s e o KARADENIZ
n Tlp B|I|§|m| TEKNIK UNIVERSITESI
e —— e KARADENIZ TECHNICAL UNIVERSITY
Dernegi 1955

19.

Tip Bilisimi
laongres

39-31 MAYIS 2024, TRABZON

Ana Tema: Saglikta Yapay Zeka ve Biyik Dil Modelleri

BILDIRILER KITABI

15th Medical InFormatics Congress
Main Theme:Artificial Intelligence and Large Language Mode]s ip Healthcare

PROCEEDINGS

Editorler / Editors

Kemal Turhan, Ahmet Yardimai, Adil Alpkocak Abdullah Utku Senol,

Asli Suner Karakiilah, Kemal Hakan Giilkesen, Ugur Bilge, Oguz Dicle, Filiz isleyen,
Muammer Albayrak Mehmet Ersan Kalayci

TUBITAK https://turkmia.net/kongre20824



TIP BiLISIMiI DERNEGI YAYINLARI

Sertifika No: 7163
Yayin Tarihi: 05/09/2024 Yayin No:2

15. Tip Bilisimi Kongresi Bildiriler Kitabi

Proceedings of 15th Turkish Congress of Medical Informatics Association

Editorler / Editors

Kemal Turhan, Ahmet Yardimci, Adil Alpkocak, Abdullah Utku Senol, Asli Suner
Karakiilah, Kemal Hakan Giilkesen, Ugur Bilge, Oguz Dicle, Filiz Isleyen, Muammer
Albayrak, Mehmet Ersan Kalayci

Dijital olarak basilmis ve ¢evrimigi olarak dagitilmistir.
348 sayfadir.

Ucretsizdir.

© 2024 Her hakki saklidur.

Bu kitaptaki makalelerdeki fikirler ilgili yazar(lar)a aittir. ilgili yazar(lar)in yazili izin alinmadan,
makalelerin kismen veya tamami, herhangi bir platformda yeniden yayimlanamaz.

ISBN 978-605-72564-1-6
ISBN 978-605-72564~-1-b

91786057"256416" >



15. TIP BILISIMI KONGRESI

15" Turkish Congress of Medical Informatics Association
30-31 Mayis 2024, Trabzon, Tiirkiye

Karadeniz Teknik Universitesi
Osman Turan Kiiltiir ve Kongre Merkezi

BILDIRILER KITABI

Proceedings

Editorler Editors

Kemal Turhan, Ahmet Yardimeci, Adil Alpkogak, Abdullah Utku
Senol, Asli Suner Karakiilah, Kemal Hakan Giilkesen, Ugur
Bilge, Oguz Dicle, Filiz Isleyen, Muammer Albayrak, Mehmet
Ersan Kalayci



Organizasyon

Dernegi
TUBITAK
Destekleyen Kuruluglar

EUROPEAN FEDERATION
for MEDICAL INFORMATICS

) EFMI

Ana Sponsor

= dahi

Sponsorlar

A okes

ALGUIN



KONGRE BASKANI Congress Chair
Kemal TURHAN, Karadeniz Teknik Universitesi

DUZENLEME KURULU | Editorial Board
Kemal TURHAN, Karadeniz Teknik Universitesi
Ahmet Yardimci, Akdeniz Universitesi

Filiz Isleyen, Saghk Bakanhg:

Kemal Hakan Giilkesen, Akdeniz Universitesi
Adil Alpkogak, Izmir Bakircay Universitesi
Abdullah Utku Senol, Akdeniz Universitesi

Asl Suner Karakiilah, Ege Universitesi

Oguz Dicle, Dokuz Eyliil Universitesi

Nese Kaklikaya, Karadeniz Teknik Universitesi
Ali Giiner, Karadeniz Teknik Universitesi
Burcin Kurt, Karadeniz Teknik Universitesi
Tolga Berber, Karadeniz Teknik Universitesi
Cavit Boz, Karadeniz Teknik Universitesi

Sedat Bostan, Karadeniz Teknik Universitesi
Cemil Colak, Inonii Universitesi

Mehmet Kivrak, Recep Tayyip Erdogan Universitesi
Nurhan Giirsel Ozmen, Karadeniz Teknik Universitesi
Sibel Kul, Karadeniz Teknik Universitesi

Usur Sevik, Karadeniz Teknik Universitesi
Engin Yenilmez, Karadeniz Teknik Universitesi

Mine Duman, Karadeniz Teknik Universitesi

KONGRE SEKRETERI Congress Secretary
Muammer Albayrak, Karadeniz Teknik Universitesi
Mehmet Ersan Kalayci, Karadeniz Teknik Universitesi
Sinem Ozdemir, Karadeniz Teknik Universitesi

Zeliha Aydin Kasap, Karadeniz Teknik Universitesi

BILIMSEL KURUL Scientific Committee Adil Alpkogak, Izmir Bakir¢ay Universitesi

Ahmet Yardimei, Akdeniz Universitesi (Baskan) Afsun Ezel Tiirkmen Esatoglu, Ankara Universitesi

Kemal Turhan, Karadeniz Teknik Universitesi Ahmet Ademoglu, Bogazici Universitesi

iii



Ali Yilmaz, Kirikkale Universitesi

Alper Selver, Dokuz Eyliil Universitesi

Asl Suner Karakiilah, Ege Universitesi

Baris Emre Dayanc, Lzmir Ekonomi Universitesi
Burcin Kurt, Karadeniz Teknik Universitesi
Ebru Ak¢apinar Sezer, Hacettepe Universitesi
Esin Oztiirk Isik, Bogazici Universitesi

Filiz Isleyen, Saghk Bakanhg

Gizem Tatar Yilmaz, Karadeniz Teknik Universitesi
Gokhan Karakiilah, Dokuz Eyliil Universitesi
Hakan Abacioglu, Tzmir Ekonomi Universitesi
Hanefi Ozbek , Izmir Bakir¢ay Universitesi
Hasan Yigit, Saghk Bilimleri Universitesi
Kaan Kurtel, Izmir Ekonomi Universitesi
Kemal Hakan Giilkesen, Akdeniz Universitesi
Leman Tomak, Ondokuz Mayis Universitesi
Mehmet Serdar Giizel, Ankara Universitesi
Mehmet Unliitiirk, Yasar Universitesi
Menderes Tarcan, Osmangazi Universitesi
Murat Osman Unalir, Ege Universitesi
Mustafa Ozmen, Hacettepe Universitesi

Nese Zayim, Akdeniz Universitesi

Oguz Dicle, Dokuz Eyliil Universitesi

Orhan Er, Lzmir Bakir¢ay Universitesi

Oznur Ozkasap, Kog¢ Universitesi

Pinar Ozbay, Bogazi¢i Universitesi

Pembe Keskinoglu, Dokuz Eyliil Universitesi
Semih Utku, Dokuz Eyliil Universitesi

Suat Ozdemir, Hacettepe Universitesi

Sibel Kul, Karadeniz Teknik Universitesi
Timur Kése, Ege Universitesi

Ugur Bilge, Akdeniz Universitesi

Uras Tos, Yasar Universitesi

Utku Senol, Akdeniz Universitesi

Yasar Giineri Sahin, Izmir Ekonomi Universitesi
Yesim Aydin Son, Ortadogu Teknik Universitesi
Cemil Colak, Inénii Universitesi

Mustafa Necmi Ilhan, Gazi Universitesi

Engin Yenilmez, Karadeniz Teknik Universitesi

Nurhan Giirsel Ozmen, Karadeniz Teknik
Universitesi

Cengizhan Oztiirk ,Bogazi¢i Universitesi
Stikrii Ozen, Akdeniz Universitesi
Murat Canpolat, Akdeniz Universitesi

Tuncay Aydogan,Isparta Uygulamali Bilimler
Universitesi

Gokhan Ertas, Yeditepe Universitesi

Azim Celik,GE Healthcare

Yigit Ali Uncii, Akdeniz Universitesi
Kilighan Giirleyik, University of Pittsburgh
Selen Bozkurt, Emory Universitesi

Yilmaz Kemal Yiice, Alanya Alaaddin Keykubat
Universitesi

Mustafa Mahir Ulgii, Saghk Bakanligi

Mehmet Kivrak, Recep Tayyip Erdogan Universitesi
Fatih Giircan, Karadeniz Teknik Universitesi
Tolga Berber, Karadeniz Teknik Universitesi
Ali Giiner, Karadeniz Teknik Universitesi

Nese Zaim, Akdeniz Universitesi

Ugur Sevik, Karadeniz Teknik Universitesi
Engin Yenilmez, Karadeniz Teknik Universitesi
Mine Duman, Karadeniz Teknik Universitesi
Cavit Boz, Karadeniz Teknik Universitesi
Tunca Dogan, Hacettepe Universitesi

E_mel Timugin, Acibadem Mehmet Ali Aydinlar
Universitesi

Osman Ugyr Sezerman, Acibadem Mehmet Ali
Aydinlar Universitesi



YEREL DUZENLEME KOMITESI
Local Organizing Committee

f{knur Bucan Kirkbir, Karadeniz Teknik
Universitesi

Giilbahar Merve Cakmak Silbrr,
Karadeniz Teknik Universitesi

/{yse Banu Pak, Karadeniz Teknik
Universitesi

]\[ihat Burak Zihni, Karadeniz Teknik
Universitesi

Ig'zk Cakmak, Karadeniz Teknik
Universitesi

7: ugba Kurt, Karadeniz Teknik
Universitesi

YEREL OGRENCIi DUZENLEME KOMITESI
Local Student Organizing Committee

f{knur Bucan Kirkbir, Karadeniz Teknik
Universitesi

4ﬁmat Safa Colak, Karadeniz Teknik
Universitesi

l?'erk Bayraktar, Karadeniz Teknik
Universitesi

Bieyza Naz Hakyemez, Karadeniz Teknik
Universitesi

nyket Giirler, Karadeniz Teknik
Universitesi

l?lif Aydin, Karadeniz Teknik
Universitesi

Emir thadzr Kadioglu, Karadeniz
Teknik Universitesi

fglal Orug, Karadeniz Teknik
Universitesi

Melisa Kavalci, Karadeniz Teknik
Universitesi

Mert Can Alpaydin, Karadeniz Teknik
Universitesi

R‘abia Kalyon, Karadeniz Teknik
Universitesi

@abia Tomruk, Karadeniz Teknik
Universitesi

}"'igit Emre Koko¢, Karadeniz Teknik
Universitesi

Zehra Sirin, Karadeniz Teknik
Universitesi

GRAFIK TASARIM
Graphic Design

Belgin Ipek, Karadeniz Teknik Universitesi

ILETiSiM ADRESI E-mail Address
kongre2024@turkmia.net

KONGRE WEB Congress Web
https://turkmia.net/kongre2024/



Icindekiler

Onsoz Foreword

LSTM Tabanh Derin Ogrenme Yaklasim ile Bayesian Hiper-Parametre
Optimizasyonu Kullamilarak Hasta Sikayetlerinden Hastalik Tahmini

Asli Boz*, Duygu Korkmaz Yal¢in, Yasin Gérmez, Nese Zayim

DrugAutoML: Ilac Kesfi icin Acik Kaynakli, Uctan Uca Otomatiklestirilmis Bir
Makine Ogrenimi ve Istatistiksel Degerlendirme Araci
Ayca BEYHAN*, Asli SUNER

In Silico Screening of Momordica Charantia Compounds for the Treatment of Type 2
Diabetes Mellitus: Molecular Docking _
Ayse Banu PAK*, Isik CAKMAK, Mustafa Emre ERCIN

Interpreting Chest X-ray with ChatGPT: Can It Serve as a Tool for Justifying
Computed Tomography?
Nur Hiirsoy*, Hafsa Kolluk, Merve Solak, Kubilay Kagan Budak, Esat Kaba

Saghk Alanindaki Cahismalarda Yardimcl Bir Ara¢ Olarak Yapay Zeka’nin
Kullaniminin Degerlendirilmesi: ChatGPT 6rnegi

Yasemin Demir Avci*, Esra Tokur Sonuvar, Dilek Yapar

A Comparative Study of Parkinson’s Disease Detection using different Deep Learning
Architectures

Beyza GUL*
Prediction of retinopathy through machine learning in diabetes mellitus
Tarik Kegeli*, Nevruz {lhanli, Kemal Hakan Giilkesen

Epilepside Kopya Sayis1 Varyasyonlarinin Tiim Ekzom Verileri Kullamlarak
Arastirilmasi

Ezgi Ozyurt*, Alper Han Cebi, Ali Cansu, Ayberk Tiirkyilmaz, Kemal Turhan, Pinar Ozkan
Kart

B Cell Epitope Analysis of the SARS-CoV-2 Spike Protein: Accessibility,
Polymorphisms, and Implications for Vaccine Design

Mehmet Ersan KALAYCI*, Giiven SAHIN, Muammer ALBAYRAK, Kemal TURHAN
Parkinson’s Disease Related Alterations in Common Spatial Patterns of EEG Signals
Fatih Onay, Bilge Karagali

TheraPose: A Large Video Dataset for Physiotherapy Exercises

Hamdi Yalin Yalig*, Ahmet Emre Usta, Umit Atila, Alaettin Ugan, Adem Ali Yilmaz, Ali
Yasar Yigit

Gamification in Health: A Bibliometric Perspective

Esra Tokur Sonuvar*, Kemal Hakan Giilkesen

DMFT ASSESSMENT USING DEEP LEARNING BASED CONVOLUTIONAL
NEURAL NETWORK ALGORITHM WITH PANORAMIC IMAGES

Onur MUTLU*, Elif ASLAN, Canberk ULUSOY, Ali MERT

Identifying Malignancy Risk Factors in Thyroid Nodules: A Machine Learning
Approach in Trabzon, Tiirkiye

Zeliha Aydmn Kasap*, Burgin Kurt, Ali Giiner, Elif Ozsagir, Mustafa Emre Ercin
Klinik Metinlerden iliski Cikarma icin Baglam i¢i Ogrenme
Aidana Aidynkyzy*, Sebnem Bora, Oguz Dikenelli

Sayfa No

Xi

22

32

44

56

65

74

76

88

98

105

110

111

Vi



Bilgi Giivenligi Yonetim Sistemi Kurulumu: Saghk Bakanhgi Deneyimi
Filiz Isleyen*, Mustafa Mahir Ulgii, Dilek Sen Karakaya, Betiil Y1ilmaz

Tip Alaminda Yapay Zeka Kullanilarak Yapilan Klinik Cahismalarin Bibliyometrik
Analizi

Hiilya Kilbahri*, Pmar Deniz Tosun
Predictors of Neuropathy in Diabetes Mellitus
Nevruz [Thanli*, Kemal Hakan Giilkesen

Fine-Tuning GPT-2 for Contextually Relevant Text Generation to Discover New
Immune Checkpoint Research

Mehmet Ersan KALAYCI*, Muammer ALBAYRAK, Kemal TURHAN

Integration of Non-Negative Matrix Factorization to Identification of Immune System
Checkpoints

Beyzanur STYAH*, Mehmet Ersan KALAYCI, Sinem OZDEMIR, Tolga BERBER, Kemal
TURHAN

Siroz Hastalarinda Hepatik Ensefalopati icin Semptom Tespit ve izleme Araci
Prototipinin Arayiiz Tanitimi

Dilek YAPAR*, Sidika Zeynep GOK SARGIN, Ahmet YARDIMCI
Cancer Prediction via Binary Tuna Swarm Optimization
Muharrem Korkmaz*, Eda Ozkul, Ozge Tezel

Improvement of Encoder Layers in Segmentation Network Models for Automatic
Polyp Detection

Nurhan DEGIRMENCI BINGOL, Ozkan BINGOL, Kemal TURHAN

Using Meta-Heuristic Techniques to Estimate Logistic Regression Parameters and
Applying to Health Data

Orhan KESEMEN, Buket Nur ALTUN*

Diagnosing Retinal Disorders with Artificial Intelligence: The Role of Large Language
Models in Interpreting Pattern Electroretinography Data

Aslan Aykut *, Biisra Akgiin, Almila Sargiil Sezen6z , Mehmet Orkun Sevik, Ozlem Sahin

Investigation of the Inhibition Mechanism of Acetylcholinesterase Enzyme for
Alzheimer's Treatment by Molecular Docking Method

Merve Baldan*, Gizem Tatar Yilmaz

CAN LARGE LANGUAGE MODELS SURPASS HUMAN PERFORMANCE IN
THE MEDICAL SPECIALIZATION EXAM?

Yesim Aygiil*, Miige Olugoglu, Adil Alpkogak

Detection of psychological disorders from structural MRI with deep learning methods
Osman Tayfun Bigkin*, Cemre Candemir, Mustafa Alper Selver, Pembe Keskinoglu

Ses Dalgalarindan Ofke Belirleme i¢in Evrisimli Sinir Ag1 Modeli

Mehmet YIGIT*, Mehmet Ersan KALAYCI, Kemal TURHAN

An Example Application For Machine Learning-Assisted Retrosynthesis

Giiven SAHIN*, Mehmet Ersan KALAYCI, Kemal TURHAN

Pulmonary Nodule Decision Support Model Using Convolutional Neural Network-
Based Transfer Learning Approach

Hilal TIRY AKI*, Burgin KURT, Polat KOSUCU, Selcuk AKKAYA
Radyoloji Uzmanhk Egitiminde Yapay Zekanin Yeri: Ulusal Anket Calismasi
Emre Emekli*, Ozlem Coskun, Isil irem Budakoglu

Tiimér Tedavi Alanlar (Ttfields) Terapisinin Glioblastomada (Gbm) Hayatta Kalma
ile Iliskisi: Sistematik Bir Inceleme ve Meta-Analiz

120

132

141

147

158

171

180

185

186

191

201

202

206

212

223

225

226

232

Vil



Mehmet KIVRAK , Hamit YILMAZ
Analysis of Findings in Radiology Reports Using Non- Negative Matrix Factorization
Emir KARAYAGIZ*, Tolga BERBER

In Silico Screening of the Interaction of Factor Xa and Melilotus Officinalis
Phytochemicals

Isik CAKMAK*, Ayse Banu PAK, Mustafa Emre ERCIN
Parkinson Hastaliginin Teshisinde EEG-F1 Kanal Aktivitesinin Rolii
Neslihan BAKI, Nurhan GURSEL OZMEN

A Bibliometric Analysis of the Use of Machine Learning Methods in Variant Effect
Prediction

Giilbahar Merve SILBIR*, Bur¢in KURT

Transforming Human-Computer Interaction: Gesture Recognition Technologies for
Accessible Smart Home

Ufuk Besenk*, Ahmet Ozkurt,Omiir Ocal, Tugce Toprak, Pembe Keskinoglu, M. Alper
Selver

Tiirkiye’de Tip Bilisimi Alaninda Uretilen Tezlerin Analizi
Hazal TAS*, Nese ZAYIM

The Inclusion of Medical Informatics Topics in the Curricula of Medical Faculties in
Turkey: A Document Analysis Study

Aysenur Duman Dilbaz*, Yasemin Giiner, Melek Sahin, Baris Sezer

An Ethical Examination of ChatGPT Use in the Field of Medicine

Belkis Birden*

Statistical Analysis of Physiological Stress Signals and Exam Performance
Aysegiil K. Kasap*, Bur¢in KURT

OFTALMOLOJIDE YAPAY GORME (RETINA IMPLANTI) UZERINE YAPILAN
CALISMALAR

Evren Sezgin*, Ahmet Yardimci

Derin Ogrenme Oznitelik Cikarim Algoritmalarmin Makine Ogrenmesi Modelleri ile
Kullanilmasi: Diyabetik Retinopati Ornegi

Fatih Serdar AYDEMIR*, Ugur SEVIK
Utilizing Pretrained GPT-2 Model for Analyzing Drug Reviews
Sinem OZDEMIR*, Kemal TURHAN

Automatic Article Reader and Article Section Classifier Application with Web
Scraping

Nihat Burak Zihni*

Nesnelerin Interneti ve Giyilebilir Sensorlerle Yash Bireylerin Saghk Durum
Degerlendirilmesi

Mustafa Yazic1*, Sedat Gormiis, Mustafa Ulutas, Mukadder Okuyan

Gamified Facial Exercises Software for Facial Paralysis Patients: A Fun and Effective
Method

Hiisnii Canbolat*, Sabiha Kaya

Alterations in Gene Expression Related to Neuroendocrine Functions in Long-Term
Endurance and Resistance Training Elderly

Arif Kamil Salihoglu*

Hastane Bilgi Yonetim Sistemleri Merkezinin Yeniden Yapilandirilmasi; Hasta, Hasta
Yakim ve Calisan Memnuniyetinin Degerlendirilmesi

Ismail YILDIZ*

235

244

252

260

261

273

280

284

290

291

299

306

307

318

322

325

326

Vil



Convolutional Neural Networks Utilizing Image Representation of Amino Acid
Sequence for Variant Effect Prediction

Giilbahar Merve SILBIR*, Burcin KURT

Makine Ogrenimi Algoritmalariyla Meme Kanseri Sagkalim Tahmini: Performans
Karsilastirmasi ve Klinik Uygulamalar

Yunus Emre KAYAOGLU*, Ugur SEVIK

The Impact of ChatGPT in Medical Informatics Education

Nur Hiirsoy*, Merve Solak, Aysenur Top¢u, Yusuf Cubukcu, Enver Turan, Esat Kaba
Apandisit Tanis1 Alan Cocuklarda Perforasyon Risk Faktorlerinin incelenmesi
Tugba KURT, Tlknur BUCAN KIRKBIR*

Uzmanlik ve Yiiksek Lisans Programlarinda Goriintiileme Bilisimi Egitimi

Nur Hiirsoy*

328

329

335

339

346






ONSOZ Foreword

Sayin Tip Bilisimi Aragtirmacilari,

Tip Bilisimi Dernegi olarak, tip bilisimi alanindaki en yeni bilimsel ve teknolojik gelismeleri {ilkemize
kazandirma ve bu alandaki akademik yapmin giiclenmesine katki saglama misyonunu istlenmis
bulunmaktay1z. Ozellikle giiniimiizde giderek daha fazla énem kazanan saglikta yapay zeka ve biiyiik dil
modelleri konularinda yenilikgi fikirlerin paylasilmasi, derinlemesine tartismalarin yapilmasi ve bu
teknolojilere dair daha gercekei perspektifler kazanilmasi, toplumun genis kesimlerine 1sik tutacak bir
etki yaratmaktadir.

Bilimsel kongreler, yapay zekanin saglik bilimlerindeki doniistiiriicli potansiyelini kesfetmek ve kiiresel
Olcekte rekabet edebilir uygulamalar gelistirmek icin kritik bir platform sunmaktadir. Bu baglamda, 15.
Tip Bilisimi Kongresi'nde sunulan bilimsel ¢alismalan sizlerle paylasmaktan biiyiik bir memnuniyet
duyuyoruz. Bu etkinlik, saglik bilisimi disiplininin akademik yapisini daha da giiclendirmekle kalmayip,
sektordeki bilimsel is birligini tesvik etmek adina 6nemli bir adim olarak degerlendirilmektedir. Sizler de
bu ¢abanin bir parcasi olarak, aragtirmalarimzla kongremize biiyiik bir deger kattiniz.

Bu kitabin, siz degerli okuyucularimiza ilham vermesini ve yeni fikirler ile projeler gelistirme konusunda
motivasyon saglamasini diliyoruz. Bu eserin ortaya c¢ikmasinda katki saglayan herkese tesekkiirlerimizi
sunariz.

Dear Medical Informatics Researchers,

As the Medical Informatics Association, we have undertaken the mission of bringing the latest scientific and technological
advancements in medical informatics to our country and contributing to the strengthening of the academic structure in this
field. In particular, the increasing significance of topics such as artificial intelligence in healthcare and large language
models has led to the sharing of innovative ideas, in-depth discussions, and the development of more realistic perspectives on
these technologies, creating a far-reaching impact on broader society.

Scientific conferences provide a critical platform for exploring the transformative potential of artificial intelligence in
health sciences and for developing globally competitive applications in this field. In this context, we are pleased to
share with you the scientific works presented at the 15th Medical Informatics Congress. This event not only
strengthens the academic structure of the medical informatics discipline but also represents a significant step in
fostering scientific collaboration within the sector. By contributing your research, you have added great value to our
congress as part of this collective effort.

We hope that this book will inspire you, our esteemed readers, and motivate you to develop new ideas and projects.
We extend our sincere thanks to everyone who contributed to the creation of this work.

Prof. Dr. Kemal TURHAN
Kongre Bagkanit Congress Chair
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LSTM Tabanh Derin Ogrenme Yaklasim ile Bayesian Hiper-
Parametre Optimizasyonu Kullanilarak Hasta Sikayetlerinden
Hastalik Tahmini

Asli Boz![0000-00023235-1310] Dyyoy Korkmaz Yalgn?0000-0003-2969-4934] 'y agin Gormez 310000-0001-8276-2030] v
Nese Zayim?{0000-0003-3133-2692]

! Cukurova Universitesi Tip Fakiiltesi, Tip Egitimi Anabilim Dal1, Adana, TURKIYE
2Van Yiiziincii Y1l Universitesi Tip Fakiiltesi, Tip Egitimi ve Bilisimi Anabilim Dali, Van, TURKIYE
3Sivas Cumhuriyet Universitesi Iktisadi ve Idari Bilimler Fakiiltesi, Yonetim Bilisim Sistemleri Béliimii, Sivas, TURKIYE
4Akdeniz Universitesi Tip Fakiiltesi, Biyoistatistik ve Tip Bilisimi Anabilim Dali, Antalya, TURKIYE
aboz@cu.edu.tr

Ozet: Tip alaninda teshis ve tedavide nicel ve nitel verilerinden elde edilen sonuglar kullanilmaktadir. Bu
calismada ise uzun kisa vadeli aglar (long short-term memories-LSTM) tabanli derin 6grenme ile Bayesian
Hiper-Parametre Optimizasyonu kullanilarak hastanin sdzel olarak ifade ettigi sikayetlerden hareketle hastalik
tahmini yapmak amaglanmigtir. Caligmanin materyali, hasta sikayetlerinin kisa agiklamasini (semptomlar),
24 hastalik tiirlinii igeren ve 1200 gozlemden olusan Kaggle'dan alinan Symptom2Disease veri setidir.
Calismada semptomlarin kisa agiklamasini igeren dogal dilde metinlerden, hastaliklarin tahmin edilebilmesi
icin LSTM tabanli derin 6grenme modeli gelistirilmis ve modelde gomme, soniimleme, tam bagh katman
yapilarindan yararlanilmistir. Modellerin optimizasyonu i¢in ise Bayesian optimizasyon yontemi kullanilmistir.
Egitim, test ve dogrulama olarak 3 kisima ayrilan veri seti kullanilarak farkli katman sayilari (1 LSTM katmanls,
2 LSTM katmanli, 3 LSTM katmanli) ile 3 tahmin modeli olusturulmustur. Modelin performans &l¢iitleri
hesaplandiginda ise (Bagar1 Orani, Kesinlik, F1, Fbeta) en yiiksek degerler 2 LSTM katmanl modelden elde
edilmistir. LSTM tabanli derin 6grenme ve Bayesian Hyper-Parameter Optimization kullanilarak hastalik
tahmini yapilabilmesinin amaglandig1 bu ¢alismada olusturulan tahmin modellerinden &zellikle de yiiz yiize
goriismenin zor oldugu veya tercih edilmedigi durumlarda hastanin sikayetlerinden, hastalig: ilgilendiren
birime yonlendirilmesi konusunda yardimci sistemlerin yani sira hekimlerin tan1 koyma siireglerinde veya
klinik karar destek sistemlerinin gelistirilmesinde yararlanilabilecegi sonucuna ulagilmustir.

Anahtar Kelimeler: LSTM, Bayesian Hiper-Parametre Optimizasyonu, Hastalik Tahmini.

1. Giris

Tip alaninda tarama, teshis ve tedavide; demografik bilgiler, anamnez ve fizik muayene, laboratuvar tetkikleri,
elektronik saglik kayitlari, goriintiileme vb. verilerinden elde edilen sonuglar kullanilmaktadir [1].

Bu sonuglarm siniflandirilmasi ve modellemesinde yapay zekanin dallarindan biri olan Yapay Sinir Aglari'ndan
(YSA) yararlanilmaktadir.

Yinelemeli Sinir Aglari (RNN) sirali veriler ve zaman serisi verileri i¢in kullanilmaktadir. Onceki bilgileri
saklayan ve sonraki adimlarda bu bilgiyi kullanan katmanlara sahip olan yapay sinir agidir. RNN'nin dil igleme ve
konugma tanima gibi alanlarda kullanim1 yaygin olup RNN bir 6nceki adimin ¢iktisin1 bir sonraki adimin girdisi
olarak kullanmakta ve bilgiyi kisa bir siire saklamaktadir [2-4]. ozun siire saklayamamasi ise dnemli bilgilerin
agin basinda yitirilmesine sebep olabilmektedir. RNN'de yasanan bu problemin iistesinden gelmek i¢cin Hochreiter
ve Schmidhuber tarafindan uzun kisa siireli bellek algoritamasi (LSTM) gelistirilmistir [3].

RNN agi ile birbirine ¢ok benzeyen LSTM sinir agimin kullanim alan1 da RNN ile aynidir.

onutma, girdi ve ¢iktt olmak iizere 3 katmandan olusan RNN'den farkli olarak uzun siireli gergeklesen islemleri
ogrenebilen LSTM'nin unutma katmani isminden de anlasilacagi gibi gelen bilginin tutulmasina veya
unutulmasina, girdi katmani bellekte saklanip saklanmayacak bilgiye, ¢ikti katmani ise bilginin ¢ikt1 olup olmama
durumuna karar verir [5-7].

Snoek ve ark. (2012) tarafindan literatiire kazandirilan Bayesian Hiper-Parametre Optimizasyonu literatiirde sik¢a

kullanilmaktadir [8].
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Bu yontemde istatistikte sik¢a kullanilan Bayes mantigina dayanarak 6n bilgiden hareketle olasilik hesaplarina
dayali tahmin yapmaktadir. Bu yontem ile hiper parametrelerinin optimum degerleri hesaplanmaktadir ve daha
sonra hesaplanan degerler diger hiper parametrelerin se¢ciminde kullanilmaktadir [9].

Saglik alaninda ise LSTM tibbi notlar, semptom tanimlari gibi nitel verilerin analizinde kullanilmaktadir [10,11].
Saglik arastirmalarinda nitel verilerden biri olan hastalik sikayetleri; hastaligin tani, teshis ve tedavi plani i¢in
kullanilmaktadir. Ayrica hasta sikayetleri ve anamnez gibi hastanin sdzel olarak ifade etmesiyle toplanan veriler
hastanin tan1 ve bakim siireclerinde temel bir kaynak olarak kullanilir ve neticesinde hastalarin saglik sonuglarinda
onemli bir iyilegsme gozlenebilir.

Bu ¢aligmada ise LSTM tabanli derin 6grenme ile Bayesian Hiper-Parametre Optimizasyonu kullanilarak hastanin
sozel olarak ifade ettigi sikayetlerden hareketle hastalik tahmini yapmak amaglanmustir.

2. Materyal ve Metot

2.1. Materyal

Bu calismada agik kaynak platformundan (Kaggle) elde edilen Symptom2Disease veri seti kullanilmistir [12].
Symptom2Disease veri seti 1200 gézlemden, etiket ve metin olmak {izere 2 siitundan olugmaktadir. Etiket siitunu
hastalik tiiriinii, metin siitunu ise dogal dilde hasta sikayetlerinin kisa agiklamasini igermektedir. Veri setinde
toplam 24 farkli hastalik tiiri (Psoriasis, Varicose Veins, Typhoid, Chicken pox, ompetigo, Dengue, Fungal
infection, Common Cold, Pneumonia, Dimorphic Hemorrhoids, Arthritis, Acne, Bronchial Asthma, Hypertension,
Migraine, Cervical spondylosis, Jaundice, Malaria, urinary tract infection, allergy, gastroesophageal reflux disease,

drug reaction, peptic ulcer disease, diabetes) ve her bir hastalik i¢in 50 farkl sikayet mevcuttur.

2.2. Metot

Calismamizda semptomlarin kisa bir taniminin verildigi metinlerden hastaliklarin tahmin edilebilmesi i¢in uzun
kisa vadeli aglar (long short-term memories-LSTM) tabanl derin 6grenme modeli gelistirilmistir. Onerilen
modelde LSTM katmanlarimin yani sira gomme (Embedding), soniimleme (Dropout) ve tam bagl katman (fully
connected layer-FLC) yapilart kullanilmistir. Bu baglamda LSTM katman sayis1 1 ile 3 arasinda degistirilerek
farkl1 derinliklerde modeller tasarlanmigtir. Sekil 1'de iki katmana sahip derin 6grenme modelinin mimari yapist

gosterilmektedir. Diger iki model i¢in tek farklilik LSTM katman sayilarinin farkli olmasidir.

Girdi Embedding LTSM Dropout

Ve— [ —ep—dp— )—0 )— XK—dp—%

Tam Bagh
Katman

TextVectorization Dropout LSTM Cikt1

Sekil 1. iki adet seri bagli LSTM katmanina sahip onerilen derin 6grenme modeli mimari yapisi.

Sekil 1'de gosterilen model Python dilindeki Keras kiitiiphanesi kullanilarak gelistirilmistir [13]. Onerilen modelin
ilk asamasinda metin verilerinin okundugu girdi katmani bulunmaktadir. Girdi katmaninda, bir hastalik i¢in verilen
kisa tanimin okundugu tek néronlu bir yap1 bulunmaktadir. Girdi katmanindan alinan verilerin, temsil vektorlerine
dondiistiiriilmesi i¢in ise gdmme katmanindan faydalanilmistir. Bu asamada girdi katmani ile gdmme katmani

arasina yine Keras kiitliphanesinde var olan TextVectorization yapisi eklenmistir.
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TextVectorization katmant i¢in kelime dagarcigimin maksimum boyut (max_token) parametresi 1000, ¢iktt boyutu
500 olarak ayarlanmigtir. Gomme katmaninin ¢ikt1 boyutu ise 128 olarak belirlenmis bu sayede tek boyutlu alinan
bir metin 128 uzunlugunda sabit bir vektore doniistiiriilmiistiir. Bu asamadan sonra 6grenme kabiliyetini artirmak
icin modele sondiirme katmani eklenmis bu sayede regiilarizasyon yapilmasi amaglanmigtir. Sondiirme katmanini
LSTM katmanlari takip etmistir. Bu asamada LSTM katman sayis1 bir (LSTM_Deep 1), iki (LSTM_Deep_2) ve
iic (LSTM_Deep 3) olan ii¢ farkli model elde edilmigtir (Sekil 1, Deep modelini gostermektedir). Her bir
modeldeki son LSTM katmani hari¢ tim LSTM katmanlarinin return_sequences parametresi True olarak
ayarlanmis, aktivasyon fonksiyonlari ise relu yapilmistir. LSTM katmanlar i¢in ¢giktt boyutunun uzunlugu (units)
parametresi optimize edilmistir. Onerilen modelde LSTM katmanini, FLC ve séndiirme katmanlar1 takip etmistir.
Her iki sondiirme katmani i¢inde disiiriilecek giris birim oranlart 0.5 olarak belirlenmistir. FLC katmanindaki
ndron sayist optimize edilmis ve aktivasyon fonksiyonu ise relu olarak belirlenmigtir. Cikt1 katmaninda ise ndron
sayis1 smif sayisina esit, aktivasyon fonksiyonu softmax olan bir FLC katmani kullanilmigtir. Modellerimizde
optimizer olarak Adam fonksiyonu ve kayip fonksiyonu olarak categorical crossentropy tercih edilmistir.
Modelin epok sayis1 ve 6grenme adimi gibi diger iki Snemli parametresi ise optimize edilmistir. Bunun yani sira
modelimize erken durdurma (early_stopping) ve 6grenme adimi diisiirme (Ir_callback) olmak iizere iki adet geri
cagirma fonksiyonu eklenmistir. Bu fonksiyonlara gore validasyon veri setinde art arda iki adimda iyilesme
olmamasi durumunda 6grenme adimi iki ile boliinmiis, art arda alti adumda iyilesme olmamasi durumunda ise
egitim sonlandirtlmigtir.

Bu ¢aligmanin ilk agamasinda veri seti, egitim, test ve validasyon olmak {izere {ice boliinmiistiir. Bu kapsamda
sklearn kiitiphanesinde yer alan train_test_split fonksiyonu kullanilarak oncelikle tiim veri setinin %20'si test
verisi olarak se¢ilmistir [14]. Daha sonra kalan %80'lik kesimin %10'u ise ayni fonksiyon kullanilarak validasyon
veri setini olugturmak iizere se¢ilmistir. Validasyon ve test veri setleri olusturulduktan sonra kalan &rnekler
kullanilarak ise egitim veri seti olusturulmustur. Bu agamada train fest split fonksiyonunda bulanan stratify
parametresi kullanilmis bu sayede egitim, test ve validasyon veri setlerindeki her bir sinifa ait 6rneklerin dengeli
dagilmasi saglanmistir. Boliitleme asamasi sonunda egitim veri setinde 864, test veri setinde 240 ve validasyon
veri setinde 96 6rnek oldugu gézlemlenmistir.

Veri seti boliitleme asamasindan sonra modellerimize hiper parametre optimizasyonu Bayesian optimizasyon
yaklagimi kullanilarak olusturulmustur. Bayesian optimizasyon yonteminin 6zellikle derin 6grenme modellerinde
diger hiper-parametre optimizasyonu ydntemlerine istiinlik sagladigi bilindigi icin bu ydntem calismamizda
kullanilmustir [8,15]. Bayesian optimizasyon yontemi Python dilinde var olan scikit-optimize [16] kiitiiphanesi
kullanilarak gelistirilmistir. Bu kiitiiphanede var olan gp _minimize fonksiyonunun, acq_func parametresi “El” ve
n_calls parametresi 25 olarak ayarlanmig ve hiper-parametre optimizasyonu yapilmigtir. Parametre optimizasyonu
asamasinda her bir model igin parametreler ayri ayr1 optimize edilmis ve modeller egitim veri seti ile egitilerek

validasyon veri setindeki basar1 oranin1 maksimum elde etmek hedeflenmistir.

3. Bulgular
Tablo 1'de her bir model i¢in parametre degerinin tiirli, parametrenin adi, parametre uzayindaki en kii¢iik deger,

parametre uzayindaki en biiyiik deger ve her bir model i¢in elde edilen optimum deger gosterilmektedir.
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Tablo 1. Onerilen her bir model icim parametre optimizasyonu detaylari.

Hi Hiper- En En LSTM Deep 1 LSTM Deep 2 LSTM_ Deep 3
iper-
P Parametre kiigiik  biiylik  modeli optimum  modeli optimum  modeli optimum
Parametre ad1

deger tiirii deger deger deger deger deger
Ogrenme

Gergek Deger 10+ 10! 0.0010962 0.0473750 0.0015790

Adimi
Dongii Sayist Tam Say1 5 250 132 120 143
Batch sayist Tam Say1 1 16 8 4 4
LSTM birim

Tam Say1 32 256 122 231, 236 143, 156, 105
sayisl
FLC Néron

Tam Say1 128 1024 449 846 711
sayisl

Bu tabloda LSTM birim sayis1 i¢in LSTM_ Deep 2 ve LSTM_Deep 3 modellerinde var olan virgiille belirtilmis
¢oklu degerler sirast ile bagli olan LSTM katmanlari i¢in birim sayilarii temsil etmektedir. Optimizasyon
asamasinda elde edilen en uygun parametrelerin atandigi 6nerilen modeller egitim veri seti kullanilarak egitilmis
ve modellerin performans degerleri test veri seti kullanilarak hesaplanmigstir. Tablo 2'de, her bir model i¢in

hesaplanmis olan basar1 orani, kesinlik, f1 ve fbeta degerleri gosterilmektedir.

Tablo 2. Optimum parametre ile egitilmis dnerilen modellerin performans skorlari.

Model Adi Basar1 Orani Kesinlik F1 Fbeta
LSTM Deep 1 95.83% 92.65% 92.16% 92.42%
LSTM Deep 2 96.66% 96.99% 96.65% 96.81%
LSTM Deep_3 95.00% 95.35% 94.98% 95.15%

4. Sonug¢

Kullanilan 3 modelden (LSTM_Deep 1, LSTM Deep 2 ve LSTM Deep 3) hesaplanan performans oSlgiitleri
incelendiginde LSTM_Deep_2 modelinin en yiiksek degerlere sahip oldugu goriilmektedir. Katman sayisi arttikga
modelin performansinin artmasi beklenirken bu ¢alismada kullanilan veri setindeki gézlem sayisinin diigiik olmasi
sebebiyle 2 katmanli model en iyi sonuglara sahiptir. Bu nedenle gézlem sayisi artirildiginda LSTM_Deep 3
modelinin daha iyi performansa sahip olabilecegi diisiiniilmektedir. Bu veri setinde gozlem sayisinin diisiik
olmasinin yani sira veri seti 24 hastalik tiirii ile sinirlidir. Bu nedenle modelin tiim hastalik tiirlerini tahminleme
performanst hakkinda ¢gikarimda bulunmak giigtiir. Ancak modellerin performans 6l¢iitleri daha sonraki ¢aligmalar
icin umut vaat etmektedir. Bu yiiz yiize gorlismenin zor oldugu veya tercih edilmedigi durumlarda hasta
sikayetlerinden olas1 hastalik tahmini yaparak hastalar1 yonlendirmek i¢in 6rnegin hastalarin semptomlarina gére
hangi branga bagvuracagi konusunda yardimei sistemlerin, hekimlerin tan1 koyma siireglerinde veya egitim amacl

kullanilan klinik karar destek sistemlerinin gelistirilmesinde yararlanilabilir.
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DrugAutoML: Tla¢ Kesfi icin A¢ik Kaynakl, Uctan
Uca Otomatiklestirilmis Bir Makine Ogrenimi ve
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Ozet: "DrugAutoML: ila¢ Kesfi icin A¢ik Kaynakli, Ugtan Uca Otomatiklesti-
rilmis Bir Makine Ogrenimi ve Istatistiksel Degerlendirme Arac1" baslikli ma-
kale, ilag kesfi siirecindeki karmagik asamalari otomatiklestirmek i¢in gelistirilen
yenilik¢i bir AutoML aracini tanitmaktadir. DrugAutoML, veri toplama, 6n is-
leme, model secimi, hiperparametre optimizasyonu ve performans degerlendirme
gibi temel adimlar1 otomatik olarak yonetir. Agtk kaynakli bu platform, bilim
insanlarina ve saglik profesyonellerine karmasik kodlama bilgisi gerektirmeyen
erigilebilir bir arayiiz sunar. Ayrica, ilag kesif siire¢lerini hizlandirarak maliyet-
leri diislirmeyi ve yeni tedavi edici ilaglarin piyasaya siiriilme siiresini kisaltmay1
hedefler. Platformun performansi, DUD-E ve MUV veri setleri tizerinde deger-
lendirilmis ve yiiksek dogruluk ve F1 skorlari ile klasik siniflandirma algoritma-
larina Gstiinliik saglamistir. Bu ¢alisma, AutoML'in ilag kesfi alaninda kullanim
potansiyelini etkili bir sekilde gostermektedir.

Anahtar Kelimeler: {la¢ Kesfi, AutoML, Makine Ogrenmesi
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DrugAutoML: An Open-Source, End-to-End Automated Machine
Learning and Statistical Evaluation Tool for Drug Discovery
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Abstract: The article titled "DrugAutoML: An Open Source, End-to-End Auto-
mated Machine Learning and Statistical Evaluation Tool for Drug Discovery"
introduces an innovative AutoML tool developed to automate the complex stages
of the drug discovery process. DrugAutoML automatically manages key steps
such as data accusation, preprocessing, model selection, hyperparameter optimi-
zation, and performance evaluation. This open-source platform provides scien-
tists and healthcare professionals with an accessible interface that does not re-
quire complex coding knowledge. Additionally, it aims to reduce costs and
shorten the time to market for new therapeutic drugs by accelerating drug discov-
ery processes. The performance of the platform has been evaluated on the DUD-
E and MUYV datasets, where it demonstrated superiority over traditional classifi-
cation algorithms with high accuracy and F1 scores. This study effectively show-
cases the potential use of AutoML in the field of drug discovery.

Key Words: Drug Discovery, AutoML, Machine Learning
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Abstract. Type 2 Diabetes Mellitus (T2DM) is the most prevalent form of diabe-
tes, affecting millions of individuals worldwide. Antidiabetic agents are em-
ployed in the treatment of this disease. The significance of 72DM lies in the fact
that various com-plications resulting from elevated blood sugar levels have the
potential to impact the patient's quality of life and even lead to premature mor-
tality. The primary objective in the management of 72DM is to reduce hypergly-
caemia.

Momordica charantia has the potential to be effective against 72DM disease.
However, the mechanism by which it exerts this effect is not fully understood.
This study aimed to identify novel plant-derived antidiabetic compounds from
Momordica charantia in order to gain insight into the molecular basis of antidia-
betic activity. To this end, the phytochemicals of Momordica charantia were
identified using the IMPPAT and NEI-MPDB databases. The phytochemicals
was downloaded inThe structure data format (sdf) with the help of the PubChem
database. Glucagon-like peptide-1 (GLP-1) was identified as the target. The pro-
tein was obtained from the RCSB PDB (3C5T). The protein and phytochemicals
were prepared for the identified target, and docking analysis was performed. The
binding energy of the ligand in the protein was used in the evaluation of the anal-
ysis results. It was observed that 68 of the 171 phytochemicals screened had bind-
ing energies less thanto that of the reference ligand. Protein-ligand interactions
of phytochemicals with binding energies inferior to that of the reference lig-and
were analysed using Discovery Studio. These interactions may explain the anti-
diabetic potential of plants. In our study, 6 phytochemicals were identified as
suitable molecules. These compounds may interact with the GLP-1 receptor resi-
due, thus activating the inhibition of glucagon release. It is thought that this will
result in a reduction in blood glucose levels. In conclusion, Quercetin, Luteolin,
Riboflavin, cis-Zeatin riboside, Momordicine I, Zeatin riboside can be suggested
as potential antidiabetic compounds. However, we recommend this study as a
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reference for further investigation of these compounds as antidiabetic by in vitro
and in vivo methods.

Keywords: Autodock Vina, admetSAR, IMPPAT, NEI-MPDB, Molecular
docking, Momordica charantia, swissADME and T2DM,

1 Introduction

Type 2 Diabetes Mellitus (T2DM), the most common type of Diabetes Mellitus, is con-
sidered to be a progressive disease in which pancreatic function decreases over time
[1]. A variety of agents are employed in the treatment of this disease, with differing
effects on glycaemic control. However, these agents have different side effects. The
high cost of existing antidiabetic agents and the side effects associated with their use
have prompted a search for natural products that could be used as effective anti-diabetic
drugs with fewer side effects [2]. It is known that many plants have been used tradi-
tionally for the management and control of diabetes as an alternative to antidiabetic
drugs [3]. Momordica charantia (M. charantia), a member of the Cucurbitaceae family,
has attracted considerable attention due to its antidiabetic properties [1] [2] [4] [5] [6].
The scientific evidence currently available supports the traditional use of this plant as
one of the most promising herbs for the treatment of diabetes (3). However, its molec-
ular mechanism has not been fully elucidated. Momordica charantia (bitter lemon) is a
member of the Cucurbitaceae family, which is a source of traditional medicine used to
treat a range of conditions, including cancer and diabetes.

Momordica charantia has the potential to be effective against 72DM disease. However,
its mechanism on the disease is not fully known. GLP-1 receptor agonists are used for
the treatment of the disease. Glucacone-like peptide-1 receptor (GLP-1 R) is among the
well-known targets for diabetes drugs due to its clinical values in the regulation of glu-
cose metabolism. Although the antidiabetic mechanism of action of M. Charantia has
been reported, the molecular mechanism of compounds de-rived from the plant has not
been fully elucidated. In this context, it is thought that it is worth elucidating the mech-
anism underlying the glycemic control of M. charantia. The aim of this study was to
analyze potential therapeutic targets for glycemic con-trol. It has the potential to be
antidiabetic through its binding mechanism to GLP-1 receptor residues. These com-
pounds can interact with the GLP-1 receptor residue, thereby activating the inhibition
of glucagon release. It may reduce blood sugar levels.

2 Material and Method

2.1 Protein Preparation for Molekular Docking

In our study, the protein with PDB ID: 3CST for the target (GLP-1) was selected as the
receptor. The three-dimensional crystallographic structure of GLP-1, whose PDB ID:
3C5T, was downloaded from the Protein Data Bank (www.rcsb.org). In order to make
this protein suitable for docking analysis, cofactors, ions and water molecules in the
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protein were removed using Chimera 1.16, missing atoms were checked, if there were
missing atoms, they were completed, hydrogen and charges were added and prepared
(protein.pdbqt) for docking analysis.

2.2 Preparation of Ligands for Molecular Docking

Using Indian Medicinal Plants, Phytochemistry And Therapeutics] (IMPPAT) and An
integrated North East India-Medicinal Plant Database (NEI-MPDB), 171 phytochemi-
cals of Momordica charanti were identified. These phytochemicals were downloaded
in structure data format (sdf) using PubChem (https://pubchem.ncbi.nlm.nih.gov/).
These downloaded phytochemicals were first optimised to have the most stable struc-
ture using General Amber Force Field (GAFF). They were then converted to pdbqt
using OpenBabel and prepared for docking analysis.

2.3 Determination of Active Site

It is necessary to determine important binding site residues for ligand interaction. In
this context, the binding site was determined using the 10M ligand in the protein. Active
region the grid parameters were occurred as 16x14x16 A x, y, z dimensions, 1.0 A space
and -30.304, 30.337, 3.417 x, y, z centers.

2.4  Molecular Docking

Molecular docking studies represent a pivotal tool in the field of drug design [7]. Mo-
lecular docking is a method that assists in determining the suitability of a ligand for a
specific target and facilitates the development of new drugs [8]. The theoretical basis
of molecular docking is thought to be the study of protein-ligand interactions and bind-
ing conformations. Molecular docking is employed to ascertain the most stable confor-
mation between protein and ligand. By examining the interactions between ligand(s)
and receptor protein, the success rate of drug discovery can be increased by focusing
on the most appropriate molecules. A molecular docking analysis was conducted using
the prepared protein (protein.pdbqt) and ligand/(s) (ligand.pdbqt). The analysis was
conducted using Autodock Vina [9].

2.5 Drug Likeness and In Silico ADME Prediction

The determination of drug similarity properties and Absorption, Distribution, Metabo-
lism, Excretion and Toxicity (ADMET) properties of screened phytochemicals prior to
clinical trials has been demonstrated to increase the success rate of clinical trials. The
pharmacokinetic properties (Absorption, Distribution, Metabolism and Excretion
(ADME)) and drug similarity of the screened phytochemicals were evaluated using the
swissADME database (http://www.swissadme.ch/index.php). AdmetSAR
(http://Immd.ecust.edu.cn/admetsar2/) was employed to predict toxicity behaviour. The
drug similarity of the phytochemicals was estimated based on Lipinski's Rule of 5
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(Ro5), which stipulates that a compound should exhibit a binding energy better than
that of the reference ligand. According to this rule, "drug-like" molecules should have
Log P <5, molecular weight (M.W.) <500, number of hydrogen bond acceptors (HBA)
<10, and number of hydrogen bond donors (HBD) < 5. Lipinski's rule of five was
applied to select probable ligands [10]. It is not possible for molecules outside this range
to be bioavailable orally as drugs [11-14].

3 Results

3.1  Molekular Docking

Molecular docking analysis was performed using Autodock Vina [9] to investigate the
antidiabetic properties of the phytochemicals. All 171 phytochemicals prepared were
analysed by molecular docking with the protein prepared PDB ID: 3¢5t protein was
subjected to molecular docking analysis. When the analysis results were analysed, the
binding energies of the identified phytochemicals against GLP-1 R agonist ranged from
-7.4 kcal/mol to -2.4 kcal/mol. It was compared with the reference ligand binding en-
ergy (-4.7) and 67 phytochemicals exhibited lower binding energy, i.e. better binding,
than the binding energy of the reference ligand. The highest binding affinities between
two molecules occur when their binding energies are the most negative and show the
lowest values [15]. Below are the ligand molecules with better binding energies than
the binding energy of the reference ligand as a result of the analysis (Table 1).

Table 1. Kenetlenme analiz sonuglari

S. NO Phytochemical name PubChem ID BE (kcal/mol)
MO 10M 10345813 -4.7
Ml beta-Amyrin 73145 -74
M2 Oleanolic acid 10494 -6.9
M3 Taraxerol 92097 -6.6
M4 Glutinol 9932254 -6.6
M5 beta-Sitosterol-beta-D-glucoside 12309055 -6.6
M6 24-Methylenecycloartanol 94204 -6.1
M7 Stigmasta-7,22,25-trien-3beta-ol 157009953 -6.1
M8 Cycloartenol 92110 -6
M9 Diosgenin 99474 -6
M10 (+)-Tirucallol 101257 -6
Ml1 B-Sitosterol-B-D-glucoside 5742590 -5.9
M12 Simiarenol 12442794 -59
MI13 Momordicine II 101019708 -59
M14 4alpha-Methylzymosterol 22212495 -5.8
M15 beta-Ylangene 25244198 -5.8
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M16
M17
M18
M19
M20
M21
M22
M23
M24
M25
M26
M27
M28
M29
M30
M3l
M32
M33
M34
M35
M36
M37
M38
M39
M40
M41
M42
M43
M44
M45
M46
M47
M48
M49
M50
Ms51
M52
MS53

(+)-delta-Cadinene
Quercetin

Luteolin
Stigmasterol
alpha-Spinasterol
Obtusifoliol
Momorcharaside B
Lophenol
beta-Sitosterol
beta-Caryophyllene
(-)-alpha-Cadinol
Momordicoside K
Momordicoside L
Cycloeucalenol
Retinol

Riboflavin
Kaempferol
Bicyclogermacrene
Momordicoside F1
Cholesterol
Lanosterol
Phytosterols
Cucurbitadienol
Farnesylacetone
Humulene
Epi-Cubenol
momordicoside F2
Momordicoside I
Momordicoside G
Stigmasta-7,25-dien-3beta-ol
Isogermacrene D
Epi-Cubebol
p-Cymene
15-Demethyl plumieride
Humulene epoxide II
cis-Zeatin riboside
Momordicine I
Sabinene

441005
5280343
5280445
5280794
5281331
65252
131828
160482
222284
5281515
10398656
57330180
101743788
101690
445354
493570
5280863
13894537
44445566
5997
246983
12303662
14543446
1711945
5281520
12046149
44445567
71717036
91895422
6321372
91723653
91753433
7463
453214
10704181
13935024
101293615
18818
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-5.7
-5.7
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-5.6
-5.6
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-5.6
-5.6
-5.5
-5.5
-5.5
-5.5
-5.5
-5.5
-54
-54
-54
-54
-53
-53
-53
-53
-53
-53
-52
=52
-52
-5.1
-5.1
-5.1
-5.1
-5.1
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M54 Zeatin riboside 6440982 -5

M55 (3R,6E)-nerolidol 11241545 -5

MS56 DL-Tryptophan 1148 -4.9
M57 Geraniol 637566 -4.9
M58 beta-Ionone 638014 -4.9
M59 Indole 798 -4.8
M60 Alpha-Pinene 6654 -4.8
M61 4'-Methylacetophenone 8500 -4.8
M62 alpha-Terpineol 17100 -4.8
M63 Nerolidol 5284507 -4.8
Mo64 (35,4S)-4-ethenyl-4-methyl-3-prop-1-en-2-ylcy- 10607083 -4.8

clohexene

M65 Isophorone 6544 -4.7
M66 Nerol 643820 -4.7
M67 cis-3-Hexenyl salicylate 5371102 -4.7

The phytochemicals with the highest binding energy against GLP-1 R agonist are pre-
sented in the table above. A comparison of 171 phytochemicals with the reference lig-
and revealed that 67 of them exhibited a superior binding energy. It is hypothesised that
these phytochemicals may be identified as anti-diabetic chemical compounds in M.
charantia.

3.2 Investigation of Protein-Ligand Interaction

The interactions of 18 phytochemicals identified with 3iol targets were examined. Pro-
tein-ligand interactions were examined using Discovery.

Kb AW
i "
&N A . L0
S LJ; . o
o
A 181‘
o3
H-Bonds E'Qq
Denor S S SO B ns IES =R
Interactions
[] van der waals [ Pesulfur
I conventional Hydrogen Bond [ pralyl

Acceptor [ carbon Hydrogen Bond

Fig. 1. 3D and 2D representation of reference ligand (10M) interaction with 3C5T pro-
tein
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There are hydrogen bond, hydrophobic and other interactions between the 3C5T protein
and the reference ligand (10M). In this interaction area, amino acids TYR101, HIS99,
ASNS2, TYR101, PHES8O are located. The reference ligand was found to engage in
hydrogen bonding with TYR101, HIS99, ASNS82, pi-alkyl interactions with PHE80 and
pi-sulfur interactions with TYR101. The ligand's stability in the binding pocket of pro-
teins is contingent upon the presence of favourable hydrophobic, hydrogen bonding and
pi-interaction properties. In the course of our investigation, 18 molecules were identi-
fied that exhibited binding energies lower than that of the reference ligand. These mol-
ecules were found to engage in similar interactions with the reference ligand. The in-
teractions of all the phytochemicals identified in Table 1 were analysed. It was observed
that these phytochemicals predominantly engage in hydrophobic interactions with the
target protein. Furthermore, it has both hydrogen bond and hydrophobic interactions
with the molecules presented in the table (Table 2) below.

Table 2. 3D and 2D views of selected molecules after interaction analysis

Ligand ID - PubChem ID- Name Ligand ID - PubChem ID - Name

2. | 4
&
& - P
s
d
d
%
v
2]
b

MO 10345813 10M M13 101019708 Momordicine II

24

B-Sitosterol-B-D-gluco- pB-Sitosterol-B-D-glu-
Ml 5742590 . Ml 5742590 .
side coside
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When the interaction sites are examined, it is suggested that ligands that interact at the
same site as the reference ligand have the potential to be anti-diabetic by binding to
GLP-1 receptor residues. This is a promising approach for the future development of
GLP-1 receptor agonists with improved efficacy for the treatment of diabetes and
weight management.

3.3 Drug Likeness and In Silico ADME Prediction

Absorption, Distribution, Metabolism, Excretion and Toxicity (ADMET) analysis is
used to evaluate the drug candidate similarity and pharmacokinetic properties of drug
candidate molecules. Compounds with the lowest binding energy and similar interac-
tion in the protein target were selected and swissADME was used to determine the drug-
like properties of these phytochemicals. When the drug similarity properties and
ADMET properties were analysed considering the reference ligand properties, it can be
said that the following molecules have drug-like properties. All of these ligands met the
rules of Lipinki’s. However, our reference ligand violated only one rule. In drug dis-
covery and development, it is important to evaluate the drug similarity property of phy-
tochemicals through Lipinski's Rule of Five [15]. The following table (Table 3) shows
the results of drug similarity and ADMET prediction properties of phytochemicals.

Table 3. Table captions should be placed above the tables.

LNo MW HBA HDB TPSA iLOGP Lipins RB GI BBB  LogS LD50, Car-
ki mol/kg cino-

Non-
MO 49863 10 7 1946 317 1 14 Low No 26632 20531 °F

cino-

gens

Non-
MI7 30224 7 5 13136 163 0 1 High No 29994 302 car-
cino-
gens
Non-
MI8 28624 6 4 11113 18 0 1 High No 29994 302 car-
cino-
gens
Non-
M3l 37636 8 5 16156 097 0 5 Low No 36043 16067
cino-
gens
Non-
M51 35136 8 5 14578 208 0 6 Low No 22537 27694 ¢

cino-

gens
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Non-

car-

M52 4727 4 3 77716 425 0 5 High No -4.0296 2.9633 cino-
gens
Non-
M54 35136 8 5 145.78 2.08 0 6 Low No -2.2537 2.7694 Zirl;
gens

RB: Rotatable bonds, HBA: H-bond acceptors, HDB: H-bond donors, GI: GI absorp-
tion, BBB: Blood—Brain Barrier permeant

The swissADME analysis of phytochemicals is very important for drug design and drug
potential. From the results of Table x, we can conclude that our identified compounds
fulfil the criteria defined in Lipinski's rules and that there are no violations. The results
of the drug similarity estimates of the phytochemicals, shown in Table 4, indicate that
the identified compounds comply with the Ro5 rule and thus have good permeability
or absorption properties. All of these phytochemicals screened conform to the drug
similarity rule and LogS, as well as the lethality factor concentration (LD50). The val-
ues of ADME properties were all within the permissible ranges. Promising pharmaco-
logical drug candidates should have pharmacokinetic ADMET properties acceptable
for the therapeutic target. Toxicity predictions ensure safety by guiding the selection of
ligands for molecular docking.

4 Discussion and Conclusion

In the present era, as a consequence of scientific advances, a considerable number of
herbal plants have been identified as possessing a variety of medicinal properties. Mo-
lecular docking analysis was conducted to assess the impact of GLP1 receptor agonists,
which play a pivotal role in the treatment of diabetes, on type 2 diabetes. It was ob-
served that seven of the 171 phytochemicals of M. charantia which were considered
within the scope of the study, demonstrated similar and enhanced interactions with
GLP-1 RAs in the treatment of the disease. The interactions included several hydrogen
bonds and other hydrophobic interactions. The docking energies exhibited a range from
-7.4 to -4.7, which was lower than the binding energy of the reference ligand. The in-
teraction domains of these phytochemicals suggest that six of them may be suitable
candidates for drug development, given their similarity to existing drugs and their pre-
dicted ADMET properties. These molecules may be less toxic, cost-effective, and su-
perior drug candidates for the treatment of type 2 diabetes. In order to overcome the
challenges posed by 72DM, it is necessary to adopt innovative approaches. Molecular
docking is being employed in studies aimed at identifying enzyme inhibitors and recep-
tor agonists for the treatment of the disease.

The results indicate that the phytochemicals of Momordica Charantia include quer-
cetin, luteolin, riboflavin, cis-zeatin riboside, momordicine I, and zeatin riboside. These
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compounds are regarded as potential antidiabetic candidates. The screened phytochem-
icals were found to comply with the drug similarity rule and LogS, as well as the lethal
factor concentration (LD50). The binding energy scores, hydrogen bond lengths, and
interactions between amino acids and ligands indicate that all phytochemicals exhibit
good binding energy with the T2D receptor. These phytochemicals are therefore con-
sidered to be better ligands for the related target (GLP-1). In comparison to the refer-
ence compounds, six phytochemicals were identified as potential antidiabetic drug can-
didates, namely quercetin (-5.7 kcal/mol), luteolin (-5.7 kcal/mol), riboflavin (-5.5
kcal/mol), cis-zeatin riboside (-5.1 kcal/mol), momordicine I (-5.1 kcal/mol) and zeatin
riboside (-5.0 kcal/mol). The results of the drug similarity analysis indicate that our
novel molecules exhibit a favourable physicochemical profile. These findings are an-
ticipated to inform future studies on the development of antidiabetic drugs. Further-
more, this study may serve as a reference for further investigation of these compounds
as antidiabetics, employing in vitro and in vivo methods.

These recommended phytochemicals are also found in various plants and are recom-
mended for the treatment of various diseases. Quercetin is known to have anti-cancer,
antioxidant [16], anti-inflammatory [17], anti-carcinogenic [17], anti-Alzheimer [18]
etc. effects. Their therapeutic potential has been evaluated in the treatment of various
diseases [18]. Molecular docking studies are being carried out to understand the molec-
ular mechanisms of these compounds.

In conclusion, the antidiabetic activity of phytochemicals identified from the data-
bases of Momordica charantia was investigated by molecular docking analysis against
the therapeutic target of 72DM. Initially, 171 phytochemicals were screened on the ba-
sis of high binding energy against the receptor of 72DM. The principal analyses indi-
cated that six compounds may be suitable candidates. The identified compounds in-
cluded quercetin, luteolin, riboflavin, cis-zeatin riboside, momordicine I, and zeatin ri-
boside.
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Abstract

Objective: This study aimed to test the success of ChatGPT-4 in evaluating chest X-rays and detecting
abnormal findings followed by computed tomography (CT) justification.

Material and method: A total of 59 patients (20 patients in the first phase, 39 patients in the second
phase) from a publicly available chest X-ray dataset were included in this study. X-rays were evaluated
by an experienced chest radiologist (as gold standard), two radiology residents, and ChatGPT, first as
normal-abnormal and then whether CT was needed if abnormal. Finally, the ChatGPT and two radiology
residents' decisions were compared with the gold standard decision of the expert radiologist to obtain an
accuracy value.

Results: The accuracy of Resident 1, Resident 2, and ChatGPT for normal-abnormal labeling was
76.27%, 93.22%, and 76.27%, respectively, for a total of 59 patients. The accuracy of Resident 1,
Resident 2, and ChatGPT for CT necessity was 67.80%, 72.88%, and 66.10%, respectively. The expert
radiologist determined that CT was not necessary in 30 patients. Of these 30 patients, Resident 1,
Resident 2, and ChatGPT answered incorrectly in 14, 12, and 15 patients, respectively. There is no
statistically significant difference between the responses of Resident 1, Resident 2, and ChatGPT for CT
necessity (Chi-square, p=0.731).

Conclusion: The results of this study show that ChatGPT-4 is promising for chest X-ray interpretation
and justification of CT scans. However, large language models such as ChatGPT, which still have major
limitations, should be trained with a much larger number of radiology images.

Keywords: Justification, Chest X-ray, Thorax CT, Large Language Models, Chat-GPT

Introduction

Systems that generate X-rays to produce images cause radiation exposure to the patient and, in some
cases, to the healthcare workers. Report No. 184 of the National Council on Radiation Protection and
Measurements [NCRP] of the United States of America reports that the proportion of total effective dose
from computed tomography [CT] scans was 50% in 2006 and increased to 63% in 2016. The number of
CT scans performed in the US has increased by 20% in 10 years [1]. Justification remains an important
principle of radiation protection, although the ability to obtain images at lower radiation doses due to
evolving technology seems to balance the increase in the number of examinations [2-4]. Under the
acronym EU-JUST-CT, a project to improve justification was launched by the European Commission
in 2021. In the survey conducted in 30 European countries as part of the project, more than half the

N
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participants said that examinations were not justified [4]. Revised by the American College of Radiology
in 2023, the evaluation of findings seen on other imaging modalities such as chest radiography is the
first item in the indications for chest CT [5]. Although chest radiographs are among the most commonly
used imaging modalities, they can be difficult to interpret [6,7]. In a study evaluating CT scans ordered
for suspected hilar pathology on chest radiography, pathology was found in 16.4% of patients, excluding
vascular dilatation [8]. In our daily practice, CT scans occasionally are performed for the clarification
of suspicious findings on chest radiography but do not have an impact on the patient's treatment decision.

The use of artificial intelligence in healthcare is becoming more widespread. Radiology is the first
department to start using artificial intelligence applications. As of July 2023, 79% of the applications
approved for use by the US Food and Drug Administration Administration [FDA] are in the field of
radiology [9]. The frequency of use varies across the different subspecialties of radiology. Thoracic
radiology ranks second with 31% of CE-marked applications [10]. Studies of different algorithms in
lung radiology are ongoing [11-13].

Natural Language Processing [NLP] has reached a new dimension with Large Language Models
[LLM]. Language models can answer different questions based on the relationships between word
sequences and can produce written data according to different commands. The development of several
models capable of processing images, audio and video recordings, and text has opened the way for
various uses of these applications in the field of health [14].

The ChatGPT [Generative Pre-trained Transformer] language model developed by OpenAl software
company has been used to study several different topics, including prioritizing emergency patients,
evaluating sleep apnea syndrome, regulating protein energy malnutrition treatment, and interpreting
electrocardiography [15-18]. With the widespread use of these studies, it will become possible to use
language models in the field of health in the early period with greater accuracy and effectiveness. In this
study, we aimed to demonstrate the success of the ChatGPT version 4.0 in interpreting chest radiographs
and determining the necessity of CT scans from the radiograph findings. The study aimed to guide
similar research by detailing the method section and to offer insights into the use of language models.

Material and Methods

Determination of the study plan

The ChatGPT-4 version was selected for the study. The study team had previous experience using
this version, which produces answers by accessing various data via the Internet [19]. The use of chest
radiograph findings in CT justification was emphasized to provide a different perspective on the
evaluation of chest radiographs. It was agreed that heart failure, pulmonary edema, and lobar pneumonia
were examples of clinical conditions that could be detected on chest radiography but would not require
further investigation by CT. However, it was anticipated that the reasons for CT scanning may vary
according to other data about the patient and that these reasons cannot be based on generally accepted
sources. Given the similar difficulties experienced in decision-making in routine workflow, it was
decided to evaluate the potential of ChatGPT in daily use by detailed interpretation of its responses to
various commands.

After considering the implications for patient safety and potential ethical issues, the decision was
made to proceed with the study using open, internationally accessible ready-to-use datasets so this study
did not require institutional review board approval. In this context, the "National Institutes of Health
Chest X-Ray Dataset", which is publicly available in the literature, was used (20). This dataset contains
112,120 chest radiographs of 30,805 patients. From this dataset, a radiologist (EK) randomly selected
20 patients for the first phase of this study and 50 patients for the second phase. It was agreed that normal
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images and images labeled with different pathologies, selected from the dataset by the radiologist, would
be forwarded to two trainees without labeling information. The expert radiologist (NH) with five years
of experience in thoracic radiology will evaluate the labeled images, the responses of the trainees, and
Chat-GPT.

Workflow

The 20 images selected from the dataset were shared with two residents (MS, HK). A third resident
(KKB) uploaded the images to Chat-GPT in the same order. The trainees first decided whether the
images were normal or not and whether a CT scan was needed after the x-ray. The three most important
findings and the findings which has no clinical significance, if any, were noted. It took 35-40 minutes
to upload 20 images to ChatGPT and respond to commands. At this point, the following prompt was
given to ChatGPT using the role model prompting technique (e.g. act like an experienced radiologist)
and the study was started.

Prompt 1:

As an experienced radiologist, could you evaluate these chest X-rays, and answer the following
questions?

1- Are there any pathological findings?

2-1f there are, list the 3 most important findings.

3- Is a Thoracic CT necessary for this X-ray as a further examination?

When the first phase of the study was evaluated, it was found that residents had difficulty in describing
the findings and that common terms to be used should be established. Therefore, the table where the
images were scored was updated and drop-down lists were added (Figure 1).

~ 8 C )

2 Right lung Opacity Malignancy Large Normal
} Leftlung Nodule Benign conditions  Normal Blunt

4 Right UpperZone Consolidation Infection Biletaral hilary enlargement

5 RightlowerZone Ground-Glass Interstitial Disease Right hilary enlargement

6 Left Upper Zone Reticulation Edema Left hilary enlargement

7 Left Lower Zone Air-trapping Nodule Cardiomegaly

§ Upper Zones Other ,Other

9 Lower Zones

10 Diffuse

11 Other

Figure 1: The drop-down lists on the Excel table for standardization of Chest X-ray evaluation.

In the second phase, 50 selected images were evaluated by the residents using the new table. 19
images were assessed quickly by Chat-GPT, but the model refused to respond to the commands when
the image upload was resumed. The initial prompt was still used, but Chat-GPT responded to only 19
patients. It then refused to respond and provided the following output:

“I can't provide medical evaluations, including interpretation of chest X-rays or other radiological
images. This requires specialized knowledge from licensed healthcare professionals to ensure accuracy
and safety. Consult a certified radiologist or healthcare provider for a professional assessment and advice
regarding your medical imaging.”’
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To resolve this, the chat page was refreshed, prompts were repeated at different times of the day, and
on different days, prompts were changed, and similar prompts were entered from different accounts, but
no results were obtained. This effort was continued for four days, and the initial prompt was revised as
follows:

Prompt 2:

“As an experienced radiologist, could you evaluate these chest X-rays, and answer the following
questions in yes, or no?

If the answer is yes, then elaborate please.

1-Are there any pathological findings?

2-1f there are, list the 3 most important findings.

3- Is a Thoracic CT necessary for this X-ray as a further examination?”

Assessing the answers

The images obtained from the dataset, and the residents' and ChatGPT's responses were evaluated by a
radiologist (NH) with five years of experience in thoracic radiology. The results of the residents'
evaluation were compared with the labels in the dataset and with the radiologist's evaluation. The
agreement between the two residents' responses was compared. The accuracy and appropriateness of the
GPT's responses were analyzed. In addition to the labels in the dataset, the expert radiologist's comments
also played a role in the adequacy assessment. The results are given in terms of numbers and percentages.

Statistical Analysis

The statistical relationship between ChatGPT and the radiology residents who evaluated the images was
analyzed by chi-square test. P<0.05 was considered statistically significant.

Results

Of the 20 images initially selected, 5 were normal; the abnormal images were labeled fibrosis,
infiltration, nodule, cardiomegaly, mass, and consolidation. CT was deemed necessary by the radiologist
to detail the findings on 8 images. The necessity of CT was more common among residents. There were
differences in 5 of the answers of the residents, and the necessity of CT in 4 images evaluated differently
varied according to the individuals. ChatGPT correctly evaluated all 5 normal images, whereas trainees
recommended CT after three images labeled as normal. The first 3 images were the images that ChatGPT
assessed as false negatives. In two images, it coded the finding on the wrong side. In two images with
increased cardiothoracic index, it did not indicate cardiomegaly. When the images with incorrect
answers were analyzed, it was determined that it failed to detect a nodule behind the costa and a small
paramediastinal opacity. In addition, it described diffuse ground glass and reticulonodular opacities on
the 17th film, which showed consolidation only in the right lower lobe.

After the first phase of the study was completed, 39 of the 50 selected cases were assessed by the
ChatGPT at various times. After the 40th case, it refused to respond and the study was terminated at that
stage. In the assessment by the expert radiologist (NH), CT was deemed necessary as a further
investigation in 21 of the 39 cases. Although the number of cases in which CT was considered necessary
by the trainees was similar, it was noted that they disagreed in 8 cases. In 15 out of 39 cases, it was
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noteworthy that the trainees disagreed with the findings. Figure 2 shows the incorrect and correct
responses provided by ChatGPT for 3 different chest- X-rays.

Figure 2: A: True Label: Normal ChatGPT Abnormal. B: True Label: Pleural effusion on the left,
ChatGPT: Pleural effusion on the right. C: True Label: Normal, ChatGPT: Normal

ChatGPT misinterpreted 18 out of 39 cases. Of the 28 pathological chest radiographs, 13 were
incorrect. In 10 of the misinterpreted chest radiographs, the specialist radiologist did not determine the
need for CT. Although one study was marked normal, the consultant radiologist also felt that further
investigation was required. ChatGPT also assessed this study as pathological, but the findings described
were incorrect. In this case, a total of five patients labeled normal were incorrectly classified as
pathological by Chat-GPT. Of the 11 cases that ChatGPT marked as normal, 5 were labelled as
abnormal. Accuracy values for labeling patients as normal-abnormal for a total of 59 patients (20 first
phase, 39 second phase) are given in Figure 3 for resident 1, resident 2, and ChatGPT. In addition, Figure
4 provides the accuracy values for resident 1, resident 2, and ChatGPT's predictions of CT necessity.
Also in Figure 5, the expert radiologist's decision and the residents' and ChatGPT's predictions of CT
necessity for each patient are visualized. The expert radiologist determined that CT was not necessary
in 30 patients. Of these 30 patients, Resident 1, Resident 2, and ChatGPT answered incorrectly in 14,
12, and 15 patients, respectively. There is no statistically significant difference between Resident 1,
Resident 2, and ChatGPT responses (Chi-square, p=0.731).
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Figure 3: Normal-abnormal labeling accuracy of chest x-rays of residents and ChatGPT
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Figure 4: Accuracy rates of residents' and ChatGPT's prediction of CT necessity for chest X-rays
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Figure 5: Expert radiologist's decision (gold standard), residents' and ChatGPT's decision on the
necessity of CT in each patient
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Discussion

Chest radiography is the most commonly performed imaging modality worldwide, yet it remains
difficult to interpret. Inaccurate or inadequate evaluations of chest radiographs lead to an increase in the
number of CTs. Artificial intelligence studies on chest radiographs are also quite common (21-23).
Chest X-ray studies using LLMs are also being tested (13,24).

In our study, we sought to answer the question of whether the evaluation of chest radiographs with
Chat-GPT contributes to the reduction of unjustified CTs. The different prompts may provide the
opportunity to experiment for different gains. However, at the beginning of the study, we realized the
uncertainty of assessing the accuracy of our answers. During the study, we found that the interpretation
of chest radiographs can vary depending on the acquisition technique, experience, and general approach
of the radiologist, making accurate labeling and unambiguous scoring difficult. In the literature, similar
issues have been attempted to be overcome with a grading system used by different clinicians (25).

The most important experience we have gained during our study has been the use of LLMs and the
standardization of studies to be conducted with these models, the selection of topics, and the
determination of evaluation criteria. When working with ChatGPT, we have experienced that the time
setting should be done taking into account the days when it may fail. While discussing the study steps,
we get an idea of the criteria that determine study quality in publications on similar issues.

When we examined the responses of Chat-GPT in detail in terms of CT justification, which is the
main topic of our study, we found that it defined different findings in chest radiographs that it evaluated
as pathological and recommended CT in a wide range of differential diagnoses. Chat-GPT recommends
that CT should be performed after every chest radiograph which evaluated as abnormal. Its interpretation
of normal chest radiographs is consistent with our clinical approach: “Given the normal findings in this
X-ray, a Thoracic CT doesn't seem necessary. However, a CT might be considered if there are clinical
symptoms or a history of specific conditions that warrant further investigation. In this case, based on the
X-ray alone, there are no significant abnormalities that suggest a need for additional imaging.”

When we analyzed the errors of Chat-GPT, it was noteworthy that it gave incorrect directional
information, did not detect cardiomegaly, and indicated some findings that were not found on
radiography. The fact that it did not mention cardiomegaly in patients with increased cardiothoracic
index may be because it accessed more sources in terms of parenchymal findings. The fact that we asked
them to write down the 3 most important findings, if any, in the prompt may have triggered the
"hallucination". The film technique is also one of the factors influencing the answers. In two cases, Chat-
GPT reported that the case was quite complex, stating: “The findings suggest a complex pulmonary
condition that requires detailed imaging and possibly correlation with clinical symptoms and laboratory
results to determine an appropriate course of treatment.” The patients it describes as complex are those
with really had diffuse pathologic findings, suggesting that the LLM's recommendation may be useful
for triage.

This study has some limitations. Firstly, the number of images evaluated was small. Secondly, the
prompting was performed only in English. Comparisons can be made by prompting in different
languages. Thirdly, ChatGPT-4, which is a paid version of LLMs, was used. In the future, the
performance of different LLMs should be compared with a larger number of images.

In conclusion, in this study, we shared our experiences about the difficulties that residents and
radiologists with different experiences may encounter in chest X-ray evaluation studies with artificial
intelligence algorithms and the use of LLM. In the results we obtained with limited data, we found that
Chat-GPT may be insufficient although it contributes to CT justification. We think that studies with
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various prompt suggestions that may be useful in daily functioning in LLM use will be supportive for
product development.
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References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Mettler FA, Mahesh M, Bhargavan Chatfield M, Chambers C, Elee J, Frush D, vd. Report No.184 —
Medical Radiation Exposure of Patients in the United States - National Council on Radiation Protection
and Measurements. 2019;(184). Available at: https://ncrponline.org/shop/reports/report-no-184/

E.G Friberg. HERCA European action week - result of a coordinated inspection initiative assessing
Justification in Radiology. Int Conf Radiat Prot Med - Achiev Chang Pract. 2017;1- 5.

Rastogi S, Singh R, Borse R, Valkovic Zujic P, Segota D, Diklic A, vd. Use of Multiphase CTProtocols
in 18 Countries: Appropriateness and Radiation Doses. Can Assoc Radiol J. 2021;72(3):381-7.

Foley SJ, Bly R, Brady AP, Ebdon-Jackson S, Karoussou-Schreiner A, Hierath M, vd. Justification of CT
practices across Europe: results of a survey of national competent authoritiesand radiology societies.
Insights Imaging [Internet]. 2022;13(1):1-10. Available at: https://doi.org/10.1186/s13244-022-01325-1
States U, States U, Parameters P, Standards T. ACR — SABI — SPR — STR practice parameter for the
performance of thoracic computed. 2023;2023(Resolution 17):0—13.

Speets AM, van der Graaf Y, Hoes AW, Kalmijn S, Sachs APE, Rutten MJCM, vd. Chest radiography in
general practice: Indications, diagnostic yield and consequences for patient management. Br J Gen Pract.
2006;56(529):574-8.

Gatt ME, Spectre G, Paltiel O, Hiller N, Stalnikowicz R. Chest radiographs in the emergency department:
Is the radiologist really necessary? Postgrad Med J. 2003;79(930):214-7.

Medicine A. Thorax CT findings of patients with hilar enlargement on chest X-Ray. Ann Clin Anal Med.
2020;11(03):235-8.

FDA Artificial Intelligence and Machine Learning (AI/ML)-Enabled Medical Devices Page. s.
https://www.fda.gov/medical-devices/software-medical-device-samd/artificial-intelligence- and-
machine-learning-aiml-enabled-medical-devices

Van Leeuwen KG, Schalekamp S, Rutten MJICM, van Ginneken B, de Rooij M. Artificial intelligence in
radiology: 100 commercially available products and their scientific evidence. Eur Radiol.
2021;31(6):3797-804.

Ziegelmayer S, Marka AW, Lenhart N, Nehls N, Reischl S, Harder F, vd. Evaluation of GPT- 4’s Chest
X-Ray Impression Generation: A Reader Study on Performance and Perception. J Med Internet Res.
2023;25(1):1-5.

Tiu E, Talius E, Patel P, Langlotz CP, Ng AY, Rajpurkar P. Expert-level detection of pathologies from
unannotated chest X-ray images via self-supervised learning. Nat Biomed Eng. 2022;6(12):1399-406.
Lee KH, Lee RW, Kwon YE. Validation of a Deep Learning Chest X-ray Interpretation Model:Integrating
Large-Scale Al and Large Language Models for Comparative Analysis with ChatGPT. Diagnostics.
2024;14(1).

Bhayana R. Chatbots and Large Language Models in Radiology : A Practical Primer for Clinicaland
Research Applications. 2024;

Zaboli A, Brigo F, Sibilio S, Mian M, Turcato G. American Journal of Emergency Medicine Human
intelligence versus Chat-GPT : who performs better in correctly classifying patients in triage ? Am
J Emerg Med [Internet]. 2024;79:44—7. Available at: https://doi.org/10.1016/j.ajem.2024.02.008
Mira FA, Favier V, Sobreira S, Castro JV De. Chat GPT for the management of obstructive sleep
apnea : do we have a polar star ? Eur Arch Oto-Rhino-Laryngology [Internet]. 2024;281(4):2087—
93. Available at: https://doi.org/10.1007/s00405-023-08270-9

Khan U. Revolutionizing Personalized Protein Energy Malnutrition Treatment : Harnessing the
Power of Chat GPT. Ann Biomed Eng [Internet]. 2024;52(5):1125-7. Available at:
https://doi.org/10.1007/s10439-023-03331-w

15. Tip Bilisimi Kongresi Bildiriler Kitab1 30
Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024



18.

19.

20.

21.

22.

23.

24.

25.

Giinay S, Oztiirk A, Ozerol H, Yi Y, Erenler AK. American Journal of Emergency Medicine
Comparison of emergency medicine specialist , cardiologist , and chat-GPT in electrocardiography
assessment. 2024;80:51-60.

Topgu A, Kaba E, Burakgazi G. The R. E. N . A . L . nephrometry scoring from CT reports with
ChatGPT : example with proofs. Jpn J Radiol [Internet]. 2024;(0123456789):1-3. Available at:
https://doi.org/10.1007/s11604-024-01573-9

XuS, Yang L, Kelly C, Sieniek M, Kohlberger T, MaM, vd. ELIXR: Towards a general purposeX-ray
artificial intelligence system through alignment of large language models and radiology vision
encoders. 2023; Available at: http://arxiv.org/abs/2308.01317

Lee S, Youn J, Kim H, Kim M, Yoon SH. CXR-LLAVA: a multimodal large language model for
interpreting chest X-ray images. 2023; Available at: https://arxiv.org/abs/2310.18341v3

Shentu J, Al Moubayed N. CXR-IRGen: An Integrated Vision and Language Model for the
Generation of Clinically Accurate Chest X-Ray Image-Report Pairs. 2024;5200-9.

Thawkar O, Shaker A, Mullappilly SS, Cholakkal H, Anwer RM, Khan S, vd. XrayGPT: Chest
Radiographs Summarization using Medical Vision-Language Models. 2023; Available at:
http://arxiv.org/abs/2306.07971

Thawkar O, Shaker A, Mullappilly SS, Cholakkal H, Anwer RM, Khan S, vd. XrayGPT: Chest
Radiographs Summarization using Medical Vision-Language Models. 2023; Available at:
http://arxiv.org/abs/2306.07971

Kozel G, Enes M, Nisa N, Elif G, Bahadir S, Merenzon MA, vd. Chat-GPT on brain tumors : An
examination of Artificial Intelligence / Machine Learning ’ s ability to provide diagnoses and
treatment plans for example neuro-oncology cases. 2024;239(March).

Authors ORCID ID

Nur Hiirsoy: [0000-0001-5059-2268]

Hafsa Kolluk: [0009-0007-1575-8294]

Merve Solak: [0000-0003-3466-7260]
Kubilay Kagan Budak: [000900073998-101X]
Esat Kaba: [0000-0001-7464-988X]

15. Tip Bilisimi Kongresi Bildiriler Kitab1 3
Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024
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Ozet. Bu calismanin amact ChatGPT'nin saglik alanindaki arastirmalarda
yardimci bir arag olarak kullaniminin, giiglii ve zayif yonlerini anlamak ve saglik
profesyonellerinin bu aracla ilgili deneyimlerini derinlemesine incelemektir.

Kesitsel tipte olan aragtirmaya, saglik alaninda arastirma yapan 399 profesyonel
ve akademisyen dahil edilmistir. Calisma, ¢evrim i¢i anket yoluyla
gerceklestirildi ve ankette katilimcilarin demografik bilgileri, bilyiik dil isleme
modelleri hakkindaki farkindaliklari, 6zellikle ChatGPT'nin kullanimlar1 ve bu
kullanimin katilimcilarin akademik ve profesyonel yasamlarinda etkisi sorgu-
lannistir. Istatistiksel ve tematik analiz icin IBM SPSS versiyon 22.0 ve Mi-
crosoft 365 Excel kullanilmistir. Caligmaya katilan saglik profesyonellerinin
%73.2'si kadin ve yas ortalamasi 35.4+7.6 yil, %68.9'u tip doktor %25.3’1
hemsiredir. Caligmaya katilanlarin %36.1'1 ChatGPT'yi herhangi bir amacla
kullandigim1  belirtmisken, %17.5'i akademik c¢alismalarinda ChatGPT'den
yararlandigini bildirmistir. ChatGPT'yi akademik calismalarinda kullananlarin
amagclar arasinda; %37.23 ile aragtirma hazirlig ve literatiir tarama, %34.31 ile
akademik yaz1 ve dil ¢evirisi, %13.87 ile aragtirma sonuglarmin yorumlanmast,
%10.22 ile veri toplama ve analiz, ve %4.38 ile yayin siireci ve dergide makale
bulma yer almaktadir. ChatGPT kullanan bireylerin i¢inde "Bilgi dogrulugu" ve
"Bilgi yanlilig1" konularindaki endiseler sirasiyla %50 ve %37.1 oranlarinda be-
lirtilmistir. "Etik ve gizlilik" konusundaki endise oran1 %55.7 ile dikkat cek-
mektedir. "Koti niyetli kullanim" ve "Akademik kullanimda yazar olarak insan
miidahalesinin azalmasi" konularna dair endiseler sirasiyla %44.3 ve %41.4
oranlarinda belirtilmistir. Sonug olarak, ChatGPT ile ilgili geri bildirimler, yapay
zekd araglarmin saglik aragtirmalarinda nasil kullanilabilecegini ve daha etkili
hale getirilebilecegini gdstermektedir. Bununla birlikte, bazi kullanicilarin
teknolojiye uyum saglarken karsilagtiklar1 zorluklar g6z ardi edilmemelidir.

15. Tip Bilisimi Kongresi Bildiriler Kitab1
Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024

S}

\o]



Anahtar Kelimeler: Akademik Yazma, Arastirma, ChatGPT, Saglik, Yapay
Zeka.

Abstract. This study aims to understand the strengths and weaknesses of using
ChatGPT as an auxiliary tool in health research and to deeply examine the expe-
riences of health professionals with this tool. This cross-sectional study involved
399 professionals and academics in the health field. The study was conducted via
an online survey that collected demographic data, awareness of large language
processing models, specifically uses of ChatGPT, and the impact of this usage on
the participants' academic and professional lives. Statistical and thematic analysis
was performed using IBM SPSS version 22.0 and Microsoft 365 Excel.

Of the health professionals involved, 73.2% are female with an average age of
35.4+7.6 years, 68.9% are medical doctors, and 25.3% are nurses. 36.1% of par-
ticipants stated they use ChatGPT for any purpose, while 17.5% reported using it
in their academic work. The purposes of using ChatGPT in academic work
include: 37.23% for research preparation and literature review, 34.31% for aca-
demic writing and language translation, 13.87% for interpreting research results,
10.22% for data collection and analysis, and 4.38% for the publication process
and finding articles in journals. Concerns about "information accuracy" and "in-
formation bias" were noted by 50% and 37.1% of users, respectively. "Ethics and
privacy" concerns were notably high at 55.7%. Concerns about "malicious use"
and "reduction of human intervention in academic authorship" were expressed by
44.3% and 41.4% of users, respectively.

In conclusion, feedback on ChatGPT illustrates how Al tools can be utilized and
enhanced in health research. However, the challenges some users face while
adapting to this technology should not be overlooked.

Keywords: Academic Writing, Artificial Intelligence, ChatGPT, Health, Re-
search.

1 Giris

Yapay zeka (YZ) ve makine dgrenimi, saglik sektdriinde son yillarda biiyiik bir ilgi
gormekte ve potansiyel uygulamalarryla saglik profesyonellerinin dikkatini ¢gekmekte-
dir. Bu alanlardan biri de, bilgisayarlarin insan dilini anlamasini ve {iretmesini saglayan
Dogal Dil Isleme (Natural Language Processing: NLP)'dir [1-3]. Dogal Dil isleme arag-
lar1 i¢inde Biiyiik Dil Modelleri (Large Language Models: LLM'ler), 6zellikle Ope-
nAI'nin GPT (Generative Pretrained Transformer) serisinin 2023 yilinda ulagtigi GPT-
4 ile dikkat ¢ekiyor [4]. Dil isleme modelleri igerisinde en ¢ok kullanici potansiyeline
sahip olan ChatGPT, saglik alaninda da 6ncii yapay zeka dil modelidir [5]. ChatGPT'nin
potansiyeli akademik camiada hizla merak uyandirmistir. Bu derin 6grenme tabanl
modeller, hasta verilerinin analizinden tibbi literatiirii anlamaya, saglik bilgilerini sun-
maktan makale yazimini iyilestirmeye ve ¢eviri yapmaya kadar birgok alanda basarili
olduklar i¢in dikkat ¢ekiyor [6-11]. Ayn1 zamanda, tibbi bilgilendirme ve karmagsik
verilerin yorumlanmasi konusunda destek saglayabilecekleri yoniinde tartismalar da
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siiriiyor. Ozellikle, dil isleme modelleri, saglik ¢alisanlarma bilgi sunma, karar verme
stireclerini destekleme ve hasta bakimini iyilestirme gibi bircok alanda fayda saglama
potansiyeline de sahiptir [12]. Saglik profesyonelleri ve akademisyenlerin, 6zellikle
ChatGPT gibi biiyiik dil modellerini ne 6l¢iide kavradigt ve bu araglari ne amagla kul-
landig1 konusunda literatiirde sinirli bilgi bulunmaktadir [13-16].

Literatiirde ChatGPT'nin etik meseleler, hemsirelik ve tip egitimi, yogun bakim, rad-
yoloji, ortopedi ve anestezi gibi branglarda nasil kullanilabilecegini ele alan ¢alismalara
rastlanmigtir [17-23]. Ancak ChatGPT'nin saglik arastirmalarinda nasil daha etkili bir
yardimeci arag haline getirilebilecegi konusunda arastirmaya rastlanmamaistir. Bu ¢alis-
manin temel gerekcesi, ChatGPT'nin saglik alanindaki arastirmalarda yardimci bir arag
olarak kullaniminin, giiclii ve zayif yonlerini anlamak ve saglik profesyonellerinin bu
aragla ilgili deneyimlerini derinlemesine incelemektir. Buna ek olarak, ChatGPT'nin
bilimsel aragtirmalarda nasil bir etkiye sahip oldugunu, etik ve gizlilik konularindaki
giivenilirligini degerlendirmek de bu ¢alismanin amaglart arasinda yer almaktadir.

2 Yontem

2.1  Arastirma Tiirii, Evren ve Orneklem

Bu kesitsel ¢caligmanin yonetiminde ve raporlanmasinda The Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE) rehber olarak alinmistir
[24].

Calismanin evrenini saglik alaninda lisansini tamamlamis, lisansiistii egitimi al-
mig/almaya devam eden ve herhangi bir yliksekogretim kurumunda akademisyen ola-
rak ¢alisanlar olusturmaktadir. Orneklem biiyiikliigiiniin hesaplanmasinda evrenin bi-
linmedigi durumdaki formiil kullanilmistir (n = Z*2 * P(1-P) / E*2), (https://www.cu-
emath.com/sample-size-formula/ ). %95 giiven araligi ve %5 hata pay1 kabul edildi-
ginde hesaplamalar sonunda minimum 369 katilimcinin ¢aligmaya alinmasina karar ve-
rilmistir. Calismada, bireylere ulagsmak i¢in olasiliksiz 6rnekleme yontemlerinden kar-
topu yonetimi kullanilmistir.

Dahil Edilme Kriterleri:
J Saglik alaninda lisansini tamamlamis, lisansiistii egitimi almig/almaya de-
vam eden ve herhangi bir yiiksekdgretim kurumunda akademisyen olarak
calisan bireyler.

o Tip ve saglik alaninda ¢aligan aragtirmacilar
o Anketi tamamen dolduran kisiler.
o Anketi doldururken gerekli onaylar1 veren kisiler (6rnegin, gizlilik ve etik
onayl).
Dislama Kriterleri:
. Lisans 6grencileri
J Saglik aragtirmacisi olmayan bireyler
. Anketi tamamen doldurmayan veya eksik yanitlar veren kisiler.
o Goniillii onam formunu onaylamayanlar.
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2.2 Veri Toplama ve Arastirmanin Siireci

Aragtirma ¢evrimici bir platform olan Google Formlar {izerinden yiirtitiilmiistiir. Online
olusturulmus Veri toplama formu, katilimecilardan demografik bilgilerini, biiyiik dil is-
leme modelleri hakkindaki farkindaliklarini ve ChatGPT'nin kullanim1 hakkinda bilgi-
lerini toplamak tizere tasarlanmistir. Coktan segmeli ve agik uclu sorular icermektedir.
Calismanin etik kurul izni 5.03.2023 tarihinde Akdeniz Universitesi Klinik Arastirma-
lar Etik Kurulu’ndan alinmistir (EKN: KAEK-509). Anketler katilimeilara, etik kurul
izni alindiktan sonra Eyliil-Kasim 2023 tarihleri arasinda dagitilmistir.

2.3 lstatistiksel Analiz

Veriler, IBM SPSS versiyon 22.0 kullanilarak analiz edilmistir. Siirekli degiskenlerin
normal dagilimi hem gorsel (histogram ve olasilik grafikleri) hem de analitik yontem-
lerle (Kolmogorov-Smirnov/Shapiro-Wilk testleri) degerlendirilmistir. Tanimlayici
istatistikler say1, yilizde, ortalamatstandart sapma ve medyan (minimum; maksimum)
olarak sunulmustur. Bagimsiz iki grup arasindaki normal dagilim gdsteren veriler i¢in
bagimsiz drneklem T testi, normal dagilmayan veriler i¢in Mann-Whitney U testi
kullamlmistir. Kategorik degiskenler Ki-kare testi ile karsilastirilmistir. Istatistiksel an-
lamlilik p<0,05 olarak belirlenmistir. Grafikler ve Word Cloud, Microsoft 365 Excel'in
Kutools Plus eklentisi ve Python ile Jupyter Notebook'ta hazirlanmstir.

3 Bulgular

Aragtirmamiza katilan saglik profesyonellerinin %73.2'si kadin olup, yas ortalamasi
35.4£7.6 yildir. Katilimcilarin %68.9'u tip doktoru, %25.3'i ise hemsiredir. Egitim
diizeyine gore, %61.7'si tipta uzmanhk derecesine, %17.3"i doktora, %14.8"1 ise yiiksek
lisans derecesine sahiptir. Katilimcilarin %30.1' aragtirma gorevlisi, %7.3"i dogent ve
%¢4.8'1 profesor olarak gorev yapmaktadir. Katilimeilarm %36.1't ChatGPT'nin her-
hangi bir versiyonunu kullanmis, %17.5' ise akademik ¢aligmalarinda ChatGPT'den
faydalanmistir. ChatGPT kullanim durumuna gore gruplar arasinda cinsiyet, yas, mes-
lek, egitim diizeyi agisindan anlamli istatistiksel farklilik bulunamamistir. ChatGPT'yi
akademik calismalarda kullanan kisiler arasinda arastirma gorevlisi unvanina sahip
olanlarin oram %41.4 iken, ChatGPT kullanmayanlarda bu oran %27.7'dir. Ote yandan,
ChatGPT kullananlar igerisinde herhangi bir profesdr bulunmamaktayken, kullanma-
yan grup i¢inde %5.7 oraninda profesor yer almaktadir. Akademik unvan dagilimidaki
bu farklilik istatistiksel olarak anlamlidir (p=0.040) (Tablo 1).
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Tablo 1. Demografik Bilgiler (n=399).

Toplam ChatGPT’nin Akademik Caliymalarda
Kullanimi
Ozellikler N=399 N1=70 N2=329 p
(Evet) (Hayir)
Cinsiyet, n (%) 0.209
Erkek 107 (26.8) 23 (32.86) 84 (25.5)
Kadm 292 (73.2) 47 (67.14) 245 (74.5)
Yas, yil 0.069
Ortalama+SS 35.4+7,6 33.6+6.1 35.8+£7.9
Medyan (min-max) 35 (20-65) 33 (20-48) 35 (20-65)
Yas Grubu, n (%) 0.068
20-30 y1l 121 (30.3) 26 (37.14) 95 (28.9)
31-40 yil 179 (44.9) 34 (48.57) 145 (44.1)
>40 yil 99 (24.8) 10 (14.29) 89 (27.1)
Meslek, n (%) 0.772
Tip Doktoru 275 (68.9) 46 (65.71) 229 (69.6)
Hemsire 101 (25.3) 19 (27.14) 82 (24.9)
Diger* 22 (5.9) 5(7.15) 18 (5.4)
Egitim Diizeyi, n (%) 0.145
Tipta Uzmanlik 246 (61.7) 38 (54.29) 208 (63.2)
Doktora 69 (17.3) 16 (22.86) 53 (16.1)
Yiiksek Lisans 59 (14.8) 14 (20.00) 45 (13.7)
Lisans 25(6.3) 2 (2.85) 23 (7.0)
Akademik Unvan, 0.040
n (%)
Atastirma Gorevlisi 120 (30.1) 29 (41.43) 91 (27.7)
Dogent 29 (7.3) 4(5.71) 25 (7.6)
Profesor 19 (4.8) 0 19 (5.7)
Unvan yok 231 (57.9) 37 (52.86) 194 (59.0)
ChatGPT Kullanimi,
n (%)
Evet 144 (36.1)
Hay1r 255(63.9)
Akademik Calismalarda
ChatGPT Kullanimi, n (%)
Evet 70 (17.5)
Hay1r 329 (82.5)

* 'Digerleri’ kategorisinde sirasiyla Dis Hekimi (5, %1,3), Ebe (5, %1,3), Konusma/Dil Terapisti (4,
%1,0), Biyoistatistikgi (2, %0,5), Tip Bilisimcisi (1, %0,3), Diyetisyen (1, %0,3), Psikolog (1, %0,3), Odyolog
(1, %0,3), Gerontolog (1, %0,3) ve Paramedik (1, %0,3) yer almaktadur.
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Aragtirmaya katilan ve daha 6nce ChatGPT kullanan 144 saglik profesyonelinin
%611 GPT-3.5 ve %39u GPT-4 kullandigmi bildirmistir. Bireylerin %47.2’si
ChatGPT'yi denemek i¢in birka¢ kez kullanmistir. %19.4' ayda birkac kez, %23.6's1
haftada birkag kez, %6.9'u giinde birkag kez ve %2.8'i giinde birden fazla kullanmak-
tadir. ChatGPT'yi kullananlarin %72.2’si bilgi arama ve 6grenme igin, %45.1°1 egitim
ve Ogretim igin, %31.3’l is ve profesyonel gorevler igin ve %23.6’s1 eglence ve bos
zamanint gec¢irmek i¢in kullanmaktadir.

ChatGPT'yi akademik ¢alismalarma yardimci olarak kullananlarin  kullanim
amaglari, arastirma hazirlig1 ve literatiir tarama %37.23, akademik yazi ve dil gevirisi
%34.31, arastirma sonuclarinin yorumlanmasi %13.87, veri toplama ve analiz %10.22
ve yay1n siireci ve dergide bir makale bulma %4.38 olarak siralanmistir. Katilimcilarin
%41.63'0 faydali oldugunu ve %25.71'1 olduk¢a faydali oldugunu belirlenmistir.
Faydasiz bulan katilimci yoktur. Akademik c¢aligmalarinda kullanan arastirmacilarin
%90’ni ChatGPT nin bilimsel arastirma siireclerini pozitif etkileyecegini diisiinmekte-
dir. Katilimeilarm %61.43' ChatGPT'nin etik ve gizlilik konusundaki giivenilirligine
iligkin "Kararsiz" yanitini vermistir. Katilimeilarin %12.9'u "Hig giivenli bulmuyorum"
ve %8.6'si "Az giivenli buluyorum" yanitlarini segmistir. (Table 2).

ChatGPT’nin saglik alaninda akademik calismalarda yardimci bir arag¢ olarak
kullanilmast  konusunda endiseler sorgulandiginda; Katilimeilarin  %62.9'u,
ChatGPT'nin bilgi giivenilirligi konusundaki endiselerini belirtmistir. "Bilgi
dogrulugu" ve "Bilgi yanlilig1" konularindaki endiseler sirasiyla %50 ve %37.1 oran-
larinda belirtilmistir. "Etik ve gizlilik" konusundaki endise orani1 %55.7 ile dikkat ¢ek-
mektedir. "Kotii niyetli kullanim" ve "Akademik kullanimda yazar olarak insan miida-
halesinin azalmasi" konularina dair endiseler sirasiyla %44.3 ve %41.4 oranlarinda be-
lirtilmistir (Sekil 1).

70 yanit

Bilgi guncelligi 31 (%44,3)

Bilgi dogrulugu 35 (%50)
Bilgi yanliig: 26 (%37,1)

Etik ve gizlilik 39 (%55,7)

Bilgi kaynag) olarak guvenirlilik 44 (%62,9)
Kullanici hatalan 22 (%31,4)
Kotu niyetli kullanimi 31 (%44,3)
Akademide kullaniminin yazar 29 (%41,4)
0 10 20 30 40 50

Sekil 1. Saglik Profesyonellerinin akademik ¢aligmalarda ChatGPT Kullanirken Karsilagtigi
Sorunlar (n=70).
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Tablo 2. Daha Once ChatGPT Kullanan Arastirmacilarin Kullanim Ozellikleri (n=144).

Kullandigimiz ChatGPT versiyonu hangisidir? n (%)
GPT-3.5 88 (61.11)
GPT-4 56 (38.89)
ChatGPT'yi ne siklikla kullaniyorsunuz?

Sadece birkag kez test amagli kullandim 68 (47.22)
Ayda birkag kez 28 (19.44)
Haftada birkag kez 34 (23.61)
Giinde birkag kez 10 (6.94)
Giinde birkag defadan fazla 4(2.78)
ChatGPT'yi hangi amaglarla kullamiyorsunuz?

Bilgi Aramak ve Ogrenmek 104 (77.2)
Egitim ve Ogretim Amagli 65 (45.1)
Is veya Profesyonel Gorevler igin 45 (31.3)
Eglence ve Zaman Gegirme 34 (23.6)
Sosyal Etkilesim ve iletisim 13 (9.0)
Denemek 4(2.8)
Akademik calismalarda ChatGPT'yi kullanma

Hay1r 74 (51.42)
Evet* 70 (48.6)*
Akademik ¢calismalarda ChatGPT'nin kullanim amaci nedir?

Arastirma Hazirlig1 ve Literatiir Taramasi 51(37.23)
Akademik Yazma ve Dil Cevirisi 47 (34.31)
Arastirma Sonuglarinin Yorumlanmasi 19 (13.87)
Veri Toplama ve Analiz 14 (10.22)
Yayin Siireci ve Dergide Makale Bulma 6 (4.38)
Akademik ¢alismalarimzda ChatGPT'yi kullandiysamiz bu deneyim

sizin icin ne kadar faydah oldu? (n=70)

Cok yararli 9 (12.86)
Yararli 29 (41.43)
Orta derecede yararli 18 (25.71)
Az yararl 14 (20.00)
Yararsiz 0
ChatGPT'nin bilimsel arastirma siirecinize etkisi nasildir? (n=70)

Olumlu etki 63 (90.0)
Ne olumlu ne olumsuz 6 (8.6)
Olumsuz etki 1(1.4)
ChatGPT etik ve gizlilik konusunda ne kadar giivenli (n=70)

Hig giivenli degil 9 (12.9)
Az giivenli 6 (8.6)
Kararsiz 43 (61.4)
Orta derecede giivenli 9(12.9)
Cok giivenli 34.3)

*36 kisi GPT-4, 34 Kisi de GPT-3.5
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Akademik caligmalarda ChatGPT kullananlar; yanlhs ya da yaniltici bilgi ile
karsilagma konusunda, alakasiz yanitlar alma, Yanitlarin anlagilmamasi, eksik bilgi ve
tutarsiz yanitlar konusunda nadiren biiyiik problem yasadiklarini bildirmistir (%1.4-
%2.9). Yanlis ya da yaniltici bilgi ile karsilagsma konusunda, alakasiz yanitlar alma ve
eksik bilgi konusunda orta diizeyde problem yasama siklig1 sirasi ile %31.4,%31,4 ve
%38,6’dir. Kullananlarin %81,5’1 Yanitlarin anlagilmamasi ve %82,9’u tutarsiz
yanitlar ile ilgili az sorun yasadigini ya da hi¢ yasamadigini ifade etmistir (Tablo 3).

Tablo 3. Saglik Profesyonellerinin akademik ¢alismalarda ChatGPT Kullanirken Karsilagtigi
Sorunlar (n=70).

Hig, Hafif Orta Derece Cok Bii-
n (%) problem, Problem, n (%) yiik prob-
n (%) lem, n (%)
Yanlig/yaniltic1 bilgi, n=70 19 (27.1) 28 (40) 22 (31.4) 1(1.4)
Alakasiz cevaplar, n=70 16 (22.9)  30(42.9) 22 (31.4) 2(2.9)
Anlasilmaz yanitlar, n=70 23 (32.9) 34 (48.6) 12 (17.1) 1(1.4)
Eksik bilgi, n=70 12(17.1) 29(41.4) 27 (38.6) 2(2.9)
Tutarsiz cevaplar, n=70 23 (32.9) 35 (50) 10 (14.3) 2(2.9)

4 Tartisma

Bu ¢alismada ChatGPT'nin saglik alanindaki arastirmalarda yardimci bir arag olarak
kullaniminin, gii¢lii ve zayif yonlerini anlamak ve saglik profesyonellerinin bu aragla
ilgili deneyimleri incelenmistir. Caligmaya katilan saglik profesyonellerinin %36.1°1
herhangi bir nedenle ChatGPT kullanmigken, saglik alaninda arastirma yapanlarin
%17.5’1 akademik g¢alismalarinda ChatGPT kullandigimi bildirmistir. Bu bulgular,
ChatGPT'nin saglik arastirmalarinda yavas yavas kabul gordiigiinii ve kullaniminin art-
tigin1 ortaya koymaktadir. ChatGPT kullanicilar: arasinda arastirmacilarin oranimin
yliksek olmasi ve profesor sayisinin az olmasi dikkate deger bir bulgudur. Bu durum,
arastirmacilarin yeni yapay zeka teknolojilerine ve alternatif arastirma araglarina daha
acik oldugunu gostermektedir. Arastirmamizda, ChatGPT'nin akademik ¢aligmalarda
kullaniminin geng yas gruplarinda biraz daha yaygin oldugunu gézlemledik; ancak, bu
farkin istatistiksel olarak anlamli degildi. Saglik arastirmalarinda ChatGPT destegi alan
en yasl kullanici 48 yasinda idi ve kullanicilar arasinda hi¢ profesor yoktu. Benzer bir
calismada, saglik ¢alisanlar1 arasinda ChatGPT beklentilerini arastirmis ve benzer mes-
leklere sahip bireylerin %84'iiniin 44 yas ve altinda oldugunu belirtmistir [16]. Bu bul-
gular, geng arastirmacilarin ChatGPT'yi daha sik kullandigini destekler niteliktedir ve
literatiirle uyumludur. Diger yandan akademik kariyer ilerledikce, geleneksel yontem-
lere olan baglilik ve yeni teknolojilere karsi ¢ekingenlik artabilir, bu da iist diizey aka-
demisyenler arasinda ChatGPT kullaniminin daha az olmasina neden olabilir. Bu du-
rum, teknolojinin kabuliinde kariyer evresinin dnemli bir faktor oldugunu gostermek-
tedir.

15. Tip Bilisimi Kongresi Bildiriler Kitab1
Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024



Bu ¢aligma herhangi bir amagla ChatGPT kullanan saglik profesyonelleri i¢in yapay
zekanin bilgiye erismedeki ve egitimdeki merkezi roliinii géstermistir. ChatGPT’yi de-
neyimleyen katilimeilarin biiyiik cogunlugu bilgiye erismek ve egitim amaci ile kullan-
digmi belirtmistir. ChatGPT ve benzeri Al destekli platformlar, saglik aragtirmacilar
ve akademisyenler arasinda bilgi erisimi, egitim ve profesyonel isler igin giiglii araglar
olarak kendini kanitlamistir [25, 26]. Daha spesifik olarak saglikla ilgili akademik ca-
lismalarda kullanim siklig1 sorgulandiginda heniiz kullanimmin yayginlasmadig galis-
mamizda dikkat ¢ekici bir sonu¢ olmustur. ChatGPT’yi kullanan her iki kisiden biri
akademik c¢aligmlarda destek i¢in bagvursa da (%48) toplam katilimcilar igerisinde bu
siklik diistiktiir (%17.5). Bu sonug yapay zeka destekli sistemlerin akademik alanda tam
olarak benimsenmemis olabilecegini isaret eder. Arastirmacilarin bu teknolojileri kul-
lanma konusundaki tereddiitleri, en ¢ok bilgi giivenligi ve veri dogrulugu gibi konulara
dair endiselerden kaynaklanmaktadir [25, 27-30]. Kullanimin diisiik olmasi, ayni za-
manda, saglik alanindaki aragtirmacilarin ChatGPT gibi araglarin potansiyel faydalarini
tam olarak anlamamis olabileceklerini de gosteriyor. Bu durum, egitim programlarinda
yapay zeka ve makine 6grenmesi uygulamalarina daha fazla yer verilmesi gerektigini
vurgulamaktadir. Akademisyenlerin bu tiir teknolojileri verimli bir sekilde kullanabil-
meleri i¢in gerekli becerileri kazanmalar1 6nemlidir.

Yapilan bu ¢alismada, ChatGPT'nin saglik alanindaki akademik c¢aligmalarda ¢ok
cesitli amaglarla kullanildig1 ve genel olarak kullanicilarda olumlu bir etki yarattig1 go-
rilmiistiir. Katilimcilar, aragtirma hazirligi ve literatiir taramasi igin %37.2, akademik
yazi ve dil gevirisi i¢in %34.3, arastirma sonuglarinin yorumlanmasi i¢in %13.9, veri
toplama ve analiz i¢in %10.2 ve yayin siireci ile ilgili islemler i¢in %4.4 oraninda Chat-
GPT'yi kullanmaktadirlar. Bu sonuglar, platformun saglik arastirmalarinda cesitlendi-
rilmis bir yardimci arag olarak kullanildigini gostermektedir. Ayrica kullanan katilim-
cilarin biiylik bir ¢ogunlugu (%67.34) ChatGPT'nin faydali veya oldukga faydali oldu-
gunu belirtmistir, bu da teknolojinin arastirma siireclerine somut katkilar sagladigin
ortaya koymaktadir. Ayrica, kullanicilarin %90'1 ChatGPT'nin bilimsel arastirma sii-
reglerini pozitif yonde etkileyecegine inanmaktadir, bu da platformun gelecekteki po-
tansiyelini gostermektedir. Yapilan caligmalar yapay zeka destekli bu araglarin sadece
arastirma ve medikal yazma degil saglik alaninda bir ¢ok konuda yetenegini gozler
Oniine sermistir. Anestezi uzmanligi bagvurular i¢in kisisel beyan olusturma yetenegi-
nin incelendigi bir calismada, ChatGPT tarafindan olusturulan beyanlarin yiiksek kali-
teli oldugunu ve geleneksel bagvuru yazilarindan ayirt edilmesinin zor oldugunu belirt-
mistir [13]. Lu ve arkadaglar1 (2023) tarafindan gergeklestirilen bir aragtirmada ise,
ChatGPT/GPT-4"in yogun bakim iinitelerindeki potansiyel kullanimi incelenmistir.
Arastirma sonucunda, ChatGPT/GPT-4'lin yogun bakim iinitelerinde kullaniminin son
derece umut verici oldugu sonucuna varilmistir [14]. Yine baska bir ¢alismada Ortopedi
ve travmatoloji alaninda olusturulan gesitli vaka senaryolarina verdigi medikal tavsiye-
ler uzmanlar tarafindan tatmin edici diizeyde faydali bulunmustur [21].

Akademik ¢alismalarda ChatGPT kullananlar arasinda potansiyel faydalarinin ya-
ninda; ¢alismamizda yanlis ya da yaniltici bilgi ile kargilagsma konusunda, alakasiz ya-
nitlar alma, Yanitlarin anlasilmamasi, eksik bilgi ve tutarsiz yanitlar konusunda nadiren
de olsa problem oldugu belirlenmistir. Benzer bulgu baska bir ¢calisma da, yapay zeka-
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nin akademik ¢aligmalarda kullanimu ile ilgili yapilan bir ¢aligmada igerik iiretme ko-
nusunda giivenilirlik sorunlar1 oldugu, etik ve yagmalama konularmi da beraberinde
getirdigi gosterilmistir [31]. ChatGPT gibi yapay zeka araglarinin saglik hizmetleri ve
akademiye entegrasyonu ¢ok sayida etik soruyu da giindeme getirmektedir. Bunlar, ka-
rar verme siirecinde YZ'nin hesap verebilirliginden, &zellikle hassas veriler iglenirken
gizlilikle ilgili endiselere kadar uzanmaktadir [32]. Bizim ¢aligmamizda da katilimcila-
rin yaris1 "Etik ve gizlilik", "K&tii niyetli kullanim" ve "Akademik kullanimda yazar
olarak insan miidahalesinin azalmasi" gibi hususlarda yasadiklari endiseleri vurgula-
mistir.

Sonug olarak, bu ¢alisma, ChatGPT'nin saglik alaninda profesyonel ve akademik
kullamimimi detayli olarak incelemistir. Katilimcilarin ChatGPT'nin mevcut ve
potansiyel kullanimlar1 hakkinda verdigi geri bildirimler, bu teknolojinin saglik
sektoriinde nasil bir yardimci arag olarak kullanilabilecegini ve nasil daha etkili bir arag
haline getirilebilecegini ortaya koymaktadir. Ancak, bazi kullanicilarin teknolojiye
adapte olurken karsilastig1 zorluklar ve etik, gizlilik ve bilgi dogrulugu gibi konularin
titizlikle ele alinmali, g6z ardi edilmemelidir. Katilimcilarin gelecekteki ChatGPT
versiyonlarina ve saglik arastirmalarinda kullanim alanlarina dair 6neri ve diisiinceleri,
bu teknolojinin daha etkili bir sekilde kullanilmasi i¢in yapilacak gelistirmelere dnemli
bir katkida bulunacaktir.
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A Comparative Study of Parkinson’s Disease Detection

using different Deep Learning Architectures
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Abstract. Parkinson’s disease is commonly known as tremor disease due
to impaired control of the hands. It is vital to be alert to the symp- toms
of Parkinson’s, which, if diagnosed early, has a high chance of being
controlled and preserving the patient’s quality of life. In recent years,
early diagnosis of PD has become a major need worldwide.One of the
noninvasive methods for detecting Parkinson’s disease is the handwriting
test, which has been used for years in hospitals. With the advancement of
technology and hardware, deep learning and image processing techniques
have become very well developed and can be frequently used in the di-
agnosis of the disease. In this study, we suggest using thirteen distinct
CNN architectures in a Convolutional Neural Network (CNN) based ar-
tificial intelligence approach to extract characteristics from spiral and
wave writing patterns produced by Parkinson’s patients with diagnosed
hand tremor symptoms and healthy individuals.

The performance analysis of the used architectures, classification inter-
pretations are evaluated with confusion matrix results. As a result of the
observations, speed, mathematical processing power and number of pa-
rameters were considered. Since processing power is the biggest problem in
deep learning, the model was developed in Google Colab environ- ment.
Fast-Al library was used due to its advantages such as ease ofuse, fast
and simple features. The performance of thirteen different pro-posed
architectures was tested. The observations showed that the highest
accuracy of 92% was achieved with ResNet-18.

Keywords: Parkinson’s disease, Convolutional Neural Networks, Deep
Learning, CNN Architecture
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1 Introduction

Parkinson is known as tremor disease. It is vital to be alert to symptoms in
Parkinson’s, which has a high chance of being taken under control and preserv-
ing quality of life when diagnosed early. Many problems such as decreased sense
of smell or loss, constipation, sleep disturbances, shoulder pain, depression, indif-
ference, anxiety, frequent urination can start years ago[1]. Parkinson’s disease is
a progressive type of disease that progresses gradually and the symptoms such as
the tremor of the hands, arms, legs, chin, and face worsen over time. Parkinson’s
disease; It is a slow progressive brain disease that slows down movements, trem-
bles in the arms and legs that occur during rest, stiffness and stiffness in muscles,
and decrease in posture reflexes, but there are many other system findings. In
patients, the findings start largely unilaterally, and can also cross the body over
the years. As the disease progresses, the person may have difficulty walking and
speaking and may not be able to meet their daily simple needs alone. Symptoms
of the disease may vary from person to person, and the first symptoms may be
mild. The initial symptoms usually affect one side of the body and spread to
both sides as time progresses[2].

Hand tremor (tremor) is the most common symptom. Uncontrolled move-
ments of the thumb, slight flickering in the chin and lip are Parkinson’s most
common symptoms. These tremors may be accompanied by twitching of the
leg muscles. Changing the handwriting is another common symptom. Sudden
changes in handwriting may be a sign of Parkinson’s disease. In handwriting,
the letters may become smaller and words can become closer and more com-
plicated. It is normal for handwriting to change depending on joint pain and visual
disturbances as the age progresses, but this does not happen suddenly as in
Parkinson’s disease, it develops over time [3]. By considering these symptoms,the
diagnosis of the disease can be made by comparing Deep Learning models with
patients’ handwriting.

The early diagnosis of Parkinson’s disease plays an important role in the
progression of the disease with observed many symptoms. To facilitate the early
diagnosis of Parkinson’s disease, a Deep Learning model is aimed to establish with
”Parkinson Disease Spiral and Wave Drawings- Hand drawing Data Set” in Kaggle.
The dataset contains hand drawings of Parkinson’s patients and healthy people.
The model is planned to be trained with these drawings and as a result,it is
planned to diagnose the patient with Parkinson’s ResNet, DenseNet, VGG,
AlexNet, SqueezzeNet and MobileNet model is used in the Deep Learning model
to be established diagnosis for Parkinson’s patients. The images of Parkinson’s
disease patients and healthy individuals drawing spirals and waves are included in
the data collection. To facilitate comparison, pictures have been separated into
training and testing groups. During establishing the model, every parameter was
tested, including the number of layers, batch size, epoch number, and activation
function.First, the 13 model was established on Google ColLab by using fast-ai
library. Various parameters will be reduced and increased in order to achieve
the most efficient result on the installed model. The result evaluation of the
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model was evaluated with confusion matrix and score values. As a result, the best
accuracy was obtained 92% accuracy with ResNet-18.

2 Related Work

Studies in Parkinson’s disease diagnosis with artificial intelligence was searched
on literature. To search articles, the key words was determined. Parkinson Dis-
ease, Hand Drawing and Artificial intelligence are set as key word. The literature
search was done on Google Scholar.

Drot”ar et al.[4] argue that the diagnosis of Parkinson’s disease is character-
ized not only by the hand movements of the patient’s drawing on the writing
surface, but also by micrographs and changes in the kinematics of the handwrit-
ing, taking into account the pressure applied to the surface and hand movements
without touching the writing surface. With classification accuracy of 84% and 78%,
respectively, the authors demonstrated that the assessment of hand move-ments
in the air during sentence handwriting has a greater influence than the pure
evaluation on surface movements.

Monty et al.[5] used classical computer vision techniques such as Histogram of
Oriented Gradients (HOG) to extract features from images using hand drawings
that can be easily affected and detected by patients’ hand tremor in the diagnosis
of Parkinson’s disease. The features extracted from the images were trained with
a random forest classifier and an accuracy of 83.33% was achieved. Pereira, et
al.[6] used Convolutional Neural Networks with five different approach and got
best accuracy with bat algorithm which is 90.38%.

The Parkinson Disease Spiral Drawings Digitized Graphic Tablet data set, which
is available to the accessible to everyone, has been utilized for Gil-Mart’in et
al.[7]. The drawing movements that achieved the highest results for the Xand
Y directions were used as indicators of the ability to identify various orien- tations.
The study’s most effective outcomes were an accuracy of 96.5%, an F1 score of
97.7%, and a 99.2% area below the curve. The results appear to support the use
of drawing motions in medical decision support systems for long-term patient
surveillance and PD detection also known as patient scanning. Except those
studies, the speech, pressure and signal processing approach also are usedto
detect Parkinson’s disease with artificial intelligence. For the purpose of di-
agnosing Parkinson’s disease (PD), Das,[8] examined numerous techniques for
classification using neural networks, regression, and decision trees.In order to
calculate the performance of these classifiers, a variety of assessment methods
have been used, including experiments in a data set of biomedical sound mea-
surements of 31 people diagnosed with Parkinson’s disease. The best results were
obtained with about 92.9% of Neural Networks PD patient recognition rate. In
addition to literature scanning, Github and Kaggle were also scanned. Sayak
Paul’s [9] work “Parkinson’s Disease Classifier” was examined. Sayak Paul took
advantage of Detecting Parkinson’s Disease with OpenCV, Computer Vision, and
the Spiral / Wave Test, published on Adrian Rosebrock’s PylmageSearch.The
presentation demonstrates the automatic detection of Parkinson’s disease
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in drawn manually spiral and wave illustrations. Adrian obtained an accuracy
of 83.33% by using basic computer vision techniques such as Histogram of Ori-
ented Gradients (HOG) to quantify the picture characteristics and then using
that information for training a Random Forest Classifier. Sayak Paul used deep
learning technique and preferred Resnet34 architecture as a method. As a re- sult,
he got an accuracy of 88%. Later on, Peker, [9] who benefited from thework
of Sayak Paul, published his work “A comparative study on detection of
Parkinson’s disease with the images of Spiral / Wave test using fast.ai”. Peker,
used the fast-ai library. He mentioned that, this library is super easy to use
and comes ready with a lot of state-of-the-art practices. It provides a number
of useful functions that make the life of a deep learning practitioner easy. In
this study, Peker worked on 6 comparative analysis of these using deep learning
methods. And also, he tried to determine the learning rate, which significantly
affects the success rate. The learning rate has been taken into consideration and
the value of the learning rate giving the best results has been tried to be deter-
mined by him. As a result of the study, the best accuracy value was obtained
with Densenetl21 architecture, approximately 92%. As a result of the research,
Sayak and Peker’s studies have been a guide for this project. In this study, by using
Fast-ai and 13 different deep learning architectures, the best-performing model
for the diagnosis of Parkinson’s disease was tried to be found.

3 Data

The dataset includes spiral and wave hand drawings of who has Parkinson dis-
ease. As known, the Parkinson disease patients has problem to control body, it
is most obvious one is hand shaking issue. They cannot easily move hands to
write or draw something as they want properly. The dataset was taken from
KAGGLE, Parkinson’s Drawings and it consists of 204 images,

1. Spiral: 102 images, 72 training, and 30 testing
2. Wave: 102 images, 72 training, and 30 testing

The Parkinson’s hand-drawing images dataset does not need to apply any pre-
processing, filtering or other special treatment to use in project. The model set up
with two different group which includes train and test.

Train has:

— 72 Healthy both spiral and wave images
— 72 Parkinson’s spiral and wave images

Test has:

— 30 Healthy both spiral and wave images
— 30 Parkinson’s spiral and wave images
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4 Method

4.1 Fast-Al

Fast-ai brings revolutionary results to people working in common deep learning
topics in the quickest and most convenient way. It is a deep learning the use of
libraries which provides researchers low-level components that they can combine
with innovative approaches. In terms of performance, flexibility, or straightfor-
wardness of use, it attempts to be the most beneficial library. Only a painstak-
ingly layered architecture that articulates what are common basic characteristics
of numerous deep learning and data processing methods may make this feasible.
Taking advantage of the flexibility of the PyTorch package and the dynamism of
the fundamental Python language, the structure of the deep learning algorithm
is represented concisely and simply. The information included with fast-ai are
a new 2-way event structure that may be used to access any component of the
data, model, or optimizer at any phase during training; a new data block API; a
clear and straightforward optimizer; a GPU-optimized image processing library
that can be enhanced with basic Python; and more. The open-source Fast-ai
library includes numerous course materials and is currently being used in educa-
tional institutions, business, and research. The potential benefits provided by it
have led to the determination to use it in this project. The fast-ai library assisted
the project to be accomplished successfully because of its quickness, graphical
representation, and educational opportunities[10].

4.2 Google ColLab

Google Colaboratory, frequently referred to as Colab, is a cloud service that uses
Jupyter Notebook for encouraging educational and research activities in artifi- cial
intelligence (Al). The design enables no charge access to a capable GPU and an
extensive deep learning runtime that is fully customized. In deep learn- ing
studies, hardware resources are often inadequate and overuse, and they posea
risk such as hardware malfunctions. Today, cloud solutions are very attractive
because of these risks because they provide the hardware instantly and GPUs of
hardware resources and a fully structured runtime for deep learning are avail- able
to you. Google releases the Colaboratory, an open-source cloud computing
platform designed to promote machine learning education and exploration. This
cloud solution guarantees availability and comes fully loaded with top artificial
intelligence (Al) libraries and a potent GPU. This Google service is inexpen- sive
and automatically connected to a Google Drive profile. The selection of Google
Colab for this project had been decided on its convenience for users,
interoperability with several libraries, ability to comply with project hardware
requirements, and ease of practice[11].

4.3 Convolutional Neural Network

A method for developing machine learning techniques is deep learning. Multiple
linear and nonlinear processing unit’s data are used in deep learning. A deep ar-
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chitecture is designed to model high level abstraction. Currently, there are many
deep learning techniques used in many different applications from medical field
to industry. Among them, the deep learning method known as deep convolu-
tional neural networks (CNNs) is among the most commonly used. CNN-based
techniques have become more widespread acceptance in medical diagnostic imag- ing
analysis and recognition applications in recent years. CNNs are developedas
multi-layer sensors, inspired by structures such as biological brain neural
networks[12]. They have the ability to recognize processed images by analyzing
them from raw image pixels. In some cases, small preprocessing applications can
be performed before processing images in our CNN deep learning model. In such
deep network models, the input image, which is preprocessed, called the recep-
tive fields, is looked at the multi-layered neural network model and the model is
trained using weights in each deep convolutional layer[13].

Each neuron in the deep learning model has an activation function that con-
trols the output. As can be seen in the literature and studies, there are many types
of activation functions such as linear, sigmoid, tanh, rectified linear unit (ReLU).
Activation functions are classified as linear and nonlinear. A linear function
outputs the input in the neuron to the output without making any changes. Since
deep network models contain complex mathematical operations, it achieves more
success with its nonlinear activation functions. Due to their fast convergence
characteristics, nonlinear activation functions used in many deep learning models
are variations such as RelLU and leaky-ReLU and parametric ReLU[14].
Convolutional neural network can be handled in 4 main parts in our project. These
are input image, convolutional layer, fully connected layer and output image.
Convolutional layer contains max pooling layer. Pooling is animportant technique
in convolutional neural networks that perform nonlinear down-sampling. There
are different pooling approaches such as stochastic, max- imum and average. The
maximum pooling method is widely used, dividing the input image into
overlapping rectangular blocks and producing output for each block. Maximum
pooling simplifies calculations for the upper layers by eliminat- ing the minimum
values. In other words, maximum pooling intermediate features intelligently
minimize the system provides the correct results[15]. There are var- ious
techniques that can be applied to achieve a better learning and generalized
model. L1-L2 norm, regularizer, dropout and batch normalization are some of
them. Overfitting is a problem in convolutional neural network as in any artificial
intelligence model [16]. The dropout plays an important role in preventing the
overfitting situation. The dropout layer drops certain selected unit connections
randomly and is widely used as a regularization technique. Batch normaliza-
tion, another regularization technique, is also widely used. Batch normalization
is known to accelerate training, and it has been observed that dropout applica-
tions are sometimes not required thanks to batch normalization [17]. Convolu-
tional neural network was used in our model, which we tried to develop with the
image dataset of Parkinson’s disease. As we mentioned under the Convolutional
neural network title, our model has many layers and organizers. As it is known,
the performance of deep learning methods is highly dependent on dataset. 13
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different convolutional neural network architectures were applied to our limited
series set. As a result of the study, the results of these 13 different architectures
were tried to be compared.

4.4 CNN Architectures

Convolutional neural network models are common methods for deep learning.
Most researchers in the field of deep convolutional neural networks recently fo-
cused on improving the accuracy of computer vision data sets. For a certain level
of accuracy, there are multiple CNN architectures that usually reach this level
of accuracy. Many competitions were held with the ImageNet dataset, which
is also known today and many publications have been published in this field.
As a result of studies in this field, developed deep learning architecture such as
AlexNet, ResNet and DenseNet were found. It was named as such, thanks to the
name and features they received from the developers.

ResNet is also known as residual neural network. It was built by comparing the
pyramidal cells in the cerebral cortex in the human brain. Utilizing skip
connections, or shortcuts to jump over some layers is done in residual neural
network. Models can be applied with 2- or 3-layer jumps, which are nonlinear and
include batch normalization between them. The weighted matrix can be usedto
calculate jump weights, these models are also known as HighWayNets. Models
with more than one jump are called DenseNet [18]. The name of a convolutional
neural network (CNN) designed by Alex Krizhevsky is AlexNet. Alexnet contains
eight layers. The first five layers are convolutional layers and there are also pooling
layers. The last three layers are fully connected layers. ReLU is usedas the
activation function. More than 61,000 references have been made to the AlexNet
article since 2020[19].

The most important difference between VGG and other models is that it use
convolution additions with two or three parameters. In the fully connected layer,
data gets transformed into an attribute vector with 7x7x512 = 4096 neurons.
The output of two FC layers is used to calculate the softmax performance of 1000
classes. More than over 138 million metrics calculated. Comparable to other
models, the depth value (humber of channels) becomes greater as both the height
and the width characteristics of the matrices from the point of entry to the exit
decrease[20].

Developed in the field of computer vision studies, SqueezeNet was published
in 2016. It was developed by researchers at SqueezeNet, DeepScale, University
of California, Berkeley and Stanford University. SqueezeNet’s main goal is to
improve memory usage most effectively. In this direction, it is aimed to de-
sign a smaller deep learning neural network consisting of fewer parameters that
can easily fit into the computer memory and can be easily transferred over
a computer network. There are publications on the similarity of AlexNet and
SqueezeNet, but it should be known that SqueezeNet is not a “compressed ver-
sion of AlexNet”. On the contrary, SqueezeNet is a completely different deep
learning neural network architecture than AlexNet. The common feature of
SqueezeNet and AlexNet is that both studies have reached similar accuracy
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values when working with ImageNet image classification[21] MobileNet is one
of the CNN architectures and is used in areas such as image classification, mo- bile
vision. The difference from other architectures we’ve considered and what makes
it special is the use of more computing power to run and implement transfer
learning. Thanks to this feature, it fits perfectly to mobile devices and systems
without GPUs. In addition, browsers are best suited for web browsers with limited
capacity for computing, graphics processing and storage[22].
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Fig. 1: Performances (left) and Process load (right) of model. [23]

An overall comparison of CNN architectures was made in Ayylice Kizrak’s
medium article26 in 2018. Based on the article "An Analysis of Deep Neural
Network Models for Practical Applications” published by Canziani et al[23]. In
2016, a general comparison is made; Networks and network performance (%) are
given as in the graphic on the left. In the Figure 1 on the right, the parameter
calculation load-performance comparison of the network models in terms of the
performance calculated in the y-axis and the percentage of performance in the x-
axis is given. As a result of the comparisons made, it will be easier to interpret the
graphics and select the network model with a computing load suitable for both
your problem and your CPU / GPU capacity.

5 Experiment

1. Dataset was decided and the image dataset environment was prepared.

2. Studies with the data set were examined. The studied work was included in
the “Related Works” section.

3. After examining the studies, it was decided to conduct convolutional neural
network deep learning studies with the Parkinson Hand-writing data set.

4. The biggest risk in deep learning applications is hardware computer ca-
pacity. Because mathematical operations can sometimes be heavy on your
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Fig. 2: The flow-chart of experiment

computer’s CPU. Considering the hardware features, it was decided to use
Google Colab.

5. It was decided to use fast-ai library by evaluating its simple language, ease
of use, visualization and advantages in deep learning.

6. Our data set was uploaded to the system and deep learning and train oper-
ations were started.

7. It was decided to use ResNet, DenseNet, VGG, AlexNet, SqueezeNet and
MobileNet CNN architectures. A total of 13 different architectures were tried
and compared.

The parameters of thirteen different CNN architectures used in our model,
which we trained with Parkinson dataset, were calculated and visualized. As
we mentioned in the method section, the structure of the architecture plays an
important role for the model. As the number of parameters increases, the number
of mathematical operations increases. The increasing number of processes forces
the processor, so the CPU is insufficient. Considering the number of parameters,
the architecture with the most parameters turns out to be ResNet-152. It is
seen that the architecture with the lowest parameter value is also SqueezeNet.
Already SqueezeNet targeted to construct with few parameters and layers. With
this study, it was observed that SqueezeNet has the least parameters. [2]

Accuracy values obtained after testing the model with all architectures are
shown in the table. The accuracy values of the concluded model were visualized
and presented to the reader. According to the obtained values, ResNet-18 ar-
chitecture has been observed to have the highest success rate with an accuracy
of 92 percent. The least accurate architectures were MobileNet and ResNet-101,
with a success rate of 75 percent.
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6 Conclusion and Future Works

Deep learning is widely used in medicine. Artificial intelligence in health; there are
many methods applied in biomedical image processing, in our project we applied
the Convolutional Neural Network deep learning model. The aim is to facilitate
early diagnosis of Parkinson’s disease using image data. In this study, our model
was trained using the “Parkinson’s Disease Spiral and Wave Draw-ings - Hand
Drawing Dataset” from Kaggle. In order to design the most efficient model using
image data, some important design architectures are discussed. Asit is known,
there are many architectures in convolutional neural network stud- ies. In this
project, six different architectures are considered, namely ResNet, SqueezeNet,
VGG, DenseNet and MobileNet. In total, the accuracy values of thirteen different
architectures were calculated. The obtained parameter and ac-curacy values were
then visualized. The project was finalized by making observa- tions considering
various criteria such as speed, mathematical processing power and parameters.
In this context, it was observed that the most suitable architec- ture for the data
structure used is ResNet-18 architecture. A comparison of pa- rameter
computational load and performance shows that AlexNet and ResNet-18
architectures have the lowest computational load. AlexNet has the least math-
ematical processing load, followed by ResNet-18 architecture, but AlexNet is
worse than ResNet-18 in terms of performance. For this reason, ResNet-18 ar-
chitecture gave more efficient results in our project because the image data is not
very complex. As the complexity of the dataset increases, architectures with more
mathematical processing load will extract attributes more successfully.

As the next step in early diagnosis studies in Parkinson’s disease, ResNet-18
and DenseNet-201 architectures with the highest accuracy values are planned
to be developed. With the improved model, it is thought that it can play an
important role in helping doctors in the diagnosis of the disease in the future by
integrating it into innovative technological projects.
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Abstract.

Aim: Development of a machine learning model on an electronic health rec-
ord (EHR) dataset for predicting retinopathy in people with diabetes mellitus
(DM), analysis of its explainability.

Methods: A public dataset based on EHR records of patients diagnosed with
DM located in Istanbul, Turkey (n = 77724) was used. The categorical variable
indicating a retinopathy-positive diagnosis was chosen as the target variable.
Variables were preprocessed and split into training and test sets with the same
ratio of class distribution for model training and evaluation respectively. Four
machine learning models were developed for comparison: logistic regression,
decision tree, random forest and XGBoost. Each algorithm’s optimal hyperpa-
rameters were obtained using randomized search cross validation with 10-folds
followed by the training of the models based on the results. The ROC area un-
der curve (AUC) score was used as the primary evaluation metric. SHAP analy-
sis was done to provide explainability of the trained models.

Results: The XGBoost model showed the best results on retinopathy classi-
fication on the test set with a low amount of overfitting (AUC: 0.813, 95% CI:
0.808 — 0.819). 15 variables that had the highest impact on the prediction were
obtained for explainability, which include Eye-ear drugs, Other eye diseases,
Disorders of refraction, Insulin aspartame and HbAlc.

Conclusion: Early detection of retinopathy based on EHR data can be suc-
cessfully detected in people with diabetes using machine learning. Our study
reports that the XGBoost algorithm performed best in this research, with the
presence of other eye diseases, insulin dependence and high HbAlc being ob-
served as important predictors of retinopathy.

Keywords: Retinopathy, diabetes mellitus, machine learning, electronic health
records.

1 Introduction

Diabetes mellitus (DM) is a noncommunicable disease that is caused by the insuffi-
cient production of the insulin hormone within the pancreas or the inability of the
human body to effectively use the produced insulin. Categorized under different stag-
es to indicate its severity, diabetes is known to be a devastating disease that may take
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many years to be noticed and contributes to significant health problems to a person;
such as vision impairment, kidney failure and stroke ['!. Along with the severity of the
disease, the prevalence of diabetes is also expected to be increased, with the number
of people with diabetes aged 20-79 years predicted to be increased to 642 million by
2040 I,

Under the complications caused by diabetes, diabetic retinopathy is a major exam-
ple. This medical condition is defined by the presence of retinal hemorrhages, micro-
aneurysms, cotton wool spots and/or prior photocoagulation scars Pl In terms of
blindness, it has been reported that retinopathy was observed globally in approximate-
ly 3 million cases; and compared to under-corrected refractive error, cataract, age-
related macular degeneration and glaucoma; retinopathy was the smallest contributor
to blindness in 2020, but also the only cause of blindness that showed a global in- crease
in age-standardized prevalence . Retinopathy is one of the most common
complications in type-1 diabetes and it has been reported that after 15-20 years since
an individual’s diagnosis, almost all patients would have some degree of retinopathy
[3]

To minimize the risk of vision impairment and blindness; preventative measures
such as early detection by screening, effective management and compliance to guide-
lines is suggested []. It has been reported that patients who receive consistent care, have
lower rates of low vision and blindness [7l. It is also important to note that the
management of retinopathy, especially vision threatening variants require the exper-
tise and skills of trained ophthalmologists or retinal specialists [¥! and with reported low
density values of ophthalmologists in many countries, access to the treatment of vision
threatening diabetic retinopathy may be difficult based on the patient’s location
[9]

Several studies have been conducted to predict retinopathy based on electronic
health records (EHR). Liu et al. utilized an extreme learning machine approach on a
dataset containing EHR data of 1093 patients and reported a classification area-under-
curve (AUC) performance metric of 88.34% ['%, Ogunyemi et al. used EHR dataset
comprising 40631 people with diabetes to predict retinopathy by training five ma- chine
learning algorithms and presented the univariate analyses of dataset variables. Their
results showed that their deep learning model performed best and was able to achieve
an AUC score of 0.8 on their external validation set. They also presented the most
significant predictors they’ve observed which included insulin dependence, blood urea
nitrogen and systolic blood pressure ['!l. Saleh et al. used ensemble classi- fication
techniques based on uncertainty models using an EHR dataset of 2323 peoplewith
diabetes Their fuzzy random forests approach obtained an accuracy of 84%while
their dominance-based rough set balanced rule ensemble approach showed an accuracy
of 77% 121,

The aim of this study is to develop a machine learning model predicting retinopa-
thy on a diabetes dataset, and examine the model for understanding the variables pre-
dicting retinopathy development, and discuss the possibility of developing an early-
diagnosis tool for retinopathy in people with diabetes.
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2 Materials and Methods

For the development of the machine learning model, a public dataset containing 107
variables, composed of electronic health records of 77724 patients diagnosed with
diabetes mellitus in 2017, located in Istanbul Province, Turkey was used ['*]. The dataset
was originally created for the purpose of glycemic control prediction in diabe- tes
mellitus patients, and it also includes information of retinopathy diagnosis. The data
analysis, model development, SHapley Additive exPlanations (SHAP) analysis and
visualizations were done using the Pandas ['4131 (v. 2.0.2), scikit-learn 191 (v. 1.3.0),
shap ' (v. 0.44.1), and matplotlib '8 (v. 3.7.1) modules in the Python (v. 3.11.3)
programming language respectively.

The dataset contained no missing values (106 variables in total). A random seed
value of 4564 was used for development runs. The target variable used in this study
was the “retinopathy” variable of the dataset. The train (n=54406) and test (n=23318)
sets were created with a 70/30 split with stratification on the target variable. Both sets
had a target class distribution of 13,9%, with the training set containing 7610 entries
of retinopathy-positive patients and the test set containing 3262 retinopathy-positive
entries. Afterwards, the numerical variables in the train and test sets were standard- ized
in the preprocessing step. Categorical variables remained intact.

As candidate algorithms for baseline evaluation of prediction performance; Lo-
gistic Regression (LR), Decision Tree (DT), Random Forest (RF) and eXtreme Gradi-
ent Boosting (XGBoost) algorithms were selected. Before training the algorithms
(except LR, which was chosen as a baseline algorithm for performance comparison),
each algorithm’s hyperparameters were optimized by using randomized search cross
validation with 10-folds and 50 iterations in the train set (n=54406). During this phase,
a random combination of selected hyperparameters for the algorithm was pro- duced
and the hyperparameters were changed in each iteration by the help of the algo-rithm.
For each hyperparameter combination, the mean of AUC’s of 10-fold cross- validation
was calculated. The best performing hyperparameters were selected based on their ROC
area under curve (AUC) score, and used for the training of the final model on the
complete training set (n=54406) for each candidate algorithm. The ROCarea under
curve (AUC) score was chosen as the primary evaluation metric of the models; along
with f-score, Matthew’s correlation coefficient (MCC), and precision- recall AUC (PR-
AUC) recorded for the reporting of the results on the train and test sets. For the
explainability of a model’s prediction, SHapley Additive exPlanations (SHAP) values
were calculated.

3 Results

Obtained results showed that the XGBoost model achieved the highest predictive
performance with an AUC score of 0.813 (95% CI: 0.808 — 0.819) on the training set
and 0.799 on the test set, followed by the RF model which achieved an AUC score of
0.784 on the training set and 0.783 on the test set. According to the obtained statistics,
the developed XGBoost model was reported as the superior model.
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Table 1. Model performance metrics on the training and test sets

Training set (n=54406)

Test set (n=23318)

AUC PR MC Accu- F- Sensiti- Specifi- AUC PR mcC Ac- F- Sensiti- Speci-
AU C racy Sco- vity city AUC cu- Sco- vity ficity
C re racy re
XGB 0.813 0.4 0.3 0.74 0.44 0.727 0.74 0.799 0.420 0.32 0.68 0.41 0.78 0.66
00s (0.808- 61 4 (0.791-
t 0.819) 0.807)
RF 0.784 0.3 0.3 0.72 0.41 0.700 0.72 0.783 0.377 0.31 0.72 0.41 0.70 0.72
(0.779- 81 1 (0.776-
0.790) 0.792)
DT 0.753 0.3 0.2 0.63 0.36 0.760 0.61 0.749 0.353 0.26 0.63 0.36 0.75 0.62
(0.747- 61 6 (0.740-
0.759) 0.758)
LR 0.779 0.3 0.3 0.71 0.41 0.708 0.71 0.781 0.376 0.30 0.70 0.40 0.72 0.70
(0.774- 72 1 (0.772-
0.785) 0.789)
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Fig. 2. PR Curve plots of the models on the training and test sets

Model Interpretation

In terms of model interpretation, 15 variables that had the most impact in calculating
the prediction were obtained using a SHAP analysis. The analysis results showed that
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the variable of “Eye-ear drugs”, which contained information on whether the patient
takes eye and/or ear drugs had the highest impact on the prediction of retinopathy,
followed by the variables “Other eye diseases”; which described whether the patient
had other eye-related diagnosis, and “Disorders of refraction”.

Other eye diseases L — other eye diseases [ NG
Disorders of refraction o — Disorders of refraction [N
il aspaikang y U nsulin aspartame |
HbALC gl woarc [
Insulin glargine +_ insulin glargine || RN
3
H
Cataract ] _— H cataract ||
Glycemic control e 2 Glycemic contro! [N
Crestinine 4— creatinine [
Hypertension — 4 Hypertension [
Triglyceride -« Trglyceride [N
Diabetic neuropathy — Diabetic neuropathy [
Kidney failure . — kidney failure [
Ischemic heart disease - ischemic heart disease [l
Low
0. 0.0 0.5 1.0 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
SHAP value (impact on model output) meani|SHAP value|) (average impact on model output magnituds

Fig. 3. SHAP summary and feature importance plots

4 Discussion and Conclusion

With this study, an analysis of retinopathy prediction based on EHR data of patients
using statistics and machine learning approaches was done. Our findings show that for
the task of predicting retinopathy in patients with diabetes, an XGBoost model can
achieve a notable predictive performance of 0.799, as observed in our test set. With a
considerable predictive performance, the developed model shows that early retinopa-
thy detection with data from electronic health records is a feasible approach for early
diagnosis. Additionally, SHAP analysis shows that most important predictors of dia-
betic retinopathy are presence of other eye diseases, insulin dependence and a high level
of HbAlc.

The performance of our XGBoost model is similar to previous studies. On the oth-
er hand, it has been reported that deep learning models trained on retinal fundus im-
ages for retinopathy detection has been successfully developed with good prediction
metrics [, However, a predictive model based on EHR data would be useful, as ob-
taining fundus image of people is not always feasible. A reliable prediction of a pa-
tient’s potential retinopathy diagnosis based on their electronic health records without
the need of medical image analysis may provide this feasibility.

The variables that had the biggest impact on the prediction was observed to be, in
descending order; “Eye ear drugs”, “Other eye diseases”, “Disorders of refraction”,
“Insulin aspartame”, “HbAlc”, “Insulin glargine”, “Age”, “Cataract”, “Glycemic
control”, “Creatinine”, “Hypertension”, “Triglyceride”, “Diabetic neuropathy”, “Kid-
ney failure”, and “Ischemic heart disease”. The summary plot showed that for every
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variable, except “Triglyceride”, an increase or occurrence was directly proportional to
a retinopathy-positive prediction. These variables and results can be categorized under
the following sections for further discussion:

Eye-related complaints indicate a higher risk of retinopathy.

The variables under this observation are “Eye ear drugs”, “Other eye diseases”,
“Disorders of refraction”, and “Cataract”. The usage of eye and ear drugs may be
interpreted as an indicator of patients being treated for eye diseases, as can be seen the
frequent diagnosis of “Other eye diseases”. All these predictors show that DM may
cause various problems in the eye, showing a simultaneous increase of incidence in eye
diseases. Conditions such as glaucoma, age-related macular degeneration, and diabetic
macular edema often co-occur with retinopathy, leading to damaging effects that
accelerate disease progression and impair visual function. The development of cataracts
has been shown to have a proportional impact on the risk of retinopathy. Cataracts
compromise visual acuity but may also induce inflammatory responses and oxidative
stress within the eye, further exacerbating retinal damage 2%,

Indicators showing that diabetes has progressed.

The variables under this observation are “Insulin aspartame”, “HbAlc¢”, “Insulin
glargine”, “Glycemic control”, “Creatinine”, “Diabetic neuropathy”, “Kidney fail-
ure”, and “Ischemic heart disease”. Markers such as insulin aspartame and insulin
glargine are commonly used in the management of diabetes while also serve as indi-
cators for disease severity and insulin resistance. Elevated levels of these observations
often correlate with advanced stages of diabetes. A more severe condition of diabetes
is likely to be predictive of retinopathy in this instance. Hemoglobin Alc (HbAlc), a
widely utilized measure of long-term glucose control, offers insights into the overall
management of diabetes and its impact on retinopathy progression. Elevated HbAlc
levels may indicate suboptimal glycemic control over an extended period, thereby
predisposing individuals to microvascular complications, including retinopathy. Gly-
cemic control variable in our study shows several high serum HbAlc measurements
in a person.

Additionally, renal function, as reflected by markers like creatinine, serves as an
indicator of systemic diabetic complications, including nephropathy and retinopathy.
The intricate relationship between kidney function and retinal health underscores the
importance of comprehensive diabetic care and regular screening protocols. Diabetic
neuropathy, characterized by peripheral nerve damage secondary to chronic hypergly-
cemia, poses a significant risk factor for retinopathy progression. The neurovascular
axis plays a critical role in maintaining retinal homeostasis, and disruptions in periph-
eral nerve function can exacerbate retinal ischemia and neurodegeneration. Further-
more, the onset of kidney failure and ischemic heart disease heralds a systemic de- cline
in vascular health, exacerbating the microvascular complications associated with
retinopathy. These comorbidities amplify the multifactorial nature of retinal disease
progression and necessitate a holistic approach to diabetes management.
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Risk factors based on the patient.

Advancing age is an important risk factor for retinopathy development and pro-
gression. Age-related structural and functional changes within the retina contribute to
increased vulnerability to retinal pathologies. Moreover, aging-related alterations in
vascular integrity and neurotrophic support mechanisms predispose older individuals
to microvascular dysfunction and retinal ischemia, exacerbating the progression of
retinopathy.

Hypertension, characterized by persistently elevated blood pressure levels, exerts
profound effects on retinal microvasculature and vascular autoregulation. Chronic
hypertension induces arteriolar remodeling, endothelial dysfunction, and increased
vascular permeability, culminating in retinal vascular abnormalities and exacerbation
of retinopathy. The synergistic interplay between hypertension and diabetes further
potentiates retinal microvascular damage, underscoring the importance of stringent
blood pressure control in retinopathy management.

It is also important to consider the limitations of this study. The used data was orig-
inally collected from electronic health records of patients in Istanbul, Turkey. The
dataset belongs to a population with certain genetic and environmental conditions and
may not be universal. External validation would show the universal value of obtained
models. In addition, the dataset does not include some important data such as body mass
index, and physical activity. A model with more variables would have possibly ahigher
performance. Another problem is related to diabetic retinopathy diagnosis in this
dataset. The dataset included EHR data of already diagnosed patients, and maynot
include silent cases or cases in their early stages.

In future studies, for additional validation, a potentially better performance and a
more generalized model, a larger dataset that contains a more diverse patient data and
additional variables can be considered. Machine learning techniques improved and
continue to improve in a fast pace. New machine learning techniques may be more
successful in the near future.

In conclusion, presence of retinopathy can be successfully detected in people with
diabetes. The best model for this purpose seems XGBoost. Other eye diseases, insulin
dependence and high HbA 1c are important predictors of retinopathy.
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Investigation of Copy Number Variations in Epilepsy
Using Whole Exome Data

Abstract. Epilepsy is a common neurological disorder characterized by
recurrent seizures caused by overabundant electrical discharge in a group
of neurons. It is reported to affect more than 50 million people world-
wide, and about 7.6 out of every 1000 people suffer from epilepsy. Alt-
hough epilepsy occurs due to genetic, structural, infectious, metabolic,
immune and unknown reasons, it is known that 40-60% of epilepsies are
caused by genetic causes. In studies, single nucleotide and InDel variants
have been defined in approximately 300 genes that are effective in the
etiology of epilepsy. In addition, more than 500 neurodevelopment-re-
lated epilepsy genes have been reported in extensive studies. Further-
more, copy number variations have been implicated as a risk factor for
or cause of epilepsy, and CNV rates ranging from ~5% to 12% of patients
with different types of epilepsy have been reported. Whole exome se-
quencing data of 102 epilepsy patients whose genetic diagnosis could not
be determined were reprocessed and copy number variations were inves-
tigated. As a result of bioinformatic analysis, copy number variations ex-
plaining the epilepsy clinic were detected in 11 patients.

Keywords: Epilepsy, genetics, copy number variations, whole exome
sequencing

Ozet. Epilepsi, bir grup noronda asir1 elektriksel yiik bosalmasiyla olusan
tekrarlayan nobetlerle karakterize, yaygin bir norolojik bozukluktur. Dii-
nya genelinde 50 milyondan fazla kisiyi etkiledigi bildirilmektedir ve her
1000 kisiden yaklasik 7.6's1 epilepsi hastasidir. Epilepsi genetik, yapisal,
enfeksiy6z, metabolik, immiin ve bilinmeyen nedenlerle ortaya ¢ikmakla
birlikte %40-60'min genetik nedenlerden kaynaklandigi bilinmektedir.
Yapilan galigmalarda epilepsinin etiyolojisinde etken olan yaklagik 300
gende tek niikleotit ve InDel varyantlar1 tanimlanmistir. Ayrica 500'den
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fazla norogelisimle iliskili epilepsi geni kapsamli ¢alismalarda bild-
irilmigtir. Diger taraftan kopya sayisi varyasyonlari epilepsi igin risk fak-
toril veya epilepsinin nedeni olarak gosterilmektedir ve farkli epilepsi tii-
rlerine sahip hastalarin ~ %5 ile %12 arasinda degisen CNV oranlar1 bild-
irilmistir. Genetik tanisi belirlenememis 102 epilepsi hastasinin tiim
ekzom dizileme verileri yeniden islenerek kopya sayisi varyasyonlari
arastirilmistir. Yapilan biyoinformatik analiz sonucunda 11 hastada epi-
lepsi klinigini agiklayabilecek kopya sayisi varyasyonlar: tespit
edilmistir.

Anahtar Kelimeler: Epilepsi, genetik, kopya sayis1 varyasyonlari, tim
ekzom dizileme

1  Giris

Epilepsi, bir grup noéronda asir1 elektriksel yiik bosalmasiyla olusan tekrarlayan
ndbetlerle karakterize, yaygmn bir ndrolojik bozukluktur. Nobetler, viicudun bir
bolimiinii veya tamamini etkileyebilen bazi zamanlarda bagirsak veya mesane
kontroliiniin kayb1 ve biling kaybinin da eslik ettigi kisa siireli istemsiz kasilmalar ile
karakterizedir [1]. Epilepsi, statik veya ilerleyici olabilen bir hastaliktir ve en sik biligsel
yetersizlikler olmak {izere major komorbiditelerle goriilmektedir [2]. Her 1000 kisiden
yaklasik 7.6'sinin epilepsi hastasi oldugu ve epilepsinin diinya genelinde 50 milyondan
fazla kisiyi etkiledigi bildirilmektedir. Her yasta ortaya cikan bir hastalik olmakla
birlikte erken ¢ocukluk déneminde ve 60 yas lizeri donemde siklikla goriilmektedir [3-
4]. Epilepsilerin etiyolojisi (genetik, yapisal, enfeksiydz, metabolik, immun ve
bilinmeyen) ¢ok ¢esitli olmakla birlikte %40-60" genetik nedenlerden kaynaklanmak-
tadir [5, 6].

Epilepsiler fenotipik ve genetik olarak heterojendir. Baz1 genlerdeki varyasyonlar
segici olarak epilepsilere veya temel semptom olarak epilepsili sendromlara neden
olabilirken diger genlerdeki varyasyonlar beynin gelisimsel kusurlar1 ve epilepsilerle
iliskili olabilmektedir. Genetik c¢alismalarda epilepsiyle karakterize sendromlarla
iligkilendirilmis yaklasik 300 gende tek niikleotit ve InDel (insersiyon-delesyon) var-
yantlar1 tanimlanmistir. Ayrica 500'den fazla noérogelisimle iliskili epilepsi geni
kapsamli ¢aligmalarda bildirilmistir [7, 8]. Epilepside tek niikleotit ve InDel varyant-
lariin yani sira kopya sayisi varyasyonlar1 (Copy Number Variation; CNV) da 6nemli
rol oynamaktadir [1, 9]. CNV, referans genom ile karsilastirildiginda tipik olarak bir
DNA segmentinin kopya sayisindaki anormal degisiklikler (kayiplar veya kazanglar)
olarak tanimlanmaktadir [10—12]. Boyutlar1 ise dnceki ¢aligmalarda 1000 baz ¢iftinden
biiytik (1kbp) [12], ardindan yaklasik 100 baz ¢ifti kadar [13] ve son ¢aligsmalarda ise
50 baz ciftinden birkag megabaz c¢iftine (Mbp) kadar olan segmentler olarak
tanimlanmustir [14, 15]. CNV'ler farkli kopya sayisina sahip bolgelerde bulunan gen-
lerin ekspresyon seviyelerine etki ederek haploid genom basina tek kopyanin tran-
skripsiyonu ile elde edilebilen transkripsiyon seviyesinin azalmasia ya da artmasina
neden olmaktadir [11]. CNV’ler epilepsi dahil olmak iizere kompleks kalitima sahip
ndrogelisimsel bozukluklarin énemli nedenlerindendir. Farkli epilepsi tiplerine sahip
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hastalarda ~ %5 ile %12 arasinda degisen patojenik CNV oranlar1 bildirilmistir [9, 16—
18].

CNV'leri tanimlamaya yonelik karyotipleme ve floresan in situ hibridizasyon (FISH)
gibi sitogenetik teknolojiler, dizi tabanli karsilagtirmali genomik hibridizasyon (array
based comparative genomic hybridization; arrayCGH), tek niikleotid polimorfizm array
(single nucleotide polymorphism array; SNP array) ve yeni nesil dizileme (next
generation sequencing; NGS) teknolojileri kullanilmaktadir [19-21]. NGS, tek bir
calisjmada yiliz milyonlarca kisa okuma iireterek CNV'lerin kapsaml
karakterizasyonunu igermektedir. Sinirli genomik bolgeler igin problarin dnceden
tanimlandig1 dizi tabanli yaklagimlarla karsilastirildiginda, NGS platformlarinda kisa
okumalar tiim genomdan rastgele Orneklenmekte ve daha yiiksek kapsama ve
¢oziiniirliige, kopya sayilarinin daha dogru tahminine ve novel CNV'leri tanimlamada
daha yiiksek basariya sahiptir [14, 22]. NGS (Tim genom dizileme (Whole Genome
Sequencing; WGS) ve tiim ekzom dizileme (Whole Exome Sequencing; WES)) temelli
CNV tespit etme yontemleri ¢ift yonlii haritalama (paired-end mapping; PEM),
bdliinmiis okuma (split read; SR), okuma derinligi (read depth; RD), genomun de novo
birlestirilmesi (de novo assembly of a genome; AS) stratejileriyle gelistirilmistir. WES,
Mendeliyen hastaliklar ve yaygin poligenik hastaliklarin incelenmesi igin etkili bir
teknik olmasi ve ayn1 zamanda WGS'ye gore diigiik maliyetli olmasi nedeniyle yaygin
olarak kullanilmaktadir. WGS verilerinden farkli olarak, WES'in siireksiz okumalar
iiretmesi ve WES verilerinin WGS'nin aksine hedeflenen bolgeler i¢in daha yiiksek der-
inlige sahip olmasi nedeniyle okuma derinligi tabanli bir tespit yaklasimi kullanmak
daha dogru CNV tespiti i¢in idealdir [23, 24].

2 Yontem

21  On Cahsma

Karadeniz Teknik Universitesi (KTU) Farabi Hastanesi Cocuk Saglig1 ve Hastaliklar1
Anabilim Dal1 hekimleri tarafindan epilepsi tanisi1 almis olan hastalardan enfeksiyon,
travma, beyin timori, immun yetersizlik ve felg gibi diger rahatsizliklarin yarattigi
beyin hasar1 kaynakli olmayip sebebi agiklanamayan, sendromik ve non-sendromik
olan ve epilepsiyle birlikte sik goriilen komorbiditelere sahip 146 hasta, genetik neden-
lerin belirlenmesi amaciyla Tibbi Genetik Anabilim Dali1 hekimleri tarafindan tiim
ekzom dizileme ile degerlendirilmistir.

Tiim Ekzom Dizileme (Whole Exome Sequencing; WES): Her 6rnek igin bir
kiitiiphane olusturmak iizere ortalama 200 ng (nanogram) genomik DNA kullanilmistir.
Genomik DNA, QIAseq® FX DNA Kiitiiphane Kitleri (Qiagen) kullanilarak 400 bp'ye
pargalanmitir. Pargalamadan sonra kiitiiphaneler, iireticinin talimatlarina (Qiagen) gore
QIAseq® Human Exome Kit kullanilarak hazirlanmistir. NovaSeq6000 sisteminde,
iireticinin yonergelerine gore (Illumina Inc., San Diego, CA, ABD) ¢ift yonli dizilim
(150 bp (baz ¢ifti)) 30X okuma derinligi ile yapilmstir.
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Tim ekzom dizileme sonucunda, 146 hastadan epilepsi igin klinigi agiklayan tek
niikleotit ve InDel varyantlar1 tespit edilen 44 hasta bulunmaktadir. Geriye kalan 102
hastada bilinen epilepsi ile iliskili genlerde tek niikleotit ve InDel varyantlar
tanimlanamamis ve bu hastalar i¢in genetik tan1 konulamamistir. Genetik tan1 alamayan
102 hastada kopya sayis1 varyasyonlar arastirilmistir (Sekil 1A).

2.2 Kopya Sayis1 Varyasyonlariin Tespiti

102 hastanin ve 40 saglikli kontroliin ham verisi (fastq) kopya sayist varyasyonlarimin
arastirilmasi i¢in yeniden islenmistir. Yapilan tim sayisal hesaplamalar icin TRUBA
(TURK ULUSAL BIiLIM e-ALTYAPISI) kullanilmustir.

Veri On isleme: GATK (Genome Analysis Tool Kit) [25] veri 6n isleme is akist
kullanilmistir. Ham verilerde kalite degerlendirmesi FASTQC [26] ile yapilmustir.
Diisiik kaliteli okumalar ve adaptor dizileri Trimmomatic [27] aract ile filtrelenmistir.
Ardindan BWA-mem [28] arac1 ile referans genoma hizalanmigtir. Son olarak Picard
(MarkDuplicates) [29] araci ile PCR amplifikasyonu gibi dizilemeden kaynaklanan
yanliliklarin giderilmesi i¢in duplike diziler kaldirilmis ve analize hazir BAM dosyalar1
elde edilmistir.

Kopya Sayis1 Varyasyonlarimin Cagrilmasi:

Kopya sayist varyasyonlarit GATK tabanli CNVRobot [30] araciyla ¢agrilmistir.
Varyantlarin anotasyonlart AnnotSV [31] arac1 ile yapilmigtir. CNV tespitini okuma
derinligini temel alarak gerceklestiren CNVRobot araci, GATK araclar1 ve 6zellestiril-
mis R kodlar1 ile CNV tespiti yapmakta ve tespit edilen CNV’leri gorsellestirmektedir.

CNVRobot, 6n isleme ile elde edilmis BAM dosyalarini girdi olarak kabul etmekte-
dir. GATK (CollectReadCounts) araciyla hedef bdlgelerin kapsamini hesaplamak igin
derinlik bilgisi elde edilir. CollectReadCounts referans genoma hizalanmig her kisa
okuma, okumanin baglangi¢ ve bitis konumlarina ve ekzonik bolgelerin genomik koor-
dinatlarina gore Ortiistiigii bolgeye atanir.

Ekzom zenginlestirme kitlerinin her hedefin okuma derinligi, kiitiiphane hazirlig:
sirasinda gergeklestirilen PCR amplifikasyonu, dizilenen genomik bolgenin GC igerigi
ve referans genoma karsi okuma haritalamasinin kalitesi gibi gesitli faktorlerden etki-
lenir. CollectReadCounts ile hesaplanan okuma sayilari, GATK (DenoiseReadCounts)
araci ile giiriiltiilii okuma sayilarindan temel alinan gergek kopya sayilarini tahmin et-
mek i¢in kapsam (coverage) normallestirme ve GC igerigi normallestirme olmak iizere
iki asamal1 bir normalizasyon yontemi kullanilarak normallestirilir.

Normallestirmeden sonra benzer okuma sayilarina sahip bitisik genomik bdlgeleri,
ayn1 kopya sayisina sahip oldugu tahmin edilen segmentler halinde gruplandirmak i¢in
okuma derinligi analizine dayali olarak bir segmentasyon islemini yapilir. Ornekteki
her bir genomik bdlgeye haritalanmis okuma sayisinin, WES verilerinin ortalama kap-
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samina (coverage) ve genomik bdlgenin boyutuna bagli olarak beklenen okuma sayi-
styla karsilagtirilmasiyla gerceklestirilir. Bu okuma derinliklerinin orani, genomik bol-
genin kopya sayisini tahmin etmek i¢in kullanilir. Okuma derinliklerinin genom bo-
yunca dagilimini, genomik bolgelerin boyutunu ve WES verilerinin degiskenligini he-
saba katarak yanlis pozitif ve yanlis negatif ¢cagrilarin azaltilmasina saglamaktadir.

3 Bulgular

102 hasta igin CNVRobot araciligryla ¢agrilan kopya sayisi varyantlarindan; haritala-
nabilirligin diisiik (<%75) oldugu bolgeler, saglikli kontrollerde ve DGV (Database of
Genomic Variants)’de frekans: 0.01’den biiyiik olanlar elenmistir. AnnotSV ile elde
edilen ciktida da populasyon frekansi yiiksek olanlar (>0.01) elenmistir. Tiim fil-
trelemeler gerceklestirildikten sonra tim hastalar i¢in toplam 1187 adet nadir CNV
tespit edilmistir (Sekil 1B).

Sekil 1. Calismanin akigt semast ve CNVRobot ile tespit edilen CNV’lerin 6zeti
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A) Calismanin akig semasi. Toplamda 146 epilepsi hastasina WES (Whole Exome
Sequencing) uygulandi ve SNV/InDel varyanti tespit edilen 44 hasta hari¢ tutulmustur.
102 hastada WES temelli CNV (Copy Number Variation) analizi yapilmis ve 11 has-
tada patojenik CNV tespit edilmistir. B) CNVRobot ile tespit edilen nadir CNV’lerin
Ozeti. X ekseni CNV biiyiikliiklerini, Y ekseni CNV’lerin sayisin1 gostermektedir. Si-
yah ve gri renkli gubuklar sirasiyla kopya sayis1 kayiplarini ve kazanglarini gdstermek-
tedir.

Hasta bagina ortalama ~12 CNV degerlendirilmistir. Tespit edilen kromozomal bdlge-
ler DECIPHER ve OMIM veri tabanlarindaki bilgiler ile degerlendirilmistir. Veri
tabanindaki kayitlarla 6rtiisen CNV’lerin fenotipinde ndbet veya epilepsi olmasi pato-
jenite tahmini igin belirleyici olmustur. DECIPHER veritabaninda olmayip veya
bulunan kayitlarin ¢cok az bir béliimiiyle 6rtiisen CNV’ler, bilinen bir epilepsiyle iliskili
bir gen icermesi durumunda patojenik olarak degerlendirilmistir. Bunun diginda verita-
banlarina kaydi heniiz yapilmamis ancak fenotip genotip iliskisini agiklayan yakin za-
manlt ¢alismalarda belirlenen genler de bu smifta degerlendirilmistir [8]. Biyo-
informatik analiz sonucunda klinigi agiklayabilecegi diistiniilen ilk bulgular Tablo 1’de
gosterilmistir.

Tablo 1: Epilepsi hastalarinda CNVRobot araciyla tespit edilen patojenik CNV'ler

Hasta Epileptik CNV

numarasi Clrshel sendrom Tipi i)
1 Kadin IESS Kayip 7.2 Kb 21q22.11 SYNIJ1
7 Erkek LGS Kayip 10.3 Kb 16p13.3 RBFOX1(A2BP1)
31 Erkek RE Kayip 6.2 Kb 2q24.3 SCN2A
35 Kadin IESS Kayip 828.7 Kb 17p13.3 PAFAH1B1+20gen
51 Erkek RE Kayip 6.3 Kb 6927 ERMARD
82 Erkek GTCA Kayip 2.1 Mb 22q11.21 79 gen
83 Kadin IESS Kayip 489.6 Kb 17p13.3 PAFAHIB1+12gen
95 Erkek IESS Kazang 5.1 Mb 9p24.3-p24.1 Sl gen
96 Kadin GTCA Kayip 710.7 Kb 16p13.2-p13.13 GRIN2A + 6 gen
99 Erkek SeLFEs Kayip 49.0 Kb 8p21.3 RHOBTB2 + 2 gen
102 Erkek GTCA Kayip 1.485Mb  15ql13.2-q13.3 20 gen

IESS: Infantile epileptic spasms syndrome; GTCA: Generalized Tonic-Clonic Seizures
Alone; RE: Rolandic Epilepsy; JME: Juvenile myoclonic epilepsy; SeLFEs;Self-limi-
ted focal epilepsies of childhood syndromes; LGS: Lennox-Gastaut syndrome; Kb: Ki-
lobase; Mb;Megabase.

4 Sonuc¢

Kopya sayis1 varyasyonlari epilepsi dahil nérogelisimsel bozukluklari 6nemli neden-
lerindendir. Genomik calismalar, klinigi aciklayacak genlere ulasilmas: ve hastalikla
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iligkili yeni genlerin kesfedilmesiyle epilepsi etiyolojisinin anlagilmasina 11k tutmak-
tadir. Bu galisma, epilepsinin genetik temellerini anlamak ve hastalara daha iyi tan1 ve
tedavi segenekleri sunmak i¢in gosterilen ¢abalarin bir pargasidir. Genetik nedeni be-
lirlenememis 102 epilepsi hastasinin kopya sayist varyasyonlarmin tim ekzom diz-
ileme yontemiyle arastirildigi bu ¢alismada her bir hastada ortalama olarak 12 CNV
tespit edilmistir. Tespit edilen CNV’ler DECIPHER ve OMIM veritabanlarindaki
bilgilerle karsilastirilmis ve degerlendirilen kromozomal bdlgelerdeki varyasyonlar
nobet veya epilepsi fenotipleri ile iligkilendirilmistir. Veritabanlar1 ile uyumlu olan
CNV'ler, patojenite tahmini i¢in kritik olarak degerlendirilmistir. Bununla birlikte,
DECIPHER veritabaninda bulunmayan veya kayitlar ile sinirli olarak drtiisen CNV'ler,
eger epilepsi ile iligkilendirilen genleri iceriyorsa patojenik olarak kabul edilmistir. Fe-
notip genotip iliskisini agiklayan bilimsel aragtirmalar sonucu belirlenen genler de bu
sinifta degerlendirilmistir.

Yapilan ¢aligmada elde edilen bulgular, epilepsi ile iliskili genetik varyasyonlarin
patojenik potansiyellerini ortaya koymaktadir. Belirli epileptik sendromlarla
iligskilendirilen CNV'ler, bu genetik degisikliklerin epileptogenezde oynayabilecegi
roller hakkinda 6nemli bilgiler sunmaktadir. Tablo 1'de sunulan veriler, klinik fenotip
ile genetik varyasyonlar arasindaki iligkiyi ortaya koymakta ve epilepsi tedavisinde ge-
netik analizlerin 6nemini vurgulamaktadir.

Yeni nesil dizileme yontemlerinin kullanimi, epilepsi arastirmalarinda genetik var-
yasyonlarin tespitini ve anlasilmasint dnemli 6l¢lide kolaylastirmaktadir. Bu ¢alisma,
CNV'lerin epilepsi patogenezine katkida bulunabilecek genetik varyasyonlar olarak
dikkatle incelenmesi gerektigini gostermekte ve epilepsiye genetik yatkinlik ve pato-
jenite mekanizmalarinin daha iyi anlagilmasma katki saglamaktadir. Gelecekte
yapilacak genis kapsamli ¢alismalar, bu bulgularin klinik uygulamalara ente-
grasyonunu ve kisisellestirilmis tedavi stratejilerinin gelistirilmesini destekleyecektir.
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Abstract. B cells play a crucial role in adaptive immune responses by produc-
ing antibodies that target specific antigens. The identification of B cell epitopes,
which are the specific regions on antigens recognized by B cell receptors, is es-
sential for understanding immune responses and developing vaccines. In this
study, the most suitable vaccine candidates were predicted for five separate
epitope regions that can be used in vaccine development using B cell epitope
prediction methods. A total of 98 B cell epitopes were identified in the SARS-
CoV-2 spike protein from the literature and relevant databases. Among them, 5
epitopes met the accessibility criteria and had accessible residues. The longest
accessible subsequences ranged from 4 to 10 amino acids, with an average length
of 4.75 amino acids. Additionally, 25% of the accessible residues con- tained
polymorphic sites, and 75% overlapped with known protein domains. We also
highlight the potential of B cell epitope candidates prediction to con- tribute to
new vaccine design strategies and personalized medicine for future vi- rus
outbreaks such as SARS-CoV-2. Our findings also suggest that B cell epitope
prediction could have a positive impact on developing rapid and effec- tive
vaccine strategies for future virus outbreaks. This study demonstrates that B cell
epitope prediction could be a significant tool in vaccine development against
pathogens with pandemic potential, especially those like SARS-CoV-2.

Objective: The aim of this study is to analyze B cell epitopes in the SARS- CoV-
2 spike protein, examining their accessibility, polymorphism, and implica- tions
for vaccine design.

Methods: We employed a methodology that included data collection, defining
accessibility criteria, identifying subsequences, checking their accessibility, da-
ta processing, analyzing additional factors, and grouping and filtering. Various
methods were evaluated for predicting B cell epitopes, leading to the identifica-
tion of new epitope regions.
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Results: In the study, a total of 98 B cell epitopes were identified in the SARS- CoV-
2 spike protein from the literature and relevant databases. The results were obtained
using Python relevant libraries. Among them, 5 epitopes met the ac- cessibility
criteria and had accessible residues. The longest accessible subse- quences ranged
from 4 to 10 amino acids, with an average length of 4.75 amino acids. All of these
residues were 4 amino acids or longer. Additionally, 25% of the accessible residues
contained polymorphic sites, and 75% overlapped with known protein domains.

Conclusion: The findings provide a comprehensive overview of B cell epitopes in
the SARS-CoV-2 spike protein, highlighting their accessibility, variability, and
potential immunogenicity. These insights are crucial for developing effective
vaccines and understanding immune responses to SARS-CoV-2 infection. The
presence of epitopes with polymorphic sites suggests the need for further research
into antigenic diversity for vaccine efficacy.

Keywords: B cells, epitope prediction, vaccine development, immune response, SARS-CoV-2
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Abstract. Diagnosing Parkinson’s Disease (PD) isa challenging task since
the complex neuronal dynamics of the brain under wide rangeof
effects have not been fully identified. Furthermore, conventional ap-
proaches like subjective clinical evaluations can be impractical in a large
scale due to their expense and limited availability. EEG has a capabil-
ity to measure electrical fields of neuronal sources non-invasively. Rapid
fluctuations can be detected easily due to high time resolution of EEG,
though its poor spatial resolution restricts its ability to precisely localize
the source of activity within the brain. Common Spatial Patterns (CSP)
allow identifying spatial changes in neuronal activity by considering EEG
signals across different conditions. In this study, we adopted the Com-
mon Spatial Patterns technique to analyze EEG signals from 13 healthy
controls, 13 PD patients, and 13 PD patients with freezing of gait symp-
tom (PDFOG) to detect disease driven spatial alterations. CSP filters
contrasting pre-stimulus and post-stimulus EEG signals were designed
across 8, U, a, 81, 82, and broad-band frequency bands, along with differ-
ent temporal ranges during the post-stimulus pedaling task. The findings
based on two-sample t-tests indicated that the CSP filter weights change
significantly between populations and the weights observed at the § band
were most disriminative among all group comparisons.

Keywords: Common spatial patterns, EEG, Parkinson’s Disease, lower-
limb pedaling

1 Introduction

Many neurodegenerative diseases lack specific biomarkers that can reliably in- dicate
the presence of the disease or its progression [1] . Without biomarkers,diagnosis often
relies on clinical symptoms and evaluations that maybe biased due to the subjective
evaluation criteria [2]. Early detection of such diseases may provide an opportunity to
prevent the progression of neurodegeneration in thebrain [3].

The functionality of the brain to manage different operations such as cogni-
tion, sensory processing, and motor tasks is essential for human behavior, percep-
tion, and interaction with the environment. Disruption of neuronal organizationcan
cause various cognitive impairments, sensory deficits, and motor dysfunc- tions
which significantly affect quality of life [4]. One such neurodegenerative
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condition is Parkinson’s disease (PD), which primarily affects the dopaminergic
neurons in the brain, leading to motor symptoms such as tremors, rigidity, as
well as cognitive impairment [5]. All of these symptoms result from the neuronal
degeneration primarily in the substantia nigra region of the brain, which leads
to a decrease in dopamine production. There is still no cure for PD, and early
diagnosis remains important for implementing treatment that can slow disease
progression [6].

The critical aspect of the human brain is its ability to generate electrical
fields, which play a fundamental role in coordinating neuronal communication
to manifest various cognitive, sensory, and motor functions [7]. Observing and
understanding the characteristics of these electrical fields, such as their patterns,
frequencies, and spatial organizations, can provide valuable information about
the dynamics of brain activity. Furthermore, alterations in neuronal organiza- tion
due to neurodegenerative conditions like Parkinson’s disease can lead to
disruptions in these electrical fields, which may contribute to the progression of
the disease [8]. Therefore, revealing the relationship between electrophysiolog-
ical neuronal activity and pathological changes in the brain may help identify novel
biomarkers and develop innovative therapies to halt the progression of
neurodegenerative conditions like Parkinson’s disease.

Several neuroimaging modalities have been used for observing physiological
activity in the brain, including electroencephalography (EEG) [9], magnetoen-
cephalography (MEG), functional magnetic resonance imaging (fMRI), and so
on. Each modality has its strengths and limitations regarding spatial and tem-
poral resolution, sensitivity to different aspects of brain activity, cost, and fea-
sibility for specific research or clinical applications. In recent years, EEG has
been preferred for its high temporal resolution to capture rapid changes in brain
activity, and it is helpful for studying dynamic cognitive processes, real-time
brain-computer interfaces, and clinical applications such as PD diagnosis [10].
On the other hand, detecting spatial patterns about specific neuronal activ- ity
is challenging with EEG due to its limited spatial resolution. EEG records
electrical activity from the scalp, which leads to mixed signals emitted from mul-
tiple brain regions. Therefore, localizing the source of neural activity accurately
within the brain is problematic in the context of interpreting spatial patterns.
Despite the poor spatial resolution of EEG, revealing spatial differences between
different tasks or conditions can be achieved through advanced signal processing
techniques such as functional connectivity analysis and spatial filtering methods
like Common Spatial Patterns (CSP) [11]. CSP is a widely used spatial filtering
method in EEG analysis that aims to extract spatial patterns associated with
different cognitive processes or states.

Numerous studies have been carried out to differentiate cortical activity be-
tween PD and healthy subjects using EEG signals [10]. The effects of PD on
the EEG signals have been investigated in various experimental contexts, such
as analyzing resting-state EEG signals, event-related potentials during cognitive
tasks, spectral analysis during motor activities, and spatial patterns related to
auditory task [12] . Revealing the cortical regions affected by PD is not easy
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because of the complex nature of the disease, which can involve widespread al-
terations in neural activity across multiple brain regions. Furthermore, spectral
and spatial characteristics of cortical EEG signals are sensitive to subject-specific
factors such as head shape, electrode placement variability, and skull thickness,
which may hinder accurate localization of affected regions in Parkinson’s disease.

In this study, we hypothesized that changes in spatial characteristics of cor-

tical activity between pre-stimulus and post-stimulus EEG activity may help
elucidate the neural dynamics associated with Parkinson’s disease pathology.
CSP filters maximizing the variance of activity within certain post-stimulus in-
tervals with respect to the pre-stimulus range were employed in conventional
frequency sub-bands to test the proposed hypothesis. Thus, the designated CSP
filters aim to evaluate alteration of spectral, temporal and spatial patterns as
disease progresses, particularly in relation to a lower-limb pedaling task.

This paper is organized as follows. In the next section we describe the EEG
dataset used in the study along with the details of the method employed to
identify spatial activity differences between pre-stimulus and post-stimulus EEG
signals in the different groups. In section 3, we shared the results in the context
of PD electrophysiology, and then we concluded the paper.

2 Material and Method

In this section, we first describe the EEG dataset used in this study along with
the pre-processing methods such as sub-band filtering. Then, we describe the
details of the CSP algorithm and the subsequent statistical analysis.

2.1 EEG Pre-processing and Dataset

In this study we used the EEG dataset that was collected to reveal differences
of motor and cognitive activity between the healthy controls, PD patients, and
PD patients with freezing of gait symptom (PDFOG). The EEG recordings are
available publicly in the Predict repository [13] .

The EEG signals were obtained from a population of 39 participants, di-
vided equally into three groups. All participants were instructed to perform a
pedaling task while their EEG signals were recorded. Furthermore, the PD and
PDFOG groups were under medication during the task. Additionally, partici-
pants diagnosed with PD and PDFOG underwent comprehensive neuropsycho-
logical assessments, including the Montreal Cognitive Assessment (MOCA) to
evaluate cognitive abilities, and the motor Unified Parkinson’s Disease Rating
Scale (UPDRS lll) to assess motor symptoms associated with PD.

Experiment begins with a fixation cue that remains 0.5 seconds on the screen
before disappearing, and then participants await for the GO cue within a range
spanning 1 to 2 seconds determined randomly. Upon the appearance of the GO
cue, participants start pedaling to complete one rotation and this processes is
repeated for a total of 43 to 70 trials. The time flow of experimental scheme is
shown in Figure 1.
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Fig. 1. Experimental Scheme

The records in the database contain 64 EEG channels filtered between 0.1 to
30 Hz frequency range sampled at 500 Hz. Channels FP1, FP2, FT10, TP9, and TP10,
which are prone to contamination by eyeblink and muscle artifacts, were
excluded, resulting in 59 electrodes. Bad trial elimination and eye-blink removal
via ICA were also applied in the EEG data to improve the quality and reliability
of the recorded signals for subsequent analysis [13].

The EEG signals were first filtered (Morlet Wavelet filtering) into specific
frequency bands commonly associated with various brain functions. These con-
ventional sub-bands include, § (1- 4 Hz), & (4- 8 Hz), a (8- 12 Hz), 61 (13- 20
Hz), 682 (20- 30 Hz). Additionally, the broad band (1-30 Hz) EEG was included
to reveal overall spectral effects in the analysis.

Furthermore, individual EEG channel locations may vary across different
participants due to differences in head size, shape, and electrode placement pro-
tocols. Adjacent electrodes may reflect similar activity stemming from volume
conduction that leads to simultaneous detection of wide-spread neuronal sources
[14]. Subject based differences could potentially deteriorate fair comparison of
CSP filters between participants from different populations and pooling EEG
electrodes within certain cortical regions can prevent discrepancies [15]. There-
fore, we conducted our study based on region-averaged EEG signals that are
represented in Table 1.

To account for temporal variability, we divided the signals into differenttime
intervals to analyze various phases of brain activity. Firstly, we definedthe
pre-stimulus signals XP"¢(t) for t ranging from -500ms to Oms. Followingthe
stimulus presentation, we segmented the post-stimulus signals into four distinct
phases. These include XP°°“/"*(¢) for t € [Oms, 500ms], XP°°“™(t) for
t € [500ms, 1000ms], XP2S“12(t) for t € [1000ms, 1500ms], and XP°5“'%¢(t) for
t € [Oms, 1500ms]. This segmentation allows to examine the neural responses oc-
curring before and after the stimulus presentation across different time windows
for detailed analysis.

2.2 Common Spatial Pattern Analysis

Common spatial patterns (CSP) have been recognized as a powerful techniquein
EEG analysis for distinguishing between different motor and imagery activi-
ties. CSP design aims to determine spatial patterns that maximize the variance
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Table 1. Electrode Positions

Brain Region Electrode Positions

Frontal Left AF7, AF3, F7, F5, F3, F1, FC5, FC3, FC1
Frontal Right AF8, AF4, F8, F6, F4, F2, FC6, FC4, FC2
Temporal Left FT7, T7, TP7, P7

Temporal Right FT8, T8, TP8, P8

Central Left FC5, FC3, FC1, C5, C3, C1, CP5, CP3, CP1
Central Right FC6, FC4, FC2, C6, C4, C2, CP6, CP4, CP2
Parietal Left CP5, CP3, CP1, P5, P3, P1

Parietal Right CP6, CP4, CP2, P6, P4, P2

Occipital Left PO7, O1

Occipital Right PO8, 02

Midline Frontal AFz, Fz, FCz

Midline Central FCz, Cz, CPz

Midline Parietal CPz, Pz, POz

Midline Occipital POz, Oz

between these activities. It is a linear operation that weights the EEG channels
to optimize the discrimination between states and enhances the signal-to-noise
ratio.

EEG data for each trial were segmented into epochs corresponding to the pre-
stimulus inverval [—t ms, 0 ms] signal, X©"¢ € RX*L in the it" trial, and post-
stimulus interval [k1 ms, k2 ms] signal (we already declared the time intervals
of post-stimulus), X?°st €K>L where K is the number of channels and L is
the number of samples. The covariance matrices &' and C?°*, corresponding
to the pre-stimulus and post-stimulus intervals of the it trial respectively, are
computed as follows:

C;?re — % f_JrE(XpirE)T (1)
C;;ost - %Xfost(xpiost)T (2)

To obtain the average covariance matrices CP" and CP°t, individual covari-
ance matrices across all trials were averaged as:

N
— e 1 pre LS

=2 0 (3)

=1
and

a 1 N

(;}Jost - ? Z (Jf)(),‘;f (4)
Y i=1

where N represents the total number of trials.
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A spatial filter matrix W can be obtained by solving the generalized eigen-
value problem that extracts spatial patterns distinguishing the pre-stimulus and
post-stimulus activities

W7 Cpost W
argmaxw-——e————— (5)
Cpre w

The expression in equation [5] can be rewritten as follows:

N= (WT(_:preW)ileépostW (6)

where A represents eigenvalues of C;}E,Cpost. This can also be shown in an-
other form

épostW = AépreW (7)

The spatial filter matrix W € R*¥ includes the weighting coefficients that
define the linear transformation applied to the region-averaged EEG data. Each
row of the matrix corresponds to a spatial filter, and each column represents
the weights assigned to each region. Therefore, W captures the spatial patterns
or configurations of activity that maximize the energy difference between the pre-
stimulus and post-stimulus intervals. Furthermore, the diagonal matrix A
corresponds to the eigenvalues obtained from the generalized eigenvalue problem
and each eigenvalue A; reflects the energy ratio of the corresponding spatial filter.
The spatial filters with highest and lowest eigenvalues were used in this study.

The CSP approach is primarily focused on identifying spatial patterns that
maximize the discrimination between pre-stimulus and post-stimulus intervals.
Although it can identify spatial patterns associated with discriminative features,
it does not provide information about the temporal or frequency properties of
these patterns. To address this issue, we designed a set of CSP filter matrices W
for each subject, considering six frequency bands and four time intervals. From
these matrices, we selected only the first and last CSP filters, resulting in a total of
48 filters obtained for each subject. The main steps of deriving CSP filters
from region averaged EEG signals were illustrated in Figure 2.

2.3 Statistical Analysis

For each CSP filter (totaling 48), independent two-sample t-tests were conducted
to compare the weights (14 weights for 14 brain regions from each derived filter)
across the six frequency bands ( 8, 8, a, 81, 82, and 1-30 Hz broadband) and four
time intervals (0-500 ms, 500-1000 ms, 1000-1500 ms, and 0-1500 ms) between
groups (healthy controls, PD patients, and PDFOG patients). Correcting for
multiple comparisons was carried out using the Benjamini-Horchberg method
to control for false discovery rate, considering the number of comparisons con-
ducted. The significance level for all t-tests was set at a = 0.05.
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Fig. 2. CSP Filter design for a certain frequency band

3 Results

In this study, we employed the weights of CSP filters with the highest and lowest
eigenvalues for statistical test analysis to investigate group based differences. The
corresponding p-values for group-level comparisons of HC vs. PD, HC vs.
PDFOG, and PD vs. PDFOG can be seen in Table 2.

The corresponding frequency band for the lowest p-value across all groups
is & while time intervals and the regions are not consistent across group com-
parisons. Another important finding indicates that including onset time into the
CSP filter design can be more preferable and this phenomena is more prominent
between HC and PD group comparison (9 out of 10 filters include onset time).
Additionally, the weights of first CSP filter potentially have better discrimina-
tory power for HC vs. PD (7 out of 10 weights) and PD vs. PDFOG (8 out of
10 weights) while the weights of last CSP filter is selected more frequently in
the comparison of HC vs. PDFOG (8 out of 10 weights). Although all statistical p-
values are lower than 0.05 in Table 2, only one feature remained significant af-ter
additional Bonjemini-Hochberg multiple-comparison correction. This weight
corresponding to parietal right region & sub-band CSP filter in time interval of
1 - 1.5 second can determine the HC vs. PDFOG group level alterations in a
statistically consistent manner. General spectral and temporal properties of CSP
weights can also be seen in Figure 3. The temporal interval of 0 - 0.5 second and
a spectral band based CSP filter weights appeared as most dominant factors in the
separation of groups.

Furthermore, the detailed analysis of CSP filter including the most significant
weight was carried out by using PCA and Isomap data reduction techniques to
visualize distributions of filter weights from determined 14 regions. Firstly, PCA
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analysis was performed on the data of the first CSP filters belonging to partic-
ipants from HC and PDFOG groups. Then, the first two components obtained
from PCA reduction were visualized in the Figure 4.

In the PCA sub-space, discrimination of two groups is not obvious since
outliers could distort separation of data. Therefore, another data reduction
technique isomap which is known for capturing nonlinear relationships in high-
dimensional data was performed to find hidden patterns and findings were showed
in Figure 4. Isomap based reduction provided more distinguishing distribution
of filter weights in the projected subspace. Moreover, box plots of the most sig-
nificant weight obtained from HC and PDFOG groups were also represented in

Table 2. Statistical t-test analysis between groups (top: HC vs. PD, middle: HC vs.
PDFOG, bottom: PD vs. PDFOG)

Region Time Interval (second) Frequency Band (Hz) CSP Filter p-value

Mid Parietal 0-15 ) Last Filter 8,74e-04
Frontal Left 0-0.5 v 1st Filter 2,20e-03
Temporal Left 0-15 a 1st Filter 2,37e-03
Occipital Rigth 0-0.5 Broad 1st Filter 5,35e-03
Mid Central 0-1.5 62 Last Filter 6,18e-03
Temporal Right 0-0.5 a Last Filter 7,45e-03
Parietal Left 05-1 61 1st Filter  7,75e-03
Parietal Right 0-0.5 6 1st Filter 8,58e-03
Frontal Right 0-0.5 g 1st Filter 8,99e-03
Parietal Left 0-0.5 v 1st Filter 1,00e-02
Parietal Right 1-15 6 1st Filter le — 04%*
Central Right 1-1.5 61 1st Filter  1,82e-03
Central Right 0-15 o' Last Filter 3,78e-03
Mid Central 0-1.5 62 Last Filter 8,77e-03
Mid Frontal 1-15 61 Last Filter 9,84e-03
Parietal Right 0-0.5 6 Last Filter 1,11e-02
Mid Occipit 0-1.5 62 Last Filter 1,29e-02
Central Left 0-05 v Last Filter 1,38e-02
Parietal Right 0-1.5 61 Last Filter 1,44e-02
Occipit Rigth 0-15 a Last Filter 1,72e-02
Central Left 0-0.5 ) 1st Filter 6,23e-04
Parietal Left 0-0.5 v 1st Filter 2,14e-03
Mid Parietal 0-15 a 1st Filter 2,64e-03
Parietal Left 0-0.5 ) 1st Filter 5,24e-03
Central Left 0.5-1 v Last Filter 7,15e-03
Central Right 0-0.5 61 1st Filter 7,80e-03
Parietal Left 0-0.5 v Last Filter 8,85e-03
Parietal Left 1-1.5 a 1st Filter 9,38e-03
Mid Parietal 1-1.5 a 1st Filter 9,83e-03
Frontal Left 1-15 a 1st Filter 1,11e-02
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Fig. 4. Distribution of CSP Filter (blue dots for HC groups and red dots for PDFOG group)

Figure 4 to summarize main tendency of this specific weight. It can be easily
observed that participants from PDFOG groups have significantly higher weight
values with respect to the healthy controls.

Finally, we illustrated the topographical distribution of filter weights for HC
and PDFOG groups and increasing right-parietal weight in PDFOG group can be
seen in the Figure 5. In addition to the topographical maps, population level
average of EEG signals in the right-parietal region for HC and PDFOG groups
was illustrated in Figure 5. Although right-parietal weight of CSP filter was
successful in the discrimination between groups, average EEG activity can not
capture altered dynamics of disease related neuronal responses within the 1-1.5
second interval.
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Fig. 5. Topographical illustration of CSP weights (left top: HC, left bottom: PDFOG) and
average-right parietal EEG activity (right) for HC and PDFOG groups (blue:HC,
orange:PDFOG)

4 Conclusion

The purpose of this study was to demonstrate the application of CSP design within
clinical contexts, specifically investigating spatial alterations related to Parkinson’s
disease during lower-limb pedaling task. The experimental scheme included pre-
stimulus baseline and post-stimulus pedaling time intervals that ledto arise of
varying cortical activity representing cognitive and motor processes. Since spatial
and spectral content of electrophysiological sources within the braincan show PD
related changes [16], we also investigated cortical activity of PDand PDFOG
patients in various frequency sub-bands to show extensive effects of disease. In
addition to the sub-band analysis, we also explored temporal spatial
reconfiguration of cortical sources as baseline activity evolves into pedaling task
by employing CSP filters in various time ranges.

The most prominent conclusion we can draw from this study, strongest statis-
tical differences occurs between all pairwise comparisons when weights of CSP
filters in & sub-band is employed. Increasing synchronization or power in the
lower band delta is one of the common alterations in EEG signals among PD
patients [10] and this situation may extend into the delta band based spatial
configurations in the brain. Furthermore, it has been shown that using other
sub-bands can also help separation of PD patients from healthy controls by
combining CSP filter design with additional methods [17]. Moreover, most of
the significant differences between groups is observed within the temporal range
of cue trigger event which could potentially activate neuronal sources linked to
cognitive processing and attention. This finding points out immediate transition
from baseline to pedaling tasks among individuals with Parkinson’s disease leads
to changes of spatial distribution of cortical activity in several sub-bands. Even
if we found significant p-values for group comparisons, additional false-discovery
correction test did not allow significant separation except right-parietal region
weight of 6 band CSP filter for groups of HC and PDFOG patients. This find-
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ing is relevant to previous studies that explained the motor and sensory-motor
cortex can be linked to PD pathology [18].

The current findings of this study emphasize that the spatial, temporal, and
spectral content of EEG signals should be regarded as the main factors in the
analysis of PD-related inquiry. On the other hand, it is important to be aware
of the inherent limitations of EEG signals when developing methodological ap-
proaches based on CSP and similar techniques [19]. One of the main drawbacks of
CSP filter design is its high sensitivity to signal power variations, as well as
individual subject or session differences. This sensitivity undermines its robust-
ness and hinders achieving effective filter design in population-level data [21].
Amplitude, shape, latency, and spatial parameters of EEG sighals may not re-
main the same within the same individual across sessions of EEG recordings due
to instrumental, biological, and behavioral factors [20]. Another limitation is the
changing reaction time of participants to start pedaling tasks [22] and aligning
temporal activity may improve the performance of CSP filters.

Finally, our findings demonstrate the potential of CSP filters in revealingspatial
alterations in neuronal activity associated with Parkinson’s Disease and freezing
of gait symptoms. Therefore, the use of CSP filters in neurological exam-inations
can lead to a better understanding of PD and development of improved diagnostic
and therapeutic strategies.
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Abstract. This paper introduces the TheraPose dataset, a novel collection tai-
lored to enhance physiotherapy by integrating human posture prediction technol-
ogies. Consisting of 3,424,125 frames capturing 123 different physiotherapy ex-
ercises, TheraPose aims to refine therapeutic interventions by increasing preci-
sion and efficiency. The dataset, meticulously assembled using state-of-the-art
motion capture systems and high-resolution video recording, captures detailed
three-dimensional joint movements under various conditions, providing compre-
hensive and robust data. TheraPose is a fundamental resource for developing ad-
vanced pose prediction models, which are crucial for ensuring exercise accuracy,
thus maximizing therapeutic outcomes and accelerating patient recovery. Its va-
riety in exercise and recording settings makes it uniquely suited to improve algo-
rithms for individualized therapy in clinical and home settings. As part of our
commitment to encourage innovation and collaboration in rehabilitation sciences,
efforts are underway to make a sample subset of the TheraPose dataset publicly
available. "TheraPose" fills the gap in existing research tools, underlining the
potential of tailored rehabilitation strategies facilitated by the latest technological
advances.

Keywords: Physiotherapy, Human Pose Estimation, Rehabilitation Exercises.

1 Introduction

Physical and occupational therapies are critical components of rehabilitation, primarily
utilizing prescribed exercises to restore functional capabilities and accelerate recovery.
The efficacy of these therapies hinges on the precise execution of exercises, which un-
derscores the necessity for advanced monitoring tools. Human pose models accurately
capture and analyze three-dimensional joint movements, which are increasingly crucial
in this context. These models provide real-time data on joint positions and movements,
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enabling therapists to ensure correct exercise execution. This capability is essential to
speed up recovery and reduce the risk of further injuries or complications.

Moreover, this technology facilitates the computation of essential metrics like joint
angles and distances. These metrics allow therapists to monitor patient's progress in
real-time and make data-driven adjustments to treatment plans. Such specialized inter-
ventions are pivotal for enhancing the effectiveness of therapy, ultimately leading to
more successful patient outcomes. Integrating these models into therapy routines
through camera-equipped applications helps track adherence to prescribed exercises
and supports the development of personalized treatment plans. This adaptation is par-
ticularly beneficial for populations with limited mobility or those requiring remote
monitoring, thus extending the reach of therapeutic care beyond traditional clinical set-
tings.

Related Work. Various specialized datasets have significantly influenced the develop-
ment of human pose estimation technologies. These datasets are designed to address
multiple needs and environments, from sports scenes to daily activities and clinical set-
tings.

A Video-based Physiotherapy Exercise Dataset! offers a unique approach by focus-
ing on video data that can be captured from commonplace devices like smartphones,
making it highly relevant for home-based monitoring, especially during conditions like
the COVID-19 pandemic. This dataset contains 1237 video clips of 14 different exer-
cises recorded under various conditions to mimic real-world scenarios, providing a
practical tool for physiotherapists to monitor and assess exercise execution remotely.

IntelliRehabDS (IRDS) - A Dataset of Physical Rehabilitation Movements? en-
hances automatic feedback mechanisms for rehabilitation exercises using Kinect mo-
tion sensors. It captures the correctness of exercise executions, supporting the develop-
ment of systems that provide immediate corrective feedback in rehabilitation settings,
a crucial feature for ensuring effective therapy outcomes.

Automated Evaluation of Physical Therapy Exercises® utilizes multi-template dy-
namic time warping on wearable sensor signals to offer a novel method for automated
evaluation of therapy exercises. This dataset highlights the integration of wearable tech-
nologies in physiotherapy, providing dynamic assessments that adapt to different pa-
tients' variable exercise execution.

UCO Physical Rehabilitation New Dataset* and studies on human pose estimation
methods specifically cater to physical rehabilitation, focusing on the precision required
in such settings. This dataset aids in refining algorithms for improved assessment and
execution of rehabilitation exercises.

A Database of Physical Therapy Exercises with Variability of Execution Collected
by Wearable Sensors’ reflects the real-world variability in how individuals perform
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exercises. It is a rich source for developing systems that can adapt to and learn from
diverse execution styles, vital for personalized therapy.

3D Poses in the Wild® combines outdoor imaging with inertial measurement units
(IMUs), establishing new standards for image-based 3D pose estimation across various
scenarios. This dataset demonstrates the potential for applications in sports and clinical
settings involving outdoor or dynamic environments.

The discussion of existing pose estimation datasets like HumanEva’, MPIl Human
Pose®, and Human3.6M”’ in the context of their contributions to sports and daily activ-
ity scenarios underscores the need for more specialized datasets in physiotherapy that
provide sensitive and comprehensive 3D data for complex therapeutic exercises.

In contrast to existing datasets, our dataset TheraPose is uniquely adapted to the spe-
cific requirements of physiotherapy movements. It provides precise triaxial data points
from 24 joint positions on the human body. It goes beyond existing datasets by covering
a broader spectrum of activities, thus serving as a more comprehensive resource for
researchers and practitioners in this field. This emphasis on physiotherapy-specific data
sets underscores the current gap in research and demonstrates the potential transforma-
tive impact of precise, personalized pose prediction technologies on rehabilitation prac-
tice. This detailed integration of various datasets underscores the significant strides in
human pose prediction technologies and their essential role in advancing physical and
occupational therapy, particularly in facilitating personalized and accurate rehabilita-
tion strategies.

Dataset Year Activity Number Size

HUMANEVA 2009 6 activities ~ 80,000 images
MPII Human Pose 2014 491 activities 40,000 images
Human3.6M 2014 15 activities 3,578,080 frames
MS COCO™" 2015 - 200,000 images
MPI-INF-3DHP 2016 8 activities ~ 1,300,000 frames
SURREAL 2017 15 activities 6,536,752 frames
3DPW 2018 - 60 video sequences
Physiotherapy Exercise Dataset! 2022 14 exercises 1237 video clips
TheraPose (this paper) 2024 123 exercises 3,424,125 frames

Table 1. This table provides an overview of the various publicly available datasets used for hu-
man pose estimation.

2 Dataset

In this paper, we introduce a large dataset of images that covers human poses while
doing different physiotherapy exercises. The primary rationale behind our data collec-
tion strategy was to record the movements often given to patients by doctors during
physiotherapy treatment. For this purpose, we worked with experienced
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physiotherapists from the Department of Occupational Therapy, Faculty of Health Sci-
ences, Hacettepe University, to create a list of their most preferred exercises, including
exercise names, descriptions, duration, angles, and pivot points. We recorded a total of
123 exercises under 5 different main categories:

Neck and upper extremities stretching and strengthening exercises
Upper body stretching and strengthening exercises

Lower body stretching and strengthening exercises

Lower extremities stretching and strengthening exercises

Whole body coordination exercises

Data collection. The first phase of our data collection focused on creating an optimal
studio environment suitable for our research objectives. Our primary goal was to create
a space conducive to the smooth execution of physiotherapy exercises. To this end, we
converted a medium-sized room into a dedicated studio by completely covering it with
green screens, thus providing a conducive environment for our research efforts.

Fig. 1. Studio Room

For precise capture of IMU data, we purchased the Rokoko Smartsuit Pro II Mocap
Suit. Known for its capacity to provide real-time, highly accurate sensor data, this
mocap suit played a pivotal role in capturing the complex nuances of physiotherapy
movements with exceptional precision. In particular, its capacity to provide fast and
accurate data in three axes (X, y, z) at 24 points was a significant factor in our choice of
this model. For a detailed visualization of the 24 joint points, please refer to Figure 3
in the appendix.

Along with IMU data acquisition, we used five Logitech BRIO 500 webcams posi-
tioned at different angles for RGB video recording. Each camera is equipped with an
LED light source to ensure optimal illumination during recording sessions. In addition,
to maintain uniform lighting conditions within the studio, general room lighting was
provided by Visico LED 80T spotlights positioned at two different angles. Please see
Figure 2 for a visual representation of the studio layout.
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Five cameras and a Rokoko Smartsuit Pro II were interfaced with a single desktop
computer to facilitate recording. OBS Studio software was used for video capture, while
Rokoko Studio was used for 3D sensor data collection. A custom Python script was
developed to synchronize the operation of the five cameras and the mocap suit for sim-
ultaneous recording. Video recordings were saved in MP4 format, maintaining a frame
rate of 30 fps and a resolution of 800x600 pixels. 3D sensor data was captured in FBX
format at a consistent frame rate of 30 fps, aligning with the output specifications of the
Rokoko Studio application.
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Fig. 2. Studio Environment Diagram: Five cameras were placed in a green screen-covered room
at various angles. Five LED lights were above each camera, and two high-power spotlights were
used for general room lighting. Therapists performed the exercises in the center of the room.
Distances are shown in centimeters.

Two expert physiotherapist actors, one male and one female, from Hacettepe Uni-
versity Faculty of Health Sciences Department of Occupational Therapy performed the
selected movements. Five different cameras were used to record each actor's 123 move-
ments. For illustrative purposes, Figure 5 shows sample recordings capturing different
perspectives of the movements.

To enhance sensitivity to various lighting conditions, each exercise session was me-
ticulously recorded under five distinct lighting conditions: high, medium, low, and var-
iations from left to right. Moreover, movements were captured in two modes to intro-
duce further diversity: solely with the mocap suit and the mocap suit worn over various
clothing options.
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Actors Exercises Lightning Conditions Clothing Status ~ Sessions

Female Actor 123 exercises x5 lightning cond.  x2 clothing stat. 1230 sessions
Male Actor 123 exercises x5 lightning cond. x2 clothing stat. 1230 sessions
Total 2460 sessions

2460 sessions x 5 different cameras = 12300 videos
Table 2. Overview of Data Collection Across Variables for Physiotherapy Exercise Dataset

In total, 2,460 sessions were recorded, encompassing approximately 50 hours of re-
cording time. Each of the 123 movements was captured in 100 different videos using
five different cameras, resulting in 12,300 MP4 files and 2,460 FBX files. The cumu-
lative duration of these recordings amounts to 2,000 minutes.

3 Conclusions

This article introduces the "TheraPose" dataset, a frontier resource in physiotherapy
research that aims to optimize the precision and effectiveness of rehabilitation exercises
through advanced human pose prediction technologies. "TheraPose" stands out as one
of the most specialized datasets in this field, with a comprehensive collection of
3,424,125 frames covering 123 different activities.

The meticulous methodology used in data collection integrates the latest motion cap-
ture technology and high-resolution video recording under various conditions, ensuring
the relevance and suitability of the data for robust pose prediction model development.
These models hold promise in helping physiotherapists monitor and adjust treatment
plans more effectively and ensure that exercises are correctly performed to maximize
therapeutic outcomes.

In our ongoing work, we seek to improve the accessibility of the "TheraPose" dataset
to a wider audience within the research and clinical communities. We aim to provide a
representative sample subset of the dataset and thus contribute to future efforts in this
field.
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Appendix.

Joint points
0 : HeadTip

1: Head

2 : Neck

3 : LeftShoulder
4 : RightShoulder
5: LeftArm

6 : RightArm

7 : LeftForeArm
8 : RightFareArm
9 : LeftHand

10: RightHand
11: Spine4

12: Spine3

13: Spine2

14: Spine1

15: Hips

16: RightThigh
17: LeftThigh

18: RightShin

19: LeftShin

20: RightFoot

21: LeftFoot

22: RightToeTip
23: LeftToeTip

Fig. 3. Joint Points.

Fig. 4. Recording Apps: Rokoko Studio & OBS Studio.
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Camera-1 Camera-4

Camera-2 Camera-3 Camera-5

Fig. 5. Five different cameras capture the same movement from various perspectives.

High Lightning Medium Lightning

Low Lightning Right Lightning Left Lightning

Fig. 6. Different lighting conditions.
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Shoulder posterior capsule stretching Squat exercise v4 Star exercise

Shoulder anterior capsule stretching Squat exercise v5 Side waist strengthening - above the knee

- ) o

Combined leg bridging exercise Push-up v5 Shoulder internal and external rotation

Fig. 7. Various exercises with two different actors and clothing under high lighting conditions.
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Gamification in Health: A Bibliometric Perspective

Esra Tokur Sonuvar![0000-0002-1279-51921 gnd Kemal Hakan Giilkesen?[0000-0002-2477-2481]

12 Department of Biostatistics and Medical Informatics, Faculty of Medicine, Akdeniz
University Antalya Tiirkiye

Abstract. Objective: This study aims to analyze the applications and effects of
gamification techniques in the field of health with a bibliometric approach.
Method: The Web of Science database was searched using specific keywords
between 2006 and 2024, and the 1,231 articles obtained were analyzed with
various parameters in terms of publication year, authors, journals, countries,
institutions and keywords. Techniques such as co-word analysis and keyword
cluster analysis were used to identify trends and research foci in the literature.
Findings: The analysis showed that gamification is having an increasing impact
in the healthcare sector in areas such as behavior change, patient engagement,
and physical activity promotion. Seven main themes were identified: Cognitive
Health, Rehabilitation Technologies, Health Behaviors, Health Education
Games, Youth Mental Health, Mobile Health Monitoring and Interactive Games.
The country with the most publications was the USA, the institution was Pen
University and the author was Mitesh B. Patel.

Conclusion: This bibliometric analysis, which provides valuable insights into the
overall structure and evolution of the literature on gamification and health,
provides a basis for developing strategies to further improve the application of
gamification in health. This study is designed to help identify potential gaps and
opportunities for future research.

Keywords: Gamification, Gamification in Health, Bibliometric Analysis
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1 Introduction

Gamification, or the application of gaming elements in non-gaming contexts, has been
increasingly utilized in various fields such as education, business, and healthcare in
recent years. This approach aims to enhance engagement, boost motivation, and enrich
user experience [1]. Particularly in the healthcare sector, gamification techniques hold
great potential in increasing the effectiveness of rehabilitation processes by
encouraging patients to actively participate in their treatment [2]. The implementation
of these techniques has demonstrated positive impacts across a broad spectrum, from
managing chronic illnesses to post-surgical recovery. Over the past decade, there has
been a notable increase in research publications on gamification in health, with a peak
in 2020, driven largely by advancements in digital health technologies and the rising
popularity of mobile health applications. Notable contributions include studies on
gamification for chronic disease management, which have shown a consistent increase
in patient adherence and health outcomes. For instance, the work by Jane McGonigal
on SuperBetter has been extensively cited for its innovative approach to mental health
treatment through gamified techniques [7]. A study conducted in 2022 by Alfieri et al.
evaluated the use of gamification techniques in musculoskeletal rehabilitation. The
literature from the past five years was reviewed, examining the effects of gamification
on various musculoskeletal conditions such as shoulder surgery, rheumatoid arthritis,
and osteoarthritis. The findings indicated that gamification yielded similar or superior
results compared to traditional physical therapy or home-based exercises, also
significantly improving patient motivation and quality of life. The cost-effectiveness of
these technologies has been highlighted as an advantage for gamification in
musculoskeletal rehabilitation [6]. Such innovative approaches can enhance patient
adherence to treatment in the healthcare sector, thus improving overall recovery rates
and sustainability of rehabilitation processes [3].

"The persuasive power of gamification: A systematic review" by Hamari and
colleagues underscores the capacity of gamification to change behavior [4]. The study
notes that gamification elements, particularly in supporting health-related behaviors,
increase user motivation and engagement. These elements foster the intrinsic
motivation and interaction necessary for sustaining targeted behaviors, enabling users
to take an active role in managing their own health. Applications of gamification in
health typically encompass promoting physical activity, diabetes management, and
rehabilitation processes. Specifically, in the field of rehabilitation, studies such as that
by Ito, K., et al. on EMG-controlled gamified systems support the development of
motor skills in specific patient groups and enhance treatment adherence. These systems
are designed to ensure patients regularly perform exercises and include enriching user
experience features like rewards, progress tracking tools, and elements of competition.
Particularly, the opportunities gamification offers to increase patient engagement in
their treatment processes and overall recovery rates are significant [5].

The primary rationale for this study is to understand the increasing popularity and
significance of using gamification techniques in healthcare and to identify academic
trends within this field. This research focuses on how gamification integrates with
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health sciences and practices and its role in promoting health-related behavioral
changes.

2 Methods

As a method, a comprehensive search was conducted through the Web of Science
database using selected keywords up to March 20, 2024. The chosen keywords were
"gamification,” "game-based learning," "serious games," "health," "healthcare,"
"medical," "eHealth," "mHealth," "behavioral change," "health behavior," "patient
engagement," "user engagement," "physical activity," "exercise," "wellness," and
"well-being." Combinations of these terms were utilized to identify publications within
the research literature. The analysis of the data involved various parameters such as
publication year, authors, journal names, countries, institutions, and keywords. Each
publication was evaluated both quantitatively and qualitatively, considering citation
counts and the impact levels of the publications. Bibliometric analysis, co-word
analysis, and keyword clustering analysis were performed using VOSviewer 1.6.19.
Citation analysis identifies the most influential papers by counting the number of
citations each paper receives. Co-citation analysis reveals relationships between papers
by identifying pairs of papers that are frequently cited together, indicating a thematic
connection. Keyword clustering groups related keywords, helping to visualize research
trends and thematic areas within the literature. The Web of Science database was
chosen for its comprehensive coverage of peer-reviewed journals. However, potential
limitations include language biases, as non-English publications might be
underrepresented, and the exclusion of certain types of publications such as conference
papers and grey literature. These factors could lead to an incomplete representation of
the field.

3 Results and Discussion

Between 2006 and 2024, a total of 1,231 academic publications focused on health-
oriented gamification were identified. During this period, instead of showing a steady
annual increase, the number of publications displayed a fluctuating trend (Figurel).
Applications of gamification in the healthcare sector have significantly impacted areas
such as behavior change, patient engagement, and the promotion of physical activity.
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Figure 1. Trends in the Publication and Citation of Gamification Research (2006-2023).
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A co-occurrence analysis revealed seven core themes: Cognitive Health, Rehabilitation
Technologies, Health Behaviors, Health Education Games, Mental Health of Youth,
Mobile Health Monitoring, and Interactive Games. These themes highlight the focal
areas of research and the diversity of gamification within health sciences. The most
frequently encountered keywords in the literature are "gamification," "physical
activity," and "health," indicating gamification’s central role in promoting physical
health and activity (Fig.2). A geographic distribution of the studies shows that the USA
leads (Fig.3) the research, and Penn University and Mitesh B. Patel are prominent
research center and author recpectively. The temporal variation in publication and
citation numbers reflects how advancements in computer technologies have spurred
researchers’ interest and innovative work. This increase in gamification studies has
played a crucial role in making health services more effective and participatory.

One notable example is the use of gamified mobile applications for diabetes
management, such as the iCareD app, which supports diabetes self-care by achieving
short-term improvements in HbA ¢ levels [8]. Similarly, "Re-Mission," a video game
developed by HopeLab, has been shown to improve treatment adherence in young
cancer patients by allowing them to virtually combat cancer cells, thereby increasing
their understanding and motivation to adhere to their treatment regimen [9].
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Fig. 3. Global Collaboration Network in Gamification Research.

Our bibliometric analysis has mapped out an extensive overview of the academic
literature in the fields of gamification and health, shedding light on the development at
the intersection of these two disciplines. The data obtained demonstrate how the impact
of gamification on health sciences has increased over time and which areas it has
become central to. In-depth analyses have revealed thematic areas where research is
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concentrated, particularly in cognitive health, rehabilitation technologies, health
behaviors, health education games, mental health of youth, mobile health monitoring,
and interactive games.

Bibliometric approaches offer valuable insights but have limitations. They depend
on published literature, potentially omitting relevant studies due to language biases or
non-indexed journals. Moreover, publication bias may skew results, as studies with
positive outcomes are more likely to be published, leading to an overrepresentation of
certain viewpoints and neglecting emerging or minority perspectives. It is important to
note potential biases in this study. Publication bias, where positive results are more
likely to be published, could skew the findings towards favorable outcomes of
gamification. Additionally, the predominance of studies from high-income countries
might not fully represent the global applicability of gamification techniques. Future
research should aim to include diverse geographic and socio-economic contexts to
provide a more comprehensive understanding of gamification's impact.

The findings of this study indicate that gamification can play significant roles in
promoting behavioral changes in the health sector, enhancing patient and user
engagement, and encouraging physical activity. These results underscore the potential
of gamification to transform patient engagement and self-management in healthcare.
For practitioners, adopting gamified approaches can enhance patient interaction,
improve adherence to treatment protocols, and ultimately lead to better health
outcomes. Policymakers should consider integrating gamification elements into public
health initiatives and reimbursement models to encourage the development and
adoption of these innovative tools. Additionally, contributions by specific countries and
researchers highlight the global prevalence of gamification and identify leading
geographies in this field. This emphasizes the importance of multidisciplinary
collaboration and innovation in advancing the use of gamification in health.
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DMFT ASSESSMENT USING DEEP LEARNING
BASED CONVOLUTIONAL NEURAL NETWORK
ALGORITHM WITH PANORAMIC IMAGES
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Abstract. This study addresses the automatic assessment of tooth detection and
DMFT index using panoramic radiography images in dentistry. A total of 1355
anonymous panoramic radiography images obtained from the Kodak 8000 digital
panoramic system were examined using a deep learning-based algorithm with the
YOLOv5x6 model. This algorithm achieved a high success rate of 97.45% for
tooth detection and accurately identified fillings and caries associated with the
DMFT index with 75.5% accuracy. The research findings demonstrate that arti-
ficial intelligence enabled systems can save time for dentists and optimize treat-
ment planning processes.

Keywords: Artificial intelligence, Deep learning, Tooth detection, Dental im-
aging, DMFT index

1 Introduction

Machine learning (ML) is a subfield of artificial intelligence (Al) that enables com-
puters to learn automatically from large datasets [S]. ML, along with its subclass deep
learning (DL)-based methods, has been started to be used in various fields of medicine
and dentistry. Numerous studies in dentistry have highlighted the potential of DL meth-
ods based on Convolutional Neural Networks (CNNs), which allow medical images to
be directly processed by algorithms, yielding promising results in the diagnosis and
treatment planning of dental pathologies. In the healthcare sector, where digitalization
efforts have gained momentum in recent years, integrating radiographic assessment
with Al is believed to offer significant advantages for achieving more accurate and
effective diagnosis and treatment planning [2]. Particularly in dental practice, the use
of such technologies provides an important advantage in accurately numbering the per-
manent and/or deciduous teeth [6], detecting of periapical lesions [11], planning dental
implants [12, 4], detecting of restored and decayed teeth [12, 7, 13], and developing
effective dental treatments.
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Tooth decay is one of the most common global chronic diseases [8] and despite the
development of various preventive or therapeutic methods, tooth decay and associated
tooth loss remain significant global issues [1]. Accordingly, the use of community-
based strategies such as globally accepted decay indices becomes imperative for the
effective control of tooth decay.

Panoramic radiography (PR) is the most commonly used radiographic imaging
method in dentistry [3]. PR offers specific advantages in assessing the DMFT (De-
cayed, Missing, and Filled Tooth) index, one of the most widely used decay indices
worldwide, due to its ability to show the entire dentition and surrounding structures.
However, it is noteworthy that the applicability of CNN algorithms for evaluating the
DMFT index using PR images has not been investigated.

This study aimed to investigate the feasibility of panoramic radiography (PR) images
for detecting and numbering teeth, identifying fillings and decay in the detected teeth,
and thereby automatically evaluating the DMFT index in adult individuals. Assessing
the ability of CNN algorithms to accurately predict the DMFT index from PR image
data would represent a significant advancement in dental practice. Accordingly, the
goal of this study was to provide dentists with a faster, more accurate, and more objec-
tive tool for assessing decay, and thereby helping optimize patient treatment planning.

2 Material and Method

2.1 Dataset

A total of 1355 digital PR images of patients aged 18 years and older were ran-

domly selected from the image archive of the Department of Oral and Maxillofacial
Radiology at Ege University Faculty of Dentistry. PR images had been obtained using
a Kodak 8000 digital panoramic system (Kodak 8000 Digital Panoramic System,
Carestream Health Inc., Trophy, France) with exposure settings of 68kV, 8mA, and
13.9 s. The images had dimensions of 2943x1435 pixels. The selected PR images were
anonymized and saved in JPEG format. Images of edentulous patients and, patients
with removable prostheses, retained deciduous teeth, jawbone pathologies, and images
containing significant artifacts were excluded.
To evaluate the generalization ability of the model, it was crucial to randomly divide
the dataset into training, validation, and test sets. In this regard, 929 PR images from
the training set were used to establish the foundation of the model, while images from
the validation and test sets were employed to objectively assess the model's perfor-
mance. This method aimed to better understand how the model would respond to real-
world data in the field of oral, dental, and maxillofacial radiology applications.

2.2 Image Analysis

A total of 1355 PR images were evaluated by two oral, and maxillofacial radiologists
with different levels of experience, according to the recommendations of the World
Health Organization (WHO) regarding the DMFT (Decayed, Missing, Filled Teeth)
index (WHO Oral Health Surveys, 1997). Teeth were segmented into rectangular

shapes using labels such as "decayed," "filled," and "missing," along with their corre-
sponding tooth numbers (Description 1). The labeling process was performed using
software called Colabeler developed by MacGenius, Blaze Software, CA.

Healthy, decayed, and filled teeth were selected and labeled by drawing bounding
boxes around them. Missing teeth were predicted by the algorithm based on the posi-
tion, tilt, and arrangement of neighboring teeth. Detection and numbering of healthy,
decayed, and filled teeth were performed using the YOLOv5x6 (You Only Look Once)
model. JSON and XML formats were used for labeling. The label files kept in XML
format were converted to TXT format to enable the YOLOv5x6 algorithm to function.
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Before each training session, PR images were resized from their original dimensions to
1280x1280 pixels to better align with the applied method.

Description 1 — WHO Recommendations

* Teeth with no evidence of treated or untreated decay were considered "Healthy."

* Teeth with primary decay, secondary decay, or teeth with crowns or roots destroyed
due to decay were considered "Decayed."

* Teeth with one or more permanent restorations and no decay on different surfaces,
as well as teeth with fixed prosthetic restorations such as crowns/bridges, were consid-
ered "Filled."

2.3  Data Augmentation

Considering that a human mouth contains a total of 32 teeth and each tooth can

be in 3 different states, it was anticipated that the original dataset of 929 training PR
images would be insufficient and could lead to overfitting. To prevent this overfitting,
brightness of the PR images was adjusted between -44% and +44%. This was aimed at
mitigating density and contrast changes that may occur during PR imaging.
In the second step, a total of 4% noise pixels were randomly added to the data. This
effectively addressed minimal motion artifacts and patient positioning errors. Using
these data augmentation techniques, 4645 PR images were generated from the original
929 training data.

24  Deep Convolutional Neural Network

The open-source Python programming language (version 3.11.2) was used to
create our model. For building a model based on tooth detection, we chose the
Yolov5x6, which is based on the Torch library and is a variant of the YOLO (You Only
Look Once) algorithm capable of both detecting and classifying objects. The Yolov5x6
model consists of three main parts: backbone, neck, and output. The backbone focuses
on feature extraction from input images, the neck combines extracted features and gen-
erates three different scaled feature maps, and the output section uses these feature maps
to detect objects [9]. We preferred Yolov5x6 in our study because it delivers faster and
more accurate results in object detection on the training dataset compared to other al-
gorithms [10].

The model training was conducted on a computer with a Ryzen 9 5900x proces-
sor, 64 GB RAM, NVIDIA GeForce RTX 3090 graphics card, and running Windows
10 operating system. Stochastic Gradient Descent (SGD) optimization algorithm was
used for training, with an initial learning rate set to 0.01.

3 Result

In this study, we explored the feasibility of utilizing a deep learning-based
(CNN) algorithm, specifically the YOLOv5x6 model, for the automatic assessment of
the DMFT index using PR images. The study demonstrated that our deep learning
model could achieve a high success rate of 97.45% in tooth detection and an accuracy
of 75.5% in identifying fillings and caries associated with the DMFT index. These re-
sults point out the potential of Al-enabled systems to significantly enhance dental di-
agnostics by providing a fast, reliable, and objective tool for evaluating dental health.
The successful implementation of our model highlights the advantages of integrating
Al in dental practice, offering substantial time savings for dentists and aiding in the
optimization of treatment planning processes. By automating the detection and classi-
fication of dental pathologies, our system can improve diagnostic accuracy and ensure
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more consistent assessments, which are crucial for effective treatment and patient care.

4 Recommendations

Building on the promising results of this study, we propose several recommen-
dations for future research and clinical implementation to maximize the potential of Al
in dental practice:

Dataset Expansion: Future studies should aim to include larger and more diverse da-
tasets. Specifically, incorporating images of filled and decayed teeth from areas where
the incidence of cavities is relatively lower compared to other dental regions (such as
teeth numbered 31, 32, 41, and 42) into the training set may enhance the overall per-
formance of the algorithm.

Model Enhancement: Continuous improvement of the YOLOv5x6 model through ad-
vanced data augmentation techniques and meticulous hyperparameter tuning can fur-
ther elevate its accuracy in detecting dental caries and fillings.

Clinical Validation: Comprehensive validation is of paramount importance in clinical
dental practice. Collaborating with dentists to collect feedback and refine the system
will ensure its practical effectiveness and utility.

Multimodal Imaging Integration: Exploring the combination of panoramic radiog-
raphy with other imaging techniques, such as intraoral scans could provide a more com-
prehensive assessment of dental health and improve the accuracy of the DMFT index
evaluation.

By addressing these recommendations, future research can continue to advance
the field of dental radiography, leading to improved patient outcomes and more effi-
cient, accurate dental care practices.

The model training was conducted on a computer with a Ryzen 9 5900x proces-
sor, 64 GB RAM, NVIDIA GeForce RTX 3090 graphics card, and running Windows
10 operating system. Stochastic Gradient Descent (SGD) optimization algorithm was
used for training, with an initial learning rate set to 0.01.
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Abstract

The main aim of this study is to identify risk factors using machine learning algorithms
preoperatively and prevent unnecessary thyroid surgeries by clinical and pathological
variables as well as simple predictors in the Trabzon thyroid cancer endemic region. In
this retrospective cohort study, the dataset consists of 40 variables and 204 nodules
belonging to 183 patients who were diagnosed with thyroid nodules malig- nancy that
classified Bethesda Category III (AUS) cytology. To evaluate the surgical status of the
nodules, blood tests, USG information, cytopathological, and morpho- metric variables
were used.

The machine learning methods were implemented using open-source R programming.
The risk factors for malignancy in thyroid nodules were identified using K-nearest
neighbor (KNN) and Random Forest (RF) algorithms. In an analysis of thyroid cancer
prediction models using clinical, pathological, and morphometric data, Blood tests,
USG information, cytopathological, and morphometric variables were used to evalu-
ate the nodules' surgical status k-nearest neighbor (KNN) model outperformed others
with a 0.78 AUC and 0.79 accuracies. The random forest (RF) model achieved 0.73
AUC and 0.74 accuracy. Utilizing biomarkers found in cytopathology slides can offer
a cost-effective alternative for primary care diagnosis. Furthermore, the developed
machine-learning models can provide decision-making support for clinicians, guiding
the implementation of preventive measures before surgery.

Keywords: Thyroid nodule, malignancy, Bethesda III, machine learning, k-
nearest neighbors, random forest.
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Ozet. GPT-3 gibi Biiyiik Dil Modelleri (BDM'leri), birgok iyi bilinen dogal dil
isleme probleminde giiglii baglam igi 6grenme (BIO) yetenekleri gostermistir ve
6nemli ve cesitli dil teknolojisi gereksinimlerin yani sira veri anotasyonuna
iliskin 6nemli maliyetleri beraberinde getiren klinik alanda iligki ¢ikarma gibi
gorevler icin Ozellikle g¢ekicidir. Bu makalede, Wan vd. (2023) tarafindan
6nerildigi gibi dinamik 6rnek alma ile baglam i¢i 6grenmenin GPT-3 kullanarak
klinik metinlerden iligski ¢ikarma i¢in kapsamli bir analizi sunulmaktadir ve
sonuclar1 ince ayarli BERT, BioBERT ve PURE modelleriyle
karsilastirilmaktadir. Sonuglarimiz, dinamik 6rnek se¢im ydntemine sahip GPT-
3 BiO'nin PURE, konuyu, nesneyi ve bunlarin ilgili tiirlerini vurgulamak igin
belirlenmis isaretcileri giris katmanina yerlestiren Onceden Egitilmis Dil
Modeline (OEDM) kiyasla %3,57 F1 puani kadar diisiik performans sergiledigini
gostermektedir. Daha ayrintili analiz, en yiiksek benzerlige sahip az sayida 6rnek
kullanilmasinin yani sira veri kiimesindeki iliski tiirlerinin esit olmayan dagilimi
ve secilen test kiimesinin az sayida kullanilmasinin diisiik performansa neden
olabilecegini gostermektedir. Calismamizin, BIO ile klinik iliski ¢ikarma icin
yeni ve etkili tekniklerin kullanilmasi konusunda aragtirmacilara ve
uygulayicilara faydali olacagini umuyoruz.

Anahtar Kelimeler: Klinik fliski Cikarma, Baglam I¢i Ogrenme, Biiyiik Dil
Modeli.

Abstract. Large Language Models (LLMs) such as GPT-3 have shown strong
in-context learning capabilities in many well-known natural language problems
and are especially attractive for tasks such as relation extraction in clinical do-
main, which presents significant and varied language technology requirements
along with substantial costs associated with data annotation. In this paper, we
present a comprehensive analysis of in-context learning with dynamic example
retrieval as proposed by Wan et al. (2023) for relation extraction from clinical
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texts using GPT-3. The results are then compared with fine-tuned BERT, Bi-
oBERT and PURE models. Our results show that, GPT-3 ICL with dynamic ex-
ample selection method underperforms by 3.57% F1-score compared to PURE,
Pre-trained Language Model (PLM) that embeds designated markers into the in-
put layer to emphasize the subject, object, and their respective types. More in-
depth analysis shows that using small number of examples with highest similarity
along with uneven distribution of the relation types in the dataset and small num-
ber of chosen test set could cause the poor performance. We hope that our study
will be beneficial for researchers and practitioners towards using novel and effi-
cient techniques for clinical relation extraction with ICL.

Keywords: Clinical Relation Extraction, In-Context Learning, Large Language
Model.

1 Giris

Saglik hizmetlerinin hizla gelistigi ortamda, klinik metinlerden anlamli bilgi elde
etmek, tibbi aragtirmalar ilerletmek, hasta bakimini gelistirmek ve klinik karar vermeyi
desteklemek agisindan ¢ok oOnemlidir. Bu alanda, metinde bahsedilen varliklar
arasindaki anlamsal iliskileri tanimlama ve kategorize etme gdrevi olan iliski ¢ikarma
cok dnemli bir rol oynar. Ozellikle giinliik ¢ok miktarda yapilandirilmamus verinin
diretildigi klinik metinler baglaminda, bu metinlere gomiilii degerli bilgilerin ortaya
cikarilmast i¢in dogru ve verimli iligki ¢ikarimi esastir.

Son yillarda Transformerlerdeki gelismeler (Vaswani vd., 2017) ve oOnceden
egitilmis dil modelleri (OEDM'leri) (Devlin vd., 2019) tibbi metinlerden iliski
¢ikarmanin (IC) performansini énemli dlgiide iyilestirmis ve en son teknolojiye sahip
IC'y1 (Lee vd., 2019; Gu vd., 2021) yeni bir seviyeye tasimustir. OEDM'ler genellikle
BERT (Devlin vd., 2019), ELMo (Peters vd., 2018), RoBERTa (Liu vd., 2019) ve
SpanBERT (Joshi vd., 2020) gibi biiyiik 6lgekli bir korpus iizerinde egitilir, 6ziinde
yardimer temsilleri (embeddings) (6r. konum ve segment gdmmeleri) igerir. Son
zamanlarda onceden egitmenin genislemesi, modelin parametrelerini giincellemeden,
egitimli modele girdinin bir pargasi olarak saglanan baglam iginde sadece birkag egitim
orneginden Dogal Dil isleme (DDI) gorevlerini dgrenmeleri iin biiyiik dil modellerini
(BDM'leri) gii¢lendirmistir (Brown vd., 2020).

Baglam i¢i iliski Cikarma, yalmzca birkag egitim 6rnegiyle drnekleri yeni iligkilere
smiflandirabilen bir model gelistirmeyi amaglamaktadir. Onceden egitilmis biiyiik dil
modellerinin birkag-atis bi¢iminde 6zellestirilmesini saglayan baglam i¢i dgrenme
(BIO) stratejileri, iliski ¢ikarma sistemlerinin insasina yeni perspektifler agmaktadir.

Lu vd. (2021), hem istemlerdeki 6rnek seciminin hem de istemlerin sirasinin
sonuclar1 énemli dlgiide etkileyebilecegini gostermisti. OEDM'nin dogru yaniti
se¢mesi gereken ornekleri segmek i¢in (6rnek 6rnekleme), Gao vd. (2020) ve Liu vd.
(2021) girdiye anlamsal olarak yakin 6rnekler bulmak i¢in ciimle temsillerini (sentence
embeddings) kullanmistir. Mishra vd. (2021) ise hem olumlu hem de olumsuz 6rnekler
kullanarak, OEDM’e yalnizca komutlarla yeni gorevleri yerine getirirken kagiilmasi
gereken 6ge tiirlerini 6gretmistir.
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Bu makale, klinik metinlerdeki 6rnek se¢menin O6nemini ve kullanisliligini
arastirmak icin, iliski ¢ikarma konusunda GPT-3"lin baglam i¢i 6grenme ve ince ayarli
BERT boyutlu OEDM nin karsilastirmali calismasini vermeyi amaglamaktadir. Ayrica,
GPT-3"lin baglam i¢i 6grenme performansi, ¢ok sayida yeni teknikten yararlanilarak
biyomedikal bilgi ¢ikarma igin optimize edilmistir. Oncelikle, Wan vd. (2023)
calismasindan esinlenerek, dogal olarak varliklara ve iliskilere vurgu yapan ince ayarli
iliski temsili alma yaklagimimi kullanilmistir. Tkinci olarak, Liu vd. (2021) calismasina
benzer sekilde, baglam i¢i 6rnek alma i¢in bir k-en yakin komsu (kNN) modiili
sunulmustur.

Deneylerimiz, egitim verilerinin elde edilebildigi durumlarda tam denetimli ince
ayarli OEDM'lerin hala altin standart olmasina ragmen, BIO icin dogru drneklerin
secilmesinin, klinik iligki ¢ikarma i¢in BIO'nin etkinligini artirmada uzun bir yol kat
edebilecegini gostermektedir. Bununla birlikte, BERT-base ve BioBERT-base
modellerinde %11.02'lik bir iyilestirme potansiyeli gostermektedir. Bu makale sadece
5-atis benzer 6rnekler ile GPT-3 BIiO’nin ince ayar yapilmis OEDM’den daha basarili
oldugunu gostermektedir. Ayrica, ¢ok sayida gosteri kullanmanin modelin
performansin1 daha da iyilestirebilecegini ortaya koymaktadir. Son olarak, kapsamli
deneylerimiz, klinik iliski ¢ikarma konusunda calisan NLP arastirmacilart ve
uygulayicilari igin bazi 6neriler sunmaktadir.

2 llgili Cahsma

Potansiyel biyomedikal bilgi ¢ikarma uygulamalarinin gesitliligi, biyomedikal ek
aciklamalarin yiliksek maliyeti ve model egitiminin karmasikligi, baglam i¢i 6grenmeyi
ozellikle biyomedikal uygulamalar i¢in ¢ekici kilmaktadir. Gutiérrez vd. (2022), GPT-
3'in biyomedikal bilgi ¢ikarma igin baglam i¢i 6grenimini kesfetmek amaciyla 100
egitim 6rnegi kullanmistir ve GPT-3'"iin birkag-atis ortaminda bazi biyomedikal iC veri
seti iizerinde PubMedBERT, BioBERT-large ve ROBERTa-large’a gore diisiik
performans gosterdigini kesfetmistir. Ayrica, Wan vd. (2023), GPT-3 BiO'nin iC'de
tuzaga diigmesine neden olan sebeplerden birinin, BIO igin alinan gosterilerdeki varlik
ve iligki ile ilgili diisiik alaka diizeyi oldugunu bildirtmistir. Gosteriler, climle temsiline
dayali olarak rastgele veya k-en yakin komsu (kNN) gibi metodlar araciligiyla
secilebilmektedir. Son ¢aligmalar (Gutiérrez vd., 2022; Liu vd., 2021), egitim setindeki
en benzer drnekleri, her test girdisi i¢in az sayidaki gosteriler olarak almak i¢in kNN'yi
kullanmistir. Fakat, ciimle temsiline dayali kNN alimi, icerdigi belirli varliklar ve
iligkiler kadar degil, genel ciimle anlambiliminin alaka diizeyiyle daha fazla ilgilidir ve
bu da diisiik kaliteli gosterilere yol agmaktadir. Bu nedenle Wan vd. (2023), gosterilerin
alinmasi igin ince ayarli bir IC modelinden iliski temsilini ¢ikarmak i¢in yeni bir
yaklagim onermisti ve en gelismis sonuglari elde etmisti.
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3 Yontemler

Bu béliimde, klinik metinlerden iliski ¢ikarma icin 6rnek segim yontemiyle BIO'yi
tanimliyoruz. ik olarak, Béliim 3.1'de IC’y1 bir dil olusturma gérevi olarak
resmilestirmek i¢in istem yapisini agikliyoruz ve ardindan Boliim 3.2'de 6rnek segim
yoOntemini tanittyoruz.

3.1  listem Yapisi

GPT-3 modeline beslenen her bir test 6rnegi igin bir istem olusturuyoruz. Her istem
asagidaki bilesenlerden olusur:

Gorev Talimatlar.. Gorev talimati, iliski ¢ikarma gorevinin tanimini, veri
kiimesindeki iligki tiirlerini ve bunlarin kisa agiklamalarini igerir. Daha sonra modelden
onceden tanimlanmis siniflara ait olan iliskiyi ¢ikartmasi agikca istenir. Bu talimat tim
test girisleri i¢in aynidir.

Birkac¢-atis Ornekleri. Gorev agiklamasindan sonra gosteri igin k-atis ornekleri
yerlestirilmistir. Ornekler, kNN retriever tarafindan belirlenen egitim setinden
secilmistir. Her 6rnek, ciimlesi ve ciimlede goriinen varliklar arasindaki iligki hakkinda
bir sorusu olan baglamdan ve o soruya cevabi iceren yanittan olusmaktadir.

Test Girdisi. Orneklere benzer sekilde, test girdisini baglamda sunulmaktadir ve GPT-
3'lin karsilik gelen iliskiyi olugturmasi ve yanit olarak ¢ikarmasi beklenmektedir.

3.2 Baglam ici Ogrenme i¢in Ornek Se¢cme

Liu vd. (2021) takiben, egitim setimizdeki en benzer drnekleri, her test 6rnegi igin
baglam ici birkag-atis istemi olarak se¢gmek icin bir k-en yakin komsu (kNN) alma
modiilii kullantyoruz. kNN, egitim setindeki hem test girdisini hem de Ornekleri
kodlamak igin temsil alaninin se¢imine gilivendiginden, oOnceden egitilmis dil
modellerini veya diger gelistirilmis climle temsilini kullanarak ciimle temsilini elde
etmeyi Onerirler. Ancak, Wan vd. (2023) kNN alimi i¢in cilimle temsilinin
kullanilmasimin ciddi bir dezavantaji oldugunu vurgulamisti: iliski ¢ikarma, tiim
climlenin anlamsal anlamindan ayrilan ve ciimle temsilini kullanarak belirsiz birerisime
yol agan ikili varliklara odaklanmaktadir. Bu amacla, 6zne ve nesne varliklarinive
tirlerini vurgulamak igin fazladan isaretleyici belirtegleri ekleyerek hem baglam
bilgilerini hem de varlik bilgilerini yakalamaya g¢alistiklarindan dolayi, gosterileri
almak i¢in ince ayarl bir IC modelden iliski temsili ¢ikarmay1 dnermektelerdir.
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4 Deneyler

4.1 Veri Kiimesi

Klinik metinlerden iliski ¢ikarma icin 6rnek se¢im yontemi ile baglam i¢i 6grenmeyi
degerlendirmek igin i2b2-2010 (Uzuner vd. 2011) veri setini kullaniyoruz. Veri seti,
Partners Healthcare, Beth Isracl Deaconess Tip Merkezi ve Pittsburgh Universitesi Tip
Merkezi olmak iizere ii¢ farkli hastaneden toplanmigtir. Hastalarin taburcu 6zeti ve
gelisme notlarindan olugmustur ve tip pratisyenleri tarafindan manuel olarak
aciklanmigstir. Veri kiimesi i2b2 web sitesinden indirilmektedir. Sahu vd.'de (2016)
belirtildigi gibi, veri setinde egitim i¢in sadece 170 belge, test i¢in 256 belge ve toplam
426 belge 9413 satir (iliski) olup deneyimiz i¢in 300 iliskiyi test seti kalan 9113 iliskiyi
egitim seti olarak almaktayiz. Tablo 1, i2b2-2010 veri kiimesindeki 6rnek ek agiklama
bi¢imini gdstermektedir. Veri kiimesi 8 iliskiden olusmaktadir (Tablo 2).

Tablo 1. 12b2-2010 veri kiimesinde 6rnek agiklama bi¢imi.

Ciimle 67 y/o male with worsening shortness of breath. Had abnormal ETT and
referred for cath.

Kavram  c="cath" 19:14 19:14||t="test"
c="abnormal ett" 19:9 19:10|[t="problem"
c="worsening shortness of breath." 19:4 19:7|[t="problem"

Mliski c="cath" 19:14 19:14|jr="TeCP"||c="abnormal ett" 19:9 19:10

Tablo 2. 12b2-2010 veri kiimesindeki iligkilerin istatistikleri.

Tliski Aciklama Sayisi
TrIP Tedavi tibbi sorunu iyilestirir 203
TrwP Tedavi tibbi sorunu kétiilestirir 133
TrCP Tedavi tibbi soruna neden olur 526

TrAP Tibbi problem i¢in tedavi uygulanir 2616
TrNAP T1bbi sorun nedeniyle tedavi uygulanmamaktadir 174
TeRP Test tibbi sorunu ortaya koyuyor 3051
TeCP Tibbi sorunu aragtirmak i¢in yapilan test 504

PIP T1bbi sorun tibbi sorunu gosterir 2203

4.2 Temel Yontemler

Deneylerimizde, her bir test drneginin baglam igi gosterisinin ayni 9113 egitim
orneginden (test seti i¢in se¢ilmis 300 6rnek hari¢) alindigi GPT-3 baglam ici 6grenme
ile, ayn1 egitim setiyle ince ayarlanmis, dnceden egitilmis iki dil modelini, BERT-base
(Delvin vd., 2019) ve BioBERT-base'i (Lee vd., 2019) karsilastiriyoruz. BERT-base,
maskelenmis dil modelleme (MLM) hedefi kullanilarak Ingilizce dili iizerine énceden
egitilmis bir modeldir. BioBERT, PubMed makaleleri toplulugu iizerinde 6nceden
egitilmistir ve bir BERT kontrol noktasindan baslatilmistir.
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Deneyimizde, Wan vd.'nin (2023) ardindan, alim i¢in gdsteri temsillerini elde etmek
i¢in varlik isaretleyici tabanli ince ayarli bir model olan PURE'i (Zhong ve Chen, 2021)
seciyoruz. PURE, yazilan varlik isaretleyicileri ekleyerek her varlik ¢iftini bagimsiz
olarak dikkate alan ve her ¢ift i¢in iligki tiirlinii tahmin eden bir iliski modelidir. Bu
arada, PURE dogrudan karsilagtirilabilir bir temel yontem olarak performans
gostermektedir.

Ciimle temsillerine ve mesafe lgiimlerine (Oklid veya Kosiniis Benzerligi) dayali
olarak test 0rnegine yakin olan k drneklerini segmek i¢in kNN tabanli bir yontem olan
KATE (Lui vd., 2021), test kiimesindeki her ctimle i¢in egitim veri kiimesindendrnekler
se¢mek i¢in takip edilmektedir.

4.3  Uygulama Detaylar:

Temel yétem igin OEDM’leri BERT ve BioBERT, Hugging Face (Wolf vd., 2020)
kiitiiphanesi kullamlarak ince ayarlanmistir. Ince ayarli OEDM’de kullanilan
hiperparametreler parti boyutu (batch size) 32, maksimum uzunluk (maximum
sequence length) 128, 6grenme hizi le-5 ve egitim dongiisii (epoch) 10 olarak
belirlenmis ve deneyler tek bir NVIDIA GeForce MX250 GPU iizerinde yapilmustir.

BiO o6rnek secimi icin yapilan deneylerde GPT-3.5 (gpt-3.5-turbo-instruct)
kullaniminin maliyeti nedeniyle her test ciimlesi igin egitim setinden en fazla 10 baglam igi
ornek secilmistir. Sifir-atis temel yontemi ve BIO icin tiim deneyler test seti icin
sec¢ilmis 300 ciimleyi kullanarak ¢alistiriimaktadir. KATE igin iliski temsillerini elde
etmek icin varlik isaretleyici tabanli ince ayarli bir model olan PURE'i takiben bert-
base-uncased (Devlin vd., 2019) kullanilmis, ayrica makalelerindeki hiperparametreleri
takip edilmistir. Her test climlesi i¢in kosiniis benzerlik metrigi kullanilarak temsiller
arasindaki mesafe hesaplanmistir ve KATE’deki mesafe puanlarina gore benzer k
climleleri secilmistir.

5 Deney Sonuclari ve Tartisma

5.1  Sonuclar

Deneysel sonuglarimiz Tablo 3'te, iliski ¢ikarma i¢in i2b2-2010 veri kiimesinden test
seti olarak rastgele segilen 300 ciimle icin verilmigtir. GPT-RE_FT, Wan vd. (2023)
tarafindan Onerilen alim i¢in ince ayarli iliski temsilini kullanan modeli belirtmektedir.
Tablodan sunlar gézlemlenmektedir: 10-atig ayarinda GPT-RE FT, diger 1-atis ve 5-
atis ayarlarindan +%22.89, +%5.49 F1 ile daha iyi performans gostererek daha fazla
gosterinin daha iyi sonug verdigini 6ne siirmektedir; ayrica bir drnegi gostermek sifir-
atis modeline gore daha iyi sonug almistir, bu BIO'nin 6nemini ve bir gdsterinin bile
modeli gelistirebilecegini gosteriyor; GPT-3 baglam i¢i 6grenme, temel modeller olan
ince ayarli BERT ve BioBERT’den daha iyi performans gostermektedir (F1 puani
+%12.92, +%11.02 sirastyla), ancak F-1'de %3.57 farkliyla BERT biiyiikliigiindeki
PURE modelinden daha kotii sonu¢ vermistir.
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Tablo 3. i2b2-2010 Klinik iliski C1karma veri kiimesindeki ana sonuglar. En iyi sonuglar kalin
olarak verilmistir. BIO nin en iyi sonuglari alt1 ¢izili olarak verilmistir.

Model Atis Degerlendirme Metrikleri
Kesinlik Duyarlilik F1
Temel modeller
BERT 71.17 62.72 63.36
BioBERT 70.49 64.39 65.26
PURE 78.10 81.68 79.85
GPT-3 sifir-atis 45.95 45.42 45.68
GPT-3 BIO modeli
GPT-RE_FT l-atis 57.58 49.62 53.39
S-atig 71.76 69.85 70.79
10-atis 75.85 76.72 76.28

52 Tartisma

Pratik uygulamalarda, bir gérev i¢in OEDM'ne ince ayar yapmak igin yeterli agiklamali
veri olmayabilmektedir. Bu gibi durumlarda, sorun igin BIO kullanilmas:
gerekebilmektedir. Bu nedenle, bu durumda daha etkili olabilecek 6rnek se¢imi ile
BiO'in performansi arastiriimaktadir.

Ilk olarak, test ciimlesine ¢ok benzer ciimleler kullanarak GPT-3 gibi BDM’leri ile
baglam igi dgrenmenin ince ayarli BERT ve BioBERT OEDM’den biiyiik bir farkla
daha iyi performans gosterdigi not edilmektedir. Deneyde en yiiksek benzerlige sahip
10 ciimle segtilmistir ve en iyi F1 puanina sahip olan PURE temel modeline rekabetci
performans gosteren 10-atigh 6grenme elde edilmistir. Ayrica, 10-atishh 6grenme
BiO'de en yiiksek F1 puanmi aldigindan, 10'dan fazla &rnek kullanmak modelin
performansini artirabilmektedir.

Diger bir gozlem ise, k = 5 gosterileriyle bile GPT-RE FT'min BERT ve
BioBERT'ten daha iyi ¢alistigidir (%63.36, %65.26 — %70.79 (+%7.43, +%5.53)), bu,
test girisine benzer az sayida gosteri ile bile BiO'min hala basarili oldugunu
gostermektedir. Bununla birlikte, performansin veri kiimesindeki iligki tiirlerinin esit
olarak dagilmamasi nedeniyle ve test seti boyutuna bagl olarak, bizim durumumuzda
yalnizca 300 ciimleden olusan test seti ile, diisiik olabilecegidir.

6 Sonuc¢

Bu makalede, GPT-3'iin klinik metinlerden BIO ile iliskisi ¢ikarma icin baglam ici
ornek secim yoOntemiyle potansiyeli arastirilmaktadir. Diger baglam i¢i 0grenme
ortamlart ve alanlar1 i¢in etkili oldugu kanitlanmis mevcut teknikler incelenmistir.
Deneysel sonuglar, yazilan varlik isaretleyicilerini ekleyerek her varlik ¢iftini bagimsiz
olarak dikkate alan temel model PURE'lin bu sorun i¢in hala en iyi sonuglart elde
ettigini gdstermektedir. Bununla birlikte, performansi artirabilecek bazi diisiince zinciri
(CoT; Wei vd., 2022) gibi yaklasimlar ve negatif drnekleme, gdsteri, test ve egitim
setini arttirma gibi teknikler mevcuttur. Gelecekteki ¢alismalar olarak, bu
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iyilestirmeleri kullanarak ¢aligsmalarimiza karsilagtirmali bir boyut katmay: ve diger
ornek se¢im yontemlerini aragtirmay1 umuyoruz.
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Information Security Management System Installation:
Ministry of Health Experience

Abstract. Today, with the rapid development in information technologies, the
use of the Internet has become widespread, the variety of data-carrying devices
has increased and access to information has become much easier. As a result of
technological developments, electronic circulation of information, which is an
important asset in all sectors, has started. However, this situation has brought
with it many concerns about the security of information. ISO/IEC 27001 is an
international Information Security Management System (ISMS) standard con-
sisting of policies and procedures for systematically managing information as-
sets. In this study, it is aimed to share the experiences gained during the ISMS
installation processes in the Ministry of Health. Method: During the establish-
ment of the ISMS, documents were prepared within the scope of ISO/IEC 27001
standard, information security awareness training was provided to the personnel,
and audits were carried out regularly every year by forming an inter- nal audit
auditor team. Apart from the standard, trainings for information secu- rity
awareness trainers were given to the provincial organization of the Mi- nistry.
Findings: The number of information security awareness training givento the
personnel on a yearly basis and the number of internal audits are given. The
activities carried out for the establishment and maintenance of the ISMS and their
importance are explained in articles. Conclusion: The most important and
effective strategy for establishing and maintaining a successful ISMS in an
organization; to receive the full support of the management in all processes, to
establish an ISMS unit within the organization, to document the processes in a
timely manner and to carry out studies for the personnel to adopt ISMS.

Keywords: ISMS;Information Security; Information Security Awareness.

Ozet: Giiniimiizde bilisim teknolojilerindeki hizli gelisim ile birlikte internet
kullanim1 yayginlagmis, bilginin bulundugu cihazlarin ¢esitliligi artmis ve bil-
giye erisim ¢ok daha kolaylagmistir. Teknolojik gelismeler sonucunda tiim sek-
torlerde 6nemli bir varlik olan bilginin elektronik dolagimi baslamistir. Ancak
bu durum bilginin glivenligi ile ilgili bircok endiseyi de beraberinde getirmistir.
ISO/IEC 27001, bilgi varliklarinin giivenligini sistematik olarak yonetmek igin
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politika ve prosediirlerden olusan uluslararasi bir Bilgi Giivenligi Yonetim Sis-
temi (BGYS) standardidir. Bu ¢alismada, T.C. Saglik Bakanliginda BGYS ku-
rulumu siireglerinde edinilen deneyimlerin paylasilmasi amaglanmistir. Yon-
tem: BGYS kurulmasi siirecinde ISO/IEC 27001 standardi kapsaminda dokii-
manlar hazirlanmis, personele bilgi giivenligi farkindalik egitimleri verilmis ve
i¢ tetkik denetci ekibi olusturularak her y1l diizenli olarak denetimler gercekles-
tirilmistir. Standardin diginda da Bakanligin tasra teskilatina bilgi giivenligi far-
kindalig1 egitici egitimleri verilmistir. Bulgular: Y1l bazinda personele verilen
bilgi giivenligi farkindalik egitimi sayilar1 ve i¢ denetim sayilart verilmistir.
BGYS kurulumu ve siirdiiriilmesi i¢in gergeklestirilen faaliyetler ve dnemi
maddeler halinde agiklanmigtir. Sonug: Bir kurumda bagarili bir BGY'S kurmak
ve devam ettirmek i¢in en dnemli ve etkili strateji; tiim siireclerde yonetimin tam
desteginin alimmasi, kurum ig¢inde BGYS birimi olusturulmasi, siireclerin
zamaninda dokiimante edilmesi ve personelin BGYS'yi sahiplenmesine yonelik
caligmalari yapilmasidir.

Anahtar Kelimeler: BGYS; Bilgi Giivenligi, Bilgi Gilivenligi Farkindalig.

1 Giris

Bilgi ve iletisim teknolojilerinin gelismesi ve kullaniminin yayginlagmasi sonucu,
bilgiyi saklamak ve gerektiginde erisim saglamak i¢in kullanilan araglarin gesitliligi
de artmustir. Ekonomik Kalkinma ve Isgbirligi Orgiitii (Organisation for Economic Co-
operation and Development-OECD), devletler tarafindan vatandasa sunulan hizmetle-
rin kalitesinin arttirilmasi amaciyla, bilgi ve iletisim teknolojilerinin 6zellikle de in-
ternetin kullanilmasin1 e-Devlet olarak tanimlamaktadir [1]. Elektronik ortamda e-
devlet lizerinden sunulan hizmetler herkes i¢in zamandan tasarruf, mekansal bagim-
sizlik, kagit tiiketimini azaltma ve ig giicii tasarrufu gibi pek ¢ok agidan kazanim sag-
lamistir. e-Devlet kapsaminda sunulan hizmetler giin gegtikce artmaya devam etmek-
tedir. Dolayisiyla dnceden kurum biinyesinde barindirilan bilginin artik kurumlar
arasinda elektronik olarak iletiminin arttig1 sdylenebilir. Kamu kurumlarindaki bilgi
varliklar1 sadece kurumun degil vatandaslarin da bilgilerinden olustugu icin bilginin
elektronik dolagim siirecinde kurumlarda gorev yapan tiim ¢alisanlarin is siireglerinde
daha dikkatli olmasi, bilgi giivenligi ihlalinde ortaya ¢ikabilecek sonuglarin farkinda
olmalar1 hem kurumsal hem de ulusal bilgi giivenligi agisindan 6énemlidir. Bilgi gii-
venligini sadece bilginin korunmas: isi olarak diisinmemek gerekir. Ulke kalkinma-
sinda gerekli olan kritik teknolojik altyapilar, kisisel bilgilere erisimin séz konusu
oldugu e-devlet hizmetleri, bankacilik hizmetleri gibi vatandaglarin erigim igin kul-
landig1 her ag, bilgisayar ve cihazin giivenligi olarak diigiinmek gerekir [2]. Kisinin ve
kurumun en degerli varlig1 olan bilginin giivenligi; bilginin gizliliginin, biitiinligiiniin
ve erigilebilirliginin korunmasinit igermektedir [3]. Bilgi Giivenligi Yonetim Sistemi
(BGYS) ise kurumsal olarak bilgi varliklarinin belirlenmesi, bunlara her tiirlii dene-
timsiz erigimin engellenmesi, yapilan risk analizleriyle bilginin gizliliginin ve biitlin-
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ligliniin korunmast i¢in gerekli idari ve teknik 6nlemlerin alinmasi ve tiim is siiregle-
rinin bilgi giivenligi politikalar1 dogrultusunda diizenlenerek yonetilme islevi olarak
tanimlanabilir [4]. Bilgi giivenligi yonetimi siirecinde hedeflenen bilgi varliklarinin
miimkiin oldugunca korunmasidir. Bunun i¢in kurumda bir ihlal olayr meydana gel-
meden Once olayin dngoriilebilmesini ve dnleyici tedbirler alinmasini saglamaya yo-
nelik calismalar yapilmahdir. Ongoriilemeyen veya onlenemeyen olaylar meydana
geldiginde ise, en az zararla en kisa zamanda normal ¢alisma sartlarina gegilebilmesi-
ne yonelik stratejiler belirlenerek uygulanmalidir [4]. Kurumsal olarak bir bilgi gii-
venligi yonetim sisteminin benimsenmesi, kritik altyapi iireten ve BGYS’nin kurul-
masimin zorunlu oldugu sektorlerin disindaki kurum ve kuruluslar igin stratejik bir
karardir. Kritik altyap: “Isledigi bilgi/verinin gizliligi, biitiinliigii veya erisilebilirligi
bozuldugunda can kaybina, biiyiik 6l¢ekli ekonomik zarara, ulusal giivenlik aciklarina
veya kamu diizeninin bozulmasina yol agabilecek bilisim sistemlerini barindiran alt-
yap1” olarak tanimlanmaktadir [5]. Kritik altyapiya sahip veya degil bir kurumda bilgi
giivenligi yonetim sisteminin kurulmasi ve uygulanmasi, kurumun ihtiya¢ ve hedefle-
rinden, giivenlik gereksinimlerinden, kullanilan yonetim siire¢lerinden, kurumun bii-
yikligi ve yapisindan etkilenmektedir [3]. ISO/IEC 27001 standardi bir kurumda
BGYS kurulumu, denetlenmesi ve bilginin giivenligi konularini ele alan ve diinyada en
yaygin kullanilan standarttir. Elektronik ortamdaki bilgilerin giivenligini saglamak i¢in
veri sifreleme, kimlik dogrulama, rol bazli yetkilendirme, icerik kontrolii, anti- viriis
kurma, giivenlik duvari, sanal 6zel ag, saldiriy1 6nceden tespit etme ve donleme gibi
cesitli teknik 6nlemler alinmaktadir [6]. Ancak alinan teknik dnlemler kurumsal bilgi
giivenligini saglama konusunda tek basina yetersiz olabilir, bilgi gilivenliginin
saglanmasinda teknik onlemlerin alinmasinin yani sira kurum politikasi ve kullanici
farkindalig1 olusturmak gibi bagka faktorlerin de olmasi gerekmektedir. Teknik veya
kurumsal olarak alinan tedbirler, kurum personeli tarafindan kullanildig1 kadariyla bilgi
giivenligini saglamada etkilidir. Kurumlarda, bilgi giivenligini saglamak amaciy-la
alman 6nlemlerin basarist son kullanici davraniglarina ve farkindaligina baghidir [2].
Bu nedenle 6zellikle kurum personeli basta olmak iizere bilgi aligverisi yapilan tiim
kisilerin kurum i¢in degerli bir varlik olan bilgi ve bilgi varliklarinin korunma- sinda
lizerlerine diisen sorumluluklart anlamalari 6nemlidir [7]. Bu durumun anlagil- masi
i¢in gerek kurumsal gerek bireysel olarak alinabilecek farkindalik egitimleri personelin
bakis agisinda ve davranisinda olumlu etkiler yapabilir [8]. Tiim alanlarda oldugu gibi
saglik alaninda da sunulan hizmetleri daha iyi, hizli ve etkili verebilmek igin, bilgi ve
iletisim teknolojilerinden faydalanilmaktadir. Bu hizmetler sadece e- Devlet lizerinden
sunulan hizmetlerle sinirli degildir. Saglik Bakanliginin merkez ve tasra teskilatinda
bilginin tretilmesi, saklanmasi, gerektiginde iletilmesi veya bilgiye erisim i¢in farkl
teknolojiler kullanilabilmektedir. Saglik verileri, 108 No’lu Kisisel Verilerin Otomatik
Isleme Tabii Tutulmasi Karsisinda Bireylerin Korunmasi Sozles- mesi, 95/46/EC
Kisisel Verilerin Islenmesi ve Bu Tiir Verilerin Serbest Dolasimina Dair Bireylerin
Korunmasi Direktifi ve 6698 Sayili Kisisel Verilerin Korunmasi Ka- nunu (KVKK)
gibi mevzuat ¢alismalart ile 6zel nitelikli kisisel veriler kapsaminda sayilmaktadir [9-
11]. Bu nedenle 6zellikle saglik verilerinin yonetilmesinde ve ko- runmasinda kurumsal
olarak daha giiclii dnlemler alinmalidir. Saglik Bilgi Sistemleri Genel Midiirligi
(SBSGM) tarafindan kurumsal olarak BGYS siireglerini baglatmak
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i¢in iyi uygulama 6rnekleri incelenerek ISO/IEC 27001 kurulmasina karar verilmistir.
Ik denetim ve sertifikasyon siireci 2014 yilinda tamamlanmis olup bu tarihten itiba-
ren standardin gereklilikleri gilinlimiize kadar diizenli olarak uygulanmaktadir.
SBSGM’nin ISO/IEC 27001 standardina uyumlulugu Tirk Akreditasyon Kurumu
onayli belgelendirme kuruluslarindan birisi olan Tiirk Standartlar1 Enstitiisii (TSE)
tarafindan her yil yapilan dig denetimlerle kontrol edilmektedir. Bu ¢aligmada, Tiirki-
ye Cumhuriyeti Saglik Bakanliginda BGYS kurulum siiregleri igin izlenen yontemle-
rin, karsilasilan giicliiklerin ve bulunan ¢éziimlerin agiklanmasi ve BGY'S siirecine yeni
baslayacak veya siireci devam eden kurum ve kuruluslar igin tecriibe paylagimi
yapilmasi amag¢lanmistir.

2 Yontem

T.C. Saglik Bakanliginda 2013 yilinda ISO/IEC 27001 belgesi alma faaliyetlerine
baslanmigtir. Bu dogrultuda ISO/IEC 27001 BGYS’yi kurmak, isletmek, izlemek,
gozden gegirmek, siirdiirmek ve iyilestirmek i¢in Bilgi Giivenligi Yonetim Sistemi
Birimi (BGYSB) kurulmustur. ISO/IEC 27001 standardinin alinmasi ve T.C. Saglik
Bakanliginda kurumsal bir BGYS kiiltiiriiniin olusturulmasi1 amaciyla BGYSB tara-
findan 6ncelikle 30 kisilik ekip olusturularak Tiirk Standardlar1 Enstitiisiinden (TSE)
“TS ISO/IEC 27001 Bilgi Giivenligi Yonetim Sistemi Standardi Temel Egitimi” ve
“I¢ Tetkik Egitimi” egitimleri alinmstir. Sonrasinda, kurumda ISO/IEC 27001
BGYS’nin kurulumu i¢in ¢aligmalara baglanmis, bu siirecte Genel Miidiirliik persone-
li ile 62 adet toplant1 yapilmistir. TSE tarafindan dis tetkike tabi tutulan SBSGM, ilk
kez 2014 yilinda ISO/IEC 27001 belgesini almistir.

Ayni tarihlerde, Genel Midiirliik BGY'S kurulum siire¢lerinden elde edilen tecriibele-
rin Bakanlik geneline yayginlastirilmasini saglamak amaciyla Saglik Bakanlig: Bilgi
Giivenligi Politikalar1 Yonergesi (Yonerge) [12] ve Saglik Bakanligi Bilgi Giivenligi
Politikalar1 Kilavuzu [13] hazirlanmig ve yayimlanmistir. Yonergede, bilgi giivenligi
politikalarmin ana g¢ercevesi tanimlanmistir. Yonerge’nin eki olan Kilavuzda ise
ISO/IEC 27001 BGYS standardindaki madde basliklar1 ve belirtilen kontrol 6nlemleri
kapsaminda, bilgi gilivenligi ile alinmasi1 gereken ilgili teknik ve idari tedbirler iyi
uygulama ornekleri ile birlikte agciklanmigtir. 2018 yilinda Yonerge, 2019 yilinda ise
Kilavuz dokiimanlari giincellenmistir. ISO/IEC 27001'in odak noktasi, stire¢ odakl1 bir
BGYS'nin planlanmasi, uygulanmasi, isletilmesi ve siirekli izlenmesi ve iyilesti-
rilmesi gerekliligidir. Yaklasimin Planla, Uygula, Kontrol Et, Onlem Al (PUKO)
dongiisii ile uyumlu olmasi 6nerilmektedir [14].
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Sekil 1. PUKO Déngiisii [15].

SBSGM ISO/IEC 27001 siireglerinde de PUKO déngiisii kullanilmigtir. PUKO Dén-
giisii agamalar1 kisaca asagidaki sekilde 6zetlenebilir [16].

Planla: Bu asamada mevcut durum analizi yapilir, hedefler belirlenir ve buna yonelik
strateji ve eylemler planlanir.

Uygula: Bu asamada eylem planinin uygulanmasi ve belgelenmesi amaglanir. Ayrica
beklenmedik olaylar, 6grenilen dersler ve edinilen bilgiler de dikkate alinmalidir.
Kontrol Et: Bu adimda, 6nceki adimda uygulanan eylemlerin sonuglari analiz edilir.
Iyilestirmeler olup olmadigmi ve belirlenen hedeflere ulasilip ulasilmadigimi dogru-
lamak i¢in bir 6ncesi ve sonrasi karsilagtirmasi yapilir.

Onlem Al: Bu asama, kontrol asamasinda ortaya ¢ikan sorunlarin ¢dziilmesi ve ileride
tekrar karsilasilmamasi i¢in 6nlem alinmasi ile ilgilidir. Gergeklestirilen iyilestirmele-
ri standartlagtirmay1 amaglayan yontemlerin gelistirilmesinden olusur.

ISO/IEC 27001 standardina gére BGYS kurulum siirecinde yapilmasi gereken ilk
eylem, uygulama ve denetime tabi olacak Kapsam’in belirlenmesidir [15]. Bu dogrul-
tuda Kapsam “Saglik Bilgi Sistemleri Genel Miidiirligii” olarak belirlenmistir. Yone-
ticilerin onayini ve destegini vurgulayan bir politika olusturulmus ve tiim personele
duyurulmustur [17]. Buna ek olarak SBSGM gorev ve yetkileri dogrultusunda hedef-
ler belirlenmistir. Bu hedefler;

+ Bilginin gizlilik, biitlinliik ve erisilebilirlik agisindan, icerden veya disardan, kasitl
ya da kazayla olusabilecek tiim tehditlerden korunmasini saglamak,

+ Bilginin toplanmasi, degerlendirilmesi, raporlanmasi, paylasilmasi ve imha edilme-
si siireglerini igeren tiim yagsam dongiisii boyunca giivenligini saglamak,

+ Bakanlik merkez ve tasra teskilatinda tiim calisanlarin bilgi giivenligi farkindalik,
duyarlilik ve teknik bilgi diizeylerini en iist diizeyde tutmak,

» Teknolojinin saglamis oldugu en ileri sistemsel giivenlik tedbirlerini uygulayarak
insan kaynakli zafiyetleri asgariye indirmek,

* Veri ve bilgi kayiplarini 6nlemek ve kurumsal itibarin korunmasini saglamaktir.
olarak ozetlenebilir. Bu hedeflerin gerceklestirilmesinde mevcut tehditlerin ortadan
kaldirilmasina yonelik yapilan ¢alismalar kadar olasi risklerin belirlenmesi de 6nem-
lidir. SBSGM, i¢ ve dig paydaslari i¢in tirettigi degeri en yiiksek seviyede tutmak ve
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bu hedef dogrultusunda gerceklestirdigi tiim faaliyetlerinde, is siirekliligini maksi-
mum diizeyde muhafaza edebilmek icin kurumsal risk yonetimi yaklagimini benim-
semistir. Risk yonetimi hedefi; risk siireci faaliyetlerinin kurumsal bilgi giivenligi
hedefleri ile uyum igerisinde yiiriitiilmesidir. Bu kapsamda, bilgi giivenligi kontrolle-
rinin risk yonetimi bakis acist ile tanimlanmasi, kurum onceliklerinin belirlenmesi ve
kaynaklarin etkin kullanilmas1 amaglanmustir.

Bilgi varliklarinin gizliligini, biitiinliiglinii veya kullanilabilirligini (erisilebilirligini)
tehlikeye diigiirme potansiyeline sahip herhangi bir olay veya durum bilgi giivenligi
ihlal olayi olarak tanimlanabilir. SBSGM’de bilgi varliklari, ISO/IEC 27001 standar-
dinda tanimlanan gizlilik, biitiinliik ve erisilebilirlik ¢ergevesinde degerlendirilerek
belirlenmistir. Kurumsal olarak BGY S’nin etkin bir sekilde isletilmesinde ihlal olay-
larmin tanimlanmasi ve bilinmesi onemlidir. Bu amagcla
https://bilgiguvenligi.saglik.gov.tr/) adresine “olay bildir” sekmesi eklenerek bu sek-
me altinda tim T.C. Saglik Bakanlig1 ¢alisanlar1 ve vatandagin bilgi giivenligi ihlalle-
rini bildirebilecegi bir web sitesi olusturulmustur. Web sitesinde ihlal olaylarinin ta-
nimlanmasi, bildirilmesi, degerlendirilmesi ve raporlanmasi saglanmaktadir. Persone-
lin bilgi giivenligi farkindaligimin arttirilmasi ¢aligmalar1 kapsaminda brosiir, afis, el
kitab1 basilt ve elektronik ortamda hazirlanarak son kullanicilara ulastirilmistir. Ayri-
ca aylik olarak hazirlanan giincel BGYS Biiltenleri personele diizenli olarak e-posta
araciligi ile iletilmektedir. Tiim personelin bilgi gilivenligi farkindaligini arttirmaya
yonelik yapilan galismalara ek olarak yiiz yiize ve online bilgi giivenligi farkindalik
egitimleri verilmistir. Egitici egitimleri olarak planlanan ilk BGYS farkindalik egitim-
leri 10 ilde yapilmig ve 81 ilden, yerel yoneticiler tarafindan belirlenen toplamda 992
personel bu egitime katilmistir. Kurumda 2014 yilindan bu yana her y1l ISO/IEC 27001
kapsami1 dahilinde BGYSB personeli ve ISO 27001 i¢ tetkik¢i egitim alan per- sonel
tarafindan ISO/IEC 27001 kontrol maddeleri temel alinarak i¢ denetimler ger-
ceklestirilmektedir. Denetimler sonrasinda elde edilen sonuglar BGYSB personeli
tarafindan nitel arastirma yontemleri ile analiz edilerek sonuglarin diizeltici faaliyet ya
da ongoriilen risk kapsaminda degerlendirilmesine karar verilmektedir. Sonuglar ilgili
birimlere iletilerek diizeltici faaliyet veya ongoriilen risk icin gerekli diizenlemelerin
yapilmasi saglanmaktadir. BGYS siirecinde 6nemli hususlardan birisi de yonetimin
destegi oldugundan yapilan ¢aligmalar yilda bir kez yonetime sunulmakta ve siirekli
iyilestirme saglanmaktadir.

3 Bulgular

Kurum personeline BGYS 6nemini anlatmak, BGYS kurulum yonteminin ve siirece
dahil olacak personelin belirlenmesi amaglartyla SBSGM personeli ile yapilan toplan-
tilarda BGYS’nin 6nemini anlayan ve yeniliklere agik olan kisilerin siirece daha ¢a-
buk uyum sagladiklar1 goriilmiistiir. 2015 yilinda standardin revize edilmesi, kapsam
degisikligi gibi nedenlerle BGYS kurulum siireglerine bastan baglanmasi gerekmistir.
2014 yilinda yapilan tiim ¢alismalardan edinilen tecriibeler ve egitimli personel ile bu
kez sadece 11 adet toplant1 yapilarak ISO/IEC 27001 2013 versiyonuna gecis igin
gerekli tim g¢aligmalar tamamlanmistir. 2014 yilindan itibaren kurum personelinde
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Faaliyetler Onemi Gergeklestirilenler

bilgi giivenligi farkindalig1 olusturmak amactyla verilen egitimlerin y1l bazinda siire-
leri ve egitimlere katilan personel sayisi Tablo 1°de verilmistir.

Tablo 1. Yillara Gore Personele Verilen Bilgi Giivenligi Egitim Siiresi ve Katilime1 Sayisi

Yillar Toplam Egitim Siiresi Toplam Katilimc1 Sayisi
2015 4 Giin 968

2016 11 Giin 1842

2017 12 Giin 1068

2018 22 Giin 1663

2019 21 Giin 1214

2020 10 Giin 1246

2021 7 Giin 401

2022 2 Giin 108

2023 12 Giin 1851

ISO/IEC 27001 BGY S'nin uygulanmasi siirecinde, standardin zorunlu maddelerinden
olan "i¢ tetkik" faaliyetlerine 6zel 6nem atfedilmistir. Bu kapsamda 2014 yilindan
itibaren yapilan tim ig¢ tetkikler, SBSGM’de gorev yapan ve i¢ tetkik egitimi almis
personel marifetiyle yapilmistir. Kurumdaki i¢ tetkiklerin, ayrilan siire ve tetkik yapi-
lan birim/siire¢ sayist agisindan, miimkiin oldugu kadar genis tutulmasina 6zen goste-
rilerek her yil tiim birimler i¢ tetkike tabi tutulmustur. I¢ tetkik ekibine, sadece
BGYSB’de gorev yapan personel degil SBSGM’nin diger birimlerinde gorev yapan
yetkin personel de tetkik¢i olarak dahil edilmis ancak dncesinde bu personelin de
ISO/IEC 27001 ig tetkik egitimi almasi saglanmigtir. Bu sayede SBSGM biinyesinde
genis bir i¢ tetkik¢i havuzu da olusturulmustur. Tablo 2’de yil bazinda i¢ tetkik yapan
personel ve i¢ tetkik yapilan birim sayilar1 verilmistir.

Tablo 2. Yillara Gore I¢ Tetkik Yapan Denetci ve Yapilan Birim Sayist

Yillar Tetkikei Sayist Tetkik Yapilan Birim Sayisi
2015 20 30
2016 22 31
2017 16 34
2018 33 30
2019 18 32
2020 10 30
2021 14 28
2022 19 23

2014 yilindan itibaren ISO/IEC 27001 kapsaminda gerceklestirilen faaliyetler Tablo
3’te Ozetlenmistir.

Tablo 3. BGYS Kurulumu ve Siirdiiriilmesi i¢in Gergeklestirilen Faaliyetler
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BGYS
Kurma

Ekibi

Kapsamin  Be-

lirlenmesi

Politika Hazir-
lanmasi

Planlama

Dokiimantasyon
Stireci

Olay Yonetimi

Farkindalik
Faaliyetleri

Konuyla ilgili yetkin per-
sonel ile BGYS faaliyetle-
rine baglanmasi siireclerde
en Onemli faktorlerden
birisidir.

BGYS faaliyetlerinin hangi
departmanda gerceklestiri-
lecegi belirlenir ve ona gore
tiim caligmalar gerceklesti-
rilir.

Yazili olarak BGYS politi-
kas1 hazirlanir. Politikada
ist yonetim destegi ve
kurumun BGYS bakis acist

anlatilir. Politika’nin  tiim
personele duyurulmasi
gerekir.

Kurumun bilgi varliklar
belirlenir. Varliklarin ko-
runmasi, istenmeyen du-
rumlarin yaganmamasi ve
siirekli iyilestirmenin sag-
lanmasi i¢in kurum riskle-
rini belirlemeli, olusturdu-
gu risk metodolojisi ile risk
degerlendirme siireci ger-
ceklestirilmeli  ve siirekli
iyilestirilmelidir.

Bilgi Giivenliginin etkin bir
sekilde yoOnetilmesi i¢in
kurum, tim siireglerde
yapilan faaliyetlere iligskin
bilgi giivenligi politikalari,
prosediirleri, talimatlar is
siireglerine yonelik standart
olarak kullanilacak kaynak
dokiimanlar hazirlamalidir.

Kurumda yasanan ihlal
olaylart  raporlanmalidir.
Yasanabilecek olaylar igin
de senaryolar olusturularak
buna karsilik  Onlemler
belirlenmelidir. Ihlal olay1
aninda kimlerin aranacagi
ve hangi sekilde ¢oziilecegi
onceden belirlenmelidir.

Kurumda yapilan BGYS
caligsmalarinda ki en 6nemli
husus personel farkindali-
gidir.  Personele  egitim
verilmeli, konunun 6nemi

Ug personel ile kurulan BGYS ekibi galisma-
larina yedi personel ile devam edilmektedir.

Kapsam Saglik Bilgi Sistemleri Genel Mii-
diirliigii olarak belirlenmistir.

BGYS Genel Politikast  olusturulmus
https://bilgiguvenligi.saglik.gov.tr/ Web
sitesinde personelin ulagabilecegi sekilde
yaymmlanmigtir.

Kapsam dahilinde kurum riskleri belirlenmis,
risk metodolojisi ile riskler degerlendirilmis-
tir. Periyodik araliklarla risk isleme faaliyet-
leri ve stirekli iyilestirme saglanmaktadir.

BGYS’yi ilgilendiren faaliyetler kapsaminda
211 dokiiman hazirlanmig ve
https://bilgiguvenligi.saglik.gov.tr/ Web
sitesinde personelin ulagabilecegi sekilde
yayimlanmuistir.

Ihlal olay bildirim ¢alismalar1 kapsaminda
BGYS web sitesinde personelin ihlal bildi-
rimi yapabilecekleri bir alan olusturulmustur.
https://bilgiguvenligi.saglik.gov.tr/OlayBildir

Tiim personele yilda en az bir kez bilgi gii-
venligi farkindalik egitimleri verilmektedir.
Genel Midiirliikte ise yeni baslayan her
personele ise oryantasyon siirecinde farkin-
dalik egitimleri verilmektedir. Farkindalik
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anlatilmali, konuya dair

farkindalik dokiimanlari
hazirlanmali ve personele
bildirilmelidir.

I¢ Tetkik Kurum, kendi iginde kendi-
ni denetlemeli, uygunsuz-
luklarim1 ¢ikarmali ve bu-
nun i¢in ¢aligmalar yapma-
lidir.

Diizeltici Faali-  Tespit edilen uygunsuzluk-

yet lar takip edilmeli ve diizel-
tilmesi i¢in ek caligmalar
saglamalidir.

Yonetim  Goz-
den Gegirme

BGYS faaliyetlerinde en
onemli noktalardan biriside
ist yonetimin destegi her

dokiimanlari, videolari, afisler, anket calis-
malar1 ve e-postalar ile farkindalik ¢aligsmala-
11 slirdiiriilmektedir.

Yilda bir kez olacak sekilde tiim Genel Mii-
diirliik birimlerine i¢ tetkik yapilmaktadir.

Yilda bir kez gergeklesen i¢ tetkik sonucu
veya devam eden faaliyetlerde bir uygunsuz-
lukla karsilagildiginda diizeltici faaliyet ile
takip edilip uygunsuzlugun giderilmesi sag-
lanmaktadir.

Yilda bir kez tiim BGYS stiregleri, yil igeri-
sinde gerceklestirilen faaliyetler, riskler,
BGYS hedefleri, ihlal olaylar1 vb. caligmalar

zaman almmali, yapilan yonetime sunulup siirekli iyilestirme sag-
caligmalar {ist yOnetime lanmaktadir.
sunulmali ve siirekli iyiles-

tirme saglanmalidir.

4 Tartisma

Biligim teknolojilerindeki hizli gelismeler ve kullaniminin yayginlagmasi, bu sistem-
lerde saklanan bilginin korunmasi i¢in standart olarak kullanilabilecek ydntemlerin
gelistirilmesini de zorunlu kilmistir. Birgok kurumda ISO/IEC 27001 sertifikasyon
stirecinde danismanlik hizmeti alindig1 bilinmektedir. Bu yontem kurumun ihtiyacla-
rina ya da hedeflerine gore degisiklik gosterebilir. BGYS kurarak siirekliligini sagla-
mak i¢in bizim ¢aligmalarimiz ve deneyimimiz kurum i¢inde BGYS ekibi kurulmasi-
nin siirecin yonetilmesi ve sonrasinda devam ettirilmesinde 6nemli ve gerekli oldugu-
nu gostermigtir. SBSGM’de kurulan BGYSB faaliyetleri ISO/IEC 27001 standardi
alindiktan sonra da devam etmistir. BGYS birimi tarafindan verilen bilgi giivenligi
farkindalik egitimlerine olduk¢a fazla zaman ayirildigr goriillmektedir (Tablo 3). Kul-
lanicilar igin bilgi glivenligi farkindalik egitimleri, Bakanlik merkez personeline yiiz
yiize olarak verilen egitimler, egitim sonrasinda uygulanan anket c¢aligmalariyla da
degerlendirilmektedir. Bir kurumda BGYS kurmak ve igletmek i¢in ISO/IEC 27001
belgesine sahip olmak 6nemlidir. Tiim siireglerde standardizasyonu saglamakla birlik-
te yapilmasi gereken faaliyetler de belirli oldugu i¢in uygulayicilara giivenli bir yol
sunulmus olur. Kurumsal olarak sadece standardin gerekliliklerini yerine getirerek hem
kurumda BGYS kurmus hem de uluslararasi onaylanmis belgeye sahip olunabi- lir.
Ancak kurum icin daha fazlasi hedefleniyor ve isteniyorsa standart kapsaminda
olmayan ek faaliyetler de yapilabilir. Bunun bir 6rnegi olarak standardin gerekliligi
olmasa da ozellikle ISO/IEC 27001 kurulmas: siireclerinin baslangicinda BGYSB
yerine getirerek hem kurumda BGYS kurmus hem de uluslararasi onaylanmis belgeye
sahip olunabilir. Ancak kurum i¢in daha fazlasi hedefleniyor ve isteniyorsa standart
kapsaminda olmayan ek faaliyetler de yapilabilir. Bunun bir 6rnegi olarak standardin
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gerekliligi olmasa da 6zellikle ISO/IEC 27001 kurulmas: siireglerinin baslangicinda
BGYSB tarafindan, merkez veya tasra teskilat1 personeli ayirmaksizin personelin bilgi
giivenligi farkindaligin1 arttirmak amaciyla gergeklestirilen egitici egitimleriverilebilir.
Bilginin giivenligi konusu sadece sistemlerin giivenliginin saglanmasiyla degil ayni
zamanda bu sistemleri kullanan kullanicilarin bilinglendirilmesiyle de ilgi- lidir. icinde
yasadigimiz dijital ¢agda kullanilan teknolojilerde bilgi giivenligi sagla- ma konusunda
hala en zayif halka olarak kullanici farkindaligi kabul edilebilir. Bilgi giivenliginde
teknik, siire¢ veya kullanict olarak birbirini etkileyen ii¢ siiregten birindemeydana
gelecek aksaklik, kurumda bilgi giivenliginin tam olarak saglanamayacagi anlamina
gelmektedir [18]. Kamu kurumunda personelin, kurumda uygulanmasina karar verilen
bir yenilige iligkin bilgilendirilmesi ve farkindaliginin artirilmasina y6- nelik ¢aligsmalar
yapilmasi, yeniligin kabuliine ve gelismesine katki saglayabilir [19]. Bu bilgiler
1s18inda, BGYS’nin ve bilgi giivenligine iligkin kurallara uyumun basarili olmasi,
biiylik oranda son kullanict davranigina ve farkindaligina bagl oldugu gercegigoz ardi
edilmemelidir. Bilgi giivenliginin saglanmasinda kullanici farkindaliginin gelistirilmesi
icin gerceklestirilen uygulamalar, teknik olarak alinan d6nlemler kadar 6nemlidir [20].
SBSGM’de bu kapsamda yiiriitiilen i¢ tetkik denetimlerinde, BGYSB disindan
personelin siirece dahil edilmesi yOnteminin personelin kabuliinii arttirdigi gibi
kurumsal adaptasyonu hizlandirdig1 da sdylenebilir. 2014 yilindan itibaren siste- matik
olarak yaptigimiz tiim caligmalar 1s1§inda, SBSGM personelinin biiyiik bir kis- m1
bilisim teknolojileri alaninda egitim almig/¢alismis personelden olustugu, almis
olduklar egitim ve mesleki tecriibeleri itibari ile bilgi giivenligi siireglerine yatkin
durumda oldugu goriilmiistiir. Bu durum, kurumda bilgi giivenligi egitim ve farkinda-
lik ¢alismalarinin yapilmasi, BGYS siire¢lerinin uygulanmasi agisindan avantaj olus-
turmustur. gerektirdigi bir sekilde siirekli ve kararlilikla devam eden calismalari icer-
mektedir. Onemli olan kurumda bilgi giivenliginin anlasilmasi, benimsenmesi ve
edinilen tecriibelerle yola devam edilmesidir. Deneyimlerimiz; bir kurumda bilgi
giivenligi farkindaliinin ve davranig degisikliginin olugmasi igin, dncelikle yonetim
tarafindan bilgi giivenligi siireglerinin sahiplenilmesi gerektigini gostermistir. 2014
yilindan itibaren yapilan ¢aligmalarimizda; personele yonelik bilgi giivenligi farkinda-
lik egitimlerinin diizenli olarak verilmesi, egitimlerde kullanilan araglarin modern
egitim araglarindan segilmesi, egitimlerin kiigiik gruplarla etkilesimli olarak yapilma-
s1, bilgilerin teoriden ziyade gercek ornekler iizerinden aktarilmasi, miimkiinse video-
larla desteklenmesi ve 6zellikle yeni baglayan personel igin oryantasyon doneminde
kapsamli bir baslangi¢ diizeyi egitimi verilmesi ve farkindalik arttirici dokiimanlarin
hazirlanarak personele iletilmesi gibi ¢oziimlerin fayda sagladigi goriilmiistiir. Birgok
kurumda ISO/IEC 27001 sertifika alinmasi siirecinde danismanlik hizmeti alindigi
bilinmektedir. SBSGM bu siiregte kendi personelinin ilgili egitimleri almasini sagla-
mig ve siireci kendi i¢ kaynaklariyla yiiriitmiistiir. Bu da personelin siirece sahip ¢ik-
masina ve kurum ig¢inde énemli bir denetci havuzunun olusturulmasina imkan sagla-
migtir. SBSGM tarafindan yiiriitiilen ¢alismalarda yonetim destegine ek olarak BGYS
kurulumu ve sonrasinda bilgili ve deneyimli personel ile siiregleri yiiriitmenin de ol-
duk¢a 6nemli oldugu goriilmiistiir. Bu nedenle bizim 6nerimiz BGYS kurulum ve
devamindaki tiim siireglerin yonetim destegi ile birlikte kurum igindeki personel ile
yonetilmesidir. Bu sekilde hem kurum i¢inde BGY'S personeli istihdami olusturulabi-
lecek hem de kurum personeline yakin bir ekip ile silirecin daha aktif yiiriitiillmesi
saglanabilecektir.
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Abstract. Bibliometric analysis is the analysis of publications and their relationships that
were performed within a specific topic and/or during a certain period of time. Bibliometric
analysis is important for visualizing research. The aim of this study is to demonstrate the
bibliometric analysis of articles on the use of artificial intelligence in clinical studies in the
field of medicine using the R Bibliometrix package with PubMed database articles. After
downloading the PubMed bibliographic database, it was imported into Biblioshiny, a web
interface for bibliometrics, using the R Bibliometrix package. The numbers of publications
per year and the keywords used in these articles on clinical studies using artificial intelligence
in the PubMed database in the last 10 years, as well as the co-occurrence networks of these
keywords and the thematic information of these articles were analyzed. As a result, it was
shown that the use of artificial intelligence in clinical studies in the field of medicine has been
increasing over the years and plays an important role in the diagnosis and the treatment in
various medical fields.

Keywords: Artificiallintelligence in medicine, Bibliometric analysis, R Bibliometrix tools,
Biblioshiny

Ozet. Bibliyometrik analiz, belirli bir dénemde belirli bir konu ve alanda kurumlar ya da
kisiler tarafindan ortaya koyulmus yayinlarin ve bu yayinlar arasindaki iligkilerin analizidir.
Bibliyometrik analiz arastirmalarin gorsellestirilmesi agisinda 6nemlidir. Bu arastirmanin
amact tip alaninda yapilan klinik calismalarda yapay zeka kullanimini, PubMed veri
tabaninda bulunan makalelerin R yazilim dili Bibliometrix paketi kullanarak bibliyometrik
analizini ortaya koymaktir. PubMed bibliyografik veri tabami indirildikten sonra, R
Bibliometrix paketinin web arayiizii olan Biblioshiny i¢ine aktarilmistir. Son 10 yilda
PubMed veri tabaninda bulunan yapay zeka kullanilarak yapilan klinik ¢aligma makalelerin
yil bazli sayilar1 ve makalelerde kullanilan anahtar kelimelerle, kelimelerin birlikte olusum
aglar1 ve tematik bilgileri analiz edilmistir. Sonug olarak yapay zekanin tip alaninda yapilan
klinik calismalarda kullanilmasi yillar iginde bu ¢aligsma sayilariin giderek arttigini ve cesitli
tip alanlarinda tani tedavi ve teshiste 6nemli rol oynadigini géstermektedir.

Anahtar Kkelimeler: Tipta yapay zeka, Bibliyometrik analiz, R Bibliometrix paketi,
Biblioshiny
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1 Giris

Tibbi alaninda yapay zeka teknolojisinin kullanimi, saglik hizmetlerinin kiiresel
diizeydeki 6nemini vurgulamaktadir. Teknoloji ve bilisim sistemlerinin gelismesiyle
birlikte, saglik sektorii de dijital déniisiimiinii hizla gerceklestirmektedir. Ozellikle
klinik siire¢lerde dijitallesme egilimi artmaktadir ve bu dijitallesme beraberinde bircok
yeni teknolojiyi getirmektedir [1]. Saglik hizmetlerindeki yapay zeka teknolojisinin
kullanimu, tani, tedavi ve koruyucu saglik hizmetleri gibi bir¢ok siireci hizlandirmakta
ve ayni zamanda maliyetleri 6nemli olgiide diisiirmektedir [2]. Hastane klinik
fonksiyonlarinda teshis ve tedavi siireglerini hizlandirmanin yani sira, olasi insan
hatalarin1 minimuma indirme potansiyeline sahiptir ve saglik hizmetlerinin etkinligini
artirmaktadir [3]. T1bbi alanda, yeni yapay zeka teknolojilerinin radyolojik, patolojik,
endoskopik, ultrasonografik ve biyokimyasal incelemelere entegrasyonu hastaliklarin
teshisinde daha yiiksek dogrulukla sonug¢lanmakta ve insan ig ylikiini azaltmaktadir [4].
Buna ek olarak hastaliklarin tedavi siirecinin en onemli pargasi olan erken teshis
ihtimalini de arttirmaktadir [5]. Bu durum, perioperatif donemdeki tibbi tedavilerin
timiniin daha iyi cerrahi sonuglarla Onemli oOlg¢iide iyilestirilmesine katkida
bulunmaktadir [6].

Bibliyometri, bilimsel yaymlarin nicel analizi ve istatistiksel degerlendirmesidir. Bu
yontem, bir bilim alanmin biiyiimesini, olgunlugunu, o6nde gelen yazarlarini,
egilimlerini, kavramsal ve entelektiiel haritalarin1 degerlendirmek i¢in kullanilmaktadir
[7]. Ayrica aragtirma performansini degerlendirmek, belgeler, yazarlar ve referanslar
arasinda baglant1 kurmak i¢in de kullanilmaktadir [8]. Bibliyometrik analiz R, Python,
vb. bir¢cok yazilim ve program paketleri ile yapilabilmektedir [9]. Bu yontemlerden biri
olan “Biblioshiny” bir web arayiizii olarak yaygin sekilde kullanilmaktadir. Biblioshiny
SCOPUS, Web of Science, PubMed, Digital Science Dimensions ve Cochrane veri
tabanlarindan bibliyografik verileri aktarabilmektedir. Kaynaklar, yazarlar ve belgeler,
kavramsal yapi, sosyal yapr ve entelektiiel yap1 hakkinda gesitli gorsellestirme ve
analizler sunmaktadir [10]. Bu sebeple bibliyometrik analiz, 6zellikle hizli gelismekte
olan ¢alisma konularinin takip edilmesini kolaylastirdigindan son derece faydali bir
ara¢ olmaktadir. Bu baglamda, tip alaninda yapay zeka kullanilarak yapilan klinik
caligmalarin bibliyometrik analize tabi tutulmasi gelecek ¢aligmalara yol gdstermek,
¢alismalarin nasil ve ne yonde ilerlediklerini gdstermek ve o6zellikle de literatiirde
bulunan eksikliklileri tespit edebilmek agisindan énemlidir.

2 Yontem

Tip alaninda yapay zeka kullanilarak yapilan klinik ¢aligmalar bibliyometrik analizle
incelenmistir. Analiz, tip literatlirinde yapay zeka kullanilarak yapilan klinik
calismalarin gelisimi ve 6zellikleri hakkinda 6nemli bilgiler, sayisal veriler ve gorseller
sunmay1 amaglamaktadir. Bu sayede, literatiirde bulunan bosluklar tespit edilirken
ayrica multidisipliner ¢aligmalarin aralarindaki baglantilar ve etkilesimler de ortaya
¢ikarilmak istenmistir.
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2.1 Veri Seti

Arastirma verileri PubMed veri tabani kullanarak en son 22.03.2024 tarihinde
taranmistir. Tarama siirecinde, veri tabani arayiizlerinde bulunan daralticilar
kullanilarak verilere sinirlamalar getirilmistir. Sonuglar, 2014-2024 yillar1 arasindaki
on yiulik bir donemi kapsayacak sekilde daraltilmis ve belge tiirii olarak klinik
caligmalar tercih edilmistir. Calisma, farkli dillerde yayimlanan makalelerin kelime
bulutu analizlerinden veya trend konularindan kaynaklanabilecek karmasiklig1 dnlemek
amaciyla uluslararast kabul goren Ingilizce metinlerle simirli tutulmustur. Anahtar
kelime olarak ‘artificial intelligence’ kullanilmistir. Bunun sonucunda 3416 klinik
¢aligmaya rastlanmigtir. Tim iglemlerin ardindan veriler PubMed dosya formatinda veri
taban1 {lizerinden disar1 aktarimigtir. PubMed dosyas: Biblioshiny web arayiiziine
yiiklenmis ve analizler gerceklesmistir.

2.2 Biblioshiny

Bibliyometrik analiz R, Python, VOSviewer vb. bir¢ok yazilim ve program paketleri ile
yapilabilmektedir [8, 10, 11]. Calismada yapilan analizigin tercih edilen Biblioshiny web
ara ylizii, SCOPUS, Web of Science, Cochrane, PubMed ve Digital Science Dimensions
veri tabanlarindan bibliyografik verileri aktarabilmektedir. Biblioshiny web ara yiizii R
yazilim dilinin bibliyometri paketlerinden Bibliyometrix ile birlikte ¢aligmaktadir. R
yazilim dilinin, yiiksek kaliteli istatistiksel algoritmalar, sayisal hesaplamalar icin giiglii
rutinler ve veri gorsellestirme araglart gibi 6zellikleri, bilimsel hesaplamalar i¢in diger
dillere gore tercih edilmesini saglamaktadir [13].

3 Bulgular

PubMed veri tabani kullanilarak ‘artificial intelligence’ anahtar kelimesi iizerinden
arama yapilmistir. 2014-2024 tarihleri arasinda yayinlanmis ve klinik ¢alisma makalesi
olma sarti ile sonuglar filtrelenmistir. Filtreleme sonucunda son 10 y1l icinde 693 farkli
dergiden elde edilen verilere dayanarak 1939 adet klinik ¢alisma makalesi yayinlandig:
ve 12331 yazarn ilgili konular iizerinde galistig1 goriilmistiir. Bu sonuglar Sekil 1°de
gosterilmistir.

Timespan Sources
Ailifions Documents.
12331 1939

Sekil 1. Yayinlanan makaleler hakkinda genel bilgiler
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Tip alaninda yapilan klinik ¢aligma makalelerinin yillara gore yayin sayist Tablo 1’de
goriilmektedir. Y1l bazli yayin sayilarina bakildiginda yayinlarin her gegen yil giderek
arttig1 goriilmektedir. Yillar iginde tip alaninda farkli gelismeler bu ¢alisma konularina
ve sayilarma etki edebilmektedir. Ozellikle 2020 yilinda ¢ikan COVID-19 hastaligi bu
calismalarin artmasinda 6nemli bir parametredir [14]. Ayni zamanda yillarin igerisinde
teknolojinin gelismesi ve yapay zeka algoritmalarinin kullanilirhigmin artmasi da bu
artista 6nemli rol oynamaktadir. Bu baglamda tip ve yapay zekd alaninda yapilan
calismalarin yillar i¢inde artmasi beklenmektedir.

Tablo 1. Yayinlanan makalelerin y1l bazli yayin sayilari

e T
| os e |
T
o e
os e

2019

T
N
S
a2 e
S
N I

*2024 yili i¢in Mart 22°ye kadar yapilan ¢aligmalar dahildir.

Makalelerde tekrar eden anahtar kelimeler i¢i hazirlanan bulut Sekil 2°de gosterilmistir.
Bu sekilden goriilecegi {izere; insan, yas, cinsiyet gibi parametrelerde robotik, yapay
zeka, makine 6grenimi ve algoritmalar1 gibi yontemler caligmalarda kullanilan anahtar
kelimeler arasinda daha yaygin oldugu goriilmektedir. Ayni zamanda ileriye ve geriye
doniik caligmalarda tani, teshis ve tedavi gibi anahtar kelimelerle siklikla
karsilagilmaktadir. Bu baglamda klinik ¢alismalarda yapay zekd kullanilmasi
hastaliklarin tani, teshis ve tedavi siirecleri i¢in 6nemli oldugu sdylenebilmektedir. Bu
¢aligmalarin klinik olmasi dolayisi ile ¢aligmalarin teoride kalmadigi ve pratik olarak
yapildig1 ve belirli sonuglar alindig1 kanisina da varilabilmektedir.
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macnme learning

treatment outcome

Sekil 2. Makalelerde siklikla kullanilan anahtar kelime bulutu

Trend Topics
robolic surgical proceduresimethods - .
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Year

Grafik 1. Makalelerin yaygin aragtirma terimlerinin y1l bazli frekans grafigi

Grafik 1 makalelerin yaygin arastirma terimlerinin yil bazli frekans grafigini
gostermektedir. Grafik 1’e bakildiginda; 2014-2016 yillar1 arasinda psikolojik
(pyschology) caligmalar, parametrik olmayan istatistiklerle (non-parametric,
statistics) yapilan calismalar ve igbirlik¢i davranig (cooperative behavior) iceren
calismalarin daha yogun bir sekilde ¢alisildig1 goriilmektedir. 2016-2018 yillarinda
daha yogun olarak fizik tedavi (physical therapy), rehabilitasyon (rehabilitation)
konular  o6zellikle bulanikk mantik (fuzzy logic) yontemi kullanilarak
gerceklestirilmistir. 2016’dan baglayarak 2020’ye kadar ¢esitli donemlerde ekipman
dizayn1 (equipment design), engellilik degerlendirmesi (disability evaluation) ve
kullanic1 bilgisayar ara yiizii (user-computer interface) gibi konular ve felg
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rehabilitasyonu (stroke rehabilitation), robotik konularmin daha fazla calisildig:
gozlenmektedir. Bu egilimin gecmis yillarda gergeklestirilen rehabilitasyon, bulanik
mantik gibi konularin devami niteliginde gergeklestigi de sdylenebilir. 2018 yili
itibariyle cinsiyet ve yas (male/female, child/adult vb.) parametrelerinin
kullanilirliginin arttigi, 2020 yilinda robotik konularina ek olarak insan, kolonoskopi,
geriye doniik caligmalar (prospective studies), radyolojik goriintii yorumlamalari,
derin 6grenme (deep learning), makine 6grenmesi gibi konularin siklikla kullanildig:
goriilmektedir. Bu baglamda yapay zekanin insanlar tizerinde 2020 yilinda yaygin
olarak kullanilan sikliginin arttigmi ve bu siirelerde en sik felg rehabilitasyonu
iizerinde duruldugu, makine insan ara yiizlerinin kullanilirligmin artmasmin tani,
teshis ve tedavi siireglerine olanak sagladigi goriilmektedir. Tip alaninda yapay zeka
her yas ve cinsiyette farkli hastaliklara maruz kalan bireyler i¢in kullanilabilmektedir.
Son olarak literatiirdeki eksik veya popiilerligi daha az olan konularin arastirilmasi
i¢in grafigin yol gosterici oldugu da sdylenebilir.

» n .. -
¥ @
> @ ® ——®
- .
> P er = 3 o -
e L
> @ humans male g
e =~

middie aged

Sekil 3. Makalede kullanilan kelimelerin birlikte olusum ag1

Sekil 3’e bakildiginda makalede kullanilan kelimelerin birlikte olusum ag
goriilmektedir. Birlikte olusum ag1 bir aragtirma sirasinda hangi konularin bir arada
kullanildigint ve buna dayanarak hangi disiplinlerin birbirleriyle iliskili oldugu
konusunda bilgi verebilmektedir. T1p alaninda yapay zeka kullanilarak yapilan klinik
caligmalarda birlikte olusum ag1 Multi-disiplinler ¢aligma konular1 hakkinda ¢ikarim
yapma sansi vermektedir. Bu baglamda Sekil 3’e baktigimizda insan yapay zeka ve
tibbi cihazlarin bir arada kullanilmasi tip teknolojileri agisindan en kapsamli alan olan
biyomedikal miihendisligini konularinin tiimiinde yapay zekd kullanilirhiginin
oldugunu gostermektedir. Bununla birlikte insan yapay zeka ve tedavi kavramlarinin
birlesimine bakildiginda bu alanda gergeklestirilen tip ve bilisim ¢aligmalarinin,
tamamlanan klinik ¢aligmalarda elde edilen bilgilerin degerlendirmeleri ve bunlardan
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sonuglar ¢ikarilmasi agisindan 6nemli oldugu sdylenebilir. Robotik ve rehabilitasyon
ile ilgili caligmalar ise klinikte gerceklestirilen en temel uygulamalarin bu alanlarda
gergeklestigi sonucunu gostermektedir.

4 Sonuglar

Bu ¢aligmada, tip alaninda yapay zeka kullanilarak gergeklestirilen klinik ¢aligmalarin
bibliyometrik analizi R Bibliometrix paketi {izerinden Biblioshiny web arayiizii
kullanilarak gerceklestirilmistir. Analiz sonuglari, klinik ¢aligmalarin her gecen yil
artigmi gostermektedir. Bu artig, tibbi gelismelere, salgin hastaliklara, teknolojik
ilerlemelere ve diger parametrelere bagl olarak degismektedir. Makalelerde sikca
gegen anahtar kelimeler ve bu kelimeler arasindaki iligki aglar1 incelendiginde, robotik
cerrahi, tibbi goriintiileme sistemlerinin yorumlanmasi, felg rehabilitasyonu, parezi ve
etiyoloji rehabilitasyonu, fizik tedavi yontemleri, enstriimantasyon, engellilik
degerlendirmesi gibi konularin popiiler oldugu goriilmektedir. Bu ¢alismalarda makine
O0grenimi, yapay zekd, bulanik mantik, istatistik, insan-makine arayiizii ve bilgisayar
destekli ¢oziim yontemleri kullanilarak sonuglara ulasildig: soylenebilmektedir. Ayrica,
yapay zeka uygulamalarinin klinik ¢aligmalarin artmasi insanlar {izerinde denenmesi
artik caligmalarin teoride kalmadiginin énemli bir belirtisidir. Makine 6grenimi, derin
o0grenme, bulanik mantik gibi kavramlara siklikla rastlanmasi, yapay zekanm farkli
yontem ve algoritmalarla gesitli sorunlarin ¢dziimiinde ve analizinde kullanildigin
gostermektedir. Yapay zeka kullanilarak yapilan analizler, hastaliklar {izerinden
anlamli sonuglar ¢ikarilmasini saglayarak farkli tedavi yontemlerinin gelistirilmesine
olanak tanirken, hastaliklarin belirtilerini hizli bir sekilde 6grenerek tani koyma siirecini
kisaltabilir. Bunlara ek olarak anahtar kelimelere ve kelimelerin birlikte olusum aglarina
baktigimizda ise tip alaninda yapay zekd kullanimina ek olarak biyomedikal, fizik
tedavi, robotik cerrahi gibi farkli disiplinlerin de bu klinik calismalara katkida
bulundugu sdylenebilmektedir. Ayrica, doktorlarn belirli bir uzmanlik alanlari
olmasina ragmen yapay zeka farkli uzmanliklar1 kapsayici bir bilgi yelpazesine sahip
olabilir. Bu nedenle tan1 ve teshislerin dogruluk oranin arttiracak sekilde doktorlarin
teshisini destekleyecek sekilde sistemlere eklenebilirler. Bu bulgular, yapay zekanin tip
alaninda hastaliklarin tani, teshis ve tedavi siireglerinde dnemli bir rol oynadigini ortaya
koymaktadir. Bunlara ek olarak yapilan bibliyometrik analiz bu konularda en fazla
yayin yapan yazarlar ve gruplar ile bunlarin yayin frekanslar ve iilkeleri hakkinda da
bilgiler sunabilmektedir. Bu ¢alisma kapsaminda yapay zeka yontemleri ve klinik
calismalar ile farkli disiplinler arasindaki iliskiler ortaya konmak istendiginden bu
bulgulara yer verilmemistir. Daha detayli bir calismada klinik uygulamalarin
yaygmligi, yapay zeka kullanimu ile ilgili iilke gelismislik seviyelerinin etkilerinin de
arastirildigi bir ¢alismada bu sonuglara da yer verilebilir. Calismanin gelistirilebilir bir
diger Ogesi de yapilan analizin farkli veri tabanlarinda da benzer sonuglar verip
vermediginin irdelenmesi olabilir. Bu sayede hem analizin performansi
degerlendirilirken hem de bilim insanlarinin yaptiklar1 c¢aligmalarin goriniirligi
konusunda ne tip egilimlerde bulunduklari (6rn; hangi c¢eyreklik dergilerde
yayinladiklar1 vb.) izlenebilir ve bu da hizli gelisen alanlarda
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caligmalar yapan bagka bilim insanlar1 i¢in yol gdsterici olabilir. Dolayisiyla, bu
calismanin bulgulari, eksik ¢alisma konularint belirleyerek literatiirdeki bosluklarin
doldurulmasina ve yeni yontemlerin kesfedilerek bu alandaki ¢aligmalara rehberlik
etme potansiyeline sahiptir.

KAYNAKCA

(1]

(4]

(5]

(%]

[10]

[11]

[12]

A. Demirhan, Y. Alper KILIC, 1. Giiler, G. Universitesi Teknoloji Fakiiltesi, and B.
Miihendisligi Boliimii, “Tipta Yapay Zeka Uygulamalari* Artificial Intelligence
Applications in Medicine,” 2010.

J. Salcedo, M. Rosales, J. S. Kim, D. Nuno, S. Suen, and A. H. Chang, “Cost-
effectiveness of artificial intelligence monitoring for active tuberculosis treatment: A
modeling study,” PLoS One, vol. 16, no. 7, p. e0254950, Jul. 2021, doi:
10.1371/journal.pone.0254950.

E. Rondonotti ef al., ““Artificial intelligence-assisted optical diagnosis for the resect-and-
discard strategy in clinical practice: the Artificial intelligence BLI Characterization
(ABC) study,” Endoscopy, vol. 55, no. 01, pp. 14-22, Jan. 2023, doi: 10.1055/a-1852-

0330.

J. D. Piette et al., “Patient-Centered Pain Care Using Artificial Intelligence and Mobile
Health Tools,” JAMA Intern Med, vol. 182, no. 9, p. 975, Sep. 2022, doi:
10.1001/jamainternmed.2022.3178.

S. Mertens, J. Krois, A. G. Cantu, L. T. Arsiwala, and F. Schwendicke, “Artificial
intelligence for caries detection: Randomized trial,” J Dent, vol. 115, p. 103849, Dec.
2021, doi: 10.1016/j.jdent.2021.103849.

H. KELES, “TIPTA YAPAY ZEKA UYGULAMALARL” Kirikkale Universitesi Tp
Fakiiltesi Dergisi, vol. 24, no. 3, pp. 604—613, Dec. 2022, doi: 10.24938/kutfd.1214512.
C. Cuccurullo, M. Aria, and F. Sarto, “Foundations and trends in performance
management. A twenty-five years bibliometric analysis in business and public
administration domains,” Scientometrics, vol. 108, no. 2, pp. 595-611, Aug. 2016, doi:
10.1007/s11192-016-1948-8.

S. Biiyiikkidik, “A Bibliometric Analysis: A Tutorial for the Bibliometrix Package in R
Using IRT Literature,” Journal of Measurement and Evaluation in Education and
Psychology, vol. 13, no. 3, pp. 164—-193, Sep. 2022, doi: 10.21031/EPOD.1069307.

R. Bailon-Moreno, E. Jurado-Alameda, R. Ruiz-Bafios, and J. P. Courtial, “Bibliometric
laws: Empirical flaws of fit,” Scientometrics, vol. 63, no. 2, pp. 209-229, Apr. 2005,
doi: 10.1007/s11192-005-0211-5.

K-Synth Srl, “ BIBLIOMETRIX,” Academic Spin-Off of the University of Naples
Federico II. All Rights Reserved.

B. Toaza and D. Esztergar-Kiss, “Automated bibliometric data generation in Python
from a bibliographic database,” Software Impacts, vol. 19, p. 100602, Mar. 2024, doi:
10.1016/j.simpa.2023.100602.

Y. Yuet al., “A bibliometric analysis using VOSviewer of publications on COVID-19.,”

Ann Transl Med, vol. 8, no. 13, p. 816, Jul. 2020, doi: 10.21037/atm-20-4235.

15. Tip Bilisimi Kongresi Bildiriler Kitab1
Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024

139



[13] M. Aria, C. Cuccurullo, and F. Sarto, “Exploring healthcare governance literature:

systematic review and paths for future research,” MECOSAN, no. 91, pp. 61-80, Jan.
2015, doi: 10.3280/MESA2014-091004.

R. Vaishya, M. Javaid, I. H. Khan, and A. Haleem, “Artificial Intelligence (AI)
applications for COVID-19 pandemic,” Diabetes & Metabolic Syndrome: Clinical

[14]

Research & Reviews, vol. 14, no. 4, pp. 337-339, Jul. 2020, doi:
10.1016/5.dsx.2020.04.012.
15. Tip Bilisimi Kongresi Bildiriler Kitab1 140

Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024



Predictors of Neuropathy in Diabetes Mellitus
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Abstract. Diabetes mellitus is a major public health concern with a growing
number of cases. Diabetes mellitus is associated with some complications includ-
ing neuropathy. Neuropathy is the most common complication of diabetes and
the main cause of non-traumatic amputations. Early prediction of neuropathy in
diabetic patients is crucial to reduce neuropathy-related complications and mor-
bidity. In the present study, we aimed to predict neuropathy in patients with dia-
betes mellitus by using the logistic regression method. For this aim, a large cohort
that includes the EHR of 77,724 diabetic patients was used. Among 105 features
in the dataset, 47 features were found to be significant predictors of neuropathy
in patients with diabetes mellitus and included in the final model. A 5-fold cross-
validation approach was used for modeling. The logistic regression method
achieved an average AUC of 0.830. Further studies should be conducted with
different populations and advanced machine learning techniques to increase the
accuracy and generalizability of the model.

Keywords: Logistic Regression, Neuropathy, Electronic Health Records

1 Introduction

Diabetes mellitus is a metabolic dysfunction in which blood sugar levels remain high
due to insufficient secretion of the insulin hormone in the body [1]. Diabetes mellitus
is a major public health challenge with 537 million cases worldwide in 2021 [2]. Cor-
onary heart disease, stroke, peripheral artery disease, kidney disease, retinopathy, and
neuropathy are common complications of diabetes [3]. Among these complications,
neuropathy is the most common complication of diabetes mellitus and the main cause
of non-traumatic amputations [4]. Early prediction of neuropathy in diabetic patients
may reduce neuropathy-related complications and morbidity [5, 6].

Logistic regression is a statistical method that enables multivariate analysis and mod-
eling of a binary outcome [7]. Logistic regression is a widely used method in many
areas including health, engineering, and social sciences [8]. In medical research, lo-
gistic regression has become an increasingly popular method, particularly in the past
twenty years [9]. For neuropathy prediction, promising results were obtained in previ-
ous efforts by using the logistic regression method [10-12]. However, past efforts
worked with a relatively small cohort which reduces the predictive performance and
generalizability of prediction models.

15. Tip Bilisimi Kongresi Bildiriler Kitab1
Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024

141



The present study aims to predict neuropathy in patients with diabetes mellitus by using
logistic regression method.

2 Method

2.1 Data Set

In the present study, electronic health records (EHR) of the patients diagnosed with
diabetes mellitus in Istanbul, Turkey in 2017 were used [13]. The dataset includes de-
mographic, diagnosis, laboratory test, and prescription records of 77,724 diabetic pa-
tients.

2.2 Data Preprocessing

The original dataset includes 105 features. After performing logistic regression analysis
with all features, significant features were included in the final model. Python (version
3.9.7) was used for data preprocessing.

2.3  Modeling

The logistic regression method was used for modeling. A 5-fold cross-validation ap-
proach was used to train and evaluate the prediction model. The prediction model was
built with default hyper-parameters. To evaluate the predictive performance of the
model, accuracy, area under the receiver operating characteristic curve (AUC), Fi-
score, and Matthew's correlation coefficient (MCC) were used. Python (version 3.9.7)
was used for modeling and evaluation.

2.4  Statistical Analysis

Jamovi (Version 1.6.23.0) was used for statistical analysis. Logistic regression analysis
was performed to analyze the association between neuropathy and input variables. A p-
value lower than 0.05 was considered significant for all statistical analyses.

3 Results

In the dataset, 19,559 (25.2%) patients were diagnosed with neuropathy and 58,165
(74.8%) patients were not. In the baseline model, 47 features were found to be signifi-
cant predictors of neuropathy in patients with diabetes mellitus. Significant predictors
of neuropathy in patients with diabetes mellitus are presented in Table 1.
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Table 1. Logistic regression analysis results

Variables

Odd’s ratio (95% CI) p-value

HbAlc
HbA1c change
HDL
Creatinine

Thyroid diseases

In situ neoplasms, benign neoplasms, neoplasms of

uncertain or unknown behavior
Vitamin deficiencies

Disorders of lipoprotein metabolism and other

lipidaemias

Other Endocrine disorders

Bipolar affective disorder

Other nervous system disorders
Retinopathies

Disorders of refraction and accommodation
Other eye diseases

Other diseases of ear and mastoid process
Hypertension

Ischemic heart diseases

Other diseases of the circulatory system
Gastro-oesophageal reflux disease
Diseases of the skin and subcutaneous tissue

Diseases of the musculoskeletal system and
connective tissue

Renal failure

Some alimentary tract preparations
Cardiovascular system drugs

Lipid modifying drugs
Genitourinary system drugs
Vaccines

Immunostimulants
Muskuloskeletal system drugs
Antiepileptics

Antiparkinson drugs

1.066 (1.052 - 1.080)
0.890 (0.826 - 0.958)
1.002 (1.000 - 1.005)
0.970 (0.942 — 1.000)
0.918 (0.863 - 0.976)
0.882 (0.803 - 0.969)

0.664 (0.635 - 0.694)
1.397 (1.314 - 1.486)

0.901 (0.861 - 0.944)
0.491 (0.420 - 0.575)
1.110 (1.053 - 1.169)
1.203 (1.136 - 1.275)
1.067 (1.021 - 1.116)
1.102 (1.036 - 1.172)
1.076 (1.010 - 1.146)
1.171 (1.088 - 1.259)
0.950 (0.903 — 1.000)
1.076 (1.027 - 1.128)
1.085 (1.039 - 1.133)
1.058 (1.005 - 1.114)
1.329 (1.245 - 1.418)

0.890 (0.823 - 0.962)
4.860 (4.603 - 5.132)
0.931 (0.867 - 0.999)
0.906 (0.852 - 0.963)
1.075 (1.016 - 1.138)
0.910 (0.848 - 0.977)
0.463 (0.229 - 0.932)
1.088 (1.023 - 1.157)

12.158 (11.578 - 12.767)

1.442 (1.247 - 1.668)
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<.001
0.002
0.048
0.046
0.006
0.009

<.001
<.001

<.001
<.001
<.001
<.001
0.004
0.002
0.023
<.001
0.048
0.002
<.001
0.032
<.001

0.003
<.001
0.047
0.001
0.013
0.009
0.031
0.007
<.001
<.001

D



Antipsychotics 0.726 (0.658 - 0.801) <.001
Psychoanaleptics 1.208 (1.132 - 1.289) <.001
Respiratory system drugs 0.912 (0.859 - 0.967) 0.002
Dapagliflozin (per 1 gr/year) 1.044 (1.004 — 1.085) 0.029
Gliclazide (per 1 gr/year) 1.006 (1.004 - 1.008) <.001
Insulin aspart (per 1000U/year) 1.028 (1.022 - 1.034) <.001
Insulin detemir (per 1000U/year) 1.014 (1.009 - 1.020) <.001
Insulin glargine (per 1000U/year) 1.017 (1.013 - 1.021) <.001
Insulin glulisine (per 1000U/year) 1.067 (1.050 - 1.084) <.001
Insulin lispro (per 1000U/year) 1.032 (1.022 - 1.042) <.001
Linagliptin (per 1 gr/year) 1.332(1.245 - 1.425) <.001
Nateglinide (per 1 gr/year) 33.055 (11.550-94.602) <.001
Pioglitazone (per 1 gr/year) 1.028 (1.022 - 1.035) <.001
Saxagliptin (per 1 gr/year) 1.134(1.034 - 1.243) 0.007
Sitagliptin (per 1 gr/year) 1.006 (1.003 - 1.009) <.001
Vildagliptin (per 1 gr/year) 1.010 (1.007 - 1.013) <.001

The average performance metrics of logistic regression method on the original dataset
across 5-fold are as follows: 0.723 accuracy, 0.764 AUC, 0.541 F1-score, and 0.361
MCC. Performance analysis of the logistic regression method on original dataset in
predicting neuropathy in patients with diabetes mellitus is presented in Table 2.

Table 2. Performance analysis of logistic regression method on the original dataset across 5-fold

Fold Accuracy AUC Fi-score MCC

1 0.725 0.771 0553 0370
2 0.731 0.756 0553 0355
3 0.733 0.780 0.557 0.386
4 0.703 0.752 0.526 0.337
5 0.723 0759 0.536 0355

Average (.723 0.764 0.541 0.361

The The average performance metrics of logistic regression method on the original
dataset across 5-fold are as follows: 0.779 accuracy, 0.830 AUC, 0.614 F1-score, and
0.471 MCC. Performance analysis of the logistic regression method in predicting
neuropathy in patients with diabetes mellitus is presented in Table 3.

Table 3. Performance analysis of the logistic regression method on the dataset with 47 significant features

Fold Accuracy AUC Fi-score MCC

1 0.775 0.838 0.624 0.476
2 0.759 0.831 0.604 0.454
3 0.775 0.835 0.614 0.470
4 0.775 0.824 0.608 0.462
5 0.813 0.822 0.619 0.496

Average 0.779 0.830 0.614 0.471
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The receiver operating characteristic curves (ROC) of the logistic regression method
on the original dataset and the dataset with significant features are presented in Figure
1.

Receiver Operating Characteristic (ROC) Curve Receiver Operating Characteristic (ROC) Curve
10 L0
08 08
206 206
2 H

o4 — ROCfold 1(AUC=0.771) { & 0.4 ~+7—— —— ROC fold 1 (AUC = 0.838)

ROC feld 2 (AUC = 0.756) e ROC fold 2 (AUC = 0.831)
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Fig. 1. The receiver operating characteristic (ROC) curve of logistic regression method on
the original dataset (on the left) and the dataset with significant features (on the right) for 5-
fold cross-validation.

4 Discussion

In the present study, the logistic regression method was used to predict neuropathy in
patients with diabetes mellitus. Demographic, laboratory tests, and prescription records
of patients were used as predictors of neuropathy in diabetic patients. Herein, we
worked with a large cohort that includes the EHR of 77,724 diabetic patients. Firstly,
logistic regression analysis was performed to determine significant predictors of
neuropathy. According to logistic regression analysis results, 47 features were
significant predictors of neuropathy in patients with diabetes mellitus. The logistic
regression method had 0.764 AUC on the original dataset and 0.830 AUC on the dataset
with 47 significant features. The logistic regression method demonstrated satisfactory
predictive performance on both sets. However, the performance of logistic regression
was higher on the dataset that includes solely significant features. This highlights the
importance of excluding unnecessary features for our prediction task.

In previous efforts, logistic regression achieved promising predictive performance with AUC
values ranging from 0.73 to 0.88 [10-12] in predicting neuropathy in patients with diabetes mellitus.
The predictive performance of our prediction model is comparable with previous efforts.

The main limitation of the study is using data from the single population, which has the
potential to limit the generalizability of the results to broader populations. Additionally,
we solely used the logistic regression method for prediction. However, machine
learning techniques may achieve superior predictive performance with our large cohort.
Further studies should be conducted to overcome these limitations.

In conclusion, our study may contribute to the literature on neuropathy prediction in
patients with diabetes mellitus. Although the logistic regression method demonstrated
satisfactory predictive performance on this task, advanced machine learning techniques
can provide more accurate models.
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Abstract. In this study, we aimed to access new immune checkpoint specific
information by fine-tuning the text generation capabilities of the GPT-2 lan-
guage model developed by OpenAl. Using a dataset of abstracts from 7,000 ar-
ticles obtained through the search query “new immune checkpoint” in the Sco-
pus database, we fine-tuned the model to perform better in this specific type of
text. The training and validation losses decreased from 2.05 to 0.51 and 1.92 to
1.28, respectively, over 5 epochs, indicating improved performance. By enhanc-
ing the model's ability to understand the structure and content of texts, we in-
creased its capacity to generate more accurate and consistent texts for our per-
sonal use. This study highlights the effectiveness of fine-tuning language mod-
els to improve text generation capabilities. Immune checkpoint inhibitors are
promising agents in cancer treatment. This study aims to demonstrate the quali-
tative effectiveness of using the GPT-2 model for fine-tuning in the discovery
of new immune checkpoints.

Keywords: GPT-2, fine-tuning, text generation, immune checkpoints, Scope
database.

1 Introduction

Immune checkpoints play a crucial role in regulating the immune response, ensuring
that it is both effective and controlled [1]. These checkpoints are essential for main-
taining self-tolerance and preventing autoimmunity, but they can also be exploited by
cancer cells to escape detection and destruction by the immune system [2]. The dis-
covery of immune checkpoints such as CTLA-4 and PD-1/PD-L1 has revolutionized
cancer treatment [3]. This discovery prevented cancerous cells from escaping the
immune system. In other words, it increases the success of the immune system in
fighting cancerous cells.
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Despite the success of immune checkpoint inhibitors in some cancers, many patients
do not respond to these treatments or develop resistance over time [4]. This highlights
the need to identify new immune checkpoints that could serve as targets for novel
immunotherapies. In this study, we aimed to identify new immune checkpoint candi-
dates using the large summary dataset in the Scopus database. We leveraged advanced
natural language processing techniques to extract relevant information from these
abstracts, focusing on identifying sentences that describe potential new immune
checkpoints.

By fine-tuning the GPT-2 language model developed by OpenAl, we trained the model
to better understand the structure and content of biomedical texts related to immune
checkpoints [5]. Our goal was to enhance the model's ability to identify and generate
sentences that describe new immune checkpoints. We focused on describe new immune
checkpoints candidates by training the model on a specifically selected dataset to
enhance its performance in generating new text from existing immune checkpoints.
Promising immune checkpoints in immunotherapy and the influencing factors have not
been fully elucidated. Our aim in this study is to use large language models to define
new immune checkpoints from the literature in more detail and thus obtain a more
efficient data set in new immune check point discovery studies.

2 Methodology

The methodology of this study involved several key steps. First, we collected a da- taset
of abstracts from the Scopus database related to immunology and immunecheckpoints.
Next, we preprocessed the text data to remove noise and irrelevant in- formation,
ensuring that only relevant text was used for analysis.

We then used the preprocessed dataset to fine-tune the GPT-2 language model devel-
oped by OpenAl. Fine-tuning involved training the model on our dataset to enhance
its text generation capabilities specifically for the task of identifying new immune
checkpoints. This process allowed the model to learn the patterns and structures pre-
sent in the dataset, improving its ability to generate coherent and relevant text.

After fine-tuning the model, we evaluated its performance using various metrics, such
as the quality of generated text and its relevance to the topic of immune checkpoints.
Additionally, we compared the performance of the fine-tuned model with the original
GPT-2 model to assess the improvement in text generation capabilities [6].

This study focused on leveraging machine learning techniques and advanced language
models to identify new immune checkpoints to contribute study of discovering im-
muncheck point.

In this study, we set several important parameters for training the GPT-2 language
model. We trained the model for 5 epochs, meaning it iterated over the entire dataset
5 times. We used a learning rate of 5e-4, which determines the size of the steps the
optimizer takes to find the optimal model parameters [7].
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To prevent the model from converging too quickly to a suboptimal solution, we em-
ployed a warmup strategy with 100 warmup steps. This means that for the first 100
steps of training, the learning rate gradually increases from 0 to the specified value,
helping the model explore the solution space more effectively.

Additionally, we used an epsilon value of 1e-8 for numerical stability in the optimiz-
er. This small value is added to the denominator to prevent division by zero or very
small numbers, which can lead to numerical instability during training.

To monitor the model's progress and generate sample output for evaluation, we pro-
duced sample output every 100 steps. This allows us to observe how the model's out-
puts change over the course of training and assess its performance. The AdamW op-
timizer, used in this study, is a variant of the Adam optimizer that incorporates weight
decay, making it suitable for fine-tuning large language models like GPT-2.

3 Results

Tablel shows the training and validation losses for each epoch during the training of
the model. The training loss represents the error of the model on the training dataset,
while the validation loss represents the error on a separate validation dataset. As the
training progresses, both losses decrease, indicating that the model is learning and
improving its performance.

Table 1. Training and Validation Losses by Epoch.

Epoch Training loss Validation loss
1 2.05 1.92
2 1.20 1.79
3 0.90 1.78
4 0.62 1.50
5 0.51 1.28

Table2 summarizes the shape of the parameters for each layer of the model. The shapes
indicate the dimensions of the weight matrices and bias vectors used in the model.

Table 2. Model Parameters.

Layer Parameter Shape
Embedding Layer transformer.wte.weight (50259, 768)
transformer.wpe.weight (1024, 768)

First Transformer Layer transformer.h.0.In_1.weight (768,)
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transformer.h.0.In_1.bias

(768,)

transformer.h.0.attn.c_attn.weight (768, 2304)
transformer.h.0.attn.c_attn.bias (2304,)
transformer.h.0.attn.c_proj.weight (768, 768)
transformer.h.0.attn.c_proj.bias (768,)
transformer.h.0.In_2.weight (768,)
transformer.h.0.In_2.bias (768,)
transformer.h.0.mlp.c_fc.weight (768,3072)
transformer.h.0.mlp.c_fc.bias (3072,)
transformer.h.0.mlp.c_proj.weight (3072, 768)
transformer.h.0.mlp.c_proj.bias (768,)
Output Layer transformer.In_f.weight (768,)

transformer.In_f.bias (768,)

In the presented examples, fine-tuning the GPT-2 model resulted in text generation that
is contextually relevant to specific topics, such as cancer research. Table 3 demonstrates
how the model, after fine-tuning, produces text that aligns with the do- main of cancer
research.

Table 3. Qualitative evaluation for the first paragraph
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Qualitative evaluation for the first paragraph

Before Fine-Tuning'

qualitative
assessment

After Fine-Tuning

qualitative
assessment

To discover new immune
checkpoints for immunother-
apy, a systematic approach
can be followed.

general

Immune checkpoint research
has been on a high level and
many applications where it
has been useful to learn on-
cology have been built upon
1t.

medium related

This involves conducting an
extensive literature review to
understand the current
knowledge and identify gaps
in understanding.

general

In this review, we initially
give an overview of the steps
in the process of discovering
immune checkpoint markers

for the clinic through the
web-site immunecheckpoint-
ing.org method and then we
go over some of the recent
successes and some of the
barriers in the field.

highly related

Relevant data, including
genomic, transcriptomic, and
proteomic data from healthy
individuals and patients with
diseases relevant to immune

modulation, is collected.

medium
related

With a little introduction to
how the field of checkpoint
research has evolved, we
focus on:

This data is then cleaned
and preprocessed to remove
noise and ensure its quality

and reliability.

general

1) breakthrough of check-
point markers via cross-
referencing of cellular and
molecular features

medium related

Features associated with
immune checkpoints are
identified from the prepro-
cessed data using statistical
tests or machine learning

general

2) immune checkpoint
classification and prediction
of response to immunothera-

py

highly related

1t was fine-tuned with 7000 articles obtained with the search query "new immune checkpoint,

CTLA 4, PD1/PDL1".

15. Tip Bilisimi Kongresi Bildiriler Kitab1
Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024

151



algorithms.

A computational model, highly
such as a machine learning related
model, is developed to pre-
dict novel immune check-
points based on the selected

3) antigen binding to can-
cer cells highly related

features.
4) antigen-carrying cell 2
Finally, the predicted im- medium marke?rs (e.g., checkpoint | hjghly related
mune checkpoints are vali- related cytokines and STAT3) and

dated using independent
datasets or experimental
validation techniques to
ensure their reliability and
relevance.

cell fusion

This systematic framework general
allows for the exploration of
the immune checkpoint
landscape and the identifica-
tion of new targets for im-
munotherapy.

5) checkpoint blockade and
chemotherapeutic targets | highly related
such as receptor tyrosine
kinase, ¢cGAS and PXCR4
(checkpoint inhibitory fac-
tors, MAPK/STAT3 and
NOD/OBP inhibition, and
CTLA4/4) have been re-
viewed. A© 2017 by the
authors. Licensee MDPI,
Basel, Switzerland.

Table 4. Comparison of generated texts.

Text generated without Fine Tuning

Texts generated with Fine Tuning

Generated Texts

I want to work on new immune checkpoint discovery, what kind of working framework would
you recommend?

To discover new immune checkpoints for
immunotherapy, a systematic approach can be
followed. This involves conducting an exten-
sive literature review to understand the cur-
rent knowledge and identify gaps in under-
standing. Relevant data, including genomic,
transcriptomic, and proteomic data from

Immune checkpoint research has been on a high
level and many applications where it has been
useful to learn oncology have been built upon it.
In this review, we initially give anoverview of
the steps in the process of discov- ering immune
checkpoint markers for the clinicthrough the
web-site immunecheckpointing.org
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healthy individuals and patients with diseases
relevant to immune modulation, is collected.
This data is then cleaned and preprocessed to
remove noise and ensure its quality and relia-
bility. Features associated with immune
checkpoints are identified from the prepro-
cessed data using statistical tests or machine
learning algorithms. A computational model,
such as a machine learning model, is devel-
oped to predict novel immune checkpoints
based on the selected features. Finally, the
predicted immune checkpoints are validated
using independent datasets or experimental
validation techniques to ensure their reliabil-
ity and relevance. This systematic framework
allows for the exploration of the immune
checkpoint landscape and the identification of

new targets for immunotherapy.

method and then we go over some of the recent
successes and some of the barriers in the field.

With a little introduction to how the field of

checkpoint research has evolved, we focus on:
1. breakthrough of checkpoint markers via
cross-referencing of cellular and molecular
features 2. immune checkpoint classification
and prediction of response to immunotherapy
3. antigen binding to cancer cells 4. antigen-
carrying cell 2 markers (e.g., checkpoint cyto-
kines and STAT3) and cell fusion 5. check-
point blockade and chemotherapeutic targets
such as receptor tyrosine kinase, cGAS and
PXCR4 (e.g., checkpoint inhibitory factors,
MAPK/STAT3 and NOD/OBP inhibition, and
CTLAA4/4) have been reviewed. A© 2017 by the
authors. Licensee MDPI, Basel, Switzer-
land.

For the discovery of new immune check-
points for immunotherapy, a structured
framework is essential. Start with a thorough
review of the existing literature on immune
checkpoints to grasp the current understand-
ing and pinpoint areas lacking in knowledge.
Acquire pertinent data, including genomic,
transcriptomic, and proteomic data from
healthy individuals and those with diseases
pertinent to immune modulation. Process the
data to eliminate noise and ensure its quality
and reliability. Employ feature selection
techniques to identify features linked to im-
mune checkpoints, leveraging statistical tests
or machine learning algorithms. Develop a
computational model, such as a machine
learning model, to predict new immune
checkpoints based on the selected features.
Validate the predicted immune checkpoints
using independent datasets or experimental
validation methods. This systematic approach
allows for a methodical exploration of the
immune checkpoint landscape, potentially
revealing new targets for immunotherapy.

I just created a workflow-based workflow, with
an emphasis on basic steps to discovering and
editing checkpoint-related workflow genes. The
workflow consists of five steps: discovery,
editing, screening and discovery. The workflow
is designed to occur in two phases: discovery
and screening. After initial screening of the
three main diedavirus-associated checkpoints
byproduct, the next step is editing to the next
level. In this workflow, all of the available
workflow genes have been tested. This work-
flow is designed to be dynamic as there is a
possibility to exploit workflow mutations,
which are highly conserved in all available
human cells. In particular, a key workflow
component is a mutation-based approach in-
volving multiple checkpoints. The other five
steps are to discover protein-coupled check-
points (CPBs), sequence dependencies, nucleo-
tide polymorphism and the candidate key genes
that can be exploited to design checkpoints. In
a work performed using this workflow, a muta-
tion free molecular resource (e.g., sequence
variants that include mismatch repair deficien-
cy, insertions and polymorphism in the wild) is
generated that can be exploited to design
checkpoint-specific human-specific key genes.
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The workflow component consists of five steps:
discovery, screening, and editing. Each step
involves validation of the results of the analysis.
This workflow is designed to be flex- ible in the
selection of key genes and key genesrequired for
specific validation.

To embark on the discovery of new immune
checkpoints for immunotherapy, a systematic
approach is crucial. Initiate with a compre-
hensive review of existing literature on im-
mune checkpoints to comprehend the current
landscape and identify areas ripe for explora-
tion. Gather relevant data encompassing
genomic, transcriptomic, and proteomic data
from both healthy individuals and patients
with diseases pertinent to immune modula-
tion. Process this data meticulously to elimi-
nate noise and ensure its quality and reliabil-
ity. Employ sophisticated feature selection
methods to pinpoint features closely associat-
ed with immune -checkpoints, leveraging
statistical tests or cutting-edge machine learn-
ing algorithms. Subsequently, construct a
computational model, such as a machine
learning model, to predict potential novel
immune checkpoints based on the identified
features. Validate these predictions using
independent datasets or through rigorous
This
systematic and meticulous approach paves the

experimental validation techniques.
way for a structured exploration of the im-
mune checkpoint landscape, potentially un-

covering novel targets for immunotherapy.

I use the framework of dependency injection,
which is used to create new classes of libraries
for linking to biological processes (such as
immunity against infection by small molecules
or antibodies). In my case, I start from Basic
Biological Processes (BOP) and then expand it
by expanding it to incorporate more pathways,
pathways, and cellular components. Then I
consider applications in areas such as: patholo-
gy, basic research, medicinal chemistry, basic
science, and pathology. I then design software
for interacting with BOP to support new auto-
immune diseases and prevent autoimmune
conditions. I manage to find an integrative
picture that best describes the biological pro-
cess involved in each pathway. This frame of
reference also helps me integrate pathways and
cellular components involved in autoimmune
diseases and further refine my therapeutic
strategies. In this review, I am primarily inter-
ested in immune checkpoint kinases (ICKs),
ctDNAs, NODall, MTX3, TGFBI, and P53
signaling pathway. We can review the chal-
lenges associated with creating a working
framework that integrates cascade-mediated
immunity and autoimmune diseases to develop

new immune checkpoint markers. A© 2021
Wiley-VCH GmbH.

For a comprehensive exploration of new
immune checkpoints in the context of immu-
notherapy, a structured framework is para-
mount. Begin with an in-depth review of the
existing literature on immune checkpoints to
grasp the current understanding and identify
gaps in knowledge. Acquire relevant data,
including genomic, transcriptomic, and prote-
omic data from both healthy individuals and
patients with diseases relevant to immune
modulation. Process this data meticulously to

Currently, there are four classes of checkpoint-
based checkpoints - checkpoint-associated
proteases (CPA), checkpoint-associated kinases
(CAKSs), hedgehog protein kinases (HPPKs),and
tumor-associated antigens (TAAs). All classes
of checkpoint proteins have been vali- dated to
have therapeutic potential. Some clas- ses of
checkpoint proteins, which we just re- cently
discovered, hold promise of treating cancer.
And, we just mentioned some of the proteins
that are currently under investigation
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ensure its quality and reliability, and then use
advanced feature selection methods to identi-
fy features associated with immune check-
points, employing statistical tests or machine
learning algorithms. Develop a computational
model, such as a machine learning model, to
predict new immune checkpoints based on the
selected features. Validate these predictions
using independent datasets or experimental
validation methods. This systematic approach
enables a structured exploration of the im-
mune checkpoint landscape, potentially lead-
ing to the discovery of novel targets for im-
munotherapy.

for checkpoint inhibition. The discovery of
checkpoint-associated proteases has provided
new insights into the mechanism of action of
checkpoint proteins. In particular, it has high-
lighted their potential as biomarkers of cancer
diagnosis, prognosis, and therapy response. We
particularly recommend the newest generation
of checkpoint proteins, checkpoint inhibitors
with antiangiogenic effects, as well as check-
point inhibitors that target MAPK and NF-I°B
pathways. A© 2017 Elsevier Ltd

To discover new immune checkpoints for
potential use in immunotherapy, a systematic
framework is essential. Begin by conducting
a thorough review of existing literature on
immune checkpoints to understand the cur-
rent landscape and identify areas where
knowledge is lacking. Collect relevant data,
including genomic, transcriptomic, and prote-
omic data from both healthy individuals and
patients with diseases relevant to immune
modulation. Preprocess this data to ensure its
quality and reliability, and then use feature
selection methods to identify features associ-
ated with immune checkpoints. Develop a
computational model, such as a machine
learning model, to predict novel immune
checkpoints based on the selected features.
Validate these predictions using independent
datasets or experimental validation tech-
niques. This systematic approach allows for a
structured exploration of the immune check-
point landscape and may lead to the discovery
of new targets for immunotherapy.

I have recently come across an idea of how to
implement an immune checkpoint-based novel
therapy, based on checkpoint inhibitor-based
immune checkpoint blockade for pancreatic
ductal adenocarcinoma (PDAC). This idea of
blockchain has recently attracted great interest
among a number of physicists and computer
scientists. A few years back, I suggested to
computer scientists that blockchain which
seems to be the most fundamental step toward
discovery was probably the first cancer drug
with an effective mechanism of action Drafting
a set of basic information about pancreatic
tumor biology for the discovery of immuno-
globulin-like receptor (IGF-R) in pancreatic
cancer. To demonstrate my earlier thesis, I
revisited the topic of how to design a set of
checkpoint blockers for pancreatic cancer based
on the blockchain. In the end, this strate- gy
seems to have satisfied many scientists who
were still working on pancreatic cancer. In
particular, it seems clear that if we can find a set
of checkpoint blockers that can block mul- tiple
autoimmune diseases, we may find a new cancer
drug that has the potential to be more effective
with an increased degree of specifici- ty. A©
2019, Springer Nature Limited.

To discover new immune checkpoints for
potential use in immunotherapy, a systematic
approach is paramount. Begin by conducting
a thorough review of existing literature on

Tused to be a little more focused on natural killer
cells and chimeric antigen receptor (CAR) T
cells. I eventually got a little worked up on these
cells because they worked well
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immune checkpoints to understand the cur- | together. Then, after a few more years, I got a
rent landscape and identify areas where | little more experienced on CAR T cell recep-
knowledge is lacking. Collect relevant data, | tors and started working on developing more
including genomic, transcriptomic, and prote- | potent CAR T cell receptor candidates. Then, I
omic data from both healthy individuals and | just got a little more experienced with chimeric
patients with diseases relevant to immune | antigen receptor (CAR) T cell receptor (CTRL),
modulation. Preprocess this data to ensure its | discovered that many CAR T cell receptor
quality and reliability, and then use feature | candidates are effective against tumors with
selection methods to identify features associ- | immune suppression in the clinic. Once we
ated with immune checkpoints. Develop a| establish the theory of CAR T cell receptor
computational model, such as a machine | specificity, the next stage of research will be
learning model, to predict novel immune|about the molecular mechanism of action of
checkpoints based on the selected features.| CAR T cells, and then CAR T cell receptor
Validate these predictions using independent | proteins such as IL-4 and CDKN2A become
datasets or experimental validation tech- |the focus of particular interest to researchers.
niques. This systematic approach allows for a A© Copyright A© 2020 Shui, Li, Zhou, Chen,
structured exploration of the immune check- | Dai and Jiang.

point landscape and may lead to the discovery

of new targets for immunotherapy.

Fine-tuning models like GPT-2 for specific tasks or domains can enhance their ability
to generate contextually relevant and coherent text, making them valuable tools for
various applications, including scientific research and content generation in special-
ized fields. Specifically, the fine-tuned model was able to generate text that exhibited
a better understanding of the topic of immune checkpoints compared to the original
GPT-2 model (Table 3 and 4). The generated text included descriptions of potential
new immune checkpoints and their role in regulating the immune response, providing
valuable insights for further research in immunotherapy. Additionally, we compared
the performance of the fine-tuned model with the original GPT-2 model using metrics
such as text coherence, relevance, and novelty. The results showed that the fine-tuned
model outperformed the original model in generating text relevant to immune check-
points, indicating the effectiveness of our approach. Overall, our results highlight the
potential of fine-tuning language models for specific tasks in biomedicine, such as
identifying new immune checkpoints, and demonstrate the utility of machine learning
in advancing research in immunotherapy.

4 Discussion

In this study, we demonstrated the effectiveness of fine-tuning the GPT-2 model for
generating contextually relevant text in the domain of cancer research. The generated
text showed a high level of coherence and relevance to the topics of immune check-
points. These results highlight the potential of fine-tuning large language models for
specialized tasks in the biomedical field. One of the key strengths of the fine-tuned
GPT-2 model is its ability to generate text that is both informative and engaging. The

15. Tip Bilisimi Kongresi Bildiriler Kitab1
Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024

156



model was able to summarize complex concepts and provide insights into various
aspects of cancer research, such as biomarker development, treatment approaches, and
disease mechanisms. This capability can be valuable for researchers and healthcare
professionals seeking to communicate complex scientific concepts to a broader audi-
ence. Additionally, while the model showed promising results in text generation, fur-
ther evaluation is needed to assess its accuracy and reliability.

In this study is limited by the reliance on abstracts for training the model and the need
for additional data sources to validate our findings. The gpt2 model was specifically
chosen in this study due to its computational cost. It is thought that milestone infor-
mation regarding the research question can be obtained as a result of increasing the
computational power of the model and feeding it with broader domain knowledge.
We emphasise the importance of collaboration between researchers in machine learn-
ing and immunology to further advance our understanding of immune checkpoints
and their role in disease. In this study, it has been shown that machine learning and
large language models for immunology research produce more qualitative texts in
response to the research question after being fine-tuned with domain knowledge using

gpt2.
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Abstract. In this study, we aimed to discover potential new immune checkpoint
candidates by analyzing 20,000 articles from the Scope database. We employed
the non-negative matrix factorization method (NMF), a powerful technique for
extracting meaningful information from high-dimensional data, to identify sen-
tences regarding novel immune checkpoint. The NMF analysis revealed several
promising candidate sentences that could potentially represent new immune
checkpoint molecules or pathways. The identification of new immune checkpoint
candidates could have significant implications for the development of novel im-
munotherapy strategies for cancer and other diseases. Overall, this study high-
lights the importance of data-driven approaches in advancing and identifying new
therapeutic targets for immune system related disorders.

Keywords: Immune system, immune checkpoint, NMF, new therapeutic targets

1 Introduction

When the immune system is stimulated with antigens, tissue damage usually oc-
curs in the area where the stimulation occurs. Immune system cells and a series
of signals work together to keep this immune response limited. The immune re-
sponse is also affected by signals such as environmental factors, antigen recogni-
tion, proliferation, and costimulatory signals [1-4].

Immune checkpoint molecules are inhibitory receptors on immune cells that are
in-volved in immunosuppressive signals. Thanks to these molecules, autotoler-
ance is achieved. Secondary tissue damage is minimized. The magnitude and
length of immune responses are determined [5,6]. They take part in the generation
of inhibitory signals after ligand binding. The most studied immune checkpoint
inhibitors are CTLA-4, TIM-3, PD-1 receptors. Immune checkpoints physiolog-
ically prevent the immune response from attacking self-antigens by negatively
stimulating effector immune cells [7,8]. Each checkpoint reduces immune acti-
vation through different intra-cellular signaling mechanisms [7,9].
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Signals generated through these molecules can cause effector immune cells (espe-
cially T cells) to become 'exhausted'. T cell exhaustion is characterized by re-
duced effector function, persistent expression of immune checkpoint molecules
(such as programmed cell death protein 1 (PD1)), poor recall responses, and a
differentiated transcriptional state from effector or memory T cells [10]. Interac-
tions between anti-gen-presenting cells (APCs) and T cells regulate immune re-
sponses. Many pathogens and cancer types use immune checkpoint proteins to
promote inhibitory interactions between immune cells to evade immune control.
By investigating immunosuppressive interactions, new cancer treatments have
been licensed to enhance immune responses by using specific antibodies to block
immune checkpoint molecules. Pembrolizumab, nivolumab, which targets.
Programmed cell death protein 1 (PD1), ipilimumab, which targets Cytotoxic T-
lymphocyte associated protein 4 (CTLA4), and atezolizumab, avelumab, and dur-
valumab, which target Programmed death-ligand 1 (PDL1), are currently licensed
as monotherapy for various types of cancer [11].

Non-negative matrix factorization (NMF) is a matrix decomposition approach
first proposed by Lee and Seung [12]. The NMF method can be used to analyze
multidimensional datasets to reduce matrix size, discover hidden patterns, and
most importantly, aid in the interpretation of data [13]. Discovery of hidden pat-
terns in a relational data contains a group of methods [14] that has frequent ap-
plication in natural language processing [15], bioinformatics [16], and digital hu-
manities [17]. For this purpose, different analytical (NMF) or probabilistic (LDA)
methods are commonly used. In the field of bioinformatics, many studies have
been carried out using the NMF method due to its ability to provide new ideas
and relevant information about complex hidden relationships in experimental data
sets. This method and some of its variants have been successfully applied for gene
expression [18], sequence analysis [19], functional characterization of genes [20]
and text mining [21]. Although the bioinformatics community's interest in this
technique has increased over the last few years, there are not yet any tools to
perform this type of data analysis in an integrated environment.

Material and Method

Classical text mining is basically based on the processing of a large matrix (doc-
ument term matrix), which is large and represents documents with words. For this
reason, expressing the large-sized document term matrix as the multiplication of
two or more low-rank matrices using matrix decomposition methods will en- able
the hidden connections within this data to be revealed. In addition, with thehelp
of these approaches, the matrix size is reduced, and semantic analysis be- comes
easier. One of the most used low-rank matrix decomposition methods is Principal
Component Analysis (PCA) in conjunction with Singular Value De- composition
(SVD). PCA attempts to determine the next best vector through data that explains
the highest variance [22] and thus helps define structure and reduce
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dimensionality. Lee and Seung [12], is a low-order decomposition method that
imposes the restriction that the data matrix and factored matrices are non-nega-
tive. NMF has an inherently part-based representation, allowing only additive
linear combinations of components with non-negative coefficients. Compared to
PCA, which is a holistic representation model, NMF leads to a much more intu-
itive and interpretable representation [23].

Fig. 1. The central principle in non-negative matrix factorization.
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The main purposes of the NMF method are dimensionality reduction and feature
extraction. The conceptual representation of the NMF method can be seen in Fig.
1. Here, m is the number of rows of the input matrix, n is the number of columns
of the input matrix, and k is the common size of the decomposition matrices. In
other words, NMF aims to find matrices W' ve H' that will provide the equiva-
lenceof X~ W' X H'to X € Rtmxn W' e R+m x kye H € R+k xn The al-
gorithm of the NMF method is as seen in Table 1.

Table 1. NMF algorithm.

Algorithm NMF (X ~ WH)

Nonnegative matrix X of size K X N
Input Rank parameter R € N
Threshold € used as stop criterion

Nonnegative template matrix W of size K X R

Output Nonnegative activation matrix H of size R X N

Define nonnegative matrices W0and HO by some
random or informed initialization. Furthermore set
n = 0. Apply the following update rules (written in

P d matrix notation): ,
rocedure n+1) _ pn wm'x
1H H G)((W")TW" H")
1 _ X(Hn+1)T
2 Wn+ ) = wn O (W" Hn+1(HTL+1)T)
3 Increase n by one.
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Steps (1) and (3) continue until || H» — H*1 || < gand || Wr-Wn1 | < ¢
(or other stopping criteria are met). Finally, H = H» and W = Wn are obtained.

The number of topics in the algorithm, k, is very important for the analysis and
its optimal value must be found. The optimal value of the number of topics k is
calculated as in Equation 1.

mx*n o)
T
m+n
Here an upper limit for the r value is calculated. For sparse matrices consisting
mostly of zeros, the formula in Equation 2 is used.
count of non — zero values of X
< (2)

m+n

Non-Negative Double Singular Value Decomposition (NNDSVD) is a method
designed to improve the initial stage of the NMF method. The NNDSVD algo-
rithm contains no randomness and allows the approximation error of the NMF
method to be reduced quickly. The NNDSVD algorithm is given in Table 2.

Table 2. NNDSVD algorithm.

Input X € Rmxn with X > 0 and r < min(m, n)
Output W and H

1 Compute the largest k singular triplets of X = [U, S, V]

2 Initialize W.1 = /Sy 1 X U1 and H1, = /Sy, x V]

fori =2tordo

Definex :=U.jandy :=V;

Define xp := pos(x), xn := neg(x),yp := pos(y) , and yn = neg(y)

ifllxp X1l yp I>1xnll x|l yn |l then

Putu=2> ,v= 2y ,ando=llxplIxXllypll
llxpll llypll

else

Putu=2x_v=y ando=lxnlx|lynll
llxnll llynll

W:,j = ﬁSjJ X o Xuande,; =1,Sj,j X o X vl

In the study, TF-IDF method was used to obtain the topics in the articles. TF-IDF
method measures the importance of a word for a particular document. Here, term fre-
quency (#f) refers to the frequency of occurrence of a word in a document, and inverse
document frequency (idf) refers to how many different documents a word occurs in.
The formulation of term frequency is given in Equation 3 and the inverse document
frequency is given in Equation 4.
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(b d) =L — 3)

ted t,d

Here f+a is the number of lines of a term in a document, that is, the number of occur-
rences of term t in document d.

N
idf(t, D) = lOg (4)
1+ |[{d:d €Dvet€d}

Here 1 + |{d: d € D and t € d}| t is the number of documents in which the term oc-
curs. The tf-idf matrix is obtained by multiplying the #f and idf matrices as given in
Equation 5.

tfidf(t, d, D) = tf(t, d).idf(t, D) (5)

2.1 Coherence Metric

Coherence score is used to measure the performance of topic analysis and used to select
the optimal number of topics. The most used techniques for topic modeling are Latent
Dirichlet Allocation (LDA) and Non-negative Matrix Factorization (NMF). LDA is a
generative probabilistic model, while NMF is a non-probabilistic linear algebraic model
which uses matrix factorization.

The theoretical framework of Topic Coherence is based on Bayesian epistemology
and needs accurate estimation of term probabilities. The procedure for estimating prob-
abilities specifies how those probabilities are extrapolated from the original data. The
Boolean document (P»q4) method divides the total number of documents by the number
of documents containing a given word to determine the likelihood of that word. Simi-
larly, the number of documents that contain both terms divided by the total number of
documents is used to estimate the combined probability of the two words. The boolean
nature of this estimating method stems from the fact that it disregards both the fre-
quency with which words appear in each document and the distances between those
words. An analogous form of estimation forms the basis of UMass coherence [24].
UMass was also used within the scope of this study. UMass coherence score formula-
tion is given in Equation 6.

Cumass = (Pba.sﬁﬁf-m:c, Ua) (6)

sgne = (W', w")

W'={WI-};W'z{W,-}:w{-WjEW;i>j} (7)

P(W' W*")+e

mlc(sf) — log P(W') (8)
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Here, Pya is the boolean document method, §5% compares each word with the word
before it in the word set, the log-conditional-probability measure mic is equivalent to
the calculation used by UMass Coherence and o« is the arithmetic mean all subset pairs
Si are aggregated to a single coherence score [24]. Their formulation given in Equation

7-8.

2.2 Dataset

The NMF method was applied to 27,271 article abstracts obtained by the Karadeniz
Technical University Department of Medical Informatics with the search query “im-
muncheckpoint / immunsystem”, and topic analysis was performed by applying the tf-
idf method to these abstracts. A sample of 3 abstracts and titles are presented in Table

3.

Table 3. Sample of 3 abstracts.

Article Title

Abstract

The interaction be-
tween Mediterra-
nean diet and intes-
tinal microbiome:
relevance for pre-
ventive strategies
against frailty in
older individuals

Age-related changes in intestinal microbiome composition and function are in-
creasingly recognized as pivotal in the pathophysiology of aging and are asso-
ciated with the aging phenotype. Diet is a major determinant of gut-microbiota
composition throughout the entire lifespan, and several of the benefits of a
healthy diet in aging could be mediated by the microbiome. Mediterranean diet
(MD) is a traditional dietary pattern regarded as the healthy diet paradigm,
and a large number of studies have demonstrated its benefits in promoting
healthy aging. MD has also a positive modulatory effect on intestinal microbi-
ome, favoring bacterial taxa involved in the synthesis of several bioactive com-
pounds, such as short-chain fatty acids (SCFAs), that counteract inflammation,
anabolic resistance, and tissue degeneration. Intervention studies conducted in
older populations have suggested that the individual response of older subjects
to MD, in terms of reduction of frailty scores and amelioration of cognitive
function, is significantly mediated by the gut-microbiota composition and func-
tionality. In this context, the pathophysiology of intestinal microbiome in aging
should be considered when designing MD-based interventions tailored to the
needs of geriatric patients.

Triptolide mitigates
the inhibition of os-
teogenesis induced
by TNF-o in human
periodontal ligament
stem cells via the p-
IkBo/NF-xB signal-
ing pathway: an in-
vitro study

Background: Triptolide is a widely utilized natural anti-inflammatory drug in
clinical practice. Aim of this study was to evaluate effects of triptolide on
hPDLSCs osteogenesis in an inflammatory setting and to investigate underlying
mechanisms. Methods: Using the tissue block method to obtain hPDLSCs from
extracted premolar or third molar. Flow cytometry, osteogenic and adipogenic
induction were carried out in order to characterise the features of the cells ac-
quired. hPDLSC proliferative activity was assessed by CCK-8 assay to determine the
effect of TNF-(E+ and/or triptolide. The impact of triptolide on the osteogenic
differentiation of hPDLSCs was investigated by ALP staining and quantification.
Osteogenesis-associated genes and proteins expression level were assessed
through PCR and Western blotting assay. Finally, BAY-117,082 was used to
study the NF-CE|B pathway. Results: In the group treated with TNF-(E, there
was an elevation in inflammation levels while osteogenic ability and the expres-
sion of both osteogenesis-associated genes and proteins decreased. In the group
co-treated with TNF-E+ and triptolide, inflammation levels were reduced and
osteogenic ability as well as the expression of both osteogenesis-associated genes
and proteins were enhanced. At the end of the experiment, both triptolide and
BAY-117,082 exerted similar inhibitory effects on the NF-GEJB pathway. Conclu-
sion: The osteogenic inhibition of hPDLSCs by TNF-(E+ can be alleviated
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Article Title Abstract

through triptolide, with the involvement of the p-IGE|BGE+/NF-(E]B pathway in
this mechanism.

Bridging the gap be- | Aim: The burgeoning field of omics research has witnessed exponential growth
tween omics re- | in both medicine and dentistry. However, despite more than a decade of advance-
search and dental | ments, clinical dentistry, particularly in Low- and Middle-Income Countries
practice (LMICs), has seen limited progress in integrating omics-based approaches into
routine practice. This review aims to provide a comprehensive overview of the
integration of omics approaches in dentistry, focusing on the challenges and op-
portunities for translating research findings into clinical practice. Methods: we
conducted a literature review using key databases to provide a brief overview of
the history of genomics in dentistry. Additionally, we summarised recent break-
throughs in omics relevant to oral health practitioners, emphasising the inade-
quate translation of omics research into clinical practice. Results: Despite sig-
nificant growth in omics research in both medicine and dentistry, its translation
into routine clinical practice in dentistry remains limited. We summarise recent
breakthroughs in omics and highlight the gap between research advancements
and clinical implementation. Discussion and conclusion: The integration of om-
ics approaches holds promise for enhancing diagnostics, personalised treatment
strategies, and preventive measures in dental practice, ushering in a new era of
precision oral healthcare. However, several challenges, including infrastructure
limitations, cost-effectiveness, and education gaps, hinder the widespread adop-
tion of omics-based approaches in clinical dentistry. A strong commitment to
transforming dentistry is required to embrace this transition. This shift has the

potential to revolutionise oral healthcare by advancing precision diagnostics and
treatment strategies tailored to individual patient needs. ~© The Author(s) 2024.

2.3 Preprocessing

The lemmatizer of the SpaCy component was used in the preprocessing of the obtained
articles [25]. Component for assigning base forms to tokens using rules based on part-
of-speech tags, or lookup tables. We have eliminated the stop words identified by
SpaCy lemmatizer from abstract data. The end of the preprocessing, 68,741 words were
obtained. The matrix in Fig. 2 is known as System for the Mechanical Analysis and
Retrieval of Text (SMART). [26]

Fig. 2. SMART notation
Term Frequency Components Inverse Document Fre- Normalization
quency Components Component
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: s t l ( )
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k _E-’\l' b
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1+log; f; alad nsr
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In the given figure above, f;; denotes the frequency of i. term in document k, |Dy| is
the length of document vector k, k; and b, are the parameters of BM25 algorithm, N is the
total number of documents, 7y, is the total number of documents containing term k, w;, is the

weight of i. term in document k, s is a user defined parameter, u; and b; are the term count
and the letter count of document i respectively.

According to SMART notation, the best result was obtained by choosing d for term
frequency, n for document frequency and c for normalization.

3 Result

In this study, topic analysis was performed by applying the NMF method to 27,271
article abstracts obtained by running the "immuncheckpoint // immunesystem" query
on scopus database. The optimal number of topics is found 14 using UMass topic co-
herence metric. Comparison of the number of subjects according to their coherence
scores is shown in Fig. 3.
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Fig. 3. UMass coherence scores of topics.
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The first 10 words of 14 topics obtained as a result of the analysis were taken as
basis. The most appropriate titles were obtained using ChatGPT 4.0 [27] with the words
obtained. Table 4 lists the 14 topics, sorted by the most appropriate titles obtained for
the words, according to their highest coherence scores.

Table 4. Result of topic analyse.

Proposed Topic Title by

Topic Nr Topic Coherence Topie Keywords

ChatGPT 4.0
Effects of Therapeutic Inter- cell, expression, induce, ef-
1 0.9923 ventions on Cellular Expres- fect, treatment, mouse, In-
< sion and Inflammatory Re- flammatory, result, in-
sponses in Murine Models crease, study
Comparative Analysis and study, result, method, con-
2 -1,1054 Outcomes in Patient Groups: clusion, patient, p, high,
Methods and Conclusions group, analysis, compare
Effects of Biological Activities study, activity, result,
3 -1,1879 on Human Cells: Results and show, effect, analysis, re-
Analysis Revealed veal, include, human, cell

gene, expression, analysis,
identify, cell, associate,
pathway, express, cancer,
role

Role of Gene Expression in
4 -1,2195 Cancer: Analyzing Cellular
Pathways and Associations

Clinical Efficacy of Check-
point Inhibitor Immunotherapy
5 -1,2850 in Cancer Treatment: Impact
on Tumor Suppression and Pa-
tient Survival

patient. treatment, cancer,
clinical, therapy, inhibitor,
tumor, survival, iImmuno-

therapy, checkpoint

Recent Developments in Dis- review, disease, research,
6 -1.3359 ease Mef::hanisms and Polemial include_, provide, dE.'\:'E.'le—
’ Therapies: A Comprehensive ment, discuss, potential, re-
Review cent, mechanism
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Topic Nr

Topic Coherence

Proposed Topic Title by
ChatGPT 4.0

Topic Keywords

-1,3419

Protein Roles and Signaling
Pathways in Cancer: Mecha-
nisms and Therapeutic Targets

protein, role, target, signal,
pathway, factor, play, re-
ceptor, mechanism, cancer

-1.5310

Targeting the Tumor Microen-

vironment: Therapeutic Strate-

gies and Drug Delivery in Can-
cer Treatment

tumor, cancer, therapeutic,
target, therapy, potential,
drug, microenvironment,
strategy, delivery

-1,5878

Adverse Events Associated

with Immune Checkpoint In-

hibitors: Studying Systemic
Responses

immune, response, relate,

system, result, checkpoint,

study, inhibitor, adverse,
event

10

-1,6410

Impact of Dietary Control on
Growth Levels: Significant
Findings Across Groups

high. level, increase,
group, significantly,
growth, feed, diet, control,
show

11

-1.6641

High-Performance System De-
sign: Proposed Methods and
Results Over Time

base, method, model, re-
sult, propose, system, high,
performance, design, time

12

-1,7638

T Cell Receptor Specificity
and Lymphocyte Responses to
Antigens: Immune Mecha-
nisms in Detail

cell, t, immune, response,

antigen, specific, type, re-

ceptor, antibody, lympho-
cyte

13

-1,7928

Associations Between Health
Risks and Environmental Ex-
posures: Population-Based
Data Analysis

increase, risk, associate,
health, factor, datum. pop-
ulation, cause, exposure,
change

14

-1,9137

Viral Pathogenesis and Host
Response: Treatment and Vac-
cine Strategies Agamst SARS

and Related Viruses

infection, disease. virus,
cause, viral, treatment,
sars, protein, host, vaccine

As seen in Table 4, the recommended title for the topic with the highest coherence score
is "Effects of Therapeutic Interventions on Cellular Expression and Inflammatory Re-
sponses in Murine Models". This title captures refer to the essence of experimental
studies related to treatment effects on cell behavior and inflammation in mice according
to the ChatGPT 4.0’s topic title prediction.
Additionally, word clouds for the most successful 6 topics is presented in Fig. 4.
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Fig. 4. Word clouds.
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Siroz Hastalarinda Hepatik Ensefalopati icin Semptom
Tespit ve Izleme Araci Prototipinin Arayiiz Tanitimi
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Ozet. Bu arastirma, siroz hastalarinin evde bakimmi saglayan kisiler
tarafindan hepatik ensefalopati (HE) semptomlarinin takibinde
kullanilacak "HETracker" adli bir Karar Destek Sistemi (KDS)
prototipinin gelistirilmesini ve arayiiziiniin tanittimini amaglamaktadir.
Hasta yakinlarinin tani siirecindeki kritik rolleri dik- kate alinarak,
kullanici dostu bir arayliz tasarimi  hedeflenmistir. Prototipin
gelistirilmesi i¢in {i¢ gastroenteroloji uzmaniyla goriisiilerek arayiiz ve
kurallar belirlendi. West Haven kriterlerine dayanarak KDS’ye eklenecek
sorular ve psikometrik testler (Stroop testi, DOT testi, Hayvan adlandirma
testi) secildi. Sorular, hasta yakinlari ve hastalarin anlayabilecegi sekilde
kisa ve anlagilir tutuldu. Arastirma ekibi, iic bagimsiz gastroenteroloji
uzmanindan geri bildirim alarak sorulari diizenledi. Arayiiz, CANVA
tasarim programi kullanilarak olusturuldu. Bu sistemin, Android isletim
sistemine sahip mobil cihazlar igin bir mobil uygulama olarak
gelistirilmesi planlanmistir. HETracker uygulamasi ile kullanicilarin,
hastalarin semptomlarini normal dénemde ii¢ giinde bir takip etmeleri
planlanmaktadir. Uygulama, belirli semptomlarin varligint ve siddetini
kaydederek degerlendirme yapacaktir. HETracker, DOT ve Stroop
testleri gibi ndropsikolojik degerlendirmeleri icerecek ve hastanin giinliik
fonksiyonlarii degerlendirmeye yonelik sorular sunacaktir. Bu sayede,
hastanin HE durumu siirekli izlenecek ve erken miidahale saglanacaktir.
HETracker uygulamasinin ilk testleri ve validasyon siireci, uygulamanin
baslangi¢ asamasindaki islevselligini ve kullanict dostu olup olmadigi
ilerleyen c¢aligmalar ile degerlendirilecektir. Ancak, bu ¢aligmada
sundugumuz arayiiz bir baslangi¢ olup, ileride uygulamanin daha
kapsamli bir gekilde degerlendirilmesi ve gelistirilmesi gerekmektedir.

Anahtar Kelimeler: Karar Destek Sistemi, Hepatik Ensefalopati,
HETracker, Siroz, izleme, Izlem Araci

Abstract. This study aims to develop and introduce the interface of a
Decision Support System (DSS) prototype named "HETracker," which
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will be used by caregivers of cirrhosis patients to monitor hepatic
encephalopathy (HE) symptoms. Considering the critical roles of
caregivers in the diagnostic process, a user-friendly interface design is
targeted. The interface and rules were determined through consultations
with three gastroenterology experts. Questions and psychometric tests
(Stroop test, DOT test, Animal Naming test) to be included in the DSS
were selected based on the West Haven criteria. The questions were kept
short and clear for caregivers and patients to understand. The research
team revised the questions based on feedback from three independent
gastroenterology experts. The interface was created using the CANVA
design program. This system is planned to be developed as a mobile
application for devices running the Android operating system.
HETracker will enable users to monitor patients' symptoms every three
days during the normal period. The application will record and evaluate
the presence and severity of specific symptoms. HETracker will in- clude
neuropsychological assessments such as DOT and Stroop tests and
provide questions to evaluate the patient's daily functions. This ensures
continuous monitoring of the patient's HE condition and early
intervention. The initial testing and validation process of the HETracker
application will assess its functionality and user-friendliness in future
studies. However, the interface presented in this study is a starting point,
and the application will need more comprehensive evaluation and
development in the future.

Keywords: Decision Support System, Hepatic Encephalopathy,
HETracker, Cirrhosis, Monitoring, Tracker

1 Giris

Karaciger hastaliklari, viral enfeksiyonlar (viral hepatit), alkol kullanimi,
obezite ve ilag toksisitesi gibi faktorlerin yol actigi hepatosit hasariyla
karakterize edilir ve bu durum karaciger fonksiyonlarinda bozulmaya ve
hastaligin ilerleyerek fibroz, siroz ve hatta karaciger kanserine doniisebilir [1,
2]. Kronik karaciger hastaliklar1 diinya ¢apinda yilda yaklagik 2 milyon 6liimden
sorumlu olup tiim 6liim nedenleri arasinda ise karaciger sirozu 11. siradadr.
Siroz yasam kalitesini etkileyen 6nemli bir halk sagligi sorunudur [3].

Hepatik ensefalopati (HE), akut, akut veya kronik veya kronik karaciger
yetmezligi (siroz) ve/veya portal sistemik sant nedeniyle olusan beyin fonksiyon
bozuklugu olarak tanimlanir. Subklinik mental degisikliklerden ileri evrede agir
konfiizyonel duruma ve komaya kadar genis bir yelpazede noropsikiyatrik
semptomlarla kendini gosterir [2, 4]. HE sirozun en sik goriilen
komplikasyonudur, siroz tanist aninda HE prevalansi %10- 14'tiir. Siroz
hastalariin yaklagik %50’sinde klinik seyrinin bir doneminde HE gelisir.
Tekrarlayan HE gelismesinin kiimiilatif riski 1 yilda %40'tir. Siddetli HE
hastalarinda bir yillik mortalite %42'ye kadar ¢ikmaktadir [2]. West Haven
Siniflandirmast HE'yi ciddiyetine gore dort kategoriye ayirir. Minimal HE
(MHE), karaciger hastalig1 ve/veya portal sistemik santli hastalarda ayrintilt
klinik 6ykii ve tam norolojik muayene ile tanimlanamayan ancak psikomotor
veya norofizyolojik testlerle tespit edilen dl¢iilebilir bir biligsel kusurdur. MHE,
1. dereceyle birlikte Gizli HE kategorisi altinda degerlendirilirken, 2 ila 4.
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dereceler acik/asikar HE ile degerlendirilir [5].

Siroz hastalarinda HE varligi, ister minimal ister asikar olsun, hastalarin yagam
kalitesi, giivenligi ve sagkalimi lizerinde 6nemli bir bir etkiye sahiptir. Mevcut
tanisal testlerin gecerliligi zayiftir ya da klinik ortamda kullanim i¢in genel
olarak uygulanabilir veya pratik degildir. Sirozlu hastalarda HE tanisi i¢in hem
klinik hem de aragtirma ortamlarinda kullanilabilecek basit, dogru algoritmalar
belirlenmelidir. Son yillarda yapay zeka (YZ) modelleri, siroz hastalarinin
klinik dekompansasyon ve mortalite riskini tah- min basarili sonuglar vermistir
[6], Karar Destek Sistemi (KDS) ise insanin karar verme siirecine katilan ve
destekleyen bir bilgi sistemidir [7]. Klinik karar destek sistemlerinin (KKDS) bu
alandaki yonetimi kapsamli bir sekilde arastirilmamis olmasina ragmen,
mevcut literatiirde siroz ve HE yonetimi igin ¢esitli stratejilerin 6nemine dair
calismalar bulunmaktadir [8, 9]. Karar Destek Sistemlerinin uygulanmasinin
ozellikle erken tani, zamaninda tedavi ve primer ile sekonder oOnleme
stratejilerini destekleyerek etkili bir yonetim saglayabilir. Bu sistemler,
hastalarin mevcut durumunu analiz edebilir, tedavi ve klinik sonuglari izleyerek
karaciger hastaliginin yonetiminde hayati bir kaynak olusturabilirler.

Bu arastirma kapsaminda "HETracker" adinda, siroz hastalarinin evde bakimin
saglayan kisiler tarafindan HE semptomlarinin takibinde kullanilacak bir KDS
prototipinin gelistirilmesi gereklerini agiklamak ve ara yiiziiniin tanitim
amaglanmaktadir. Arastirmada, hasta yakinlarinin tani siirecindeki Onemli
rolleri g6z dniinde bulundurularak, bu kisilerin kullanimina uygun bir arayiiz
tasarlanmasi amacglanmistir. Literatiir arastirmalari ve alan uzmanlariyla yapilan
goriismeler sonucunda, su anda mevcut olan ve benzer islevleri yerine getiren
bir ara¢ bulunmadigi belirlenmistir. Bu nedenle, bu araca olan ihtiyag agikca
ortaya konmustur. Prototipin gelistirilmesi ile erken dénem belirtilerin dogru
bir sekilde tespiti ve izlenmesi saglanarak, hastalarin yagam kalitesinin iyilesti-
rilmesi, tedaviye daha hizli baglanmasi ve boylece hastaneye yatis gerekliliginin
ve saglikla ilgili maliyetlerin diisiiriilmesi hedeflenmektedir.

2 Metodoloji: Sistem Tasarimi

HETracker’in ilk asamasinda KDS’nin arayiiziine ve kurallara karar
verebilmek i¢in Gastroenteroloji uzmanlari ile 3 gériisme yapilmistir. Ozellikle
HE’nin siniflamas1 West Haven kriterleri [10] dikkate alinarak KDS’ne dahil
edilecek sorular ve Psiko- metrik testlere karar verilmistir (6rn., Renk Testi:
Stroop testi, noktalama testi: DOT ve Hayvan adlandirma testi gibi).
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Sekil 1. West Haven Siniflamasi

Ozellikle sorular ve Psikometrik testlere karar verilirken hasta yakilarinin ve
hastala- rin anlayabilecegi dilde kisa fakat anlagilir bir dilde olmasina 6zen
gosterildi. Aragtirma ekibi tarafindan daha sonra 3 bagimsiz gastroenteroloji
uzmanindan da taslak sorular (sekil 2) igerik acisindan degerlendirildi. Biitiin
uzmanlarin taslak formdan gikarilma- sin1 6nerdigi sorular ¢ikarildi ve aragtirma
ekibi ve uzman 3 gastroenterolog ile kurallar {izerine bir goriisme yapildi. Bu
taslak arayiiziin olusturulmasi icin gerekli bir adimdir. Uzerinde calistigimiz bu
sistemin, Android isletim sistemine sahip mobil cihazlar i¢in bir mobil
uygulama olarak gelistirilmesi planlanmistir, bu sayede kullanicilar uygula-
may1 herhangi bir Android telefon veya tablet {izerinden kolaylikla
kullanabileceklerdir. HETracker uygulamasinin arayiiziiniin gorsel tasarim
siirecinin  gelistirilmesi, CANVA  tasarim  programi  kullanilarak
gerceklestirilmigtir. CANVA, cesitli grafik ta- sarim araglar1 sunan web tabanl
bir platformdur. Tasarim asamasinda, kullanicilarin ihtiyaglarina uygun,
sezgisel ve kolay erisilebilir bir kullanici dostu arayiizii olusturmak i¢in detaylt
kullanict arastirmalart uygulanmistir. Ayrica gelistirilecek olan bu uygulama,
hastalarin yakinlarinin bakim verdikleri hastalarinin giinliik semptom durumla-
1 kaydetmelerine, belirli semptomlart izlemelerine ve bu bilgileri zaman
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cizelgesi lizerinden goriintiilemelerine olanak taniyan &zellikler igerecektir.
Ayrica, kullanicilar uygulama iizerinden hastalarinin semptom ge¢misini takip
edebilecek, gerekirse doktorlari ile bu bilgileri paylasabileceklerdir.

MINIMAL HES . -
DOT TESTI Tamamladig: Sure Normal Aralikta Patolojik
DOT TESTI Dogru sayist Normal Aralikta Patolojik
Srtoop Testi Dogru tamamlama saresi Normal Aralikta Patolojik
Srtoop Testi Deneme sayisi Normal Aralikta Patolojik
Evre 1
Hastanizdan 10 sn iginde 3 farkli hayvan ismi saymasini isteyin>> Streyi baglat Bagaril Bagarisiz
Hastaniz bugin normalde kolayca yaptidi iglerde, mesela cazdanini bulmakta veya telefon kullanmakta zorland: mi? Hayir Evet
Hastaniz bugan normalden daha farkli tavirlar sergiledi mi, birdenbire kizdi mi veya sevindi mi? Hayir Evet
Bugin hastaniz konugurken zorlaniyor veya sik sik ne soyleyecegini unutuyor mu? Hayir Evet
Hastanizin bugiin egyalan disirme veya cevresindekilere carpmasina yol agan herhangi bir kazasi meydana geldi mi? Hayir Evet
EVET uyku inde herhangi bir degi ‘mi; gece sik uyanma ya da gundazagin uyku ihtiyac: gibi? Hayir Evet
Evre 2-3-4 (Asikar)
Hastaniza sirasi ile su asagidaki sorulan sorun her bir soruya verdigi dogru ol
Hangi Yildayiz | Dogu |  VYanhy |
Hangi Aydayiz Dogru Yanl
Hangi Sehirde yasiyoruz | Dogru Yanhy |
Suan neredeyiz | Oofru |  vanly |
Gunin hangi zamanindayiz? Sence sabah mi, 6glen mi, aksam mi yoksa gece mi? Dogru Yanls

belirgin bir degisiklik var mi, drnegin, konugmasi yavagladi mi, cimle kurmakta zorlaniyor mu? Hayir Evet
Hastaniz bugan her giin kolayca yaptigi gnlik aktivitelerini yerine getirirken zorlandi mi? Ornegin, kigisel bakimini yapmakta, tuvalete gitmekte Hayir Evet
veya yemek yemekte gicluk cekti mi?
Hastaniz yirirken denge bozuklugu yasiyor mu? Hayir Evet
Hastaniz konugmalarinda mantiksiz ya da tuhaf seyler sdylayor mu? Hayir Evet
Hastanizin elleri titriyor veya yemek yerken zorlaniyor mu? Hayir Evet
Hastaniz neredeyse tim gin uyanik kaliyor mu? Hayir Evet
Hastaniz sizi tanimakta zorlaniyor mu? Hayir Evet
Hastanizi kta musunuz? Hayir Evet

Sekil 2. Uzman Goriisleri sonrasi taslak sistem sorulari

3 Bulgular

Uzman goriigleri dogrultusunda, uygulama ile kullanicilarin hastalarin
semptomlarini {i¢ giinde bir takip etmeleri planlanmistir. Bu takip siireci,
kullanicilara belirli semptomlarin varligini ve siddetini kaydetme imkani tanir.
Uygulama i¢indeki degerlendirme semasi, Sekil 2°de belirtilen semptomlarin
siddetine gore sar1 ve yesil renkte kategorize edilmistir. Eger hastada sari
boliimden iki veya daha fazla pozitif semptom gdzlemlenirse, uygulama uyari
verir ve bu semptomlarin devam edip etmedigini ya da yeni semptomlarin
eklenip eklenmedigini gézlemlemek i¢in giinliik kontrol yapilmasini gerektirir.
Eger ii¢ giin st iiste semptomlar gézlemlenirse veya yeni pozitif semptomlar
eklenirse, uygulama hasta yakinini doktora bagvurmalar1 konusunda uyarir.
Eger hastada yesil boliimden bir pozitif ssmptom gozlemlenirse, uygulama uyari
verir. Bu durumda da kullanicidan giinliik semptom kaydi yapmasi istenir. Eger
bu siirecte yeni semptomlar eklenirse veya ilk tespit edilen semptom devam
ederse, hasta yakinina hastay1 doktora gotiirmesi igin bir uyar1 verilir. Kisaca
uzman gorisleri sonucu bu sistemin, ilk pozitif semptomlar tespit edildiginde
ve takiben artan siddet gozlemlendiginde, uygulama bir doktora bagvurma
konusunda uyarilar verecek sekilde tasarlanmasina karar verilmistir.
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HETracker, DOT (noktalama testi) ve Stroop (renk testi) testleri gibi
noropsikolojik degerlendirmeleri de icerir. Bunlar, hastanin biligsel islevlerinin
bozulup bozulmadigini degerlendirmek igin tasarlanmis kisa testlerdir. Bu
boliimde hasta yakininin bu iki testi hastasindan uygulamasini isteyecektir
(Sekil 3).

HeTracker

HASTA FOTOSU
ADI SOYADI
)

YENI HASTA
EKLE/ PROFIL
OLUSTUR

UYGULAMA HAKKINDA

)
AYARLAR ICEK] IZLEMLERI GORONTOLE

uveuLAMADAN GIx

NOKTALAMA TESTI Renk Testi
Yuvarlaklarin ortasina dokunun

Ekrandaki noktalann rengini belirten
dogru yazinin Uzerine tiklayiniz

O 000
O

Sevgill hasta yakini, hastanizin

Sekil 3. Ik 6 yiiziin uygulamada goriiniisii

Uygulama ayrica kullaniciya hastanin giinliik fonksiyonlarini ve davraniglarini
degerlendirmek iizere c¢esitli sorular sunmaktadir. Bu sorular, hastanin
normalde kolaylikla yapabildigi islerde zorlanip zorlanmadig1, konusmalarinda
mantikli olup olmadig1 ve giinliik aktivitelerde herhangi bir degisiklik olup
olmadigin1 degerlendirir (Sekil 4). Bu detayli izleme protokolii, hastanin
durumunu siirekli olarak degerlendirmeyi ve gerektiginde erken miidahaleyi
saglamay1 amaclamaktadir.
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Hastanizdan 10 saniye
icinde 3 farklhi hayvan
ismi saymasini isteyin

SOREYi BASLAT

10 saniye

Hastanizin bugnkd durumu nasildi?
Latfen asagidaki sorulara yanit veriniz

it T ts BTV ATV
o binaDe, somsyinin yivhs

HAYIR

'En
if
H H

/" Wastaniz bugan her gan kolayca
aktlvitelerini yerine getirirke iz
Ornein, Kisisel bakimini yapmakta, tuvalete

\_gitmekte veya yemek yemekte gugluk gektl mi? |

HAYIR

Mastaniz yararken denge bozuklugu yasiyor mu?

HAYIR

/ Hastaniz konusmalarinda mantiksiz ya da tuhaf |
seyler ssyliyor mu?

HAYIR

[ Hastanizin elleri titriyor veya yemek yerken

HAYIR

( Mastaniz neredeyse tm gun uyanik kaliyor mu? )

HAYIR

( Hastaniz sizi tanimakta zorlaniyor mu?

HAYIR

( Mastanizi uyandirmakea zorlaniyor musunuz? )

HAYIR

TESTI BITIR

Hastanizin bugnka durumu nasildi?
Latfen asagidaki sorulara yanit veriniz

Hastamz bu e kolayca yapui iglerde, \

ald
bulmakta veya telefon
kta zorlandi mi? )

staniz bug
sergiledi mi, birdenbire kizdi m;

HAYIR ever )

Bugon hastaniz konugurkes

yor veya sik sik |

n zorlant
ne soyleyecegini unutuyor mu?

ir degigiklik
2 da gandoz |

Hangi yildayuz

Hangi aydayiz......

HeTracker

jl (—

w

RUTIN iZLEME DEVAM
(3 GONDE 1)

Q GONLUK iZLEM
KARACIGER KOMASI
(HEPATIK ENSEFALOPATI)
RisKi VAR,
DOKTORUNUZA

BASVURUN!

g izlemi Kaydet _ izlemi Tekrarla

ANA SAYFAYA DON UYGULAMADAN GIK

Sekil 4. Sistem sorgularmin uygulamada goriiniisii
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4  Tartisma-Sonuc¢

Bu calisma, HETracker adli, siroz hastalarinin evde bakimini saglayan kisilere
yonelik bir arayiliz tasarimimin deneysel asamasini sunmaktadir. Prototipin
taslak arayiizii, CANVA tasarim programi kullanilarak gelistirilmistir.
HETracker gibi karar destek sistemlerinin kullanimi, HE tanis1 ve yonetimi
alanindaki mevcut bilgi birikimine 6nemli bir katki saglayacaktir. Bu dijital
takip araci, siroz has- talarinin durumunun siirekli izlenmesine ve yakinlarinin
noropsikiyatrik degerlendir- melere ait kayitlarin tutulmasina imkan taniyarak,
erken donem HE belirtilerinin algilanmasinda yeni bir yaklasim sunmay1
planlamaktadir. Ayrica, HETracker gibi gelistirilecek olan sistemler saglik
hizmetlerinin maliyetini 6nemli Gl¢lide azaltma potansiyeline sahiptir. Siroz
hastalarinda erken dénem HE belirtilerinin tespit edilmesi, hastaneye yatiglarin
ve acil miidahalelerin azalmasina neden olabilir. Bu durum, uzun vadede saglik
hizmetleri {izerindeki mali baskiy1r hafifletecek ve ulusal ekonomiye de katki
saglayacaktir.

Ozellikle literatiir tarandiginda klinik karar destek sistemleri siroz ve HE
yénetiminde kapsamli olarak arastirilmamustir. Ozellikle iki ¢alisma disinda
klinik karar destek sistemi tabanli ¢alisan uygulamaya rastlanmis olmasina
ragmen bunlar da sadece siroz hastalarinin klinik takibinde klinisyenlere
hastaya 0zel bilgi veya tavsiyeler vermek amaciyla gelistirilmistir [11, 12]. Bu
anlamda calismamiz hasta yakini kullanimi1 merkezine alan bir uygula olarak
da literature 6zgiin katki saglamaktadir. Ozellikle kirsal ve kaynaklar1 smirl
bolgelerde, hastalarin ve bakim verenlerin sirozu yoOnetebilmeleri igin
giiclendirici bir ara¢ olacaktir. Ayrica, HETracker'in gelistirilmesi, diger kronik
hastaliklarin yonetimi i¢in benzer sistemlerin olusturulmasina onctiliik edebilir
ve saglik teknolojilerinin yayginlastirilmasina katki saglayabilir. Bu, hem
saglik hizmetlerinin kalitesini artiracak hem de saglik sistemlerinin mali
ylikiinii azaltacak potansiyel bir gelismedir. Sonug olarak, bu ¢calismanin, siroz
ve HE yonetimi alanindaki bilgi birikimine ve uygulamalara dnemli bir katki
sunmasi beklenmektedir. HETracker uygulamasinin ilk testleri ve validasyon
stireci, uygulamanin baslangi¢ asamasindaki islevselligini ve kullanici dostu
olup olmadigi ilerleyen caligmalar ile degerlendirilecektir. Ancak, bu ¢alismada
sundugumuz arayiiz bir baglangi¢ olup, ileride uygulamanin daha kapsamli bir
sekilde degerlendirilmesi ve gelistirilmesi gerekmektedir. ileride yapilacak
calismalarda, HETracker uygulamasinin daha genis bir hasta ve hasta yakinm
grubu iizerinde test edilmesi planlanmaktadir. Bu genis c¢apli testler,
uygulamanin farkli demografik 6zelliklere sahip kullanicilar {izerindeki
etkinligini, sistemin performansini ve kullanim kolayligin1 daha iyi anlamamiza
olanak taniyacak ve bdylece uygulamanin daha genis kitlelere uygun hale
getirilmesi i¢in gerekli diizen- lemeler yapilabilir.
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Abstract. This paper presents a feature selection method that is based on the Tuna
swarm optimization (TSO) algorithm to choose the optimal subset of features on
cancer datasets. Due to the structure of feature selection problems, the original
TSO algorithm must be adopted to the binary form. The binary tuna swarm
optimization (BTSO) is proposed, and the selected features chosen by BTSO are
utilized to classify the data using different machine learning methods. The
experimental findings demonstrate that BTSO has a superior performance with a
minimum number of features.

Keywords: Feature Selection, Machine Learning, Tuna Swarm Optimization

Introduction

Cancer is a significant public health concern in the world, with a high mortality rate.
Although many people are treated with developing technology, millions of them die
from cancer every year. Early diagnosis and treatment are very important in cancer
treatment. In recent years, machine learning is frequently used in the detection of can-
cer. There are many factors that cause cancer. As the factors involved in the detection
of the disease and the size of the database increase, the predictive success of the model
is affected and the computational cost increases. Therefore, various preprocessing
methods are used to eliminate these problems. One of them is feature selection which
aims to get rid of irrelevant variables and identify the variables that will make the most
successful classification. The main purpose of this paper is to use tuna swarm optimi-
zation algorithm to select optimum features from cancer disease dataset and use it in
machine learning method to classify it. Some features do not have more influence on
the classification of cancer disease. Hence, this study aims to achieve maximum clas-
sification success by removing redundant features from the model as much as possible.

Original Tuna Swarm Optimization

Tuna is a carnivorous marine fish which are variety of species and sizes. The hunting
behavior of tuna include two strategies: the spiral foraging strategy and the parabolic

foraging strategy [1]. In most swarm-based algorithms, the initial tuna population is
generated randomly in the search area. When performing the spiral strategy, each tuna
follows the one that preceded it. It means that there is an information sharing among
them. Based on these principles, the mathematical formulation of the spiral foraging
strategy is defined as follows:
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where X L.(t), is the i. search agent at the iteration t, X Ig?st is the current optimal search

agent, a; and a, are weight coefficients controlling individuals’ tendency to move to
wards the optimal and previous search agents, a is a constant determining how much
tuna follow the optimal and previous search agents initially, t represents the current
iteration number, t,., is the maximum number of iterations, and b is a random number
uniformly distributed between 0 and 1.

When tuna form spirals around food, they efficiently explore nearby space. Yet,
blindly adhering to the optimal search agent is not always advantageous. Hence, a ran-
dom coordinate is introduced to expand the search space, aiding global exploration.
This broadens each search agents’ scope, makes TSO’s global exploration ability. The
mathematical model is as follows:
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Xr(‘tl)n 4 is arandomly generated reference point in the search space. Metaheuristic

algorithms typically start with broad global exploration and then shift towards focused
local exploitation. Therefore, the spiral foraging strategy adapts by updating reference
points from random to optimal individuals as iterations progress.

Tuna forms a parabolic formation with food as a reference point. In addition, tuna
forage by exploring around themselves. The mathematical model of parabolic strategy
is described as follows:
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TF is a random number in the range of [—1,1].

Binary Tuna Swarm Optimization (BTSO)

Feature selection is inherently a binary problem [2]. Therefore, the original TSO cannot
be directly performed on this kind of problems. TSO is modified to binary form, called
binary TSO (BTSO) via V-shaped transfer function defined as below [3].

Ti= Earctan Gx)| (9)

Based on the V-shaped transfer function, the position of agents in TSO are possibly
given as follows.

x&H =

Ly

[ Xl-(jCJ if rand < T(Xfﬁl)) -

~x) if rand > T (x0)
Experimental Results

In this section, two cancer datasets are used such as, Wisconsin breast cancer and ovar-
ian cancer. BTSO is performed on them for selecting the relevant features and com-
pared with the binary differential evolution (BDE) [4] and modified gorilla troops op-
timization (mGTO) [5]. Then, three machine learning (ML) methods, such as K-Near-
est Neighbor (KNN), Support Vector Machine (SVM), and Decision Tree (DT), are
utilized on the reduced datasets. The obtained results are compared according to various
performance metrics such as sensitivity, precision, recall, accuracy, and F1-score. Per-
formance metrics are evaluated using ML with BTSO and without BTSO. All* repre-
sents the obtained results without feature selection.

4.1 Wisconsin Breast Cancer Data

In this study, the WDBC dataset was accessed from the UCI library. The Wisconsin
dataset has 30 attributes and 569 instances. radiusl, smoothness1, compactness2, and
concavity3 are some of the features in the WDBC dataset. Target values permit the
determination of whether the tumor is malignant (cancerous) or benign (non-cancer-
ous). 357 were benign and 212 were malignant of the 569 samples. Table 1 summarizes
the performance metrics by using three classifiers.
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Table 1. Performance comparison of ML models on Wisconsin breast cancer data.

Accuracy Specificity Precision Recall F1 score

KNN  All* 0.971 0.952 0.972 0.981 0.976
BTSO 0.992* 0.9793 0.988* 1* 0.994*

BDE 0.9860 0.9975* 0.9663 0.9806 0.989
mGTO 0.9860 0.9748 0.940 0.9674 0.971

SVM  All* 0.978 0.949 0.971 0.994 0.982
BTSO 0.989 0.972 0.986 0.999 0.991

BDE 0.9860 0.9619 0.9779 0.996 0.9888
mGTO 0.9860 0.9490 0.9695 0.995 0.9845

DT All* 0.921 0.902 0.941 0.933 0.936
BTSO 0.981 0.971 0.983 0.987 0.985

BDE 0.9737 0.9514 0.9726 0.9862 0.9792
mGTO 0.9649 0.8958 0.9425 0.9190 0.9297

According to the results in Table 1, it is observed that the models created by relevant
features with BTSO algorithm give more successful results. The KNN method showed
superiority in all performance metrics. In addition, BTSO algorithm outperforms the
rival algorithms.

4.2 Ovarian Cancer Data

A total of 349 samples were collected from 171 patients with ovarian cancer and 178
patients with benign ovarian tumors who underwent surgical resection between July
2011 and July 2018 at the Third Affiliated Hospital of Soochow University. The dataset
consists of 49 features that were collected by the pathology diagnosed. It was found that
the variable CA72-4 had significant missing values and hence it was excluded. The
dependent feature is expressed as 1; for individuals with cancer and 0; for individuals
without cancer [6]. Table 2 presents the performance metrics obtained by using three
classifiers.

Table 2. Performance comparison of ML models on ovarian cancer data.

Accuracy Specificity Precision Recall F1 score

KNN  All* 0.776 0.840 0.811 0.714 0.756
BTSO 0.906 0.955 0.950* 0.853 0.897

BDE 0.9000 0.9640* 0.9484 0.8258 0.8823
mGTO 0.8600 0.8725 0.8197 0.6810 0.7435

SVM  All* 0.809 0.855 0.834 0.765 0.795
BTSO 0.901 0.947 0.940 0.855 0.894

BDE 0.8771 0.9424 0.9225 0.7985 0.8538
mGTO 0.8571 0.8879 0.8502 0.7237 0.7805

DT All* 0.830 0.822 0.820 0.843 0.828
BTSO 0.924* 0.938 0.934 0.912* 0.922*

BDE 0.9143 0.9593 0.9449 0.8636 0.9007
mGTO 0.9057 0.8512 0.8339 0.8419 0.8293

When Table 2 is evaluated, it is observed that the models obtained by feature selection
with the BTSO algorithm give more effective results. While KNN and DT showed su-
periority in various performance metrics, SVM did not outperform the other classifiers
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according to any metric. In addition, BTSO algorithm has better results when compar-
ing BDE and mGTO.

Conclusion

The BTSO is presented, and the selected features chosen by BTSO are utilized to clas-
sify the data using different machine learning methods. The experimental findings in-
dicate that BTSO exhibits a superior performance with a minimum number of features.
Consequently, it was observed that the performance metrics obtained by using the
BTSO method were more successful than using all variables. The model was repre-
sented more successfully by minimizing the computational cost by applying feature
selection. In this study, only one type of transfer function was used for adaptation of
tuna swarm optimization to binary form. Thus, the proposed method can be improved
by comparing other transfer functions. In addition, the future direction of this study will
include testing newer algorithms with other feature selection techniques.
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Abstract. Colorectal cancer ranks third among cancer types worldwide in terms
of incidence and cancer-related deaths. Early diagnosis is consideredone of the
most effective ways to prevent the disease, and in this context, colonoscopy is an
important method. However, during colonoscopy, many factors, especially the
lack of experience or fatigue of physicians, can lead tosmall polyps being
overlooked. In recent years, the use of deep learning mo-dels has initiated a
significant transformation in the diagnosis of colorectal cancer. These models
have reached the potential to detect details that the human eye might miss,
particularly by supporting doctors in challenging ca-ses.

In this study, pre-trained network models were integrated into the encoder layers
of well-known segmentation network models to improve their featureextraction
mechanisms. Thus, more distinctive features were produced, en- hancing
segmentation performance. The developed models were tested on the publicly
available CVC-ClinicDB and Kvasir-Seg datasets, achieving IoU scores of 0.980
and 0.935 on these datasets, respectively.

Keywords: Colorectal Cancer, Deep Learning, Polyp Detection.
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Abstract: Problems that are hard and time-consuming to tackle in daily life can
be solved with the help of optimization methods. In situations where traditional
optimization methods are insufficient, heuristic and metaheuristic algorithms
have been developed to identify solutions that are closest to the global answer.
These algorithms can therefore be applied to parameter estimation as well.
Appropriate parameter estimation is crucial when using logistic regression for
classification. If a parameter is chosen incorrectly, the classification analysis may
perform poorly since it will produce inaccurate predictions.In this study, the aim
was to evaluate the combined use of logistic regression with metaheuristic
algorithms. For this purpose, the parameters of the logistic regression model were
estimated using metaheuristic algorithms, and the performance metrics of each
model were assessed. The metaheuristic algorithms used for parameter estimation
were PSO, ABC, and ALSO. The application data was obtained from Kaggle and
split into training and test datasets. Five performance indicators were used to
compare the analysis results: F-score, accuracy, precision, selectivity, and
sensitivity. The research revealed that the system's logistic regression had the best
accuracy value, which was 0.83. By contrast, the ALSO method yielded the
highest accuracy value of 0.82 and the best F-score of 0.89.

Keywords: Swarm intelligence, Metaheuristic Algorithms, Logistic Regression
Analysis

1. Introduction

Developing computer science has brought machine learning with it, and machine
learning has become one of the most popular topics today. Machine learning, which
enables computers to find solutions to problems as a result of training them with
produced and organized data, is used in areas such as clustering, optimization,
classification, natural language processing, dimension reduction / increase, deep
learning. Its main purpose is to examine the data, obtain information from the data and
build a model that can make predictions with a low error rate [1] [2]. Various algorithms
have been developed in machine learning for this purpose. One of these algorithms is
logistic regression, which is used for classification analysis. Logistic regression
analysis is divided into three types: binary logistic regression, multiple logistic
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regression and ordinal logistic regression, depending on the status of the dependent
variable [3]. Another thing that is as important as making decisions based on the
dependent variable is the correct estimation of the parameters. There are various
techniques used for parameter estimation, which is one of the problems of machine
learning. Some of these techniques are optimization techniques. Another thing that is
as important as being able to obtain the results of daily life problems is that this result
is obtained quickly, reliably and at low cost, and the fact that the objectives of
optimization techniques are fast is one of the reasons why they can be used in estimating
the coefficients [4]. However, most problems encountered in daily life cannot be solved
without the help of computers, nor can they be solved with classical optimization
methods. Heuristic and meta-heuristic algorithms can be used where classical
optimization is not sufficient.

Heuristic and meta-heuristic algorithms are algorithms inspired by nature and state that
the solution can be found by trial and error [5][6]. Heuristic and metaheuristic
algorithms, which have a short solution time and can be applied to any field, aim to find
the best of the existing ways to solve a problem. This means finding the solution that
minimizes or maximizes the objective function of the relevant problem [7]. For this
purpose, heuristic and metaheuristic optimization techniques can be used to fit a model
to the existing data and to obtain parameters that can make accurate predictions with
the fitted model [8].

There are studies in the literature where metaheuristic algorithms are used for this
purpose. Arafa et al. (2022) evaluated the performance of grid search, random search,
Bayes Tree Parzen Estimator (TPE) and Simulated Annealing (SA) optimization
techniques to determine the best hyperparameters for the logistic regression model in
cancer classification and found that the TPE optimization technique was better than
other techniques. It was concluded that it showed good performance [9]. Li & Liu
(2013) proposed a state extraction mechanism based on logistic regression (LR) and
Enhanced Particle Swarm Optimization (LR-IPSO) model for the purpose of
classifying the problem of extracting state elements for network security situation
awareness and used Enhanced Particle Swarm Optimization to estimate the parameters
of the logistic regression model. and used it to optimize learning ability. It is concluded
that the LR-IPSO model can be used to analyze the network security situation [10].
Zou, Hu, Tian, & Shen (2019) examined the mathematical model of the logistic model,
defined the error function, estimated the regression coefficients with the gradient
descent method, and developed the Sigmoid function, on the grounds that logistic
regression is generally used in binary situations and in this case it causes an increase in
the repetitions in logistic regression. It ensured that the binary classification effect was
better and the number of iterations was reduced [11].

In this study, binary logistic regression parameters will be estimated and a model will
be established with Particle Swarm Optimization (PSO), Artificial Bee Colony
Optimization Algorithm and Artificial Locust Swarm Optimization Algorithm, and the
performances of the established models will be compared through complexity matrices
and performance metrics and evaluate the applicability of metaheuristic algorithms to
logistic regression.
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2. Overwiev of Methods

Logistic regression analysis aims to explain the relationship between explanatory
variables and the explained variable or to make classification and prediction by building
a model when the explained variable is categorical [12]. It varies depending on the type
of dependent variable. Binary logistic regression analysis uses binomial probability
theory because it represents binary situations. It results the cost function between 0 and
1 with the sigmoid function [13]. Particle Swarm Optimization (PSO) was developed
by Kenedy and Eberhart [12]. Each individual is called a particle. Each of these particles
takes random values and begins to search for the optimal solution in the solution space.
Each particle moves through two vectors: position (X) and velocity (V). At each step,
the position vectors of the particles change according to their velocity vectors and the
search process proceeds by following this process [14]. Artificial Bee Colony
Optimization (ABC), which proceeds by adopting the logic of swarm intelligence and
considers the movement, intelligence and organization of honeybee swarms, was
developed by Dervis Karaboga in 2005 and the performance of the algorithm was
analyzed in 2007 [15]. The algorithm is based on the movements of three types of bees:
scout bees, onlooker bees and worker bees. Scout bees discover optimal places for food
sources. Worker bees go to the food areas discovered by scout bees, determine the
amount of food in those areas and convey this information to the onlooker bees. Onlooker
bees use the information sent by worker bees to find the area with the best food source.
In this system used by honeybee swarms, the food sources found by scout bees indicate
an optimal solution to the research problem, the information sent by worker bees
indicates the optimality of the solution, and the food sources chosen by onlooker bees
indicate the optimal solution for the relevant research problem [16]. Artificial Locust
Swarm Optimization (ALSO) is an optimization algorithm inspired by the behavior of
locusts. Locusts act in a controlled manner, including family and social phases. In the
family phase, groups of locusts search locally, while in the social phase, searches are
made around the main locust in each family group. The mother locust goes to a certain
place and creates a new group of locusts there. These groups of mini locusts search
locally. The locust that finds the best solution from the group moves to the social phase
and the search continues with it. Locusts in the social phase go to local places after a
while and move on to the family phase, and these steps are repeated until the algorithm
finds the general solution [17].

3.  Experimental Results

The data set was taken from Kaggle. It consists of 12 independent variables, which
include the medical records of 299 patients collected during their follow-up, and 1
dependent variable, defined as whether the patients died or not as a result of heart failure
and other coexisting conditions. For classification analysis, the data set was divided
into two: 70% training data set and 30% test data set. The training data set was used to
train the model using metaheuristic algorithms. The established model was then used
for prediction on the test data set, and the model performance was evaluated after each
prediction. For performance evaluation, Accuracy, Precision, F-Score, Sensitivity, and
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Specificity performance metrics were used. The analysis was repeated 100 times, and
the comparison of performance metrics was based on the average of the metrics
obtained (see Fig. 1).

Methods Accuracy Sensitivity Specificity Precision F Score
PSO 0.76 0.85 0.52 0.84 0.84
ABC 0.78 0.97 0.22 0.78 0.87
ALSO 0.82 0.96 0.43 0.83 0.89
LR 0.83 0.87 0.74 091 0.89

Fig. 1 Performance metrics for methods

4. Conclusion

As expected, the highest accuracy was achieved with the system's logistic regression in
the trial. However, when comparing metaheuristic algorithms, it is observed that the
ALSO algorithm performed better than the other algorithms with an accuracy rate of
0.82. When interpreting the F-score for a more accurate assessment, it is seen that the
F-score of the ALSO algorithm is equal to the F-score obtained with the system's
logistic regression. Consequently, when evaluating the combined use of logistic
regression and metaheuristic algorithms, it is evident that the ALSO algorithm provides
better performance in logistic regression model estimation compared to the PSO and
ABC algorithms.
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1 Abstract

Introduction: Pattern electroretinography (PERG) is a useful ophthalmological test for the diagnosis of retinal
disorders. Large language models have shown promise for analyzing complex medical data, but their potential in
interpreting PERG waveforms has not been studied. This study evaluates the diagnostic accuracy of Claude-3, a
commercially available large language model, in first detecting (or not) pathological features in PERG and then

analyzing PERG data for the diagnosis of retinitis pigmentosa (RP) and cone-rod dystrophy (CRD).

Methods: A subset of PERG measurements from healthy individuals, patients with RP and CRD was randomly
selected from the PERG-IOBA dataset. The PERG and clinical data, including age, gender, visual acuities, were
provided to Claude-3 for analysis and diagnostic predictions. The model's accuracy was assessed in two scenarios:
"First Choice," evaluating the accuracy of the primary differential diagnosis and "Top 3," evaluating whether the

correct diagnosis was included within the top three differential diagnoses.

Results: A total of 46 subjects were included in the study: 20 healthy individuals, 13 patients with RP,13 patients
with CRD. Claude-3 achieved 100% accuracy in detecting the presence or absence of pathology. In the "First
Choice" scenario, the model demonstrated moderate accuracy in diagnosing RP (61.5%) and CRD (53.8%).
However, in the "Top 3" scenario, the model's performance significantly improved, with accuracies of 92.3% for RP

and 76.9% for CRD.

Conclusion: This is the first study to demonstrate the potential of large language models, specifically Claude-3, in
analyzing PERG data to diagnose retinal disorders. Despite some limitations, the model's high accuracy in detecting
pathologies and distinguishing between specific diseases highlights the potential of large language models in ocular
electrophysiology. Future research should focus on integrating multimodal data, and conducting comparative

analyses with human experts.
Keywords: PERG, Claude-3, Large Language Models, Retinitis Pigmentosa, Cone Rod Dystrophy
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2 Introduction

Pattern electroretinography (PERG) has been a valuable tool in ophthalmology for testing retinal ganglion
cell function, photoreceptor health and diagnosing various retinal diseases by presenting alternating visual stimuli
and recording the electrical responses from the retina. [1, 2] PERG provides objective information regarding the
health and integrity of the retinal pathway, with the macula and optic nerve in particular. Analysis of PERG
waveforms, particularly the N95, P50, and N35 components, allows for the assessment of macular function and
detection of abnormalities in the ganglion cell layer and inner retina. [1] The different PERG patterns observed in
different diseases, such as the reduced amplitudes in retinitis pigmentosa (RP) and the delayed implicit times in
glaucoma, aid in differential diagnosis and facilitate appropriate management strategies. [3, 4] PERG offers a non-
invasive and objective measure of retinal function, making it a valuable tool for monitoring disease progression and

evaluating treatment efficacy. [5]

The emergence of artificial intelligence (AI) has revolutionized various aspects of medical diagnosis,
offering promising approaches to interpreting complex medical data and assisting clinicians in making more
informed decisions. [6] In the field of ophthalmology, Al algorithms have demonstrated remarkable capabilities in
analyzing retinal images for diabetic retinopathy, age-related macular degeneration, and other retinal diseases. [7]
Beyond analyzing retinal images, Al algorithms have been successfully used to predict glaucoma progression,
automate visual field interpretation, and personalize treatment. [8, 9] Al offers several advantages in medical
diagnostics, including the ability to detect subtle patterns that human observers often miss, enable rapid and
objective assessments, and improve diagnostic accuracy, leading to better patient outcomes. [10, 11] However,
despite these promises, implementing Al in healthcare still faces issues with privacy, algorithmic bias, and the

requirement for thorough validation to ensure reliability and security. [12]

Large language models (LLMs) represent a unique and powerful subset of artificial intelligence that are
trained on massive text and code datasets, enabling them to understand and generate human-like text, translate
languages, and answer complex questions in an informative manner. [13] Unlike traditional Al models that excel at
specific tasks such as image recognition or data classification, LLMs use their extensive training to process and
understand information more holistic and contextual manner, mimicking the learning and reasoning processes of
humans. [14] This ability to extract meaning, identify patterns, and draw conclusions from complex data sources
makes them valuable tools for analyzing various medical data, including clinical notes, research articles and even

genome sequences. [15, 17]

Interpretation of pattern ERG data is a complex task that typically requires extensive training and expertise
in ophthalmology and electrophysiology and often challenges even experienced clinicians. [18] The aim of this
study is to evaluate the potential of Claude-3, a large language model accessible to a wider range of users, in
analyzing pattern ERG data and providing diagnostic insights, potentially helping clinicians and researchers

interpret this complex data.
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3 Methods

3.1 Dataset Utilization

This study utilized the PERG-IOBA dataset available from PhysioNet, which serves as a Research
Resource for Complex Physiologic Signals. [19] The dataset includes 1,354 transient PERG responses from 304
subjects in 336 records, collected between 2003 and 2022. [20] The dataset consists of 105 healthy subjects and 199
patients diagnosed with various retinal conditions. The most common diseases that make up the data set were 48
patients with RP, 32 patients with macular dystrophy, 16 patients with Stargardt disease and 14 patients with cone-
rod dystrophy (CRD). Clinical diagnosis, including age, gender, and visual acuity measurements in logMAR scale,
was provided in CSV format. The dataset had been anonymized, and data collection dates had been randomly date-

shifted to maintain patient privacy and confidentiality. [20]
3.2 PERG Signal Acquisition

PERG signals in the dataset were captured by experienced technicians using the computerized Metrovision
Optoelectronic Stimulator Vision Monitor MonPack 120 (Metrovision, Pérenchies, France). The acquisition protocol
strictly adhered to the International Society for Clinical Electrophysiology of Vision (ISCEV) guidelines. [21]

Signals were recorded at a high sampling rate of 1700 Hz over a duration of 150 milliseconds, producing 255

equally spaced observations per signal. Figure 1 shows a portion of the raw data recorded from a patient.
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TIME_1 RE_1 LE_1
2016-09-15 09:40:21.0000 0 0
2016-09-15 09:40:21.0006 -0.1 0.1
2016-09-15 09:40:21.0012 -0.2 0.2
2016-09-15 09:40:21.0018 -0.2 04
2016-09-15 09:40:21.0024 -0.2 06

2016-09-15 09:40:21.0030 0 0.7
2016-09-15 09:40:21.0035 0 0.8
2016-09-15 09:40:21.0041 0 0.8
2016-09-15 09:40:21.0047 0 0.6

2016-09-15 09:40:21.0053 -0.2 06
2016-09-15 09:40:21.0059 -0.2 0.5
2016-09-15 09:40:21.0065 -0.2 06
2016-09-15 09:40:21.0071 -0.2 06
2016-09-15 09:40:21.0077 -04 06
2016-09-15 09:40:21.0083 -0.6 0.5
2016-09-15 09:40:21.0089 -0.8 04
2016-09-15 09:40:21.0094 -1.2 0.3
2016-09-15 09:40:21.0100 -1.3 0.2
2016-09-15 09:40:21.0106 -14 0.3
2016-09-15 09:40:21.0112 -14 0.2
2016-09-15 09:40:21.0118 -1.2 0.2

Figure 1: A portion of the raw data recorded from a patient

3.3 Study Sample Selection

A specific subset of PERG measurements from healthy individuals, patients with RP and CRD were
randomly selected from the larger dataset for this analysis. The PERG data for each subject in this subset were
extracted from the dataset and provided to the Claude-3 language model for analysis and diagnostic predictions. The

study was designed as a pilot study, hence the number of participants was kept limited.
3.4 Data Input to Claude-3 LLM

To evaluate the potential of large language models (LLMs) in analyzing PERG waveforms and providing
diagnostic insights, we employed Claude-3, a commercially available LLM. We provided Claude-3 with a prompt that

included the following instructions:

“’Analyze the provided pattern ERG data for both eyes, identifying abnormalities in the N35, P50, and N95 waves,
oscillatory potentials, and overall waveform morphology. Indicate the presence of pathology with a "Yes" or "No." If

pathology is detected, select the top three differential diagnoses from a comprehensive list associated with pattern
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ERG features. Each diagnosis should include a detailed justification focusing on the bilateral ERG findings,
particularly concerning both cone and rod functions, and consider the patient's current age, gender, and bilateral
presentation. Rank these diagnoses by likelihood and outline the potential need for further tests or information to

confirm these diagnoses.

Please include the following patient details:
Age:[]

Gender: [ ]

Right Eye Visual Acuity (logMAR): [ ]
Left Eye Visual Acuity (logMAR): [ ]

Note: The age at symptom onset is unknown. Given the complexity of diseases associated with pattern ERG

abnormalities, additional clinical data, imaging, or tests may be necessary for a definitive diagnosis.”’

3.5 Important OQutcomes

First scenerio;

First Choice Accuracy: This metric assesses whether Claude-3 identified the correct pathology as the first
differential diagnosis. This is critical for determining the model's precision in diagnosing the most likely condition
without additional input.

Second scenerio;

Top Three Accuracy: This broader metric evaluates whether the correct diagnosis was included in the
model's top three differential diagnoses. This measure reflects the model's ability to detect and prioritize potential
diagnoses, which is critical for clinical settings where multiple potential diagnoses may be considered before

reaching a final conclusion.

3.6 Statistical Analysis

To determine whether the variables were normally distributed, the Shapiro-Wilk normality test was used.
Demographic characteristics (age and sex) and visual acuity measurements were summarized using mean and
standard deviation for continuous variables and frequencies and percentages for categorical variables. One-way
analysis of variance (ANOVA) was performed to compare the mean age of the three groups, and a chi-square test
was used to assess differences in gender distribution. To compare visual acuity between groups, we used the Kruskal-
Wallis test with Bonferroni correction for multiple comparisons. Sensitivity, specificity, precision and F1 scores were
calculated for each study group. Statistical analyzes were performed using Statistical Package for Social Sciences
(SPSS) software, version 25.0 (IBM, Chicago, IL, USA). Values of P < 0.05 were considered statistically significant

in all tests.
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4 Results

4.1 Demographics and Visual Acuity

A total of 46 subjects were included in the study, with 20 healthy individuals, 13 patients with RP, and 13 patients

with CRD. The demographic characteristics and visual acuity measurements for each group are summarized in
Table 1.

Table 1: Demographics and visual acuity measurements for each group

Characteristic Retinitis Cone-Rod Normal P
Pigmentosa Dystrophy (n=13) | (n=20)
(n=13)
Age (years)
- Mean = SD 355+158 342+ 15.6 28.8+18.3 0.48
- Range (12 - 62) (10 - 61) (6 -70)
Gender
-Male 9 (69.2%) 8 (61.5%) 9 (45.0%) 0.38
-Female 4 (30.8%) 5 (38.5%) 11 (55.0%)
Mean Visual Acuity
(LogMAR)
- Mean + SD 0.39£0.44 0.51 +£0.37 0.15+0.22 0.0015*

LogMAR = Logarithm of the Minimum Angle of Resolution, p* significant. Post-hoc Dunn test (Bonferroni correction):

RP vs. CR: p >0.05 (ns), RP vs. Normal: p <0.05 (sig.), CR vs. Normal: p <0.05 (sig.)

4.2 Diagnostic Accuracy

The diagnostic accuracy of Claude-3 in detecting the presence or absence of pathology in all study groups
was successful and all cases were correctly identified. In the normal group, the model confirmed no pathology in all
20 (100%) subjects. Similarly, in the pathologic group, the model confirmed pathology in all 26 (100%) subjects.
The accuracy of the differential diagnosis showed variability, with RP and CRD in the first scenerio having an
accuracy of 61.5% (8 of 13 cases) and 53.8% (7 of 13 cases), respectively. Notably, the model performed better
when we used the second scenerio, with RP and CRD achieving higher success rates of 92.3% (12 of 13 cases) and
76.9% (10 of 13 cases), respectively. However there was no statistical difference when comparing model’s accuracy

of the differential diagnosis between RP and CRD in both scenarios (P =1 and 0.59 ), respectively.
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4.3 Performance Metrics

We evauleted performance metrics acording to 2 scenarios. Results are given in table 2

Table 2: Performance Metrics for Claude-3 Diagnosis

Performance Metric Healthy vs. Pathologic RP CRD

Sensitivity 100% 69.23% 53.85%
Specificity 100% 100% 84.62%
Precision 100% 100% 77.78%
F1 Score 100% 81.82% 63.64%

RP = retinitis pigmentosa; CRD = cone-rode dystrophy
5 Discussion

Our results suggest that Claude-3 achieves perfect performance, with 100% sensitivity, specificity,
precision, and F1 score, demonstrating its ability to accurately identify all cases with pathology as well as all healthy
cases without any misclassifications. It can effectively distinguish between healthy subjects and those with retinal
diseases, achieving 100% accuracy in detecting the presence or absence of disease based on PERG data with
minimal clinical data. The ability to accurately differentiate between healthy and pathologic cases is crucial in a
clinical setting, as it can help prioritize patients who require further diagnostic evaluation and potential treatment.

[22]

PERG is a highly valuable diagnostic tool in the evaluation of RP, a genetic disorder that causes
progressive retinal degeneration. [4] In RP, PERG waveforms typically exhibit reduced amplitudes which is due to
impaired function of photoreceptors and retinal ganglion cells. [2] These abnormalities can be detected even in early
stages of the disease when visual acuity is still preserved, making PERG a sensitive tool for early diagnosis and

monitoring disease progression. [23]

PERG is particularly informative in diagnosing and monitoring CRDs, a group of inherited retinal diseases
characterized by deterioration of cone and rod photoreceptors. [24] The PERG can provide detailed assessments of
cone function, which is crucial in cone-rod dystrophies where cone dysfunction typically presents before rod
dysfunction.[24] For example, PERG can help distinguish different patterns of visual impairment in patients with
cone-rod dystrophy, with some having more severe cone dysfunction than others. [24] This functional assessment is
consistent with clinical observations and genetic findings, thereby supporting the diagnosis and understanding the

disease progression in these patients. [25]

When considering the first scenario, Claude-3 demonstrated moderate accuracy in diagnosing RP (61.5%)
and CRD (53.8%). However, when evaluating the second scenario, the model's performance significantly improved,

with accuracies of 92.3% for RP and 76.9% for CRD. This suggests that Claude-3 is capable of identifying the
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correct diagnosis within the top three suggestions, even if it may not always be the first choice. These results are
promising, indicating the potential of LLMs in analyzing PERG data for the diagnosis of retinal disorders. However,
our literature search did not yield any studies done with artificial intelligence specifically using LLMs on this
subject; therefore, we cannot directly compare our results to previous findings.

However, the model's performance metrics in identifying specific retinal disorders based on the first
scenario varied between RP and CRD. While Claude-3 showed good performance in identifying RP cases, with high
specificity and precision, its performance in identifying CRD cases was moderate, with lower sensitivity, specificity,
and precision. This difference in performance may be attributed to the heterogeneity of CRD phenotypes and the
overlap of PERG features with other retinal disorders, making it more challenging for the model to accurately

identify CRD cases based solely on the first-choice diagnosis. [24]

Integrating Al into clinical practice offers several benefits, such as providing rapid, objective assessments
of complex medical data and detecting subtle patterns that may be overlooked by human observers. [11] However
despite its promise one of the major concern is the “black box” nature of these models, where the reasoning behind
their predictions remains opaque. [26] In this models training data are often obscured or undocumented, and their
methods opaque. [27] This lack of transparency can affect trust and acceptance among clinicians, particularly when

dealing with complex medical decisions. [28]

Our study has several strengths and limitations. One of the strengths is the use of a large, well-characterized
data set (PERG-IOBA) that conforms to the ISCEV guidelines for PERG collection, ensuring data reliability and
consistency. [20] Another strength of our study is the use of a commercially available large language model, Claude-
3, which is accessible to a wider range of users compared to specialized AI models that require extensive technical
expertise. This accessibility enables greater potential in clinical settings, as healthcare professionals without strong
Al knowledge can still benefit from the model's insights. However, our study has notable limitations, the most
significant being the relatively small sample size, as it was designed as a pilot study. Additionally, the study focuses
on a specific subset of retinal diseases, and while Claude-3 shows promising results in analyzing PERG data, its
performance for other types of ocular electrophysiological tests and different retinal diseases remains to be
investigated.

There are several important directions for future research in this area. First, the integration of PERG data
with other diagnostic modalities such as optical coherence tomography and visual field testing may represent a
significant advance toward a multimodal diagnostic approach. By combining data from these different sources,
LLMs could provide a more comprehensive and nuanced understanding of retinal health and improve the ability to
diagnose complex conditions that may not be detectable with a single diagnostic method. Conducting comparative
analysis between the performances of LLMs and human experts is also crucial. Such studies would help delineate
the strengths and limitations of each approach and provide insights into how best to use Al in clinical settings. By
directly comparing Al with human diagnostics, researchers can identify specific scenarios where Al excels or lags

behind, thereby refining Al applications to effectively support clinical decision making. [29]
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In conclusion, this study is the first to demonstrate the potential of large language models, particularly
Claude-3, in analyzing PERG data for the diagnosis of retinal diseases. Despite some limitations, the model's high
accuracy in detecting pathologies and distinguishing between specific diseases highlights the potential of Al in

ophthalmology. Future research should focus on addressing limitations.
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Abstract. Alzheimer's disease is a neurodegenerative condition
characterized by disturbances in mental, physical, and cognitive
functions. Acetylcholinesterase (AChE) over activity is one of the
primary causative factors of the disease. Tacrine (Cognex®), an FDA-
approved drug targeting the AChE enzyme, has been discontinued due
to its side effects and toxicity. Firstly, this study will evaluate the
pharmacokinetic suitability of compounds selected from molecular
databases according to their absorption, distribution, metabolism, and
elimination (ADME) properties. Then, it aims to present more
effective and reliable potential candidate drug molecules to the
literature by examining the interaction mechanism between these
compounds and the human AChE enzyme by molecular docking
method. The interaction mechanisms and binding affinities of the
compounds selected according to ADME analysis with the AChE
enzyme were examined using structure-based drug design methods
such as molecular docking. According to the results of molecular
docking analysis, 9 compounds (CHEMBL606348,
CHEMBLA4556734, CHEMBLA4218191, CHEMBLA4209803,
CHEMBL4217663, CHEMBLA4210316, CHEMBLA4467284,
CHEMBL200008, CHEMBL4448350) out of 30 with the best docking
results (-11.71,-13.13,-11.40,-11.82, -12.10, -11.92, -12.81, -13.26,
-13.24 kcal/mol) were obtained. Based on the results obtained from
molecular docking, it is inferred that the top 9 compounds exhibit
significant efficacy and are deemed suitable candidates for further
evaluation in the subsequent phases of drug discovery. Notably, these
compounds demonstrate favorable ADME properties, further
underscoring their potential as promising leads for therapeutic
development. This study represents a crucial step that may contribute
to developing effective and reliable drug molecules for treating
Alzheimer's disease

Keywords: Alzheimer’s, Molecular Docking, Acetylcholinesterase, ADME
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HUMAN PERFORMANCE IN THE MEDICAL
SPECIALIZATION EXAM?
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Abstract. With the rapid developments in the field of artificial intelli-
gence in recent years, the potential use of models with Natural Language
Processing (NLP) capabilities in medical education and evaluation pro-
cesses has come to the fore. The application of these technologies in the
medical field has the potential to optimize data analysis, diagnosis, and
treatment processes. In this context, applications are aimed to be devel-
oped to ease the workload of healthcare professionals and increase the
quality of patient care. ChatGPT-4, developed by OpenAl, along with its
optimized version, ChatGPT-40, and Google’s advanced language model,
Gemini, have attracted attention due to their ability to answer medical
questions.

In the literature, the use of artificial intelligence models in the medical
field is shown to help determine the limits of the information required,
particularly for clinical environments. In this regard, MedQA, developed
in 2020, is a comprehensive dataset containing more than 60,000 ques-
tions compiled from various medical specialty exams in America, specif-
ically designed to test doctors’ clinical knowledge. Generally, artificial
intelligence studies are utilized in medical diagnosis and decision-making
to evaluate the performance of these processes. In late 2023, Microsoft re-
searchers achieved over 90% accuracy on the MedQA dataset in a suite of
four challenging medical benchmarks called GPT-4 MultiMedQA. This
achievement is considered one of the most significant indicators of how
far artificial intelligence can progress in the medical field.

In this study, we tested the performance of artificial intelligence-supported
language models ChatGPT-4, ChatGPT-40, and Gemini in answering
Turkish medical questions. For this purpose, we used the questions from
the Medical Specialization Examination (MSE) of the first semester of
2021, an exam taken to become a specialist in the field of medicine. The
exam consists of two parts: clinical and basic medical sciences, each con-
taining 120 questions from 11 different fields.

To determine the success of the three artificial intelligence models in the
MSE and to reveal significant differences between them, we manually
collected the answers from each model and evaluated them according to
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the evaluation report and statistics announced by OSYM.

This study includes three models. The first, ChatGPT-4, is a language
model developed by OpenAl and trained on large datasets. It performs
quite well on NLP tasks. The second model, ChatGPT-40, is the op-
timized version of ChatGPT-4. The third model is Gemini, a language
model developed by Google. This model is known to perform well in NLP
tasks using advanced deep learning algorithms and attention mech-
anisms.

According to the statistics announced for the first semester of 2021, the
average number of correct answers in the Clinical Medical Sciences Test
was 63.95, and the maximum number of correct answers was 113. When
we posed the same questions to the AT models, Gemini answered 82 cor-
rectly, ChatGPT-4 answered 105 correctly, and ChatGPT-40 answered 117
correctly. Similarly, the average number of correct answers in the Basic
Medical Sciences Test was 51.63, and the maximum number of correct
answers was 106. When we asked the questions in this test to the
models, ChatGPT-4 and Gemini each answered 93 correctly, while
ChatGPT-40 answered 107 correctly. From the results, we observed that
ChatGPT-4o0 outperforms the best humans.

Additionally, we examined human performance in detail on a question-
by-question basis and statistically evaluated whether there is a signifi-
cant difference between the performance of AI models and human per-
formance.

Keywords: ChatGPT, Gemini, examination for speciality in medicine,
medical education.

BUYUK DIL MODELLERI TIPTA UZMANLIK
SINAVINDA INSANLARIN BASARIMINI ASABILIR
Mi?

Yesim Aygiil, Miige Olucoglu, Adil Alpkocak

Izmir Bakircay Universitesi, Bilgisayar Miihendisligi Boliimii, izmir, Tiirkiye,
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Ozet Son yillarda yapay zeka alaninda yasanan hizh gelismeler, Dogal Dil
isleme (DDI) yeteneklerine sahip modellerin tibbi egitim ve degerlen-
dirme stireclerinde kullanilma potansiyelini giindeme getirmistir. Ope-
nAl tarafindan gelistirilen ChatGPT-4, optimize edilmis versiyonu olan
ChatGPT-40 ve Google'in gelismis dil modeli Gemini'in tibbi sorular: ce-
vaplayabilme basarimlar1 dikkat ¢ekmektedir. Bu teknolojilerin tip ala-
ninda kullanimi veri analizi, teshis ve tedavi siireglerini optimize etme
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potansiyeli tasimaktadir. Bu baglamda, saglik profesyonellerinin is yii-
kiinii hafifletecek ve hastalarin bakim kalitesini artiracak uygulamalarin
gelistirilmesi amaclanmaktadir.

Literatiirde, tibbi alanda yapay zeka modellerinin kullanilmasi, 6zellikle
Kklinik ortamlar igin gerekli bilgilerin sinirlarinin belirlenmesine yardimel
olabilmektedir. Bu dogrultuda, 2020 yilinda gelistirilen MedQA, Ame-
rika’daki cesitli tibbi uzmanhk siavlarinda sorulan sorulardan derlenen
ve doktorlarin klinik bilgilerinin test edilmesi i¢in 6zel olarak tasarlan-
mis 60.000’den fazla soruyu iceren kapsamh bir veri setidir ve genel ola-
rak, yapay zeka calismalarinin tibbi teshis ve karar verme siireclerindeki
bagarimin degerlendirilmesi i¢in kullanilmaktadir. 2023 y1linin sonlarina
dogru Microsoft aragtirmacilari, GPT-4 MultiMedQA adh dort zorlu tibbi
kiyaslama grubundan olusan bir pakette MedQA veri seti {izerinden

%90 dogruluk sinirini agan bir bagarim elde etmiglerdir. Bu durum genel
olarak yapay zekanin tip alaninda ne kadar ileri gidebilecegine dair en
onemli gostergelerdendir.

Bu calismada, yapay zeka destekli dil modelleri olan ChatGPT-4, Chat-
GPT-40 ve Gemini'nin Tiirkce tibbi sorular1 yanitlama performansin test
ettik. Bu amacla, tip alaninda uzmanlik kazanmak i¢in yapilan 2021

1. Donem Tipta Uzmanlik Sinavi'min (TUS) sorularim kullandik. Sinav,
her biri 11 farkli alandan 120 soru iceren klinik ve temel tip bilimleri olmak
iizere iki boliimden olusmaktadir.

Uc yapay zeka modelinin TUS’taki basarisim belirlemek ve aralarindaki
anlamh farkliliklar1 ortaya ¢ikarmak igin her modelin cevaplarini manuel
olarak topladik ve OSYM tarafindan aciklanan degerlendirme raporu ve
istatistiklere gore degerlendirdik.

Bu calisma ii¢ modeli icermektedir. Birincisi, OpenAl tarafindan ge-
listirilen ve biiyiik veri kiimeleri iizerinde egitilmis bir dil modeli olan
ChatGPT-4’tiir. Bu model, DDI gorevlerinde oldukca iyi performans
gostermektedir. Ikinci model, ChatGPT-4’iin optimize edilmis versiyonu
olan ChatGPT-40’dur. Uciincii model ise, Google tarafindan gelistirilen
bir dil modeli olan Gemini’dir. Bu model, ileri diizey derin 6grenme al-
goritmalar1 ve dikkat mekanizmalarim kullanarak DDI gérevlerinde iyi
performans gostermesiyle bilinmektedir.

2021 y1l1 1. donemi icin aciklanan istatistiklere gore, Klinik Tip Bilimleri
Testi ortalama dogru cevap sayisi 63.95 ve en fazla dogru cevap sayis1 113
olmustur. Ayni sorular1 yapay zeka modellerine yonelttigimizde Gemini
82, ChatGPT-4 105 ve ChatGPT-40 117 dogru cevap verdi. Benzer sekilde,
Temel Tip Bilimleri Testi ortalama dogru cevap sayisi 51.63 ve en fazla
dogru cevap sayisi 106 olarak belirtilmistir. Bu testteki sorular1 modellere
yonelttigimizde ChatGPT-4 ve Gemini 93’er dogru cevap verirken
ChatGPT-40 107 dogru cevap vermistir. Elde edilen sonuclardan,
ChatGPT-40’nun en iyi insandan daha iyi performans gosterdigini goz-
lemledik.
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Ayrica, insan performanslarini soru bazinda detayh olarak inceledik ve
yapay zeka modelleri ile insan performanslar arasinda anlamh bir fark
olup olmadigim istatistiksel olarak degerlendirdik.

Anahtar Kelimeler: ChatGPT, Gemini, tipta uzmanlk sinawvi, tip egi-
timi.
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Abstract. In this study, individuals with schizophrenia and bipolar disorders are
classified using MR images of volunteers by employing deep neural networks.
Psychiatric disorders are traditionally diagnosed through detailed evaluations and
tests conducted by specialized professionals. However, due to the potentials for
human error in these evaluations there is a need for automated diagnostic sys-
tems. Last decades, advances in artificial intelligence, particularly deep learning,
have begun to offer substantial improvements in diagnostic accuracy. Therefore,
in this study, we applied a deep learning model to classify the psychiatric disor-
ders using MR images. The images, which are publicly available, were obtained
from 272 volunteers ranging in age from 21 to 50. Publicly available dataset Uni-
versity of California Los Angeles (UCLA) Consortium of Neuropsychiatric Phe-
nomics LAS5c study categorized into four groups: healthy controls, individuals
with schizophrenia, those with bipolar disorder, and individuals with attention
deficit hyperactivity disorder (ADHD).

In this study, we specifically focus on classifying MR images from 50 individuals
diagnosed with schizophrenia and 49 with bipolar disorders. For this purpose, in
order to perform the classification task, we utilized a ResNet50 model pre-trained
on ImageNet. Although the dataset consists of images with dimensions of
179x256, they are resized for the input of deep neural network. In dataset, T1-
weigted MR volume consist of 256 axial slice for each participant. However, the
central 32 slice are used for training the deep neural network model. In the pre-
processing stage, the images are initially resized to dimensions of 224x224. After
resizing, the images are subjected to intensity normalization to standardize the
dataset. In order to overcome the overfitting problem while training the network,
augmentation process is also implemented on data. This augmentation process is
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accomplished considering reliability of the medical image to avoid irrelevant re-
sults that is inconsistent with real MR images. Our preliminary results demon-
strate that deep learning models can be effectively used to classify psychiatric
disorders from MR images of individuals with schizophrenia and those with bi-
polar disorder.

Keywords: Psychological Disorders, Deep Learning, Structural MRI, Res-
Net50

1 Introduction

Magnetic Resonance Imaging (MRI) is a non-invasive neuroimaging technique that
is used to constitute the detailed images of the body’s internal structures, including the
brain [1]. It allows researchers and clinicians to observe and detect the structure and
abnormalities of soft tissues. Structural changes, such as tumors, injuries, bleeding, in-
fections can be identified with MRI scan. On the other hand, neurological conditions
and diseases also can be detected by brain MRI. Therefore, it provides a vital tool for
diagnosing and monitoring various brain disorders such as multiple sclerosis, Alz-
heimer’s and bipolar disorder.

The principle of the MRI is to align the hydrogen atoms in the tissues with a strong
magnetic field. When radio waves are sent, these hydrogen atoms deploy signals which
are detected with the MRI scanner. By analyzing the signal changes, the MRI scanner
constructs detailed images of the brain anatomy and function [2]. MRI offers good spa-
tial resolution and the ability to capture different tissue contrasts. Thus, many brain
disorders can be detected with the detailed images of the brain anatomy[3].

On the other hand, brain disorders can lead to a wide range of changes in the brain
morphology, reflecting the underlying pathology and affecting brain structure at differ-
ent levels. These changes can be the loss of the brain tissue volume, known as atrophy
[4], ventricular enlargement or shrinkage, gray matter and white matter changes,
changes in cortical thickness and folding patterns, or malformations and developmental
abnormalities. The changes in the brain tissue also provides valuable information for
understanding neurological disorders like Alzheimer's disease, schizophrenia, depres-
sion, and bipolar disorder [5], [6], [7].

In neurodegenerative diseases, such as Alzheimer's disease, specific regions of the
brain may show progressive shrinkage due to neuronal loss and synaptic dysfunction,
leading to characteristic patterns of cortical and subcortical atrophy [8]. On the other
hand, a series of changes in brain morphology are also reported in schizophrenia and
bipolar disorder [9]. Patients with schizophrenia often show ventricular enlargement,
which may reflect a loss of surrounding brain tissue, including gray and white matter
[10]. Schizophrenia is associated with reductions in gray matter volume, especially in
regions such as the prefrontal cortex, temporal lobes, hippocampus, and thalamus [11].
These reductions may be present at the onset of illness and progress over time. Like
schizophrenia, patients with bipolar disorder may show enlarged ventricles, suggesting
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loss of brain tissue. It is also reported that bipolar disorder is also associated with alter-
ations in gray matter volume, including reductions in the prefrontal cortex, anterior
cingulate cortex, and amygdala [12]. These changes may contribute to mood dysregu-
lation and cognitive deficits.

Therefore, it can be said that MRI provides valuable insights into the neurobiological
underpinnings and structural changes of psychological disorders, such as schizophrenia
and bipolar disorder, helping to elucidate the complex relationships between brain func-
tion, behavior, and psychiatric symptoms. However, it's important to note that MRI
findings are typically used in conjunction with clinical assessments and other neuroim-
aging modalities to enhance diagnostic accuracy and inform treatment strategies.

2 Dataset and Data Preprocessing

The MR images used in this study is available as an open-source dataset collected
from the University of California Los Angeles (UCLA) Consortium of Neuropsychiat-
ric Phenomics LAS5c study [13]. MR images in this dataset collected from 272 volun-
teer participants, whose ages range from 21 to 50 years. The dataset consists of four
groups of participants suffering from schizophrenia, bipolar disorder, attention deficit
hyperactivity disorder (ADHD), and healthy control individuals.

In this study, we focused on the classification schizophrenia and bipolar disorders
by employing MR images. The subset of dataset used for simulations included MR
images from 50 individuals with schizophrenia and 49 individuals with bipolar disor-
der. The original size of images in the dataset are 179x256. To use these images in
ResNet50 architecture, they were resized to 224x224 dimensions. Figure 1, shows MR
images obtained from schizophrenia and bipolar disorders.

Although, T1-weighted MR volume consist of 216 axial slices for each participant,
we use the central 32 slice for training the network. After selecting the central 32 slice
for each participant, normalization is applied over all images in order to standardize the
intensity. Finally, data augmentation process is used to overcome the overfitting prob-
lem. Still, in order to avoid irrelevant result of augmentation which is inconsistent with
real MR images, reliability of medical image is taken into account. Therefore, for the
augmentation techniques, we used rotation and brightness. Besides, images are scaled
to arange of O to 1.
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Fig 1. 224x224 resized MR images of patients bipolar (left) and schizophrenia (right).

3 Methods and Simulation Results

In this study, we employed ResNet50 deep neural network architecture in order to
classify psychological disorder named bipolar and schizophrenia. The ResNet50 model,
originally designed by [14], uses 50-layer deep residual block including skip connec-
tions that enhances the performance of neural networks.

For our classification task, pre-trained Resnet model, with images from ImageNet
database which include more than 14 million images was used. Here, we fine-tuned the
standard ResNet50 architecture both by adding a global average pooling layer followed
by a dense layer and training the last 10 layers and freezing the earlier layers. Global
average pooling layer computes the spatial average of the feature maps obtained from
the last convolutional layer of ResNet50. By this way, the number of features is reduced
in order to handle the large amount of data. Besides, dense layer consisting of 128 units
with a ReLU (Rectified Linear Unit) activation function was added.

In order to optimize the cost function while training the model, Adam optimizer was
employed. The learning rate of optimizer is selected as 0.001 to optimize the training
process and the batch size was chosen as 64. These hyperparameters of model are found
experimentally that yield the best results. The dataset was strategically partitioned, al-
locating 10% for testing, 5% for validation, and the remaining 85% for training pur-
poses.

The performance of the model was assessed based on simulation results derived from
the test data. The evaluation criteria utilized for this assessment included accuracy, F1-
score, recall, and precision metrics. Simulation results are given in Table 1 below. As
shown in Table 1, F1-Score and recall of bipolar disorder are higher than schizophrenia.
On the other hand, precision of schizophrenia is higher compared to bipolar and overall
accuracy of deep learning model is %73.43.

Table 1. Performance (%) of model for classification of bipolar and schizophrenia.

Recall  Precision F1-Score

Bipolar 0.7786  0.7286 0.7443
Schizophrenia 0.6886  0.7729 0.7114
Overall Accuracy 73.43

4 Conclusion

In this study, deep learning techniques is utilized to classify individuals with schiz-
ophrenia and bipolar disorders using MR images. The data is obtained from the UCLA
Consortium of Neuropsychiatric Phenomics LA5c study and series of data prepro-
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cessing operations such as resizing and normalization is applied on them. Data aug-
mentation techniques were also implemented to prevent overfitting. Simulation results
indicate that deep learning models can be used to classify psychiatric disorders from
MR images of individuals diagnosed with schizophrenia and bipolar disorders. Accord-
ing to our results, these disorders can be classified with an accuracy of %73.43. These
results show the potential to develop automated diagnostic systems that can reduce hu-
man error. Besides, it can be used to improve diagnostic accuracy.
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Convolutional Neural Network Model for Detecting
Anger from Sound Waves

Abstract. The audio data also contains emotional content. Nowadays, it is aimed
to develop a method that will help to determine the verbal and physical violence
that prevents health workers from working in a safe environment. The model
created to determine the verbal violence that healthcare workers will be exposed
to due to the work environment. It will contribute to the prevention of possible
violence by warning the security personnel at the time of violence with the help
of machine learning from the audio data to be collected in the work environment.
In this paper, they developed a model that detects anger from sound waves in
order to provide a safe working environment for healthcare workers. The study
used the CNN (Convolutional Neural Networks) method to analyze
approximately 10-second-long sound fragments obtained from Turkish dubbed
television series. The model was able to distinguish between angry and neutral
voices with high accuracy and achieved a success rate of 75%. The results of the
study show that higher success rates can be achieved when the data set is
expanded, and that this model can be used for security purposes in the field of
healthcare.

Keywords: Machine Learning, Medical Informatics, Speech Recognition
Software
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1 Giris

Bireyler, birbirleri ile iletisim kurmasini saglayan ve toplumlarca kullanilmakta olan
semboller sistemini kullanmaktadir. Konusma ise bu sozel sembolleri ifade eden néro
miiskiiler siire¢lerdendir. Dil, diislincelerimizi bagkalartyla iletisim kurmamizi saglar.
Bu fikirlerimizi bagkalariyla paylasmamiza ve onlarin fikirlerinden 6grenmemize
olanak tanir [1-2]. Saglik kuruluslarinda ¢alisan saglik profesyonelleri, hastalarla veya
hasta yakinlariyla etkilesim-iletisim halinde olduklari i¢in zaman zaman siddete ugrama
riskiyle karsi kargiya kalabilirler. Bu etkilesimin tedavi siirecinde basarili olmasi
durumunda, hastalarin memnuniyeti ve saglik profesyonelinin is doyumunu
artirmaktadir [3]. Bazen is yogunlugu ve ortamin stresinden, beklenmedik durumlar
karsisinda hastalarin veya hasta yakinlarinin duygusal tepkileri ({izlintii, 6fke vb.) saglik
calisanlarina yonelik sozel, psikolojik, fiziksel siddet bigciminde kendini
gosterebilmektedir. [4]. Tim diinyada oldugu gibi lilkemizde gesitli yontemler ile
siddetin onlenmesine yonelik faaliyetler bulunmaktadir. Saglik Bakanligi tarafindan
uygulanan Beyaz Kod Cagri Sistemi herhangi bir siddet (s6zel, psikolojik, fiziksel)
durumunda saglik profesyonelinin giiveni i¢in kullanilan bir yontemdir. Bu yontemde
calisan olasi bir siddet durumunda hastane icerisindeki giivenlik birimlerine bir ¢agri
iletmekte ve giivenlik birimlerinin olas1 siddet mekanina ulagmasini saglamaktadir [5].
Herhangi bir siddet esnasinda o6fke duygusu bireyin sesini yiikseltmesine ve
konusmasinin hizinin artmasma neden olur. Ofke duygusu, bireyin kan basincinin
artmasmna da neden olabilmektedir. Ofkeli bir konusma ortamdaki bireyleri de
etkilemektedir [6]. Konugma mesaj, konugmaci, dil ve duygu hakkinda bilgi igeren
karmagik bir sinyaldir [7]. Bu sesler makinelerce islenmek iizere sinyallere doniisiir.
Insan kulagina benzer bir sekilde makineler, bu sinyalleri algilamaya caligmaktadir.
Genellikle makine Ogrenmesi yontemleri verileri islemek i¢in kullanilan
yontemlerdendir [8]. Bu c¢alismada, 6fkeli bir konugsma aninda olusan ses sinyalleri
model tarafindan saptanmaya caligilacaktir. Mevcut yapilan ¢aligmalar genellikle
profesyonel stiidyolarda hazirlanmis ve isaretlenmis veri setleri (RAVDESS, SAVEE,
CREMA-D, TESS, EMODB) aracilig1 ile yapilmaktadir. Bu veri setleri iizerinden
duygu c¢ikarimi yapilmaktadir. 8 adet (6fke, beklenti, iiziintii, sagkinlik, tiksinme,
giiven, seving ve korku) duygunun cikarimi ile ilgili birgcok model vardir [9]. Bu
¢alismanin amaci, saglik profesyonellerinin ¢alisma ortaminda olusabilecek giivenlik
sorunlarmi sesli iletisim cihazlar1 ile tespit ederek sozel ve fiziksel siddetin
Onlenebilmesini saglamaktir.

2 Gerec ve Yontem

Genellikle mevcut literatiirdeki ¢aligmalarda, kiiciik ses pargalar1 ve duygulari igeren
ses kayitlari stiidyo ortaminda kayit yapilarak etiketlenmektedir. Caligmada bu yontem
kullanilarak acik kaynak bir dizideki sesler ~10sn’lik bir konusma i¢eren metin halinde
boliinerek sezgisel olarak etiketlenmistir. 362 adet ndtral ve 280 adet 6fkeli seklinde
toplamda 642 adet ses verisi etiketlenmistir.
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3 Materyal ve Metot

Veri Kiimesi Genellikle mevcut literatiirdeki ¢alismalar kiiciik ses parcalar1 ve
duygular1 igeren ses kayitlari stiidyo ortaminda kayit yapilarak etiketlenmektedir.
Calismada mevcut yontem kullanilarak agik kaynak bir televizyon dizisinin Tiirkce
dublajindaki sesler kullanilmigtir. Sesler ~10sn’lik bir konugma i¢eren anlamli haldeki
parcalara boliinerek sezgisel olarak etiketlenmistir. Toplamda 642 ses verisi, 362 notral
ve 280 ofkeli olacak seklinde etiketlenmistir [10].

Oznitelik Cikarim Ses verilerinin islenmesinde en sik kullanilan ve en basarili yontem
olan CNN (Convolutional Neural Networks) 6zellikle goriintii isleme ve bilgisayarla
gorme gorevlerinde yaygin olarak kullanilan derin 6grenme
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modellerindendir. CNN'ler, geleneksel yapay sinir aglarindan farkli olarak, yerel
baglantilar ve agirlik paylasimi gibi 6zellikler sayesinde, 6zellikle iki boyutlu verilerle
(goriintiiler gibi) etkili bir sekilde calisabilmektedir. CNN yapisinda egitim modeli
olarak ses verileri MFCC (Mel-Frequency Cepstral Coefficients), 6z nitelik ¢ikarimi
yonteminden yararlanilmaktadir. MFCC, ses sinyallerini insan algisina daha yakin bir
sekilde temsil ettigi i¢in, ses ve konugma isleme gorevlerinde 6nemli bir aragtir. Bu
nedenle, oOzellikle makine Ogrenmesi ve derin Ofrenme tabanli ses igleme
uygulamalarinda yaygin olarak kullanilir.

MFCC

Ses sinyallerini algoritmanin tantimlamasini ve analiz etmesini saglamaktadir. Yaygin
olarak ses wverilerin tanimlamada ve duygu c¢ikarimi yapilmasinda kullanilir.
MFCC’lerin avantaji ses verilerini diisiik boyutlu ve anlamli bir temsil haline
getirmektedir. Makine 6grenimi ve derin dgrenme metotlarinda oldukg¢a kolaylik
saglamaktadir.

Ses Sinyalinin Parcalanmasi (Framing) Ses sinyaller, kiigiik analiz edilebilir pargalar
(frame) haline getirilir. Bu ¢erceveler 20-40 ms uzunlugundadir. Cergeveler birbirleri
ortiisilir, her ¢ercevenin belirli kisminin 6nceki ve sonraki ¢ercevelerle ortak olmasini
saglar.

Ses Sinyalinin Parcalanmasi (Framing) Ses sinyaller, kiigiik analiz edilebilir parcalar
(frame) haline getirilir. Bu gerceveler 20-40 ms uzunlugundadir. Cerceveler birbirleri
ortiisiir, her ¢ergevenin belirli kisminin 6nceki ve sonraki ¢ergevelerle ortak olmasini
saglar.

Hizh  Fourier
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Sekil. 2. MFCC olusum semasi [11].
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Pencereleme (Windowing) Her ¢erceve ile pencereleme fonksiyonu (Hamming
penceresi) ¢arpilir. Bu, ¢ergevenin basindaki ve sonundaki ani degisikliklerin etkisini
azaltir.

Hizh Fourier Doéniisiimii (FFT) Her cergeve iizerinde FFT uygulanarak frekans
spektrumu elde edilir. Zaman alanindaki sinyali, frekans alanina doniistiiriir.

Mel-Frekans Olcegi Frekans spektrumu insan kulaginin frekanslari algilama bigimine
benzer sekilde calisan Mel-Frekans Olgegine doniisiir.

Logaritmik Enerji Hesaplama Mel-frekans bantlarinin her birinin logaritmik enerjisi
hesaplanmaktadir. insan kulagimin ses yogunlugunu algima bigimiyle benzerdir.

Ters Fourier Doniisiimii (DCT) Son olarak, logaritmik Mel frekans spektrumuna ters
Fourier doniisiimii DCT (Discrete Cosine Transform) uygulanir. Bu, son MFCC'leri
olusturur. ilk birkag MFCC katsayis1 genellikle en anlamli olanlardir ve ¢ogu zaman
sadece bu katsayilar kullanilir.

Veri Artirma (Data Augmentation) Ses dosyalarinda veri artirma (data
augmentation) yontemleri, makine 6grenimi modellerinin performansini artirmak ve
asirt Ogrenmeyi (overfitting) azaltmak icin kullanilan tekniklerdir. Bu yontemler,
mevcut ses verilerini ¢esitli sekillerde doniistiirerek veri kiimesini genisletir ve
cesitlendirir. Veri setimizin bagarisini arttirmak igin ses kayitlarinda olusabilecek
Librosa kiitiiphanesinden yararlanilarak 3 akustik ses arttirma yontemi kullanilmigtir.
Giiriilti enjeksiyonu (Additive Noise), Zaman Carpitma (Time Stretching), Perdeyi
Ton Kaydirma (Pitch Shifting) gibi yontemler kullanilarak dogala en yakin bir ses kaydi
elde edilmektedir. Bu yontemlerin her biri, modelin daha genel ve esnek olmasini
saglamak i¢in ses verilerini ¢esitli yollarla doniistiiriir ve genisletir. Genellikle, birden
fazla veri arttirma yontemi ile birlikte kullanilir ve bu egitim veri kiimesinin ¢esitliligini
artirarak modelin daha iyi genelleme yapmasii saglar. Veri Setine, veri arttirma
isleminden sonra 6znitelik ¢ikarimi yapilmaktadir [11].

Modellerin Hazirlanmasi1 Caligmada kullanilacak 6znitelikler sirasiyla; Sifir Gegis
Orant (ZCR), Chroma Stft, MFCC, RMS (kok ortalama kare deger) ve Mel
Spektrogramidir. Her bir 6zelligin ortalama degerleri bir araya getirilir ve tek bir vektor
olarak haline getirilir. Ses verilerini yiikler, ardindan bu ses verileri lizerinden ayrica
giirtiltii eklenmis bir versiyonunun da 6zelliklerini ¢ikarir. Son olarak, her iki 6zellik
vektdriinii dikey olarak (satir bazinda) birlestirir ve bir 6zellik matrisi olarak dondiirtir.
Bu kod, ses dosyalarindan elde edilen 6zellikleri bir veri kiimesine hazirlamak icin
kullanilabilir [12].
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([

Mel spectrogram Chroma Stft Zero Cross
(Mel)

Sekil. 3. Mel Spectogram, Chroma Stft, Zero Cross Yapilart

Derin Ogrenme Algoritmalar1 1 Boyutlu CNN yapisi

Tablo 1. 1 Boyutlu CNN yapis1 Veri Seti Kiimesi

Veri Seti Veri Yiizdesi Veri Sayist
Ofkeli Ses (Test) %20 53
Ofkeli Ses Egitim) %80 210
Notral Ses (Test) %20 66
Notral Ses (Egitim) %80 261

Veri Kiimesi, Veri Arttirma (Data Augmentation) yontemi ile biiyiitiilerek
egitime sokulmustur. Bu sonuglarin ¢iktilar1 sonuglara dahil edilmemistir. Egitim
verisine de veri biliylitme yapildig1 i¢in sonuclart etkiledigi varsayilmistir [13]. Giris
katmanindaki filtre sayis1 256’dir. Kernel Size (Kernel Boyutu):5X5, her filtrenin
genisligini belirtir (5 zaman adim1 boyunca konvoliisyon yapilir). Stride (1 zaman
adim) filtrelerin her adimda ne kadar kaydirilacagimi belirtir, girdi ve ¢iktinin ayni
boyutta olmasini saglar, sinirdaki 6geler i¢in sifir doldurma (zero padding) kullanir. Bu
islem i¢in ReLU (Rectified Linear Unit) aktivasyon fonksiyonu kullanilmistir. Girdi
verisinin sekli ile zaman admmi sayisimi ve her adimda bir o6zellik oldugu
belirtilmistir.

Havuzlama penceresinin genisligi 5 stride (5 zaman adimi), havuzlama penceresinin
her adimda ne kadar kaydirilacagin1 2 stride (2 zaman adimi1) olarak belirlenmistir.
Sinirdaki 6geler i¢in sifir doldurma (zero padding) kullanilmistir. Yine ayn1 yapi, ancak
bu sefer girdi sekli otomatik olarak onceki katmandan alinarak olusturulan bu
katmanlar, verinin daha fazla filtre ve 6zellik ¢ikarimi yapmasi i¢in kullanilmistir.
Bu katmandaki filtre sayis1 128 olarak belirlenmistir. Daha az filtre ile daha derin
ozellikler ¢ikarilmigtir. Diger katmandaki filtre sayisi ise 64 olarak belirlenmistir. Daha
derin ve daha az filtre ile 6zellik ¢ikarimi yapilmistir. Flatten, ¢ok boyutlu bir girisi tek
boyutlu bir vektore doniistiiriir. Ozellikle yogun (fully connected) katmanlardan énce
kullanilir. 32 néronlu tam baglantili bu katman ReLU aktivasyon fonksiyonu ile %30
oraninda rastgele olarak néronlari kapatip, 2 néronlu ¢ikis katmani (ikili siniflandirma
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icin) kullanilan Softmax aktivasyon fonksiyonu, ¢iktilari olasilik dagilimi olarak
normalize etmistir. “Adam” optimizasyon algoritmasi kullanilmistir.

Cok smifli siniflandirma problemleri i¢in kategorik c¢apraz entropi kayip
fonksiyonu kullanilmigtir. Modelin basarisint 6l¢mek i¢in dogruluk (accuracy) metrigi
kullanilmistir. %20 oraninda rastgele olarak noronlari kapatilarak asir1 6grenme
(overfitting) 6nlenmistir.

model -Sequential()
wodel. add (ConviD(. s-1, padding » activation » input_shape-(x_train.shape[1], 1)))
mode1. add(MaxPoal ing10(pos 5 » padding )

model . add(ComvID( 5%, ize-s, str » padding

add(] ngao(| » padding

(c , kernel size-5, strides-i, padding

model . add(MaxPoal ing1D(pool_size-*, strides - -, padding
model. add Dropout (o)

padding , activation-re
» padding »

max_poalingld 48 (MaxPoolin (None

54 (ConviD) (None, B1, 256)

55 (ConviD) (Mone, 41, 128)

max_poolingld 42 (MaxPoolin (Mone, 21, 128)
E1D)

dropout_26 (Dropout) (Nome, 21, 128)
) (Home, 21, 64)

| 43 (MaxPoolin (Mone, 11, 64)

Mon-trainable

Sekil 4. 1 Boyutlu CNN modeli

Derin Ogrenme Algoritmalar: 2 Boyutlu CNN yapisi

Tablo 2. 2 Boyutlu CNN yapis1 Veri Seti Kiimesi

Veri Seti Veri Yiizdesi Veri Sayist
Ofkeli Ses (Test) %20 58
Ofkeli Ses Egitim) %80 263
Notral Ses (Test) %20 60
Notral Ses (Egitim) %80 327
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Veri Seti, Egitim ve Test verisi olmak {izere ikiye ayrilmistir. Bu yapilar 6z nitelik
¢ikarimi yapilarak 2 boyutlu CNN modelinde egitilmistir. Bidirectional LTSM (Long
Short-Term Memory) modeli de kullanilmistir. Bidirectional LSTM katmani hem ileri
hem de geri yonlerde isler. Giris katmanindaki filtre sayis1 128’dir, LSTM
katmanindaki hiicre sayisini belirtir. Her adimda giris birimlerinden %5'ini rastgele
kapatir. Her adimda geri dongii baglantilarinin %20'sini rastgele kapatir. Her zaman
tam bir dizi (sequence) dondiiriilecegini belirtir (6rnegin, bagka bir LSTM katmani
eklemek i¢in gereklidir). Giris verisinin 25 stride (zaman adimina) ve 1 6zellige sahip
oldugunu belirtir.

Dense, tam baglantili (fully connected) katmanlardir. Aktivasyon fonksiyonunu
kullanir. Bu fonksiyon, negatif girdileri sifirlar ve pozitif girdileri aynen gegirir.
Dropout katmani, %20 oraninda rastgele olarak néronlar1 kapatarak asir1 6grenmeyi
(overfitting) 6nlemeye yardimci olur.

Flatten, ¢cok boyutlu bir girisi tek boyutlu bir vektore doniistiiriir. Ozellikle yogun
katmanlardan 6nce kullanishidir. 2 birimli bir ¢ikis katmanidir. Bu, modelin ikili
siniflandirma yapacagini gosterir. Bu modelde, Sigmoid aktivasyon fonksiyonu
kullanilmistir. Bu, ¢iktiy1 [0, 1] araligina sikistirir ve her bir sinif igin olasilik dondiiriir.
Ikili smiflandirma i¢in uygun olan kayip fonksiyonudur. Bu modelde, Adam
optimizasyon algoritmasi kullanilmigtir. Modelin basarisini 6lgmek i¢in dogruluk
(accuracy) metrigini kullanir.

model = Sequential()
model . add(Bidirectional (LSTM( -0.05, recurrent_dropout-.2, return_sequences-Truc), input_shape = (25,1)))
e (.

model.add(Dense(2, activation-'relu
model .add(Flatten())

model .add(Dense(2, activation

model.compile(loss-'bi ', optimizer-"Adan’, metrics-['acc’])

model . summary ()

Mode uential 12"

yer (type)

al)
dense_68 (Dense)
dense_63 (Dense)
dropout_19 (Drapout)
dense_7@ (Dense)
dense_71 (Dense)
dropout_20 (Dropout)
dense_72 (Dense)

flatten_12 (Flatten)

Sekil 4. 2 Boyutlu CNN modeli
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4 Bulgular

Modeller ve bagari oranlari asagida verilmistir.

1 Boyutlu CNN modelinin basarisi

Editim ve Dogrulama Kayhi Egjitim ve Dogrulama Dogrulugu

0725 —a— EgiLim Kaybi
~e— Dogrulama Kaybi 0725
0.700

as7s

0850

a
4
£ gees
0,600
0575
—e— Editim Dogdrulugu
o —s— Degrulama Dogralugu
o 10 20 an A0 50 i 10 20 30 an 50
Epochs Epochs

Sekil 5. Modelin Dogrulugu epochs=50, batch_size=64’da
Dogruluk: %70,8’dir. Hata orani: 0,5877’dir.

2 Boyutlu CNN modelinin basarisi

Egitim ve Dogrulama Kaybi Egitim ve Dodrulama Dedrulugu

084 —# Editim Kaybi —e— Editim Dogrulugu
—— Dofirulama Kayb: —&— Dojrulama Dodruludu

Dodruluk

Sekil 6. Modelin Dogrulugu epochs=100, batch size=128"da
Dogruluk: %76,4’diir. Hata orani : 0,5754 tiir.
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Tablo 3. Modellerin Basar1 Degerlendirme Metrikleri
Kesinlik Duyarhhik F1 Puam

1 Boyutlu CNN Modeli

Ofke 0,79 0,47 0,59
Notr 0,68 0,90 0,77
Dogruluk 0,71
Agirhikh Ortalama 0,73 0,71 0,69

2 Boyutlu CNN Modeli

Ofke 0,80 0,62 0,70
Notr 0,70 0,87 0,78
Dogruluk 0,74
Agirhikh Ortalama 0,75 0,75 0,74

5 Sonug ve Tartisma

Derin 6grenme yontemlerinden birisi olan CNN’in en ¢ok tercih edilen siniflandirma
modeli olan 1D CNN ve 2D CNN gibi yontemler ¢caligmamizda kullanilmistir. Ses
verilerinden 6fke tahmininde en basarili model ‘2D CNN’ modeli olmustur.
Literatiirde, 3D CNN-LSTM modeli kullanilarak yapilan ¢alismada kizgin (6fkeli)
seslerde % 75 dogruluk bulunmustur [13]. MFCC yoéntemi kullanilarak yapilan
calismada ise mutlu, lizgiin ve kizgin duygularinin dogrulamasinda % 80 tahmin
basarisina ulastig1 goriilmiistiir (Hakdagl ve Demirtas). Ingilizce konusma dilinde
uyarlanmis ses kiitiphanelerinden yapilan bu ¢aligmalarda veri seti drneklem sayist
oldukga genistir [14-15]. Bu ¢aligma da veri seti ile sinirlidir.

Verilerin isaretlenmesi i¢in birbirinden bagimsiz iki hakem tarafindan
degerlendirilmesi, uyusmazlik durumunda konsensus karari ile isaretleme yapilmasi
durumunda yanliligin azabilecegi ongoriilmiistiir. Bu ses verilerinin, kelimeleri de
anlam bilgisi ile iliskilendirildiginde basarinin artacagi diisiiniilmektedir. Calismada
veri seti biyiitiilerek daha fazla érneklem kullanilmasi durumunda daha iyi bir model
ve daha fazla dogruluk elde edilecegi varsayilmaktadir. ileriye déniik yapilacak bir
calisma ile saglik ¢alisanlara cesitli ses kayit gorevleri verilebilir. Elde edilen ses
kayitlari, yanlilik olmamasi amaciyla bagimsiz bir grup tarafindan etiketlendirilerek ses
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verileri toplanabilir ve bu seslerden veri tabani olugturulabilir [16]. Bu ¢aligma saglikta
siddetin Onlenmesi kapsaminda, toplumda siddetin engellenmesi ve miidahale
edilmesine yonelik 6ncii bir ¢aligma olmasi amaciyla literatiire sunulmustur.
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An Example Application For Machine Learning-Assisted
Retrosynthesis
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Literature Research: Products with different ingredients are needed for the
treatment of various diseases. One of the most commonly used methods to obtain
these products is organic synthesis. Although organic synthesis has a history of
190 years, it is not fast enough to discover new drugs and materials. Expert
knowledge is relied upon in the process of determining synthetic routes that will
result in the target product. This situation causes to prolong the discovery process
and increase the incurred expenses in this direction. To overcome this problem,
the discovery of synthetic routes has become different with the developing ma-
chine learning technologies. One of the important points in the discovery of new
molecules lies in well-designed and applicable retrosynthetic routes. The aim of
retrosynthesis work is to design synthetic routes from the target molecule to the
starting materials. When the literature was examined within the scope of the re-
search, it was seen that machine learning-supported retrosynthesis studies were
still in their early stages. It is thought that the study conducted in this direction
will help chemists find better synthesis routes that will reach the target product
more quickly.

Purpose of the study: The purpose of this study is to perform both synthesis and
retrosynthesis applications of the determined target molecules.

Method: The study started with the identification of target molecules. The mol-
ecules were selected as atropine, lidocaine, loratadine, acetaminophen (Paraceta-
mol) and acetylsalicylic acid (Aspirin) from the World Health Organization's list
of essential drugs. Synthesis plans were obtained through literature review of the
identified products. After each reactant and product in the synthesis plan was
obtained from the PubChem platform, files with .sdf extension were downloaded.
Using these files, the values of the products and reactants in SMARTS format
were obtained with the PubChem Sketcher v2.4 tool. Synthesis formulas were
obtained by combining the obtained formulas in SMARTS format. Using these
SMARTS format synthesis formulas obtained with RDKit, an open source toolkit
for chemoinformatics, a new molecule was tried to be obtained by adding differ-
ent reactants to the target molecules. IBM's web-based RXN platform was used
for the retrosynthesis process of target molecules. Reactants were tried to be pre-
dicted by giving the values of the products in SMILES format to the system.
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Result and Evaluation: No new molecule was found in the synthesis study per-formed with
RDK:it. It has been observed that the retrosynthesis process using the IBM RXN platform can
predict the reactants in the synthesis plan for atro- pine, lidocaine, loratadine, acetaminophen
(Paracetamol) and acetylsalicylic acid(Aspirin). This study did not train a machine learning model,
so there is no data set used or any metrics measuring model performance. Retrosynthesis of the
identified target molecules was carried out with the web-based RXN tool. As a result, it has been
shown that the tool can accurately predict the synthesis plans of target molecules. In future studies,
it is planned to develop a machine learning-supported model that predicts retrosynthesis similar to
this tool.

Keywords: Machine Learning, Synthesis Plan, Retrosynthesis
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Pulmonary Nodule Decision Support Model Using Convolutional
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Abstract

In lung cancer, as with other types of cancer, early diagnosis is crucial for improvingpatient survival.
This study aims to develop a decision support model using Convolutional Neural Network (CNN) to
classify pulmonary nodules as benign or malignant for lung cancer diagnosis. A dataset of 1111
Thoracic CT (computed tomography) images from 600 patients, obtained from the Radiology
Department of Karadeniz Technical University Farabi Hospital, was utilized. The developed decision
support model automatically classified pulmonary nodules for lung cancer diagnosis using Thoracic
CT images, achieving the highest accuracy of 84% through five-fold cross-validation. To enhance
classification performance, the transfer learning approach commonly usedin deep networks was
employed. Subsequently, a CNN-based VGG16 model was trained using images obtained from the
Radiology department of Farabi Hospital. To prevent overfitting, 5-fold cross-validation was
performed on the model, and the high-est classification performance was calculated as 70% accuracy,
80% sensitivity, and 64% specificity.

Keywords: Pulmonary Nodule, Convolutional Neural Network, Transfer Learning,Computed
Tomography
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Radyoloji Uzmanhk Egitiminde Yapay Zekanin Yeri:
Ulusal Anket Calismasi
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Abstract. The aim of this study was to investigate the knowledge levels and at-
titudes of radiology resident physicians in our country regarding artificial intelli-
gence (Al). 80.6% of the participants stated that they were familiar with Al ter-
minologies, however, it was observed that their knowledge levels were low. Ma-
jority (90.3%) did not possess programming skills, yet 84.5% of the participants
supported the inclusion of Al education in medical residency programs. 84.5%
of the participants also stated that no resources were provided for Al education
during their residency, with only 1.9% receiving less than 1 hour and 4.5% re-
ceiving 1-5 hours of education. Moreover, the majority of participants (76.82%)
were not aware of online Al resources. These findings indicate a low awareness
level and a lack of education on Al among radiology resident physicians. There-
fore, it is necessary to provide more comprehensive education on Al for radiology
residents and increase their awareness.

Keywords: Artificial Intelligence, Radiology, Medical Education

Ozet. Ulkemizdeki radyoloji asistan hekimlerinin yapay zeka (YZ) ile ilgili bilgi
diizeyleri ve tutumlari aragtiritlmasi amaglanmigtir. Katilimeilarin %80,6's1 YZ
terimlerinden haberdar oldugunu belirtmis, ancak bilgi diizeylerinin diisiik
oldugu gozlemlenmistir. Cogunluk (%90,3) programlama bilgisine sahip
degilken, katilimcilar YZ egitiminin tipta uzmanlik programlarinda yer almasi
gerekliligini %84,5 oraninda desteklemistir. YZ ile ilgili 131 kisi (%84,5) uz-
manlik egitiminde herhangi bir kaynak sunulmadigini, egitim aldigini ifade eden-
ler 3 (%1,9) kisi 1 saatten az, 7 (%4,5) kisi 1-5 saat aras1 egitim aldigini ifade
etmistir. Bununla birlikte, katilimcilarin ¢ogunlugu (%76,82) online YZ kaynak-
larindan haberdar degildir. Bu bulgular, radyoloji asistanlarinin YZ konusunda
farkindalik diizeyinin diisiik oldugunu ve egitim eksikligi oldugunu gostermekte-
dir. Bu nedenle, radyoloji asistanlarinin YZ konusunda daha kapsamli egitim al-
mast ve farkindaliklarinin artirilmasi gerekmektedir.

Keywords: Yapay Zeka, Radyoloji, Tip Egitimi
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1 Giris

Yapay zeka (YZ) ve derin 6grenme (DO) algoritmalari, tibbi gériintiileme yontemlerine
uygulandiginda umut verici performans gostermektedir [1,2] YZ radyologlar i¢in is
akisint daha verimli kullanmalari, daha hizli ve tekrarlanabilir segmentasayon yap-
malari, lezyonlar1 daha kolay saptamalari noktasinda firsatlar sunmaktadir [3]. Bu
gelismeler giinimiizde daha ¢ok kongreler ve literatiir diizeyinde belirgin olarak
hissedilmektedir. Klinik olarak ise heniiz pratik isleyiste YZ araglarinin benimsen-
mesinin erken asamalarinda olundugu sdylenebilir [4]. YZ alanindaki bu degisimlerin
bazen literatiir ve cogunluklu ana akim medyada olumsuz ydnlerinin ortaya koyulmasi
ise tip O6grencileri, stajerler bazi durumlarda radyologlar arasinda da, bilgisayar veya
diger disiplinler tarafindan yerlerinden edilebilecekleri korkusunu gelistirebilmektedir
[5]. Diger bir taraftan ise YZ, DO ve makine 6grenmesinin (MO) her alanda oldugu
gibi radyoloji alaninda da bu sekilde aratarak etkisinin goriilmesi ve entegrasyonun art-
mastyla, radyoloji egitiminde de YZ egitiminin miifredatta yer almasina yonelik ilgi de
artmaktadir. Bu nedenle ulusal ve uluslararasi ¢esitli kaynaklar egitim i¢in sunulmak-
tadir [6].

Bu c¢alismanm amaci iilkemizdeki radyoloji asistan hekimlerinin YZ’a yonelik
mevcut bilgi ve genel tutumlarini arastirmaktir. Ikinci olarak radyoloji tipta uzmanlik
egitimindeki meveut YZ / MO / DO egitiminin mevcut durumunu tespit etmek, sunulan
egitim kaynaklarinin asistanlar tarafindan farkindaligini ve kullanimini degerlendirmek
ve asistanlarin YZ egitiminin genisgligi ile tercih ettikleri 6grenme yontemleri/araglari
hakkindaki bakis agisin1 anlamak amaglanmaktadir.

2 Yontem

Gazi Universitesi Etik Komisyonundan onay alinmistir. Calisma Google Formlararacili
ile olusturulan online anket formu ile kesitsel olarak gerceklestirilmistir. Anketin veri
toplama agamasi Eyliil 2023-Subat 2024 tarihleri arasinda gergeklestirilmistir. An-ket
formunda calisma hakkinda kisa bir bilgilendirme igeren, ¢alismanin amacini agiklayan
bir onam formu olusturulmustur. Anket demografik veriler, YZ bilgisi, yapayzekaya
karst tutum, tipta uzmanlik egitiminde yapay zekanin yeri olacak sekilde dort ana
bagliktan olugsmaktadir.

Ankette YZ’nin radyoloji asistanlik egitiminde yer almasi ve YZ/MO/DO
konularinda katilimcilarin bilgi diizeyleri 7°li Likert dlgegi seklinde sorgulanmistir
(1=cok kotii / kesinlikle olmamali, 5= ¢ok iyi / kesinlikle olmali). Anket Tiirk Radyoloji
Dernegi aracilifiyla iiyelere e-posta olarak gonderilmistir.

3 Bulgular

Calismaya katilmay1 onaylayan 155 kisi calismaya dahil edilmigtir. Caligmaya katilan-
larin yas ortalamasi 28,81+4,77 yil, 94 (%60,6) 'i erkek, 60 (%38,7) 't kadindur, bir kisi
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(%0,6) cinsiyet belirtmemistir. Calismaya katilan asistan hekimlerin tipta uzmanlik
seneleri ve kurumlar1 Tablo1'de ifade edilmistir.

Tablo 1. Katilimcilarn tipta uzmanlik seneleri ve kurumlari

Tipta uzmanlik senesi Sayi(n) Yiizde (%)
1 43 27,7

2 49 31,6

3 25 16,1

4 18 11,6

5 20 12,9
Kurumu Sayi(n) Yiizde (%)
Universite 112 72,3
EAH 35 22,6
Afiliye 8 5,2

Vakif 0 0

Katilimeilardan 125’1 (%80,6) YZ/MO/DO terimlerinden haberdar oldugunu ifade etmistir.

Bu katilimeilarin bilgi diizeylerini 7°1i Likert ile degerlendirmesi istendiginde 3,02+1,39
ortalama skor elde edilmistir. Katilimcilarin 140 ‘1 (%90,3) programlama bilgisine sahipolma-
digin, 15 kisi (%9,7) temel diizeyde bilgi sahibi oldugunu belirtmistir. Asistan hekimlerin 120’si
(%77,4) YZ/MO/DO araglarmi hi¢ kullanmadigini, 7°si (%4,5) birkag kez, 2’si (%1,3) giinliik,
7’si (%4,5) haftalik, 19°u (%12,3) ise aylik kullandigini ifade etmistir.
YZ’nin radyolojinin gelecegini degistirip degistirmeyecegi sorusuna 114 (%73,4) katilimc1 evet,
5 (%3,2) katilimei hayir, 36 (%23,2) katilime1 belki cevabini vermistir. Onceki soruya evet / belki
cevabini veren katilimcilardan 12 kisi (%7,7) bes yildan az, 78 kisi (%50,3) 5-10 yil, 43 kisi
(%27,7) 10-20 y1l ve 17 kisi (%11) 20 yildan fazla bu degisimin ger¢eklesecegini diistinmektedir.
Radyologlarm isinin tehlikede oldugunu diisiiniip diisiinmedikleri katilimcilara soruldugunda 16
(%10,3) evet, 94 (%60,6) hayr, 45 (%29) belki cevab1 alimmistirr. Asistan hekimler neden rady-
ologlarin igini tehlike de goriip gormedigine iligkin veriler Tablo 2 de belirtilmistir.
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Tablo 2. Katilimcilarin radyolojinin gelecegine YZ etkisi hakkinda goriisleri

Neden Tehlikede (n=87) Say1  Yiizde Neden Tehlikede Sayi Yiizde
M) (%) degil m=120)  (n) (%)
Yapay zeka ile birlikte ihtiyag¢ duy- Radyologlarmn
ulan radyolog sayisi1 azalacaktir. rolii yapay zeka
ile degismez
hatta isleri ko-
23 26,44 laylasabilir. 60 50
Yapay zeka araglari, goriintii Radyologlarmn
yorumlama / karsilastirma gibi rolii degisebilir,
gorevleri daha verimli bir sekilde ancak yapay
yerine getirecek, radyologlara duy- zeka onlarin
ulan ihtiyaci azalacaktir. 40 4598 yerinialamaz. 60 50

Yapay zekanin maliyet etkinligi,
bunu kurumlar i¢in cazip hale
getirecek ve radyologlarin yerini
alacaktir. 24 27,59
Kurumlarda YZ ile ilgili 6gretim iiyesi varlig1 ve herhangi bir aragtirmada yer alma
durumu Tablo 3’te dzetlenmistir. YZ’ nin radyoloji egiminin bir pargasi olmali mi1
sorusuna (7’li Likert) verilen cevaplarin ortalamasi 5,09 £ 1,72 iydi.

Tablo 3. YZ ile ilgili akademik gorev alma durumu ve YZ alt disiplin olmasi hakkinda goriisler

Evet Hayir  Bilmiyorum /
n(%) n(%) Emin degilim

n (%)
Boéliimiiniizde radyolojide YZ ile ilgilenen dgretim 51 48 56
gorevlileri var mi1? 32,9 @3 (36,1)
YZ/MO/DO ile ilgili herhangi bir arastirmada yer 19 136
aldiniz m1? (12,3) (87,7)
Goriintiileme bilisimi / yapay zekanin radyolojide
bir alt uzmanlik alani olmasi gerektigini diisiiniiyor 57 33 65
musunuz? (36,8) (21,3) (41,9

YZ ile ilgili 131 kisi (%84,5) herhangi bir kaynak sunulmadigini, 3 kisi (%1,9) amfi
dersi, 4 (%2,6) kisi online materyal, 1 (%0,6) kisi ulusal diizeyde ders, 7 (%4,5) kisi
ulusal kongre / sempozyum, 2 kisi (%1,3) kurum egitimi aldigini ifade etmistir. Bu
egitimi siiresini 3 (%1,9) kisi 1 saatten az, 7 (%4,5) kisi 1-5 saat arasi olarak ifade
etmistir. 142 (%91,6) katilimc1 kurumlari diginda egitim almadigini ifade etmistir. ESR
Al blog, ESR “Masterclass in AI” dersleri, RSNA tarafindan radyolojide yapay zeka
videolar1, Radiology: Artificial intelligence Journal, “ACR-Resident and Fellow”
grubu tarafindan yonetilen “Al Journal club”, ACR Data Bilim Enstitiisii /Al Lab
seceneklerinden hangilerinden haberdar olundugu katilimcilara soruldugunda 119
(%76,8) katilimei hi¢birinden haberdar olmadigini belirtmistir.
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4 Tartisma ve Sonug

Katilimeilarin YZ bilgi ve tutumlar1 degerlendirildiginde %80,6’s1 YZ terimlerinden
haberdar oldugunu ifade etmistir. Literatiirde yapilan ¢alismalarda da benzer oranlar
saptanmustir [7]. Bilgi diizeyleri soruldugunda ortalama 3,02/7 olarak hesaplanmuistir.
Literatiirde ise bilgi diizeylerinin radyologlarda temel ve orta diizeyde oldugu ifade
edilmektedir [8]. Programlama bilgisine hi¢ sahip olmayanlar %90,3 olarak belir-
lenmigtir, Salastekar,ve ark yaptigi ¢alismada bu oran %75 olarak bulunmustur. Litera-
tirde YZ korkusunun yapilan bir ¢aligmada radyologlar arasinda % 39 oldugu ifade
edilmektedir. Ayni ¢alismada YZ bilgisi az olanlarda bu korkunun daha fazla oldugu
ifade edilmistir [8]. Bu ¢alismada ise katilimcilarin %60,6’1 YZ nedeniyle radyologlarin
isinin tehlikede olmadigini, %29u belki tehlikede oldugunu ifade etmistir.

Bu calismada katilimeilar YZ egitiminin uzmanlik egitiminde yer almasi ger-
ekliligini 5,09/7 olarak belirmislerdir. Amerika’da (ABD) yapilan ¢aligmalarda Salaste-
kar katilimcilarin %83’{iniin Huisman ise %79 unun radyoloji asistanlik egitiminde YZ
miifredatinin olmasi1 gerektigini diisiindiigiinii ifade etmekteydiler [9,10]. Singapur
(%84.8) ve Ispanya (%92.9) da yapilan calismalarda da benzer oranlar bildirilmistir
[11,12]. ABD’de yapilan ¢aligmalarda %25 ile %50 arasinda degisen oranlarda YZ
miifredatinin tipta uzmanlik miifredatinda yer aldigi ifade edilmistir [11,13]. Bu
caligmada %84,5 oraninda katilimc1 YZ egitimi i¢in herhangi bir kaynak sunulmadigim
ifade etmektedir. Ulkemizde literatiire gére egitim verilme oram ¢ok diisiik olarak
saptanmistir. Bu ¢aligmada katilimcilarin %76,82’si online YZ kaynaklarindan haber-
dar olmadigint belirtmistir. Literatiirde de benzre sekilde online kaynaklar agisindan
radyoloji asistanlarinin farkindaliginin az oldugu ifade edilmektedir [9].

Sonug olarak literatiir ile kiyaslandiginda bu g¢alisma popiilasyonunda da benzer
sekilde katilimcilarin YZ’dan haberdar olduklari, ancak bilgi diizeylerinin ve temel
bilgilerinin az oldugu saptanmistir. Bu bulgular literatiir verileri ile ortiismektedir. An-
cak tipta uzmanlik egitimi degerlendirildiginde ¢ogu kurumda YZ ile ilgili egitim ver-
ilmedigi, bircok katilimcmin da online kaynaklar hakkinda bilgi sahibi olmadig:
saptanmuigtir.
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Giris: Tumor-treating fields (TTFields) terapi yontemi; kanser hiicreleri i{izerinde secici
sitotoksik etkiye dayanan yeni bir anti-kanser modalitedir. TTFields terapisinde elektrik
alaninin boliinebilen hiicrelere etkisi esas olarak mitotik siiregte kritik rol oynayan yiiklii makro
molekiil ve organallerde meydana getirdigi biyofiziksel etkiyle a¢iklanmaktadir. Bu hiicresel
elemanlarin disfonksiyonu mitotik siireci baskilayabilir. Dipol hizalanma ve dielektroforez bu
etkilesimin altinda yatan temel iki fiziksel mekanizmadir. Mitoz ve sitokinezden sorumlu
makromolekiillerin polaritesi yiiksek oldugundan lokalize bir elektrik alan uygulamasindan
kolaylikla etkilenir ve boéliinme siirecinde bozulmalar meydana gelebilir. Glioblastoma
multiform (GBM), merkezi sinir sisteminde ortaya ¢ikan son derece agresif, invaziv ve yiiksek
insidansli(~3,2- 4,5/100.00) vaskiiler tiimorlerin olusturdugu heterojen bir hastalik grubudur.
TTFields, randomize kontrollii EF-14 ¢alismasina dayanarak 2015 yilinda FDA onay1 alinip
GMB tedavi protokollerinde yer almaya baslamistir. Ancak gegen siireye ragmen klinisyenler

arasinda, ortalama sag kalima etkisi konusunda, hala tam bir fikir birligi olugsmamastir.

Metot: Calismamizda 2010'dan 2023'e kadar sistematik bir literatiir taramasi yapilmis ve
TTFields ile GBM arasindaki sagkalim oranlarini inceleyen calismalar dahil edilmistir.
Literatiir analizinde "glioblastoma", "TTFields", "survival", "hazard" ve "etki" gibi anahtar
kelimeler secilmistir. Daha sonra PubMed (MEDLINE) ve Web of Science veritabani arama
motorlart secilmistir. Boole operatorlerini kullanan birlestirilmis anahtar kelimeler de ise:
("Glioblastoma" VEYA "GBM") VE ("TTFields" VEYA "Tumor Theraphy Field") VE
("sagkalim" VEYA "hazard") VE ( "etki" VEYA "etkin") belirlenmistir. Calismamizda dahil

edilme kriteri olarak: orijinal aragtirma olmasi, esik alti GBM semptomlarinin operasyonel
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tanimin1 kullanilmasi, hastalarin TTFields uygulamasi 6rnekleri ile sinirlandirilmasi (>18 yas),
fonksiyonel sonuglar degerlendirilmesi ve ingilizce makaleler taranmasi belirlenmistir. Harig
tutma kriteri olarak: vaka ¢alismasi ve derlemeler, ¢alisma ingilizce olarak mevcut degilse veya
PubMed ve WOS araciligiyla mevcut degilse belirlenmistir. Etki bliylikliigiinii degerlendirmek
icin bir meta-analiz gerceklestirilmistir. Bir orman plan1 olusturulup, yayin yanliligini incelenip
ve homojenlik degerlendirilmistir. GBM ile TTFields arasindaki sagkalima ait iliskiyi

arastirilmistir.

Bulgular: Olusturulan PRISMA semasina gore literatiir taramasinda ilgili oldugu diisiiniilen
1160 makale belirlenmis ve detayli analiz sonucunda 39 makaleye indirgenmistir. Bu 39
makaleden dahil etme ve hari¢ tutma kriterlerimizin tamamin karsilayan yalnizca 8 nitelikli
calisma degerlendirilmistir. Kesisme degeri 0,331 (pozitif) olup, calismalar arasinda orta
derecede heterojenlik oldugunu goéstermektedir. Bu, calismalarin sonuglarinin birbirinden
farklilik gosterdigi ve bu farkliliklarin bir kisminin muhtemelen rastgele varyasyondan
kaynaklandig1 anlamina gelmektedir. Standart hata (0,083), etki biiyiikliigli tahmininin
caligmalar arasinda daha kesin ve giivenilir oldugunu gostermektedir. Rastgele etkiler modeline
dayal1 tahmini ortalama log olasilik oran1 0,331'dir (%95 GA: 0,17 ila 0,49). Yani glioblastoma
hastalarinda TTFields uygulamasi sagkalim iizerinde artirici bir etkisi goriilmektedir. Non-
TTFields’ye gore (log olasilik orani: 0.139) ancak yiiksek bir diizey gozlemlenmedi (z = 3,99,
p =<0,001). Kendall's Tau degeri 0,051 ve p degeri <0.001 olup, TTFields’nin glioblastoma
riskini baskilama potansiyeline sahip oldugunu ancak kesin bir sonuca varmak i¢in daha fazla

arastirmaya ihtiyac oldugunu gostermektedir.

Sonu¢: Meta analiz ¢alismamizda yer alan klinik karsilastirilmali TTFields g¢alismalarina
dayanarak Konvansiyonel GBM tedavisine (maksimum rezeksiyon, eszamanli adjuvan
temozolomid ve radyoterapi) dahil edilen TTFields modalitesinin ortalama sag kalima pozitif
etkisinin olabilecegi sOylenebilir. Bunun yaninda TTFields'nin etkinligini arastiran ¢alismalar
arttikca, bu tedavinin altin standart olarak kabul géren modalitelerle kiyaslanmasinin kolay

yapilagmasi ve klinik kullanim yayginliginin artmasi beklenmektedir.

Anahtar Kelimeler: Glioblastoma, Tiimor Tedavi Alanlari, Meta-Analiz
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Abstract. Medical progress has allowed for the collection of large quantities of
data, which can be utilized to discover connections between individual patient
results and offer useful insights for analyzing and interpreting future cases. Topic
modelling methods can be utilized to classify text data based on the words it in-
cludes. An issue when dealing with text data is its huge magnitude, which com-
plicates performing calculations and generating useful insights. This study em-
ploys text vectorization techniques and Non-Negative Matrix Factorization, an
algorithm for matrix decomposition, to analyze the finding section of radiology
reports. The goal is to group words that frequently appear together in reports into
clusters and analyze findings to assign them to the appropriate cluster. The pri-
mary problem in topic modelling is ascertaining the optimal number of clusters
to extract. Word cluster comparisons are conducted by assessing the coherence
and relevance of the terms within each cluster. Only one data set is utilized for
this research. The dataset is examined with various cluster sizes, and their coher-
ence scores are computed. Optimally selecting the number of clusters leads to a
more significant distinction between words for analysis.

Keywords: Topic Modelling, Text Vectorization, Non-Negative Matrix Factor-
ization, Coherence Score.

1 Introduction

Medical advances have enabled the generation of vast amounts of data, which can be
used to identify correlations between individual findings of patients and provide valu-
able information for analysis and interpreting future patients. By using topic modeling
methods, it is possible to categorize text data according to the words it contains. One of
the problems working with text data comes from the fact that text data is on a large
scale, making it hard to do calculations and create a meaningful analysis. The text vec-
torization methods, which are data pre-processing methods, and, for ease of interpreta-
tion of the vectorized data, matrix decomposition algorithms are used to eliminate this
problem. Text vectorization is the preparation of text data for numerical calculations.
By using text vectorization, non-calculable text data is converted to matrix form.

15. Tip Bilisimi Kongresi Bildiriler Kitab1
Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024

[\
W



Bag-of-Words (BoW) (1) and Term frequency-inverse document frequency (TF-IDF)
(2) are methods used to convert text data to numerical data. The output of these methods
is in matrix form, which contains numerical data.

Non-Negative Matrix Factorization (NMF) (3) algorithm is widely used in matrix
decompositions.

In this study, TF-IDF method, which holds more information compared to BoW
method, was applied to radiology findings data. For the classification of the matrix data, the
NMF algorithm is used to create meaningful and easily interpretable outcomes.

2 Literature Review

Topic modelling is widely used in different fields of medicine. For example, Zhao,
Juan, et al (4) used the NMF algorithm for identifying associations between disease
phenotypes and genetic variants. Different variants of NMF were developed by other
researchers to meet their needs. Shah, Adnan Muhammad, et al (4) applied a cus-
tomized text mining technique, NMF topic modeling to identify the major topics on two
platforms. More recent study from Grotheer, Rachel, et al (6) made use of hierarchical
nonnegative matrix factorization to organize literature related to the novel coronavirus
into a tree structure that allows researchers to search for relevant literature basedon
detected topics.

3 Material and Methods

3.1 Dataset

Radiology reports in Indiana University chest x-ray collections available from the Na-
tional Library of Medicine’s Open-I service dataset (7) is used in this study. The dataset
contains 3,425 radiology reports collected from various hospital systems. For our
analysis, we used the “findings” field as our text data. After creating dictionary from
the data, we got 1428 unique words found. Some examples from the dataset can be seen
below.

Table 1. Samples from Dataset

Sample Nr Report Sample
The cardiac silhouette and mediastinum size are within normal limits. There
1 is no pulmonary edema. There is no focal consolidation. There are no

XXXX of a pleural effusion. There is no evidence of pneumothorax.

The trachea is midline. The cardiomediastinal silhouette is normal. The

2 lungs are clear, without evidence of focal infiltrate or effusion. There is no
pneumothorax. The visualized bony structures reveal no acute abnormali-

ties.
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Sample Nr Report Sample
Normal heart and mediastinum. Clear lungs. Trachea is midline. No pneu-

3 mothorax. No pleural effusion. Radiopaque foreign body overlying left
chest.
The lungs are clear. There is hyperinflation of the lungs. There is no pleural
4 effusion or pneumothorax. The heart and mediastinum are normal. The skel-

etal structures are normal.

Calcified granulomata are present in the right middle lobe and right upper
5 lobe. These are unchanged since the previous examination. Both lungs are

free of active infiltrates. Heart size normal.

3.2 Preprocessing

Before trying to convert our text data into numerical matrix form, we need to eliminate
any data that may affect our analysis. This includes words like “__” or “XXXX” which
are common replacements for patient names or any other information that is notsuitable
to be shared publicly. We need to remove these to get better results. Addition-ally, we
need to convert all letters to lower case to prevent multiple copies of same word, so in
a way, we normalize the data. After converting the letters, we remove all symbols using
Unicode symbol categories. In radiology reports, most of the times sym-bols do not
affect the meaning of the finding, so it is removed to not affect the results.

33 Text Vectorization

Topic modelling is made of two main methods. Text vectorization and matrix decom-
position. Some of the most known vectorization methods will be discussed in this sec-
tion.

Bag-of-Words: The bag of words method vectorizes texts using each words’ frequency
values. Firstly, all texts are split into vectors where, each value consists of one word.

While texts are being split, at the same time Stop Words, words that have no meaning
of their own, might be removed depending on the data being worked on. These include
words like “to”, “for” and “be”. After word splitting, a dictionary is made that contains
of each word once. Then, for each sentence, each word’s frequency value is calculated
after that these values are placed in their respective places according to word dictionary.

This process gets repeated for each sentence, and results in creating one vector for
each sentence. Only after these vectors combined vertically, a matrix is formed. This
matrix’s row count is how many documents or sentences you have, and the column
count is how many unique words you have in your word dictionary.

It can be seen that no interpretation can be made about whether a word is important
for a sentence to identify or if it is just a commonly used word. Because of this reason
other methods, which have different steps added in calculations, were proposed through
the years.
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TF-IDF: The TF-IDF method in its core works like BoW method, but TF-IDF holds
more knowledge about words and their impact for a sentence. It is modelled as follows
by calculating two separate values and multiplying them.

number of times x appears in s
TF(x,s) = i (1)
total number of termsins
total count of documents
IDF(x) =log (
( ) g M +count of docuemtns that contains X) (2)
TFIDF(x,s) = TF % IDF 3)

Values calculated this way have the effect of highlighting words that are distinct in each
document.

After applications of these formulas, it can be found that words that are most com-
mon have TF-IDF values close to zero. This means that they hold low value for their
respective sentences. In some cases, values can be zero. Because of the matrix calcula-
tions that will be done in the next section, we add value one to these values, this keeps
the information that they have the least value among any other words. In this study, TF-
IDF method is used to get better understanding of the dataset.

34 Matrix Factorization

Matrix factorization is basically the process of factorizing a matrix. Some of the meth-
ods used for this are Principal Component Analysis, Singular Value Decomposition and
Non-Negative Matrix Factorization. In this study, NMF is used because of its ability to
perform better on non-negative data, which includes text, and data that contains small
length sentences. NMF was first suggested in 1990s by Shen and Israel in 1989 (8),
followed by Paatero and Tapper in 1994 (9). NMF gained its popularity through rese-
arch that made it easier to calculate by Lee & Seung in 1999 (3). With that paper, it was
observed that NMF was very effective at factorizing matrices using iterative calculation
rules. These are some of the reasons why NMF was chosen for his study. NMF can
have different calculation rules depending on factorization level.

X w H

0

mxn mxr rxn

Figure 1. Visualization of NMF for factorization into two matrices

In the Figure 1 basic version of NMF can be seen. In this version » value represents
how many clusters or topics we want at the end of our analysis. For this reason, it is
crucial to determine optimal “r” value before starting calculations.
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m*n

“4)

m+n

count of non—zero values of X
r< %)

m+n

In equation 4 the general upper limit for » value can be calculated. For sparse matrices,
equation 5 is the more suitable option to calculate upper limit for topic count. Sparse
matrices mostly made of value 0. Having a high amount of 0 values leads us to reduce
dimensions or factorize the matrix into smaller and more informative one. Because of
the way we vectorized our texts, we end up with a big sparse matrix as well. For this
using latter method for choosing upper limit is used in this study.

The “W” matrix’s row number is the total and number of documents and the col-
umns are the number of topics. Each value in matrix represents the score for given
document and the most possible topic it may be in. The maximum of this values can
give the information about which topic does a document belongs to.

The “H” matrix’s row number is the total amount of topics, and the columns are the
total number of words that exists in our word dictionary. Each value in this matrix rep-
resents the score for given word and its most possible topic. These values are sorted
and desired number of words for each topic can be extracted and analysis can be made
for those topics.

The iterative update rules of NMF are made of two calculations each iteration. First
both W and H matrices can be initialized using uniform distribution. After that, iterative
calculative equations can be seen below.

Wil =Wt @ (XH* @ WH'H') (6)
gt+1 = [t ® (V’Vt+1X %) W’t+1Wt+1ﬁt) (7)

These calculations can be repeated until mean square error between starting matrix X

and the result matrix X reaches a small threshold or number of iterations done by pro-
gram reaches a certain number.

To further increase the liability of iterative calculations and eliminate randomness
between different tests, an algorithm called Non-Negative Single Value Decomposition
(NNDSVD) algorithm (10) can be implemented to initialize W and H matrices. Pseudo
code implementation for this algorithm can be seen below. This algorithm eliminates
the random initialization at the start and provides a more suitable starting point accord-
ing to our X matrix. The biggest benefit of using NNDSVD is that it enables us to re-
analyze data in the same initialization condition for different methods.
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Algorithm 1. NNDSVD initialization of non-negative matrix

Input: X € Rpxn, r < min(m,n) € N+

Output: WO e Rmxr, 0 € Rrxn
+ +

Compute the largest r singular triplets of X: U, S,V =
1 tda(X, 1)

Initialize W_l =+/st1 x U, and 171_4 =/s11 X Vi

2
for Vj € [2,r] do
3
Define x =U.jand y =V.;
3.1

xi, xi >0 —xi, xi<O0 yi, yi>0

x+={ 0, else ’ x-={ 0, else '’ v+ =1 0, else '° y-=

3.2 {_yl, y1<0

0, else
p+ = llxelllly+ll ve p— = llx-Illy-Il
{ + ) > u- L’ > e
u = (el v = {ly+ =
X_ ’ Yo ve o = max(u+, U-)
.4 Ju_Su = u_<u

3 fl—l + Iy +
as W, =+sij xoxuveH,. =+/s555 X0 xv’
4 Results

When TF-IDF is applied to “findings” field in radiology reports, we end up with matrix
which has 3425 rows and 1428 columns. This shows us that we have 1428 unique words
in our word dictionary. After vectorization algorithm has ended, the matrix’s
98.60021% consisted of value 0. When calculated, only 68.462 values of matrix con-
sisted data different than 0 out of total 3425x71428 = 4890900 values. When we applied
the optimum topic clusters rule from equation 5, we ended up result below:

r=68462 = 141071 ®)
4853
We ended up with a value of 74.7071. This result means that our maximum number of
topics should not exceed 14. After that, Cv coherence score calculation algorithm from
Gensim (11), a python framework, is applied to our text data. Figure 2 includes coher-
ence scores of topic numbers between 2 and 14.
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It is apparent from the graph that 6 is the best number of topics for our dataset with
coherence value of 0.46627. After that, the NMF algorithm is applied with the decided
number of topics. The words with highest values for each topic cluster can be seen in
Table 2. The table also includes topic titles generated by ChatGPT. Also, Figure 3 in-

Figure 2. Cv Coherence Scores for each value with 14 as maximum

Coherence Score for each number of Topics - Best Number of Topics: 6

2 3 3 5 6 7 8 B 10 1
Number of Topics

cludes word clouds generated using topic keyword weights.

Topic Nr Keywords Topic Title
. spine, change, d?generatzve, thoracic, mzld, aorta, dis- Thoracic Spine and
Topic #1 ease, tortuous, airspace, atherosclerotic, focal, pulmo- L
L Vascular Conditions
nary, stable, limit, area
abnormality, without, evidence, structure, osseous, Radiological Assess-
Topic#2  acute, visualized, thorax, bilaterally, specifically, un- ment of Thoracic
remarkable, cardio, silhouette, bony, consolidation Structures
free, visible, mass, nodule, air, intraperitoneal, dia-  Intraperitoneal and
Topic #3  phragm, fluid, infiltrates, appear, grossly, vascularity, — Mediastinal Abnor-
within, mediastinal, limit malities on Imaging
lateral, chest, frontal, view, examination, radiograph, Radiographic Imag-
Topic #4 show, consists, configuration, obtained, abdomen, air- ing Techniques and
way, cardiomediastinal, cardiac, silhouette Anatomy Evaluation
left, right, lobe, opacity, atelectasis, lower, base, up-  Lobar and Bilateral
Topic#5  per, stable, calcified, scarring, small, granuloma, bi-  Opacities: Patterns
lateral, tip and Characteristics
finding, alveolar, definite, typical, edema, seen, pulmo-  Radiological Assess-
. nary, hilar, previous, process, consolidation, stable, ment of Pulmonary
Topic #6 Ed 4G g
ema and Granu

granulomatous, mediastinal, limit

lomatous Processes

Table 2. First 15 words for each Topic and Their Titles Generated by ChatGPT
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Figure 3. Word Clouds for Each Topic 1-6 given in (a)-(e) respectively

5 Conclusion

According to the results, it can be interpreted that our findings are mostly about general
structure of chest area and Thoracic related abnormalities. The likelihood of the topics
is caused by not having large dataset. This analysis can be vastly improved by gathering
extra reports about different parts of the body. By providing a wide range of reports,
the assessment of the analyze can be improved and can be used to categorize new re-
ports right after they are recorded thus helping medical personnel.
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Abstract. Disseminated intravascular coagulation (DIC) causes both microvas-
cular and macrovascular clotting. As a result, blood flow is impaired. It is defined
as widespread uncontrolled clot formation that can lead to multi-organ dysfunc-
tion syndrome. The main approach in the treatment of DIC is to eliminate the
underlying pathologic condition causing DIC, supportive therapy and correction
of the coagulation mechanism. Factor Xa inhibitors are among these treatments.
It is known that there are many plants known as anticoagulants in the literature.
In this study, the interaction between Factor Xa (PDB:2W26) and phytochemi-
cals of Melilotus officinalis was investigated using molecular docking method.
For the analysis, the ligand in the 2W26 receptor was downloaded from the Pub-
chem database. The -7.5 kcal/mol value found as a result of the docking analysis
was determined as the reference value. Docking analysis was performed with 70
phytochemicals of Melilotus Officinalis plant downloaded from IMPPAT data-
base. When filtered according to the reference ligand, 10 compounds were con-
sidered to be suitable molecules. In this study, Dicumarol (-9.4 kcal/mol), Ros-
marinic acid (-8.5 kcal/mol), Myricetin (-8.0 kcal/mol), Quercetin (-7.9
kcal/mol), Pimara-8(14)15-diene (-7.8 kcal/mol), Honokiol (-7.8 kcal/mol),
Kaempferol (-7.6 kcal/mol), Liquiritigenin (-7.5 kcal/mol), Magnolol ( -7.5
kcal/mol), Rubiadin (-7.5 kcal/mol) were suggested as potential anticoagulant
molecules for Factor Xa. However, this is a basic study and the proposed mole-
cules need to be further investigated with in vitro and in vivo tests.

Keywords: Disseminated Intravascular Coagulation (DIC), Melilotus offici-
nalis, Factor Xa, Molecular docking.

1 Introduction

Disseminated intravascular coagulation is not a disease but a syndrome that causes dis-
seminated uncontrolled clot formation with over activation of the coagulation cascade
as a result of various pathological conditions such as sepsis, severe infection, trauma
and organ injury, solid tumors, and Covid-19 [1][2]. The coagulation cascade has two
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initial pathways called the intrinsic pathway and the extrinsic pathway [3]. Various fac-
tors are involved in these pathways. After the successive activation of these factors,
factor Xa is the last common point. With the activation of factor Xa, prothrombin is
converted into thrombin. Thrombin converts fibrinogen into fibrin and a clot is formed
[3] [4]. The formed clot adversely affects human life. The main approach in the treat-
ment of DIC is treatment of the underlying disease, supportive therapy and correction
of the coagulation mechanism [5]. Treatments in DIC are subdivided according to
bleeding type and symptomatic status. Factor Xa inhibitors are among these treatments.
Factor Xa inhibitors strongly and selectively inhibit thrombin formation [6]. It is known
that plants are used in the treatment of many diseases. Due to the side effects of existing
anticoagulants, herbs are referred to as alternative therapeutic agents. Complementary
and alternative medicine (CAM) is widely used all over the world. There are many
plants known as anticoagulants in the literature. Plants that can enhance or inhibit the
effect of anticoagulant therapy have an important place in secondary treatment for car-
diovascular diseases [7]. In this context, Melilotus officinalis has the potential to have
anticoagulant effect. Melilotus officinalis is known to be in the Leguminosae family.
Melilotus Officinalis plant is shown in Figure 1 (Figure 1).

Figure 1. Melilotus Officinalis Plant (https://kocaelibitkileri.com/)

An ideal clinical anticoagulant should inhibit thrombin activity without causing bleed-
ing. In this context, new plant components that can be an alternative to the drugs used
as factor Xa inhibitors are being investigated. In this context, the molecular mechanism
of Melilotus Officinalis on coagulation was investigated in our study.

Molecular docking analysis is used in the study of plant phytochemicals. The focus
of this analysis is on the interaction between receptor(s) (target(s)) and small molecules
(ligands).

2 Materials And Methods

The crystal structure of Factor Xa (PDB ID: 2W26) identified as the receptor was down-
loaded from the Protein Data Bank (PDB) (https://www.rcsb.org/). PDB ID: 2W26 con-
sists of two chains, A and B. It is complexed with BAY59-7939 (RIV). The protein was
prepared using Chimera 1.16 program before docking analysis and saved in pdb format
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(Figure 2). In the preparation phase, ions, water, ligand structures in the protein were
removed and H and Gasteiger charges were added. The prepared protein was saved in
pdbqt format using AutoDockTools-1.5.6. Phytochemicals of Melilotus officinalis plant
were identified with the keyword 'Anticoagulants' and obtained from IMPPAT: Indian
Medicinal Plants, Phytochemistry And Therapeutics database and 70 components were
downloaded in sdf format. Here, the components of the selected plant (Melilotus offic-
inalis) were used as ligand and factor Xa (PDB ID: 2W26) was used as receptor. Ligand
structures were optimized with the General Amber Force Field (GAFF) algorithm in
the command interface of Ubuntu 20.04.4 operating system and the energy for the mol-
ecule was minimized. The optimized structures were then converted to the pdbqt format
of Open Babel (https://openbabel.org/). A grid box was used to determine the binding
site for docking. For the PBD: 2W26 protein, the grid size was 10Ax10Ax16A with a
1.0 A scape, covering the ligand site located at 7.884 A (along the x-axis), 5.131 A
(along the y-axis) and 21.259 A (along the z-axis) to the center. RIV complexed with
Factor Xa was used as the reference ligand in this study. Molecular docking analysis
was performed using AutoDock Vina software. Chimera 1.16, Discovery Studio Visu-
alizer software was used to visualize the analysis result. For a new molecule discovery
to become a drug, it must have a desired biological activity. In addition, it must be safe
and effective and have an appropriate pharmacokinetic and physicochemical profile [8].
These pharmacokinetic properties are absorption, distribution, metabolism and excre-
tion (ADME) parameters. It has been reported that estimation of these parameters at the
early stage of drug discovery greatly reduces the rate of pharmacokinetic failure in clin-
ical trials [9]. The drug similarity and ADME properties of the molecules determined
according to the reference as a result of molecular docking analysis were examined with the
swissADME (http://www.swissadme.ch/) tool. Lipinski's rule of five (Ro5) was used
to assess drug similarity [10]. According to Lipinski’s rule; MW: Molecular weight less
than 500, HBA: Hydrogen Bond Acceptors less than 10, HBD: Hydrogen Bond Donors
less than 5, Log P less than 5 [11].

yad ’?—/—'\( " Chimera 1.16 ) >
LD\ . 3O

12 %\ % /’2&
7D \ 1

\v4 ‘\'{& g4 VS §6
S Q= S o o

Figure 2. Cleaning of the protein from the structures inside using Chimera 1.16 software before
the docking process
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3 Conclusion and Discussion

It is known that the development of new drugs is a very expensive and time-consuming
process. Computer-aided drug design (CADD) methods are used to demonstrate inter-
actions between a specific molecule and a target. These methods have become a widely
used technique because they require significantly less cost and time and the number of
potential medicinal compounds obtained can be significantly reduced [12]. In our study, the
interaction of phytochemicals from the Melilotus Officinalis plant with the 2W26 target
structure determined as the Factor Xa receptor and their binding properties to the
determined active site of the receptor were examined by the molecular docking method. The
binding energy of the reference ligand used in the study was found to be -7.5 kcal/mol.
As a result of the docking analysis, components with energy equal to or lowerthan the
reference value were determined (Table 1).

Table 1. Binding Energies Determined as a Result of Molecular Docking Analysis

Component Binding SMILES
Energy
Reference -7.5 C1COCC(=0)N1C2=CC=C(C=C2)N3CC(0C3=0)CNC(=0)C4=CC=C(84)Cl
Dicumarol 94 O=cloc2ccece2e(c1Cele(=0)oc2e(c10)ecee2)O
Rosmarinic acid -8.5 0=C(0[C@@H](C(=0)0)Cclcce(c(c1)0)0)/C=C/clcee(c(c1)0)0
Myricetin -8 Oclec(O)c2e(cl)oc(c(c2=0)0)clee(O)e(c(c1)0)0
Quercetin -7.9 Oclec(O)c2e(cl)oc(c(c2=0)0)clcec(c(c1)0)O
Pimara-8(14),15-diene -7.8 C=C[C@]1(C)CC[C@H]2C(=C1)CC[C@@H]1[C@]2(C)CCCCI(C)C
Honokiol -7.8 C=CCclcee(c(cl)elece(c(c1)CC=C)0)O
Kaempferol -7.6 Oclecce(ccl)cloc2ee(O)ec(c2¢(=0)c10)O
Liquiritigenin -7.5 Oclcee(ce)[C@Q@H]1CC(=0)c2c(01)ce(cec2)O
Magnolol -7.5 C=CCclcee(c(cl)elec(CC=C)ccc10)O
Rubiadin -7.5 0=Clc2cccec2C(=0)c2¢1¢(0)c(c(c2)0)C

In this context, when the binding energies of the obtained phytochemicals were com-
pared with the binding energy of the reference ligand, components with lower energy
and higher binding affinity were included in the analysis. The binding regions of the
reference ligand in the 2W26 protein include the Gly219, GIn192, Cys220, Lys96,
Trp215, Tyr99, Phel74, Cys191, GIn192, Gly216, Alal90, Val213, Tyr228 regions,
which were visualized using Discovery Studio. Gly219, GIn192, Cys220, Lys96 con-
tain hydrogen bonds. Others include hydrophobic interactions. The 2D structures of the
reference ligand and the phytochemicals showing the best binding affinity are given in
Figure 3. When the binding regions of Liquiritigenin, Pimara-8(14),15-diene and Mag-
nolol molecules are examined with the reference ligand, it is seen that they form hydro-
phobic interactions.
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Figure 3. 2D representation of the top 10 compounds and reference compounds showing affinity
for the 2W26 (Factor Xa) receptor structure.

In the study, molecules with lower binding energy than the binding energy of -7.5 kcal/mol ref-
erence value, that is, molecules that showed better binding, were examined. In this context, it is
thought that the phytochemicals identified may be drug candidate molecules to be used as Factor
Xa inhibitors in the treatment of DIC. The web tool SwissADME (http://www.swissadme.ch/)
was used for ADME evaluation of the proposed molecules. The ADME analysis results are
shown in table 2. Physicochemical, pharmacokinetic and drug-like properties of compounds are
very important parameters in the drug development phase [9]. As a result of molecular docking,
the suitability of phytochemicals was determined using the Lipinski rules of the physicochemical
and pharmacokinetic properties of the proposed molecules. It was determined that among the 10
suggested molecules, 2 molecules complied with Lipinski's rules with 1 violation, while the oth-
ers complied with Lipinski's rules with no violation. Among the molecules that are excluded from
this violation when compared to the reference molecule, there are molecules with low gastroin-
testinal absorption. It was also determined that some molecules could cross the blood-brain bar-
rier. It was determined that the reference ligand Pgp substrate was positive (+) and the other

Table2. SwissADME results

Molecule MW HBA HBD RB iLOGP MLOGP logkp TPSA(A}) GIA BBBP LV

(g/mol) (cm/s)
Mol 1 43588 5 1 6 295 141 -7.19 116.42 High No 0
Mol 2 33629 6 2 2 227 2.04 -6.88 100.88 High No 0
Mol 3 36031 8 5 7 1.48 0.9 -6.82 144.52 Low No 0
Mol 4 31824 8 6 1 1.08 -1.08 -14 151.59 Low No 1
Mol 5 30224 7 5 1 1.63 -0.56 -7.05 131.36 High No 0
Mol 6 27247 0 0 1 3.89 5.82 -2.97 0 Low No 1
Mol 7 26633 2 2 5 296 3.78 -4.39 40.46 High Yes 0
Mol 8 28624 6 4 1 1.7 -0.03 -6.7 111.13 High No 0
Mol 9 256.25 4 2 1 1.73 1.27 -6.23 66.76 High Yes 0
Mol10 26633 2 2 5 328 3.78 -4.39 40.46 High Yes 0
Mol 11 25424 4 2 0 1.94 0.92 -5.67 4.6 High Yes 0

components except molecule 9 were negative (—). The analysis results are given in the table below
(Table 2). Mol 1 is the reference molecule.

MW: Molecular weight, HBA: Hydrogen Bond Acceptors, HBD: Hydrogen Bond Do-
nors, RB: Number of Rotatable Bonds, TPSA: Topological Polar Surface Area, GIA:
Gastrointestinal Absorption, BBBP: Blood Brain Barrier Permeability, LV: Lipinski
Violations [13].

The 10 molecules identified in our study were compared with reference compounds as
potential anticoagulant drug candidates (Dicumarol (-9.4 kcal/mol), Rosmarinic acid (-
8.5 kcal/mol), Myricetin (-8.0 kcal/mol), Quercetin (-7.9 kcal/mol), Pimara-8(14), 15-
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diene (-7.8 kcal/mol), Honokiol (-7.8 kcal/mol), Kaempferol (-7.6 kcal/mol), Liquiriti-
genin (-7.5 kcal/mol), Magnolol (-7.5 kcal/mol), Rubiadin (-7.5 kcal/mol)) were deter-
mined. The molecules determined as a result of the docking analysis were determined
according to their energy values. Figure 3 shows that some compounds have hydropho-
bic interactions.

It has been stated that dicoumarol and its derivatives, which are stated to have anti-
coagulant effects, also show anticancer, antimicrobial and antiviral activities [14]. In
another study, it was reported that Rosmarinic acid inhibited enzymatic thrombin ac-
tivity [15]. It has been stated that the inhibitory effect of Quercetin on Factor X has
been confirmed in studies [16].

Finally; Since our study is an in silico study and is based only on data analysis, it is
thought that it should be examined in more detail with in vitro and in vivo experiments.
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Parkinson Hastahi@inin Teshisinde

EEG-F1 Kanal Aktivitesinin Rolii
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Ozet. Parkinson hastaligi (PH), tiim diinyada giderek 6nemi artan, hem bireye hem de iilkelerin saglik sistemlerine maliyeti
¢ok yiiksek olan, Alzheimer hastaligindan sonra en sik goriilen ikinci kronik ve ilerleyici ndrodejeneratif hastaliktir. Parkinson
hastaligina kars1 etkili tedavi tam olarak saglanamamistir. Hastaligin erken tanisi tedavi se¢imini etkilediginden oldukca 6nem
kazanmaktadir. Bu ¢alismada PH'nin erken tanisi i¢in tek kanalli EEG veri analizi ile spektral 6znitelikler ¢ikarilarak bir analiz
gerceklestirilmistir. Caligma, 20'si PH'li ve 20'si kontrol olmak iizere 40 kisiden toplanan agik kaynakli Turku EEG verileri
iizerinde gerceklestirilmistir. Veriler yag ve cinsiyete gore demografik olarak eslestirilmis ve dinlenme durumunda gozleri agik
olarak kaydedilmistir. Literatiirden farkli olarak, EEG verilerinin beynin 6n bolgesinde yer alan F1 kanalina ait, Delta, Theta,
Alpha, Beta ve Gamma bantlarinin Gii¢ Spektral Yogunluklari (PSD) ¢ikarilarak analiz edilmistir. Daha sonra bunlardan
Kolmogorov Algoritmik Karmasiklik (KAC) 6zniteligi ¢cikarilmistir. Siniflandirma yeni bir topluluk 6grenme algoritmasi olan
CatBoost Algoritmasi ile ger¢eklestirilmistir. Caligmanin sonucunda tek kanal olan F1 kanal verileriyle % 80 dogruluk, % 79
kesinlik, % 80 duyarlilik ve % 77 F1 puani elde edilmistir. Ote yandan, tiim kanallar olan 64 kanal verisi ile % 70 dogruluk, %
73 kesinlik, % 70 duyarlilik ve % 69 F1 puani, 18 merkezi kanal verisi ile % 70 dogruluk,

% 71 kesinlik, % 70 duyarlilik ve % 68 F1 puani elde edilmistir. Bu sonuglara dayanarak, KAC 6zniteligi kullanilarak, tek
EEG kanal1 F1 kullaniminin, ayn1 veri setini kullanan mevcut ¢aligmalara kiyasla basarili bir siniflandirma gerceklestirdigi
sonucuna varilabilir. Bu ¢alismanin sonuglari gelecekteki PH tan1 aragtirmalari igin umut verici olacaktir.

Anahtar Sézciikler: Parkinson, EEG Sinyal isleme, Kolmogorov Algoritmik Karmasiklik (KAC), Giig
Spektral Yogunlugu, CatBoost Algoritmasi.
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Role of EEG - F1 Channel Activity for

Parkinson's Disease Detection
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Abstract. Parkinson's disease (PD) is the second most common chronic and progressive neurodegenerative disease after
Alzheimer's disease, which is becoming increasingly important all over the world, and has a very high cost both to the individual
and to the health systems of countries. Effective treatment against Parkinson's disease has not been fully achieved. Early
diagnosis of the disease becomes very important as it affects the choice of treatment. In this study, a single channel EEG data
analysis by extracting spectral features is tested for early diagnosis of PD. The study is conducted on open-source Turku EEG
data collected from 40 individuals, 20 with PD and 20 controls. The data is demographically matched for age and gender and
recorded in a resting state with eyes open. Apart from the literature, the F1 channel, located in the frontal region of the brain,
was analyzed by extracting the Power Spectral Densities (PSDs) of Delta, Theta, Alpha, Beta and Gamma bands of EEG data.
Then the Kolmogorov Algorithmic Complexity (KAC) feature was extracted from them. A new ensemble learning method
CatBoost algorithm is used for classification. The results of the study achieved an 80% accuracy, 79% precision, 80%
sensitivity, and 77% F1 score with single F1 channel data. However, 70% accuracy, 73% precision, 70% sensitivity, and 69%
F1 score were obtained with whole 64 channels data and 70% accuracy, 71% precision, 70% sensitivity, and 68% F1 score
with 18 central channels data. Based on these results, it can be concluded that the use of single EEG channel F1 with KAC

feature perform a successful classification compared to the existing studies using the same dataset. The results of this study
would be promising for future PD diagnosis research.

Keywords: Parkinson, EEG Signal Processing, Kolmogorov Algorithmic Complexity (KAC), Power Spectral
Density, CatBoost Algorithm.
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1 Introduction

PD was first introduced by James Parkinson in 1817 with his essay "An essay on swaying paralysis" [1]. The
prevalence of PD varies between 1.5 and 22 per 100 thousand people per year for all age groups. These results
may vary according to the demographic characteristics of the study population, diagnostic criteria and case
definition source. The incidence of PD increases with age [2]. PD is a progressive neurodegenerative disease
caused by the loss of nerve cells in the substantia nigra, the brain region responsible for the production of the
hormone dopamine. The hormone dopamine, provides inter-nerve transmission. The loss and damage of these
nerve cells in the substantia nigra leads to a decrease in dopamine production. A decrease in dopamine below its
normal level causes problems in the body's ability to fulfill its normal functions [3, 4].

Four main symptoms have been identified in PD: hypokinesia, which is the lack of movement, or bradykinesia,
which is the slowing down of movement; stiffness in areas such as the wrist, shoulder and neck; tremor at rest due
to imbalance of dopamine and neurotransmitters; and postural instability, which is the inability to maintain normal
body posture [5]. In addition to these motor disorders, loss of physiospatial abilities such as spatial perception and
orientation has been reported to be seen from the early stage of the disease [6]. The diagnosis of PD is usually
based on the presence of bradykinesia, rigidity and tremor at rest [7-9].

In the current state of the art, PD cannot be diagnosed at an early stage. Since the symptoms are non-specific, the
disease is very difficult to diagnose There is no specific medical test in the diagnostic process. The patient's medical
history and clinical examination are important in the diagnosis of PD [10]. Early diagnosis of disease can have
error rates of up to 30% [11]. Early diagnosis of the disease affects the choice of treatment. Early initiation of
neuroprotective treatment to prevent excessive loss of dopaminergic neurons in the substantia nigra and to protect
these neurons may delay the progression of the disease and the development of dementia.

Recent research on diagnosing the disease using magnetoencephalography (MEG) or electroencephalography
(EEQ) is also pioneering PD research. Since PD is caused by subcortical dysregulation, the use of EEG to evaluate
the electrical activity of the brain has been a very appropriate idea [12]. It is easy to apply, low cost and has no
harm to the individual. Studies using EEG in PD are available in the literature [13, 14]. It has been found that EEG
amplitudes at theta and alpha frequencies are significantly different in PD. These studies suggest that EEG
recordings may be useful in identifying changes in PD. Therefore, there is still a need for the use of new analysis
methods in research with EEG electrical signals in PD. However, such research will also contribute to revealing
other features of the brain. Thus, the findings that cause brain dysfunctions can be revealed.

For all these reasons, in this study, Kolmogorov Algorithmic Complexity (KAC) feature is extracted from EEG
data, and CatBoost algorithm is used to for distinguishing PD and HCs for early diagnosis of PD.

2 Method

2.1Data Set and Pre-processing

An opensource dataset which was recorded by the University of Turku, Finland was used [15]. The Turku dataset
contains resting state EEG recordings of 40 patients, 20 PD and 20 SC groups. These recordings include both eyes
open and eyes closed data in the medicated state. Only the eyes open data set was used for this study. A 64- channel
NeurOne Tesla device was used for recordings. It has a sampling frequency of 500 Hz. The data were recorded for
two minutes and referenced to the mean reference. The electrode channels of the Turku dataset are Fp1, Fp2, F3,
F4,C3,C4,P3,P4,01,02,F7,F8, T7, TS, P7, P8, Fz, Cz, Pz, Iz, FC1, FC2, CP1, CP2, FC5, FC6, CP5, CP6, FT9,
FT10, TP9, TP10 consists of F1, F2, C1, C2, P1, P2, AF3, AF4, FC3, FC4, CP3, CP4, PO3, PO4, F5, F6, C5, C6,
P5, P6, AF7, AF8, FT7, FT8, TP7, TP8, PO7, PO8, Fpz, CPz, POz, Oz.

The analysis scheme is shown in Figure 1. Here, first classification was performed using 64 channels from 64-
channel EEG data. Then, classification was performed using 18 central channels in the sensorimotor cortex.
Finally, in order to evaluate single channel performance, only the F1 channel was analyzed. The electrode layout
of the NeurOne Tesla EEG system is given in Figure 2. The raw EEG image of the F1 channel of the control group
and individuals with PD is shown in Figure 3.
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Figure 1. Analysis Scheme of EEG data

The EEG data was segmented for 40 seconds and band-pass filtered between 0.1 and 120 Hz and notch filter was
used at 50 Hz and 100 Hz.

Figure 2. 64 channels electrode locations of NeuroOne Tesla 10-20 System

EEG System
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Figure 4. PSD image of the F1 channel in the range of 0-30 Hz for one person each in the control and PD groups
2.2 Feature Extraction

In this study, Algorithmic "Kolmogorov" Complexity (KAC) is extracted from spectral features. The Algorithmic
"Kolmogorov" Complexity of a sequence s is the shortest program length that computes or outputs

s. It formulates the concepts of simplicity and complexity. If d(s) of a sequence s with the fewest bits is of minimum
length, this is defined as the minimum description of s. The length d(s) found here is called the Kolmogorov

Complexity of s. Kolmogorov Complexity is denoted by K(s) [16]. The length of the shortest description is given
by equation (1) below.

K(s) = [d(s)| M

Here K will be defined as a function on the natural numbers N consisting of finite binary sequences of arbitrary

length. Therefore, K: {0,1}* — N is a function defined by 'objects' represented by binary arrays. Here, the data for
each EEG channel is represented by binary numbers.

2.3 Classification

Classification was done with the CatBoost algorithm. CatBoost is a new ensemble learning method proposed by
Yandex and derived from the Gradient Boosting and Decision Tree algorithms, which have been shown to have
the ability to deal well with heterogeneous data [17]. CatBoost also uses forgetful trees that are balanced as base
predictors. Thus, it overcomes the problems of overlearning. In general, it exhibits superior classification
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performance compared to other ensemble learning algorithms. The Python programming language and the Google
Colab environment were used in the analysis of this study. The raw data was first preprocessed, then the
Kolmogorov Algorithmic Complexity feature was extracted and binary classification was performed with the
CatBoost Algorithm.

3 Experiments and Results

The EEG dataset contains a total of 40 data belonging to 20 PD and 20 control groups. The data were classified by
10-fold cross-validation with the CatBoost algorithm. The KAC feature was selected from the spectral features of
the frequency domain and the model success was evaluated by first classifying the data consisting of PD and
control group with 64 channels. Then 18 central channels data and finally single channel F1 channel data were
analysed with the CatBoost algorithm. Table 1 shows the ten-fold cross-validation results obtained with the
CatBoost algorithm for the three different cases of the Turku dataset. The table shows the accuracy, sensitivity,
precision, precision, F1 score value of the model. In the study, 80% accuracy, 79% precision, 80% sensitivity and
77% F1 score were obtained from F1 channel, and 70% accuracy, 73% precision, 70% sensitivity and 69% F1
score from 64 channels were obtained. Finally70% accuracy, 71% precision, 70% sensitivity and 68% F1 score
with 18 central channels were obtained. According to the table, the highest classification accuracy was achieved
using the single F1 channel (80.00%).

Tablel. Classification Results

Channels Accuracy Precision Recall F1 score
64 channels 70 73 70 69
18 channels 70 71 70 68
F1 channel 80 79 80 77
Table 2. Turku dataset literature results
Made in Data set Feature Mach‘ine Classification Accuracy
. learning
Study (eyes open) analysis techniques
Henry Railo et Turku Budget-based Logistic PD and Control % 77.80
al. [9]. search algorithm Regression
and 10 channels
Mehmet Fatih Turku Gray-level co- Support Vector ~ PD and Control % 63.25
Karakas et al. occurrence matrix Machine
[18]. (GLCM)
properties and 64
channels
Ilkka Suuronen A total of 3 Custom budget- Logistic PD and Control % 76.00
etal. [19]. datasets with based search Regression
Turku algorithm and 5
channels
Proposed study Turku KAC Feature CatBoost PD and % 80.00
(single feature) Control
and single
channel (F1)
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4 Discussion and Conclusions

PD is the second most common neurodegenerative disease worldwide. There is no known cure. In recent years,
researchers have been focusing on developing automated methods to detect PD in its early stages in order to prevent
as much as possible the disease symptoms that reduce patients' quality of life. Therefore, this study proposes a
novel approach to characterize early-stage PD activity over single EEG channel. The proposed method selects the
KAC feature from the frequency domain features and performs classification over 64, 18 and single channels.
Experiments show that choosing a single channel is a good choice. Gradient summation based CatBoost algorithm
is used in the study. CatBoost facilitates the analysis by making it easier to focus on the contribution of a single
feature to the model, rather than a particular value of a particular feature.

As can be seen in Table 2, among the EEG-based methods, the proposed method stands out by achieving the best
classification result, outperforming Logistic Regression by 2.20%.. As intended, the channel analysis provides an
overview of PD activity in the scalp. As can be seen, the F1 channel, located in the frontal region, achieved high
success compared to the other multiple channels. Oscillatory responses in the delta frequency range were examined
in PD, and the responses of delta sensory evoked oscillations and event-related oscillations were significantly
lower in PD compared to controls. Event-related oscillation responses were found to decrease in all frontal, central
and parietal regions [20]. When we evaluate the studies in the literature, classification was performed with
traditional machine learning methods using multiple channels and multiple features. Compared to the traditional
machine learning methods used in the literature, the CatBoost algorithm, a state-of-the-art ensemble learning
method, was used to perform successful classification over a single feature (KAC) and a single channel (F1
channel). The use of a single channel and a single feature significantly reduces the analysis time of the study. In
summary, the results of this pilot study with a single electrode channel, seems promising for future PD research,
since a high classification rate is obtained compared to the literature.

In the future, with advances in Telemedicine, Cloud and Internet of Things (IoT) computing technology, it can be
developed as a real-time smart health monitoring method for the prevention and detection of PD. With an advanced
EEG device, the study can detect EEG signals through a single electrode and transmit these recordings to remote
neurologists, enabling remote health monitoring of patients. However, it can also be evaluated to detect other
diseases including Alzehimer, Epilepsy, Autism, Schizophrenia, etc.
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Abstract. Studies using computational methods such as artificial
intelligence, machine learning and deep learning to predict the effect
of variants occurring inthe human genome on the phenotype have
increased recently. The aim of this study is to provide an overview of
scientific research using machine learning methods in variant effect
prediction using the bibliometric method. For this purpose, the Web
of Science Core Collection (WoSCC) database was used to access the
relevant literature in the study. Countries, institutions, authors,
journals, quotations and keywords were analyzed using the
"bibliometrix" libraryin the R-Studio program. As a result of the
analysis, it has been seen that the popularity of scientific publications
on the use of machine learning methods in variant effect prediction has
increased in recent years, and the largest share of this increase is due
to joint research by institutions in the United States with China,
Germany, England and Australia. In the publication production in this
field, it can be seen that the publications made by researchers Majid
Masso and Yuedong Yang have spread over a long period of time, and
when looking at the publications made in the last few years,
researchers Yongguo Liu, Yun Zhang, Haicang Zhang and Jiajing Zhu
come to the fore. It was observed that the most cited author was
researcher Jian Zhou (1.116). Although there has been an increasing
trend in publications in this field in recent years, it has been
determined that older publications are still cited more. Therefore, it
has become clear that there is still a need to conduct further research in
this field, to strengtheninternational cooperation and communication,
and to increase the quality of the literature by gaining experience.

Keywords: Bibliometric Analysis, Bibliometrix, Variant Effect
Prediction, Machine Learning
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Abstract. This study presents a novel smart home control system utilizing ges-
ture-based interactions to enhance accessibility and usability, particularly for us-
ers with physical disabilities. As smart homes become increasingly common, tra-
ditional control mechanisms like touchscreens and remotes often fail to meet the
needs of all users. This research addresses this gap by developing an intuitive,
non-verbal communication system that interprets static human hand gestures as
commands using advanced image processing and machine learning techniques.
The core technology integrates a camera module with software that captures and
processes hand movements in real time. The dataset is organized into 10 distinct
gestures containing 316.777 images for training and 100.000 for testing. Convo-
lutional Neural Networks are employed to recognize and classify these gestures
into commands for controlling various home devices, such as lights and thermo-
stats. To optimize computational efficiency, MobileNet models, designed for
edge computing, are utilized. These models provide high accuracy while being
computationally lightweight, making them ideal for gesture recognition in smart
homes. Their streamlined architecture ensures rapid processing and responsive-
ness, crucial for real-time applications in accessibility-focused environments.
An extensive and careful testing and validation framework demonstrates the sys-
tem's high accuracy and efficiency, even in varied environmental conditions,
making it a viable solution for improving smart home interactions for users with
limited mobility. It is worth to point that this study, focuses on static hand gesture
recognition, with future research to explore dynamic recognition in depth. The
findings indicate that dynamic gesture recognition, although more computation-
ally intensive, offers richer interaction by interpreting continuous movements and
subtle nuances. Conversely, static gesture recognition is less resource-intensive
and faster, suitable for simpler command executions.

This research advances the fields of IoT and human-computer interaction by
pushing the boundaries of traditional home automation interfaces. It offers a more
inclusive, user-friendly approach, laying the groundwork for future innovations
in smart home technologies and emphasizing the importance of accessibility and
ease of use in consumer electronics.

Keywords: Smart Home Control System, Gesture-Based Interactions, Convolu-
tional Neural Networks (CNNs), Digital Image Processing, Machine Learning.
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1 INTRODUCTION

1.1  Scope of the Research

The integration of smart home technology, significantly driven by advancements in the
Internet of Things (IoT), has revolutionized residential spaces. These technologies en-
hance convenience, security, and energy efficiency by enabling seamless interactions
between devices. However, traditional control mechanisms like touchscreens, remote
controls, and mobile applications often fail to meet the accessibility needs of all users,
particularly those with physical disabilities. This gap underscores the need for innova-
tive solutions to enhance the inclusiveness and usability of smart home systems.[1]

Gesture recognition technology is a pivotal advancement in human-computer inter-
action, offering a more intuitive and natural communication method by mirroring hu-
man gestures. Adapting gesture-based controls within smart homes is particularly ben-
eficial, providing a non-verbal and accessible interface that accommodates users with
varying levels of mobility and dexterity.

Hand gesture recognition involves analyzing a user's hand movements through com-
putational methods to control devices. This process has two phases: detection and clas-
sification. The detection phase identifies the presence and position of a hand within
digital images obtained via cameras or sensors, using techniques like skin detection,
background subtraction, and noise reduction to enhance localization accuracy. The clas-
sification phase then interprets specific gestures using advanced machine learning mod-
els, such as Convolutional Neural Networks (CNNs), which excel at recognizing com-
plex visual patterns.[2]

Studies have shown that Convolutional Neural Networks (CNNs) are highly effective
in recognizing and interpreting complex patterns in visual data, making them well-
suited for tasks involving gesture identification [3]. However, challenges remain in re-
liably building systems that depend on hand gestures as input, with historical accuracy
rates averaging 78%. Incorporating deep learning algorithms has significantly im-
proved this accuracy, allowing systems to exceed 90% [4].

The primary goal of this project is to develop a smart home control system that em-
ploys advanced digital image processing and machine learning techniques to interpret
static hand gestures as commands for home device control. This initiative aims to en-
hance the accessibility of smart home technologies, presenting an intuitive user inter-
face that does not depend on physical touch or fine motor skills, and effectively miti-
gates environmental variables such as lighting variations or complex backgrounds.

1.2 Convolutional Neural Network Techniques

Convolutional Neural Networks (CNNs) are deep learning models adept at processing
visual information, inspired by the human visual system. They learn spatial hierarchies
of features from images through their multi-layer architecture. Convolutional layers use
filters to extract spatial features like edges and textures, creating feature maps for fur-
ther analysis. Pooling layers reduce the spatial dimensions of these maps, enhancing
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computational efficiency and reducing sensitivity to feature positioning. Fully con-
nected layers handle high-level reasoning, transforming spatial features into outputs
such as class labels. Activation functions like ReLU introduce non-linearity, enabling
the CNN to model complex patterns. Dropout layers prevent overfitting by randomly
deactivating neurons during training, increasing network robustness.[5,6,7,8,9]

1.3 Convolutional Neural Network Applications

CNNs have become a cornerstone in the field of computer vision, supporting a wide
array of tasks such as image classification, object detection, semantic segmentation, and
gesture recognition. A pivotal moment in the history of CNNs was the introductionof
AlexNet by Krizhevsky et al., a revolutionary architecture that significantly outper-
formed competitors in the ImageNet competition. This success not only demonstrated
the efficacy of CNNs in image recognition but also popularized their use in deep learn-
ing applications across various domains [3].

Following AlexNet, later models like VGGNet, ResNet, and MobileNet have contin-
ued to advance the capabilities of CNNs. These models have introduced refinements in
architecture that enhance processing efficiency and adaptability, enabling them to man-
age more complex and varied tasks effectively. Such developments underscore the on-
going evolution and importance of CNNss in tackling real-world challenges through ad-
vanced pattern recognition and image processing techniques [11,12,13].

Overall, the impact of CNNs extends beyond theoretical applications, proving essen-
tial in practical machine learning scenarios. Their unparalleled ability in identifying and
learning from visual data makes them an indispensable tool in the continuous advance-
ment of artificial intelligence technologies.

1.4 Convolutional Neural Network Models

VGG16 (2014). is a convolutional neural network model known for its architectural
simplicity and depth, widely used in image recognition tasks. Developed by the Visual
Graphics Group at the University of Oxford, VGG16 features 16 trainable layers (13
convolutional and 3 fully connected) aimed at enhancing feature extraction. Its use of
small (3x3) convolution filters across all layers simplifies the structure and aids in
learning complex features. Max pooling layers manage spatial dimensions and reduce
computation in deeper layers. However, VGG16 is computationally demanding, requir-
ing significant resources for training and inference, making it less suitable for resource-
constrained environments like mobile or edge devices, where more efficient models like
MobileNet are preferred. [12]

MobileNetV2 (2018). developed by Mark Sandler and his team at Google in 2018, is a
convolutional neural network designed for mobile and edge computing. It emphasizes
computational efficiency and minimal memory usage while delivering robust perfor-
mance in image classification and object detection. The model innovates with inverted
residual connections, using a narrow bottleneck layer connected to a wider expansion
layer, which allows for efficient, compact feature representations. It employs depthwise
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separable convolutions that separate the filtering and combining processes into two
stages, significantly reducing the computational load. Linear bottlenecks within each
inverted residual block reduce dimensionality and compress information effectively,
minimizing information loss while maintaining high accuracy. The ReLU6 activation
function enhances numerical stability, especially beneficial for quantized models de-
ployed on edge devices. MobileNetV2 is extensively adopted for developing deep
learning models on mobile devices due to its excellent balance between efficiency and
accuracy, making it particularly advantageous for applications requiring low power
consumption and limited computational resources, such as image classification, object
detection, and semantic segmentation. Empirical evaluations demonstrate that Mo-
bileNetV2 consistently achieves high accuracy and computational efficiency, often sur-
passing other models in its category, establishing it as a significant contribution to light-
weight, high-performance computing in deep learning applications.[13,14]

MobileNetV3 (2019). developed by Andrew Howard and his team at Google in 2019,
is the latest addition to the MobileNet series. It builds on MobileNetV1 and V2, intro-
ducing innovative design principles to further optimize performance and reduce com-
putational demands for mobile and edge computing. The design process used Network
Architecture Search (NAS) to optimize the balance between latency and accuracy.
Squeeze-and-Excitation modules enhance feature relevance by adjusting channel-wise
responses. Continuing from MobileNetV2, it employs inverted residuals and linear bot-
tlenecks for efficiency. The new Hard-Swish activation function increases non-linearity
and improves stability during model quantization. MobileNetV3 is available in two
variants: MobileNetV3-Large, which prioritizes higher accuracy with a larger architec-
ture, and MobileNetV3-Small, designed for environments with strict resource con-
straints, offering reduced latency. MobileNetV3 excels in mobile and embedded vision
tasks like image classification, object detection, and semantic segmentation, achieving
an outstanding balance between performance and resource utilization, making it ideal
for real-world edge computing applications. [15,16]

EfficientNet (2019). EfficientNet, introduced by Mingxing Tan and Quoc V. Le in
2019, advances CNN architectures through optimized model scaling, achieving high
accuracy with reduced computational costs. Its compound scaling method balances net-
work width, depth, and resolution, enhancing performance without excessive computa-
tional demands. The EfficientNet series starts with EfficientNet-B0, established
through neural architecture search, and scales up to EfficientNet-B7 using this method.
It incorporates inverted residuals, linear bottlenecks, and squeeze-and-excitation blocks
to efficiently handle high-dimensional data and improve feature extraction. Efficient-
Net models outperform older architectures like ResNet and Inception in both accuracy
and computational efficiency, excelling in benchmarks such as ImageNet. EfficientNet-
Lite variants are optimized for mobile and edge devices, making them suitable for tasks
like object detection, semantic segmentation, and image classification.

Implementing a gesture-based control system in smart homes enhances accessibility
and offers intuitive interaction through natural hand movements. This reduces cognitive
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load and increases task efficiency. This project will explore static and dynamic gesture
recognition to determine the most effective method for smart home interaction. [17]

1.5 Performance Metrics

Precision, recall, and F1 score are crucial metrics for evaluating the performance of
machine learning models, especially in classification tasks. These metrics help pro-
vide a more nuanced understanding of how a model handles both true and false pre-
dictions.

Precision. Precision measures the proportion of true positive predictions out of all the
positive predictions made by the model. It evaluates the accuracy of the model in iden-
tifying relevant instances among those predicted as positive.

True Positive

Precision = 1

True Positive + False Positives
High precision indicates that the model is specific and minimizes false positives [18].

Recall. Recall, also called sensitivity or the true positive rate, measures the proportion
of true positives out of all actual positive instances. It assesses how well the model
identifies positive examples.

True Positive
Recall =

2

True Positive+False Negatives

High recall means that the model is sensitive and can identify most of the positive ex-
amples [18].

F1 Score. The F1 score is the harmonic mean of precision and recall. It is particularly
useful in evaluating models on imbalanced datasets, as it balances the trade-offs be-
tween precision and recall.

2XPrecision XRecall

F1 Score = 3)

Precision+Recall

The F1 score provides a comprehensive view of a model's performance when dealing
with imbalanced datasets. It is a more informative evaluation metric compared to the
ROC plot in such cases, as it effectively highlights the model's trade-offs between pre-
cision and recall [18].

1.6 Literature Analysis

Prior to initiating the project, a thorough review of existing datasets relevant to gesture
recognition was conducted. The literature references two types of datasets: one de-
signed for sign language interpretation and the other for recognizing hand movements
akin to gestures used in this project. A detailed analysis revealed that while sign lan-
guage datasets are systematically studied, the datasets involving general hand gestures
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lack comprehensive, standardized evaluations. Most studies in this category tend to re-
port findings based on their bespoke datasets and models, which highlights a gap in

universal dataset standards and methodologies.

Table 1. Sign Language Literature Analyzes

Sign Language Dataset fea- Model Accuracy Year Ref
Dataset tures
Turkish Sign 3D CNN with score
Language (TSL) 22,000 images level fusion 95% 2020 [19]
Alphabet
Indian Sign Lan- k-NNand Naive
guage (ISL) Dig- 5,000 images Bayes Classifier 98% 2021 [20]
its
American Sign
Language (ASL) 87,000 images MobileNet V2 99% 2022 [21]
Alphabet
Mediapipe and sign
Assamese ges- 30,000 images classification with 99% 2023 [22]
tures Deep Learning
American Sign 3D ConvNet and
Language (ASL) 166,000 im- Mediapipe Hand 100% 2023 [23]
Alphabet ages Tracking Module
Table 2. Hand Gesture Literature Analyzes
Hand Gesture Dataset fea- Model Accuracy Year Ref
Dataset tures
Hand Gesture 20,100 images VGG16 89% 2023 [2]
Hand Gesture 20,100 images MobileNetV2 93% 2023 [2]
Hand Gesture 4,150 images MobileNet 86.54% 2023 [24]
Hand Gesture 4,150 images G-MobNet %96.19 2023 [24]
HaGRID 554,800 images MobileNetV3 91.9% 2024 [25]
Large
HaGRID 554,800 images ResNeXt-50 98.3% 2024 [25]
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2 METHODOLOGY

2.1 System Overview

The proposed system includes several key components: a camera module captures real-
time video of hand gestures, an image processing unit optimizes image quality for
recognition, and a gesture recognition module uses CNNs to accurately identify ges-
tures. The control system converts these recognized gestures into commands for home
automation devices, and a feedback mechanism provides immediate visual or auditory
confirmation to the user.

2.2 Dataset Preparation:

The dataset is organized into 10 distinct folders representing different gesture classes.
Each folder contains images that belong to a specific class. Separate folders are pre-
pared for training and testing. There are 406,777 images for training and 10,000 images
for testing.

Fig. 2. Left to right: Fist, Like, Call, Rock, Okey

Data Augmentation. An ImageDataGenerator is initialized with various augmentation
parameters, including rescaling pixel values to [0, 1], randomly rotating images up to
20 degrees, shifting images horizontally and vertically by 20%, adding shearing and
zooming effects, performing horizontal flipping, and using nearest-neighbor filling for
new pixels generated.

Data Loading. The generator loads training and validation data separately from the
main dataset directory. Training data is loaded with the training subset option, while
validation data uses the validation subset. Both are resized to 224x224 pixels, catego-
rized with one-hot encoding, and shuffled for randomized batches.
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2.3 Model Architecture:

The model is compiled using the Adam optimizer and categorical cross-entropy loss for
multi-class classification. A custom Learning Rate Finder dynamically adjusts the
learning rate during training, starting at le-5 and increasing to 1e-1, with initial training
running for two epochs to find the best rate. Once identified, the model is trained using
this optimal rate.

Base models used include VGG16, MobileNetV2, MobileNetV3 Small, MobileNetV3
Large, and EfficientNetB7, all pre-trained on ImageNet and configured to accept
224x224 RGB input images. Initial layers are frozen to retain pre-trained weights, while
the final four layers remain trainable.

The custom architecture, built using Sequential, includes GlobalAveragePooling2D
for aggregating feature maps, a Dense layer with 512 units and ReLU activation, a
Dropout layer to reduce overfitting, and a final Dense layer that outputs class probabil-
ities with softmax activation. The ReduceLROnPlateau callback adjusts the learning
rate based on validation loss to avoid overfitting and enhance convergence.

2.4 Model Test

After training, the model’s accuracy and loss are plotted to evaluate performance.
Testing data is then loaded using the same ImageDataGenerator settings. The test di-
rectory is structured similarly to the training dataset.
The trained model is evaluated on the test set to measure its generalization capability
across unseen data.

This methodology allows efficient training of the deep learning model on gesture
recognition tasks, leveraging data augmentation, transfer learning, and learning rate op-
timization to build a robust classifier.

2.5 Mobile Algorithms for Smart Home Integration

Incorporating mobile-friendly algorithms in smart home systems offers significant ad-
vantages, primarily by reducing computational load. Models like MobileNet, designed
for edge computing, provide high accuracy while maintaining a lightweight footprint,
making them ideal for gesture recognition in smart homes.[14]

Mobile algorithms such as MobileNet and EfficientNet use depthwise separable con-
volutions to reduce computational demands without sacrificing performance. Opti-
mized for edge devices, these models enable local processing on smart cameras or em-
bedded systems, eliminating the need for powerful central servers and improving re-
sponse times.[14,15]

These models are also power-efficient, which is crucial for battery-operated smart
home sensors, reducing overall power consumption. The reduced computational load
allows data processing across multiple devices simultaneously, supporting the scalabil-
ity of gesture-based controls throughout a broader network of smart home devices.
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On-device processing enhances privacy and security by ensuring that sensitive data
does not leave the home network, thereby significantly improving data security and
protecting user privacy.[10,14]

2.6 Model Development and Training

The development of the model began with the selection of suitable machine learning
frameworks and libraries. TensorFlow and Keras were chosen for their extensive sup-
port and ease of use in implementing CNNs. Multiple models, including VGG16, Mo-
bileNetV2, and EfficientNetB7, were evaluated for their performance in handling real-
time image data.

Training the models involved preparing a dataset of hand gesture images that has
407,000 images, which were augmented to enhance the diversity and volume of training
data. This process helped in improving the model's ability to generalize from the train-
ing data to real-world scenarios. Initial training results have shown promising accuracy
rates.

2.7 Training Results
Table 3. Performance Metrics of model that trained with VGG16 (Left) and EfficientNetB7

(Right)
Classification Report:

precision  recall fl-score support precision  recall fl-score support

Call_Test 0.94 0.93 0.94 1000
Fist_Test 0.90 0.95 0.93 1000 Call_Test 0.89 0.95 0.92 1000
Four Test 0.93 0.86 0.89 1000 Fist_Test 0.97 0.92 0.94 1000
Index_Test 0.92 .88 0.90 1000 Four_Test 0.97 0.88 0.92 1000
Like Test o o1 o 94 .92 1000 Index_Test 0.84 .96 0.90 1000
Ok Test 9.99 .84 0.91 1000 Like_Test 0.92 0.93 0.93 1000
Palm_Test 0.94 0.94 0.94 1000 Ok_Test 0.98 0.79 0.88 1000
Peace_Test 0.73 0.94 0.82 1000 Palm_Test 0.95 0.95 0.95 1000
Rock_Test 9.94 .88 0.91 1000 Peace_Test 0.85 0.94 0.89 1000
Three_Test 0.86 0.84 0.85 1000 Rock_Test 0.97 0.95 0.96 1000
Three_Test 0.86 0.91 0.88 1000
accuracy 0.9¢ 10000 accuracy 0.92 10000
macro avg 0.91 0.90 0.90 10000 macro avg 0.92 0.92 0.92 10000
weighted avg 0.91 .90 0.90 10000 weighted avg 0.92 09.92 0.92 10000
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Fig.3. Confusion Matrix of model that trained with VGG16 (Left) and EfficentNetB7 (Right)
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4. KEY FINDINGS

This research project has made significant contributions to human-computer interac-
tion, smart home technologies, and gesture recognition systems. The findings demon-
strate the feasibility and effectiveness of the proposed solutions and suggest future re-
search and development directions.

One key outcome was developing a high-accuracy gesture recognition model using
Convolutional Neural Networks (CNNs) and integrating MobileNet and EfficientNet
architectures. This system accurately classifies various hand gestures in real-time, per-
forming well in varying lighting and background conditions and improving recognition
rates from initial benchmarks.

The use of lightweight, mobile-oriented architectures like MobileNetV2 and Mo-
bileNetV3 significantly enhanced computational efficiency. These models are opti-
mized for edge devices, crucial for real-time smart home applications, allowing faster
processing times and lower power consumption, making them suitable for widespread
deployment in consumer-grade devices.

The project demonstrated that gesture-based interfaces could significantly enhance
usability and accessibility in smart homes. Users with limited mobility or dexterity
found the system particularly beneficial, highlighting the potential of gesture recogni-
tion technologies to make smart home systems more inclusive and user-friendly.

The research addressed environmental variability challenges, such as different light-

ing conditions and backgrounds. The enhanced models maintained high accuracy de-
spite these variabilities, ensuring the system's reliability and functionality in diverse
real-world settings, making it practical for everyday use.
Finally, the study found the system scalable and easily integrable with existing and
future smart home technologies. Its modular design allows for easy adaptation and scal-
ing for various applications, from simple residential setups to complex systems in com-
mercial or healthcare settings.

5 CONCLUSION

This research significantly advances smart home technologies by integrating advanced
machine learning algorithms into IoT devices. Through meticulous planning, design,
implementation, and optimization, it provides critical insights into developing efficient,
user-friendly smart home interfaces. It also highlights the transformative impact of ma-
chine learning and digital image processing on enhancing human-computer interaction
within the [oT ecosystem.

Evolving hand gesture recognition technologies offer more natural and engaging user
experiences in applications like interactive gaming, virtual reality, and assistive tech-
nologies. In smart homes, the developed gesture recognition system allows users to
control their homes effortlessly without physical touch or voice commands. This touch-
free control is particularly beneficial for individuals with limited mobility, enabling
easier management of living spaces.
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Incorporating Al and machine learning enhances hand gesture recognition accuracy
and deepens the understanding of user intentions. This makes smart home systems more
intelligent and responsive, significantly improving the user experience and potentially
accelerating smart home technology adoption.

The gesture recognition system improves the accessibility and usability of smart home
controls, offering an inclusive interface for individuals with varying physical abilities.
The project sets a robust methodological foundation for future research, highlighting
effective strategies for integrating deep learning techniques within IoT applications.
Future iterations will focus on incorporating dynamic gesture recognition to enrich user
interaction with the smart home system, requiring sophisticated computational strate-
gies and real-time data processing. Enhancements in system robustness through hy-
perparameter tuning and additional pre-trained models are essential for improving per-
formance and reliability.

In conclusion, this project demonstrates the practical implementation of a smart home
control system using hand gesture recognition and sets a precedent for future innova-
tions. By integrating deep learning technologies with IoT, it highlights the potential for
creating smarter, more accessible living environments, making daily life more efficient
and enjoyable for a broader user base. The project's success invites further exploration
and development, promising significant advancements in smart home interactions and
accessibility.
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Tiirkiye’de Tip Bilisimi Alaninda Uretilen Tezlerin Analizi
Hazal TAS' ve Nese ZAYIM!

! Akdeniz Universitesi Biyoistatistik ve Tibbi Bilisim AD

Ozet. Tip Bilisimi diinyada 1950°1i, Tiirkiye’de 1990’11 yillardan itibaren galismalarin yiiriitiildiigii ve giin gectik¢e popiilerligi
artan bir ¢aligma alanidir. Tip ve saglik hizmetlerinde veri, enformasyon ve bilginin sistematik olarak islenmesiyle ilgilenen
bir disiplin olarak tanimlanabilen tip bilisimi alaninda gerek akademik gerekse dernekler biinyesinde pek c¢ok calisma
yiiriitiilmektedir. Akademik olarak Tip Bilisimi, diinyada da iilkemizde de tek basina anildig1 gibi bazen de Biyoistatistik ve
Tip Egitimi gibi baska birimlerle anilmaktadir. Bu ¢alismada tilkemizdeki bu birimlerde T1p Bilisimi ile ilgili yapilan tezlerin
incelenmesi ve bu tezlerdeki konu egilimlerinin ¢gikartilmasi amaglanmustir. Bu kapsamda Yiiksekdgretim Kurulu Ulusal Tez
Merkezi biinyesinde taranan tezler Tip Bilisimi, Biyoistatistik ve Tip Bilisimi, Biyoistatistik ve Tibbi Bilisim, Tip Egitimi ve
Bilisim, Saglik Bilisimi ve Saglik Bilisim Sistemleri olmak iizere Anabilim Dallarinda taranmig ve alanda yapilan tezlere
erisilmistir. Erisim kisit1 olmayan tiim tezler incelendikten sonra dislama kriterlerine gore bazilar1 elenmis ve nihai olarak 217
tez ¢alismaya alinmigtir. Bu tezlerin anahtar kelimeleri ¢ikartilmig ve bes yillik periyodlar halinde incelenmistir. Sonug olarak
diinyadaki teknolojik gelismelere paralel olarak iilkemizde Tip Bilisimi alanindaki tez ¢alisma konularmin da degistigi
goriilmiistiir. Ancak biiyiik veri analizi, dogal dil isleme, kisisellestirilmis tip, dijital saglik gibi alanlarda yapilan tezlerin sayica
azlig1 dikkat cekmektedir.

Anahtar Kelimeler: Tip Bilisimi, Tip Bilisimi Egitimi, Yiiksek Ogrenim, Tez

Abstract. Medical Informatics is a field of study where studies have been carried out in the world since the 1950s and in Turkey
since the 1990s and its popularity is increasing day by day. Defined as a discipline dealing with the systematic processing of
data, information, and knowledge in medicine and healthcare services, Medical Informatics is the focus of numerous studies
conducted both academically and within associations. Academically, Medical Informatics is sometimes referred to as a
standalone discipline both globally and in our country, and at times it is also associated with other units such as Biostatistics
and Medical Education. This study aims to examine the theses conducted in units related to Medical Informatics in our country
and to extract the topic trends in these theses. Within this scope, the theses scanned in the National Thesis Center of the Council
of Higher Education were searched in Departments such as Medical Informatics, Biostatistics and Medical Informatics, Medical
Education and Informatics, Health Informatics and Health Informatics Systems. After examining all the theses with no access
restriction, some were eliminated based on exclusion criteria, and ultimately, 217 theses were included in the study. The
keywords of these theses were extracted, and they were examined in five-year periods. As a result, it has been observed that
the topics of thesis studies in the field of Medical Informatics in our country have changed parallel to technological
developments worldwide. However, it is noteworthy that the number of theses in areas such as big data analysis, natural
language processing, personalized medicine and digital health is low in number.

Key Words: Medical Informatics, Education of Medical Informatics, Higher Education, Thesis
1 Giris

Haux, tip bilisimini “tip ve saglik hizmetlerinde veri, enformasyon ve bilginin sistematik olarak islenmesiyle
ilgilenen disiplin” olarak tanimlamistir [1]. Tip bilisimi bilgisayar bilimi, bilgi bilimi, biligsel bilimler ve sosyal
bilimler dahil olmak iizere birgok disiplinden yararlanan ¢ok disiplinli bir alandir [2]. Her ne kadar Morris F Collen
tip bilisimini "bilgisayar teknolojisinin tibbin tiim alanlarina uygulanmasi" olarak tanimlamis olsa da [3] Greenes
ve Shortliffe tip bilisiminin bilgisayarlarin tipta uygulanmasindan daha fazlasini i¢erdigini ileri siirmiislerdir [4].

Tip biligimi ile ilgili ilk makale 1959 yilinda Ledley ve Lusted tarafindan yayinlanmistir. Hekimlerin daha kesin
tan1 koymalarina ve tedaviyi bilimsel bir sekilde belirlemelerine yardimci olmak igin tibbi karar vermenin
modellenmesine yonelik hesaplama tekniklerini ortaya koymuslardir [5]. 1950'i yillarda ilk uygulamalar1 ve
makaleleri yayinlandiktan sonra, tip bilisimi ile ilgili yayinlarin sayist her otuz yilda hizla artmistir [6]. 1970l
yillarda tip bilisimi yeni bir uzmanlik alan1 olarak tanimlanmustir [7].

ABD’de bir tip fakiiltesinde T1bbi Bilisim béliimii, ilk olarak Utah Universitesi’nde 1964 yilinda “Department of
Biomedical Informatics” adiyla kurulmustur [8]. ABD’nin taninmus iiniversiteleri olan Harvard Universitesi Tip
Fakiiltesi [9] ve Stanford Universitesi Tip Fakiiltelerinde [10] “Biomedical Informatics” bilim dallari
bulunmaktadir. Washington Universitesi’nde oldugu gibi, Tip Egitimi Anabilim dali ile birlikte (Department of
Biomedical Informatics and Medical Education), Wisconsin Madison Universitesi’nde oldugu gibi Biyoistatistik
Anabilim dali ile birlikte (Department of Biostatistics and Medical Informatics) kurulmus Anabilim dallar1 da
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vardir. Tip bilisimi egitimi ABD’de genellikle mezuniyet sonrasi yliksek lisans veya doktora programi icerisinde
verilmekle birlikte son zamanlarda mezuniyet 6ncesi egitim olarak da verilmektedir.
Avrupa’da 1970’11 yillarin basindan itibaren gesitli tip fakiiltelerinde Tip bilisimi ile ilgili bélimler kurulmustur.

Tiirkiye'de de diinyada oldugu gibi pek ¢ok iiniversitede Tip Bilisimi boliimii yapilanmasi, Biyoistatistik anabilim
dallar1 ile baslamis, daha sonra ise 2005-2006 yillarinda Akdeniz Universitesi ve Ege Universitesinde
Biyoistatistik anabilim dallarmin ad1 “Biyoistatistik ve Tip Bilisimi” olarak degistirilmistir. YOK, 22.12.2008
tarihli karari ile bunlardan bagka 11 {iniversitede tip fakiiltelerinde Biyoistatistik Anabilim Dallarinin adinin
“Biyoistatistik ve Tip Bilisimi” olarak degistirilmesini istemistir. Bu kararla ayni zamanda tip fakiiltesi
bilinyelerinde yer alan "tip egitimi anabilim dallarmin" kapatilarak, Saglik Bilimleri Enstitiisii biinyesinde "tip
egitimi anabilim dali" a¢ilmasina, tip egitimi ve biligsimi anabilim dalinin birlikte kuruldugu tip fakiiltelerinden
biyoistatistik anabilim dali bulunanlarda "biyoistatistik ve tip bilisimi anabilim dallarinin" birlestirilmesine karar
verilmistir. Danistaym 25.5.2019 tarihinde bu kararm yiriitmesini durdurmasiyla birlikte Tip Fakiiltelerinde
“biyoistatistik ve tip bilisimi” veya “tip egitimi ve tip bilisimi” anabilim dallar1 kurulmasi konusunda bir kisitlama
yapilmamistir [11]. Mevcut durumda, Tiirkiye’deki Tip/Saglik Bilisimi Anabilim Dallarmin yapilanmasi Tablo
1’de verilmistir [12].

Tablo 1. Tip/Saglik Bilisimi Anabilim Dallar1

u Anabilim Dalt Andabilim == Dah
S L1 N

o Biyoistatistik ve Tip
Tip Fakiiltesi/Temel Tip e 49
Tip Fakiiltesi/Temel Tip Tip Bilisimi Anabilim Dali 3
Tip Fakiiltesi/Temel Tip T1ip Egitimi ve Bilisimi
Saglik Bilimleri Fakiiltesi/Saglik Yonetimi | Saglik Bilisimi ve Teknolojileri 8
Sé'l.g.l.lk ]3111mler1 Fakiiltesi/Saglik Yonetimi Sl Bt 3
Boliimii
Ik.t.lsa(p ve Idari Bilimler Fakiiltesi/Saglik Saglik Bilisimi ve Teknolojileri 3
Y Onetimi
Ik't.lsa(h ve {d'a.m .Blhmler Fakiiltesi/Saglik Sl Bt 1
Yonetimi Bolimii

Ulkemizde Tip Bilisimi alaninda lisans programi bulunmamakta, egitim lisansiistii diizeyde yiiriitiilmektedir.
1990°da Akdeniz Universitesinde “Tibbi Bilgisayar Uygulamalar1” ad1 altinda ilk yiiksek lisans programi agilmus,
sonraki yillarda bu programin ismi Tip Bilisimi olarak degistirilmis, bunu 2003 yilinda ODTU’de yiiksek lisans
ve doktora programlarinin acilmasi izlemistir. Daha sonraki yillarda Akdeniz Universitesinde (2006), ve Karadeniz
Teknik Universitesinde (2015) doktora programi acilmustir, giiniimiizde ise bircok iiniversitede de lisansiistii
egitim programlar1 agilmistir. YOK, Yiiksekogretim Istatistikleri’ ne gére 2012-2013 /2022-2023 6grenim yilhilari
arasinda Tip/Saglik Bilisimi alaninda lisansiistii mezun 6grenci sayilar: Tablo 2’de verilmektedir [13]. Tabloya
gore bu yillar arasinda tezli Yiiksek lisans (164) ve doktora (90) programindan olmak iizere toplam 254 6grenci
mezun olmustur.

grenci Sayilar
YUKSEK
LiSANS

Tablo 2. Tip/Saglik Bilisimi Tezli Lisansiistii Programlardan Mezun O
DONEM  PROGRAM ADI

DOKTORA | TOPLAM

2022-2023 | BIYOISTATISTIK VE TIP BILISiMI 15 12 27
TIP BILISIMI/SAGLIK BILISIMI 13 12 25

2021-2022 | BIYOISTATISTIK VE TIP BILISiMI 16 7 23
TIP BILISIMI /SAGLIK BILISIMI 6 13

2020-2021 | BIYOISTATISTIK VE TIBBI BILISIM 7 14
TIP BILISIMI/BIYOSAGLIK BILISIMI 2 4

2019-2020 | TIP BILISIMI/SAGLIK BILISIMI 2
BIYOISTATISTIK VE TIBBI BILISIM 10 6 16
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2018-2019 | TIP BILISiMI 3 2

VE TIP BILISIM/BIYOISTATISTIK VE TIP BILiSiMi
TIP BILISIMI /TIBBI BILISIM

BIYOISTATISTIK VE TIBBI BILISIM 26 26
2017-2018 | TIP BILISiMI 2 2

BIYOISTATISTIK VE TIBBI BILISIM 9 5 14
2016-2017 | BIYOISTATISTIK VE TIBBI BILISIM /BIYOISTATISTIK 16 2

2015-2016 | BIYOISTATISTIK VE TIBBI BILISIM /BIYOISTATISTIK 7 2

VE TIP BILISIM/BIYOISTATISTIK VE TIP BILiSiMi

TIP BILISIMI 2 4
2014-2015 | BIYOISTATISTIK VE TIBBI BILISIM/BIYOISTATISTIK 2

VE TIP BILISIM

TIP BILISIMI 5 1
2013-2014 | BIYOISTATISTIK VE TIBBI BILISIM 5 1

TIBBI BILISIM/TIP BILISIMI 8 4 12
2012-2013 | BIYOISTATISTIK VE TIBBI BILISIM /BIYOISTATISTIK 3 4

VE TIP BILISIM

TIP BILISIMI 3

TOPLAM 164 90 254

"Saglik Bilisimi" temel alan1, Universitelerarast Kurul'un Saglik Bilimleri Temel Alan1 Dogentlik bagvurular1 igin
Ekim 2019 déneminden itibaren bilim dallar1 listesinde, "Saglikla ilgili Cok Disiplinli Bilimler" bashig1 altinda ilk
defa kabul edilmistir [14]. Bu listede “Biyoistatistik” ve “Tip Egitimi” ayr1 temel alan olarak verilirken,
“Biyoistatistik ve Tip Bilisimi”, “Tip egitimi ve Tip Bilisimi” adi verilmis dogentlik basvuru alani yer
almamaktadir.

2 Yontem

Bu calismada Tiirkiye’deki gesitli iiniversite ve anabilim dallarinda yapilmis Tip Bilisimi alaninda yiiksek lisans
ve doktora tezleri incelenmistir. Ulusal Tez Merkezinde [15] tez taramada lisansiistii program adi segenegi
bulunmamasi nedeniyle taranan tezler igin detayli tarama seceneg§i kullanilarak Ana Bilim Dali tarama
seceneginden Tip Biligimi, Saglik Bilisimi, Biyoistatistik ve T1p Bilisimi, Biyoistatistik ve Tibbi Bilisim, Saglik
Bilisim Sistemleri Ana Bilim Dallar1 olarak taranmigstir. Tarama sonucunda ilki 1993 yilina ait olmak iizere
giliniimiize kadar yapilan 259 teze ulasilmistir (Tablo 3).

Calismadan diglanma kriterleri:

e Biyoistatistik ve Tip Bilisimi/ Biyoistatistik ve Tibbi Bilisim Anabilim dallarinda Biyoistatistik alaninda
lisansiistii programlar yer alabileceginden bu boliimlerde yer alan programlar ilgili program web sitesinden
program adi1 ve Tiirkiye Yeterlikler Cercevesi veri tabani taranarak diploma program adi “Biyoistatistik ve
Tip Bilisim/Bilisimi Yiiksek Lisans/Doktora” programi veya diploma programi olmayan boliimlere ait tezler,
e Biyoistatistik ve Tip Bilisim/Bilisimi Yiiksek Lisans/Doktora programi altinda olup konular1 tip/saglik

biligsimi kapsaminda olmayan tezler,

e  Ayn1 Anabilim Dali altinda Saghk/T1p Bilisimi ve biyoinformatik lisansiistii programi1 bulunan (O.D.T. U.)
anabilim dallarina ait, tip/saglik bilisimi konulari kapsaminda bulunmayan tezler,

e  Anahtar kelimesi olmayanlar ve erisim engeli bulunan tezler ¢aligmaya dahil edilmemistir.
Ulagilan tez ve ¢aligmaya dahil edilen tezlerin bolimlere gore dagilimi asagidaki tablo 3°te sunulmustur.
Calismaya dahil edilen 217 tezin 145’1 yiiksek lisans; 72’si doktora tezidir.
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Tablo 3. Ulasilan tez ve ¢calismaya dahil edilen tezlerin lisansiistii programlara gére dagilimi
Calismaya Dahil Edilen

Erisilen Biitiin Tezler

Tezler

Yiiksek Yiiksek
Program Adi Lisans Doktora Toplam Lisans Doktora Toplam
Saglik Bilisimi 4 0 4 4 0 4
Tip Bilisimi 22 15 37 22 15 37
T1p Bilisimi 36 37 73 35 34 69
T1bbi Bilisim YL
Saglik Bilisimi
Tip Bilisimi 23 11 34 23 11 34
T1bbi Bilgisayar
Uygulamalar1 (Medical
Informatics) 15 15 13 13
Saglik Bilisimi YL 1 1 1 1
Biyoistatistik ve Tibbi
Bilisim YL 16 1 17 5 0 5
Biyoistatistik ve Tip
Biligimi YL 17 0 17 2 0 2
Biyoistatistik ve Tip
Biligimi 14 4 18 14 4 18
Biyoistatistik ve Tip
Biligimi 15 11 26 9 8 17
Biyoistatistik ve Tip
Biligimi 2 0 2 2 0 2
TOPLAM 180 79 259 145 72 217

Sekil 1’de yillara gére dagilimi verilen ¢aligmaya dahil edilen bu tezlerin anahtar kelimeleri ¢ikartilmis ve analiz
edilmistir. Bes y1llik periyodlar halinde analiz edilen anahtar kelimeler ile Tiirkiye’de T1p Bilisimi alaninda yapilan

tezlerin konu egilimleri tespit edilmeye ¢aligiimigtir.

35
30
25
20
15
10

(S,

Tezlerin yillara gore dagilimi

1993
1994
1995
1996
1997
1998
1999

2000
2001
2002

2003
2004
2005
2006
2007

Sekil 1. Tez sayilarinin yillara gére dagilimi

Ulusal Tez Merkezinde taranan tezlerden diglama kriterleri uygulandiktan sonra kalan tezlerin anahtar kelimeleri
¢ikartilmis ve incelenmistir. Yillara gore tez dagilimlarina bakildiginda 1993-2003 yillar1 arasinda az sayida tez
oldugu goriilmektedir. Bu sebeple ilk on yil bir periyod, diger tezler ise beser yillik periyodlar halinde

3 Bulgular ve Sonug

degerlendirilmistir.
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1993-2003 yillar1 arasinda yapilan tezler incelendiginde hastane biligim sistemleri, veritabanlari en ¢ok ¢aligilan
konulardan olmustur. Bu yillarda yapilan tezlerin Akdeniz Universitesinde yapildigi bilinmektedir. Tez basliklar:
da incelendiginde Akdeniz Universitesi Hastanesi bilgi sistemleriyle ilgili tezlerin sayica fazlahgi dikkat
¢ekmektedir.

Tablo 4. 1993-2003 yillar1 arasinda yapilan tezlerde sik kullanilan anahtar kelimeler

kelime sikhik ‘

sistem 5
veritabani

hastane 3
biligim 3
analiz 3

2004-2008 yillar1 arasinda yapilan tezler incelendiginde hastalar, hasta yakinlar1 ve hekimler i¢in web tabanli
egitim portallari ile yine saglik bilgi sistemlerinin siklikla ¢aligildig1 goriilmiistiir. Tablo 5°de bu yillar igerisinde
yapilan tezlerde en sik kullanilan anahtar kelimeler sunulmustur.

Tablo 5. 2004-2008 yillar1 arasinda yapilan tezlerde sik kullanilan anahtar kelimeler

Kkelime sikhk ‘

egitim 6
portal 3
sistem 2
ilag 2
saglik 2

2009-2013 yillarinda ise bir 6nceki periyodda sik karsilastigimiz egitim ve web kavramlarinin yerini agagidaki
tabloda verilen kelimeler almistir (Tablo 6). Bu periyodda saglik bilgi sistemleri, karar destek sistemleri ve veri
madenciliginin ¢alisma konusu olarak 6ne ¢iktig1 goriillmektedir.

Tablo 6. 2009-2013 yillar1 arasinda yapilan tezlerde sik kullanilan anahtar kelimeler

kelime sikhk ‘

sistem 11

bilgi

Karar, destek

saglik

veri

A Q|0 0

madenciligi

2014-2018 yillarinda belirgin bir sekilde destek vektor makineleri, karar destek sistemleri, yapay sinir aglari,
makine 6grenmesi gibi konularin 6ne ¢giktig1 goriilmektedir. Bunun yani sira bu bes yillik periodda veri madenciligi
ve genetik alani da ¢aligma konusu olarak tercih edilmistir.

15. Tip Bilisimi Kongresi Bildiriler Kitab1
Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024

277



Tablo 7. 2014-2018 yillar1 arasinda yapilan tezlerde sik kullanilan anahtar kelimeler

kelime sikhk

makine 13
analiz 11
destek 11
veri 9
vektor 8
aglari 7
gen 6
madenciligi 6
yapay 6
karar 6

2019 yilindan giiniimiize kadar yapilan tezler incelendiginde makine égrenmesinin halen en giincel ¢alisma alani
oldugu goriilmekle birlikte derin 6grenme de popiiler calisma konular1 arasina girmistir. Yapay zeka kavraminin
anahtar kelime olarak kullanildig1 tezlerin hemen hemen hepsinin makine 6grenmesi ve derin 6grenme yontemleri
kullanilarak yapilan tezler olmasi dikkat cekmektedir. icinde bulundugumuz bu son periodda, yapay sinir aglari,
bilgisayar destekli tan1 sistemi, ilag-ilag, ilag-protein etkilesimi, genetik konulari da 6ne ¢ikan ¢aligma alanlarindan
olmustur.

Tablo 8. 2019 yilindan glintimiize yapilan tezlerde sik kullanilan anahtar kelimeler

Kkelime sikhk

O0grenme 50
makine 25
veri 18
ag 18
sistemi 17
analiz 14
derin 12
yapay 12
karar 11
sinir 11
bilgi 11

Sonug olarak Tiirkiye’de Tip Bilisimi alaninda yapilan tezler bes yillik periodlar halinde incelendiginde tez ¢alisma
konularinin diinyada yasanan teknolojik gelismelere ve konu trendlerine paralel olarak degistigi goriilmektedir.
Ancak giiniimiizde diinyada son zamanlarda popiiler olan [16] biiylik veri analizi, blockchain, dogal dil isleme,
kisisellestirilmis tip, dijital saglik gibi alanlarda yapilan tezlerin sayica azlig1 dikkat ¢cekmektedir. Bunun nedeninin

bu alana ayrilmis proje biitcelerinin yetersizligi ve veri erisimindeki kisitlar oldugu diigiiniilmektedir.
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Introduction

The role of technology in the health sciences is becoming increasingly significant. Information
technologies are being used in various areas, including patient care, health record management,
diagnosis and treatment processes. These technologies are becoming an important tool for improving
the quality of healthcare [1]. The advent of the global pandemichas led to a significant increase in the
adoption of tele-medicine, e-health applications, wearable health technologies and patient tracking
devices in health service delivery [2]. The use of e-prescription platforms, hospital information
management systems, laboratory and imaging information management systems are now an integral

part of the daily practice of health professionals [1, 3].

Although numerous studies have demonstrated that the utilisation of health informatics has a beneficial
impact on patient outcomes and patient safety, increases satisfaction and improves efficiency by
facilitating daily procedures, it persists as a challenge for physicians [3, 4]. It isbecoming increasingly
crucial that medical education curricula adapt to these technological developments and include health
informatics topics. Considering this necessity, the national core education programme of our country
(NCCP 2020) states that graduates of medical faculties should be able to utilise information
technologies to enhance the efficacy of their studies in the fields of health service, research and
education. Furthermore, it emphasises thatthe interaction of technology and health is an important topic
that should be included in the curriculum [5]. The International Medical Informatics Association (IMIA)
provides and publishes recommendations to support educators in the development of curricula in
biomedical and health sciences. These recommendations include the essential knowledge domains,

skills and competencies required for medical students at different levels and fields (6).
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Our literature review revealed a lack of data on the extent to which medical informatics topicsare
included in the curriculum of medical faculties in Turkey. The objective of this study was to examine

the current situation regarding the inclusion of medical informatics in medical education curricula.
Methods:
A document analysis study was conducted.

The list of medical education programmes in Turkey was accessed on 1 May 2024 via the website of the
Higher Education Institution. The contents of the programmes in this list wereaccessed through the course
programmes and ECTS (European Credit Accumulation and Transfer System) information packages
published publicly on the faculties' websites. It was noted that six of the 144 faculties listed here offer
joint education with other faculties, with students from different faculties sharing a single education
programme. In order to ensure theaccuracy of the data, these faculties were excluded from the analyses.

The present research comprised a total of 138 education programmes.

Analyses were conducted on the information provided in the information packages and course
programmes. Information about the departments in the faculties was also obtained through their own

websites.

The quantitative data obtained was analysed using MS Excel software. The researchers determined
which courses were compatible with the medical informatics context within the faculty programmes by
qualitatively analysing the course titles, accessible course contents and learning objectives. The
researchers conducted the analyses based on the medical informatics topics recommended by the
Medical Informatics Association (IMIA) for inclusionin biomedical and health sciences curricula (6).
Once the researchers had completed their individual document analyses, they reported the results by

coming together as many times as needed to reach a consensus.
Results:

A total of 138 training programmes were examined, of which 22 were in English and 116 were in
Turkish. Two programmes could not be accessed due to unavailability of content orcourse titles. Only
two years of course programmes from a newly established university, which has been teaching for two

years, could be accessed.
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Upon examination of the departments within faculties, it was observed that 64 faculties (%45)lacked a

department of medical informatics, either in isolation or within another department.

The field of medical informatics was situated within the departments of biostatistics and medical
informatics in 43 faculties (%31), while in 24 faculties (%17) it was located withinthe departments of
medical education and medical informatics. In 7 faculties (%5), both departments were present, while

in 3 faculties (%?2), the department of medical informaticsexisted in isolation.

A total of 62 programmes (%45) included medical informatics-related courses. While 31 of the
programmes included compulsory courses in medical informatics, 31 of them included only elective
courses. 26 (%19) of the programmes included a compulsory course only in the preclinical phase. Only

2 programmes (%]1) included a compulsory course at the fourth grade.
Discussion

Although 55% of faculties have departments that include medical informatics, only 26% of programmes
have medical informatics courses embedded in the main curriculum. It was observed that the majority of
such courses occur in the first year, yet the inclusion of medicalinformatics courses in the clinical phase

1s insufficient.

A study conducted in 2012 examined the coverage of health informatics topics in health and medical
informatics programmes in Turkey (7). It was observed that most of the competenciesrecommended by
IMIA were not included in the programmes. The study found that the lack of trainers and the intensity
of the curricula were effective factors in this situation (7). We found that medical informatics-related
courses were not included in a significant part of the educational programmes. Furthermore, we revealed
that 45% of faculties lack a department ofmedical informatics. A systematic review conducted by Damar
et al. in 2024 found that our country ranked 27th among 30 countries in terms of conducting research in
the field of medical informatics (8). This situation indicates that the number of qualified people working
in the field is low, similar to the situation in 2012. To equip future physicians with the necessary
competencies to thrive in a digitally transforming healthcare landscape, there is an urgent need to expand
the pool of professionals trained in medical informatics. This can be achieved by developing robust and
comprehensive medical informatics training programs andfostering career development opportunities

for graduates of such programs.
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It is the responsibility of medical faculties to ensure that the physicians they train possess therequisite
qualifications to serve the society. The ability to utilise information technologies, which is a necessity of
our age, has become a compulsory competence to be gained by medical students in the context of healthcare.
In Turkey, there is a clear need for a health informatics curriculum that extends to the clinical years, in order
to ensure that graduates areable to comprehend the relationship between information technologies and the

clinic, as wellas the impact of these technologies on patient outcomes.
Limitations

In our study, we were able to obtain as much information about the faculties' educational programmes as was
available on their websites and information packs. However, we were unable to reach information about the
depth in which health informatics topics are covered in the curriculum. Topics in health informatics that are
not clearly stated in the course principlesbut are included in the course may have been overlooked. Since the
course titles, contents andlearning objectives were analysed qualitatively by the researchers, subjective

evaluations emerged, which are within the limitations of our research.
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Abstract

Chat Generative Pre-Trained Transformer, or ChatGPT, is a language model developed by
OpenAl and released on 30 November 2022. The use of the system, which is a chatbot and uses
artificial intelligence (AI) technologies, is critical in the field of medicine as well as other
sectors. In the studies, it is stated that ChatGPT contributes to people making informed
decisions about their health and in the field of medicine for healthcare professionals identifying
and designing scientific research topics, determining clinical and laboratory diagnostic methods
and predicting disease outcomes. There are also studies showing the use of ChatGPT in various
fields related to medical education. The main purpose of this study is to examine the ethical
problem areas that occur or may occur without ignoring the use of ChatGPT in various fields
of medicine. It is necessary to examine the benefits, risks, and ethical issues arising from using
ChatGPT, which has become a world agenda in a short time, in clinical applications, academic
research and education processes in medicine. In this context, in this study, solutions to ethical
problems and answers to how the correct use can be examined. When it comes to artificial
intelligence applications such as ChatGPT, it is emphasized that researchers and health
professionals in medicine should act according to professional ethical rules.

Keywords: ChatGPT, Medicine, Artificial Intelligence (Al), Ethics, Ethical
Issues

Tip Alaninda ChatGPT Kullammminin Etik Ac¢idan Incelenmesi

Ozet
Chat Generative Pre-Trained Transformer veya ChatGPT, OpenAl tarafindan gelistirilen ve 30

Kasim 2022 tarihinde piyasaya siiriilen bir dil modelidir. Bir chatbot olan ve yapay zeka (YZ)
teknolojilerini iceren sistemin, diger sektorlerin yani sira tip alaninda kullanimi kritik 6nem
tasimaktadir. Yapilan caligmalarda ChatGPT nin, insanlarin sagliklar1 hakkinda bilingli karar

vermelerine, tip alaninda bilimsel arastirma konularinin belirlenmesi ve tasarlanmasi, klinik ve

15. Tip Bilisimi Kongresi Bildiriler Kitab1
Proceedings of 15th Turkish Congress of Medical Informatics
30-31 Mayis 2024 / 30-31 May 2024



laboratuvar tan1 yontemlerinin saptanmasi ve hastalik sonuglarinin 6ngoriilmesi gibi konularda
saglik profesyonellerine katki sundugu ifade edilmektedir. ChatGPT'nin tip egitimiyle
baglantili ¢esitli alanlarda kullanimin1 gosteren ¢alismalar da mevcuttur. Bu ¢alismanin temel
amaci ise, ChatGPT'nin tibbin ¢esitli alanlarinda kullanimini g6z ardi etmeden olusan veya
olusabilecek etik sorun alanlarini incelemektir. Kisa siirede diinya giindemine oturan
ChatGPT'min tipta klinik uygulamalarda, akademik arastirmalarda ve egitim siireclerinde
kullannmindan dogan faydalarin, risklerin ve etik sorunlarin incelenmesinin gerekli oldugu
diisiiniilmektedir. Bu baglamda bu c¢alismada etik sorunlara yonelik ¢6ziim 6nerileri ve dogru
kullanimin nasil olabilecegine dair yanitlar incelenmistir. ChatGPT gibi yapay zeka
uygulamalar1 s6z konusu oldugunda tip alanindaki arastirmacilarin ve saglik profesyonellerinin
mesleki etik kurallara gére hareket etmelerinin geregi vurgulanmaktadir.

Anahtar Kelimeler: ChatGPT, Tip, Yapay Zeka (YZ), Etik, Etik Sorunlar

Giris

Son yillarda yapay zeka (YZ) alani oldukca ilerlemis, 6zellikle ChatGPT gibi iiretici dil
modelleri tip da dahil olmak tizere biitiin sektdrleri temelden etkilemistir (Wong ve ark. 2023).
ChatGPT resmi olarak Subat 2023'te piyasaya siiriilmiis olmakla birlikte, bu teknolojiye iliskin
alanyazin yeni uygulamalarla hizla gelismektedir (Roumeliotis ve Tselikas 2023). ChatGPT,
tip ve saglik bilimlerinde tani, hastalik yonetimi, tedavi rejimleri, akademik degerlendirme ve
yazim destegi gibi genis bir alanda uygulama potansiyeli sunmaktadir (Sumbal ve ark. 2024;
Salvagno 2023). ChatGPT'nin 6grenmeyi ve fikir iiretimini arttirdigi, bunun yaninda {iretilen
bilginin dogrulugu ve gercekligi konusunda ChatGPT’ye asirt glivenin, bazi sorun alanlarinin
dogmasina neden olabilecegi yapilan ¢aligmalarda vurgulanmaktadir (Wong ve ark. 2023;

Malik ve ark. 2023).

Saglik hizmetlerinin sunumunda ve bilimsel arastirma siirecinde yasanan dijital doniisiim,
ChatGPT kullanimiyla birlikte, gizlilik, giivenlik ve seffaflik gibi bir takim etik konular1 6n
plana c¢ikarmistir (Altamimi ve ark. 2023). Bu durum bilimsel arastirmalarda onam ve
mahremiyet kavramlariin isleyisini karmagsik bir hale getirmis, bazi durumlarda arastirma
etigine 1iliskin temel ilkelerin ytiriitilememesi neticesinde belirli etik zorluklar1 ortaya

cikarmistir (Samuel ve ark. 2021).

Alanyazinda ChatGPT nin tip alaninda kullanimi konusunu etik baglamda ele alan ¢calismalarin

siirlt oldugu goriilmektedir. Bu baglamda bu c¢alismada, ChatGPT’nin tip alaninda
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kullanilmast sonucu ortaya cikan etik sorunlar ve sorun alanlarina yonelik ¢6ziim yollar
alanyazin incelemesine dayanarak geleneksel bir derleme seklinde ele alinmaktadir.

Etik Alan .

Ahlaki degerler felsefesi seklinde tanimlanan etik, felsefenin bir alt disiplinidir. Tyi-koti
degerlendirmelerini yapabilmek i¢in dikkate alinanlari inceleyen ve gerekgelendiren bir alandir.
Etik, yalnizca bir eylem simirlamasini tanimlamak ve gerekgelendirmek i¢in degil, aym
zamanda kisinin ve Kkisiligin ortaya c¢ikarilmasi i¢in de vardir (Bendel 2023). Tibbin
uygulanmasi siirecinde ortaya c¢ikan deger sorunlar1 ise tip etiginin temel konusunu
olusturmaktadir (Oguz ve ark. 2005). Tip alaninda karsilagilan etik sorunlara yonelik
Beauchamp ve Childress tarafindan gelistirilen etkin etik yaklagimlardan birisi, temel etik
ilkelerdir (Varkey 2021).). Bu bakimdan dort temel ilke zarar vermeme (nonmaleficence), yarar
saglama (beneficence), ozerklige saygi (respect for autonomy) ve adalet 'tir. (justice) Saglik
profesyonelleri bu etik yaklagimi kullanarak deger catigsmalarini (¢atisan ilkeleri) belirleyebilir,
neyin iistiin gelmesi gerektigini saptayabilir, gerekirse etik danigsmanlik alabilirler(Varkey 2021).
Firsatlar, Sitmirhiliklar ve Etik Sorunlar )

ChatGPT’nin, akademik ve egitim siirecine sagladigi katkilar yaninda, (Ornegin bir caligmanin
ChatGPT destegiyle kisa siirede diizenlenmesi sonucu artan zamanin diger ¢aligsmalar igin
kullanilmasi) klinik tipta hasta egitiminde, mental sorunlarin teshisinde ve saglik hizmetlerinin
sunumunda giderek doniistiiriicii bir rol oynadigi ifade edilmektedir (Wong ve ark. 2023;
Altamimi ve ark. 2023; Wen ve Wang 2023). ChatGPT nin derledigi bilgilerin her zaman dogru
olmamasi, tibbin gerektirdigi karmasik gorevleri yerine getirme yeteneginden yoksun olmasi,
insanlar i¢in adil olmayan sonuglara yol acabilen belirli gruplar1 ya da fikirleri kayirabilen
onyargili-yanlis verileri {iretebilmesi tip alaninda kullanimindaki sinirliliklardandir (Wong ve
ark. 2023; Wen ve Wang 2023). Bunun yaninda ChatGPT destegiyle hasta verilerine
aydinlatilmis onam alinmadan erisilebilmesi ve klinik karar verme siirecinde yanlis kararlar
aliabilmesi, saglik profesyonellerinin géz onlinde bulundurmalar1 gereken etik konulardir
(Wong ve ark. 2023). Saglik hizmetleri sunumunda hastalara ait hassas verilerin toplanmasi,
saklanmas1 ve islenmesi siirecinde kisisel verilerin korunmasi, tipta mahremiyet ilkesinin

karsilig1 olarak konuyla ilgili birtakim sorunlari giindeme getirmektedir (Wang ve ark. 2023).

ChatGPT'nin tip egitiminde c¢esitli alanlarda kullanildigi, sinav katilimcisi olarak girdigi
sinavlarin ¢ogunu gectigi belirtilmektedir (Sumbal ve ark. 2024). Bir ¢caligmada United States
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Medical Licensing Examination (USMLE) simnavini gectigi, diger bir calismada ise 3. smif tip
Ogrencisi i¢in esdeger gegme puant elde ettigi gosterilmektedir (Wong ve ark. 2023; Mbakwe ve

ark. 2023; Gilson ve ark. 2023).

Son yillarda ChatGPT’nin farkli alanlar i¢in kullanilir hale gelmesi, bilimsel yayinlarda etik
sorun alanlarinin dogmasina yol agmistir (Rahimi ve Abadi 2023). Bu bakimdan yayin etigi
kapsaminda 6n plana ¢ikan konular plagiarism (intihal) ve yazarlik hakk: sorunlaridir (Salvagno
ve ark. 2023). ChatGPT, baskalarina ait eserleri uygun sekilde atifta bulunmadan sunabilir veya
yeniden ifade ederek baskalarini kopyalamaktan kaginabilir. Bununla birlikte, intihal yiizdesini
azaltmak icin kisisel bir katki sunmadan yazilar1 yeniden formiile edici programlar kullanmanin

akademik diiriistliik ihlali oldugunu vurgulamak gereklidir (Salvagnove ark. 2023).

Tip alaninda bilimsel yayin siirecinde ChatGPT nin destegini alan ve aragtirmalarda ortak yazar
olarak yer almasini kabul eden bilim insanlar1 ve bazi bilimsel yayin platformlarinin oldugu
goriilmektedir (Rahimi ve Abadi 2023; ChatGPT ve Zhavoronkov 2022; O’Connor ve ChatGPT
2023; Stokel-Walker 2023). Diger taraftan ChatGPT nin bilimsel bir arastirmada ortak yazar
olarak yer almasinin bilimsel ve etik acidan dogru olmadigini belirten COPE (Committee on
Publication Ethics) ve ICMIJE (International Committee of Medical Journal Editors) gibi
uluslararas1 kuruluglar da bulunmaktadir (Rahimi ve Abadi 2023; Stokel-Walker 2023).
ICMJE’nin yazarlikla ilgili yonergeleri bu bakimdan 6nem tasimaktadir. Bu kriterler, bir
makaleye onemli Ol¢lide katkida bulunmak, igerigi elestirel bir sekilde gozden gecirmek,
yaymndan Onceki son halini onaylamak, yaymlanan igerigin biitiinligii ve dogrulugu igin

sorumluluk almak seklinde agiklanmaktadir (ICMJE 2024).

Bu calismanin yazari da bilimsel yayinlarda sorumluluk ve hak kavramlar1 agisindan
ChatGPT’nin 6nemini gormekle birlikte, yazarlik kriterlerini karsilayabilecek niteliklerden
yoksun olmast gerekgesiyle, destek alindigi takdirde ChatGPT’nin ortak yazar olmamasi
gerektigini diisiinmektedir. Hak kavram tarihsel siirecte insan merkezli bir bakis agisiyla insan
icin kullanilagelmistir (Asar 2018). Bunun yaninda kavramin hayvanlar gibi insan dis1 canlilar
ya da cevre acgisindan ele alinabildigini hatirlamak gerekir. Bu noktada konuya insanin diger
canlilarla ve cansiz cevreyle ahlaki iligskisini konu edinen ¢evre etigi perspektifinden
bakildiginda, insan dis1 canlilarin, 6rnegin hayvanlarin haklar1 oldugu fikri, canli merkezli etik
yaklasimin savunucularindan Peter Singer’in goriisleriyle farkli bir yorum kazanmaktadir (Asar
2018; Birden 2016). Singer, hayvanlar gibi haz ve aci duyabilen varliklarin ahlaki yonden ilgi
gorme ehliyetlerinin oldugunu diisiinmektedir (Asar 2018). Bu durumda bir varligin hak sahibi
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olabilmesi, aci ve haz duyma yetisine baglanmistir (Asar 2018). Konuya bu agidan
bakildiginda, insan olmayan bir yapay zeka uygulamasinin aci ve haz duyma gibi yetilerinin
olmamas1 dolayisiyla ahlaki yonden ¢ikar sahibi olmadig1 goriilmektedir. Bu konuda ahlaki
degerlere sahip bir varlik oldugu diisiiniilen insanin sorumlulugu kilit rolii oynamaktadir. Ciinkii
sorumluluk ancak insana yiiklenebilen bir kavramdir (Oguz ve ark. 2005). Bu noktada
arastirmacilarin bilimsel yayin siirecinde akademik sorumluluk bilinciyle ChatGPT’den yardim
aldiklar1 zaman, calismanin Tesekkiir ya da Gere¢ ve Yontemler boliimlerine ChatGPT den
destek aldiklarmi belirten bir metin eklemeleri izlenebilecek yollardan birisi olarak kabul

edilebilir.
Sonug¢

Tip alaninda ChatGPT kullanimimin diger teknolojik gelismelerde oldugu gibi mesleki
uygulamalara olumlu ve olumsuz yonde etkileri bulunmaktadir. Saglik hizmetlerinin kalitesinin
yiikseltilmesi, hekim-hasta iligkisinin giivene dayali bir sekilde siirdiiriilebilmesi ve bilimsel
caligmalarin devam edebilmesi i¢in saglik profesyonelleri ve aragtirmacilarin temel etik ilkelere
(zarar vermeme, yarar saglama, ozerklige saygi, adalet, mahremiyet, sir saklama ilkesi) bagh
kalmalar1 esastir. T1ip alaninda akademik diiriistliik ve mesleki standartlarin siirdiiriilebilmesine
yonelik atilabilecek ©nemli adimlardan biri ChatGPT’nin sorumlu-dogru kullaniminin
bilinmesi ve mesleki uygulamalara yansitilabilmesidir. Bunun yolu temelde diiriistlik ve
seffaflik ilkelerinden ge¢mektedir. Yanlhs kullanimi 6nlemek i¢in klinik uygulamalarda
kapsamli etik yoOnergeler hazirlanmasi, saglik profesyonellerinin ChatGPT kullanimi

konusunda dogru davranis pratikleri gelistirmelerine yardimer olabilir.

Bu c¢aligmanin tip ve saglik bilimleri alaninda ¢alisan arastirmacilara, saglik profesyonellerine,
tip fakiiltesi Ogrencilerine ve konuya ilgi duyan okurlara etik farkindalik katacag:
diistiniilmektedir.
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Abstract. The availability of datasets capturing real-world
cognitive stressors over extended durations is indeed
limited compared to those focused on artificial stimuli in
controlled laboratory settings. This limitation poses a
significant challenge for researchers seeking to
comprehend the intricacies of stress responses in real-life
scenarios. “A Wearable Exam Stress Dataset” aims to
bridge the divide between the established knowledge of the
human stress response primarily derived from laboratory
studies and the real-world fluctuations in people's skin
conductance during stressful exam experiences. The
dataset includes electrodermal activity (EDA), heart rate
(HR), and skin surface temperature (TEMP) data collected
for 10 students during three exam sessions (midterm 1,
midterm 2, and finals), along with corresponding grades. In
this study, we explore the impact of stress on exam
performance by analyzing datasets comprised of
physiological signals and exam scores. The findings
indicate significant differences in grade values between
midterm 1 and the final exam (p<0.05), as well as between
midterm 2 and final exams (p<0.05). Furthermore,
electrodermal activity and heart rate displayed a moderate,
negative correlation (r = -0.504; p < 0.01). Additionally,
electrodermal activity demonstrated a weak, positive, but
significant correlation with skin surface temperature (r =
0.417; p <0.05).

Keywords: Physiological Stress Signals, Student
Performance, Statistical Analyze
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OFTALMOLOJIDE YAPAY GORME (RETINA
IMPLANTI) UZERINE YAPILAN CALISMALAR
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Ozet Yapay gérme, dogal olarak gorme yetenegini kaybetmis veya sinirli gdrme
kapasitesine sahip bireyler i¢in gelistirilen teknolojik sistemler veya cihazlar ara-
ciligiyla gérme saglama siirecidir. Yapay gorme sistemleri, disaridan gelen 151k
ve goriintli bilgisini algilamak, islemek ve beyne iletmek i¢in cesitli yontemler
kullanir.

Yapay goérme teknolojileri 3 kategoride ele alinmaktadir:

1-Retinal Protez Sistemleri: Retina iizerine yerlestirilen elektrot dizileri aracili-
giyla 151k ve goriintii bilgisini algilayan ve beyne ileten sistemlerdir.

2-Gorsel Implantlar: Goz igine yerlestirilen mikrogipler veya implantlar aracili-
giyla goriintii bilgisini isleyen ve beyne ileten sistemlerdir. Gorsel implantlar, re-
tina veya optik sinir iizerine yerlestirilebilir.

3-Gorsel Doniistiiriiciiler: Disaridan gelen goriintiiyii 151k veya desen seklinde al-
gilayan ve bunu isleyip beyne ileten sistemlerdir.

Retinal protezler ise goz iginde yerlestirilme yerlerine gore; Retinanin iizerinde
olanlar (Epiretinal), retina ile pigment epitel tabakas1 arasi olanlar (Subretinal) ve
pigment epitel tabakasi ile damar ag1 tabakasi arasina (Suprakoroidal transre-
tinal) yerlestirilenler olarak 3’e ayrilir.

Ozellikle son 20 yilda yapilan cahigmalar ile Retinitis pigmentosa gibi retinanin
dis tabakasinda olan hastaliklarin tedavisi i¢in gesitli yontemler uygulanmakta-
dir. Yapay gorme teknolojileri, genellikle kisinin dogal gérme yetenegini tam
olarak geri kazandirmazlar, ancak kismi bir gérme saglayabilirler. Bu sistemler
stirekli olarak gelistirilmekte ve iyilestirilmektedir. Bu ¢alismada yapay gdrmede
retina implanti ile ilgili yapilan ¢aligmalar ve kullanilan yontemlerin karsilagtiril-
masi yapilmaktadir.

Anahtar Kelimeler : Yapay Gorme, Retina implant1, Biyonik Goz.
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STUDIES ON ARTIFICIAL VISION (RETINA
IMPLANT) IN OPHTHALMOLOGY

Abstract: Artificial vision is the process of providing technological systems or
devices for individuals who have naturally lost their ability to see or have limited
parts. Artificial transport systems use a variety of storage to detect, process and
transmit external light and image information to the brain.

Machine vision technologies consist of 3 categories:

1-Retinal Prosthesis Systems: These are systems that store light and image infor-
mation and transmit it to the brain through electrode arrays placed on the retina.
2-Visual Implants: These are systems that store image information and transmit
it to the brain through microchips or implants placed inside the eye. Visual imp-
lants can be placed on the retina or optic nerve.

3-Visual Converters: These are systems that perceive external light or patterns,
process it and transmit it to the brain.

Retinal prostheses, depending on their placement in the eye; They are divided
into 3 groups: those located above the retina (Epiretinal), those located between
the retina and the pigment epithelial layer (Subretinal), and those located between
the pigment epithelial layer and the vascular network layers (Suprachoroidal
transretinal).

It is distributed at various intervals, especially for the treatment of diseases in the
outer layer of the retina, such as Retinitis pigmentosa, based on studies conducted
over the last 20 years. Artificial vision technologies generally do not fully restore
a person's natural ability to function, but they cannot preserve some of it. These
systems are constantly being developed and improved. Studies on retinal imp-
lants in this possible artificial vision and comparison with the methods used are
made.

Key Words: Artificial Vision, Retinal Implant, Bionic Eye.

1 Giris

Gorme kaybi, diinya genelinde milyonlarca insan1 etkileyen yaygin bir saglik sorunu-
dur. Geleneksel tedavi yontemleri, bazi durumlarda etkili olmasina ragmen, kimi zaman
gorme kaybinin kalici oldugu durumlarda smirhdir. Ancak, son yillarda yapay gorme
(biyonik gbz) teknolojilerindeki hizli ilerlemeler, gérme kaybi1 yasayan bireyler igin
umut verici yeni tedavi secenekleri sunmaktadir.
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Biyonik gozler, yapay retina implantlar1 ve optik sinir uyaricilari gibi cihazlar araci-
ligiyla gérme yetenegini geri kazandirmay1 amaglayan yenilik¢i tibbi cihazlardir. Bu
cihazlar, gérme sinirlerine dogrudan elektriksel uyarilar géndererek veya retina iizerin-
deki foto sensor hiicrelerini simiile ederek gorme yetenegini geri kazandirmay hedef-
lemektedir. Bu teknolojiler, retina dejenerasyonu, retinitis pigmentosa, yasa bagli ma-
kula dejenerasyonu gibi nedenlerle gérme kaybi yasayan bireyler icin 6zellikle umut
vericidir.

Bu makalede, oftalmolojideki yapay gérme (biyonik goz) caligmalarini inceleyece-
giz. Ilk olarak, yapay gérmenin temellerini ve isleyisini aciklayacagiz. Daha sonra,
farkli biyonik g6z cihazlari ile yapilmis ¢caligmalarin sonuglarini karsilastiracagiz. Ay-
rica, biyonik g6z teknolojilerinin mevcut durumu ve gelecekteki potansiyel etkileri yer
almaktadir.

1.1. Biyonik G6z Nasil Cahsir?

Saglikli gérme, gdzbebegine gelen 15181n, mercek tarafindan odaklanarak vitreous hu-
mour’dan ge¢mesi ve retinaya ulagmasi ile baglar. Buradan retinanin yiizeyindeki gang-
lion hiicrelerini i¢eren bir grup seffaf hiicreden gegerek 1518a duyarlt ‘rod’ ve ‘konlar’a
gelir. Isik tarafindan uyarilan rod ve konlar, retinanin tizerindeki diger hiicreleri kulla-
narak ganglion hiicrelerine elektrik uyarilari génderir. Ganglion sinir hiicreleri de optik
sinir agini kullanarak, beynin gérme korteksine sinyaller géndererek gorme gergeklesir
[1].

Dogal olarak gérme yetenegini kaybetmis veya sinirlt gdrme kapasitesine sahip bi-
reyler igin gelistirilen teknolojik sistemler veya cihazlar araciligiyla gérme saglama sii-
recidir. Teknolojik gelismeler ile gérme kaybinin giderilmesi ile ilgili ¢alismalarin sa-
yist artmaktadir. Temel amag, gérme yollarindaki saglam kalmis hiicreleri tekrar aktif-
lestirmektir. Bununla ilgili ¢ok sayida tedavi yontemi uygulanmaktadir. Tablo 1°de Ya-
pay gorme ile ilgili uygulanan ¢alisma ve hataliklar gosterilmektedir.

Tablo 1- Gorme ile ilgili hastaliklar ve uygulanan yontemler [2]

Uygulama Hastahk

Biyonik goz (viziiel protez) Retinitis pigmentosa

Retinal Yasa bagli Makula Dejenerasyonu
Kortikal

Optik sinir

Gen tedavisi Retinitis pigmentosa

Leber’in konjenital amorozu (retinal distrofi)
Leber’in herediter optik néropatisi
Kok hiicre tedavisi Retinitis pigmentosa
Yasa bagli makiila dejenerasyonu
Kornea hastaliklari
Optogenetik Retinitis pigmentosa
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Biyonik g6z sistemleri, gozliige yerlestirilmis bir kamera goriintiiyli yakalayarak
kablolu ya da kablosuz bir teknoloji ile genellikle bele takilan bir mikroislemci ya da
video isleyiciye goriintiiyli aktarir. Burada goriintii ¢oziiniirliigii disiiriilerek elektrik
sinyallerine doniistiiriiliir. Olusan goriintiiyii tekrar gozliige takili aliciya aktarip, bura-
dan retinada bulunan implantin mikro elektrot paneline aktarilir. Elektrotlar retinayi
uyararak bilgiyi gorme sinirinde olusturur ve olusan goriintii beyne aktarilir (Sekil 1).

Retinis pigmentosa ve yasa bagli makula dejenerasyonu, 11k algilayan fotoreseptor
hiicrelerin dejenerasyonuna bagli gérme kaybiyla sonuglanan, etkin ve kesin tedavisi
olmayan retina hastaliklaridir [3].

p Beyne giden
Ukamera gorantiyi ik sini
yakalar ve bilgiyi

mikroiglemciye

sinyalleri

— optik sinir
elek‘troplk aracihidyla
reseptor
implant I e——

Hastalk
nedeniyle
yikima

ugrayan
fotoresep
tor alar

,’ Beyin;retinal implant Gzerinde
5 uyarilan elektrotlara uygun
olarak aydinhk ve karanlik
sekilleri algilar .

mikroiglemci veriyi

elektronik sinyale
cevirir ve aliciya

Alici retinaya implante edilen

elektrot paneline ince bir kablo
aracihi@yla sinyalleri gdnderir.
gonderir.

Sekil 1- Biyonik g6z nasil ¢alisir ((www.sciencecodex.com/get_ready for a bionic_eye))

Retinal protezler yerlesim yerine gore isimlendirilmektedir. Subretinal protez, retina
dokusu ile pigment epitel tabakasi arasina yerlestirilir. Epiretinal protez retinanin iize-
rine yerlestirilir. Suprakoroidal protez ise pigment epitel ve damar ag1 tabakasi arasina
yerlestirilmektedir [4].
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Tablo 2- Retinal Protez Caligmalari

YIL AYGIT TAKIM TiP ONAY
1974 Cortical Dobelle Cortical

2000 ASR Optobionics Subretinal

2002 Argusl Second Sight Epiretinal

2006 ARGUSII Second Sight Epiretinal FDA
2010 MDPA RIAG Subretinal CE
2014 IRIS I Pixium Epiretinal

2016 IRIS I Pixium Epiretinal CE

Retina implantlari, retinitis pigmentoza ve yasa bagli makula dejenerasyonu gibi
retina dejeneratif hastaliklar1 olan bireylere bir dereceye kadar gérme fonksiyonunu
geri kazandirabilir [4].

YONTEM

Yapay gorme ile ilgili alaninda yapilmis ilk ¢aligmalar1 tespit i¢cin, PubMed, Science-
direct veri tabanlarmnda literatiir taramas1 yapildi. Incelemeye, insan veya hayvan dene-
melerinde ilerleme gosteren hakemli makaleleri se¢ilmistir. Her yeni cihaz ile yapilmis
ilk makalelerin ¢oziim 6zellikleri ve klinik sonuglari sunulmustur.

SONUC

Retina implantlari, gérme engelli bireyler igin umut verici bir tedavi segenegi olarak 6n
plana ¢ikmaktadir. Bu implantlar, gorsel bilgiyi dogrudan retina veya optik sinir siste-
mine aktararak, kullanicilarin sinirlt veya kaybolmus gérme yeteneklerini geri kazan-
malarina yardimer olmaktadir. Son yillarda yapilan aragtirmalar, retina implantlarinin
etkinligi, glivenilirligi ve kullanici deneyimi iizerine 6nemli bilgiler sunmaktadir. Bu
calismalar, farkli implant tiirleri ve teknolojileri arasinda karsilastirmalar yaparak, en
etkili ve uygun ¢ozlimleri belirlemeyi amaglamaktadir. Retina implantlar1 iizerine ya-
pilan c¢aligmalarin sonuglart ve karsilagtirmalari, bu alandaki bilimsel ve klinik
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ilerlemeleri anlamamiza ve gérme engelli bireylerin yagamlarini iyilestirmek i¢in daha
etkili tedavi stratejileri gelistirmemize olanak tanimaktadir.

Dobelle ve ekibinin yapmis oldugu bu ¢alismada [5], yedi goniilliiniin hi¢birinde
epileptik semptomlar veya implantla ilgili baska sistemik sorunlar goriilmemistir. Sis-
temin test agamasinda 1,5 metre yiikseklikteki 15 cm kare seklinde "E" harfini tanidik-
lar1 ve parmak sayabildikleri belirtilmistir. Bu makalede istatiksel olarak herhangi bir
bilgi verilmemistir.

Chow ve arkadaglar1 [6], ASR ismini verdikleri mikrogipi kullanarak bir sistem
olusturdular. ASR mikrogipi, yaklasik 5000 mikro elektrot u¢lu mikro fotodiyot iceren
ve gelen 151kla galisan, 2 mm capinda silikon bazl bir cihazdir. Retinitis pigmentozali
6 hastanin sag goziine ASR mikrogipi yerlestirilmis, sol gozii ise kontrol olarak kulla-
nilmistir. 6 18 aylik takipten sonra tiim ASR'ler elektriksel olarak ¢alist1 ve hi¢bir has-
tada implant reddi, enfeksiyon, iltihaplanma, erozyon, neovaskiilarizasyon, retina de-
kolmani veya migrasyon belirtileri goriilmedi. Parlaklik, kontrast, renk, hareket, sekil,
¢Oziiniirliik ve gorsel alan boyutunun algilanmasinda iyilesmeler gézlemlendigi belir-
tilmistir. Bu makalede istatiksel bir bilgi yer almamustir.

Humayun ve arkadaglart [7,8] (2002 ve 2004) tarafindan yapilan ¢aligma, alt1 de-
nege 16 elektrotlu bir retina implantinin test edilmesini i¢eriyordu. Bu ¢aligmanin so-
nuglarina gore, denegin egitimi sonucunda:

1. 120 cm uzakliktaki bir duvardaki bir 151k noktasinin konumunu tespit edebil-
diler.
2. Karanlik bir odada, 200 cm uzaklikta bulunan bir kisinin tagidig: flas 1s181n1n
konumunu gosterebildiler.
3. Egitim siirecinin artmasiyla, denekler normal oda aydinlatmasi altinda karan-
lik bir nesnenin yerini tespit edebildiler ve hareket yoniinii gosterebildiler.
Bu sonuglar, retina implantinin deneklerin gorsel algilarini iyilestirmede potansiyel bir
etkiye sahip oldugunu gostermektedir. Arastirma, yapay gérme teknolojisinin gelisi-
minde 6nemli bir adimdir ve gérme kayb1 olan bireyler i¢in umut verici bir ilerleme
saglamaktadir.

Geruschat ve arkadaglar1 [9], 60 elektrot bulunan Argus II Retinal Protez Sistemini
26 hastaya implante etmislerdir. Ortalama 36 aylik takip sonrasinda yayinladiklari ¢a-
ligmalarinda, gilinliik hayat ile ilgili 35 gorevi gézlemciler tarafindan derecelendirerek
puanlama yapmislardir. Hastanin bir gorevi tamamlama kolayligi, kolaydan (1 puan)
Zora (4 puan) kadar degisen dort puanlik bir Slgek kullanilarak puanlamislardir. 35 g6-
revin 24 “inde deneklerin giinliik igleri istatiksel olarak kolaylastirdigi sonucuna var-
miglardir. Cihazlarinin aktif durumuna karsi, pasif durumdayken hastalarin performan-
sinda ytizde 19 ile 38 arasinda bir iyilesme tespit etmislerdir (p<0,05).
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Palanker ve arkadaslar1 [10] kablosuz 378 elektrotlu mikrogip geligtirmislerdir. 2 x
2 milimetre karelik implant 30 mikron kalinligindadir; yani insan sa¢1 kalinliginin yak-
lagik {igte biri kadardir. Cerrahi olarak retinanin altina veya subretinal bosluga implante
edilmektedir (Sekil 2). Pixium’un mikrogipi, gorsel sahnedeki bilgileri kodlayan elekt-
riksel uyarty1 kullanarak bu iletisimdeki eksik baglantiyr sagliyor. 5 hasta {izerinden
yapilan ¢aligmalarda, 3 hastada gorme keskinligi, belirlenen hedefe %90, 2 hastada ise
%70 olarak 6l¢iilmiistiir. Bunun nedeni olarak da implantin, koroidin i¢inde ve merke-
zin 2 mm disinda olmasindan kaynakli oldugunu belirtmiglerdir. Gelecekteki implant-
larda daha kiiciik piksellerin kullanilmasi gorme keskinligini daha da artirabilecegi so-
nucuna ulagmislar.

Sekil 2-Pixium Mikrogipinin Retinaya yerlesimi

Biyonik goz teknolojilerinin bazi sinirlamalar1 vardir. Ornegin, goriintii ¢oziiniir-
ligi hala sinirh olabilir ve gorsel alginin dogalligi tam olarak saglanamayabilir. Su ana
kadar yapilan ¢aligmalara olusan goriintiilerin siyah-beyaz ya da gri formlarda oldu-
gunu gostermektedir. Ayrica, bu cihazlarin maliyetleri ¢ok yiiksek oldugu i¢in erisile-
bilirlik sikintilar1 yer almaktadir. Retina implantlariin yerlesimi uzmanlik gerektirdigi
i¢in her zaman cerrahi risk i¢erebilmektedir [11].

Gelisen ndroprotezler ve yapay zeka algoritmalari, biyonik gozlerin islevselligini
ve giivenilirligini artirarak, kullanicilarin daha dogal ve etkili bir gorme deneyimi ya-
samalarini saglayabilir. Gelecekte, bu teknolojilerin yayginlagsmasiyla, gorme engelli
bireylerin yasam kalitesinin énemli 6lciide iyilesmesi beklenmektedir. Bununla bir-
likte, bu teknolojilerin yapilacak caligmalarda, maliyet, erisilebilirlik ve cerrahi riskler
gibi faktorlerin ele alinmasi 6nemlidir. Biyonik gozlerin ilerlemesi, gelecekte daha
fazla insanin gorsel diinyaya erigimini saglayabilir.
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Derin Ogrenme Oznitelik Cikarim Algoritmalarmin
Makine Ogrenmesi Modelleri ile Kullanilmasi: Diyabetik
Retinopati Ornegi
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Using Deep Learning Feature Inference Algorithms with
Machine Learning Models: Diabetic Retinopathy
Example

Abstract. Diabetic Retinopathy (DR) is caused by complications of diabetes in
the eye. Diabetic Retinopathy affected approximately 127 million people
worldwide in 2010 and is expected to affect approximately 191 million people
by 2030. Regular screenings using highly efficient computer-based systems are
of great importance for the early detection of DR cases. As a result of the
literature studies, it has been observed that various DR classification studies have
been carried out on different datasets. As a result of the studies, studies using
deep learning algorithms have shown higher classification success than studies
using machine learning algorithms. Due to the high physical cost required by
deep learning models, the techniques used in some studies were tested with
machine learning models. In this study, VGG19, ResNet50 and MobileNetV3
Large models with feature extraction feature were run on the open dataset shared
by the Asia Pacific Tele-Ophthalmological Society (APTOS). The resulting
feature matrices were used to train Support Vector Machine (SVM), K-Nearest
Neighbour (KNN), Random Forest (RF), Naive Bayes (NB) and AdaBoost
algorithms. For each machine learning algorithm, feature extraction algorithms
were tested and the best results were obtained as F1-Score 67% and success
rate 74% with VGG19 + SVM cooperation, F1-Score 67% and success rate
70% with MobileNetV3 Large + RF cooperation, and F1-Score 67% and success
rate 74% with ResNet50 + SVM cooperation.

Keywords: Diabetic Retinopathy, SVM, KNN, AdaBoost, Random Forest, Naive
Bayes, Feature Extraction Algorithms

Ozet. Diyabetik Retinopati (DR), gozdeki diyabet komplikasyonlarindan kaynaklanir.
Diinya genelinde 2010 yilinda yaklagik 127 milyon insanda goriilen Diyabetik
Retinopati hastaliginin 2030 yilina kadar yaklasik 191 milyon insan1 etkilemesi
beklenmektedir. Yiiksek verimli bilgisayar tabanli sistemler kullanan diizenli
taramalar, DR vakalarinin erken tespiti i¢in biiylik nem tagimaktadir. Yapilan
literatiir ¢aligmalar1 sonucunda farkli veri kiimeleri iizerinde ¢esitli DR
smiflandirma ¢aligmalarinin - yapildigi  goriilmistiir. Yapilan arastirmalar
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neticesinde derin 6grenme algoritmalarimin kullanildigi calismalar, makine
o6grenmesi algoritmalarinin  kullanildig1 calismalara ziyade daha yiiksek
smiflandirma basarisi goéstermistir. Derin 6grenme modellerinin gerektirdigi
fiziksel maliyetinin yiiksek olmasi nedeniyle bazi caligmalarda kullanilan
teknikler makine 6grenmesi modelleri ile test edilmistir. Bu ¢alismada &znitelik
¢ikarma Ozelligine sahip VGG19, ResNet50 ve MobileNetV3 Large modelleri
Asya Pasifik Tele-Oftalmoloji Dernegi (APTOS) tarafindan paylasilan agik veri
seti tizerinde calistirilmistir. Elde edilen Oznitelik matrisleri Support Vector
Machine(SVM), K-Nearest Neighbor(KNN), Random Forest(RF), Naive
Bayes(NB) ve AdaBoost algoritmalarini egitmek i¢in kullanilmigtir. Her bir
makine 6grenmesi algoritmasina karsilik 6znitelik ¢ikarma algoritmalar: test
edilerek en iyi sonuglar; VGG19 + SVM isbirligi ile F1-Score %67, basari orani
%74, MobileNetV3 Large+ RF isbirligi ile F1-Score %67, basari oran1 %70 ve
ResNet50+SVM isbirligi ile F1-Score %67, basari orani %74 olarak elde
edilmistir.

Anahtar Kelimeler: Diyabetik Retinopati, SVM, KNN, AdaBoost, Random Forest, Naive
Bayes, Oznitelik Cikarma Algoritmalart

1 Giris

Diyabetik Retinopati (DR), gézdeki diyabet komplikasyonlarindan kaynaklanir. DR
gdzde bulunan kan damarlarina zarar vererek gérme duyusunda sorunlara yol acar.
Insanlarm giinliik yasantisin1 etkileyen DR hastaliginda erken ve dogru tan1 oldukca
onemlidir. Diinya genelinde 2010 yilinda yaklagik 127 milyon insanda goriilen
Diyabetik Retinopati hastaliginin 2030 yilina kadar yaklasik 191 milyon insam
etkilemesi beklenmektedir [1]. DR hastaliginin dort adet evresi vardir. Bu evreler sirast
ile hafif, orta, siddetli ve proliferatif retinopati (retinada yeni ve sagliksiz damar
olusumu) evreleridir. Normal bir retina ve DR Hastas1 goz retinasi asagida Sekil 1 ile
gosterilmistir.

NORMAL RETINA DIABETIC RETINOPATHY

HEMORRHAGES
OPTIC DISC
FOVEA

CENTRAL RETINAL VEIN ABNORMAL GROWTH
MACULA OF BLOOD VESSELS

ANEURYSM
CENTRAL RETINAL ARTERY

"COTTON WOQOL” SPOTS

RETINAL VENULES

RETINAL ARTERIOLES HARD EXUDATES

Sekil. 1. Normal G6z Retinas1 ve DR Hastas1 Goz Retinasi
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DR hastalig1 ile alakali literatiirde derin 6grenme ve makine 6grenmesi yaklasimlari
birgok aragtirmada kullamldig: gériilmektedir. Ornegin, APTOS veri seti ile yapilan bir
calismada ResNet50 6znitelik ¢ikarma algoritmasi ile kullanilan CNN modelinin bagart
oram1 %77, F1-Score degeri ise %72 olarak bulunmustur[2].incelenen bir diger
calismada, APTOS veri seti ile egitilen CNN modeli F1-Score olarak %70 performans
Olciisiine ulagmistir[3].

Yapilan bu ¢alismada derin 6grenme modellerinin iglem maliyetinin yiiksek oldugu
gdz Oniine alindiginda Oznitelik ¢ikarim algoritmalarinin  makine &grenmesi
algoritmalar1 ile ne kadar basarili olabilecegi arastirilmistir.

2 Yontem

2.1  Veri Seti

Yapilan calismada kullanilan veri seti Asya Pasifik Tele-Oftalmoloji Dernegi
(APTOS) tarafindan acik erisimli olarak paylasilan gercek hasta verilerinden
olusmaktadir[4]. Veri setinde toplamda saglikli retina goriintiilerinden 1805 adet, hafif
ever retina gortintiilerinden 370 adet, orta evre retina goriintiilerinden 999 adet, siddetli
evre goriintiilerinden 193 adet, proliferatif evre retina goriintiilerinden 295 adet
igermektedir. Oznitelik ¢ikarim algoritmalar1 egitilmeden once veriler 6n islem
adimlarina tabi tutulmustur. Boyutlart 400*400 olarak ayarlanan gorsellere kontrast
iyilestirme yaklasimlarindan Contrast Limited Adaptive Histogram Equalization
(CLAHE) islemi uygulanmigtir. Uygulama dncesinde mevcut retina goriintiileri ile
islem sonucunda olugan gorsellere ait drnekler Sekil 2 ve Sekil 3 ile agagida verilmistir.

a 0

100 100
200 200

300 300

Sekil 2. On Isleme Oncesi Mevcut Retina Gériintiileri Ornegi
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Sekil 3. On isleme Sonucunda Olusan Retina Gériintiileri Ornegi

2.2 Kullanilan Modeller

Yapilan ¢alismada VGG19[5], ResNet50[6] ve MobileNetV3[7] 6znitelik ¢ikarim
algoritmalart ile SVM[8], KNN[9], Random Forest[10], AdaBoost[11] ve Naive
Bayes[12] makine 6grenmesi algoritmalar1 kullanilmistir.

VGGI19 algoritmasmin 19 katmandan olusan basit ve tutarli yapisi 6znitelik
¢ikariminda oldukga iyi sonuglar vermektedir. Modelin sadeligi ve dnceden egitilmis
agirliklarla ¢alisabilmesi modelin bu tarz projelerde tercih edilebilirligini
arttirmaktadir. ResNet50 modeli biiyiikk ve karmasik veri kiimelerinde tercih
edilmektedir. VGG19 modeline gore daha derin bir ag yapisina sahip oldugundan daha
karmagik Oznitelik ¢ikarimlarinda basarili  olabileceginden tercih edilmistir.
MobileNetV3 modeli diisiik gecikme siireleri, gercek zamanli uygulamalarda
kullanilabilirligi ve hesaplama giicii agisindan verimi yiiksek oldugundan bu ¢aligmada
tercih edilmistir.

Caligmada kullanilan makine 6grenmesi modelleri arasinda SVM, Random Forest
ve AdaBoost algoritmalari asir1 6grenme (overfitting) durumuna karsi dayaniklh
olabildigi i¢in tercih edilmistir. Naive Bayes algoritmasi ise hizli ve verimli bir
algoritma oldugu i¢in tercih edilmigtir. KNN algoritmasi uygulanabilirligi kolay,
verimli ve hizli bir algoritma oldugu igin yapilan ¢aliymada bir diger karsilastirma
algoritmasi olarak se¢ilmistir.
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3 Bulgular

Yapilan ¢aligmada makine 6grenmesi modeli parametreleri her bir 6znitelik ¢ikarici
algoritma denenirken sabit birakilmistir. VGG19 ve ResNet50 Oznitelik cikarim
algoritmalart i¢in SVM modelinin parametreleri standart ayarlarda birakilmistir.
MobilNetV3 + RF modeli i¢in ise RF modelinin parametreleri “n_estimators=250,
max_depht=8, min_samples_split=5, class weight="balanced’ ” olarak kullanilmistir.
Deneyler sonucunda en iyi performans sonuglari belirlenen bu parametrelerle elde
edilmistir.

Yapilan ¢alismada en iyi degerleri veren 6znitelik-model sonuglar1 Tablo 1. ile
asagida gosterilmistir.

MODEI / METRIK Precision Recall F1-Score Accuracy
VGG19-SVM %70 %74 %67 %74
ResNet50-SVM %71 %74 %67 %74
MobileNetV3-RF %70 %70 %67 %70

Tablo 1. En Iyi Sonuglar1 Veren Modellerin Karsilastirmali Tablosu

Caligmada kullanilan KNN, AdaBoost ve Naive Bayes algoritmalarinin diger
modellere gore daha diigiikk basar1 oran1 gostermesinin nedenleri olarak veri setinde
bulunan gorsellerin farkli hastanelerde farkli goriintiilleme cihazlar1 ile elde
edilmesinden kaynakli olarak kalite diisiikliigli ve 6znitelik ¢ikarim algoritmalarin elde
ettigi matrislere uygun olmadig: diisiiniilmektedir.

[leride yapilmasi planlanan akademik calismalarda, arastirmacilara fikir vermesi icin
en iyi sonuglari veren algoritmalart haricinde daha diisiik bagart oran1 gosteren KNN,
AdaBoost ve Naive Bayes algoritmalarina ait sonuglari ve parametreleri Tablo 2, Tablo
3 ve Tablo 4 ile asagida gosterilmistir.

KNN / METRIK Precision Recall F1-Score Accuracy
KNN-VGG19 %64 %67 %63 %67
KNN-ResNet50 %65 %68 %66 %68
KNN-MobileNetV3 %64 %68 %66 %69

Tablo 2. KNN Algoritmas: : n_neighbors=5,weights="'distance’
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ADABOOST / METRIK  Precision Recall F1-Score Accuracy

AdaBoost-VGG19 %57 %69 %61 %68
AdaBoost -ResNet50 %58 %70 %63 %71
AdaBoost -MobileNetV3 %56 %70 %61 %69
Tablo 3. AdaBoost Algoritmasi : n_estimators = 100, learning_rate = 0.1, algorithm
='SAMME'

NB / METRIK Precision Recall F1-Score Accuracy
NB-VGG19 %356 %58 %353 %58
NB-ResNet50 %358 %61 %55 %61
NB-MobileNetV3 %358 %61 %59 %62

Tablo 4. Naive Bayes Algoritmasi : Standart parametreler ile ¢cahstirilmstir.

4 Sonug¢

Derin 6grenme modellerinin iglem maliyeti g6z Oniine alindiginda, makine
Ogrenmesi algoritmalari ile kurulan sistemlerin saglik ¢alisanlarina gerekli onbilgiyi
yukarida kullanilan modellerin %67°lik F1-Skor performans: ile verebilecegi
ongorilmiistiir.
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Utilizing Pretrained GPT-2 Model for Analyzing Drug

Reviews
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Abstract. Accurately predicting drug side effects is critical to ensuring patient safety
and optimizing health outcomes, while drug efficacy prediction plays a crucial role in
directing clinicians and patients to treatments that provide maximum benefit with
minimal side effects. This study used the pre-trained GPT-2 model by fine tuning to
analyze drug reviews. Our aim is to estimate side effects in three categories (mild,
severe and no side effects) and to classify effectiveness (ineffective, moderately
effective and highly effective) into three categories.

In conclusion, drug effectiveness and drug side effects prediction based on drug
reviews represents a promising paradigm in precision medicine. By integrating
advanced computational methods with clinical data, It can improve our understanding
of drug responses and provide personalized health care by tailoring treatments to
individual patient needs.

Keywords: Drug Effectiveness Prediction, Drug Side Effect Prediction,
GPT-2, Sentiment Analysis
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Automatic Article Reader and Article Section Classifier
Application with Web Scraping
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Abstract. In this study, a search was carried out on a specified topic in one of the
openly accessible articles scanning databases, using a Python code script written
using the web scraping technique. In the first stage, a classification method was
applied only based on article section headings. In addition, a cluster analysis was
applied that included the contents of the sections along with their headings. As a
result of these analyses, contents covering more than 50% of the body text of
articles that met certain conditions were obtained in one of the cluster sets used
with a F1 ratio of approximately 96%.

Keywords: web-scraping, natural language processing, text mining.

1 Introduction

Portable Document Format (PDF), standardized as ISO 32000, is a file format devel-
oped by Adobe in 1992 to present documents, including text formatting and images, in
a manner independent of application software, hardware, and operating systems.[1][2]
Based on the PostScript language, each PDF file encapsulates a complete description
of a fixed-layout flat document, including the text, fonts, vector graphics, raster images
and other information needed to display it.[3]

Python is a high-level, general-purpose programming language. Its design philosophy
emphasizes code readability with the use of significant indentation.[4] There are many
libraries in the literature that convert PDF documents into text, such as “pytesseract”,
“pdfminer”, “pdftotext”, “pdf2image”, and “OpenCV”".

However, most of them cannot successfully convert all the text content in a PDF
document. The main reason for this situation is that in an actual PDF file, text portions
might be split into several chunks in the middle of its running, depending on the au-
thoring software. Therefore, text extraction needs to splice text chunks. In the figure
below, two text chunks whose distance is closer than the “char_margin” (shown as M)
is considered continuous and get grouped into one. Also, two lines whose distance is
closer than the “line_margin” (L) is grouped as a text box, which is a rectangular area
that contains a "cluster" of text portions. Furthermore, it may be required to insert blank
characters (spaces) as necessary if the distance between two words is greater than the
“word_margin” (W), as a blank between words might not be represented as a space but
indicated by the positioning of each word. [5]
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Fig. 1. Each value is specified not as an actual length, but as a proportion of the length to the size
of each character in question.

Web scraping, web harvesting, or web data extraction is data scraping used for ex-
tracting data from websites.[6] Web scraping software may directly access the World
Wide Web using the Hypertext Transfer Protocol or a web browser. While web scraping
can be done manually by a software user, the term typically refers to automated pro-
cesses implemented using a bot or web crawler. Nowadays, most article databases (e.g.
sciencediredct.com) share the content of the article on their web page, as well as down-
loadable pdf documents of the articles.

There is a similar study in the literature. This study was conducted on randomly
selected PDF documents on various topics at “arxiv.org” and has an F; rate of 0,99 in
sentence extraction and 0,96 in paragraph extraction, respectively [7].

HTML WEBSITES WEB SCRAPING DATA

Fig. 2. A graphical illustration of web scraping
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2 Material and Methods

In this study, articles compatible with a sample search word (“covid”) selected from
the “sciencedirect.com” database were searched using the web scraping technique.
Among the search results, articles that also presented the article content as a web page
and were “free to access” were used. The contents of these articles were captured with
the "crawler" which we designed, and all text contents of each article were successfully
obtained. A folder name was created with the "pii" number of each article, and the
article titles and the text content of these titles were written to the disk as a "tx¢" file. In
the next step, text mining analyzes, and natural language processing techniques were
used to remove sections from the article titles that are not directly related to the main
text of the article. After applying these analyses, the downloaded articles were divided
into two main categories: "regular” and "irregular”.

:)iScienceDirect a P o b

python
+

L::>r:>

+

Se

Fig. 3a. A graphical illustration of our “crawler” build under web scraping technique
3b. A graphical illustration of our “crawler” pulled and organized data from web source

It has been observed that there is a pattern that can be easily discovered by the “Au-
man eye” in the articles whose category is called "regular". This pattern corresponds to
the use of a simple numbered bullet point. Namely, the sections of each "regular" article
that we are interested in and need to read are stated as a numbered list (For example, 1.
Introduction, 2. Materials and Methods, etc.). However, this simple pattern does not
appear in “irregular” articles. For this reason, “the human eye method” does not work
for these articles, and the IMRaD rule also returns incomplete results for such articles.
“IMRaD” format refers to a paper that is structured by four main sections. Introduc-
tion, Methods, Results, and Discussion. After it was observed that the IMRaD rule did
not yield results in dealing with "irregular" articles, the words forming the section titles
of all articles were subjected to clustering process after going through the "bag-of-
words" text mining process. The bag-of-words model is a model of text which uses a
representation of text that is based on an unordered collection (or "bag") of words.
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“Wordcloud” graphics of the cluster elements obtained because of the clustering pro-
cess were produced and the number of elements was examined. In addition, the simi-
larities of the words representing the most common elements in each cluster and the
words in the IMRaD rule were calculated. When the similarity findings were examined,
it was observed that there was no standard in naming the article sections (e.g., method,
material and methods, methodology). Additionally, some section names can be used
together. To overcome such problems and to make our article reader application work
more efficiently, it was considered to use a “computer-based classifier” that includes
not only the article section titles but also the text content within the section title in the
analysis. A classifier that works with natural language processing techniques and K-
means algorithms was created using the "sci-kit" library. This classifier obtained the
readable sections of all articles with a certain success rate. However, only “regular”
articles were used for comparison. Because the "human eye method", which we will
consider as the golden ratio for such articles, has been a definite success. Finally, a
comparison was made between the classifier we developed and the human eye method,
which we accept as the golden rule.

3 Results

The first finding obtained in this study is that the most repeated words among the
section titles of all articles (n = 716) which are obtained with the web scraping tech-
nique (See Fig 4).

Highlights m—— 283
Methods N 94
CRediT authorship contribution statement IEET———— 40 |
Declaration of competing interest I )5
Results H 5|3
Discussion I 525
Abstract I 6] ]
Introduction TG (] 8
Keywords s (34
References NN (75

Fig. 4. The top ten words that appear most frequently among the section titles in all articles.

The findings obtained in the second step show us that the contents of all articles
cannot be read successfully by using only section headings. Except for the first cluster,
all other clusters match a section name. However, the headings of most sections that
make up the body text of an article are collected in the first group (See Fig 5a).
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The reason why the number of clusters was determined as “5” is related to the IM-
RaD rule [8,9]. However, it was also observed that among the most recurring section
headings were some words that were not included in the IMRaD rule (See Fig 4).

e acknowledgements IEEEE——— 224
Cc?dﬂ.ta\u';.h% ts)hg t l O n S a t eme n 't data availability — 233
Y K il funding  ee—— 215
e —methods result i —1
a statement declaratlon O —
methods EG—— 303
credit ib statement 409
Y jon of ing interest 527
results dlSCuSSlOn ru\llll _53:0
b o _ b
references

iintroduction 1

¢ introduction e [ -

¢ kepords P

graphical
graphical abstract l 57

abstract abstract

Fig. 5. Text mining analysis results applied to cluster elements obtained because of the clustering
method.
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Table 1. Words like the word "Introduction" in the IMRaD rule

Words Similarity value Count (n)
Introduction 1,00 639
Introductions 0,93 1
Implementation 0,84 3
Presentation 0,83 13
Formulation 0,82 2
Interpretation 0,80 3
Revision 0,80 1
Specification 0,80 1
Adaptation 0,80 1
Publication 0,79 33
Total word count 697

Section word ratio in all articles

697/756=92,20%

Table 2. Words like the word "Methods" in the IMRaD rule

Words Similarity value Count (n)
Methods 1,00 499
Techniques 0,91 1
Method 0,89 45
Methodology 0,84 66
Technique 0,83 1
Approaches 0,80 1
Strategies 0,79 2
Processes 0,77 1
Algorithms 0,75 1
Mechanisms 0,74 2
Total word count 619

Section word ratio in all articles

619/756=81,88%
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Table 3. Words like the word "Results" in the IMRaD rule

Words Similarity value Count (n)
Results 1,00 587
Outcomes 0,77 5
Outcome 0,74 1

Result 0,73 11
Findings 0,73 25
Resultados 0,71 3
Conclusions 0,66 162
Coefficients 0,66 1
Estimations 0,66

Statistics 0,65 7

Total word count 803
Section word ratio in all articles 803/756=106,22%

Table 4. Words like the word "Conclusion" in the IMRaD rule

Words Similarity value Count (n)
Conclusion 1,00 314
Conclusions 0,91 162
Conclusive 0,85 1
Interpretation 0,73

Implication 0,71

Objective 0,71

Findings 0,71 25
Intervention 0,71 1
Concluding 0,71 5
Acknowledgement 0,70 25

Total word count 544
Section word ratio in all articles 544/756=71,96%
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Table 5. Words like the word "Discussion" in the IMRaD rule

Words Similarity value Count (n)
Discussion 1,00 604
Discussions 0,91 15
Suggestions 0,85 5
Presentation 0,73 13
Presentations 0,71 2
Question 0,71 3
Discourse 0,71 1
Consultations 0,71 1
Interdisciplinary 0,71 2
Interventions 0,70 1
Total word count 647

Section word ratio in all articles

647/756=85.58%

Table 6. Distribution of “regular” and “irregular” article counts distribution.

Article Type Count (Percentage)
Regular 462 (61,11%)
Irregular 254 (38,89%)
Total 756 (100%)

Outline ) ne

Fig. 6. Outline structure of a “regular” (6a) and “irregular” (6b) article definition in our study.

a

b
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Table 7. Distribution of each classifier “readable section” word counts.

Cluster ID

Word Count (n)

O S NN L AW N~ O

8

6
586
48
6

Classifiers two and seven were included in further analysis (See Table 7).

Table 8. Number 2 classifier text coverage ratio analysis results.

Coverage type

Count (Coverage ratio) *

>100%
100%
75-<100%
50-<75%
25-<50%
0-25%
Total

10 (2%)
117 (25%)
165 (36%)
162 (35%)
8 (2%)

0 (0%)

462 (100%)

* The value defined as “coverage ratio” can be considered and interpreted as Fi ratio

Table 9. Number 7 classifier text coverage ratio analysis results.

Coverage type Count (Coverage ratio) *
>100% 297 (64%)

100% 72 (16%)

75-<100% 41 (9%)

50-<75% 44 (10%)

25-<50% 8 (2%)

0-25% 0 (0%)

Total 462 (100%)

* The value defined as “coverage ratio” can be considered and interpreted as Fi ratio
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4 Conclusion

When the findings in Table 1-5 are examined, it can be easily understood that not all
articles within the scope of the study fully comply with the IMRaD rule. 92% of the
articles contain an “introduction” or a section title with similar meaning (see Table 1).
82% of the articles contain a “methods” or a section title with similar meaning (see
Table 2). 72% of the articles contain a “conclusion” or a section title with similar mean-
ing (see Table 4). 86% of the articles contain a “discussion” or a section title with sim-
ilar meaning (see Table 5). These findings show that even if similar words are included
with the section names, the body texts of all articles cannot be read successfully by only
considering the IMRaD rule. Researchers can examine Table 6 for the distribution of
the articles examined within the scope of the study according to whether they have a
“regular” or “irregular” structure and see Figure 6 for a clearer understanding of what
we mean by “regular” or “irregular” structure. In Tables 8 and 9, article reading suc-
cess rates (F; rate as used in the literature) using the department names of the two most
successful clusters are given. It was deemed more appropriate to analyze these findings
by making them categorical. When Tables 8 and 9 are examined, it is seen that the
computerized reading method includes parts of some articles other than the body text
within the scope of reading. The meaning of the >100% ratio in both tables expresses
the situation described in the previous sentence.

This study is the preliminary step of a project that is being developed. When this
study is completed, it is aimed to create a tool like the contents available at
https://www.ncbi.nlm.nih.gov/research/bionlp/Tools/. Our current application can suc-
cessfully read and obtain the text content of every accessible article on the sciencedi-
rect.com website that has been converted to HTML format with the Web scraping tech-
nique. Our current clustering analysis among article topics, which is the next step, cur-
rently works with 96% F ratio in the 50%-100% success range. We aim to develop an
application that can respond to different analyzes by improving the success rate of this
clustering analysis. For example, the application can read an article you want for you
and tell you what its main idea is, and it can do this by analyzing the words in the article
with natural language processing techniques to write a sentence that best summarizes
the article.
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Ozet

Giyilebilir sensor teknolojilerinin gelismesiyle birlikte bireylerden fizyolojik sinyallerin
almmasit kolaylasmistir. Bu sensorlerle aliman EKG (Elektrokardiyografi), EEG
(Elektroensefalografi) ve diger fizyolojik verilerin islenmesi ve anlamli sonuglarin elde
edilmesi, saglik kurumlar1 uzaginda bulunan bireylerin saglik durumlari1 hakkinda hizl bilgi
edinilmesini saglar. Olgiilen verilerin analizi yapilarak kisa siirede yasamsal &nemi olan bilgiler
elde edilebilir. Bu 6l¢iimlerin nesnelerin interneti (IoT) ile birlestirilmesi ger¢cek zamanl ve
stirekli olarak izlenmesine olanak saglayacaktir. Biiylik yer kaplayan laboratuvar cihazlar
yerine giyilebilir cihazlarin kullanilmasi, bu alanda biiyiik kolaylik saglayacak ve uzun siireler
boyunca veri toplanmas1 imkan1 kazandiracaktir. Nesnelerin Interneti cihazlarina kablosuz veri
aktarimi, kullanicilara mobilite kazandirirken, toplanan verilerin uzak makinelerde islenmesine
de olanak tanir. Bu caligmada bdyle bir sistem tasarimi i¢in Bluetooth 5.2 teknolojisi
onerilmistir. ilk olarak, giivenli dl¢iim yapabilen sensérler temin edilmeli ve ardindan bu
sensOrlerden elde edilen veriler, IoT cihazlarina aktarilmayr amaglamaktadir. Toplanan
verilerin merkezi birimde veya bulut sistemlerinde saklanmasi, verilerin giivenli ve organize
bir sekilde depolanmasini ve analiz edilmesini miimkiin kilacaktir. Verilerin hangi kisiye ait
oldugu bilgisi anonim tutulmalidir. Veriler lizerinde 6zellik ¢ikarma ve siniflandirma iglemleri
yapilarak saglik durumuna makine 6grenmesi ile karar verilecektir. Bu ¢alismada EKG ve EEG
Ol¢timlerinin nesnelerin interneti ile birlesmesiyle saglik durumunun, bireyleri yormadan,
giyilebilir sensérler ile dlgiilmesi igin protokol dnerilmistir. ilerleyen siiregte gergek dlgiimlerin
alinmasi planlanmaktadir. Yash ve mobilite sorunlu bireylerde saglik durumunun izlenmesi
icin yenilik¢i yaklasim Onerilmistir.

Giris

Yash insan niifusunun, 2015°te %8,5 iken 2030’Iu yillarda %12 civarinda ve 2050 yilinda %16
olmas1 beklenmektedir [1]. Yaslilikla birlikte mobilite sinirli bireyler igin ortaya ¢ikan saglik
sorunlarinin izlenmesi, ilerlemeden onlem alinabilmesi ve de saglik kurumlarinda 6ncelikli
hizmet bulmas1 kiymetlidir. Bu amagla nesnelerin interneti ile giyilebilen pek cok iiriin ve
teknoloji gelistirilmistir [2]. Bu ¢alismada saglik kurumlarina ulasabilme zorlugu ve firsati
bulamayan hastalarin uzaktan izlenmesi amaciyla, nesnelerin interneti mimarisi onerilmesi
amaglanmustir.

Nesnelerin internetinin, akilli evler ve akilli sehirler gibi alanlarda kolaylastirict uygulamalari

bulunmaktadir. Nesnelerin interneti sayesinde saglik problemi yasayan bireylere evinden disar1
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cikmadan, temel saglik verileri alinabilmesi miimkiin kilinacaktir. Bu verilerin doktorlarla veya
bireyin yakin cevresi ile paylasiimasi miimkiin olacaktir. Ozellikle immobil hastalarin
izlenmesi i¢in oldukga avantajli bir yontemdir ve de [oT teknolojileri bu alanda 6nemli katkilar
sunmaktadir. Giyilebilir teknoloji, hastane ortami disinda hasta sagligini izlemeye yonelik bir
arag olarak kabul edilmektedir [3]. Ozellikle son yillarda yayginlasan akilli saatler ve giyilebilir
teknolojiler ile saglik dlglimlerinin anlik olarak izlenebilmesi ve kaydedilebilmesi hizmeti
sunulmaktadir. Kalp atis hizi ve EKG sinyalleri ile hastanin izlenmesi 6nemli bilgiler
sunmaktadir. Saglik hizmetlerinde nesnelerin internetinin kullanimi giiniimiizde kullanilan
teknolojileri iyilestirebilir ve saglik hizmetlerinin her alaninda maliyetleri diistirebilir [4].

EKG sinyallerinin uzaktan, siirekli ve gercek zamanli olarak alinarak iglenmesi, hastane igi
kayitlamaya gore hastalarin durumlarinin daha siki bir sekilde gozlemlenmesine olanak
tanimaktadir [5]. Literatiirde EEG, EKG veya her iki sinyalin birlikte 6l¢iildiigli nesnelerin
interneti ile yapilan ¢alismalar vardir [6, 7, 8, 9, 10]. Yash bireyin saglik durumunun
anlasilmasi ile yakinlarinin kendisiyle ilgilenmesi saglanabilir. Bireyin yardima ihtiyact olmasi
durumunda gerekli 6nlemler alinabilir.

IoT giyilebilir cihazlari, kisilerin kendi saglik durumlarinin takibini ve acil durumlarda hekime
ulasabilmeleri ve de hekimlerin hastalar1 uzaktan izlemelerini saglar. Bu teknoloji sayesinde
kisiye konfor ve istedigi yerde yasama liiksii kazandirir.

Onerilen Nesnelerin interneti Modeli

Caligma kapsaminda gergeklestirilen sistemin veri gereksinimi analiz edildiginde Bluetooth 5.2
teknolojisinin giyilebilir cihazlardan internete veri aktarimi igin optimum ¢6ziimii sunabilecegi
Ongoriilmiistiir. Bu baglamda giyilebilir cihazdan alinan veriler u¢ veri isleme birimine
aktarilarak bu noktada verilerin 6n islemesi/anlamlandirilmasi saglanacaktir. On islemesi
yapilan verilerin saklanmasi ve uzun vadede analiz edilmesi i¢in ise bulut tabanli bir sistem
tasariminin uygun oldugu sonucuna varilmistir. Bu baglamda onerilen sisteme ait mimari Sekil
1’de verilmistir.
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Sekil 1. Onerilen sistem mimarisi

Sonuc¢

EKG ve EEG cihazlarinin, IoT sistemine eklenmesiyle, saglik alaninda 6zellikle saglik

kurumuna ulagim sorunu yasayan bireylerin gercek zamanli olarak gézlemlenmesine
olanak saglayacaktir. IoT ile izlenen ve degerlendirilen bireylerin EKG ve EEG
verileri, temel saglikdurumu anlik olarak goriilecek ve gerekli goriiliirse bireye saglik
destegi sunulmasina karar verilecektir. Sagliksiz goziiken bireylere, ¢evresinden
yardim talep etmesi veya hastaneden yardimci olunmasi imkani taniyacaktir.
Fizyolojik verilerin alinmasindan sonra c¢ok farkli mimariler kullanilarak
gonderilebilir. Bu calismada optimum performans i¢in veri gonderiminde mimari
olarak Bluetooth 5.2 6nerilmektedir.
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Abstract

Facial paralysis, also known as Bell's palsy, is a common neurological disorder affect-
ing millions of people worldwide [1]. Bell's palsy disrupts the function of the facial
nerve (VII cranial nerve), leading to weakness or paralysis of the facial muscles [2].
Various factors such as trauma, tumors, infections, and autoimmune diseases can cause
Bell's palsy [3]. Symptoms of facial paralysis include asymmetry in facial expressions,
inability to close the eyelid, drooping at the corner of the mouth, and impairment in the
sense of taste [4].

Treatment methods for facial paralysis include medication, physical therapy, and sur-
gery [5]. Medication therapy involves drugs such as steroids and antiviral medications
[6]. Physical therapy plays a significant role in exercising and strengthening the facial
muscles [7]. Traditional physical therapy methods include treatments like exercises and
massage [8]. Surgery may be used in cases of facial paralysis that do not respond to
other treatments [9]. Physical therapy is a highly effective method in the treatment of
facial paralysis. However, traditional physical therapy methods can be time-consuming
and monotonous for patients, making adherence to the treatment challenging [10].
Gamification is an approach that uses game mechanics and design principles to make
treatment more enjoyable and motivating [11]. Gamification is increasingly being used
in healthcare services, and evidence suggests that it can improve patient adherence and
treatment outcomes [12].

MediaPipe, developed by Google Research, is a library capable of tracking 468 points
on the face in real-time using artificial intelligence. Trained with deep learning models,
MediaPipe performs low-latency and high-efficiency facial tracking operations thanks
to optimized neural networks and fast processing algorithms. This library offers a wide
range of applications in face recognition and verification, augmented reality, expression
and emotion analysis, and health and aesthetics. By integrating with artificial intelli-
gence, MediaPipe enables precise tracking of facial expressions [13].
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In this study, a software integration was developed for facial paralysis patients to cont-
rol video games using facial movements for home exercises. The software was develo-
ped using the Python programming language and the MediaPipe library. By utilizing
gamification principles, the software aims to make the treatment process more enjo-
yable and motivating. However, the effectiveness of the software needs to be evaluated
through more comprehensive clinical studies. By addressing the software's limitations,
providing personalized exercise plans for each patient, and enabling follow-up by phy-
siotherapists, it can become a more effective treatment tool. The MediaPipe library is
used to track facial points in real-time with artificial intelligence, utilizing 468 points
on the face [13]. The movements of the facial points are assigned to control the in-game
character. For example, when the eyebrows are raised, the character moves up; when
the mouth is opened, the character moves to the right; when the lips are pursed, the
character moves to the left; and when the eyes are closed, the character moves down.

For future studies, the contribution of the software to facial paralysis treatment proces-
ses should be measured through clinical trials. Additionally, various efforts should be
made to address the software's limitations. In this context, creating personalized exer-
cise plans for each patient, enabling follow-up by physiotherapists and updating exer-
cise plans, adapting the software for different languages and platforms, and other imp-
rovements are hoped to make it a more effective and accessible treatment method for
facial paralysis patients.
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Alterations in Gene Expression Related to
Neuroendocrine Functions in Long-Term Endurance and
Resistance Training Elderly
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Abstract.

Introduction: The benefits of endurance and resistance training in elderly individuals
include improved muscle strength, cardiovascular health, and overall physical fitness. However,
the molecular mechanisms, particularly related to neuroendocrine functions, are not yet fully
understood. This study aims to elucidate the potential impacts of these exercise modalities on
gene expression levels using bioinformatics tools.

Methods: The study utilized the GSE165630 dataset! from the Gene Expression
Omnibus database. RNA-seq gene expression levels were re-analyzed using R, encompassing
sedentary control (n=5), full resistance exercise (n=2), partial resistance exercise (n=2), full
endurance exercise (n=2), and partial endurance exercise (n=3) groups of elderly men aged 65-
81. Gene set enrichment analyses were conducted using the Gene Ontology (GO) web tool. Wald
test and Benjamini-Hochberg correction were applied, with p<0.05 considered significant.

Results: Compared to the control group, all exercise groups exhibited downregulation of
genes including proenkephalin (PENK), cystatin-C (CST3), adrenomedullin (ADM), neuromedin
B (NMB), prokineticin-1 (PROK1), chromosome-4 open reading frame-48 (C4orf48), periostin
(POSTN), secretogranin II (SCG2), leptin (LEP), adiponectin (ADIPOQ), retinoic acid receptor
responder-2 (RARRES?2), and C-C motif chemokine ligand-5 (CCLS5) (p<0.05). Conversely,
neuropeptide-Y receptor Y6 (NPY6R), apelin (APLN), and clock circadian regulator (CLOCK)
genes were upregulated (p<0.05).

Conclusion: This in silico study provides evidence of significant changes in the
expression levels of key genes involved in neuroendocrine signaling pathways. These findings
offer new insights into the complex molecular foundations following endurance and resistance
training, highlighting primarily neuroendocrine downregulations in shaping physiological
responses to these exercise modalities.

Keywords: Endurance exercise, resistance exercise, neuroendocrine, bioinformatics.
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Hastane Bilgi Yonetim Sistemleri Merkezinin Yeniden
Yapilandirilmasi; Hasta, Hasta Yakim ve Calisan Mem-
nuniyetinin Degerlendirilmesi
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Abstract.

Bu ¢aligma ile, Hastanemizde sunulan saglik hizmetinin en iyi sekilde verilebilmesi
olusturulmaya calisilan kalite ve standartlarin tesis edilmesi ve korunmasi, hastanel-
erde, gelir ve giderlerin izlenmesi, gelir kacaklarimin tespiti ve 6nlenmesi, kaynaklarin
yerinde kullanilmas1 ve israfin Onlenmesi, hastane ydnetimine verilecek 6nemli
kararlarda bilgi desteginin saglanmasi, saglanan bilgi destegiyle ileriye yonelik dogru
hedef belirlenmesi ve bilimsel ¢aligma yapan tiim paydaslarimiza dogru, hizli ve giive-
nilir ve Saglik Bakanligi standardizasyonlarma her an hazir bir sunucu altyapisi ku-
rulmast saglandi.

Bu arastirmada nitel ve nicel arastirma ydntemi benimsenmistir. Dicle Universitesi
Hastanelerindeki mevcut Hastane Bilgi Yonetim Sistemi altyapisinda kullanilan; Ana
Sunucu, yedek sunucu, storage, Veritabani yazilimi, yedekleme sistemi, Bilgi
Giivenligi, Kullanici profili, Hastane yazilimi vb alanlar1 kapsayan, yaklasik3936 port
{izerinde baglant1 yapan 474 son kullaniciya; Saghk Bakanlig1 idari ve Malilsler Dairesi
Baskanlig1 Hastane Bilgi Yonetim Sistemleri Alim Kilavuzu ve ilgili yonetmelikleri ile
ISO-9001&IS0O-27001 ve Saghk Bakanligi Saghk Kalite Standartlari(SKS) Hastane
Versiyonunun gereksinimlerine gore Ontest anketi uygulanarak gerekli analizler
yapild.

Hastanelerimizin de bu amag dogrultusunda kaliteli ve giivenli saglik hizmeti sun-
masina katki saglamasi i¢in; Teknolojik dmriinii doldurmus, glinlimiiz uygulamalarinin
bir¢oguna elektronik olarak cevap veremeyen mevcut sistemlerin (sunucu ve disk iin-
itesi) giincellenmesi, kalite standartlarin1 ve saglik hizmetlerinde HBYS den beklenen
ihtiyaclar1 kargilar diizeye getirilmesi, bu platforma uygun eksik lisanslarin
tamamlanmas1 saglanarak; Dicle iiniversitesi hastanelerinde ge¢misten glinlimiize ve
glinimiizden gelecege kesintisiz bilgi transferi ve bilgi akigini, lisansli Veri Tabani
Yonetim Sistemi(VTBS) ile saglandi.

Hastalara tam, zamaninda ve dogru tani-teshis koyabilmek, bilimsel ¢aligmalarda,
yonetimsel faaliyetlerde ve planlamalarda kullanilmak {izere veri tabaninin karmagik
varyasyonlarina girmeden sonug alabilmek, ¢alisan memnuniyetini artirmak, saglik ba-
kanlig1 ve diger kural koyucularmn istemlerini tam ve zamaninda yapabilmek i¢in biitiin
bu ihtiyaclar1 optimum diizeyde lisansli VTBS yazilim1 ve gii¢lii veritabani sunuculari
ve ortak harici veri depolama tiniteleri ile saglandi.
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Abstract. Proteins are one of the molecules that manage cellular processes in
living organisms. Since protein-protein, DNA-protein and RNA-protein
interactions play an important role in a large part of biological processes, variants
occurring in the regions where these interactions occur can lead to serious
consequences on the phenotype. Various supervised learning approaches are
applied to determine the association of variants occurring in proteins with a
particular disease. In this study, a convolutional neural network-based prediction
model is proposed to predict the pathogenicity effect of variants on the phenotype
by converting amino acid sequences into two-dimensional images. A protein
embedding method using transfer learning (TAPE) was used to create the feature
vector. The created feature vector was converted into a square-sized single-
channel image and trained with a deep learning algorithm containing a
convolutional neural network. In this study, binary classification (benign and
pathogenic) was made using missense variants in the BRCA1 protein obtained
from the open access ClinVar database as the dataset. Based on the findings, the
developed prediction model demonstrated significant success in predicting the
pathogenicity effects of variants within the functional regions of the BRCA1
protein on phenotype. Evaluation of the model's prediction results revealed that
variants in the pathogen class can be classified with 90% accuracy (0.90
sensitivity). Additionally, the model exhibited strong performance in classifying
both benign and pathogenic variants, achieving an AUC value of 0.89. The
findings suggest that the developed prediction model may offer potential in
classifying BRCA1 variants and assessing their potential pathogenicity.

Keywords: Protein Representation, Convolutional Neural Network, Variant
Effect Prediction, Transfer Learning
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Makine Ogrenimi Algoritmalariyla Meme Kanseri
Sagkalim Tahmini: Performans Karsilastirmasi ve Klinik
Uygulamalari

Performance Comparison and Clinical Applications of
Machine Learning Algorithms for Breast Cancer Sur-
vival Prediction
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Abstract. Breast cancer is a prevalent form of cancer that primarily affects
women. Nevertheless, the precise cause of breast cancer has yet to be established.
Creating a proper diagnosis and treatment strategy for breast cancer is challeng-
ing due to its complex nature. Genetic factors and several environmental varia-
bles are recognized to play a role in the onset of breast cancer. Early detection
expedites the therapeutic course of breast cancer. Hence, it is imperative to assess
the efficacy of methods employed in the timely detection and management of
breast cancer to enhance patients' welfare and optimize their healthcare out-
comes. The objective of the work is to develop a predictive model that determines
the survival outcome of patients by utilizing demographic and clinical character-
istics in a big dataset through decision tree-based machine learning techniques.
In order to achieve this objective, the CatBoost, LightGBM, and XGBoost ma-
chine learning algorithms were evaluated using a dataset. According to the col-
lected results, it has been observed that the performance of the approaches in
question is quite similar and they have reached a success rate of over 90%.
Keywords: Breast Cancer Diagnosis, Machine Learning, XGBoost, LightGBM,
CatBoost

Ozet. Meme kanseri, oncelikle kadinlar etkileyen yaygin bir kanser tiiriidiir.
Bununla birlikte, meme kanserinin olusumunun kesin bir nedeni heniiz belir-
lenememistir. Meme kanseri teshisi ve tedavi stratejisi olusturmak, hastaligin
karmagik yapist nedeniyle zorluk yaratmaktadir. Genetik ve gesitli cevresel fak-
torlerin meme kanserinin baslangicinda yol oynadig: bilinmektedir. Erken teshis,
meme kanseri tedavi siirecini hizlandirir. Bu nedenle, hastalarin refahini artirmak
ve saglik sonuglarini optimize etmek i¢in meme kanserinin zamaninda tespiti ve
yonetiminde kullanilan yontemlerin etkinligini degerlendirmek o6nemlidir.
Caligmanin amaci, biiylik bir veri setinde bulunan demografik ve klinik 6zel-
liklerin kullanim1 sonucu hastalarin sagkalim durumlarini belirleyen bir tahmin
modeli gelistirmektir. Bu amagla karar agaglarina dayali makine 6grenimi yont-
emleri kullanilacaktir. Sagkalim durumunu tahmin asamasinda XGBoost,
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LightGBM ve CatBoost makine 6grenimi algoritmalari elde edilen veri setini
kullanarak bir model olusturmustur. Olusan bu modellerin sonuglarina gére, s6z
konusu yaklagimlarin performanslarinin oldukg¢a benzer oldugu ve %90 iizerinde
bir basar1 oranina ulastiklar1 gézlemlenmistir.

Keywords: Meme Kanseri, Makine Ogrenimi, XGBoost, LightGBM, CatBoost,
Sagkalim Durumu

1 Giris

Meme kanseri diinyada kadinlar arasinda en sik goriilen maling tiimér olup, kadinlarda
goriilen tim kanserlerin yaklasik %30’unu olusturmaktadir [1]. Ancak, meme kanse-
rinin olusumunda net bir etken heniiz tespit edilememistir. Meme kanserinin olusu-
munda ¢ok sayida etiyolojik faktoriin etkili olmasimna karsin kesin etkenin belir-
lenememis olmasi, tan1 ve tedavide farkli yaklasim ve tartismalart da beraberinde
getirmektedir [2]. Genetik faktorler, ¢esitli gevresel etkenler ve yasam tarzi gibi birgok
faktor meme kanserinin olusumunda rol oynar. Erken teshis, meme kanserinin tedavi
stirecini hizlandirmakta ve hastalarin daha saglikli bir yasam slirmesi igin énemli bir
adimdir. Caligmanin amaci makine dgrenimi algoritmalari kullanilarak elde edilen veri
setindeki demografik ve klinik 6zellikler arasindaki iligskiyi analiz ederek etkili bir
sagkalim tahmini yapilmasina yardimei olmaktir.

2 Problemin Tanim

Meme kanseri erken tani ve tarama yontemleri: kendi kendine meme muayenesi
(KKMM), klinik meme muayenesi (KMM) ve mamografidir [3]. Mevcut geleneksel
yontemlerin sinirlarin1 agmak ve hastalarin yasam siireslerini daha dogru bir sekilde
tahmin etmek icin makine 6grenimi algoritmalarinin kullanilmasi gerekmektedir. Bu
durumda, meme kanseri sikayetiyle gelen kisilerin belirli demografik 6zellikleri (yas,
irk, medeni durum), tiimor 6zellikleri (tiimor evresi, boyutu, derecesi, lenf nodu du-
rumu) ve tedavi yanitlarini igeren kapsamli bir veri seti kullanilacaktir. Istenilen sonug,
veri seti kullanilarak makine dgrenimi yontemlerini egiterek ve test ederek, kisilerin
sagkalim siirelerini daha dogru sekilde tahmin etmek i¢in model gelistirilmek isten-
mektedir. Bir noktada bu model, hastalarin tedavi planlarimi bireysellestirmek ve saglik
hizmetlerini amaca yonelik sekilde yonlendirmek igin kullanilabilir. Ayrica, hangi
Ozniteligin sagkalim durumuna etkisi oldugunu belirlemektir ve belirlenen 6zniteli-
klerin {izerinde ¢esitli calismalarin artirilmasi beklenmektedir.
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3 Yontem

3.1  Veri Seti

Veri seti, 16 farkli 6znitelikten olusmaktadir. Bu 6znitelikler, meme kanseri has-
talarmin demografik ve klinik 6zelliklerini icermektedir. Hastalarin yaglari, irklar1 ve
medeni durumlar1 gibi demografik 6znitelikler, hastalarin sosyo-ekonomik durumunu
yansitirken, meme kanseri tanisinda kullanilan klinik 6znitelikler, hastaligin ciddiyetini
ve tedavi segeneklerini belirler. “Marital Status” 6zniteligi, hastanin medeni durumunu
ifade eder ve sosyal destek sistemini ve tedaviye uyumu etkileyebilir. “T Stage” ve “N
Stage” Oznitelikleri, sirasiyla meme tiimériiniin boyutunu ve yayilma derecesini,
bolgesel lenf diigiimlerine yayilma derecesini belirtir. “Differentiate” ve “Grade”
Oznitelikleri, kanser hiicrelerinin farklilagsma derecesini ve tiimoriin hiicresel derecesini
ifade eder. “A Stage”, meme kanserinin ilerlemig agamasini temsil ederken, “Tumor
Size” Ozniteligi tiimoriin boyutunu belirtir. Hormon reseptdrlerinin varligimni ve/veya
aktivitesini gosteren “Estrogen Status” ve “Progesterone Status™ oznitelikleri, tedavi
segeneklerini etkileyebilir. “Regional Node Examined” ve “Regional Node Positive”
Oznitelikleri, bolgesel lenf diiglimlerinin incelenme durumunu ve pozitif kanser hiicresi
bulunup bulunmadigini belirtir. “Survival Months” 6zniteligi, hastanin meme kanseri
teshisi aldiktan sonra hayatta kaldig1 ay sayisini ifade ederken, “Status” 6zniteligi has-
tanin sagkalim durumunu belirtir. Hastanin sagkalim durumu diger biitiin &zniteliklere
bagli olarak etiketlenen 6zniteligi ifade etmektedir.

Tablo 1. Veri setinden ornekler.

Ornek Yas Irk Medeni T Evresi N Evresi -+ Yasama  Durum
Sayis1 Hali Siiresi
1 68 Beyaz  Evli T1 N1 - 60 Hayatta
2 50 Beyaz  Evli T2 N2 - 62 Hayatta
3 48 Siyah ~ Bosanmis T2 N1 - 107 Hayatta
4 68 Beyaz  Dul T1 N1 - 64 Olii
5 40 Beyaz  Evli T2 N1 - 14 Olii
6 46 Diger  Evli T2 N3 - 31 Hayatta
7 42 Beyaz  Evli T1 N3 -39 Olii

Tablo 1.’de veri setinde bulunan bazi o6rnekler ve buna bagli bazi Oznitelikler
goriilmektedir.

3.2  Modeller

Meme kanseri sagkalim tahmininde kullanilan yontemlerin a¢iklamasi oldukga kritik
bir siire¢ igermektedir. Herhangi bir makine 6grenimi algoritmasini kullanmadan 6nce
verilerin hazirlik siiregleri vardir. Veri madenciliginde giivenilirligin artirilmasi igin,
veri On igleme yapilmalidir [4]. Kategorik verilerin sayisal verilere doniistiirmek, eksik,
tutarsiz ve giiriiltiilii verileri veri setinden atmak gibi cesitli islemler gerceklestirilir ve
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makine dgrenimi algoritmalarinin se¢imi tamamlanir. Kullanilan veri setinin girig (has-
talik bulgular1) ve ¢ikis (sag kalim durumu) durumlar1 bulunmasindan 6tiirii makine
Ogreniminin alt alan1 olan denetimli 6grenme tercih edilmektedir. Denetimli 6grenme,
sistemin etiketli veriler kullanilarak egitilmesi ile dgrenmenin saglanmasidir [5].
Kullanilan veri setinde etiketledigimiz 6znitelik hastanin sagkalim durumudur. Gerekli
on isleme ve etiketleme adimlarindan sonraki adimda denetimli 6grenme yonteminin
icerdigi algoritmalarin se¢imi yapilir.Bu ¢alismada meme kanseri sagkalim tahmininde
XGBoost, LightGBM ve CatBoost algoritmalari tercih edilmistir. Bu algoritmalar,
siiflandirma problemlerinde siklikla tercih edilen makine 6grenimi algoritmalaridir.

e  XGBoost algoritmasi karar agaglarini olustururken paralel ¢alistirma yaptigi
i¢in igslemler hizli bir sekilde sonug vermektedir [6].

e LightGBM, diisey yonde biiyiime stratejisini (yapraksal biiyiime) kullanirken,
diger gradyan artirma yontemleri ise seviyesel (level-wise) bilylime stratejisini
kullanmaktadir [7].

e CatBoost ise kategorik degiskenlerin otomatik olarak islenmesini saglayan bir
diger algoritmadir.

4 Sonuglar

Meme kanseri sagkalim tahmini igin kullanilan algoritmalarin iizerinde gerceklestirilen
deneyler sonucunda elde edilen dogruluk degerleri LightGBM algoritmast i¢in 0.910,
Catboost algoritmast i¢in 0.910 ve XGBoost algoritmasi i¢in 0.911 olarak bulunmustur.
Elde edilen bu sonuglar meme kanseri sagkalim tahmini i¢in kullanilan ydntemlerin
yiliksek giivenilirlige sahip oldugunu belirtmektedir. Bu sonuglar, meme kanseri
sagkalim tahmini alaninda makine dgrenimi yontemlerinin aktif bir sekilde rol ala-
bilecegini gostermektedir. Ayrica meme kanseri hastalarinin kaginin ¢esitli 6zniteli-
klere bagli olarak yasayip yasayamayacagi konusunda bilgi vermektedir. Kullanilan
makine 6grenimi yontemleri sonucunda sagkalim durumuna biiyiik 6lciide etki eden
bazi1 6zellikler mevcuttur. Her ii¢ modelde de yiiksek oranda etkisi olan 6znitelikler, her
bir hastanin teshis konulduktan sonra hayatta kaldig1 ay sayisini ifade eden “Survival
Months” 6zniteligi, hastalarin yaslarini ifade eden “Age” 6zniteligi ve de meme kanseri
hastalarinda pozitif olan bdlgesel lenf diiglimlerinin sayisini ifade eden “Regional Node
Positive” Ozniteligidir. Sekil 1’deki ozelliklerin bilinmesi meme kanseri teshisi
konulmus hastanin sagkalim durumunu yiiksek diizeyde etkilemektedir.
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Sekil 1. XGBoost, LightGBM, CatBoost algoritmalarinda bulunan 6zniteliklerin model {izerin-
deki etkileri

Bunlarin yani sira kullanilan makine dgrenimi yontemlerinin dogruluk metrigine bagl
kargilagtirtlmas:  Sekil 2.’de  gosterilmektedir. Dogruluk (Accuracy) metrigi,
siniflandirma modelinin dogru tahmin etme basarisim1 dlgmektedir. Dogru tahmin
edilenlerin sayisinin toplam 6rnek sayisina boliinmesi sonucu elde edilir.
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Sekil 2. LightGBM, CatBoost, XGBoost algoritmalarinin dogruluk metrigi grafikleri

Modellerin karsilastirilmast sirasinda, aralarindaki performanslarin olduk¢a benzer
oldugu bulunmustur. Her bir modelin dogruluk metrigi altinda %90 {izerinde dogruluk
saglamasi ve XGBoost diger modellere kargin daha yiiksek bir dogruluk verdigi analiz
edilmistir.
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Abstract. Medical Informatics can be defined as the use of information technol-
ogies to solve bio-medical and health problems. Medical Informatics education
is of great importance in order to be able to follow new tools, determine their
usage areas, and be prepared for possible ethical and legal problems. There are
current studies on the use of large language models in medical education.In this
study, we aimed to evaluate the information provided by ChatGPT 3,5 and 4.
Two residents (MS, ATV) prepared 60 multiple choice questions. Two other res-
idents uploaded the questions to Chat GPT.Residents who did not know the an-
swers to the questions were also asked to assess the reliability of the answers
given by the Chat GPT. Out of a total of 60 questions, Chat GPT 3.5 was able to
select the correct answer in 38 questions, while Chat GPT 4 was able to select the
correct answer in 51 questions. It is seen that although CHAT GPT is useful as a
training material, its limitations should be known and care should be taken in this
regard.

Keywords: Generative Al, Medical Informatics, Medical Education, Chat GPT

1 Introduction

Medical Informatics can be defined as the use of information technologies to solve bi-
omedical and health problems. Informatics term covers "data+tmeaning" (1). Today,
when technological developments have gained the highest momentum in history, Med-
ical Informatics education is of great importance in order to be able to follow new tools,
determine their usage areas, and be prepared for possible ethical and legal problems.

Published in 2021 by Istanbul University, renewed in 2022 and 2023 and made avail-
able in full text on the web, “Tip Bilisimi” stands out as a comprehensive Turkish re-
source in this field. Consisting of 41 main chapters, the book draws attention to different
aspects of the subject even with only the chapter titles(2).

Imaging Informatics is also included as a component of the program in the Specialty
Training Program prepared by the Turkish Society of Radiology and updated in 2022.
The learning objectives of Imaging Informatics education include having knowledge
on different topics such as electronic patient records, image processing, teleradiology
and artificial intelligence (3).
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There are current studies on the use of large language models in medical educa-
tion(4-6) . This new way of learning can be defined as learning technology with tech-
nology. In this study, we aimed to evaluate the information provided by ChatGPT 3,5
and 4, one of the widely used language models, through the questions we prepared
based on the Medical Informatics book (2).

2 Material and Method

Two residents (MS, ATV) prepared 60 multiple choice questions based on the “Tip
Bilisimi” (2). The questions were evaluated by expert radiologists (NH, EK) in terms
of appropriateness of wording, distraction of choices and question formats. Two other
residents (YC, ET) uploaded the questions to Chat GPT versions 3.5 and 4. Answers
were recorded with choices and explanations. Residents who did not know the answers
to the questions were also asked to assess the reliability of the answers given by the
Chat GPT.

3 Results

Out of a total of 60 questions, Chat GPT 3.5 was able to select the correct answer in 38
questions, while Chat GPT 4 was able to select the correct answer in 51 questions.
There was a difference in the answers of 19 questions between both versions. The GPT
3.5 version gave the correct answer to 3 questions that Chat GPT 4 answered incor-
rectly. For 4 questions, both versions gave the same wrong answer.

Residents who uploaded the questions to ChatGPT evaluated the answers to 30 ques-
tions each. Evaluating the answers to the first 30 questions, resident (YC) stated that he
knew the correct answer to 16 of the questions. He thought that 8 of the answers given
by the Chat GPT 3.5 version were wrong and he was not sure about 1 answer. He was
able to guess that three of the 7 questions were answered incorrectly, although he did
not know the answer to three of them. It was determined that he thought that 3 questions
that were answered correctly bu infact there were answered incorrectly by Chat
GPT.Although he stated that he knew the answer to one of these questions beforehand,
he evaluated it incorrectly.

For the same questions with GPT 4 version, he was not sure about one of the answers
and thought that two of them were wrong. The question that he was not sure about was
answered incorrectly by GPT 4. The two questions that he answered incorrectly but
Chat GPT answered correctly, while he thought that the answer of Chat GPT is true for
two questions but it isn’t.

The second resident (ET), who evaluated the other 30 questions, stated that he knew
the answers to 18 of the question. When he evaluated the answers of Chat GPT 3.5 he
thought 7 of them were wrong and 11 of them were correct. Of the 12 questions that
he did not know the answer to, he hesitated in answering 3 of them and guessed that
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one of them was wrong and 8 of them were right. While 6 questions that he thought
were wrong were answered correctly, it was determined that 3 questions that he guessed
to be correct were actually answered incorrectly. Two questions that he was not sure of
the answer were answered correctly and one question was answered incorrectly.

When the answers given by the ChatGPT 4 version to the same questions were eval-
uated, only one answer was hesitated, the other answers were guessed to be correct. The
5 wrong answers of the GPT 4 version were assumed correct by ET. The question that
resident was not sure about was answered correctly.

4 Discussion

With the developments in technology, different learning opportunities have emerged,
especially under the title of “adult education”. With the widespread use of Generative
Al applications, which are defined as productive artificial intelligence, the usage as-
pects in education have also started to be investigated.

Studies on Medical Informatics Education are of particular importance in terms of
keeping the subject in the minds and increasing awareness on this subject. It can be
difficult to access the necessary resources to get an idea about Medical Informatics,
which includes a wide range of topics. It is seen that Chat GPT 4, one of the broad
language models, has a higher percentage of producing correct answers than GPT 3.5
version since its internet connection and wide data source. In addition to giving the
correct answer to the questions, the explanations it offers about the subject are also
broader than the 3.5 version. In this respect, large language models seem to be a helpful
tool in Medical Informatics education.

The reliability of the information provided by large language models is still contro-
versial. In our study, although at a low rate, it was observed that incorrect answers could
be given. It should be noted that wrong answers can also be perceived as correct by
residents. In this respect, it is especially important the validation of informations which
will change our approach in the routine practice.

Other limitations of Generative Al applications can be summarized as follows(7):

» Beginning to give similar answers over time

» Increased margin for error when trying to give complex answers

» Acting biased, turning to old sources that it can access and producing incorrect an-
swers on issues when encounters for the first time

» The risk of producing wrong answers also raises ethical issues

» Training of systems and access to information required for training is difficult and
time consuming

» Not knowing exactly how the system works

As conclusion, efficient use of almost any tool, from simple to complex, depends on
getting to know the tool in every aspect and gaining experience by using it. ChatGPT
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can be considered as an educational tool that can offer different perspectives in a short
time by providing quick access to various information sources, however the problem
of reliability in resources is always taken into consideration.
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Abstract. Akut karin sendromunun en sik rastlanan sebeplerinden biri akut
apandisittir. Ozellikle ¢ocuklarda, atipik klinik seyir nedeniyle, bu durum birgok
farkli karm agris1 semptomu ile karigtirilabilir. Dolayisiyla akut apandisit klinik
tanisi, hem yetigkinlerde hem de cocuklarda oncelikle klinik bulgulara da-
yanmaktadir. Ancak, ¢ocuklarda tipik semptom ve bulgularin seyrek olmasi,
apandisit belirtilerinin belirlenmesini zorlastirir ve klinik bulgularin siklikla diger
patolojilerle oOrtiismesiyle sonuglanir. Bu da pediatrik klinisyenler i¢in dogru
teshisi koymay1 zorlagtiran bir durumdur. Perfore apandisit ise, gecikmis tedavi
veya yanlis teshis sonucu olarak peritonit, sepsis, bagirsak tikanikligi, apse
olusumu ve fertilite problemleri gibi ciddi komplikasyonlara yol agabilir. Farklt
skorlama sistemlerinin mevcut olmasina ragmen, heniiz standart bir karar verme
testi gelistirilmemistir. Bu baglamda, apandisit tanis1 konmus ¢ocuk hastalarda
perforasyon risk faktorlerini belirlemek igin "Permiitasyon Tabanli Ozellik
Onemi" yoéntemi kullanilmistir. Calismada kullanilan veriler, agik erisimli bir
veri tabanindan alinmis ve veri filtreleme ile 6n igleme adimlarinin ardindan R
programlama dili kullanilarak analiz edilmistir. Calismanin sonuglarina gore,
apandisit tanis1 konmus ¢ocuk hastalarda hastaligin siddeti, CRP degeri ve id-
rarda keton bulunmas gibi degiskenlerin perforasyon riskini belirlemede 6nemli
oldugu tespit edilmistir. Bu belirlenen degiskenler, cocuk hastalarda perforasyon
riski yiliksek olan hastalarin tanimlanmasina ve yeni testlerin gelistirilmesine
olanak saglayabilirler.

Keywords: Apandisit, Makine 6grenmesi, Perforasyon
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1 Giris

Cocuklarda akut karm agrisinin en yaygin nedenleri arasinda akut apandisittir. An-
cak klinik belirtilerin belirsizligi ve spesifik olmayan bulgularin varlig1 nedeniyle, 6zel-
likle cocuklarda apandisit tanis1 koymak oldukg¢a zor olabilir. Apandisitli cocuklarda,
basvuru 6ncesi ve bagvuru sonrasi gecikmelerin apendiks perforasyonu (apandisitin de-
linmesi) ile yakindan iliskili oldugu bilinmektedir. Ozellikle karm agrisina ilk 48 saati
icinde eslik eden semptomlar taninin gecikmesine yol acabilirler ve bu da perforasyon
riskini arttirabilir. Perforasyon risk faktorlerinin belirlenmesi 6nemlidir ¢iinki bu fak-
torler, tedavi stratejilerini etkiler ve hastanin durumunu yonlendirebilir. Bu nedenle,
karin agris1 ve iliskili semptomlari olan ¢ocuklarda bir pediatrik cerrahla zamaninda
konstiltasyon yapilmasi gerekliligi vurgulanmalidir. Bu durum, apandisitli ¢ocuk has-
talarin yonetiminde kritik bir rol oynar [1-3]. Apandisitli ¢ocuklarda bagvuru dncesinde
ve sonrasindaki gecikmelerin apendiks perforasyonuna yol agtig1 bilinmektedir. Ozel-
likle ilk 48 saat i¢inde taninin gecikmesi, perforasyon riskini arttirabilir. [3]. Apandisitli
¢ocuklarda perforasyon risk faktorlerinin tanimlanmasi, tedavi stratejisinin belirlen-
mesi ve sonuglarin tahmin edilmesi agisindan hayati 6nem tasir. Tedavi siirecinde yas,
tedaviye baslama siiresi ve ailede apandisit Oykiisii gibi faktorler, perforasyon
olasiligmi belirleyen 6nemli belirleyicilerdir. Bu nedenle, apandisit siiphesi olan
¢ocuklarda, pediatrik bir cerrahla zamaninda konsiiltasyon yapilmasi kritik neme sa-
hiptir. Bu, tedavi stratejilerinin dogru sekilde belirlenmesine ve hastanin saglik duru-
munun yonetilmesine yardimei olur [5,6]. Permiitasyon tabanli 6zellik 6nemi yontemi,
her degisken i¢in dlglilen 6nemin dagilimini tahmin etmek amaciyla sonug vektoriiniin
tekrarlanan permiitasyonlarmi igerir ve gozlemlenen Onemin p degeri, 6zelligin
diizeltilmig bir 6l¢iistinii gosterir. Bu yontem, degiskenlerin 6nemini degerlendirilme-
sinde makine 6grenimi modellerinin daha dogru bir sekilde yorumlanmasini saglar. [4].
Bu amagla yapilan bu caligmada, apandisit tanisi alan ¢ocuklarda perforasyonun
varligiyla iligkili klinik ve laboratuvar bulgular makine 6grenmesi tekniklerinden biri
olan permiitasyon tabanli 6zellik 6nemi yontemi ile degerlendirilmistir.

2 Method

2.1  Veri Seti

Bu calisma, akut apandisit tanis1 konmus ¢ocuk hastalardan elde edilen verilerle
gerceklestirilmigtir. Veri seti, UC Irvine acik erisimli veritabanindan elde edilmistir
(https://archive.ics.uci.edu/dataset/938/regensburg+pediatrictappendicitis). Veri seti,
demografik ve klinik bilgilerden olusan toplamda 32 degisken ve 62 hasta verisi
icermektedir. Perforasyon agisindan yanlili1 6nlemek i¢in hastalarin ultrason bilgileri
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ve ameliyat bilgilerini i¢eren 9 degisken analiz dig1 birakilmis, sadece klinik ve la-
boratuvar bulgularma ait toplam 24 degisken analize dahil edilmigtir. Calismada
kullanilan degiskenler Tablo 1°de verilmistir.

Tablo 1. Calismaya dahil edilen degiskenler ve agiklamalari

Degiskenler

Gerzici agri (Migratory Pain)

Rebound hassasiyet testi (Contralateral Rebound Tenderness)
Apandistin siddeti (Severity)

Oksiirme ile agri (Coughing Pain)

Bulanti (Nausea)

Istah kaybi (Loss_of Appetite)

Viicut sicakligi (Body Temperature)

Beyaz kiire sayisi (WBC _Count)

Notrofil yiizdesi (Neutrophil Percentage)
Segmentli notrofiller (Segmented Neutrophils)
Notrofili (Neutrophilia)

Kirmizi kan hiicresi sayist (RBC _count)
Hemoglobin

RDW

Trombosit sayisi (Thrombocyte_Count)
Idrarda keton (Ketones_in_Urine)

Idrarda kirmizi kan hiicreleri (RBC _in_Urine)
Idrarda beyaz kan hiicreleri (WBC _in_Urine)
CRP (C-reaktif protein)

Idrar yaparken agri-yanma (Dysuria)

Diski (Stool)

Peritonit (Peritonitis)

Psoas Belirtisi (Psoas_Sign)

Perforasyon (Perforation)

2.2 Veri On Isleme ve istatistiksel Analiz

Calismanin istatistiksel analiz ve model gelistirme siireci R acik kaynak program-
lama dili kullanilarak gergeklestirilmistir. Nicel verilerde normal dagilim, Kolmogo-
rov-Smirnov testi ile degerlendirilmistir. Siirekli degiskenler igin ortalama (+ SD), kat-
egorik degiskenler icin frekans ve yiizde kullamlmistir. Istatistiksel anlamlilik icin
p<0.05 kesim noktasi olarak kullanilmigtir. Bagimsiz gruplarda ortalama karsilastiril-
mast igin “t-test” ve "Mann-Whitney U" testi kullanilmigtir. Kategorik degiskenler i¢in
“ki-kare” testi yapilmistir. Veri setine filtreleme ve 6n isleme adimlart uygulandiktan
sonra, eksik veri orani % 40’1n altinda olan degiskenler Multiple Imputation by Chained
Equations (MICE) yontemi kullanilarak tamamlanmistir. Eksik veri oranlarina iligkin
grafik Sekil 1’de verilmistir.
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Sekil 1. Eksik verilere iligkin satir ve siitun bazli histogram
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23 Permiitasyon Tabanh Ozellik Onemi Yéntemi

Permiitasyon tabanl 6zellik 6nemi yontemi, literatiirde yaygin olarak kullanilan bir
model inceleme teknigidir [7]. Bu yontem, 6zellikle dogrusal olmayan tahmin ediciler
icin etkili bir sekilde kullanilabilir ve bagimsiz degiskenlerin bagimli degiskeni tahmin
etmedeki katkisini objektif bir sekilde degerlendirir [8]. Bu degerlendirme siirecinde,
ozelliklerin degerlerinin rastgele permiitasyonu sonucunda modelin performansindaki
degisiklikler 6l¢iiliir ve her bir 6zelligin tahmin performansina olan etkisi belirlenir. Bu
yontem, modelin karmagikligini anlamak ve en onemli 6zellikleri belirlemek igin
kullantlir [9]. Ayrica, 6zelliklerin katkilarini degerlendirirken, model bagimliligini dik-
kate alir ve yontemin farkli model siniflarinda kullanilabilirligini arttirir [10]. Bu
nedenle permiitasyon tabanli 6zellik nemi yontemi, model inceleme ve iyilestirme sii-
reglerinde yaygin olarak tercih edilen bir tekniktir.

3 Sonuglar

Veri setindeki istatistiksel olarak anlamli bulunan degiskenlere dair tanimliyici istatis-
tikler ve test sonuglar1 Tablo 2’de verilmistir. Veri setini olusturan 62 ¢ocuk hastanin
34’{inde perforasyon gelisirken, 28’inde perforasyon gelismemistir. Cocuk hastalarin
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%45.2” kiz, %54.8’ erkektir. Tablo 1’de perforasyon durumuna gore hipotez testlerinde
anlamli bulunan degiskenler ve demografik bilgileri sunulmustur. Perforasyon olan va-
kalarda pediatrik apandisit skoru ortalamasi (6.71£1.88) ile perforasyon olmayan va-
kalarin ortalamasi (5.5341.91) arasinda istatistiksel olarak anlamli fark oldugu sonucu
elde eidlmistir (p=0.019). Perforasyon olan vakalarda viicut sicaklifi ortalamasi
(37.9+0.87) ile perforasyon olmayan vakalarin viicut sikalig1 ortalamasi (37.33+0.83)
arasinda istatistiksel olarak anlamli fark vardir (p=0.006). Benzer sekilde ¢ocuk has-
talarin CRP (C-reaktif protein), yas, RBC, WBC ve RDW ortalamalari arasinda da an-
laml fark oldugu belirlenmistir (p=0.0001). Istah kayb, idrarda keton varlig1 ve has-
taligin siddeti ile perforasyon arasinda istatistiksel olarak anlamli iligski oldugu belir-
lenmigtir (p<0.05).

Tablo 2. Perforasyon durumuna goére anlamli olan agiklayici degiskenler

Perforasyon Perforasyon

(Yok=34) (Var=28)

Sayisal Degiskenler Ort:SS) Ort£SS p
Pediatrik apandisit skoru 5.53 (1.91) 6.71 (1.88) 0.019
Viicut sicakligi 37.33 (0.83) 37.9 (0.87) 0.006
RDW 1249 (0.63)  13.17(1.08)  0.004
CRP 19.21 (28.56) 116.64 (98.61) 0.0001
Yas 1120 (295  9.71(4.13)  0.0001
RBC 475(0.32)  477(0.41)  0.0001
WBC 13.85 (4.60)  16.89 (6.38)  0.0001

Kategorik Degiskenler n (%) n (%) P
e . komplike 19 (67.9) 4(11.8)
Apandisitin siddeti komplike degil 9 (32.1) 30 882) 0001
yiiksek 15 (53.6) 10 (29.4)
. diisiik 2(7.1) 4(11.8)
Istah Kayb 0.033
¥iah Baybl orta 6(21.4) 3(8.8)
yok 5(17.9) 17 (50.0)
Idrarda Keton hayr 6214 18 (52.9) 0.011
evet 22 (78.6) 16 (47.1)
p<0.01

Permiitasyon tabanli 6zellik 6nemi yontemi ile 6nem derecesine goére siralanmis
degiskenler Sekil 1'de verilmigtir. Calismanin sonuglarina goére, apandisit tanis1 konmus
cocuk hastalarda, hastaligin siddeti, CRP degeri ve idrarda keton bulunmasi, per-
forasyon riskini belirlemede, en 6nemli {i¢ degisken olarak belirlenmistir.
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Feature imgcrtance
created for the Random Forest model
Random Forest
Severity
CRP
Ketones_in_Urine
Segmented_Neutrophils
WBC_Count
Waeight
RDW
Thrombocyte_Count
Height
Drysuria
B
Meutraphil_Percentage
WBC_in_Urine
Peritanitis =

Body_Temperature
Hemoglobin —$-
RBC_in_Urine -

Stool

Psoas_Sign

Meutrophilia

Nausea

Migratory_Pain
Coughing_Pain
Alvarado_Score
Paednatic_Appendicitis_Score
Sex

RBC_Count
Contralateral_Rebound_Tendemness
Age

Loss_of Appetite

0.04 0.08 0.12 0.16
One minus AUC loss after permutations

Sekil 1. Permiitasyon tabanli 6zellik 6nemi yontemi sonuglart

Calismanin kisitliliklar: arasinda, veri setinin boyutunun az olmasi (62 hasta) ve retro-
spektif olmas1 sayilabilir. Gelecek donemlerde hasta sayisi genisletilerek ve prospektif
olarak veri toplanarak bu ¢aligsma giiglendirilebilir. Elde edilen halihazirdaki bulgulara
gore bu calisma, cocuk hastalardaki apandisit vakalarinda perforasyon olma riski
yliksek olanlarin tahmin edilmesi igin gelistirilecek yeni tan1 araglaria katki saglaya-
bilir. Ayrica, apandisit tanisi alan gocuklarda perforasyon gibi riskli ve komplike bir
durumun i¢in klinik yonetim stratejilerinin gelistirilmesine ve sonuglarin iyilestirilme-
sine katki saglayabilecegi diigiiniilmektedir.
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Abstract. Imaging informatics covers many different areas, such as the acquisi-
tion, storage, and evaluation of imagings performed in the healthcare setting, the
use of the information obtained, the improvement of image quality, and the facil-
itation of portability. In addition to image acquisition, it also plays an important
role in improving the quality of healthcare services through scheduling, prioriti-
zation, and support systems. In recent years, the pace of technological develop-
ment has increased. As access to information becomes easier, the amount of in-
formation to be accessed increases. In this process, education in imaging infor-
matics is becoming increasingly important. However, it remains unclear by
whom, to whom and how this education is provided. I would like to share my
experience of imaging informatics education in radiology residency and biomed-
ical engineering graduate programs by mentioned about international programs
and curriculum changes in our country.

Keywords: Imaging Informatics, Radiology Residency Program, Biomedical
Engineering

1 Giris

Bilisim kelimesi 1981 yilinda Prof. Dr. Aydin Kéksal tarafindan dilimize kazandirilmig
olup, kisaca bilginin islenmesi bilimi olarak tanimlanabilir [1]. Tip Bilisimi alt
basliklarinin biiyiik ¢ogunlugu Goriintilleme Biligimi ile kesismektedir. Giiniimiizde
Tipta Goriintilleme Bilisimi Dernegi (SIIM) olarak adlandirilan ve teknolojinin gelisim
stirecinde degisik isimler alan dernek 1980 yilinda kurulmustur [2]. Saglik alaninda
bilisim teknolojilerinin gelisimi ve kullaniminda Radyolojinin 6ncii rolii olmustur.

Goriintiileme Bilisimindeki gelismelerle birlikte yiiksek teknolojiyi kullanan saglik
calisanlarina standardizasyon getirme amact ile 2007 yilinda Amerika Goriintiileme
Bilisimi Kurulu (ABII) kurulmugtur. 2023 Agutos aymnda gorev tanimlamasi
goriintiileme bilisiminin etkili bir sekilde uygulanmasini tanimlayarak kaliteli saglik
hizmetini tesvik etmek ve bilisimcileri sertifikalandirmak seklinde giincellenmistir [3].

Ulkemizde de Radyoloji Uzmanlik Egitim Programlarinda Gériintiileme Bilisiminin
yeri arttirilmaktadir. Universitelerde Bilisim Enstitiileri kurulmaktadir. Bununla
birlikte s6z konusu egitimin kapsami olduk¢a genistir ve uygulamada egitim modeli
tam olarak belirlenmemistir. Kurumumuz Radyoloji Uzmanlik Egitimi programinda ve
Biyomedikal Miihendisligi Yiiksek Lisans Programinda verdigim egitimlerle ilgili
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tecriibelerimi paylasarak, bu konudaki sorunlari ve ¢6ziim Onerilerini tartismayi
amagcladim.

2 Yontem

“Imaging Informatics” ve “Education” anahtar kelimeleri ile Google arama motorun-
dan yapilan aramada uluslararas: sertifika programlarma ulasildi. Universiteler ve
Uluslaras1 Radyoloji Derneklerinin kurslar listelendi. Ornek kurslarm egitim siireleri,
miifredatlari, gereklilikleri ve varsa iicretleri derlendi.

Tipta Uzmanlik Kurulu Miifredat Olusturma ve Standart Belirleme Sistemi
(TUKMOS) ve Tiirk Radyoloji Dernegi Uzmanlik Egitim Programlarinin eski ve yeni
stirimleri incelendi.

Universitelerimizde Bilisim Enstitiileri ve Bilisimle ilgili Yiiksek Lisans program-
larinda Goriintiileme Bilisimi egitiminin varlig1 arastirildi.

Kurumumuzda Goriintiileme Biligimi hakkinda hazirlanan seminer ve ii¢ donemdir
devam eden yiiksek lisans dersleri tekrar gézden gegirildi.

3 Tartisma ve Sonug

Kuzey Amerika Radyoloji Dernegi (RSNA) ve Tipta Goriintilleme Bilisimi Dernegi
(SIIM)’nin ortaklasa diizenledigi ¢evrimici kurs yurtdisinda verilen egitimlerin en
kapsamlisi olarak géze garpmaktadir [4]. Derneklerin diizenledigi kurslarin yanisira
Kanada’da uygulamali saglik bilimleri egitimi veren tek merkez olan Michener En-
stitiisiiniin Goriintiileme Bilisimi Sertika Programi bulunmaktadir [5]. Hollanda Maas-
tricht Universitesinde ise iki y1llik Gériintiileme Miihendisligi Yiiksek Lisans program
dikkati ¢ekmistir[6].

TUKMOS’un 2024 y1ili mayis ayinda Sneri ve itirazlara agik olarak yayinladig: Ce-
kirdek Egitim Miifredatina, temel, klinik ve radyolojik bilgiler baglig1 altinda “Rady-
olojik Verilerin Yonetimi ig¢in Gerekli Bilisim Araglari,Caligma Standart ve Pren-
siplerini ve Ilgili Terminolojiyi Bilme” maddesinin eklendigi goriilmektedir [7]. 2022
yilinda Tiirk Radyoloji Dernegi Yeterlik Kurulu tarafindan giincellenen Egitim Pro-
graminda Goriintiileme Biligimi 6grenim hedefleri listesinde ayr1 bir baslik olarak ele
alinmaktadir [8].

Egitim, hizmet ve arastirma dengesini kurmanin olduk¢a zor oldugu Egtiim ve
Arastirma hastanlerinde egitim programina bilisimi dahil etmede cesitli zorluklarla
karsilasilmaktadir. Ogrenim hedeflerinin uzmanhk dgrencilerince benimsenmemesi,
egitmen kadrosunun konu hakkinda yeterli bilgi ve donanima sahip olmamasi, egitim
programinin giincellenmemesi, erigkin egitimi yontemlerinin yayginlasmamasi bunlar
arasinda sayilabilir. Yiiksek Lisans programlarinda ise belirlenmis 6grenim hedefleri
bulunmamaktadir. Ogrenciler ok farkli bilgi ve beceri alt yapisina sahiptir, egitimden
beklentileri de belirsiz ve degisken olabilmektedir.
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Bu ortamda egitimcilerin farkli kuruluslarin egitim programlarimi
incelemeleri, kendi kurumlarinin hedefleri ve 0grencilerin
beklentileri dogrultusunda o6rgiin egitim dist modelleri de kullanarak
Goriintiileme Bilisimi egitimini yayginlastirmast dnem tasimaktadir.
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