur.
RAAS blokaji, yalnizca hemodinamik etkilerle sinirli kalmayip ayni zamanda inflamatuar ve
fibrotik siirecleri de modiile ederek bobrek hasarini azaltmaktadir. Bu nedenle, diyabetik
nefropatili hastalarda ACE inhibitorleri veya ARB’ler, klinik kilavuzlar tarafindan birinci
basamak tedavi olarak dnerilmektedir.(Neumiller et al., 2024)

Son yillarda sodyum-glukoz kotransporter 2 (SGLT2) inhibitorleri, diyabetik nefropatinin
tedavisinde onemli bir doniim noktasi olarak kabul edilmektedir. Bu ajanlar, proksimal
tiblllerde glukoz ve sodyum geri emilimini azaltarak tibuloglomeriler geri bildirimi
diizenlemekte ve intraglomeriiler basinci diisiirmektedir. Bu mekanizma, hiperfiltrasyonu
azaltarak bobrek hasarinin ilerlemesini yavaglatmaktadir. Klinik ¢aligmalar, SGLT2
inhibitorlerinin yalnizca glisemik kontrol saglamakla kalmayip ayn1 zamanda proteiniiriyi
azalttigini, glomeriiler filtrasyon hizindaki diislisii yavaslattigini ve son donem bobrek
yetmezligi riskini azalttigin1 gostermistir. Ayrica bu ajanlarin anti-inflamatuar ve antifibrotik
etkilerinin de bobrek koruyucu mekanizmalara katki sagladigi bildirilmektedir. Bu nedenle
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SGLT2 inhibitorleri, giincel kilavuzlarda diyabetik nefropati tedavisinde temel ajanlar arasinda
yer almaktadir.(Heerspink et al., 2020; Perkovic et al., 2019; Zelniker et al., 2019)

Glukagon benzeri peptid-1 (GLP-1) resept6r agonistleri, diyabet yonetiminde glisemik kontrol
saglamak amaciyla kullanilan ajanlar olmakla birlikte, son yillarda bobrek koruyucu etkileri ile
de dikkat ¢ekmektedir. Bu ilaglarin, dogrudan renal hemodinamik etkilerinin yan1 sira anti-
inflamatuar ve antioksidan Ozellikler gosterdigi bildirilmektedir. Klinik ¢alismalar, GLP-1
reseptor agonistlerinin albuminiiride azalma sagladigimi ve bdbrek fonksiyon kaybini
yavaslatabilecegini ortaya koymustur. Ayrica kilo kaybi ve kardiyovaskiiler risk faktorleri
tizerindeki olumlu etkileri sayesinde dolayli olarak bobrek sagliginin korunmasina katkida
bulunmaktadir. Bu nedenle GLP-1 reseptdr agonistleri, 6zellikle SGLT2 inhibitorleri ile birlikte
kullanildiginda diyabetik nefropatinin yonetiminde 6nemli bir tamamlayici tedavi secenegi
olarak degerlendirilmektedir.(Alicic & Neumiller, 2025)

Son yillarda diyabetik nefropatinin tedavisinde klasik yaklagimlarin otesine gegilerek,
hastaligin altta yatan patofizyolojik mekanizmalarini hedef alan yeni tedavi segenekleri
gelistirilmistir. Ozellikle non-steroidal mineralokortikoid reseptér antagonistleri (drnegin
finerenon), inflamasyon ve fibrozis siireglerini baskilayarak bobrek fonksiyonlarinin
korunmasina katki saglamaktadir. Klinik calismalarda finerenonun, tip 2 diyabet ve kronik
bobrek hastaligi olan bireylerde albuminiiride azalma ve bdbrek hastali§i progresyonunda
yavaglama sagladigi gosterilmistir. Bunun yani sira endotelin reseptor antagonistleri ve
antifibrotik ajanlar gibi tedavi yaklasimlar1 da diyabetik nefropatinin yonetiminde umut verici
secenekler olarak one ¢ikmaktadir. Bu yeni tedavi hedefleri, yalnizca semptom kontroliine
degil, ayn1 zamanda hastaligin molekiiler diizeydeki mekanizmalarin1 modiile etmeye yonelik
yaklagimlar sunarak gelecekte daha etkili tedavi stratejilerinin gelistirilmesine olanak
saglamaktadir.(Bakris et al., 2020; Filippatos et al., 2022)

4. HEMSIRELIK BAKIMI VE HASTA EGITiMi

Diyabetik nefropatinin dnlenmesi, erken tanilanmasi ve yonetiminde hemsirelerin rolii oldukca
onemlidir. Hemsireler, kronik hastalik yonetiminde hasta ile en fazla etkilesimde bulunan saglik
profesyonelleri olarak, bireylerin 6z bakim becerilerinin gelistirilmesinde ve tedaviye
uyumlarmin artirilmasinda kilit bir konuma sahiptir. Ozellikle diyabetik nefropati gelisim
riskinin ytiiksek oldugu bireylerde, diizenli izlem, erken belirti ve bulgularin fark edilmesi ve
uygun miidahalelerin zamaninda uygulanmasi hemsirelik bakiminin temel bilesenlerini
olusturmaktadir. Bu siirecte hemsireler, hastalarin yasam tarz1 degisikliklerini benimsemelerini
destekleyerek komplikasyonlarin onlenmesinde aktif rol almaktadir.("2. Diagnosis and
Classification of Diabetes: Standards of Care in Diabetes-2024", 2024; Powers et al., 2016)

Diyabetik nefropatinin 6nlenmesi ve progresyonunun yavaslatilmasinda hasta egitimi ve 6z
bakim davraniglarinin gelistirilmesi biiyiik 6nem tasimaktadir. Hemsireler, hastalara diyabet
yonetimi, kan sekeri takibi, ila¢ kullanimi ve beslenme diizeni konusunda kapsamli egitimler
vererek bireylerin hastaliklarmi etkin bir sekilde yonetmelerine katki saglamaktadir. Ozellikle
tuz kisitlamasi, protein aliminin diizenlenmesi, diizenli fiziksel aktivite ve sigaranin birakilmasi
gibi yagsam tarzi degisiklikleri, bobrek fonksiyonlarin korunmasinda 6nemli rol oynamaktadir.
Ayrica hastalarin kan basinci ve kan glukoz diizeylerini diizenli olarak takip etmeleri konusunda
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bilinglendirilmesi, komplikasyonlarin erken donemde fark edilmesine olanak tanimaktadir. Bu
baglamda hemsireler, bireylerin 6z bakim becerilerini giliclendirerek tedaviye uyumun
artirtlmasinda ve hastaligin ilerlemesinin onlenmesinde kritik bir rol istlenmektedir.(*"2.
Diagnosis and Classification of Diabetes: Standards of Care in Diabetes-2024", 2024; Chrvala
etal., 2016)

Diyabetik nefropatinin erken tanilanmasi1 ve komplikasyonlarin énlenmesinde diizenli hasta
izlemi biiylik onem tasimaktadir. Hemsireler, risk altindaki bireylerde mikroalbiiminiiri, serum
kreatinin dlzeyi ve glomeriler filtrasyon hizi (GFR) gibi parametrelerin diizenli olarak
degerlendirilmesini saglayarak hastaligin erken evrede saptanmasina katkida bulunmaktadir.
Bunun yani sira 6dem, hipertansiyon ve idrar degisiklikleri gibi klinik bulgularin yakindan
izlenmesi, bobrek fonksiyonlarindaki bozulmanin erken dénemde fark edilmesini miimkiin
kilmaktadir. Hemsirelik bakiminda erken tam1 ve izlem siireclerinin etkin yiiriitiilmesi,
hastaligin ilerlemesini yavaglatmakta ve son donem bobrek yetmezligi gelisimini 6nlemede
kritik rol oynamaktadir. Ayrica hastalarin  tedaviye uyumlarmin diizenli olarak
degerlendirilmesi ve gerekli durumlarda egitimlerin yeniden planlanmasi, bakimin siirekliligini
ve etkinligini artirmaktadir.(""2. Diagnosis and Classification of Diabetes: Standards of Care in
Diabetes-2024", 2024; de Boer et al., 2022)

Diyabetik nefropatinin yonetimi, multidisipliner bir yaklasim gerektiren kompleks bir siirectir
ve bu siirecte hemsireler saglik ekibinin vazgegilmez bir pargasidir. Hemsireler; hekimler,
diyetisyenler ve diger saglik profesyonelleri ile is birligi igerisinde ¢alisarak bireysellestirilmis
bakim planlarinin olusturulmasina katki saglamaktadir. Bu yaklagim, yalnizca hastaligin
tedavisine degil, ayn1 zamanda hastanin yagam kalitesinin artirilmasina ve komplikasyonlarin
onlenmesine de odaklanmaktadir. Hemsirelik bakiminda biitiinciil yaklasim benimsenerek
hastanin fiziksel, psikolojik ve sosyal gereksinimleri birlikte ele alinmalidir. Ayrica hasta ve
ailesinin siirece aktif katiliminin saglanmasi, bakimin etkinligini artirmakta ve siirdiiriilebilir
sonuclar elde edilmesine katki saglamaktadir. Bu nedenle hemsirelik uygulamalari, diyabetik
nefropatinin yonetiminde tedavi basarisin1 dogrudan etkileyen onemli bir bilesen olarak
degerlendirilmektedir.(Megahed lbrahim et al., 2025; TEKIR & TUREYEN, 2025)

5. SONUC VE DEGERLENDIRME

Diyabetik nefropati, tip 2 diyabetin en 6nemli komplikasyonlarindan biri olup, kronik bobrek
hastaligi ve son donem bdbrek yetmezliginin baslica nedenleri arasinda yer almaktadir.
Hastaligin patogenezi; hiperglisemiye bagli metabolik degisiklikler, hemodinamik bozukluklar,
inflamasyon, oksidatif stres ve renal fibrozis gibi ¢ok sayida mekanizmanin etkilesimi ile
sekillenmektedir. Bu siireglerin daha iyi anlasilmasi, hastaligin 6nlenmesi ve yonetiminde yeni
tedavi yaklasimlarinin gelistirilmesine olanak saglamistir.

Giincel bobrek koruyucu stratejiler; glisemik kontroliin saglanmasi, kan basincinin
diizenlenmesi ve RAAS inhibitdrlerinin kullanimi gibi klasik yaklagimlarin yani sira, SGLT2
inhibitorleri ve GLP-1 reseptor agonistleri gibi yeni tedavi seceneklerini de kapsamaktadir.
Ayrica finerenon gibi yeni nesil ajanlar ve antifibrotik tedaviler, diyabetik nefropatinin
ilerlemesini yavaslatmada umut verici sonuglar ortaya koymaktadir.
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Diyabetik nefropatinin yonetiminde yalnizca farmakolojik tedaviler degil, ayn1 zamanda
hemsirelik bakim1 ve hasta egitimi de biiylik 6nem tasimaktadir. Hemsireler; hastalarin 6z
bakim becerilerinin gelistirilmesi, tedaviye uyumlarinin artirilmasi ve komplikasyonlarin erken
donemde fark edilmesi siireglerinde kritik rol iistlenmektedir. Multidisipliner yaklagimin
benimsenmesi, bireysellestirilmis bakim planlarmin olusturulmasini ve daha etkili klinik
sonuglarin elde edilmesini saglamaktadir.

Sonug olarak, diyabetik nefropatinin Onlenmesi ve yoOnetiminde erken tani, etkili tedavi
stratejileri ve gili¢lii hemsirelik bakimi birlikte ele alimmalidir. Gelecekte, hastaligin
patofizyolojik mekanizmalarini hedef alan yeni tedavi yaklasimlarinin gelistirilmesi ve klinik
uygulamaya entegrasyonu ile hasta sonuglarinin daha da iyilestirilmesi beklenmektedir.

6. GENEL DEGERLENDIRME VE SONUCLAR

Diyabetik nefropati, tip 2 diyabetin en 6nemli ve ilerleyici komplikasyonlarindan biri olup,
erken tan1 ve etkin yonetim ile hastaligin seyrinin énemli 6l¢iide degistirilebilecegi bir klinik
tablodur. Hastaligin gelisiminde rol oynayan inflamasyon, oksidatif stres ve fibrozis gibi
mekanizmalarin daha iyi anlagilmasi, tedavi yaklasimlarinin yalnizca semptom kontroliinden
oteye gecerek hedefe yonelik hale gelmesini saglamistir.

Giliniimiizde bobrek koruyucu stratejiler; glisemik kontrol, kan basinci yonetimi ve RAAS
inhibitorlerinin kullaniminin yani sira, SGLT2 inhibitérleri ve GLP-1 reseptor agonistleri gibi
yeni nesil tedavileri de igermektedir. Ayrica finerenon gibi ajanlar ve yeni terapotik hedefler,
diyabetik nefropatinin progresyonunun yavaslatilmasinda umut verici sonuglar sunmaktadir.

Bununla birlikte, diyabetik nefropatinin yonetiminde hemgirelik bakimi ve hasta egitimi
vazgecilmez bir yere sahiptir. Hemsirelerin birey merkezli bakim yaklasimi, hastalarin 6z
bakim becerilerinin gelistirilmesi ve tedaviye uyumlarinin artirilmasi agisindan kritik 6neme
sahiptir.

Sonug olarak, diyabetik nefropatinin etkili yonetimi; farmakolojik tedavi, yasam tarzi
degisiklikleri ve hemsirelik bakiminin biitiinciil bir yaklagimla ele alinmasini gerektirmektedir.
Gelecekte, daha spesifik molekiiler hedeflere yonelik tedavilerin gelistirilmesi ve klinik
uygulamaya entegrasyonu ile hasta sonuglarinin daha da iyilestirilmesi miimkiin olacaktir.
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OZET

Dijital medya platformlarinin yayginlagsmasiyla birlikte kisa, tekrarlayan ve diisiik kaliteli
igeriklerin tiiketimi 6nemli Ol¢lide artmistir. “Beyin ¢liriimesi” (brain rot) olarak adlandirilan
bu olgu, ozellikle sosyal medya ve kisa video iceriklerinin yogun tiikketimiyle iligkilendirilen
yeni bir kavramsal tartisma alani olarak 6ne ¢ikmaktadir. Heniiz klinik olarak tanimlanmis bir
kavram olmamakla birlikte, beyin ¢iiriimesi; bilissel yiiklenme, dikkat parcalanmasi ve pasif
icerik tiiketimi baglaminda degerlendirilmektedir.

Bu derlemenin amaci, diisiik kaliteli dijital i¢eriklere maruziyetin bireylerin bilissel, psikolojik
ve davranigsal siiregleri lizerindeki etkilerini incelemektir. Mevcut literatiir, yogun ve yiizeysel
icerik tiiketiminin dikkat siiresinde azalma, derin biligsel islemlemede zayiflama ve zihinsel
yorgunluk ile iliskili oldugunu gostermektedir. Ayrica bu siireg, motivasyon kaybi, duygusal
kiintlesme ve dijital uyaranlara bagimlilik gibi psikolojik etkilerle de iliskilendirilmektedir.
Davranigsal diizeyde ise erteleme egilimi, tiretkenlikte azalma ve akademik performansta diisiis
gibi sonuglar dikkat cekmektedir.

Ozellikle gengler ve dgrenciler, gelisimsel dzellikleri ve yogun dijital maruziyetleri nedeniyle
bu etkiler agisindan daha riskli bir grubu olusturmaktadir. Dijital igeriklerin hizli tiikketim yapis,
bireylerin dikkat siireclerini yeniden sekillendirerek yiizeysel bilgi isleme egilimini
artirabilmektedir.

Sonug olarak, beyin cliriimesi kavrami dijital ¢agda giderek onem kazanan bir olgu olarak
karsimiza ¢ikmaktadir. Bu alanda yapilacak calismalar, kavramin daha iyi anlagilmasina ve
bireylerin dijital icerik tliketim aligkanliklarinin daha saglikli hale getirilmesine katki
saglayacaktir.

Anahtar Kelimeler : Beyin ¢iirtimesi; Dijital i¢erik; Bilissel etkiler; Sosyal medya; Dikkat
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1. GIRIS

Dijital teknolojilerin yayginlasmasiyla birlikte bireylerin igerik tiiketim aligkanliklarinda
belirgin bir déniisiim yasanmustir. Ozellikle sosyal medya platformlarinin algoritma temelli
icerik sunumu, kullanicilarin kisa, hizli ve siirekli yenilenen igeriklere maruz kalmasina
neden olmaktadir. Bu durum, bilgiye erisimi kolaylagtirmakla birlikte, biligsel siiregler
iizerinde yeni risk alanlarinin ortaya ¢ikmasina zemin hazirlamaktadir. Giincel ¢aligsmalar,
dijital medya kullanimimin dikkat, bellek ve yiiriitiicii islevler gibi temel biligsel alanlarla
iligkili oldugunu gostermektedir.(Ali et al., 2024; Naik et al., 2025)

Son yillarda 6zellikle kisa video igeriklerinin (TikTok, Reels, Shorts vb.) yayginlasmasi,
bireylerin igerik tiiketim hizin1 6nemli dlglide artirmistir. Bu tiir i¢eriklerin hizli, kesintili
ve stirekli uyarict yapisi, bireylerin dikkat stirelerini olumsuz etkileyebilmekte ve
odaklanma becerilerinde zayiflamaya yol acabilmektedir. Arastirmalar, kisa video
tlketiminin artmasinin dikkat kontroliinii azalttigin1 ve yiiriitiicii islevlerde zayiflamaya
neden olabilecegini ortaya koymaktadir.(Li et al., 2022; Yan et al., 2024)

Dijital igerik tiiketiminin yogunlugu ile biligsel performans arasindaki iliski giderek daha
fazla arastirilmaktadir. Ozellikle sosyal medya kullaniminin artmasiyla birlikte, dikkat
stiresinde azalma ve biligsel kontrol siire¢lerinde bozulmalar oldugu bildirilmektedir.
Ayrica, hizli ve ylizeysel igeriklere siirekli maruz kalmanin, bireylerin derin 6grenme ve
bilgi isleme becerilerini olumsuz yonde etkileyebilecegi ifade edilmektedir.(Clemente-
Suérez et al., 2024; Ozbay, 2026)

Bu baglamda, son donemde literatiirde ve popiiler séylemde “beyin ¢iiriimesi” (brain rot)
kavrami dikkat cekmektedir. Her ne kadar klinik olarak tanimlanmis bir kavram olmasa da,
bu terim; yogun dijital igerik tiiketimi sonucunda ortaya ¢ikan bilissel yorgunluk, dikkat
daginiklig1 ve zihinsel verimlilikte azalma gibi durumlari tanimlamak i¢in kullanilmaktadir.
Glincel caligmalar, bu olgunun biligsel yiik artisi, duygusal kiintlesme ve psikolojik
sikintilarla iliskili olabilecegini gostermektedir.(Ozbay, 2026; Yousef et al., 2025)

Ozellikle gengler ve iiniversite dgrencileri, hem gelisimsel 6zellikleri hem de yogun dijital
maruziyetleri nedeniyle bu etkiler agisindan daha hassas bir grubu olusturmaktadir. Kisa
sureli ve yiiksek yogunluklu dijital uyaranlara stirekli maruz kalma, bireylerin dikkat
stireclerini yeniden sekillendirmekte ve uzun siireli odaklanma gerektiren gorevlerde
performans diisiisiine yol agabilmektedir. Bu durum, akademik basar1 ve bilissel
dayaniklilik agisindan 6nemli sonuglar dogurabilmektedir.(Haliti-Sylaj & Sadiku, 2024,
Zhan et al., 2025)

Sonu¢ olarak, dijital igerik tliketiminin niteligi ve yogunlugu, bireylerin biligsel ve
psikolojik islevleri lizerinde belirleyici bir rol oynamaktadir. “Beyin ¢iiriimesi” kavrami, bu
etkileri battncil bicimde ele alan yeni bir yaklasim olarak 6ne ¢ikmakta ve dijital cagin
biligsel risklerini anlamak agisindan 6nemli bir kavramsal ¢erceve sunmaktadir. Bu nedenle,
bu derlemede diistik kaliteli dijital icerik tiiketiminin biligsel, psikolojik ve davranigsal
etkilerinin giincel literatiir dogrultusunda incelenmesi amaglanmaktadir.
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2. KAVRAMSAL CERCEVE

Dijital igerik tiiketiminin bilissel siirecler {izerindeki etkilerini acgiklamada bilissel yiik
(cognitive load) onemli bir ¢er¢eve sunmaktadir. Hizli, kisa ve ardisik iceriklere maruz
kalmak, zihinsel kaynaklarin asir1 kullanilmasina yol acarak bilgilerin derinlemesine
islenmesini zorlagtirmakta ve yiizeysel 6grenmeyi artirmaktadir. Bu durum, oOzellikle
stirekli uyarana maruz kalinan ortamlarda dikkat ve &grenme performansini olumsuz
etkileyebilmektedir.(Yousef et al., 2025; Zhang et al., 2023)

Kavramsal ¢ercevenin ikinci énemli bileseni dikkat parcalanmasidir. Sosyal medya ve
kisa video platformlarinda iceriklerin birkac saniyede bir degismesi, bireyin dikkatini tek
bir uyaranda siirdiirmesini giiclestirmektedir. Bu durum, O6zellikle uzun siireli dikkat,
odaklanma ve c¢aligma bellegi gerektiren gorevlerde performans diislisiine neden
olabilmektedir. Giincel bulgular, dijital medya kullaniminin dikkat, bellek isleme ve diirtii
diizenleme gibi alanlarla iliskili oldugunu; ayrica akilli telefonun yalnizca varliginin bile
dikkat performansini azaltabildigini gostermektedir. Bu baglamda “beyin ¢iirlimesi”, dikkat
sisteminin giderek daha kisa ve bolinmiis uyaranlara uyum saglamasiyla da
aciklanabilir.(Skowronek et al., 2023; Wallace et al., 2023)

Bu konuyu agiklayan bir diger kavram pasif icerik tuketimidir. Pasif tiiketimde birey,
icerik lizerinde durup diisiinmek, sorgulamak ya da degerlendirmek yerine, algoritmanin
sundugu akisi oldugu gibi izlemektedir. Boylece kullanic1 giderek daha az se¢im yapan,
daha ¢ok izleyen bir konuma gegmektedir. Icerigin birey tarafindan aktif olarak segilmemesi
ve zihinsel emegin azalmasi, biligsel katilimi diigiirmekte ve dijital tiiketimi aliskanlik
temelli bir davranis bigimine déniistirmektedir. Ozellikle sosyal medya platformlarinin
“karanlik yiizii” tizerine yapilan ¢aligmalar, asir1 yiiklenme, bagimlilik egilimi ve akademik
performansta diigiis gibi sonuclarin bu pasif kullanim modeliyle iliskili oldugunu
gostermektedir.(Jabeen et al., 2023)

Son yillarda “beyin ¢iiriimesi” tartigsmalariyla en ¢ok iliskilendirilen davranislardan biri de
doomscrollingdir. Doomscrolling, bireyin olumsuz, kaygi uyandirict ya da dikkat ¢ekici
icerikleri kontrolsiiz bicimde siirekli kaydirarak tiiketmesi anlamina gelmektedir. Bu
davranigin sosyal medya bagimliligi, FOMO, giinliik sosyal medya kullanim siiresi ve
psikolojik sikint1 ile pozitif iligkili oldugu bildirilmektedir. Ayrica olumsuz igeriklere tekrar
tekrar maruz kalmak, zihinsel yorgunlugu artirmakta ve bireyin cevrimic¢i ortamdan
kopmasini zorlastirmaktadir. Bu nedenle doomscrolling, “beyin ¢iirlimesi”nin davranissal
goriinimiinii agiklayan temel kavramlardan biri olarak degerlendirilebilir.(Gume, 2024,
Yousef et al., 2025)

Kavramsal ¢ercevenin son halkasinda, dijital igerik tiiketiminin yalnizca davranigsal degil,
ayni zamanda norobilissel diizeyde de etkiler olusturabilecegi goriilmektedir. Giincel
norofizyolojik caligmalar, sosyal medya kullaniminin dikkat ve duygusal diizenlemeyle
iliskili beyin dalga Oriintiilerinde degisikliklere yol agabildigini; 6zellikle uzun siireli
kullanimin zihinsel yorgunluk ve dijital tiikenmislik ile baglantili olabilecegini
gostermektedir. Bu acidan bakildiginda “beyin ¢iiriimesi”, dikkat daginikligi, biligsel asirt
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yiik, pasif igerik tiiketimi ve zihinsel tilkenmislik gibi siireglerin birlestigi ¢ok boyutlu bir
olgu olarak degerlendirilebilir.(Satani et al., 2025; Yousef et al., 2025)

3. DUSUK KALITELI iCERIGE MARUZ KALMA

Dijital ortamlarda sunulan igeriklerin niteligi, bireylerin bilissel ve psikolojik siirecleri
iizerinde dogrudan etkili olmaktadir. Son yillarda 6zellikle kisa video platformlarinin
yayginlasmasiyla birlikte, kullanicilar daha ¢ok hizli tiiketilen, yiizeysel ve tekrarlayan
iceriklere maruz kalmaktadir. Bu tiir igerikler genellikle eglence odakli olup derin diislinme,
analiz etme veya 6grenme siireglerini desteklemekten uzaktir. Bu durum, bireylerin bilgiyle
kurdugu iligkinin yilizeysellesmesine ve igerik tiilketiminin daha pasif bir aligkanlik haline
gelmesine yol agmaktadir.(Yousef et al., 2025)

Diisiik kaliteli icerikler, genellikle kisa siireli dikkat cekmeye yonelik, tekrar eden ve sinirl
biligsel katki saglayan yapilardan olusmaktadir. Bu igeriklerin hizli tiiketilebilir olmasi,
kullanicilarin  uzun siireli odaklanma gerektiren igeriklerden uzaklagsmasina neden
olmaktadir. Ozellikle siirekli kaydirma (scrolling) davranisi, icerik tiiketimini otomatik ve
kontrolsiiz bir siirece doniistiirerek bireylerde aligkanlik temelli kullanim davranist
gelistirmektedir. Bu siireg, bireylerin daha fazla icerik tiiketmesine ragmen daha az bilissel
kazanim elde etmesine yol agabilmektedir.(Zhang et al., 2023)

Algoritmalar tarafindan yonlendirilen igerik akislari, bireylerin igerik se¢imi iizerindeki
kontroliinii azaltmaktadir. Kullanicinin ilgi alanlarina gore siirekli igerik sunulmasi, bireyin
aktif se¢im yapmasini engelleyerek pasif titketimi artirmaktadir. Bu durum, bireylerin igerik
iizerinde diisiinme ve sorgulama siireclerini sinirlamakta, bunun yerine otomatik ve
aliskanhiga dayali bir tiiketim davranis1 gelistirmelerine neden olmaktadir. Ozellikle
algoritmik icerik sunumunun, kullanicilarin platformda daha uzun siire kalmasini tegvik
ettigi ve bu durumun dijital bagimlilik egilimini artirabilecegi belirtilmektedir.(Yousef et
al., 2025)

Diisiik kaliteli dijital igeriklere slirekli maruz kalma, bireylerin dikkat sistemleri lizerinde
yeniden yapilandirici bir etki yaratabilmektedir. Hizl1 ve kesintili igerik akisi, beynin siirekli
yeni uyaranlara yoOnelmesine neden olarak sirdurulebilir  dikkat —sureclerini
zayiflatmaktadir. Bu durum, 6zellikle akademik performans, uzun siireli okuma ve problem
cozme gibi biligsel siirecleri olumsuz ydnde etkileyebilmektedir. Ayrica yiizeysel
iceriklerin yogun tiiketimi, bireylerin elestirel diisiinme ve derin 6grenme becerilerinde
zayiflamaya yol acabilmektedir.(Skowronek et al., 2023)

Diisiik kaliteli iceriklere maruz kalmanin bir diger 6nemli sonucu, bireylerin zaman
algisinda ve {retkenlik diizeyinde meydana gelen degisimlerdir. Kullanicilar, dijital
ortamlarda gegirdikleri siirenin farkinda olmadan uzun siire igerik tiiketmeye devam
edebilmekte ve bu durum giinliik islevsellik iizerinde olumsuz etkiler yaratabilmektedir.
Ozellikle akademik gorevlerin ertelenmesi, zaman y6netimi sorunlar1 ve verimlilik kaybu,
disiik kaliteli icerik tiiketimi ile iliskili 6nemli davranigsal sonuglar arasinda yer
almaktadir.(Gume, 2024)
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Sonug olarak, diisiik kaliteli dijital i¢eriklere maruziyet, yalnizca bireysel bir tercih degil,
ayni zamanda dijital platformlarin yapisal 6zellikleriyle sekillenen bir davranis bigimidir.
Bu igeriklerin hizli, tekrarlayan ve odiil temelli yapisi, bireylerin bilissel siireclerini
etkileyerek yiizeysel bilgi isleme egilimini artirmaktadir. Bu baglamda diisiik kaliteli igerik
tilkketimi, “beyin ¢liriimesi” olarak ifade edilen olgunun temel bilesenlerinden biri olarak
degerlendirilmektedir.

4. BILISSEL ETKILER

Dijital igerik tiiketiminin bilisgsel siirecler iizerindeki etkileri son yillarda giderek daha fazla
arastirilmaktadir. Ozellikle kisa ve hizl1 tiiketilen iceriklerin yogunlugu, bireylerin dikkat
stirelerinde belirgin bir azalmaya yol acabilmektedir. Siirekli degisen uyaranlara maruz
kalmak, bireyin tek bir goreve uzun siire odaklanmasini zorlastirmakta ve dikkat siirelerinin
par¢alanmasina neden olmaktadir. Bu durum, 6zellikle akademik performans ve 6grenme
stirecleri agisindan énemli bir risk olusturmaktadir.(Skowronek et al., 2023)

Dijital iceriklerin hizli ve yiizeysel yapisi, bireylerin derin biligsel islemleme siireclerini de
olumsuz etkileyebilmektedir. Ozellikle uzun metinleri okuma, analiz etme ve
anlamlandirma gibi yliksek diizey bilissel beceriler, kisa iceriklere aliskanlik gelistiren
bireylerde zayiflayabilmektedir. Bu durum, bilgi isleme siire¢lerinin yiizeysellesmesine ve
ogrenmenin kalitesinin diismesine yol acabilmektedir. Giincel ¢aligmalar, yogun dijital
medya kullanimmin biligsel kontrol ve yiiriitiicii iglevlerle iliskili oldugunu
gostermektedir.(Yousef et al., 2025)

Biligsel etkiler yalnizca dikkat ve 6grenme siirecleriyle sinirli kalmayip, ayni zamanda
zihinsel yorgunluk ve bilissel tiikenmislik ile de iliskilidir. Siirekli igerik akisina maruz
kalmak, beynin dinlenme ve toparlanma siireclerini sekteye ugratmakta ve zihinsel enerji
kaynaklarimin hizla tiikenmesine neden olabilmektedir. Bu durum, bireylerin giinliik
islevselligini ve karar verme sireclerini olumsuz yonde etkileyebilmektedir. Ozellikle
yogun sosyal medya kullaniminin zihinsel yorgunluk ve biligsel yiik ile iligkili oldugu
belirtilmektedir.(Satani et al., 2025)

Dijital igerik tiikketimi ayn1 zamanda ¢alisma bellegi ve bilgi isleme kapasitesi lizerinde de
etkili olabilmektedir. Strekli olarak yeni uyaranlara maruz kalmak, bireyin mevcut bilgiyi
zihinde tutma ve igleme becerisini zorlastirmaktadir. Bu durum, 6zellikle problem ¢6zme,
planlama ve karar verme gibi yliriitiicii islevleri olumsuz etkileyebilmektedir. Dijital
ortamda ¢oklu gorev davranislarinin artmasi, biligsel performansin diismesine ve hata
oranlarinin artmasina yol agabilmektedir.(Wallace et al., 2023)

Bununla birlikte, dijital icerik tiiketiminin uzun vadede biligsel aligkanliklari yeniden
sekillendirdigi de goriilmektedir. Hizl1 ve yiizeysel igeriklere siirekli maruz kalan bireyler,
zamanla daha kisa dikkat araliklarina uyum saglamakta ve derin odaklanma gerektiren
gorevlerden kaginma egilimi gésterebilmektedir. Bu durum, 6grenme siireglerinin kalitesini
diisiirmekte ve bireylerin bilissel dayanikliligini zayiflatmaktadir. Dolayisiyla dijital icerik
tiiketimi, yalnizca anlik biligsel performans: degil, ayn1 zamanda uzun vadeli biligsel yap1
ve aligkanliklar1 da etkilemektedir.(Yousef et al., 2025)
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5. PSIKOLOJIK VE DUYGUSAL ETKILER

Dijital igerik tiiketiminin yalnizca bilissel degil, ayn1 zamanda psikolojik ve duygusal
siirecler iizerinde de onemli etkileri bulunmaktadir. Ozellikle diisiik kaliteli ve hizh
tilkketilen iceriklere yogun maruz kalma, bireylerde duygusal dalgalanmalar ve igsel bosluk
hissi ile iliskilendirilmektedir. Siirekli uyarana maruz kalma, kisa siireli haz ve tatmin
saglarken, uzun vadede duygusal doyumun azalmasina ve ig¢sel huzursuzluga yol
acabilmektedir. Bu durum, bireylerin kendilerini zihinsel olarak yorgun ve duygusal olarak
tiikenmis hissetmelerine neden olabilmektedir.(Islam et al., 2025; Yousef et al., 2025)

Diisiik kaliteli dijital igeriklerin yogun tiiketimi, motivasyon diizeyinde azalma ile de
iliskilendirilmektedir. Ozellikle siirekli eglence odakli ve diisiik bilissel caba gerektiren
iceriklere maruz kalan bireylerde, daha fazla zihinsel efor gerektiren gorevlere karsi
isteksizlik gelisebilmektedir. Bu durum, bireylerin tiretkenlik diizeyini azaltmakta ve
akademik ya da profesyonel sorumluluklardan kaginma davranislarini artirabilmektedir.
Giincel caligmalar, sosyal medya kullaniminin motivasyon kaybi ve psikolojik iyi olus
diizeyinde azalma ile iliskili oldugunu gostermektedir.(Jabeen et al., 2023)

Dijital igerik tiiketiminin bir diger 6nemli psikolojik sonucu, bagimhilik benzeri kullanim
davramislaridir. Ozellikle algoritmalar tarafindan siirekli yeni igeriklerin sunulmasi,
bireylerde “kagcirma korkusu” (FOMO) ve siirekli ¢evrimi¢i olma ihtiyac
yaratabilmektedir. Bu durum, bireylerin sosyal medya platformlarindan uzaklasmakta
zorlanmasina ve dijital ortamlara karst bagimlilik gelistirmesine neden olabilmektedir.
Aragtirmalar, asir1 sosyal medya kullaniminin anksiyete, stres ve depresyon diizeyleri ile
iliskili oldugunu ortaya koymaktadir.(Giime, 2024)

Diisiik kaliteli iceriklere siirekli maruz kalma, bireylerde duygusal kiintlesme ve
duyarsizlagsma gibi etkiler de yaratabilmektedir. Siirekli tekrarlayan ve yiizeysel igerikler,
bireylerin duygusal tepkilerini zayiflatmakta ve gercek yasam deneyimlerine karsi
ilgilerinin azalmasina neden olabilmektedir. Bu durum, bireylerin sosyal iliskilerinde
zayiflama ve gercek yasamdan kopma gibi sonuglar dogurabilmektedir. Ozellikle geng
bireylerde bu durumun daha belirgin oldugu ve sosyal etkilesim kalitesini olumsuz
etkileyebildigi belirtilmektedir.(Satani et al., 2025)

Bununla birlikte, dijital icerik tuketimi bireylerde zihinsel bosluk ve anlamsizhik hissi
olusturabilmektedir. Uzun siire diisiik kaliteli igeriklere maruz kalan bireyler, zamanlarini
verimsiz gegirdiklerini fark ederek sucluluk ve tatminsizlik hissi yasayabilmektedir. Bu
durum, hem psikolojik iyi olusu hem de bireyin kendine ydnelik algisini olumsuz yonde
etkileyebilmektedir. Dolayisiyla diisiik kaliteli igerik tiiketimi, yalnizca kisa vadeli bir
eglence aract degil; ayn1 zamanda uzun vadede psikolojik iyi olusu etkileyen 6nemli bir
faktor olarak degerlendirilmektedir.(Unsal & Korkmaz)

Sonug olarak, diisiik kaliteli dijital iceriklere yogun maruz kalma; motivasyon kaybi,
duygusal tiikenmislik, bagimlilik egilimi ve psikolojik iyi olusta azalma gibi ¢cok boyutlu
psikolojik etkilerle iligkilidir. Bu etkiler, “beyin ¢iirlimesi” olgusunun duygusal ve
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psikolojik boyutunu olusturarak bireyin genel yasam kalitesini O6nemli Olclide
etkileyebilmektedir.

6. DAVRANISSAL SONUCLAR

Diisiik kaliteli dijital igeriklere yogun maruz kalmanin en belirgin sonuglarindan biri,
bireylerin giinliik davranis oriintiilerinde meydana gelen degisimlerdir. Ozellikle siirekli
icerik tiiketimi, bireylerin zaman yonetimi becerilerini olumsuz etkileyerek planli davranma
kapasitesini zayiflatmaktadir. Dijital platformlarin kesintisiz igerik akisi sunmasi, bireylerin
farkinda olmadan uzun siire ¢evrimi¢i kalmasina neden olmakta ve bu durum giinliik
sorumluluklarin ertelenmesine yol agabilmektedir.(Yousef et al., 2025)

Dijital icerik tiketimi ile erteleme davramsi (procrastination) arasinda giiglii bir iliski
oldugu goriilmektedir. Ozellikle akademik sorumluluklar séz konusu oldugunda, bireylerin
zihinsel ¢aba gerektiren gorevler yerine daha kolay ve hizli tiiketilebilen dijital iceriklere
yoneldigi dikkat ¢ekmektedir. Bu durum, gorevden kaginma davranisini pekistirerek
akademik performansin diismesine neden olabilmektedir. Giincel ¢alismalar, yogun sosyal
medya kullaniminin erteleme davranist ve diisiik akademik basar ile iligkili oldugunu
gostermektedir.(Gume, 2024)

Diisiik kaliteli igerik tiiketiminin bir diger davranissal sonucu, Uretkenlikte azalmadir.
Stirekli olarak kisa ve hizli i¢eriklere maruz kalan bireyler, daha uzun siireli dikkat ve ¢aba
gerektiren gorevleri surdirmekte zorlanabilmektedir. Bu durum, 6zellikle akademik
caligma, okuma ve problem ¢dzme gibi faaliyetlerde performans diisiisiine yol agmaktadir.
Ayni1 zamanda bireyler, dijital ortamda gecirdikleri siire arttik¢a gergek yasam aktivitelerine
ayirdiklart zamani azaltabilmektedir.(Grant, 2025; Jabeen et al., 2023)

Dijital igerik tiiketimi ayrica aliskanhk ve bagimhhk davramslarmin gelismesiyle de
iligkilidir. Algoritmalarin kullaniciya siirekli yeni i¢erikler sunmasi, bireylerde platforma
tekrar tekrar girme istegi olusturmakta ve bu durum zamanla otomatik bir davranis kalibina
doniisebilmektedir. Ozellikle “kontrol etme” davranisinin siklasmasi, bireyin dikkatinin
stirekli boliinmesine ve giinliik islevselliginin azalmasina neden olmaktadir. Bu baglamda
dijital igerik tiiketimi, davranigsal bagimliliklar kapsaminda degerlendirilmektedir.(Satani
et al., 2025)

Bununla birlikte, diisiik kaliteli icerik tliketimi bireylerin zaman algisim da
bozabilmektedir. Kullanicilar dijital ortamda gegirdikleri siirenin farkina varmakta
zorlanmakta ve planladiklarindan ¢ok daha uzun siire igerik tiilketmeye devam
edebilmektedir. Bu durum, bireylerin giinlilk yasam diizenlerini bozarak uyku, ¢alisma ve
sosyal yasam dengelerini olumsuz ydnde etkileyebilmektedir. Ozellikle geng bireylerde bu
etkinin daha belirgin oldugu goriilmektedir.(Huang et al., 2025; Skowronek et al., 2023)

Sonug olarak, diisiik kaliteli dijital iceriklere maruz kalma; erteleme davranisi, iiretkenlik
kaybi, zaman yonetimi sorunlart ve bagimlilik egilimleri gibi ¢cok boyutlu davranigsal
sonuglara yol agmaktadir. Bu etkiler, “beyin ciirlimesi” olgusunun davranigsal boyutunu
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olusturarak bireylerin akademik, sosyal ve giinlik yasam performansini 6nemli 6l¢iide
etkileyebilmektedir.

7. SONUCLAR VE DEGERLENDIRME

Bu derlemede elde edilen bulgular, dijital igerik tiiketiminin niteliginin bireylerin bilissel,
psikolojik ve davranigsal siirecleri tizerinde belirleyici bir rol oynadigin1 gostermektedir.
Ozellikle diisiik kaliteli, hizl1 ve tekrarlayan igeriklere maruz kalmanin dikkat siiresinde
azalma, yiizeysel bilgi isleme ve zihinsel yorgunluk gibi biligsel etkilerle iliskili oldugu
gorilmektedir. Bu durum, dijital igerik tiiketiminin yalnizca bir zaman gegirme araci
olmadigini, ayn1 zamanda biligsel islevleri sekillendiren 6nemli bir faktér oldugunu ortaya
koymaktadir.

Psikolojik agidan degerlendirildiginde, diisiik kaliteli icerik tiiketiminin motivasyon kaybi,
duygusal tiikenmislik ve zihinsel bosluk hissi ile iliskili oldugu dikkat ¢cekmektedir. Siirekli
uyarana maruz kalma, kisa siireli haz saglarken uzun vadede bireylerin psikolojik iyi olus
diizeyini olumsuz etkileyebilmektedir. Ozellikle geng bireylerde bu durumun daha belirgin
oldugu ve dijital icerik tiiketiminin duygusal denge lizerinde 6nemli bir etkisi oldugu
gorulmektedir.

Davranigsal boyutta ise, dijital igerik tliketiminin erteleme davranigi, zaman yOnetimi
sorunlart ve {iretkenlik kayb1 ile iliskili oldugu belirlenmistir. Ozellikle akademik
sorumluluklarin ertelenmesi ve dijital ortamlara yonelme egiliminin artmasi, bireylerin
giinliik islevselligini olumsuz etkilemektedir. Bu durum, dijital icerik tiiketiminin bireyin
yasam diizeni lizerindeki etkisinin yalnizca bilissel degil, ayn1 zamanda davranigsal diizeyde
de 6nemli oldugunu gostermektedir.

Tiim bu bulgular birlikte degerlendirildiginde, “beyin ¢iiriimesi” olarak ifade edilen
olgunun ¢ok boyutlu bir yapr oldugu anlasilmaktadir. Biligsel, psikolojik ve davranigsal
etkilerin birbirini besleyen bir siire¢ olusturdugu ve bu siirecin bireyin genel yagam kalitesi
iizerinde 6nemli sonuglar dogurdugu goriilmektedir. Bu baglamda, dijital igerik tiikketiminin
yalmizca stiresi degil, ayni zamanda niteliginin de dikkate alinmasi gerektigi ortaya
cikmaktadir.

8. GENEL DEGERLENDIRME VE SONUCLAR

Dijital ¢agda bireylerin maruz kaldig: igeriklerin yapisi, biligsel ve psikolojik islevlerin
yeniden sekillenmesine neden olmaktadir. Ozellikle diisiik kaliteli iceriklerin yogun
tlketimi, dikkat siireglerinin zayiflamasina, biligsel dayanikliligin azalmasina ve zihinsel
yorgunlugun artmasina yol agmaktadir. Bu durum, “beyin ¢iiriimesi” kavraminin yalnizca
metaforik bir ifade olmadigini, ayn1 zamanda dijital yasamin somut bir sonucu olarak
degerlendirilmesi gerektigini gostermektedir.

Bu derleme, diisiik kaliteli dijital icerik tiikketiminin birey iizerindeki etkilerini ¢ok boyutlu
bir perspektiften ele alarak, bu olgunun bilissel, psikolojik ve davranigsal sonuglarini ortaya
koymustur. Elde edilen bulgular, 6zellikle gengler ve oOgrenciler i¢in dijital igerik
tiikketiminin 6nemli bir risk alani olusturdugunu gostermektedir. Bu nedenle, dijital medya

146



FAR EAST ASIA 6% INTERNATIONAL CONGRESS ON APPLIED SCIENCES
April 17 -22,2026 - TOKYO
ISBN NR: 978-625-8795-05-9

kullanimina yonelik farkindaligin artirilmasi ve bireylerin bilingli igerik tiikketimi
konusunda desteklenmesi biiylik 6nem tagimaktadir.

Gelecekte yapilacak calismalarin, bu kavramin daha derinlemesine anlasilmasina katki
saglayacag: diisiiniilmektedir. Ozellikle deneysel ve uzunlamasina arastirmalarin
artirilmasi, dijital igerik tiiketiminin uzun vadeli etkilerinin ortaya konulmasi agisindan
onemlidir. Ayrica, bireylerin dijital ortamlardaki davraniglarini diizenlemeye yonelik
miidahale programlarinin gelistirilmesi, bu alanda 6nemli bir ihtiyag¢ olarak goriilmektedir.
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OZET

Biyotinidaz, biyotin vitaminini biyositinden ve diyet proteinlerine bagli kaynaklardan
ayirarak biyotini geri doniistiiren enzimdir. Biyotinidaz eksikligi (BTD), otozomal resesif
kalitilan bir norokutandz hastaliktir. Tiirkiye'deki ulusal yenidogan tarama programi, bu
hastaligin yiiksek bir insidansa sahip oldugunu ortaya koymustur. Saglik Bakanlig: tarafindan
yayimmlanan verilere gore, biyotinidaz eksikliginin insidanst yaklagik 1:7.116 olarak
bildirilmistir (Canda, E.,; Kalkan Ucar, S.;Coker, 2020). Biyotinidaz eksikliginin, biyotine
daha fazla ihtiya¢ duyan beyin bdlgelerinin metabolizmasini tehlikeye atarak nérolojik
bozukluklarin gelismesine yol agmasi miimkiindiir. Bu bolgeler arasinda dorsal ve ventral
koklear ¢ekirdekler, superior olivary kompleksi ve vestibiiler ¢ekirdek bulunur (Leon-Del-
Rio, 2019).

Isitsel efferent lifler, korteksten baglayarak medial genikulat cisim ve inferior kollikulusa,
buradan da superior olivery kompleksteki nukleuslara ulasir (Kumdakci ef al., 2021).Medial
olivokoklear efferentler (MOCE) superior olivary kompleksin daha medial ve rostral
bolgelerinden kaynaklanir ve dogrudan Corti organinin dis tiiy hiicrelerinde sonlanan daha
kalin, miyelinli aksonlar yansitir (Cooper and Guinan, 2006). Dis tily hiicrelerinin
kontraktilitesi ve dolayisiyla hiperpolarizasyonu MOC sistem tarafindan diizenlenirken; dis
tiy hiicrelerindeki bu kontraktilitenin Urettigi ses, otoakustik emisyon (OAE) olarak
adlandirilir (Kumdakei et al., 2021).

Bu c¢alismada, biyotinidaz eksikligi olan hastalarin Klinik ABR testi ile elektrofizyolojik
Olgtimleri yapilip TEOAE yanitlart alinmis olup ardindan MOC refleksi cevaplar ile isitsel
efferent sistemleri degerlendirilmistir.

Biyotinidaz eksikligi olan hastalarda isitsel efferent yanitlarin varligini degerlendirmeyi
amaglayan bu calisma, isitsel efferent sistemle ilgili arastirmalarin azlig1 ve biyotinidaz
eksikligi olan hastalarda efferent sistemin degerlendirilmesine yonelik literatiir eksikligi
nedeniyle bilimsel acidan dnemli bir katki sunmay1 hedeflemektedir.

Anahtar Kelimeler: Biyotinidaz Eksikligi, Isitsel Efferent Sistem, MOC.
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1. GIRIS

1.1.Biyotinidaz Eksikligi Tani, Tedavi, Klinik Bulgular

Biyotinidaz, vicutta kofaktor olarak gorev yapan biyotinin (B7 vitamini) serbest formda
korunmasini ve geri doniistiiriilmesini saglayan temel bir hidrolitik enzimdir (Wolf, 2012). Bu
enzim, proteinlerin proteolitik yikimi sirasinda ortaya c¢ikan bir yan iiriin olan biyositini
(biyotinil-lizin) veya diyetle alinan biyotinil-peptidleri parcalayarak serbest biyotin ve lizin
aci8a ¢ikarir (Hymes & Wolf, 1996). Aci8a ¢ikan bu serbest biyotin, hiicre i¢cinde karboksilaz
enzimlerinin sentezlenmesi ve aktif hale gelmesi icin zorunlu bir molekildir (Pinditi vd.,
2021).

Biyotinidaz, sadece bagirsaktaki emilim siirecinde degil, ayn1 zamanda hiicresel diizeyde
biyotinin endojen geri kazanim dongiisiinde de kritik bir rol iistlenir (Zempleni vd., 2009). Bu
enzimin eksikligi durumunda, viicut serbest biyotin havuzunu yenileyemez ve bu da ¢oklu
karboksilaz yetmezligi ile sonuclanan ciddi metabolik tablolara yol acar (Strawbridge &
Antwi, 2014).

Biyotinidaz eksikligi, BTD genindeki mutasyonlar sonucu gelisen ve viicudun serbest biyotin
havuzunu siirdiirememesiyle karakterize olan otozomal resesif gegisli bir metabolik hastaliktir
(Wolf, 2012). Normal sartlarda biyotinidaz enzimi, karboksilaz enzimlerinin yikimi sonucu
olusan biyositini parcalayarak biyotini serbest birakir; ancak bu eksiklikte dongii kirilarak
serbest biyotin hizla idrar yoluyla kaybedilir (Hymes & Wolf, 1996). Biyotin yetersizligi,
piruvat karboksilaz, asetil-KoA karboksilaz, propiyonil-KoA karboksilaz ve 3-metilkrotonil-
KoA karboksilaz enzimlerinin fonksiyonlarini yitirmesine neden olarak organik asidemi
tablosuna yol agar (Pinditi vd., 2021).

Klinik spektrum, enzim aktivitesinin seviyesine bagli olarak iki ana fenotipte incelenir: Tam
Biyotinidaz Eksikligi, serum enzim aktivitesinin normalin %10'undan az olmast durumudur
ve tedavi edilmezse erken c¢ocukluk doneminde koma veya Oliime kadar varabilen agir
norolojik krizlerle seyreder (Strawbridge & Antwi, 2014). Kismi Biyotinidaz Eksikligi ise
aktivitenin %10 ile %30 arasinda oldugu durumdur ve genellikle stres, enfeksiyon veya
yetersiz beslenme gibi tetikleyici unsurlar varliginda hafif dermatolojik semptomlar veya
hipotoni ile kendini gosterir (Zempleni vd., 2009).

Hastaligin patofizyolojisi; laktik asidoz, hiperamonemi ve serebral korteksteki miyelinizasyon
bozukluklar1 gibi sistemik bozulmalar1 igerir (Wolf, 2012). Erken donemde farmakolojik
dozda (5-20 mg/giin) oral serbest biyotin kullanimi, metabolik dengesizlikleri hizla diizelterek
semptomatik gelisimi tamamen durdurabilmektedir (Pinditi vd., 2021).

Tan1 siireci genellikle yenidogan taramalar1 ile baslar ve biyokimyasal/genetik testlerle

kesinlestirilir. Tiirkiye dahil bir¢ok iilkede biyotinidaz eksikligi, ulusal yenidogan tarama
programi kapsamindadir. Dogumdan sonraki ilk gilinlerde alinan topuk kaninda, kolorimetrik
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veya florometrik yontemlerle biyotinidaz enzim aktivitesi 6lcullr. Bu tarama, belirtiler ortaya
citkmadan o©nce tam1 konulmasini saglayarak norolojik hasar1 oOnler (Wolf, 2023,
GeneReviews).

Tarama testi pozitif ¢ikan veya klinik bulgu (sa¢ dokiilmesi, deri dokiintiisii, ndbet, hipotoni)
gosteren bireylerde kesin tani i¢in serumda kantitatif biyotinidaz enzim aktivitesi 6l¢ilur. Bu
testle hastalik iki sinifa ayrilir: Tam biyotinidaz eksikligi enzim aktivitesinin normalin
%10'undan azlig1 iken, kismi biyotinidaz eksikligi enzim aktivitesi normalin %10 ile %30'u
arasindadir (Strovel ve ark., 2017, Molecular Genetics and Metabolism).

Klinik siiphe durumunda, viicuttaki metabolik bozulmay1 anlamak i¢in idrar organik asit
analizi yapilir. Bu analizde 3-hidroksiizovalerik asit, 3-metilkrotonilglisin ve metilsitrat gibi
spesifik metabolitlerin artis1 gdzlemlenir. Bu bulgular, biyotinin kofaktdr olarak kullanildig:
karboksilaz enzimlerinin ¢alismadigini kanitlar (Zaffanello ve ark., 2020, Medicina).

Kesin taniy1 desteklemek ve ailevi danigmanlik vermek amaciyla BTD genindeki mutasyonlar
incelenir. Bugune kadar bu gen Uzerinde 150’den fazla farkli mutasyon tanimlanmistir.
Genetik test, 6zellikle enzim aktivitesinin sinirda oldugu vakalarda ayirici tani igin kritiktir
(Canda ve ark., 2020, Turkish Archives of Pediatrics).

Biyotinidaz eksikligi (BE), erken teshis edildiginde tedavisi oldukca basit ve etkili olan bir
metabolik hastaliktir. Tedavinin temel amaci, viicudun geri doniistiiremedigi biyotini (B7
vitamini) digaridan serbest formda vererek metabolik siireclerin devamliligini saglamaktir.

Hastaligin birincil ve tek tedavisi, agiz yoluyla alinan serbest biyotin (vitamin H/B7)
destegidir. Gidalarda bulunan biyotin proteinlere bagl oldugu i¢in bu hastalar tarafindan
kullanilamaz; bu nedenle eczane formundaki serbest vitaminin kullanilmasi zorunludur. Tam
biyotinidaz eksikliginde genellikle glnlik 5-20 mgdoz uygulanir (Wolf, 2023,
GeneReviews). Kismi eksiklikte ise genellikle giinliik 1-5 mg doz yeterli olmaktadir (Strovel
ve ark., 2017, Molecular Genetics and Metabolism).

Hastalarin periyodik olarak norolojik gelisim, isitme ve gorme testleri acisindan izlenmesi
gerektigi savunulmaktadir (Canda ve ark., 2020, Turkish Archives of Pediatrics). Idrar
organik asit analizi ile metabolik kontroliin saglanip saglanmadig1 denetlenir (Zaffanello ve
ark., 2020, Medicina).

Diger birgok metabolik hastaligin aksine, biyotinidaz eksikliginde genellikle 6zel bir diyet
kisitlamas1 gerekmez. Hastalar protein dahil tiim besin gruplarin tiiketebilirler. Ancak, ¢ig
yumurta aki tiiketiminden kagimilmalidir; ¢linkii ¢ig yumurtadaki avidin maddesi biyotini
baglayarak emilimini engeller (Wolf, 2023, GeneReviews).
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Tedaviye semptomlar baglamadan dnce (yenidogan taramasi sonrasi) baslanirsa ¢ocuk
tamamen saglikli bir yasam siirebilir. Ancak tan1 gecikirse, olusmus olan isitme kaybi
ve optik atrofi (gbz siniri hasar1) biyotin tedavisiyle genellikle geri dondiiriilemez;
sadece ilerlemesi durdurulur (Hymes ve Wolf, 1996, Clinical Genetics).

Biyotinidaz eksikligi (BE), tedavi edilmedigi takdirde viicutta biyotinin tiikenmesine yol
acarak cok sistemli klinik bulgularla kendini gosterir. Belirtiler genellikle yasamin ilk birkag
haftas1 ile 3. ay1 arasinda (infantil form) ortaya ¢ikar, ancak ge¢ baslangi¢h vakalar da
mevcuttur.

Hastaligin en yaygin ve ciddi belirtileri sinir sistemi {izerindedir. Biyotin, beyin
metabolizmasi i¢in kritik oldugundan eksikligi nérolojik fonksiyonlar1 hizla bozar. Hipotoni
en erken fark edilen bulgulardan biridir. Genellikle tedaviye direncli miyoklonik veya
jeneralize nobetler goriiliir. Motor ve biligsel becerilerde duraksama veya gerileme izlenir
(Wolf, 2023, GeneReviews).

Cilt ve sa¢ bulgulari, hastaligin tipik dis belirtileridir ve tan1 koydurucu 6neme sahiptir.Kas,
kirpik ve saglarda dokiilme; bazen tam kellik goriilebilir. Genellikle agiz ve goz ¢evresinde
(periorofisyal) gorilen, egzamaya benzeyen eritematdz ve keratotik dokuntiler gozlenebilir.
Ayn1 zamanda ciltte tekrarlayan Candida enfeksiyonlari da yaygindir (Strovel ve ark., 2017,
Molecular Genetics and Metabolism).

Tedavi geciktiginde ortaya ¢ikan bazi bulgular kalici hasar birakabilir. Sensorindral igitme
kayb1 vakalarin yaklasik %75'inde goriiliir ve biyotin tedavisiyle genellikle geri donmez.
Optik atrofi ve skotomlar olusabilir (Canda ve ark., 2020, Turkish Archives of Pediatrics).
Solunum diizensizlikleri ve hiriltili solunum gortlebilir. T-hiicre ve B-hiicre fonksiyonlarinda
bozulma nedeniyle enfeksiyonlara yatkinlik artar (Zaffanello ve ark., 2020, Medicina). Enzim
aktivitesinin ¢ok diisiik oldugu durumlarda, agir metabolik asidoz ve ketoniiriye bagli koma
geligebilir. Bu durumlar genellikle bir enfeksiyon veya stres sonrasi tetiklenir (Hymes ve
Wolf, 1996, Clinical Genetics).

Biyotinidaz eksikligi (BE) olan bireylerde isitme kaybi, hastaligin en karakteristik ve tedavisi
en zor klinik bulgularindan biridir. Bu baginti, biyotin dongiistindeki bozuklugun dogrudan
noro-duyusal sistem tizerindeki toksik etkilerinden kaynaklanir.

Biyotinidaz enzimi, biyotini proteinlerden ayirarak serbest forma doniistiiriir. Biyotin
eksikligi olustugunda, piruvat karboksilaz gibi enerji metabolizmasi i¢in hayati 6nem tastyan
enzimler ¢alisamaz. Bu durum, i¢ kulaktaki koklea ve isitme siniri gibi yiiksek enerji thtiyact
olan dokularda laktik asit birikimine ve hiicresel hasara yol acar. Isitme kayb
genellikle sensorindral tipte olup, i¢ kulaktaki tiy hicrelerinin veya isitme siniri yollarinin
hasar gormesiyle iliskilidir (Wolf, 2023, GeneReviews).

Tedavi edilmeyen tam biyotinidaz eksikligi vakalarinin yaklasik %75'inde isitme kaybi
gelisir.Isitme kaybmin siddeti hafif dereceden cok ileri derecede isitme kaybina kadar
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degiskenlik gosterebilir.Genellikle bebeklik doneminde ortaya ¢ikar, ancak bazen daha geg
cocukluk doneminde de fark edilebilir (Strovel ve ark., 2017, Molecular Genetics and
Metabolism). Isitme kayb1, biyotinidaz eksikliginin diger semptomlarindan (cilt dokiintileri,
nobetler, sa¢ dokiilmesi) geri doniisiimiin zorlugu noktasinda 6nemli derecede ayrilir. Biyotin
takviyesi basladiginda ndbetler durur ve cilt diizelir; ancak olugsmus olan isitme kaybi
genellikle biyotin tedavisine yanit vermez. Bu durum, isitme yollarindaki hasarin fonksiyonel
bir bozukluktan ziyade yapisal/noronal bir kayip oldugunu diisiindiirmektedir (Canda ve ark.,
2020, Turkish

Isitme kaybin1 6nlemenin tek yolu, hasar heniiz olusmadan (ideal olarak yenidogan taramasi
ile) tedaviye baslamaktir. Semptomlar basladiktan sonra verilen biyotin, mevcut igitme
kaybini diizeltmese de kaybin daha da ilerlemesini durdurabilir (Zaffanello ve ark., 2020,
Medicina).

1.2.Merkezi Isitme Sistemi Eferent Yollari

Merkezi isitme sisteminde eferent yollar, beyin sapindan kokleaya dogru ilerleyen ve isitsel
bilginin islenmesini yukaridan asagiya (top-down) kontrol eden mekanizmalardir. Bu sistemin
en temel ve en iyi tanmimlanmis bileseni Oliovokoklear Demet (OCB)'dir.

Eferent sistemin merkezini superior oliver kompleks (SOC) olusturur. Liflerin koken aldig1
yere gore iki ana gruba ayrilir:

Lateral Olivokoklear (LOC) Sistem: Lifler lateral superior olivden (LSO) ¢ikar ve agirlikli
olarak i¢ tiiy hiicrelerinin (IHC) altindaki afferent sinir uclarina baglanir. Isitsel sinirin
hassasiyetini modiile ettigi diisiiniilmektedir.

Medial Olivokoklear (MOC) Sistem: Lifler medial superior olivden (MSO) ¢ikar ve dogrudan
dis tily hiicrelerine (OHC) baglanir. Bu sistem, dis tiiy hiicrelerinin elektromotilitesini
baskilayarak koklear kazanci azaltir (Guinan, 2018, Hearing Research).

Eferent yollar, pasif birer iletici degil, isitme kalitesini optimize eden aktif diizenleyicilerdir.
MOC sistemi, arka plan giriltiisii varken koklear kazanci diistirerek "maskelemeden
kurtulma" saglar. Bu, giiriiltiilii ortamlarda konusmay1 ayirt etmemize yardimer olur (Lopez-
Poveda, 2018, Frontiers in Neuroscience). Yiiksek siddetli seslere maruz kalindiginda, eferent
geri besleme mekanizmasi kokleanin mekanik tepkisini zayiflatarak i¢ kulag:i hasara karsi
korur (Maison ve ark., 2013, Journal of Neuroscience). Ayrica korteksten gelen uyarilar
eferent yollar araciligiyla belirli frekanslara odaklanmay1 ve ilgisiz seslerin filtrelenmesini
saglar.

Eferent sistem sadece beyin sapiyla smirh degildir. Isitsel korteksten (AC) baslayip
talamustaki medial genikulat govdeye (MGB) ve inferior kollikulusa (IC) kadar uzanan genis
bir kortikofugal yol mevcuttur. Bu yollar, beyin sapindaki oliver kompleksin aktivitesini
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dizenleyerek periferik isitme duyarliligini kortikal diizeydeki beklentilere gore sekillendirir
(Suga, 2008, Nature Reviews Neuroscience).

Biyotinidaz eksikliginin, biyotine daha fazla ihtiyag duyan beyin bdlgelerinin
metabolizmasint tehlikeye atarak ndrolojik bozukluklarin gelismesine yol agmasi
miimkiindiir. Bu bolgeler arasinda dorsal ve ventral koklear ¢ekirdekler, superior olivary
kompleksi ve vestibller ¢ekirdek bulunur (Leon-Del-Rio, 2019). Biyotinidaz enziminin
isitsel sistemdeki rolii, isitsel yolaklardaki noronal enerji metabolizmasini ve miyelin
biitiinliigiinii korumasindan kaynaklanr. Isitsel sistem, viicuttaki enerji tiikketimi en yiiksek ve
metabolik hiz1 en fazla olan yolaklardan biridir; bu nedenle biyotin eksikliginde anatomik
olarak belirli bolgeler daha fazla etkilenir.

Eferent sistem, ozellikle de Medial Olivokoklear (MOC) lifler, dig tiiy hiicrelerinin (OHC)
aktivitesini baskilamak icin siirekli bir noral aktivite ve yiiksek enerji sarfiyati gerektirir.
Biyotin, piruvat karboksilaz enzimi araciligiyla glukozdan enerji (ATP) tiretiminde kilit rol
oynar. Biyotinidaz eksikliginde enerji metabolizmas1 bozuldugunda, enerjiye en duyarli olan

merkezi isitme yollar1 ve eferent liflerin inhibitor (baskilayici) fonksiyonlar1 sekteye ugrar
(Wolf, 2023, GeneReviews).

I¢ kulakta biyotinidaz aktivitesi, kokleanin enerji santrali olan sStria vascularis icin kritiktir.
Stria vascularis, endolenfatik potansiyeli korumak icin yiksek enerji harcar. Biyotinidaz
eksikliginde bu bolgedeki metabolik aksama, endolenfatik potansiyelin diismesine ve
kokleanin ses sinyallerini elektriksel uyariya doniistlirememesine yol agar (Wolf, 2023,
GeneReviews).

Biyotin, yag asidi sentezinde anahtar rol oynadigi i¢in miyelin iiretimi i¢in zorunludur. 8. kafa
siniri, kokleadan aldigi bilgiyi beyin sapina tasir. Biyotinidaz eksikliginde bu sinirde
demiyelinizasyon gelisebilir. Bu durum, sinirsel iletimin yavaglamasina veya
senkronizasyonun bozulmasina neden olarak "isitsel noropati" tablosuna yol agabilecektir
(Strovel ve ark., 2017).

Isitsel yolakta sesin lokalizasyonu ve giiriiltiiden armdirilmasindan sorumlu olan beyin sap1
cekirdekleri, biyotin eksikligine karsi oldukca hassastir. Isitsel beyin sap1 yaniti (ABR)
testlerinde gozlenen 1ll. ve V. dalgalardaki gecikmeler, biyotinidaz eksikliginin beyin sap1
diizeyindeki anatomik yolaklarda iletim kusuru yarattigini kanitlar. Superior olivar kompleks
ayni1 zamanda eferent liflerin (MOC yollar1) ¢ikis noktasidir (Canda ve ark., 2020).

Isitsel bilginin entegrasyon merkezi olan inferior kollikulus, metabolik olarak cok aktiftir.
Biyotinidaz eksikligi olan fare modellerinde, inferior kollikulus bolgesinde laktik asit birikimi
ve noronal dejenerasyon izlenmistir. Bu, sesin sadece duyulmasini degil, merkezi olarak
islenmesini de bozan bir anatomik hasardir (Zaffanello ve ark., 2020).

Eferent yollar, yiiksek miyelinli liflerden olusur. Biyotin eksikligi, yag asidi sentezini bozarak
miyelin kilifin hasar gérmesine neden olur. Eferent yollardaki bu miyelin kaybi, beyinden
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gelen "filtreleme" sinyallerinin kokleaya ulagsmasini engeller. Diger semptomlar diizelse bile
bu néronal hasar kalic1 olma egilimindedir (Hymes ve Wolf, 1996, Clinical Genetics).

Biyotinidaz eksikliginde goriilen isitme kaybi bazen tipik bir sensérindral kayiptan ziyade
bir isitsel noropati spektrumu sergileyebilir. Isitsel ndropatide dis tiiy hiicreleri saglam kalsa
bile (OAE testi normal), eferent sistemin bu hucreler Gzerindeki "modilasyon™ etkisi
kaybolur. Biyotin eksikligine bagli laktik asit birikimi, oliver kompleks seviyesindeki eferent
cekirdeklerde noronal hasar yaratarak sesin giiriiltiiden ayirt edilmesini imkansiz hale
getirebilir (Zaffanello ve ark., 2020, Medicina).

2. DENEYSEL UYGULAMA TESTLERI

2.1. Klinik Auditory Brainstem Response (ABR/BERA)

ABR, sesli uyarana yanit olarak isitsel sinir ve beyin sap1 yolaklarinda olusan elektriksel
aktiviteyi olcen elektrofizyolojik bir testtir. Genellikle klik veya tone-burst uyaranlar
kullanilir. Kafa derisine yerlestirilen elektrotlar, uyarandan sonraki ilk 10 milisaniye icinde
olusan 5-7 adet dalgay1 kaydeder. I. Dalga, isitsel sinirin distal kismi; III. Dalga, superior
oliver kompleks (SOC) ve V. Dalga, inferior kollikulus cevaplarini gdstermektedir. Isitme
esiklerinin belirlenmesinde ve retrokoklear (sinirsel) patolojilerin tanisinda ABR testi altin
standarttir (Hood, 1998; Hall, 2007).

2.2. Transient Evoked Otoacoustic Emissions (TEOAE)

TEOAE, kokleadaki dig tiiy hiicrelerinin (OHC) biitiinliigiinii ve aktif mekanik geri
beslemesini Olcer. Kisa siireli klik uyaranlar dis kulak yoluna gonderilir. Saglikli dis tiiy
hiicreleri bu uyarana mekanik bir "eko" ile yanit verir ve bu diisiik siddetli ses hassas bir
mikrofonla kaydedilir. Orta kulak ve kokleanin (6zellikle OHC) normal isledigini gdsterir.
Isitme kayb1 30-35 dB'i astiginda yanit alinamamaktadir (Probst ve ark., 1991).

2.3. Kontralateral Supresyon ile TEOAE (MOC Sistem Degerlendirmesi)

Bu test, Medial Olivokoklear (MOC) eferent sistemin fonksiyonelligini 6l¢mek i¢in kullanilir.
Once standart bir TEOAE 6l¢iimii yapilir. Ardindan kars1 kulaga (kontralateral) siirekli bir
giiriiltii verilirken TEOAE o0l¢iimii tekrarlanir. Saglikli bir eferent sistemde, kars1 kulaktan
verilen giiriiltli beyin sapindaki MOC ndronlarim1 aktive eder. Bu ndronlar, test edilen
kulaktaki dig tiiy hicrelerini baskilayarak TEOAE genliginde 1-3 dB'lik  bir
diisiise (supresyona) neden olur. Supresyonun olmamasi veya azalmasi, beyin sapi
patolojilerini, isitsel noropatiyi veya eferent sistemdeki (MOC) disfonksiyonu gosterir
(Guinan, 2006; Berlin ve ark., 1993).

3. GENEL DEGERLENDIRME
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2025 yilinda yayilanan ¢alisma, yenidogan tarama programlarinin biyotinidaz eksikligi olan
cocuklarda isitmeyi korumadaki basarisin1 degerlendirmektedir. Tiirkiye'de yapilan bu genis
kapsamli retrospektif ¢alismaya 4-24 ay aras1 12 kiz 12 erkek olmak iizere 24 biyotinidaz
eksikligi tanili katilimcr dahil edilmistir. Calisma sonucunda, erken tan1 alan ve tedavi edilen
cocuklarin ABR ve OAE sonuglarinin normal oldugu gézlenmistir (Siiloglu ve ark., 2025).

2025 yilinda, 50 MS hastasi, 50 saglikli kontrol grubun dahil edildigi bir baska ¢aligmada,
MOC refleksi yoluyla multipl sklerozlu hastalarda efferent isitsel sistem aktivitesi
arastirilmistir. MS hastalar1 kendi aralarinda, kraniyal MR sonuglarina gore; beyin sapi
lezyonlar1 olan hastalar (Grup 1, n = 20), beyin sap1 tutulumu olmayan temporal korteks
lezyonlu hastalar (Grup 2, n = 20) ve beyin sap1 veya temporal kortekste herhangi bir lezyonu
olmayan hastalar (Grup 3, n = 10) olmak tizere 3 gruba ayrilmistir. Tiim katilimcilara
timpanometri, akustik stapes refleks testi, saf ses odyometrisi ve TEOAE (Gegici uyarilmis
otoakustik emisyon) testi ve kontralateral supresyonlu TEOAE testi uygulanmistir. Calisma
sonuglarina gére MOC refleks aktivitesi, beyin sap1 lezyonlu MS hastalarinda en belirgin
sekilde azalirken, temporal korteks lezyonlarmin tek basina MOC refleksini 6nemli dl¢lide
bozmadigr goriilmiistiir. Azalmis MOC aktivitesinin, MS hastalarinda c¢esitli isitsel
zorluklarin (6rnegin, giiriiltiide duyma) altinda yatan neden olabilecegi diistiniilmektedir.
Boylece, eferent sistemin (MOC), beyin sapindaki demiyelinizasyondan dogrudan etkilendigi
ve bu kaybin giiriiltiide konusmay1 ayirt etme yetenegini bozarak hiperakuzi veya tinnitusa
zemin hazirlayabilecegi kanitlanmistir (Gecer ve ark., 2025).

Isitsel islemleme bozuklugu (iIB) olan ¢cocuklarda MOC supresyonunu arastiran ¢alismaya 8-
13 yas aras1 yas ve cinsiyet acisindan eslestirilmis 15 hasta, 15 kontrol grubu dahil edilmistir.
Katilimcilarin tiimiine TEOAE ve kontralateral supresyonlu TEOAE uygulanarak supresyon
miktar1 belirlenmistir. Caligma sonucunda kontrol grubuna kiyasla IIB grubunda TEOAE'nin
baskilanma etkisinde anlamli bir azalma gozlenmistir. Ek olarak, IIB grubunda daha yiiksek
TEOAE seviyeleri bulunmustur; bu da IIB ¢ocuklarinda dis tly hiicrelerinde MOC
aktivitesinin dogal olarak azaldigim diisiindiirmektedir. Sonuglar IIB olan ¢ocuklarda MOC
sisteminin diisiik aktivite gosterdigini, bunun da isitsel inhibisyon fonksiyonunda azalmaya
isaret edebilecegini ve arka plan giriltisii varliginda ayut etme yeteneklerini
etkileyebilecegini gdstermektedir (Muchnik ve ark., 2004).

‘Biyotinidaz Eksikligi Olan Cocuklarda Isitsel Eferent Sistemin Degerlendirilmesi’ adl
caligma, eferent sistemin islevselligini degerlendirmesi agisindan literatiire 6zgiin bir katki
sunmaktadir. Biyotinidaz eksikligi olan hastalarda ABR testi ile aferent isitsel yollardaki
iletim hizlart 6lgiilirken MOC testi ile eferent yolaklarmn geri bildirim mekanizmasin
degerlendirilmistir. Sonuglar erken tanilanan BE hastalarinin tedavi ile birlikte eferent igitme
sisteminde bir hasarin olup olmayacagini gosterecektir.

Calisma, bu metabolik eksikligin beyin sapindaki inhibit6r yollari nasil etkiledigini gosteren
bir biyobelirte¢ islevi gérebilir.
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SUMMARY

The brain's neural circuits generate rhythmic patterns which decide how well people
think and learn new information. Binaural beats which deliver different audio frequencies to
each ear have emerged as a successful technique to achieve brain wave modulation without
physical interruption. Binaural stimulation produces phase synchronisation between cortical
and subcortical networks, causing changes in attention and memory consolidation and
impacting cognitive performance. The study investigates how binaural brain training affects
brain rhythmic activities, which lead to better cognitive performance through its physiological
impacts. The study uses EEG to monitor brain activity while subjects listen to binaural beats
which produce specific theta alpha and gamma frequency patterns that control memory,
attention and brain plasticity. The researchers determined the conditions that improved
cognitive performance by using three essential factors, including beat frequency, stimulation
length, and task-related time intervals.

The study demonstrates that binaural stimulation, utilising specific frequencies,
enhances phase coherence among remote cortical regions, resulting in increased synaptic
plasticity and accelerated neural information processing. The research team expects that
participants will show better working memory and faster reaction times, which will lead to
changes that researchers can observe through EEG coherence and oscillatory power
recordings. The study shows how neuroacoustic entrainment can improve cognitive function
in elderly people and those with cognitive disabilities through its potential medical
applications, which scientists will use to develop frequency-based methods for cognitive
treatment. Researchers will use neuroimaging and electrophysiology together with
behavioural assessments to reveal how research activities produce cognitive advantages.
Neuroacoustic stimulation provides a new method for users to control their brain network
activity through auditory input, enabling them to safely improve their brain function and
learning abilities in a user-friendly way.

Keywords: Binaural beats; Neuroacoustic stimulation; Cognitive enhancement; Brain
entrainment; Neural oscillations; EEG coherence; Cortical plasticity
Non-invasive neuromodulation.

1. INTRODUCTION

People use neural oscillations to help them perform cognitive tasks, which include
attention, working memory, and memory consolidation as well as learning. The three
frequency bands—theta (4-8 Hz), alpha (8-12 Hz), and gamma (30-100 Hz)—each serve
separate purposes by controlling timing with high precision [1-3].
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Figure 1. The diagram displays the auditory pathway that processes binaural beats
through its two major auditory systems and their connections to the various brain
centres, which include the superior olivary complex, MNTB, MSO, and LSO. The
brain's auditory cortex and cochlea act as the end points of this system.

Binaural beats occur when two tones with a small frequency difference are presented
dichotically, creating a brainstem-generated beat frequency that entrains cortical rhythms
through a process called 'brain entrainment' [4, 5].
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Figure 2. The Hebbian plasticity principle states that "'cells that fire together wire together™, and it
explains how long-term potentiation L TP operates.
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Figure 4. The neural mechanism of long-term potentiation demonstrates NMDA
receptor activation together with silent synapse activation during the process of
postsynaptic depolarisation.
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The research investigates how EEG power and inter-regional coherence with cognitive
performance change in response to theta, alpha, and gamma-range binaural beats. The
researchers predict that different frequencies will produce distinct effects: theta stimulation
will enhance frontal-midline theta power and memory functions; alpha stimulation will
improve attentional control through posterior alpha coherence; and gamma stimulation will
enhance synaptic plasticity through improved gamma synchronisation, which enables better
information processing [6-8].

2. MATERIALS AND METHODS
2.1 Participants

Thirty healthy, right-handed adults between the ages of 20 and 35 (with an equal number
of men and women) will be chosen from the university's students and staff using convenience
sampling. The average age will be 27-28 years. We did an a priori power analysis for a
repeated-measures design with subjects (a = 0.05, power = 0.80, medium effect size f=0.25)
using G*Power 3.1 software. This meant that we needed at least 28 people to show up.

Inclusion criteria encompass: normal or corrected-to-normal vision, normal hearing
(validated by pure-tone audiometry), absence of neurological or psychiatric disorders, no
consumption of psychoactive medications or recreational drugs, and no regular meditation or
prior extensive experience with binaural beats.

This experiment excludes people who suffer from tinnitus or hyperacusis, people who
have had epilepsy or seizures, pregnant women, people who did not sleep at least six hours
the previous night, and people who have any metallic implants or heart pacemakers. The study
will obtain written permission from all participants according to the Helsinki Declaration. The
institutional ethics committee of Erzincan Binali Yildirim University will review and approve
the experiment.

2.2 Stimulation Protocol

Binaural beats will be generated using Audacity® software (version 3.2) and delivered
through high-fidelity circumaural headphones (Sennheiser HD 280 Pro) with a flat frequency
response. Three active stimulation conditions will be tested:

Condition Frequency (Left/Right) E?:l(tquency Target Brain Rhythm
Theta 250 Hz / 255 Hz 5Hz Theta (4-8 Hz)

Alpha 250 Hz / 260 Hz 10 Hz Alpha (8-12 Hz)
Gamma 250 Hz /290 Hz 40 Hz Gamma (30-50 Hz)

A carrier frequency of 250 Hz was selected as it falls within the optimal range for
binaural beat perception and minimizes tonotopic distortion [1]. Sound intensity will be set at
60 dB SPL, which is comfortable yet clearly audible.
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The testing session will consist of three distinct phases, which include the following
activities:
e The first activity consists of 10 minutes of baseline EEG recording which uses an
eyes-open resting state without any auditory stimulation.

e The second activity consists of 20 minutes of active binaural beat stimulation.
e 10 minutes of post-stimulation EEG recording (silent, eyes-open resting state).

The participants will sit in a comfortable position during the stimulation period while
they maintain their visual focus on the central cross displayed on the screen to reduce their
eye movement.

2.3 EEG Recording and Analysis

The Brain Products GmbH 32-channel BrainAmp MR Plus system will perform ongoing
EEG measurements used Ag/AgCl electrodes which engineers will position according to the
international 10-20 system standards. Fpl, Fp2, F3, F4, Fz, C3, C4, Cz, P3, P4, Pz, O1, and
02 and other locations will serve as the primary electrodes to achieve complete measurement
coverage. The system will record data at 500 Hz through a bandpass filter that operates
between 0.5 and 100 Hz and uses a 50 Hz notch filter. The EEGLAB toolbox (version 2023)
in MATLAB will serve as the software tool used for offline preprocessing tasks.

The processing steps will proceed through the following sequence:
* The system will execute bandpass filtering which operates between 1 and 45 Hz

« Independent Component Analysis (ICA) will remove all ocular muscular and cardiac
artifacts from the data.

* The system will utilize both manual and automatic methods to reject artifacts which function
at a threshold of £100 pVvV

* The system will perform interpolation to repair bad channels, which occur for a maximum
of 2 channels per participant.

The Fast Fourier Transform (FFT) will perform spectral analysis using Hamming
windows that last 2 seconds and have 50 per cent overlap. The system will calculate absolute
and relative power for theta (4-8 Hz) and alpha (8-12 Hz) and beta (13-30 Hz) and gamma
(30-45 Hz) frequency bands throughout frontal, central, parietal, and occipital brain areas.
The researchers will use coherence analysis (magnitude-squared coherence) to evaluate
functional connectivity between designated electrode pairs (e.g., Fz-Pz, F3-F4, P3-P4).
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patterns during baseline.
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Figure 6. Gamma power spectra at forehead and fronto-central regions during different auditory

conditions.
2.4 Behavioral Tasks

The research team will conduct behavioural assessments after completing post-
stimulation EEG recordings, which use PsychoPy software (version 2023.1) for this process.

The following tasks will be used:

* N-back Task: Assessment of working memory (1-back and 2-back conditions)
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« Simple and Choice Reaction Time Tasks: Assessment of basic sensorimotor speed
and decision-making

« Serial Reaction Time Task (SRTT): Assessment of implicit procedural learning

The research will use a repeated-measures design that includes counterbalancing for
within-subjects testing. Each participant will complete three separate sessions (one for each
frequency condition), which require at least 48 hours of rest between sessions to reduce
carryover effects. The research team will use a Latin square design to create a
counterbalancing system which will determine the sequence of sessions.

AW
Depression Potentiation
s = tpost = tpre
Post-pre Pre-post
firing firing

Figure 7. Hebbian plasticity — synaptic weight change (AW) according to pre-post and post-pre firing
patterns, illustrating the theoretical basis for expected behavioral improvements.

2.4 Behavioral Tasks
e N-back task (working memory)

e Simple and Choice Reaction Time tasks
« Serial Reaction Time Task (procedural learning)

A within-subjects, counterbalanced design with three sessions (>48 h apart) will be used.

3. EXPECTED RESULTS

The literature review, together with our pilot study results, which included 8
participants and 8 unpublished results, will show distinct electrophysiological and behavioural
changes at specific frequency ranges. The evaluation process will assess both the
electrophysiological data, which consists of EEG power and coherence measurements, and
the behavioural performance results as separate entities. The statistical analysis will use the
repeated-measures ANOVA method, which includes Bonferroni correction for p values lower
than 0.05.

3.1 Theta Stimulation (5 Hz)
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» Hypothesis: Theta binaural beats are capable of increasing theta activity in the
frontal midline, enhancing cognitive performance on a task.

* Expected Electrophysiological Findings:

1. Frontal-midline theta power (4-8 Hz) at Fz and FCz electrodes will show a
significant increase during and after stimulation when compared to baseline measurements.

2. Theta coherence between frontal (Fz) and parietal (Pz) regions will show increased
levels.

3. The 10-minute period after stimulation will show sustained after-effects which
scientists can observe.

 Expected Behavioural Findings:

1. 2-back task results show improved accuracy together with decreased reaction time.

2. Workers in the memory test showed better d' sensitivity index results.

Frontal-midline theta shows strong links to working memory updating together with
cognitive control abilities. The pilot data demonstrated that 5 Hz stimulation resulted in 28%
higher frontal theta power.

3.2 Alpha Stimulation (10 Hz)

Hypothesis: The research establishes that listening to alpha binaural beats will produce
increased posterior alpha power, which results in better attentional control together with
quicker reaction times.

The study predicts measurement results through these electrophysiological findings:

» The study predicts that participants will exhibit increased alpha power between 8 and
12 Hertz, especially in their parieto-occipital regions at P3, P4, Pz, O1, and O2
locations.

« The study observed two results which included enhanced interhemispheric alpha
coherence between P3 and P4 and fronto-parietal alpha coupling.

» The presence of reduced alpha asymmetry demonstrates that individuals achieved
better control over their attentional capacities.

Expected Behavioral Findings:

e Decreased reaction time in both simple and choice reaction time tasks.

e Better performance in proactive and reactive inhibitory control conditions.
Supporting Evidence: Alpha oscillations play a key role in top-down inhibition and sensory
gating [13,14]. Our pilot data indicated a 22% increase in posterior alpha power and faster
reaction times.

166



FAR EAST ASIA 6" INTERNATIONAL CONGRESS ON APPLIED SCIENCES
April 17 -22,2026 - TOKYO
ISBN NR: 978-625-8795-05-9

Hebbian plasticity

* ‘Cells that fire together, wire together’

* Local learning rule

Irslal Stalz Repoaled 1 week Later
Stimulaton

- oﬂfc-

B mn an o S

\~ T~ W‘“&‘@ 3

aglsles”™
N Care f

| ¥

Mcauliffe, Conor. “Synaptic Plasticity {Long Term Potentiation and Depression).”

Figure 8. Frequency-specific topographical power maps (8-12 Hz alpha range) showing
expected posterior alpha enhancement.
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Figure 10. Topographical power maps for proactive, reactive, and inhibitory control conditions.

3.3 Gamma Stimulation (40 Hz)
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Hypothesis: Binaural beats that operate at gamma frequency will improve the duration of
gamma synchronisation while supporting the development of procedural skills and perceptual
skills that require multiple senses to work together. The study will produce specific
electrophysiological results, which include the following expectations:

» The frontal and temporal brain areas will show increased gamma power which
operates between 30 and 45 Hertz.

» The interhemispheric connections of gamma waves between F3-F4 and T7-T8 will
show increased coherence.

« The brain will show stronger connections between theta waves and gamma waves,
which operate at different frequency ranges.

Participants displayed faster learning progress while achieving better learning outcomes
during the Serial Reaction Time Task (SRTT). Participants showed better performance in
learning sequences which they learnt through implicit methods. Gamma oscillations serve as
essential components that support binding processes, attentional functions, and synaptic
plasticity development, according to evidence from studies 15 and 16. Pilot data demonstrated
increases in gamma power, which led to better scores in procedural learning assessment.
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Figure 9. Wavelet power spectrum and frequency band analysis (example from healthy controls vs.
pathological conditions, highlighting gamma band importance).
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Figure 11. Gamma power spectra at forehead and fronto-central regions during different auditory
conditions.

3.4 Overall Expected Pattern
We expect a double dissociation:

e Theta stimulation — strongest effect on working memory (N-back)
e Alpha stimulation — strongest effect on reaction time and inhibitory control
e Gamma stimulation — strongest effect on procedural learning (SRTT)
These frequency-specific effects will support the hypothesis that binaural beats can be
used as targeted neuroacoustic tools rather than a general cognitive enhancer.
4. DISCUSSION

Binaural beats serve as a secure and affordable method for neuromodulation, using
thalamocortical resonance and phase synchronisation to produce changes in brain wave
activity. The system creates dichotic auditory stimuli which produce a beat frequency that the
superior olivary complex detects and sends to advanced cortical networks to change their
natural rhythmic patterns [9, 10]. The research predicts that improvements in EEG coherence
and synaptic plasticity will result from spike-timing-dependent plasticity (STDP)
mechanisms, which serve as the neurophysiological foundation for gains in cognitive
performance.
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Figure 11. Hebbian plasticity and synaptic weight change (AW) according to pre- and post-synaptic firing
timing, illustrating the LTP/LTD window critical for binaural beat-induced plasticity.
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Figure 12. Integrated Oscillatory Network Entrainment Model of binaural beat-induced
neuromodulation. (Panel A) Subcortical processing in the superior olivary complex; (Panel B)
Thalamocortical propagation and phase alignment; (Panel C) Induction of synaptic plasticity via repeated
phase-locked activity; (Panel D) Frequency-specific clinical implications in oscillatory dysrhythmias.

The effects that occur at different frequencies show their most interesting aspect through
their specific impact on each frequency range. The theta-range stimulation at 5 Hz will
increase the power of frontal-midline theta while enhancing the brain connections between
the hippocampus and prefrontal cortex, which supports working memory updates and episodic
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memory creation [11, 12]. The 10 Hz alpha-range stimulation will enhance posterior alpha
coherence, which helps people control their impulses while managing their attention and
preventing them from being overwhelmed by sensory input [13, 14]. The 40 Hz gamma-range
stimulation will enable the brain to create interhemispheric synchronisation, which helps with
visual perception and rapid data processing and the brain's ability to reshape itself through
experience [15, 16].
Clinical Projections

The research shows that specific patterns of brain activity disruption define most
neuropsychiatric and neurological conditions. Binaural beats may offer a targeted, non-
pharmacological approach to restore network dynamics:
* People with depression experience lower frontal midline theta power together with disrupted
fronto-limbic brain connections. Theta (5 Hz) entrainment may restore phase alignment and
enhance prefrontal regulatory control over limbic structures [17, 18].
» ADHD shows an increased theta/beta ratio together with reduced ability to control attention
networks. Alpha stimulation may recalibrate cortical excitability and improve signal-to-noise
processing within frontoparietal networks [19,20].
* Alzheimer’s disease shows two main symptoms, which include reduced gamma coherence
along with stopped cross-frequency signalling. Gamma (40 Hz) stimulation has shown
promise in preclinical models by enhancing synaptic plasticity and reducing amyloid burden
[21, 22].
« People with anxiety disorders show two main symptoms: excessive beta synchronisation
and disrupted posterior alpha inhibition. Alpha entrainment may reinforce top-down
inhibitory tone and reduce hyperarousal [23].
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Figure 9. Comparative wavelet power spectrum and frequency band analysis between healthy controls
and Alzheimer’s disease group, highlighting gamma band deficits as a potential therapeutic target.

These projections position binaural beats within the broader framework of oscillatory
network medicine, where the goal is not general cognitive stimulation but rather the
restoration of pathological network dynamics through resonance-based modulation.
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Theoretical Integration

The study integrates several contemporary neuroscience frameworks, including Fries’
Communication-through-Coherence theory [24], Lisman & Jensen’s theta-gamma coding
model [25], and Hebbian/STDP plasticity rules [26]. By combining high-density EEG
coherence metrics with behavioural outcomes, this research aims to bridge temporal coding
dynamics and functional cognitive improvements.

Limitations
The research study demonstrates vital advantages, but it includes several limitations.

The study results show that people respond differently to different types of oscillatory patterns
because their brainwave patterns establish their unique basic conditions. The assessment
period after the 20-minute brief stimulation period will only detect immediate and temporary
effects because lasting neuroplastic changes need multiple assessment sessions to be correctly
identified. The within-subjects design decreases inter-individual variability, yet researchers
must implement strict measures to control cross-session effects that occur between different
test sessions. The upcoming experiments need to include larger participant groups, which
should test both sham-controlled environments and study participants over time while
combining neuroimaging (fMRI) or biochemical tests into their research design.

CONCLUSION

The research will reveal how binaural brain entrainment affects human physiology at
different sound frequencies to produce changes in brain wave patterns and brain network
connections and cognitive abilities. The research results will establish scientific evidence for
neuroacoustic interventions by showing how targeted auditory stimulation affects EEG
biomarkers of power and coherence, resulting in observable behavioural changes. The study
results demonstrate their potential to create real-world applications which extend beyond basic
neuroscience research. If frequency-specific binaural beats can reliably enhance cognitive
domains in healthy individuals and restore oscillatory balance in clinical populations, they
may emerge as a practical, accessible, and side-effect-free tool for cognitive enhancement and
neurorehabilitation. The current research will establish effective frequency-based
neuromodulation treatments for mild cognitive impairment and ADHD and depression and
anxiety disorders and age-related cognitive decline. Researchers can develop personalised
treatment methods for mild cognitive impairment, ADHD, depression, anxiety disorders, and
age-related cognitive decline by using this research as a foundation. The auditory system of
humans can use binaural brain entrainment as a non-invasive method to produce substantial
impacts on brain network activities and synaptic plasticity and cognitive functions.
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SUMMARY

Neuronal networks demonstrate dynamic oscillatory activity which affects both learning
and memory formation processes. The cortical and hippocampal circuits produce three rhythmic
patterns, which include theta (4-8 Hz) and alpha (8-12 Hz) and gamma (30-80 Hz) oscillations,
which function as essential mechanisms for synaptic plasticity and information encoding and
network synchronisation. The latest neurophysiology findings reveal that external rhythmic
stimulation can modify intrinsic oscillations, which in turn affect cognitive functions. The
research study investigates the concept of the "resonant brain™. It presents the idea that targeted
frequency-based stimulation can establish neural oscillation patterns which enhance learning-
related cortical plasticity. The theoretical framework unites electrophysiology findings with
cognitive neuroscience results and neuroplasticity studies to investigate how external frequency
inputs from acoustic, photonic, and electromagnetic stimulation can synchronise neuronal
populations that encode and consolidate memories. The study focuses on how hippocampal
theta rhythms interact with cortical gamma oscillations, which help establish long-term
potentiation (LTP) and support synaptic strengthening during different learning activities. The
phase synchronisation of neural assemblies via frequency entrainment helps establish this
interaction, which enhances information transfer across different cortical networks. The
research demonstrates how resonance-based neural control mechanisms work by presenting
their neurophysiological basis which researchers studied through their various experimental
methods that combined electroencephalographic monitoring of brainwave patterns during
learning activities with controlled rhythmic stimulation experiments. The study demonstrates
how frequency entrainment impacts cognitive abilities and neural plasticity through its effects
on brain functioning. The research study shows how external rhythmic stimulation affects
intrinsic brain oscillations, which leads to new non-invasive neuromodulation strategies that
improve cognitive abilities. Neural networks — their activity can be controlled through
frequency-based modulation, which shows promise for developing therapies that treat
conditions with reduced plasticity and cognitive impairment. The emerging perspective
establishes neural resonance as a crucial element which controls learning processes and cortical
adaptability.

Key words: Neural oscillations; Frequency entrainment; Cortical plasticity
Learning and memory; Theta—gamma coupling
Synaptic plasticity; Long-term potentiation (LTP); neuromodulation
Cognitive enhancement.
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1.  INTRODUCTION

Learning is not just gathering information; it is a neurophysiological process that happens
over time and is controlled by very precise patterns of neuronal activity. Converging evidence
from systems neuroscience suggests that oscillatory brain activity serves as a fundamental
mechanism for information encoding, synaptic plasticity, and large-scale network
communication [1-3]. Instead of being secondary effects of neural firing, oscillations create the
time structure that controls spike timing, synaptic gain, and the coordination of distributed

neuronal assemblies.

Theta (4-8 Hz), alpha (8-12 Hz), and gamma (30—80 Hz) frequencies are among the most
important oscillatory rhythms in the mammalian brain, crucial for cognitive processing. Theta
oscillations produced in the hippocampus have been consistently linked to memory encoding
and retrieval [4, 5]. These oscillations help separate neuronal firing into different time periods,
which allows for phase-specific synaptic changes and supports long-term potentiation (LTP)
[6]. At the same time, gamma oscillations in the neocortex help local circuit integration and

feature binding by using fast-spiking inhibitory interneuron networks [7, 8].

Cognitive efficiency is contingent upon the coordinated interaction of frequency bands
rather than their isolation. Cross-frequency coupling, particularly theta—gamma phase-
amplitude coupling, has become a crucial mechanism through which the brain synthesises local
processing with long-range communication [9, 10]. Gamma bursts are temporally nested within
specific phases of the theta cycle during learning tasks, creating a structured coding scheme that
facilitates spike-timing-dependent plasticity (STDP) and memory consolidation [11, 12].

Recent progress in non-invasive neuromodulation indicates that endogenous oscillatory
dynamics can be modulated by externally applied rhythmic stimulation. Auditory and visual
rhythmic paradigms, along with electrical stimulation methods like Transcranial Alternating
Current Stimulation (tACS), have demonstrated the ability to entrain intrinsic neural rhythms
via phase alignment mechanisms [13-15]. Despite the growing documentation of frequency
entrainment effects, a cohesive mechanistic framework elucidating how externally imposed

rhythms augment learning-related plasticity is still inadequately defined.

This study presents the notion of the “Resonant Brain,” suggesting that frequency-specific
stimulation improves learning efficiency by selectively enhancing theta—gamma coupling
within hippocampo-cortical circuits. We contend that neural resonance embodies a

physiologically founded modulatory principle that can affect spike timing accuracy, effective
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connectivity, and the likelihood of long-term potentiation (LTP) induction. To connect theory
and practice, we also describe an EEG-based pilot study that aims to see if theta-frequency

entrainment improves cross-frequency coupling and memory performance.

2. The Neurophysiological Foundation of Theta-Gamma Coupling and Plasticity
2.1 Theta Oscillations as a Temporal Framework for Plasticity

Theta oscillations (4-8 Hz) represent one of the most resilient and evolutionarily
preserved rhythms linked to learning and memory. Theta activity in the hippocampus arises
from the interplay of intrinsic membrane characteristics, recurrent excitatory circuits, and
rhythmic input from the medial septum [16, 17]. The septo-hippocampal loop modulates
cholinergic and GABAergic activity, which keeps theta periodicity stable and controls phase
timing.

Theta oscillations separate neuronal firing into separate time windows. The study
establishes that synaptic strength changes following different time intervals between pre- and
postsynaptic spikes for spike-timing-dependent plasticity (STDP), which requires this
particular time patterning [6, 8]. The experimental findings show that theta frequency
stimulation leads to long-term potentiation (LTP) in hippocampal slices, which supports the

hypothesis that tarhythms create optimal timing conditions for synaptic changes to occur.

Hippocampal place cells also exhibit phase precession, wherein action potentials
consistently shift throughout the theta cycle during spatial navigation [19]. This phenomenon
illustrates that the theta phase encodes sequential information and enables the temporal

compression of experience, a mechanism directly relevant to learning efficiency.
2.2 Gamma Oscillations and Local Circuit Computation

Gamma oscillations (30-80 Hz) emerge through the reciprocal interactions between
pyramidal neurones and fast-spiking parvalbumin-positive interneurones according to research
findings [7, 20]. The oscillations function at high frequencies to create precise time intervals
which doctors use to bind features and complete sensory integration and process local
information. The synchronisation of gamma waves enhances the cortical microcircuit's usable
links between different neuronal groups through its effect on their excitability window
synchronisation [2]. The temporal alignment process increases the chances that synaptic inputs,
which meet at the same time, will combine successfully to produce effects on synaptic strength

and transmission reliability. Gamma activity itself does not establish stable long-range
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coordination because it needs additional elements to complete this process. The distributed
networks require the presence of slower carrier rhythms to synchronise their gamma bursts

through theta rhythm organisation.

2.3 Theta—Gamma Phase-Amplitude Coupling

The theta-gamma phase-amplitude coupling (PAC) functions as a cross-frequency
coupling (CFC) method which controls gamma oscillation amplitude through theta cycle phase.
The system enables gamma cycles which occur during theta cycles to transmit different types
of information through its temporal coding system. Research findings show that theta-gamma
coupling rises during memory encoding periods and during times of increased working memory
demands. Disrupting this coupling leads to a decline in memory performance, demonstrating
the direct impact of oscillatory coordination on people's cognitive abilities. Theta-gamma
coupling enhances spike timing accuracy through its effects on plasticity mechanisms. Gamma
bursts occurring at specific theta phases connect presynaptic and postsynaptic activity during
STDP timeframes, thereby increasing the chances of LTP induction. Computer models show
that cross-frequency synchronisation increases both the information capacity and networking

stability of systems [23].

Theta-gamma interaction establishes a two-way connection which functions as a bridge
that connects two domains. The global temporal structure of the system derives from theta
signals which operate as the primary time reference. The system uses gamma signals to create
precise computational capacities which operate at a local level. The rhythms of these
hippocampo-cortical circuits work together to create an effective learning process.

2.4 Oscillatory Coordination Across Hippocampo-Cortical Networks
Memory encoding and consolidation require the hippocampus to communicate with

multiple cortical areas, including the neocortex, through its specialised communication network
[24]. The hippocampus and prefrontal cortex show increased theta coherence during active

learning, which enhances their ability to transfer and integrate information [25].

The observed large-scale synchronisation patterns indicate that oscillations function as
temporal gating mechanisms, which determine the timing and manner of neuronal assembly
interactions. The coordination between these systems depends on the state of the system and
requires specific levels of attention and arousal and particular patterns of neuromodulatory

activity for its functioning.
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The existing evidence shows that oscillatory dynamics serve as essential regulators for
learning processes because they control synaptic plasticity and network communication. The
field has established endogenous oscillatory coordination through extensive research, yet
researchers have not yet determined its maximum potential for external modulation to improve

plasticity.

The gaps in knowledge about the topic create a theoretical framework that supports the

development of the Resonant Brain model in the following section.

3. The Resonant Brain Model: A Frequency-Based Framework for Learning Modulation
The Resonant Brain model shows that using external frequency-specific stimulation
methods can control specific brain rhythms to improve the brain's ability to develop new
connections through learning. The model combines established neuroscientific principles about
theta—gamma coupling and spike-timing-dependent plasticity (STDP) and network
synchronisation with the new concept of neural resonance. Researchers believe that external
rhythmic auditory, photic and electrical tACS signals will create phase alignment for
endogenous oscillations in hippocampo-cortical networks, as shown in figure 1, [16-25]. Phase
alignment increases the ability to combine gamma bursts with theta cycles, which improves
PAC and STDP windows because it controls the timing of pre- and postsynaptic spikes [11,
23]. This process increases the probability that long-term potentiation (LTP) will occur while
maintaining synaptic changes that support learning.
The model predicts that:

1. The model predicts that specific input frequencies will boost the power of designated
rhythmic patterns in the brain (for instance, theta stimulation increases theta rhythm
amplitude).

2. Phase alignment improves the connection between theta and gamma rhythms by
establishing a precise time structure for neural information processing.

3. Improved spike-timing precision leads to stronger connections between hippocampal
and cortical neuronal groups.

4. The preferred timing of LTP facilitation during learning periods leads to better
memory formation and retention.

The framework demonstrates that resonance functions as a mechanistic relationship
because external frequencies can control network synchronisation and synaptic plasticity

through specific frequency settings, which leads to active modulation instead of passive,
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rhythm-based control. The model demonstrates how people can use frequency-based
interventions to change their learning efficiency, which in turn provides a scientific explanation
of the process.

The Resonant Brain model also generates testable predictions. Specifically, EEG-based
measures of theta—gamma PAC should increase following frequency-specific stimulation,
accompanied by improvements in behavioural learning performance. The proposed pilot
experimental paradigm (Figure 2) is designed to evaluate these predictions, allowing direct
translation of the theoretical framework into empirical investigation. As illustrated in Figure 1,
the model links external rhythmic stimulation to phase alignment, cross-frequency coupling,
spike-timing precision, and synaptic potentiation. This hierarchical cascade offers a
mechanistic foundation for non-invasive neuromodulation techniques designed to improve
cognitive performance in healthy adults and possibly in clinical populations exhibiting
compromised plasticity [13-15, 26].

The Resonant Brain Model

External Stimulation

Auditory ‘)))
Photic —_
v \ ¥
Theta—Gamma Couplmg

tACS @ f _\W % e

t
Frequency—SPeC'fc lnP

Phase Alignment

Splke Timing Precusmn

4

Figure 1. The Resonant Brain Model.
The diagram shows how different types of external stimuli (auditory, photic, or electrical) produce specific phase-
alignment effects on endogenous oscillations in the brain, resulting in enhanced theta-gamma phase-amplitude
coupling, improved spike-timing accuracy, and supporting the process of long-term potentiation (LTP)
development. The model demonstrates how neural entrainment leads to cortical plasticity changes through a series
of mechanistic processes that connect the two phenomena.

Abbreviations: tACS, transcranial alternating current stimulation; PAC, phase-amplitude
coupling; LTP, long-term potentiation.

4. Mechanisms of Frequency Entrainment

179



FAR EAST ASIA 6% INTERNATIONAL CONGRESS ON APPLIED SCIENCES
April 17 -22,2026 - TOKYO
[SBN NR: 978-625-8795-05-9

4.1 Principles of Neural Resonance

Neural networks work as forced oscillators which change their internal oscillation
patterns by responding to external rhythmic signals [30, 31]. The application of frequency-
specific stimulation leads to phase locking, which synchronises endogenous neural activity with
external rhythmic patterns. The alignment establishes optimal timing between hippocampo-
cortical circuits, which enables theta-gamma phase-amplitude coupling (PAC) to create cross-
frequency coupling (CFC), which supports spike-timing-dependent plasticity (STDP) [9, 11,
23]. Neurones exhibit resonance properties which lead them to respond preferentially to inputs
at certain frequencies. When external stimulation matches a network's resonant frequency, the
system's oscillatory amplitude and phase coherence improve. This leads to a higher synaptic
gain and a better chance of LTP induction [32]. The resonance-based mechanism explains how
rhythmic entrainment affects learning-related plasticity through its connections to physiological

processes.
4.2 External Stimulation Modalities

The following three non-invasive methods demonstrate their capacity to change brain
wave patterns through their ability to establish synchronised brain states:
« Periodic sound pulses used in auditory rhythmic stimulation can assist humans
in synchronising their hippocampal theta activity, which results in better
memory coding [13, 33].
» Photic stimulation delivers light pulses at specific frequencies, which establish
synchronised cortical rhythms that particularly affect gamma activity in visual
and associative cortical areas [14, 34].
« Transcranial alternating current stimulation (tACS) uses scalp electrodes to
apply low-intensity electrical currents which enable control over both cortical
and subcortical brain rhythms while boosting phase alignment and PAC [15, 27,
35].
The different oscillatory networks receive separate treatment by each method, yet all
methods proceed to improve theta—gamma coupling through their shared mechanism, which

enhances phase alignment.
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4.3 Phase Alignment and Cross-Frequency Coupling

The system uses frequency-specific entrainment to create theta-gamma nesting by
changing the timing of internal brain wave patterns. Gamma bursts occur during specific theta
cycle phases because they enable STDP window synchronisation for pre- and postsynaptic
activities [11, 23]. The base level of coordination results in better timing accuracy for spikes,
which helps maintain synaptic modifications while increasing LTP induction rates.

The mechanistic function of entrainment enables two distinct processes to operate
simultaneously:
* Local circuit synchronisation: Gamma oscillations coordinate pyramidal-interneuron
networks within cortical microcircuits.
» Long-range network integration: Theta oscillations provide a temporal scaffold for
hippocampo-cortical communication, facilitating information transfer across distributed
networks [24, 25, 30].

The external rhythmic stimulation process demonstrates its ability to improve cortical
plasticity through these mechanisms, which establish a direct relationship between the resonant

brain model and detectable neurophysiological effects.

4.4 Translational Implications

The mechanistic insights of frequency entrainment suggest multiple applications:

» Targeted theta—gamma entrainment shows potential to enhance learning efficiency for
brain function improvement in healthy individuals [13-15, 26].

« The development of non-invasive treatment methods will help patients with plasticity
disorders associated with conditions such as Alzheimer’s disease, neurodevelopmental
disorders, and age-related cognitive decline [26, 29, 36].

» Closed-loop neuromodulation: a real-time adjustment of stimulation based on ongoing
EEG would enhance PAC and synaptic potentiation through its ability to control brain
activity [37].

5. EEG-Based Pilot Paradigm for Testing the Resonant Brain Hypothesi

5.1 Rationale

The Resonant Brain model predicts that frequency-specific external stimulation enhances
learning-dependent cortical plasticity through its effects on theta—gamma phase-amplitude
coupling (PAC) optimisation. We developed an EEG-based pilot paradigm to test our
prediction, which assesses whether theta-frequency entrainment increases PAC and improves
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behavioural memory performance [13-15, 26, 27]. The pilot paradigm connects theoretical
research with practical application by offering a testable framework to evaluate the model.

5.2 Participants
Healthy adults aged 20-35

* No neurological or psychiatric or sensory impairments exist in this group
* Participants need to have either normal vision and hearing or corrected vision and
hearing abilities
The study needs 20 to 30 participants who will take part in a within-subject crossover
design at a pilot scale, according to the study [28].

5.3 Experimental Design

The research used a crossover design, which tested three different stimulation methods

on participants as its experimental design. The three stimulation conditions include:

1. Theta-frequency stimulation (6 Hz)

2. Sham stimulation

3. Gamma-frequency stimulation (40 Hz)

Researchers used three different stimulation methods, which included the following:
* Auditory rhythmic stimulation

* Photic stimulation

« Transcranial alternating current stimulation (tACS)

The study used the theta condition to test hippocampo-cortical theta oscillation control
while gamma stimulation functioned as a specific frequency control and the sham condition
established the baseline. The experimental process of the study is presented in Figure 2, which
shows its main steps.

5.4 Learning Task
Participants complete a hippocampus-dependent associative memory task, such as:
e Paired-associate word learning
e Visuospatial memory encoding
The researchers collected behavioural data using these two methods:
e Immediate and delayed recall accuracy
e Reaction time during encoding and retrieval

e The learning curve showed different slopes across the various trials.
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5.5 EEG Recording and Analysis

The 32-channel system records EEG signals through its recording equipment.

* Regions of interest (ROIs):

. Frontal midline electrodes — serve as a hippocampal theta measurement tool
. Parietal-temporal electrodes — detect gamma brainwave activity

The signal processing pipeline consists of these steps:

. Theta and gamma signals undergo band-pass filtering.

. The system performs artefact rejection through the ICA process.

. The system calculates the spectral power of signals.

. The system performs phase-amplitude coupling analysis through methods [21, 22, 27].

The main electrophysiological measurement shows that the theta-gamma PAC level rises
during the theta stimulation condition when compared to the sham condition.

5.6 Predicted Results
If the resonant brain hypothesis is valid:

« The application of theta stimulation will result in increased theta power, which will
simultaneously enhance theta—gamma coupling and lead to better memory
performance.

» Gamma-only stimulation may increase local gamma power but will not significantly
improve memory unless coupled with theta.

« The sham condition functions as a baseline which researchers use to measure the

effects of entrainment on their study participants.

5.7 Mechanistic Interpretation
The model predicts that frequency-specific entrainment:

« Improves spike-timing accuracy for all hippocampo-cortical pathways
* The mechanism enhances LTP induction through better PAC performance.
« The system increases synaptic strength through its modulation of effective
connectivity.
The expected outcomes will exhibit state-dependent behaviour which reaches its peak during

active encoding periods.

5.8 Translational Outlook
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Validation results should provide guidance for three areas of research:
« Cognitive enhancement strategies in healthy adults
» Non-invasive interventions for patients with impaired plasticity, e.g., aging or
Alzheimer's disease [26, 29]

» Closed-loop neuromodulation paradigms for precision cognitive therapy

Figure 2. EEG-Based Pilot Paradigm Design

! @

* ) LB~ > i 2 g

Participants Stimulation Learning Task EEG Recording PAC Analysis Behavioral
Outcome

Sequential steps of the EEG-based pilot paradigm: Participants — Stimulation — Learning Task — EEG Recording—s PAC Analysis— Behavioral Outcome.

Figure 2. EEG-Based Pilot Paradigm Design.
The experimental procedure for this study begins with healthy participants receiving their assigned frequency-
specific stimulation treatment, which includes theta and gamma and sham stimulation, followed by their
participation in a hippocampus-dependent learning task. During the task, EEG recording captures brain activity
while researchers use phase-amplitude coupling analysis to measure theta-gamma brain interactions. The study
tests the Resonant Brain hypothesis by comparing behavioural results with electrophysiological data.

Abbreviations: EEG, electroencephalography; PAC, phase-amplitude coupling.
5. DISCUSSION

The current framework combines theoretical knowledge and empirical research findings
from systems neuroscience, synaptic physiology, and neuromodulation studies to use the
Resonant Brain model as a mechanistic explanation for how frequency variations affect learning
processes and cortical plasticity [1-3]. Our research shows that brain rhythms, especially theta
and gamma, function as active mechanisms that control how information is encoded, how
different brain electrical activities interact, and how synapses undergo plastic changes [4, 5, 7,
8]. The model presents a unified hierarchical mechanism that explains how rhythmic

stimulation from external sources enhances internal theta-gamma phase-amplitude coupling
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(PAC), improves spike-timing accuracy, and supports LTP in hippocampo-cortical networks
[9-11, 23-25].

The EEG-based pilot paradigm shown in Figure 2 serves as an essential translational link
that connects theoretical concepts with practical experimental work [13-15]. The researchers
created a testing system which uses a within-subject crossover design [28] to measure how
different frequency-specific entrainment patterns affect theta—gamma PAC during memory
tasks that require hippocampus function [21, 22]. The integrative method develops essential
research because it creates a complete scientific framework which shows how external rhythmic
inputs lead to improvements in cognitive performance and synaptic activity [30, 31]. The model
requires validation to prove that non-invasive neuromodulation can be used to actively promote

cortical plasticity development [26, 29, 36].
Mechanistic Implications
The Resonant Brain model highlights several core neurophysiological processes:

« Rhythmic stimulation creates phase alignment, which enables widespread neuronal
groups to sync their activities across both hippocampal and neocortical brain areas to
create time periods for processing information [13-15, 30, 31].

» The theta-gamma phase-amplitude coupling shows improvements that enhance
temporal coding through its capacity to nest high-frequency gamma bursts within
specific phases of the theta cycle, thereby creating ideal conditions for STDP
development [9, 10, 11, 23].

» The cellular mechanism that supports LTP facilitation serves as the primary biological
basis for enhanced memory encoding and consolidation processes that convert brief
experiences into permanent synaptic changes [6, 11, 18] .

» The combined mechanisms demonstrate how external rhythmic cues, which require
precise temporal coordination throughout different time scales, lead to increased
neuroplastic capacity [1-3, 24, 25].

Translational Relevance

The framework provides practical benefits, which create significant value. Non-invasive
neuromodulation techniques—which use auditory and photic and tACS—enable scientists to
create precise instruments that enhance cognitive abilities in healthy adults through controlled
brainwave pattern treatment [13-15, 26]. The model displays potential as a treatment option for

patients who struggle with plasticity issues, including older adults and patients who have
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Alzheimer's disease and mild cognitive impairment and neurodevelopmental disorders such as
ADHD [26, 29, 36]. The system benefits from closed-loop stimulation systems, which increase
resonance effects through their capacity to dynamically change stimulation parameters based
on ongoing EEG activity [37]. The adaptive paradigms will create personalised entrainment
programs that match the current state of each individual, bringing about therapeutic benefits

while preventing unnecessary brain stimulation.
Limitations and Future Directions

The Resonant Brain model shows promise but needs to be further examined in light of its
existing limitations [13-15]. The individual differences in endogenous oscillatory frequencies
and peak powers and coupling dynamics between people require personalised stimulation
protocols to enhance entrainment efficiency [26, 31]. The system needs to conduct parametric
studies to identify the optimal stimulation parameters, which include intensity and exact
frequency and duration and learning timing [13-15, 32]. Scalp EEG provides a non-invasive
method to measure cortical PAC, yet it lacks the ability to identify deep subcortical brain
activity, especially true hippocampal activity [21, 22]. Future studies need to include
complementary techniques, which include magnetoencephalography (MEG) and high-density
EEG and intracranial recordings when those methods become available [1-3]. The study needs
to establish all model elements through multimodal research, which combines behavioural
assessments with electrophysiological data, computational models of oscillatory networks, and
memory retention assessments over time [23, 30]. The scientific investigation needs to build
evidence for the resonant brain concept through comprehensive studies which will transform it

into an established scientific basis for cognitive neuromodulation [26, 29, 36].

6. CONCLUSION

The Resonant Brain model demonstrates that specific external stimulation through
particular frequencies improves learning-dependent cortical plasticity because it drives phase
alignment and enhances theta-gamma cross-frequency coupling in hippocampo-cortical
networks [9, 10, 13-15]. The system demonstrates how auditory, photic, or electrical rhythmic
inputs enhance spike timing accuracy, synaptic strength, and long-term potentiation through its
mechanistic framework [6, 11, 23]. The model combines essential concepts from
electrophysiology and systems neuroscience and cognitive psychology and synaptic plasticity
research to establish how brain resonant modulation improves learning and memory functions

through tested causal pathways [1-5, 7, 8]. Neural oscillations function as active elements
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which scientists can manipulate to control information processing and neuroplasticity
development instead of existing as static background brain functions [30, 31]. The EEG-based
pilot paradigm provides researchers with an effective experimental method to validate their
hypotheses through practical evaluation [13-15, 26, 28]. The paradigm establishes a direct
connection between theoretical models and measurable results through its analysis of
electrophysiological outcomes and hippocampus-dependent memory tasks, which involve

theta-gamma phase-amplitude coupling [21, 22].

The combination of the Resonant Brain model and its experimental framework creates a
new scientifically based hypothesis that has the potential to drive practical applications [26,
29]. The approach provides a foundation for developing targeted non-invasive neuromodulation
methods, which can enhance cognitive function in healthy people and treat patients with
neuroplasticity problems, including elderly people and those with Alzheimer's disease and
neurodevelopmental disorders [26, 29, 36, 37]. The research establishes the Resonant Brain as
a neurophysiological principle that scientists can control. The research enhances our knowledge
about cortical plasticity while creating new possibilities for precise neuromodulation

applications in scientific research and medical treatment [1-3, 24, 25] .
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ABSTRACT

Rheumatic diseases generally encompass complex groups of conditions characterized by a
chronic course, heterogeneous clinical features, and the need for the combined evaluation of
numerous clinical, laboratory, and imaging data. Consequently, in rheumatology practice, the
processes of establishing an accurate diagnosis, monitoring disease activity, and determining
appropriate treatment strategies often require comprehensive data analysis. In recent years, with
the advancement of digital technologies in the healthcare sector, artificial intelligence
applications have emerged as a key tool in supporting these processes.

Artificial intelligence has the capacity to analyze large datasets, recognize patterns, and create
predictive models, particularly through machine learning and deep learning algorithms. In the
field of rheumatology, these technologies are increasingly being used in the diagnosis and
monitoring of diseases such as rheumatoid arthritis, osteoarthritis, ankylosing spondylitis, and
systemic lupus erythematosus. It has been reported that Al-assisted analysis of data obtained
from methods such as radiography, ultrasonography, and magnetic resonance imaging enables
the earlier detection of joint damage and signs of inflammation. Furthermore, by analyzing data
from electronic health records, clinical databases, and wearable technologies, it has become
possible to monitor disease activity, predict disease progression, and anticipate treatment
response.

Another significant contribution of artificial intelligence applications in the field of
rheumatology is their ability to facilitate the development of personalized treatment approaches.
By analyzing patient-specific clinical characteristics, it becomes possible to identify more
appropriate treatment options. However, issues such as data security, ethical responsibilities,
and the validation of algorithms’ clinical accuracy remain key areas of discussion regarding the
integration of Al systems into clinical practice. In conclusion, artificial intelligence
technologies hold significant potential in the diagnosis, monitoring, and treatment of rheumatic
diseases, and are expected to make important contributions to the future development of
rheumatology practice.

Keywords: Artificial intelligence; rheumatology; digital health
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OZET

Romatolojik hastaliklar genellikle kronik seyirli, heterojen klinik 6zellikler gosteren ve g¢ok
sayida klinik, laboratuvar ve goriintilleme verisinin birlikte degerlendirilmesini gerektiren
kompleks hastalik gruplarini kapsamaktadir. Bu nedenle romatoloji pratiginde dogru tani
koyma, hastalik aktivitesini izleme ve uygun tedavi stratejilerini belirleme siiregleri ogu zaman
kapsamli veri analizini gerektirmektedir. Son yillarda saglik alaninda dijital teknolojilerin
gelismesiyle birlikte yapay zeka uygulamalari bu siireglerin desteklenmesinde 6nemli bir arag
olarak one ¢ikmaktadir.

Yapay zeka; 6zellikle makine 6grenmesi ve derin 6grenme algoritmalar araciligiyla biiyiik veri
setlerini analiz edebilme, Oriintiileri taniyabilme ve tahmine dayali modeller olusturabilme
kapasitesine sahiptir. Romatoloji alaninda bu teknolojiler; romatoid artrit, osteoartrit, ankilozan
spondilit ve sistemik lupus eritematozus gibi hastaliklarin tan1 ve izlem siireglerinde giderek
daha fazla kullanilmaktadir. Ozellikle radyografi, ultrasonografi ve manyetik rezonans
goruntileme gibi yontemlerden elde edilen verilerin yapay zeka destekli analizleri sayesinde
eklem hasar1 ve inflamasyon bulgularinin daha erken donemde saptanabildigi bildirilmektedir.
Bunun yani sira elektronik saglik kayitlari, klinik veri tabanlart ve giyilebilir teknolojilerden
elde edilen verilerin analiz edilmesi ile hastalik aktivitesinin izlenmesi, hastalik seyrinin tahmin
edilmesi ve tedaviye verilen yanitin dngdriilmesi miimkiin hale gelmektedir.

Romatoloji alaninda yapay zeka uygulamalarinin bir diger onemli katkisi ise kisisellestirilmis
tedavi yaklagimlarinin gelistirilmesine olanak saglamasidir. Hastaya 6zgii klinik 6zelliklerin
analiz edilmesi sayesinde daha uygun tedavi seceneklerinin belirlenmesi muimkin
olabilmektedir. Bununla birlikte yapay zeka sistemlerinin klinik uygulamalara entegrasyonunda
veri gilivenligi, etik sorumluluklar ve algoritmalarin klinik dogrulugunun dogrulanmasi gibi
konular 6nemli tartigma alanlar1 arasinda yer almaktadir. Sonug olarak yapay zeka teknolojileri
romatolojik hastaliklarin tani, izlem ve tedavi silire¢lerinde 6nemli bir potansiyel tagimakta olup
gelecekte romatoloji pratiginin gelisimine 6nemli katkilar saglayacag diisiintilmektedir.

Anahtar Kelimeler: Yapay zeka; romatoloji; dijital saglik
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1. INTRODUCTION

Rheumatic and musculoskeletal diseases (RMD) are defined by the European Union of
Rheumatology Societies (EULAR) and the American College of Rheumatology (ACR) as a
broad and heterogeneous group of diseases that can affect joints, bones, cartilage, tendons,
ligaments, and muscles, as well as internal organs in some cases. This group encompasses more
than 200 diseases and syndromes, including common clinical conditions such as rheumatoid
arthritis, osteoarthritis, ankylosing spondylitis, and systemic lupus erythematosus (Madrid-
Garcia et al., 2023; Zhao et al.,, 2024). These diseases are generally chronic and are
characterized by pain, limited mobility, fatigue, and loss of function, significantly negatively
impacting the quality of life of individuals.

The etiology of rheumatic diseases is quite complex, resulting from the interaction of many
factors such as genetic predisposition, environmental factors, infections, immunological
processes, and mechanical stress. These diseases are more common in women and older age
groups, and can affect not only the musculoskeletal system but also different organ systems
such as the cardiovascular system, lungs, and kidneys. These multifaceted effects complicate
the diagnosis, monitoring, and treatment processes of these diseases, while also placing a
significant economic burden on healthcare systems (Madrid-Garcia et al., 2023).

Diagnosis and disease management in rheumatology practice require the combined evaluation
of numerous data points, including clinical examination findings, laboratory tests, genetic data,
and medical imaging methods. Early diagnosis and appropriate treatment planning are critically
important in preventing disease progression, especially in chronic inflammatory diseases such
as rheumatoid arthritis. However, the similarity of clinical symptoms to other musculoskeletal
diseases complicates the diagnostic process and presents a significant challenge for clinicians
(Momtazmanesh et al., 2022).

Recent advancements in digital health technologies have enabled the increasingly widespread
use of artificial intelligence (Al) applications in the healthcare field. Artificial intelligence is a
branch of science that aims to develop computer systems capable of mimicking cognitive
processes specific to human intelligence, such as learning, reasoning, problem-solving, and
pattern recognition (Vlad et al., 2025). Subfields such as machine learning (ML), deep learning
(DL), and natural language processing (NLP) have made it possible to analyze large and
complex datasets, accelerating the development of clinical decision support systems (Sequi-
Sabater & Benavent, 2025).

Artificial intelligence applications have the potential to reduce human error, improve diagnostic
accuracy, and accelerate decision-making processes, especially in data-intensive and highly
variable clinical situations. Automated analysis of medical imaging data, rapid evaluation of
laboratory results, and holistic handling of patient-reported outcomes (PROs) are among the
significant contributions of Al to healthcare (Zhao et al., 2024). These features make Al a
particularly valuable tool in the field of rheumatology, where heterogeneous data structures are
involved.
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Rheumatology is considered one of the disciplines that can benefit most from artificial
intelligence applications due to its structure requiring the integration of multiple data sources.
The analysis of clinical findings, imaging data, laboratory tests, and electronic health records
together can be performed more quickly and accurately through Al algorithms. In this context,
artificial intelligence makes significant contributions in areas such as supporting the early
diagnosis of diseases, evaluating disease activity, predicting prognosis, and creating
personalized treatment plans (Zhao et al., 2024; Chen et al., 2025).

However, the use of artificial intelligence in rheumatology is not limited to clinical applications
but also provides significant advantages in research processes. Thanks to data mining and
bibliometric analyses, trends in the scientific literature can be determined, research gaps can be
identified, and new areas of study can be revealed. However, for the effective integration of Al
applications into clinical practice, the reliability, generalizability, and ethical use of algorithms
are of great importance. In this context, artificial intelligence should be considered not as a
replacement for human expertise in clinical decision-making processes, but rather as a powerful
tool that supports it (Zhao et al., 2024).

2. ARTIFICIAL INTELLIGENCE APPLICATIONS FOR DIAGNOSIS AND
TREATMENT

Research on artificial intelligence (Al) applications in the field of rheumatology has shown a
significant increase in recent years, focusing particularly on conditions such as rheumatoid
arthritis, osteoarthritis, ankylosing spondylitis, and psoriatic arthritis. The main uses of this
independent Al are to improve diagnostic progress, advance the course of diagnosis, and
disseminate personalized treatment methods. Techniques such as machine learning (ML), deep
learning (DL), and artificial neural networks are effectively used in the analysis of
rheumatological distributional complexity and multidimensional data (Momtazmanesh et al.,
2022; Zhao et al., 2024). In particular, electronic health records (EHR) and natural language
processing (NLP) programs have enabled more detailed analysis of clinical data, and powerful
methods have emerged to support the decision-making processes of diagnoses and clinicians.

Artificial intelligence applications offer significant advantages in the diagnostic process of
rheumatological diseases. Since many of these diseases present with similar clinical symptoms,
early and accurate diagnosis can be challenging. Al algorithms can analyze clinical symptoms,
laboratory findings, and demographic data together to identify disease patterns and support the
diagnostic process (Aldhuaina et al., 2025). Especially in diseases where early intervention is
critical, such as rheumatoid arthritis, the use of machine learning models as clinical decision
support systems increases diagnostic accuracy (Krittanawong et al., 2020). Furthermore, it has
been reported that deep learning-based models can detect synovitis, bone erosion, and joint
damage in radiographic and MRI images with high accuracy, achieving sensitivity and
specificity values above 90% in some studies (Madrid-Garcia et al., 2023; Saleh et al., 2022).
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Medical imaging is one of the areas where artificial intelligence is most widely used in
rheumatology. Methods such as radiography, ultrasonography, magnetic resonance imaging
(MRI), and computed tomography (CT) play a fundamental role in the diagnosis and monitoring
of rheumatological diseases. Deep learning algorithms, especially through convolutional neural
networks (CNNs), can analyze complex patterns in these images and automatically detect joint
space narrowing, osteophyte formation, and inflammation (Kijowski et al., 2020; Chen et al.,
2025). This both accelerates the diagnostic process and reduces interpreter-dependent
discrepancies. Furthermore, artificial intelligence makes significant contributions in areas such
as improving image quality, performing automated measurements, and predicting disease
progression (Momtazmanesh et al., 2022).

Monitoring disease activity and evaluating prognosis are also important application areas of
artificial intelligence. While disease activity is assessed using clinical scores and laboratory
parameters in traditional methods, Al systems can perform more comprehensive analyses by
integrating data from electronic health records, patient reports, and wearable technologies
(Glzel et al., 2022; Jiang et al., 2021). In particular, physical activity data obtained through
wearable devices can be used in the early detection of disease exacerbations, and machine
learning models have been shown to identify these exacerbations with high accuracy rates
(Davergne et al., 2021). This contributes to the development of more proactive and
individualized approaches in disease management.

Personalized treatment approaches are one of the most important innovations offered by
artificial intelligence in rheumatology. Since the response to treatment in rheumatological
diseases can vary significantly among individuals, creating treatment plans specific to patient
characteristics is of great importance. Artificial intelligence algorithms can predict which
treatment option is most effective by analyzing genetic data, biomarkers, clinical findings, and
patient history together (Aldhuaina et al., 2025). This approach, especially in treatments using
biological agents, both increases treatment success and provides cost-effectiveness by reducing
unnecessary drug use. Furthermore, NLP-based systems can analyze clinical notes to identify
patient subgroups and predict treatment response (Zhao et al., 2024).

The effectiveness of artificial intelligence applications in specific diseases such as rheumatoid
arthritis, osteoarthritis, and ankylosing spondylitis has been demonstrated in numerous studies.
In rheumatoid arthritis, CNN-based models can automatically detect joint damage and
contribute to treatment planning by classifying patients into clinical subgroups (Momtazmanesh
et al., 2022; Sequi-Sabater & Benavent, 2025). In osteoarthritis, Al algorithms can detect joint
degeneration early and predict disease progression. In ankylosing spondylitis, sacroiliac joint
involvement can be evaluated through the analysis of CT and MRI images, and radiographic
progression can be predicted (Chen et al., 2025; Morytko et al., 2025). In addition, disease
activity and organ involvement can be predicted in diseases such as psoriatic arthritis, lupus
erythematosus, and systemic sclerosis through biomarker analysis and multimodal data
integration (Sequi-Sabater & Benavent, 2025).
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The applications of artificial intelligence in rheumatology are not limited to clinical
applications. Bibliometric analyses and data mining methods contribute to the emergence of
new research processes by identifying research methods in the literature (Zhao et al., 2024).
Furthermore, generative Al systems support healthcare professionals in tasks such as preparing
clinical notes, summarizing patient information, and conducting literature searches (Sequi-
Sabater & Benavent, 2025). In addition, Al systems integrated with telemedicine applications
and mobile health technologies enable remote access to cells and more effective treatment
processes.

Despite all these advantages, artificial intelligence applications also have some limitations.
Lack of data quality and standardization can limit the generalizability of algorithms across
different populations. Furthermore, data security and patient privacy are among the significant
ethical issues (Vlad et al., 2025; Ozdemir, 2021). For Al models to be reliably used in clinical
applications, they need to be validated with large and representative datasets. In addition,
increasing the trust of healthcare professionals and patients in these technologies is a critical
factor in the integration of Al into clinical practice. In this context, artificial intelligence should
be considered not as a replacement for human expertise in rheumatology, but rather as a
complementary tool supporting clinical decision-making processes.

3. CONCLUSION

In conclusion, artificial intelligence applications stand out as a powerful tool with the potential
to transform diagnosis, monitoring, and treatment processes in the field of rheumatology. They
make significant contributions, particularly in supporting early diagnosis, more precise
monitoring of disease activity, and the development of personalized treatment approaches. With
a wide range of applications from imaging analysis to the evaluation of electronic health
records, artificial intelligence accelerates and improves the accuracy of clinical decision-
making processes. However, addressing existing limitations such as data quality, ethical issues,
and clinical integration are among the key factors determining the effective use of these
technologies. It is predicted that as the reliability and generalizability of artificial intelligence
applications are increased through large-scale and multi-center studies in the future, they will
be used more widely and effectively in rheumatology practice.
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ABSTRACT

Cancer is a complex disease resulting from genetic mutations, uncontrolled cell proliferation,
and the disruption of cellular regulatory mechanisms, characterized by high mortality and
morbidity rates worldwide. Today, traditional treatment methods such as surgery,
chemotherapy, and radiation therapy are widely used in cancer treatment. However, these
approaches often exhibit various limitations, including the inability of drugs to reach target
tissues specifically, the development of systemic toxicity, the emergence of multidrug
resistance, and damage to healthy tissues. This situation has led to an increase in research aimed
at developing more effective, safer, and targeted treatment strategies. Additionally, the long-
term use of current treatment methods can negatively impact patients’ quality of life and make
adherence to treatment more difficult.

Nanotechnology has become a significant field of research, offering new and innovative
approaches to cancer treatment through the design and application of nanoscale materials in
biomedical contexts. Nanotechnology-based drug delivery systems contribute to enhancing
treatment efficacy by enabling the more controlled and targeted delivery of therapeutic agents
to tumor tissue. Liposomes, polymeric nanoparticles, and various nanostructures enhance drug
bioavailability and help reduce systemic side effects by enabling controlled release.
Additionally, these systems allow for higher penetration into the tumor microenvironment,
facilitating more effective accumulation of drugs within tumor tissue.

Nanotherapeutic approaches developed in recent years offer significant advantages in cancer
treatment by integrating diagnostic and therapeutic processes. Furthermore, the development of
nano-carrier systems supported by bacteria and stem cells contributes to overcoming
physiological barriers in the tumor microenvironment and optimizing drug delivery processes.
All these developments offer significant potential for the development of more selective,
reduced-side-effect, and personalized treatment approaches in cancer therapy. Furthermore, the
increasing number of studies in this field is laying the groundwork for the development of more
effective and reliable treatment options in the future.

Keywords: Cancer treatment; nanotechnology; drug delivery systems
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OZET

Kanser, genetik mutasyonlar, kontrolsiiz hiicre proliferasyonu ve hicresel duzenleyici
mekanizmalarin bozulmasi sonucu ortaya ¢ikan, diinya genelinde yiliksek mortalite ve morbidite
oranlarina sahip karmasik bir hastaliktir. Glinimiizde kanser tedavisinde cerrahi, kemoterapi ve
radyoterapi gibi geleneksel tedavi yontemleri yaygin olarak kullanilmaktadir. Bununla birlikte
bu yaklagimlar ¢ogu zaman ilaglarin hedef dokuya 06zgiil sekilde ulasamamasi, sistemik
toksisite gelisimi, ¢oklu ila¢ direnci olusumu ve saglikli dokularin zarar gérmesi gibi ¢esitli
siirliliklar gostermektedir. Bu durum, daha etkili, gilivenli ve hedefe yonelik tedavi
stratejilerinin gelistirilmesine yonelik arastirmalarin artmasina neden olmustur. Ayrica mevcut
tedavi yontemlerinin uzun slreli kullanimi hastalarin yasam kalitesini olumsuz yo6nde
etkileyebilmektedir ve tedaviye uyumu zorlastirabilmektedir.

Nanoteknoloji, nanometre boyutundaki materyallerin tasarimi ve biyomedikal uygulamalarda
kullanilmasiyla kanser tedavisinde yeni ve yenilik¢i yaklagimlar sunan dnemli bir aragtirma
alan1 haline gelmistir. Nanoteknoloji tabanl ilag tasiyici sistemler, terapotik ajanlarin tiimor
dokusuna daha kontrollii ve hedeflenmis sekilde iletilmesini saglayarak tedavi etkinliginin
artinlmasina katkida bulunmaktadir. Lipozomlar, polimerik nanopartikiiller ve farkh
nanoyapilar, ilaclarin biyoyararlanimini artirmakta, kontrollii salinim saglayarak sistemik yan
etkilerin azaltilmasina yardimer olmaktadir. Ayrica bu sistemler tiimor mikrogevresinde daha
yuksek penetrasyon saglayarak ilaglarin tiimor dokusunda daha etkin sekilde birikmesine
olanak tanimaktadir.

Son yillarda gelistirilen nanoteranostik yaklagimlar, tan1 ve tedavi siireglerini bir arada sunarak
kanser tedavisinde dnemli avantajlar saglamaktadir. Bunun yani sira bakteri ve kok hiicre
destekli nano-tasiyici sistemlerin gelistirilmesi, tiimdr mikrogevresindeki fizyolojik engellerin
asilmasma ve ila¢ iletim siireglerinin optimize edilmesine katki saglamaktadir. Tiim bu
gelismeler, kanser tedavisinde daha segici, yan etkileri azaltilmis ve kisisellestirilmis tedavi
yaklagimlariin gelistirilmesi agisindan 6nemli bir potansiyel sunmaktadir. Ayrica bu alandaki
caligmalarin artmasi, gelecekte daha etkili ve glivenilir tedavi seceneklerinin gelistirilmesine
zemin hazirlamaktadir.

Anahtar Kelimeler: Kanser tedavisi; nanoteknoloji; ilag tasiyici sistemler

198



FAR EAST ASIA 6% INTERNATIONAL CONGRESS ON APPLIED SCIENCES
April 17 -22,2026 - TOKYO
[SBN NR: 978-625-8795-05-9

1. INTRODUCTION

Cancer is a complex disease characterized by uncontrolled cell proliferation, genetic mutations,
disruptions in DNA repair mechanisms, and impairment of the apoptosis process (Mosleh-
Shirazi et al., 2022). Dysregulations in intracellular signaling pathways and interactions with
the tumor microenvironment play a critical role in cancer progression (Yao et al., 2020).
According to the World Health Organization, one in six deaths globally is due to cancer, and
cancer-related deaths are expected to increase by 47% by 2040 (WHO, 2022). This situation
necessitates the development of more effective and innovative approaches in cancer treatment.

Traditional cancer treatment methods include surgery, chemotherapy, and radiotherapy.
However, these methods can damage healthy tissues and lead to systemic toxicity because they
are not specific to tumor cells (Chidambaram, Manavalan, & Kathiresan, 2011). Cytotoxic
agents used during chemotherapy may not reach tumor tissue adequately and can cause serious
side effects in healthy cells. This reduces treatment effectiveness and negatively affects patients'
quality of life (Rommasi & Esfandiari, 2021). Furthermore, multidrug resistance, which
emerges in long-term treatments, is a significant clinical problem in cancer treatment (Kuskov
et al., 2025). Due to these limitations, research is increasingly focused on developing more
selective, targeted, and effective therapeutic strategies for cancer treatment.

In recent years, nanotechnology-based approaches have emerged as a promising alternative in
cancer treatment. Advances in nanotechnology enhance treatment efficacy and reduce systemic
side effects by enabling the controlled and selective delivery of therapeutic agents to target
tissue (Bayda et al., 2019; Kuskov et al., 2025). Nanoparticles generally consist of a core
structure, a carrier matrix, and functional groups added for targeting purposes. These structures
facilitate the delivery of water-insoluble drugs, enable targeted drug delivery, and allow for the
simultaneous delivery of multiple drugs within the same system (Ho et al., 2017). Furthermore,
nanotechnology-based systems allow for the integration of therapeutic agents with imaging
techniques, enabling monitoring of the treatment process (Wang et al., 2024).Nanotechnology-
based drug delivery systems commonly utilize nanoparticles, liposomes, dendrimers, nanogels,
and polymeric nanoparticles (Daglioglu & Yiiksel, 2023). These systems increase the
bioavailability of drugs, provide controlled release, and reduce toxicity in healthy tissues,
offering significant advantages in modern oncology treatment (Subasi et al., 2024; Taher et al.,
2023). Nanodelivery systems, in particular, contribute to increased therapeutic efficacy because
they can be selectively targeted to tumor tissue.

Nanotechnology holds significant potential not only in therapeutic applications but also in
cancer diagnosis and imaging technologies. Nanoparticles can be used as contrast agents in
high-sensitivity imaging methods, contributing to the early detection of tumors (Wang et al.,
2024). Nanostructures such as quantum dots, nano-shells, and nano-cantilever systems are
among the important tools that can be used in the detection and early diagnosis of biomarkers
(Zhang et al., 2024). In particular, the strong fluorescent properties of quantum dots facilitate
the visualization of tumor cells, while nano-shells, activated by near-infrared light, can enable
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