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Scientific Development and Innovative Approach

INTERNATIONAL PERGE
SCIENTIFIC RESEARCH AND INNOVATION
CONGRESS-I

April 21-22, 2026 / Antalya, Turkiye

Congress Program

Participant Countries:
Tiirkiye,Algeria, Georgia,India,Morocco,Ukraine,Usa,Pakistan,Romania, Vietham

Meeting ID: 873 9806 7600
Passcode: 401188

Z00M LINK:
https://usO6web.zoom.us/j/87398067600?pwd=EoXbufunzxZi7u2ddbKat7ong2fCqgk.1
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IMPORTANT, PLEASE READ CAREFULLY

To be able to make a meeting online, login via https://zoom.usl/join site, enter ID instead of “Meeting ID or Personal
Link Name” and solidify the session. The presentation will have 15 minutes (including questions and answers). The
Zoom application is free and no need to create an account. The Zoom application can be used without registration.
The application works on tablets, phones and PCs. Speakers must be connected to the session 10 minutes before
the presentation time. All congress participants can connect live and listen to all sessions. During the session, your
camera should be turned on at least %70 of session period. Moderator is responsible for the presentation and
scientific discussion (question-answer) section of the session.

TECHNICAL INFORMATION
Make sure your computer has a microphone and is working. You should be able to use screen sharing feature in
Zoom. Attendance certificates will be sent to you as pdf at the end of the congress. Moderator is responsible for the
presentation and scientific discussion (question-answer) section of the session. Before you login to Zoom please
indicate your name surname and hall number, exp. Hall-1, Fatih KARIPOGLU

ONEMLI, DIKKATLE OKUYUNUZ LUTFEN

Kongremizde Yazim Kurallarina uygun goénderilmis ve bilim kurulundan gegen bildiriler i¢in online (video konferans
sistemi Uzerinden) sunum imkani saglanmistir. Sunumlar igin 15 dakika (soru ve cevaplar dahil) stire ayriimistir.
Online sunum yapabilmek icin https://zoom.us/join sitesi Uzerinden giris yaparak “Meeting ID or Personal Link
Name” yerine ID numarasini girerek oturuma katilabilirsiniz. Zoom uygulamasi Ucretsizdir ve hesap olusturmaya
gerek yoktur. Zoom uygulamasi kaydolmadan kullanilabilir. Uygulama tablet, telefon ve PC’lerde galigiyor. Her
oturumdaki sunucular, sunum saatinden 10 dk 6ncesinde oturuma baglanmis olmalari gerekmektedir. Tim kongre
katihmcilari canli baglanarak tim oturumlari dinleyebilir. Moderatér — oturumdaki sunum ve bilimsel tartisma (soru-
cevap) kismindan sorumludur.

TEKNIK BILGILER
Bilgisayarinizda mikrofon olduguna ve ¢alistigina emin olun. Zoom'da ekran paylagsma 6zelligine kullanabilmelisiniz.
Katilim belgeleri kongre sonunda tarafiniza pdf olarak gonderilecektir. Kongre programinda yer ve saat degisikligi
gibi talepler dikkate alinmayacaktir. Zoom'a giris yaparken 6nce liitfen adinizi, soyadinizi ve SALON numaranizi
yaziniz, Ornek: Hall-1, Fatih KARIPOGLU




21.04.2026 / Hall-1, Session-1
[@  Ankara Local Time Meeting ID: 873 9806 7600
O @ Passcode: 401188

HEAD OF SESSION: Prof. Dr. Merter MERT

TOPICTITLE ‘ AUTHORS AFFILIATION
Risk Analysis Emin Ergun SELCUK Tokat Gaziosmanpasa University
Data Mining Emin Ergun SELCUK Tokat Gaziosmanpasa University
Macro Primary Balances In Tiirkiye Based On Prof. Dr. Ahmet Niyazi Ozker Bandirma Onyedi Eylul University

Recent Foreign Direct Investments And
Financial Developments

Some Characteristics Of Industrial Sectors In Prof. Dr. Merter MERT Ankara Hac1 Bayram Veli University
Turkiye During The Period 1932-1939

The Number Of Industrial Establishments Prof. Dr. Merter MERT Ankara Hac1 Bayram Veli University
And Therr Importance According To Various
Indicators In Turkiye During The Period

1932-1939
The Concept Of Migration: The Economuc, Lect. Dr. Nuh Ekrem YILDIRIM Akdeniz University/Inénii University
Fiancial, And Social Impacts Of Migration Lect. Miibeyna DOGAN

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and dynamics

XIX




21.04.2026/ Hall-2, Session-1

é* Ankara Local Time
@) 10%:113%

Q Meeting ID: 873 9806 7600
@ Passcode: 401188

HEAD OF SESSION: Y Mlmar Biisra ARSLAN

TOPIC TITLE

Evaluation Of The Structural Performance Of The
Historical Masonry Minaret Of The Molla Celebi
Mosque In Istanbul, Turkey

AUTHORS

Muhammed Ensar YILDIRIM
Omer Faruk OZER
Ahmet Emre KADIOGLU
Mustafa Enver Cakmak
Ferit CAKIR

AFFILIATION

Gebze Technical University

Bio-Computational Integration Model (Bedim):
Towards A Generative Framework For The
Integration Of Artificial Intelhigence And
Biomimicry In Architecture

Velasquez Macias OSCAR MAURICIO
Assist. Prof. Hiiseyin ZULFIKAR

Istanbul Sabahattin Zaim University

Houses With Gliste In Safranbolu

Y. Mimar Biisra ARSLAN

Karabuk University

A Comparative Evaluation Of The Seismic Behavior
Of Traditional Building Systems: Timber Frame
And Masonry Structures

Y. Mimar Biisra ARSLAN

Karabuk University

From Traditional Studios to Virtual Environments:
Digital Transformation in Algerian Architectural
Education

Melik Sami , Khelil Sara, Tallal Abdel
Karim Bouzir

Mohamed Khider Biskra
University/ALGERIA

Architectural Education Reform in Algeria:
Transitioning from Traditional Methods to Modern
Approaches

Melik Sami , Khelil Sara , Tallal Abdel
Karim Bouzir

Mohamed Khider Biskra
University/ALGERIA

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and dynamics

XX




é* Ankara Local Time
10 30 11 45

21.04.2026/ HaII3 Session-2
Q Meeting ID: 873 9806 7600
@ Passcode: 401188

HEAD OF SESSION Prof. Dr.Cevdet SEKER

TOPIC TITLE

Linalool Exerts A Modulatory Effect On The
Src Protein In Cisplatin-Induced Heart
Damage In Rats

AUTHORS

Assist. Prof. Dr. Seydi Ahmet SENGUL

AFFILIATION

Hatay Mustafa Kemal University

Determining The Effect Of Waste Vehicle Tire
Biochar On Aggregate Stability And Water
Potential Of A Sandy Soils In Wind
Erosion-Affected Areas

Sena Nur GEDiZ
Prof. Dr.Cevdet SEKER

Selguk University

Evaluation Of The Effects Of Maiz Straw
Biochar On The Reaction, Water Holding
Capacity, And Aggregation Of
Volcanic-Origin Acidic Soil

Kader CITAK
Prof. Dr.Cevdet SEKER

Selguk University

Impact Of Probiotic And Prebiotic Use On
Gastrointestinal Complications After Bariatric
Surgery

Damla OGUZ
PhD. Ayse Semra AKSOY

Bezmialem Vakif University

Natural Modulation Of The Gut Microbiota in
Patients With Food Allergies. Impact Of
Alergiplant

Major Gheorghe GIURGIU
Prof. Dr. Manole COJOCARU

Deniplant-Aide Sante Medical Center/Titu
Maiorescu University/ROMANIA

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and dynamics

XXI




21.04.2026/ Hall-4, Session-2

C Ankara Local Time Q Meeting ID: 873 9806 7600
f) 10%:12% @ Passcode: 401188
HEAD OF SESSION: Ass:st Prof Dr. Ferhat OZTURK
TOPIC TITLE ‘ AUTHORS AFFILIATION
Modeling Of Flow Around A Vehicle Ali BOZKURT Gazi University

Geometry Using Potential Flow Theory And
The Finite Difference Method And Cfd

Validation
Influence Of N1o Nanoparticles On The Cychic Mohammed T. Al-Hakimi Karabuk
Voltammetry Performance Of Conductive Khaled M. CHAHROUR University

Carbon-Based Supercapacitor Electrodes

Digital Accessibility Within The Context Of Lect. Ebubekir KOCAK Istanbul Esenyurt University
Universal Design Principles: Interface Design
Standards For Visually Impaired

Users

From Drawing To Prompt Engineering: The Lect. Ebubekir KOCAK Istanbul Esenyurt University
Transformation Of Technical Skills And The
Search For New Curriculum Developments In
Visual Communication Design Education

A Contextual Analysis Of The Problems Posed Dilara DOK Kirikkale University

By Pre-Service Mathematics Teachers Assist. Prof. Dr. Ferhat OZTURK

Pre-Service Mathematics Teachers’ Views On Assist. Prof. Dr. Ferhat OZTURK Kirikkale University/Bayburt University
The Concepts Of Thinking And Empathic DilaraDOK

Thinking Assoc. Prof. Dr. Bilge OZTURK

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and dynamics

XX
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21.04.2026/ Hall-5, Session-2
Ankara Local Time @ Meeting ID: 873 9806 7600
10%0:12% @ Passcode: 401188

HEAD OF SESSION: DR.S. SELVAM

TOPIC TITLE ‘ AFFILIATION

Innovative Strategies For Enhancing Nitrogen ELABBARI Chaimaa , Pr. Labjar Najoua , Mohammed V University/ MOROCCO
Efficiency in Agriculture Ouijdane El ouali , EL BOUZIDI Ahmed
,ZINAOUI Badre , Pr.EL Hajjaji souad

Production And Characterization Of Carbon Faisal Nazir THE UNIVERSITY OF
Nanotubes From Biochar Under Microwave AGRICULTURE/PAKISTAN
Irradiation

The Scientific Discourse On Academic Nodar Sulashvili , Ekaterine Lomia , Vira East

Freedom In The 21st Century: A Kravchenko , Mzia Tsiklauri,Lolita Shengelia European University/Georgian
Comprehensive Analysis Of Theoretical , Levan Gulua , Ada (Adel) Tadevosyan , American University/Gr.Robakidze
Premuses, Normative Systems, Challenges, And Nato Alavidze , Marika Sulashvili , Igor University/Yerevan State Medical
The Dilemma Of Academic Proficiency In Seniuk , Tamar Okropiridze , University/National University of
Contemporary Higher Education Reforms David Aphkhazava Pharmacy/GEORGIA/UKRAINE/USA
And Policies Worldwide

Overview of the Impact of Artificial Luong Hoang Phuoc Thu Dau Mot University/VIETNAM
Intelligence on Human Resource Management Hoang Le Buu

Who is Liable When Al Causes Harm? Le Thi Minh Thu Dau Mot University/VIETNAM

A Comparative Analysis of Al Liability
Frameworks Across Jurisdictions

Human Behavior Under Pressure in Attack on K.NAVEEN RAJAN NADAR MAHAJANA SANGAM S

Titan DR.S. SELVAM VELLAICHAMY NADAR COLLEGE/INDIA

Social Media And Its Impact On Mental S. DHARANI NADAR MAHAJANA SANGAM S

Health DR.S. SELVAM VELLAICHAMY NADAR COLLEGE/INDIA

Biotechnology and Genetic Engineering R.KAMALAM NADAR MAHAJANA SANGAM S
M.DEVIBALA VELLAICHAMY NADAR COLLEGE/INDIA
DR.S. SELVAM

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and dynamics

XXI




é* Ankara Local Time
@) 103%0:123%

21.04.2026/ Hall-6, Session-3
Q Meeting ID: 873 9806 7600
@ Passcode: 401188

HEAD OF SESSION: ASSISt Pro_f Dr.MUHAMMAD FAISAL

TOPIC TITLE

Self-Sovereign Identity (SSI) and
Decentralized Identifiers: Empowering
Beneficiary Agency in Social Safety Nets

AUTHORS

Assist. Prof. Dr MUHAMMAD FAISAL

AFFILIATION

Allama Igbal Open University/PAKISTAN

Neuro-Symbolic Al for Policy Transparency
Combining Deep Learning with Logical
Reasoning in BISP

Assist. Prof. Dr MUHAMMAD FAISAL

Allama Igbal Open University

State-Citizen Communication under the
National Food Security Act: Awareness,
Access, and Welfare Delivery

Miss Renju A
Mr. Abhishek Kumar Verma

Central
University of Punjab

Dietary Patterns And Nutritional Status Of
Pregnant Women Delivering Low Birth
Weight Newborns in El Jadida Province,
Morocco : A Case-Control Study

Houda Elfane
Sanaa El-Jamal
Imane Barakat

Halima Daif
Chamlal Hamid
Firdaous Friki
Mohammed EI Ayachi
Rekia Belahsen

Chouaib Doukkali
University/Higher Institute of Professions
Nurses and Health Techniques/Mohammed VI
University of Health Sciences
(UM6SS)/MOROCCO

Synthesis And Characterization Of Ca-
Alginate/Cuo Bionanocomposite For Removal
Of Reactive Yellow 145 Dye: A Green
Approach Towards Sustainability

Dr.Shumaila Kiran
Saman Shams

Government College University

To Investigate the Anti-inflammatory Activity
of Gold Nano-Rods using CT-26 cell lines and
Zebra Fish Model

Ms. Saloni Sharma
Dr. K Gowthamarajan,

JSS College of
Pharmacy/INDIA

Adherence to the Mediterranean Diet in

Rachida MOUSTAKI

, Firdaous FRIKI,

Chouaib Doukkali University/Hassan 11

Patients Undergoing Renal Imane BARAKAT , Mohamed University
Replacement Therapy in Morocco MZIWIRA, Rekia BELAHSEN
Dietary Exposure to Microplastics in Low- and Sanaa El-Jamal , Houda Elfane , Imane Chouaib Doukkali

Middle-Income Settings: Exploratory
Modeling, Metabolic Implications, and
Regulatory Gaps (Focus on North Africa)

Barakat, Rekia Belahsen

University/Higher Institute of Professions
Nurses and Health TechniquessMOROCCO

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and dynamics

XXV




Ankara Local Time
1030:1230

OPIC TITLE

Enhancing Food Security through the
Valorization of Local Cereal Varieties in the
Regions of Khenifra and Tetouan, Morocco

21.04.2026/ HaII7 Session-3
Q Meeting ID: 873 9806 7600

@ Passcode: 401188

AUTHORS

Kaoutar Naciri , AbdelMounaim Belahyan,
Rekia Belahsen

HEAD OF SESSION DR Sidra Altaf

AFFILIATION

Chouaib Doukkali University/ MOROCCO

Avrtificial Intelligence Across the Architectural | Melik Sami , Khelil Sara , Tallal Abdel Karim Mohamed Khider Biskra
Workflow: From Conceptual Design to Bouzir University/ALGERIA
Construction Execution

Al-Augmented Sustainable Design: Improving | Melik Sami , Khelil Sara , Tallal Abdel Karim Mohamed Khider Biskra
Environmental Performance in Contemporary Bouzir University/ALGERIA
Architecture

Exploring the Acoustic Nexus in Urban Melik Sami , Khelil Sara , Tallal Abdel Karim Mohamed Khider Biskra

Neighborhoods: Architecture, Perception, and
Environmental Noise Dynamics

Bouzir

University/ALGERIA

High-Fidelity Simulation of a NuScale-Like
SMR Benchmark Using the OpenMC Code

CHAKROUNE Soukaina, MAGHNOUJ
Abdelmajid, EL MAHJOUB Chakir

Sidi Mohamed Ben Abdellah University/Ibn
Tofail University/ MOROCCO

Antibiotic Resistance Dynamics in UTI:
Emerging Trends in Susceptibility Patterns

DR.Muhammad Saleh Faisal, Ayesha Jamil,
Wagar Hayat, Kashif Ur Rehman Khalil

Khyber Medical College/PAKISTAN

In Silico Analysis Of Plant Proteins: Unveiling
Novel Antimicrobial Strategies Against Viral
Infections

DR.Sidra Altaf
DR.Tasawar Igbal

University of Agriculture/PAKISTAN

Therapeutic Potential Of Okra (Abelmoschus
Esculentus) Powder In The Management Of
Diabetes Mellitus

DR.Sidra Altaf
DR.Tasawar Igbal

University of Agriculture/PAKISTAN

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and dynamics
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$Sekil 1 Sanayi kollannin farkli vasiflar agisindan orani (1932-1939, ortalama)
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Risk Analizi (4) - Microsoft PowerPoint

Girig Ekle Tasanm Gegisler Animasyonlar Slayt Gosterisi Gozden Gegir Goranum
{5 Dazen ~
‘.“_4 Sifirla

=. =32 4= i T} (3 43 Bul
I - 23 Degistir ~
K A S ab Aa \ - Sekiller Yerlestir
~ ‘= Bolum ~ v v Ly Se¢~
Pano Slaytiar Yazi Tipi Paragraf Cizim Duzenleme

tanimlandig1 gorilmektedir (Mahmood, 2012, s.

82). Yapilan birbirinden farkli risk tanimlarinin ortak
noktasi ise risk kavraminin bir belirsizlik icermesi ve
bu belirsizligin zarar veya kayba yol acabilme
ihtimalidir. Fakat risk ile belirsizlik bir noktada
birbirinden ayrismaktadir. Bu da riskin
sayisallastirilabilmesi 6zelliginden
kaynaklanmaktadir (Polat, 2017, s. 89). Riskin

sayisallastirilabilmesi ise, riskin yonetilmesi fikrini
devreye sokmustur.

1

‘ Slaytlar Anahat X
- -

Not eklemek icin tiklatin
& s Q- O- -9 B o
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Veri Madenciligi - Microsoft PowerPoint
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42 Kopyala ~ I By siida : : y - 23¢ Degistir ~
g sec~
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I:

* Veri Madenciligi, farkina varmadan depoladigimiz
ne anlama geldigini bilmedigimiz ancak
depoladigimiz islenmeden 6nce anlam ifade
etmeyen verilerin anlamli hale getirilerek islenmis
bir sekilde glin yztine ¢ikarilmasidir. Verilerin
islenmesi veri madenciliginin temelini olusturan
bir¢ok teknik yontem ve uygulamanin ayri ayri veya
birlikte kullanilmasi seklinde gerceklestirilebilir
(Alpaydin, 2000).

Not eklemek icin tiklatin

Tarkge

(Norkplace 8 Hall-1, Ahmet Ni Ker adl k

ISARC academy...
.

Hall1-Merter.Mert

MACRO PRIMARY BALANCES IN TURKIYE BASED ON RECENT FOREIGN DIRECT INVESTVENTS AND FINANCIAL DEVELOPMENTS - Copy (2pptx - PowerPornt AHMETNIVAZI OZKER 8

Gegier  Animasyorlsr  SleytGotedsi  GéudenGeglr  Goundm  Yawdm  Acrobat ) Ne yapmak nteciginis soyleyn

In TUrkiye, foreign direct investments (FDI) represent a limited industrial and
manufacturing composition that can be expressed with different
values regarding the outlook for TUrkiye (OECD, 2022). In other words, it is
foreign dacfhveﬂments (FDI) play a role in the process
y growth based on domestic demand and

P~ O- ® B 0 #
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Hasar Mekanizmalari

Yigma Yapilar:
* Kesme ¢atlaklari
* Kose ayrismalari

* Duvar yikilmalari

g

(Rijit ama kirilgan)

&3 [

Katlimeilar Sohbet Tepki ver

oplanti 4M H2-sami melik adli kiginin ekrani ()

ISARC academy.

1. Uluslararasi Perge

Bilimsel Aragtirmalar ve inovasyon Kongresi

Ahsap Karkas Yapilar:

* Baglanti noktasi hasari
* Dolgu malzemesi hasari

* Ancak sistem genelde ayakta kalir

4

(Siinek ve emleyici)

® - ® ) #
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o X

H2-sami melik

Results: Architecture and Greenery Override

Objective Noise Data

The High-Density Baseline

Finding: Compact building styles
and inadequate green space
strongly correlate with elevated
resident discontent.

Peak SPL: >85 dB

The Anomgly (The Green Effect)

Finding: Spatial buffers and
low-density profiles drastically
lower both SPL and perceived
annoyance.

55dB
Average SPL

40%
Green Space Only 30%

Annoyance

The Vibrancy Phenomenon: Areas with complex
architectural layouts and high greenery mitigate annoyance
even when SPL is high. Residents perceive these higher
noise levels as urban vibrancy rather than discomfort, driven
by emotional attachment and acoustic identity.
&2 FEE Ok A ) © #
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@ Ahmet Emre Ka... Hall-4, Dilara D... Mustafa Enver...

Ahmet Emre K: Hall-4, Dilara DOK

INVESTIGATION OF REASONS
OF THE COLLAPSE REASONS
AND STRENGTHENING
TECHNIQUES OF MASONRY
MINARETS

Post-Fire Stiffness
Loss: ~75%

Project Context: Forensic
investigation of collapse mechanisms
and strengthening techniques for
historic masonry minarets.

The Challenge: High slenderness,
sensitivity to lateral loads, and severe
material degradation due to fire
exposure.

The Objective: Determine the
invisible structural compromise and
design VGM-compliant retrofitting.

Team: Mustafa Enver Cakmak, Muhammed Ensar
Yildinm, Ahmet Emre Kadioglu, Omer Faruk Ozer,
Mehmet Furkan Tuzak.

Advisor: Prof. Dr. Ferit Gakir.

Date: January 2026
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dem; EK
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THEiRETICAL BACKGROYND

Al in Architecture: From Automation to
Optimization

Al entered practice through workflow automation. Today, machine learning and digital twins allow performance prediction at early design
stages. Design and analysis are no longer sequential.

Workflow Automation

Parametric scripting and rule
based generation to automate
repetitive drafting and
documentation tasks.

PRIMARY OUTCOME
Time reduction

Generative Exploration

Algorithmic generation of
multiple morphological
alternatives to expand the
formal design space

PRIMARY OUTCOME
Formal variety

Katilimalar Sohbet Tepki ver

XXX

Performance Prediction

Machine learning models and
digital twins estimating thermal
energetic and structural
behavior

PRIMARY OUTCOME
Predictive accuracy

Paylag Oturum sahibi araclan

Ara odalar

Real-time Optimization

Multi-objective algorithms

testing complex geometry
inst thermodynamic
simulations in parallel.

PRIMARY OUTCOME
Design + analysis in parallel

#
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INTRODUCTION

THE GLOBAL USED TIRE PROBLEM

The rapid growth of the world’s population, the
expansion of industrialization to new levels, and
the desire to raise living standards are leading to

an increase in the volume of solid waste on a
global scale. This situation is becoming even more
pronounced, particularly in developing countries,
due to the rising number of vehicles. The &
development of the automotive sector is directly
linked to national economies, and the tire industry
constitutes a significant branch of this sector.

Globally, 1-1.5 billion tires are produced annually.
Over 17 million tons of waste tires are generated
each year, and this amount is expected to
increase significantly by 2030.

& G- Ol [T © #
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Effects of Biochar Applications on the Wilting Point (WP)

At the wilting point value measured as 5.08% in the
control soil, a 3.54% increase was observed with the
2% BK application, a 7.48% increase with the 4%
BK application, and an 18.70% increase with the 8%
BK application.

This indicates that the applied BK applications
resulted in a limited increase in the wilting point
value of the sandy loam soil. When compared to the
control, the increase was negligible with the 2% BK
application, while the 4% BK application fell into the
same category as the 2% BK application, and the
effect was more pronounced with the 8% BK
application.

In this context, while BK applications significantly
increased field capacity values, the limited increase
in wilting point values is considered a positive
characteristic of the materials used as soil
conditioners.
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ISARC academy MELIKE KAYA Hall-3 g % hall-3 Sena Nur Gediz

Obezitenin Onemi

- Obezite diinya genelinde prevalansi hizla artan kronik bir hastaliktir.

- Tlirkiye’de TBSA-2010 verilerine gdre 19 yas Usti bireylerin %30,3'li obez
bireylerdir.

+ WHO 2016 verilerine gore diinya genelinde yetiskinlerin %39’u fazla kilolu, %13’
obezdir.

- Obezite ydnetimi saglik sistemleri agisindan énemli bir ytik olugsturmaktadir.

%orkp!ace # H 3 Gheorghe Giurgiu adli kiginin (=)

Hall-3, Session-... hall-3 Sena Nur...

2, Seydi ’ -3, er CITAK ¥ Semra A y Hall 3 % hall-3 Sena Nur Gediz

centrul medical

ar | aide sante

Laboratorul de analize medicale
Centrul de Biomedicina

Herem, we summarlzed the latest evndence on the gut
microbiota profiles and functions associated with food allergy,
oral tolerance mechanisms, and gut microbiota-targeted
therapeutic strategies for food allergy.

Growing evidence has shown that a healthy gut
microbiota contributes to protect against food allergy, whereas
disruption of the gut homeostasis (dysbiosis) affects oral
tolerance and confers susceptibility to food allergy.

The metabolites produced by the gut microbiota, such as
short-chain fatty acids, tryptophan metabolites, and secondary
bile acids, have favorable effects on food allergy.
In recent years, subsequent studies have shown that
short-chain fatty acids exert multiple protective effects against
& Gl © - @ @ #
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Sunupptx - PowerPoint (Urun Etkinlegtinilemed)
Tasanm  Gegisler  Animasyonlar  SlaytGosterisi  Kaydet  GozdenGeg  GonUm  Yardim  Acrobat Q' Ne yapmak istedidinizi soyleyin

[=Dazen~ ] Lul
£35itvia A . Degigtir ~
Yeni ' 2 \ POF
Slayt+ ' Bolom ¥ : v Segv olusturma
shaytar @ Dazenioma Acrobat

Diinyada en gok kullamlan antikanser ilaglardan biri sisplatindir. Ilk olarak testis ve
yumurtalik kanserine kargi kullamlan sisplatin daha sonra serviks, cilt melanomu,
mesane, kolorektal, mide, bag ve boyun kanserleri ve tiglii negatif meme kanserinde de
kullanilmustir (Ranasinghe ve ark 2). Sisplatinin kanser hiicrelerinin DNA'sina zarar
vererek 6nemli avanta) saglarken, i¢ kulak, kalp, bobrek ve karaciger gibi en dnemli
organlarda da toksisiteye neden oldugundan dolay: ciddi dezavantaja sahiptir. Ayrica,
hastalarda normal dokulara toksik yan etkiye neden olmasi ve tedavi esnasinda sisplatine
kanser hiicreleri tarafindan direng kazamlmasi, ilacin etkinligini 6nemli derecede
azaltmaktadir (Zon ve ark. 2023).

Kanser hastalarinda sisplatin kullaniminda sinirlamanin yapildig: bashica nedenler,
ototoksisite, norotoksisite, gastre | toksisite, nefrotoksisite ve daha az sikhikla
gorilen hematolojik toksisite, kardiyotoksisite ve hepatotoksisite gibi tehlikeli yan
etkilerin olmasidir (Zof ve ark. 2023). Olusan bu yan etkiler hastalarin yasam
kalitesinde 6nemli dlgiide diistise neden olmaktadir ve ilag dozunun azaltilmasi ya da
tamamen kesilmesi durumunda kanser karsiti tedavinin etkinligi de azalmaktadir
(Amable, 2016). Sisplatin tedavisi sonucurda olusan kardiyotoksisite ile kreatin kinaz
izoenzim MB, kreatin kinaz, serum plazma konsantrasyonunda laktat dehidrogenaz,
plazma kardiyak troponin I'de ve MDA seviyesinde dnemli artig oldugu goriilmiistiir (El-
Awady ve ark. 2011). Ayrica, sisplatin tedavisi sonucunda diyastolik bozukluklar,
kardiyak iskemi (bradikardi), hipertansiyon ve mikroalbuminiiri yer almaktadir
(Kucharz ve ark. 2016)

g D~ O- ® B ©
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hammed Alhakimi | Hall-4, Dila Ebubekir

Disinmenin ¢ok boyutlu yapisi, bu becerinin farkh tirler ve boyutlar
cercevesinde ele alinmasini gerekli kilmaktadir.

Bu dogrultuda distinme; elestirel diisiinme, yaratici diisiinme,
analitik diisiinme, yansitici diisiinme, st bilissel diisiinme ve
empatik diisiinme gibi cesitli tirler altinda incelenmektedir.

Bu diisiinme tirleri icerisinde empatik diisiinme, kendisini baskasinin
yerine koyarak, karsisindakinin duygu ve dislincelerini anlamaya
calisma seklinde ifade edilmektedir (Ekinci & Aybek, 2010; Gokalp,
2024).

Empatik distinme bireyin yalnizca kendi bakig agistyla sinirh
kalmayarak baskalarinin duygu, distince ve perspektiflerini
anlayabilmesini saglamasi agisindan ayri bir 6neme sahiptir.
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EKAYA % Hal i | Hall-4 Ali Bozkurt Ebubekir KOCAK (HALL 4) I8 Hall-4, Dilara DOK

Giris ve Calismanin Amaci

Aerodinamik tasarim stireglerinde hizli ve diisiik maliyetli sayisal yaklasimlarin etkinligi

& Be e a@) = © B © #

Katlimeilar Sohbet Tepki ver Paylag Oturum sahibi araglan  Ara odalar  Daha fazla Odadan ik

# D Hall-4 Mohammed Alhakimi () A H Bozkurt adli kiginin ekran Y G o X

Hall-4, Dilara D...

Hall-4, Dilai

Research Problem

* Low electrical conductivity.

» Possible nanoparticle agglomeration.

* Active sites have a limited level of access.

» Weak electron/ion transport at high loading.
* Need to determine the optimum NiO amount.

& R Or B ® B O #
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OZET: Tasarnim Egitiminde
Paradigma Donuisumu

Gorsel iletisim tasarimi egitimi, Uretken Yapay Zeka (GenAl)
teknolojilerinin etkisiyle ontolojik bir dedisim gegirmektedir.

= &

Acrobat ile dizenleyin

Gegmisin Kriteri
El-g6z koordinasyonu ve

yazilim odakli teknik
hakimiyet.

—

Kirilma Noktasi

Uretim safhasinin
algoritmalarla
mekaniklesmesi.

Gelecegin Ihtiyaci
Dilsel yetkinlik, semantik
kurgu ve prompt
muhendisligi.

Temel Argliman:

Tasarimeinin rolli teknik bir uygulayicidan, karmasik gorsel sistemleri yneten bir kiiratre evrilmektedir.
Tasanm egitimi, geleneksel gorsel kiiltlr ile yapay zeka is akislarini sentezleyen hibrit bir pedagojiye
acilen ihtiyag duymaktadir. .
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5.4. Gozlemlerden Cikan Sonuglar
ve Degerlendirme

Egitim stirecindeki usta-cirak iliskisi degismektedir. Ogretim elemani artik program
Ogreten degil, yapay zeka diyalogunda gorsel rehberlik eden bir kiiratordr.

Zanaat Hissi Kaybi

isi kendisinin yapmadigi hissi
ve psikolojik aidiyet sorunu.
Fiziksel emegin kaybi
psikolojik bir bogluk yaratir.

Katilimalar

Hizin Yarattigi Sighk

Gorselin aninda Uretiimesi,
felsefe ve hikaye kurgulama
istegini koreltebilir. Tasarimin
digtinsel boyutu tehlikededir.
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Davtmemau durrr

Yiiksek Estetik Standart

Estetik gita ylkselmistir;
ortalama gdrsel devri bitmis,
olaganiist gorsel standart hale
gelmistir.

Kritik Bulgu: Teknik kalite artik
parmak ucundan degil; dil ve
zihin derinliginden
beslenmektedir.
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1. Giris

* Problem kurma, matematik egitimi alaninda son otuz yilda zamanla
artan bir ilginin odagi olan (Cai ve Hwang, 2020), 6grencilere ve
O0gretmenlere gesitli kazanimlar saglayan 6nemli bir beceridir (Kar,
2024).

* Problem kurmanin hem 6grencilere (Abu-Elwan, 2002; Kovacs, Baro,
Lécska ve Kénya, 2023) hem de 6gretmenlere (Abu-Elwan, 1999;
Okuyucu ve Uyar, 2025) sundugu faydalardan biri matematik ile
gercek hayat arasindaki iliskiyi kavramalarini ve giiclendirmelerini
saglamaktir.
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ISARC Academy Umida MAVLY... (Co-host, me)

4SS o . R Saloni Sharma
GH.'.’E&%‘.. Results and discussion:

EDUCATION : x R Hall-6, Renju A
mamemnonet 1) SEM images of GNR/ FA Conjugated drug-loaded GNR S e
. . &, Hall-7,Session-3, Dr.Tasawar Igbal and Dr.Sid..
T - o T P =
) % ISARC Academy... @ KNaveen rajanHall-5, Session-2
f o ¥

% ISARC Academy Umida MAVLY...
-
A

% KNaveen rajan Hall-5, Session-2

The drug-loaded bolymeric gold nanorods surface conjugated with folic acid were
synthesized using CTAB-mediated synthesis and nano-precipitation method due to
the robust nature and smaller nano-size of 55nm the drug will penetrate by @

Saloni Sharma

controlled release.

% Hall-7 Sessi

& s o~ O A @ % Mute all
Participants React Share Hosttools  Breakoutrooms  More Leave room
19°C im = ,m = ~ . 1036 AM
¥ Ginesi am Q As B L 0 2 ® - ‘_- | e AR E TR ADE L,
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o Arsbas 2) Zeta Potential
D. PLGA-ZP GNR-ZP GNR.D.PLGA.FA-ZP
"‘_ T ; 10+ . 1.0+ T R
4 os! os! !
L ‘ 08 f [ [l
o7 ‘ £ o7 | 07!
a,s: 06 | ,av&- [ ¥ Hall-6, Renju A
Lo 05 05
a.:: 04 oel
“ | - ISARC Acad
ul i o | ol cademy...
0.!—- or or
b W e L VS e i ‘;a 0o 1 20 st i sl S S Sl i o O Academy Umida MAVLYANOVA
Zeta Potential (mV) Zeta Potential (mV) Zeta Potential (mV)
Compounds Zeta The negative surface charge of the entire formulation
Potential | syggested that due to electrostatic forces of attraction, the
D. PLGA -20.6mV. ') PLGA (-20.6mV) bound efficiently to GNR(89.7mV),
GNR 89.7mV | which showed effective binding capacity of the different Ssloni et
D.PLGA.GNR.FA | -21.5mV | components.

& Qs O @ -~ © &8 © #

Participants Chat React Share Host tools  Breakout rooms More Leave room

10:37 AM

19°C A - O =
W Gonesi B QA “B Bﬂ"n!ﬂ,tﬁlg AR E TR ADE L,

zoom =
Workplace & Meeting

él::sﬁllléﬁﬁivn Results and discussion: Zebra Fish Model

st~ 4d) ROS

(DEEMED TO BE UNIVERSITY; MYSURU

PC (H,0,) R
% Hall-6, Renju A
Arsenic
ISARC Academy...
¥ ISARC Academy Umida MAVLYANOVA
ArtPLGA

Ar+D.PLGA.
GNR.FA

Saloni Sharma

& @ %

Participants Hosttools  Breakout rooms More Leave room

19°C . = S - 1040 AM
W Gonesi am Qw B e 0O 2 R — ‘r G? ARV E TR DD E

XXXVII




Dr.Tasawar Igba

z (0] Meeti Hall-7,Sessior
Workplace Eotd) ) Hall-7,Session

Okra Tasawar lqbal - RowerPoint (Product Activation Failed) - 8 x

Q Tell me what you want 1o do.. Sigain £ Share

& @ 88 © #

Participants Share Hosttools  Breakout rooms More Leave room

® 19-? ..= Q A B

¢ 10:38 AM
AR W@ TR A& 0

een rajan Hall-5, Session

o0 Meeting
Workplace

Real-World Applications

& @ 88 @ f} Mute all

Participants Hosttools  Breakout rooms More Leave room

L B2 . CaAO AR @ TR R 0o

XXXVIII




zoom

Workplace

METHODOLOGY

Antibiotic Susceptibility Testing Process

. ‘..,’ L] . .. J

-..

Urine Culture
and Sensitivity

- &
Video Participants Cl Re: Share Hosttools  Breakout rooms
19°C N
» Q s AL B3R CEO

8% Dr. Muhammac

X

Control

Levofloxacin

Co-trimoxazole

Agar plates of Co-trimoxazole, Levofloxacin, Nitrofurantoin, & Fosfomycin, labeled with concentrations
and types of bacteria

&6 P~ O ® 88

Participants React Share Hosttools  Breakout rooms

Q A B B2 _CaAO

XXXIX

Dr. Muhammad...

Dr. Muhammac

H2-sami melik

ami melik

10:59 AM

A~ G @R FDE

Dr. Muhammad...

Dr. Muhammad S Faisal

S H2-sami melik

¥ Saloni Sharma g 2-sami melik

© #

More Leave room

11:00 AM
4/21/2026




4% Meeting

zoom
Workplace

The Disconnect in Algerian
Architectural Pedagogy

Research Objective:
Map the transition and
formulate actionable
modermization strategies.

The Impact
This disconnect stifles student
creativity and limits professional
readiness in an increasingly complex,
digtized built environment.

Participants

zoom ” )
Workplace a Meeting

Context & Research Gap

Navigating the Shift from Physical to Virtual Pedagogy

The Global Shift

Rapid integration of BIM and VR to
prepare students for a digital
economy.

Historical reliance on hands-on,
tactile studio environments.

Friction between
modern curriculum
demands and local

inadequacies in

infrastructure, faculty
training, and
pedagogical
adaptation.

The Algerian Context

Context

Algerian architecture schools lag
behind global pedagogical evolution,
remaining tethered to static,
traditional methods.

Dr. Muhammad... ISARC Academy...

Dr. Muhammad Saleh Faisal

)

% Shumaila Asim

S

% Saloni Sharma

% 1SARC

¥ Hall-6, Renju A

H2-sami melik

H2-sami melik

@

Host tools

oo
oo

Breakout rooms

©

More

#

Leave room

= - =5 11:03 AM
AG Y% @ TR AP 4/21/2026

Dr. Muhammad... ISARC Academy...

% Dr.Muhamma Umida MAV.

% Shumaila ¥ Hall-6, Renju A

S H2-sami melik

¥ Saloni Sharma ami melik

Objective: Assess current digital adoption, evaluate virtual pedagogy, and propose alignment strategies.

2 ¢

<)
Participants

(Y

XL

#

Host tools  Breakout rooms Leave room
11:09 AM

4/21/2026




Y & Meeting 0 H2-sami melik's

zoom
Workplace

Key Findings & Performance Outco

Quantifiable Shifts in Student Engagement

Increase in overall academic
grades in virtual environments.

20%

°
<2}
Participants

4 Meeting @ H2-sami melik's

zoom
Workplace

Conclusion & Future Directions

Structuring the Future of Algerian Architectural Education

Practical Recommendations 5/\
(Immediate Action)
Y
R /
The Main Conclusion %ﬁé
(Current Phase) >~

Practical Recommendations

(Immediate Action) (e
i\( ~ Urgent institutional investment in
* \‘}'/ Virtual environments successfully Tobust digital Infrastructure and

targeted hybrid-model professional

support academic journeys and development for faculty

are essential for contemporary
professional digital competencies.

20
(e<)
Participants

i am QA B L B 2R

XLI

mes

The Data Dashboard
0 chreasgd participation in vjrlual
85 /) g:zf:;ssms anc.coauotative Traditional Studio  Virtual Environment
\ 3
= ; :
0, (/) Preference for virtual environments ) SR .
78 /o (\(j)’ (flexibility & asynchronous access). Tactile engagement Digital immersion
2\ Reported increased engagement
70% whzn employing digitalglogols. Synchronous restrictions  Asynchronous flexibility
650/ Experienced improved access to Limited physical Broad decentralized
o learning resources. resource access resource access

[u]m]
0o

Hosttools  Breakout rooms

) Future Directions
(7~ (The Horizon)

‘—UQL/I

Longitudinal studies on
long-term educational
outcomes.

Integration of Artificial
Intelligence (Al) in
design workflows.

Immersive Virtual Reality
(VR) pedagogical
applications.

Hosttools  Breakout rooms

Dr. Muhammad...

% Dr.Muhai

ISARC Academy...

cademy Umida M,

% Shum:

% Saloni Sharma

H2-sami melik

-sami melik

© #

More Leave room

1111 AM

4/21/2026

AG Y@ R P

Dr. Muhammad...

% Dr.Muhammad Saleh Faisal

ISARC Academy...

¥ ISARC Academy Umida MAVLY

¥ Shumaila

S

¥ Saloni Sharma

H2-sami melik

H2-sami melik

#

Leave room

11:12 AM

~ o 2 @ &
AR Y@ TR AOE 000




oo © Meeting
Workplace = & nesnd

The Problem

Rapid urbanization drives elevated
noise pallution, directly linking to
cardiovascular diseases and stress.

Video

Sy Meeting
Workplace

Objective Noise Data

The High-Density Baseline

Peak SPL: >85dB

o resident discontent.

™

The Urban Noise Crisis Demands a
Perceptual Paradigm Shift .

Current planning prioritizes objective
measurable sound (Sound Pressure
Level) but critically ignores subjective
human perception and coping
mechanisms.

The Objective

Define the Acoustic Nexus to link
physical architecture with
perceptual outcomes and

community dynamics.

Defining the Acoustic Nexus: The complex, subjective intersection where physical architectural forms
meet human auditory perception and environmental noise dynamics.

o >
==}
Participants

a x PR

@ H2-sami meli

Results: Architecture and Greenery Override

Finding: Compact building styles
and inadequate green space
strongly correlate with elevated

. rm

The Anomaly (The Green Effect)

Finding: Spatial buffers and
low-density profiles drastically
lower both SPL and perceived
annoyance.

55dB
Average SPL

40%
Green Space

Only 30%
Annoyance

The Vibrancy Phenomenon: Areas with complex
architectural layouts and high greenery mitigate annoyance
even when SPL is high. Residents perceive these higher
noise levels as urban vibrancy rather than discomfort, driven
by emotional attachment and acoustic identity.

®

Host tools

S LB2*2=CEO

[u]u}
0o

Breakout rooms

20
(=)
Participants

Q An

XLII

H2-sami melik

More

11:19 AM
4/21/2026

H2-sami melik

© #

Leave room

11:20 AM

3 7 D 9 &
A G Y% @ TR D S 4/21/2026




zo0m

Workplace

Audio

20°C
¥ Ginesi

1

Video

Y]

Optimization parameters for synthesis of Ca-alginate/copper
oxide film

Experiment

Concentration of copper
oxide

(0.02,0.04,0.08 g/mL)

.3
[ ]

Concentration
of

Ca-alginate
(0.5,

2mg/mL)

0o 4
[=-]
Participants

Q Ara

Stirring time (30, | Yield %

@ &8

Hosttools  Breakout rooms

’Ql-n'am,(_.@g A G % @ MR

XLII

O e

Leave room

11:19 AM
4/21/2026




INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

KONU: Kongre Katilimc1 Bilgisi 30.04.2026

ILGILI MAKAMA

1.ULUSLARARASI PERGE BILIMSEL ARASTIRMALAR VE INOVASYON KONGRES] 21-22
NISAN 2026 tarihleri arasinda ANTALYA ‘de online olarak 9 farkli iilkeden (Tiirkiye:20 ve diger
Ulkeler:27 Toplam:47 akademisyen/arastirmacilarin katilimi ile gerceklesmistir. Kongre, 16 Ocak
2020 Akademik Tesvik Odenegi Yonetmeligine getirilen ¢ Tebliglerin sunuldugu yurt i¢inde veya
yurtdisindaki etkinligin uluslararasi olarak nitelendirilebilmesi i¢in Tiirkiye disindan en az 5 iilkeden
farkli teblig sunan konugmacinin katilim saglamasi ve tebliglerin yaridan fazlasinin Tiirkiye digindan
katilimeilar tarafindan sunulmasi esastir. “* degisikligine ve Dogentlik kriterlerine uygun
diizenlenmistir.

Bilgilerinize arz edilir.

Saygilarimla

il

Sefa Salih BILDIRIiCi
HEAD OF iSARC

XLIV




CONFERENCE PAPERS

I AUTHORS I TITLE

Emin Ergun SELCUK

Emin Ergun SELCUK

Prof. Dr. Ahmet Niyazi Ozker
I Prof. Dr. Merter MERT

Prof. Dr. Merter MERT

Lect. Dr. Nuh Ekrem YILDIRIM
Lect. Miibeyna DOGAN

Muhammed Ensar YILDIRIM
Omer Faruk OZER

Ahmet Emre KADIOGLU
Mustafa Enver Cakmak
Ferit CAKIR

Velasquez Macias OSCAR MAURICIO
Assist. Prof. Hiiseyin ZULFIKAR

Y. Mimar Biisra ARSLAN
Y. Mimar Biisra ARSLAN

I Melik Sami , Khelil Sara, Tallal Abdel Karim Bouzir
Melik Sami , Khelil Sara , Tallal Abdel Karim Bouzir
Assist. Prof. Dr. Seydi Ahmet SENGUL

Sena Nur GEDIiz
Prof. Dr.Cevdet SEKER

Kader GITAK
Prof. Dr.Cevdet SEKER

Damla OGUZ
PhD. Ayse Semra AKSOY

Major Gheorghe GIURGIU
Prof. Dr. Manole COJOCARU

E

iy
4

I Risk Analysis
8-15

Macro Primary Balances In Tiirkiye Based On Recent Foreign Direct
Investments And Financial Developments

o

Some Characteristics Of Industrial Sectors In Turkiye During The Period
1932-1939

The Number Of Industrial Establishments And Their Importance According
To Various Indicators In Turkiye During The Period
1932-1939

The Concept Of Migration: The Economic, Financial, And Social Impacts Of
Migration

Evaluation Of The Structural Performance Of The Historical Masonry
Minaret Of The Molla Celebi Mosque In Istanbul, Turkey

Bio-Computational Integration Model (Bcdim): Towards A Generative
Framework For The Integration Of Artificial Intelligence And Biomimicry
In Architecture

Houses With Gliste In Safranbolu

EEEREEREE

A Comparative Evaluation Of The Seismic Behavior Of Traditional Building
Systems: Timber Frame And Masonry Structures

From Traditional Studios to Virtual Environments: Digital Transformation
in Algerian Architectural Education

E—
=
o
@

Architectural Education Reform in Algeria: Transitioning from Traditional 109
Methods to Modern Approaches

Linalool Exerts A Modulatory Effect On The Src Protein In Cisplatin- 110-111
Induced Heart Damage In Rats

Determining The Effect Of Waste Vehicle Tire Biochar On Aggregate
Stability And Water Potential Of A Sandy Solls In Wind
Erosion-Affected Areas

112-126

Evaluation Of The Effects Of Maiz Straw Biochar On The Reaction, Water 127-141
Holding Capacity, And Aggregation Of

Volcanic-Origin Acidic Soil

Impact Of Probiotic And Prebiotic Use On Gastrointestinal Complications
After Bariatric Surgery

Natural Modulation Of The Gut Microbiota in Patients With Food
Allergies. Impact Of Alergiplant

142-143

XXXV




Ali BOZKURT Modeling Of Flow Around A Vehicle Geometry Using Potential Flow Theory 145-146
And The Finite Difference Method And Cfd Valhidation

Mohammed T. Al-Hakimi Influence Of Nio Nanoparticles On The Cyclic Voltammetry Performance Of 147-156
Khaled M. CHAHROUR Conductive Carbon-Based Supercapacitor Electrodes

Lect. Ebubekir KOCAK Digital Accessibility Within The Context Of Universal Design Principles: 157-159
Interface Design Standards For Visually Impaired
Users

Lect. Ebubekir KOCAK From Drawing To Prompt Engineering: The Transformation Of Technical 160-161
Skills And The Search For New Curriculum Developments In Visual
Communication Design Education

Dilara DOK A Contextual Analysis Of The Problems Posed By Pre-Service Mathematics 162-173

Assist. Prof. Dr. Ferhat OZTURK Teachers

Assist. Prof. Dr. Ferhat OZTURK Pre-Service Mathematics Teachers’ Views On The Concepts Of Thinking And 174-181
Dilara DOK Empathic Thinking
Assoc. Prof. Dr. Bilge OZTURK

EEEEELE

ELABBARI Chaimaa , Pr. Labjar Najoua , Ouijdane [f Innovative Strategies For Enhancing Nitrogen Efficiency In Agriculture
El ouali , EL BOUZIDI Ahmed ,ZINAOUI Badre ,
Pr.EL Hajjaji souad

=
o0
w

Faisal Nazir Production And Characterization Of Carbon Nanotubes From Biochar Under
Microwave
Irradiation

Nodar Sulashvili , Ekaterine Lomia , Vira Kravchenko , The Scientific Discourse On Academic Freedom In The 21st Century: A 184-220
Mzia Tsiklauri ,Lolita Shengelia , Levan Gulua , Ada Comprehensive Analysis Of Theoretical Premises, Normative Systems,
(Adel) Tadevosyan ,Nato Alavidze , Marika Sulashvili , Challenges, And The Dilemma Of Academic Proficiency In

Igor Seniuk , Tamar Okropiridze , Contemporary Higher Education Reforms And Policies Worldwide
David Aphkhazava

Luong Hoang Phuoc Overview of the Impact of Artificial Intelligence on Human Resource 221-226
Hoang Le Buu Management

I Le Thi Minh I Who is Liable When Al Causes Harm? 227-246

182 |

Huynh Mai Yen A Comparative Analysis of Al Liability Frameworks Across Jurisdictions

K.NAVEEN RAJAN Human Behavior Under Pressure in Attack on Titan 247-251
DR.S. SELVAM
S. DHARANI Social Media And Its Impact On Mental Health 252-255
DR.S. SELVAM

R.KAMALAM Biotechnology and Genetic Engineering 256-261
M.DEVIBALA
DR.S. SELVAM

Assist. Prof. Dr MUHAMMAD FAISAL Self-Sovereign Identity (SSI) and Decentralized Identifiers: Empowering
Beneficiary Agency in Social Safety Nets

Assist. Prof. Dr MUHAMMAD FAISAL Neuro-Symbolic Al for Policy Transparency Combining Deep Learning with
Logical
Reasoning in BISP

Miss Renju A State-Citizen Communication under the National Food Security Act:
Mr. Abhishek Kumar Verma Awareness, Access, and Welfare Delivery

Houda Elfane Dietary Patterns And Nutritional Status Of Pregnant Women Delivering Low
Sanaa El-Jamal Birth Weight Newborns in El Jadida Province, Morocco : A Case-Control
Imane Barakat Study

Halima Daif

Chamlal Hamid

Firdaous Friki

Mohammed El Ayachi

Rekia Belahsen

EEREEE

N
[e)]
N




AUTHORS TITLE m

Dr.Shumaila Kiran Synthesis And Characterization Of Ca-Alginate/Cuo Bionanocomposite
Saman Shams For Removal Of Reactive Yellow 145 Dye: A Green Approach Towards
Sustainability

Ms. Saloni Sharma To Investigate the Anti-inflammatory Activity of Gold Nano-Rods using CT- 267-268
Dr. K Gowthamarajan, 26 cell lines and Zebra Fish Model

Rachida MOUSTAKI , Firdaous FRIKI, Imane Adherence to the Mediterranean Diet in Patients Undergoing Renal

BARAKAT , Mohamed MZIWIRA,Rekia Replacement Therapy in Morocco

BELAHSEN

Sanaa El-Jamal , Houda Elfane , Imane Barakat, Dietary Exposure to Microplastics in Low- and Middle-Income Settings: 270-271
Rekia Belahsen Exploratory Modeling, Metabolic Implications, and Regulatory Gaps (Focus

on North Africa)

Kaoutar Naciri , AbdelMounaim Belahyan, Rekia Enhancing Food Security through the Valorization of Local Cereal
Belahsen Varieties in the Regions of Khenifra and Tetouan, Morocco

Melik Sami , Khelil Sara , Tallal Abdel Karim Bouzir [§ Artificial Intelligence Across the Architectural Workflow: From Conceptual

Design to Construction Execution i

Melik Sami , Khelil Sara , Tallal Abdel Karim Bouzir [§ Al-Augmented Sustainable Design: Improving Environmental Performance
in Contemporary Architecture

Melik Sami , Khelil Sara , Tallal Abdel Karim Bouzir [} Exploring the Acoustic Nexus in Urban Neighborhoods: Architecture,
Perception, and Environmental Noise Dynamics

CHAKROUNE Soukaina, MAGHNOUJ Abdelmajid, High-Fidelity Simulation of a NuScale-Like SMR Benchmark Using the
EL MAHJOUB Chakir OpenMC Code

DR.Muhammad Saleh Faisal, Ayesha Jamil, Wagar Antibiotic Resistance Dynamics in UTI: Emerging Trends in I 277-278

Hayat, Kashif Ur Rehman Khalil Susceptibility Patterns

DR.Sidra Altaf In Silico Analysis Of Plant Proteins: Unveiling Novel Antimicrobial Strategies
DR.Tasawar Igbal Against Viral Infections

DR.Sidra Altaf Therapeutic Potential Of Okra (Abelmoschus Esculentus) Powder In The
DR.Tasawar Igbal Management Of Diabetes Mellitus




ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

RISK ANALIZi

Emin Ergun SELCUK

Tokat Gaziosmanpasa Universitesi Turhal Meslek Yiiksekokulu Muhasebe ve Vergi Uygulamalari
Bolumdi, Turhal, Tokat

ORCID: 0000-0001-8568-6205

OZET
Risk analizi, bir organizasyonun karsilasabilecegi belirsizlikleri tanimlama, 6lgme ve bu
belirsizliklerin etkilerini azaltmaya yonelik stratejiler gelistirme siirecidir. Amag, potansiyel
tehditleri 6nceden belirleyip, olasi zararlari minimize etmek ve karar verme sureclerini
giiclendirmektir. Siire¢ genellikle birka¢ temel adimdan olusur: riskleri tanimlama (kaynagi,
tiir ve gergeklesme olasiligl), mevcut kontrolleri ve savunmalar1 degerlendirme, riskleri
niceliksel veya niteliksel olarak analiz etme, riskleri 6nceliklendirme ve uygun midahale
planlar1 gelistirme.
Temel yontemler arasinda nitel analiz ( SWOC/PESTEL analizleri, olay aglari, senaryo analizi)
ve nicel analiz (varyans analizi, beklenen zarar hesaplari, olasilik-zarar tablolari, Monte Carlo
simulasyonu) bulunur. Ayrica riskler, stratejik, operasyonel, finansal, uyum ve giivenlik gibi
kategorilere ayrilarak ele almabilir.
Kullanilan araglar ve ¢ergeveler arasinda risk matrisi (olasi ve siddet diizeyine gore
smiflandirma), hata tiirii ve etkileri analizleri (FMEA), kritik kontrol noktalar1 (HACCP benzeri
kalite giivence yaklasimlari), i¢ kontrol sistemi degerlendirmesi ve risk tablosu yonetimi yer
alir.
Risk analizi, kriz yonetimi planlar1 ve sigorta/finansal 6nlemeler ile entegre edilerek orgiitlerin
dayanikliligmi artirir. Uygulamada paydaslar arasi iletisim ve hesap verebilirlik kritik 6neme
sahiptir; riskler sadece bir yere ait degildir, tiim organizasyonu etkiler. Etik ve yasal uyum da
g6z ardi edilmemelidir. Basarili bir risk analizi, stirekli izleme, gilincelleme ve organizasyon
genelinde risk kiiltiirlinlin yerlesik hale getirilmesi ile siirdiiriilebilir hale gelir.
Anahtar Kelimeler: Risk analizi, belirsizlik, slre¢

RISK ANALYSIS
SUMMARY
Risk analysis is the process of identifying and measuring the uncertainties an organization may
face and developing stratejine to reduce the affetse of these uncertainties. The aim is to identify
potential threats in advance, minimize possible damages and strengthen decision-making

processes. The process usually consists of several basic steps: identifying risks (source, type,
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and likelihood of occurrence), evaluating existing controls and defenses, analyzing risks
quantitatively or qualitatively, prioritizing risks, and developing appropriate response plans.
Basic methods include qualitative analysis (SWOC/PESTEL analyses, event networks, scenario
analysis) and quantitative analysis (variance analysis, expected loss calculations, probability-
loss tables, Monte Carlo simulation). Additionally, risks can be divided into categories sulh as
strategic, operational, financial, compliance and security.

Tools and frameworks used include risk matrix (classification by likelihood and severity),
failure mode and effects analyzes (FMEA), critical control points (HACCP-like quality
assurance approaches), internal control system assessment and risk table management.

It increases the resilience of organizations by integrating with risk analysis, crisis management
plans and insurance/financial prevention. In practice, communication and accountability
between stakeholders is critical; Risks do not only belong to one place, they affect the entire
organization. Ethical and legal compliance should also not be ignored. A successful risk
analysis becomes sustainable through continuous monitoring, updating and establishing a risk
culture throughout the organization.

Key Words: Risk analysis, uncertainty, process

1.GIRIS

Risk analizi, belirli bir hedefe yonelik potansiyel tehlike ve belirsizlikleri sistematik olarak
tanimlama, nicellestirme ve Onceliklendirme siirecidir. Bu siireg, isletmelerden kamu
politikalarma kadar genis bir yelpazede karar vericilere giivenilir bilgiler sunar; beklenmedik
olaylarin etkisini azaltmak ve kaynaklar1 etkin kullanmak amaciyla kullanilir. Ilk adim olarak
riskleri tanimlama ve siniflandirmayi igeren risk tanimlama siireci, ardindan olasilik ve etki
iizerinden riskleri nitel veya nicel yontemlerle degerlendiririz. Nitel analizler, uzman
goriislerine ve senaryolara dayanirken, niceliksel yontemler olasilik dagilimlari, kritik kontrol
noktalar1 ve maliyet-fayda analizi gibi araclarla karar destek saglar. Sonug olarak risk toleransi
ve kabul edilebilirlik kriterleriyle Onleyici, azaltici ve paylasim stratejileri gelistirilir.
Giliniimiizde belirsizligin artmas1 ve karmagik sistemlerin ¢ogalmasi nedeniyle risk analizi,
sadece bir teknik ara¢ olmaktan cikip biitlinlesik karar siireclerinin temel bir unsuru haline
gelmigtir.

2. RISK ANALIZI

Risk analizi, is yerlerinde meydana gelebilecek olasi tehlikelerin belirlenmesi, bu tehlikelerin
is kazalarina ya da meslek hastaliklarina yol agma ihtimallerinin incelenmesi ve bu durumlara

kars1 alinmasi1 gereken dnlemlerin tespit edilmesi siirecidir. Risk analizi, is saglig1 ve giivenligi
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kapsaminda olduk¢a Onemli bir yer tutar, ¢ilinkii bu analiz sayesinde tehlikeler dnceden

saptanarak, hem calisanlarin hem de is yerinin giivenligi artirilabilir. Iyi bir risk analizi
calismasi, is yerinde alinacak 6nlemlerin daha etkin ve verimli bir sekilde planlanmasin1 saglar.
Bu baglamda, risk analizi yontemleri, tehlikelerin dogru bir sekilde siniflandirilmasi ve her
tehlikeye yonelik uygun tedbirlerin alinmasi i¢in gereklidir (Demir, 2020: 42).

3. RISK ANALIiZ YONTEMLERI

Risk analizi yontemleri; nicel (kantitatif) ve nitel (kalitatif) olmak iizere ikiye ayrilmaktadir.
Nicel risk analizi yontemlerinde risk hesaplamasi yapilirken sayisal veriler kullanilmaktadir.
Analizi degerlendirilmesinde, tehdidin ortaya ¢ikma ihtimali ve tehdidin yaratacagi etki gibi
degerler sayisal olarak analiz edilerek matematiksel ve mantiksal yontemler ile siirece yonelik

risk degerleri olusturulur. Analizinin temel faktori olarak;
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Risk= Tehdidin olma ihtimali x Tehdidin etkisi formiilii kullanilmaktadir (Incesu, 2014).
Nitel risk degerlendirme yontemleri ise sayisal veriler yerine s6zel mantiga dayanan analiz
yontemleridir. Yontemi uygulayan uzmanlar, sezgi ve mesleki tecriibelerine dayanarak riskleri
tahmin eder ve dncelikli olan riskleri tanimlar. Tahminde bulunulan riskler tanimlanirken veya
hesap asamasinda sayisal veriler ve matematiksel skorlama degil de diisiik, ¢ok diistiik gibi
tanimlayict veriler kullanilir. Yapilan tahminler, g¢ogunlukla sistematik olarak 6znel
degerlendirmelere dayanir. Yontemi uygulayan uzmanim, yorum ve sezgisel kabiliyetinin iyi
olmas1 metodun giivenli tarafta kalmasini etkiler. Bahsedilen tahmin ve sezgisel yaklasimlardan
oturd, nitel risk degerlendirme yontemlerini, nemli ve tehlike potansiyeli yiiksek yerlerde tek
basma kullanmak dogru degildir (Zengin, 2020).
Risk analizi yontemi olarak 150’den fazla literatiirde yontem kullanilmaktadir. Bunlardan
genellikle en ¢ok tercih edilenleri su sekildedir;

e Birincil Risk Analizi Ydntemi

e On Tehlike Analizi Y&ntemi

e Olursa Ne Olur? Analizi Yodntemi

e Is Giivenligi Analizi Yontemi

e Hata Turleri, Etkileri ve Kritiklik Analizi Yontemi

e Tehlike ve Isletilebilirlik Analizi Ydntemi

e Olay Agac1 Analizi Yontemi

e Neden — Sonu¢ Analizi Ydntemi

e Fine Kinney Yoéntemi

e Risk Degerlendirme Tablosu Yontemleri (X tipi ve L tipi Matris)

e Hata Agaci Analizi Yontemi

e Erken Uyar1 Modeli Yontemi

e Ziirih Tehlike Analizi Yontemi (Incesu, 2014).
4.RISK ANALIZININ AVANTAJLARI
Risk analizinin sundugu baslica avantajlar su sekilde siralanabilir (Tiirk Standartlar1 Enstitiisi,
n.d);

e Gelecekte karsilasilabilecek zor durumlar1 6ngorr,

e Riskler ortaya ¢cikmadan 6nlem alinmasi saglanir,

e Slrpriz ve kayiplar en aza indirilir,

e Hizli ve etkili karar almaya yardimc1 olur,
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Zaman tasarrufu saglar,

Kaynak israfini Onler,

Risklerin makul seviyelerde tutulmasini saglar,

s siirekliligi saglanr,

Hedefleri gergeklestirme ihtimalini artirir,

Proaktif (6ng0ruci) yonetimi tesvik eder,

Kurulus genelinde riski belirleme ve ele alma ihtiyacinin farkinda olunmasini saglar,
Firsatlarin ve tehditlerin analizini saglar,

Ilgili yasal ve mevzuat sartlarina ve uluslararas: normlara uyum saglamaya yardimec1
olur,

Paydas glivenini ve itimadini iyilestirmeye yardimci olur,

Karar verme ve planlama icin glvenilir bir temel olusturur,

Riskin ele alinmasi igin kaynaklar1 etkin bir sekilde tahsis etme ve kullanma
kolaylig1 saglar,

Operasyonel etkinligi saglar ve verimliligi arttirr,

Kaybin 6nlenmesini ve vaka yonetimini iyilestirir.

5. RISK ANALIZI UYGULAMALARI

Is Saghg1 ve Giivenligi Risk Degerlendirmesi Ydnetmeligine (RDY) gore risk degerlendirmesi;

tiim igyeri i¢in tehlikeleri tanimlama, riskleri belirleme ve analiz etme, risk kontrol tedbirlerinin

kararlastirilmasi, doklimantasyon, yapilan ¢alismalarin giincellenmesi ve gerektiginde yenileme

asamalarindan olusur (Akpinar ve Cakmakkaya, 2014).

Risk analizinin asamalar1 su sekildedir (Kahraman ve Demirer, 2010);

Arastirma ve gozlem yapmak
Tehlikeleri tanimlamak
Riskleri belirlemek

Riskleri degerlendirmek
Kontrol dnlemlerini belirlemek
Gerekli 6nlemleri almak

Surecleri dokiimante etmek

6.RISK ANALIZI ILE iLGILI CALISMALAR

Sakalli vd. (2022) tarafindan saglik, egitim, Sanayi-tretim, hizmet ve diger olmak lzeri 6

sektorde 317 kisiyle gilivenlik ikliminin gilivenlik performansmna etkisinin incelendigi
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calismasinda; yas, cinsiyet, aylik gelir, medeni ve egitim durumu, ¢ocuk sahipligi ve sektore
dagilimina gore karsilastirma yapilmistir. Arastirma sonucunda giivenlik ikliminin giivenlik
performansina dogrudan olumlu sekilde etkiledigi bulunmustur (Sakalli vd., 2022).

Donat (2024) tarafindan Balikesir ili Susurluk ilgesinde, Saglik Bakanligi’na bagli kamu saglik
kuruluslarinda gérev yapan 255 ¢alisandan goniillii olarak katilim saglayan 247 personel ile
yuritulen calismada; is giivenligi kultlri ve guvenlik iklimi algisinin giivenli davraniglar
uzerindeki etkisi incelenmistir. Arastirma sonuglarma gore, guvenlik kiltiirii bilesenlerinden
“giivenlik farkindalig1” ve “raporlama kiiltiirii” diizeyleri arttik¢a ¢alisanlarm glivenli davranis
egilimlerinin de artti31 belirlenmistir. Ote yandan, guivenlik iklimi algisinin giivenli davramslar
uzerinde anlamli bir etkisinin bulunmadig1 sonucuna ulagilmistir (Donat, 2024).

Calis Boyac1 ve Gencer (2018) tarafindan Geleneksel risk modeliyle uyumlu, Glickman vd.
(2007) tarafindan gelistirilen demiryolu risk modeli temel alinarak bazi degisikliklerle
Tiirkiye’ye uyarlanmistir. Tiirkiye Cumhuriyeti Devlet Demiryollar1 Isletmesi Genel
Miidiirligii (TCDD)’nden elde edilen veriler dogrultusunda demir yolu tasimaciligindaki risk
degeri hesaplanmustir.

Yorulmaz ve Sezen’in 2023, yilinda yapmis olduklar1 calismada denizcilik sektoriinde
uygulanan risk analizi yontemlerini arastirmislardir ve buna ek olarak Fine Kinney yaklasimi
ile bir uygulama gergeklestirmiglerdir. Literatiiriin taranmas1 sonucu elde edilen 10 adet risk
unsuru denizlik alaninda uzman bir kisinin goriisleri dahilinde Fine Kinney metodu
uygulanmistir. Calismanim sonuglarma gore gemi yapisinda meydana gelen bozulmalar 6lim
riskinin en yiiksek oldugu risk olarak belirlenmistir. Deniz haydutlugu ve g¢evre kirliligi
risklerinin en az risk puanimna sahip oldugu goriilmiistiir (Yorulmaz ve Sezen, 2023).

Bayram ve Kaya 2022°de Trabzon limaninda belirlenen tehlikenin Fine-Kinney yontemi ile risk
analizini gergeklestirmistir. Buna gore; 13 tane “Tolerans Gdsterilemez Risk™, 19 tane “Esash
Risk”, 40 tane “Onemli Risk” olmak lizere toplam 72 tane risk tespit edilmistir (Bayram ve
Kaya, 2022).

SONUC

Risk analizi karar siireglerinin temel tas1 olarak yerini gii¢lendirir: potansiyel tehlikeleri erken
belirlemek, belirsizlikleri 6lgmek ve bu bilgilere dayanarak etkili dnleyici, azaltic1 ve paylasim
stratejileri gelistirmek i¢in vazgecilmez bir aractir. Hem nitel hem de niceliksel yaklagimlarin
entegrasyonu, farkli paydaslari bakis agilarint harmonize eder ve kaynaklari en verimli sekilde
kullanmamizi saglar. Ancak risk analizi dinamik bir siiregtir; degisen kosullar, yeni veriler ve

teknolojik gelismeler dogrultusunda siirekli izleme, giincelleme ve yeniden degerlendirme
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gerektirir. Nihai hedef, organizasyonlarin dayanikliligini artirirken karar vericilere giivenilir
bilgi ve esneklik sunmaktir. Bu nedenle risk analizi, bir kez yapilacak bir ¢alisma olmaktan
¢ikip kurumsal kiiltiiriin ve stratejik planlamanin stirekliligini saglayan entegre bir uygulamaya
doniigmelidir.
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OZET
Veri madenciligi, biiylik veri kiimeleri i¢inden gizli desenleri, kaliplar1 ve iliskileri kesfetmek
icin istatistiksel yOntemler, makine Ogrenimi ve veri analitigi tekniklerini kullanan
disiplinlerarasi bir siiregtir. Amag, ham veriden anlamli ve uygulanabilir bilgiler ¢ikararak karar
siireclerini desteklemektir. Siire¢ genellikle su adimlar1 kapsar: problem tanimlama, veri
toplama ve entegrasyonu, 6n isleme (eksik degerler, aykir1 degerler, dlceklendirme), kesifsel
veri analizi, modelleme (smniflandirma, kiimeleme, regresyon, iliski kurali madenciligi, boyut
indirgeme gibi yontemler), model degerlendirme ve se¢cim, modelin iiretime alinmasi ve
izlenmesi.
Kullanilan baglica teknikler arasinda smiflandirma (6r. miisteri kredi skoru tahmini), kiimeleme
(6r. benzer miisterilerin segmentasyonu), iliski kurali madenciligi (alisveris sepeti analizi),
regresyon, anomali tespiti ve boyut indirgeme (6r. PCA) bulunur. Veri tipleri yapisal (veri
tabani tablolar1) ve yapisal olmayan (metin, goriintli, ses) olabilir; bu durum 6n isleme ve
modelleme yaklasimlarmi belirler.
Uygulama alanlar1 oldukga ¢esitlidir: pazarlama ve miisteri davranigi analitigi, dolandiricilik
tespiti, saglik hizmetleri, finansal risk yonetimi, iiretim ve siber giivenlik. Ayrica veri
madenciliginde etik ve gizlilik 6nemli bir konudur; tarafsizlik, 6nyargi azaltma ve veri
giivenligi gibi hususlar dikkate alinmalidir.
Basarili bir veri madenciligi projesi i¢in kaliteli veri, uygun problem tanimi, dogru tekniklerin
secimi ve sonuclarin siirdiiriilebilir sekilde isletmelere entegrasyonu kritik rol oynar.
Anahtar Kelimeler: Veri, madencilik, surec, teknik

DATA MINING
SUMMARY
Data mining is an interdisciplinary process that uses statistical methods, machine learning, and
data analytics techniques to discover hidden patterns, patterns, and relationships within large
data sets. The aim is to support decision processes by extracting meaningful and actionable
information from raw data. The process generally includes the following steps: problem
definition, data collection and integration, preprocessing (missing values, outliers, scaling),

exploratory data analysis, modeling (methods such as classification, clustering, regression,
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association rule mining, dimensionality reduction), model evaluation and selection, putting the
model into production and monitoring.

Major techniques used include classification (e.g., customer credit sor prediction), clustering
(e.g., segmentation of similar customers), association rule mining (shopping cart analysis),
regression, anomaly detection, and dimensionality reduction (e.g., PCA). Data types can be
structured (database tables) and unstructured (text, image, audio); This determines the
preprocessing and modeling approaches.

Application areas are quite diverse: marketing and customer behavior analytics, fraud detection,
healthcare, financial risk management, manufacturing and cybersecurity. Additionally, ethics
and privacy are important issues in data mining; Issues such as impartiality, bias reduction and
data security should be taken into account.

For a successful data mining project, quality data, appropriate problem definition, selection of
the right techniques and sustainable integration of the results into businesses play a critical role.
Key Words: Data, mining, process, technique

1.GIRIS

Veri madenciligi, bliyiik veri depolarinda saklanan ham veriden degerli i¢gdriileri ortaya
¢ikarmay1 amaglayan disiplinli bir siirectir. Istatistik, yapay zeka ve veritabam teknolojilerini
bir araya getirerek desenleri, egilimleri ve iliskileri kesfeder. Is diinyasinda karar destek, risk
analizi ve miisteri davraniglarin1 anlamada kritik rol oynar. Veri temizleme, 06zellik
miihendisligi ve modelleme adimlariyla giivenilir sonuglar iiretmeyi hedefler. Glnlmizde
makine 6grenimi teknikleriyle otomatiklestirilen analizler, 6ngérii ve Oneri sistemlerinin
temelini olusturur.

2.VERI MADENCILIGI TANIMI

Durmusoglu (2017: 1112) veri madenciligini; “veri igerisinde var olan iligkilerin ve kaliplarin
kesfedilmesi icin birbirini izleyen bilgisayar destekli faaliyetlerin bir bitinsellik icerisinde
uygulanmas1” olarak tanimlamaktadir. Bu tamimlar birlikte degerlendirildiginde, veri
madenciliginin, ham verilerden yararl bilgiler elde etmeye odaklanan bir siire¢ oldugu
gOriilmektedir. Veri madenciligi, gizli oriintiileri ve iligkileri bularak, analitik modeller
olusturarak, smiflandirma ve tahmin islemleri gerceklestirerek ve madencilik sonuglarini
gorsellestirme araglariyla sunarak bilgi kesfini desteklemektedir (Han vd., 2012: 154).
3.VERI MADENCILIGININ TARIHI

1960'l1 y1llardan 6nce basit dosyalama yontemleri mevcuttu. 1970°1i yillarda ise bu yontemler

“Veri Taban1 Yonetim Sistemleri” ile degistirilmistir. Ayrica bu sistemlerin yaninda hiyerarsik



Q\_\c_\'. AN/_-)”
<&

5 ‘3 ISARC academy

g S S ce e é

2 S INTERNATIONAL SCIENCE AND ART RESEARCH CENTER
@]

ag veritabani sistemleri, iligkisel sistemler, B-agaglari, sorgu isleme ve optimizasyon sistemleri
de devreye girmistir (Y1lmaz, 2023, s. 38). 1980°1i yillarin basma kadar devam eden bu donem,
gelismis veri taban1 ve web tabanli sistemlerin ortaya ¢ikmasiyla sona ermistir.1980'li yillarda
baslaylp giiniimiizde de devam eden “Ileri Veritabam Sistemleri”; zamansal sistemler,
mekansal sistemler, multimedya sistemleri, bilgi odakli sistemler, iligskisel ve nesne
sistemlerinden olugsmaktadir (Tliimingin, vd., 2019, s.351).

4.VERI MADENCILIGI UYGULAMALARI

Veri madenciliginin en 6nemli amaci ortaya ¢ikarma, kesif ve 6grenmedir. Kullanilan en temel
bilim dallarindan birisi makine 6grenmesidir. Makine 6grenimi, bilgisayarlarin datalarmi hangi
sekilde istifade ederek ogrenebileceklerini veya performanslarini nasil gelistirebileceklerini
inceleyen ¢alismadir. Ana arastirma alan1 karmasik veri modellerini kesfetmek ve otomatik
olarak akilli kararlar vermektir (Savas vd., 2012: 17). Veri madenciliginin sektorel
entegrasyonu, organizasyonlarmn karar verme sureglerini optimize etmekte ve operasyonel
verimliligi artirmaktadir. Ileri dizey analitik yontemler ve yapay zeka teknolojileri ile
desteklenen bu uygulamalar, kurumsal sireclerin dijital transformasyonunda kritik bir rol
oynamaktadir (Laudon ve Laudon 2020). Gercek hayattaki gozlem ve deneylerden elde edilen
kanitlanmig bilimsel yontemler ile elde edilen veriler {izerinde ¢esitli modeller denenip
olusturulan ¢6ztimleri problemli alanlara uygulamak ve sonug almak amaciyla kullanilmaktadir
(Tekerek 2011).

5.VERI MADENCILIGININ SURECi

Verisecimi ilk asamadir ve veritabanindan 6nemli gorilip secilen ya da belirlenen hedef verinin
seciminden olusmaktadir. On Isleme asamasmda verilere iliskin yanlhislik ya da eksiklik
olmamasi i¢in verinin ¢ikarilmasi, temizlenmesi veya eksik verinin tamamlanmasi ile yeni
degisken tanimlar1 bu asamada yapilir. Verinin doniistiiriilmesi adiminda veri madenciligi
icinde yer alan degisik yontemler araciligi ile veri uygun bir bicimde degisime ugratilir
(Akpinar 2014). Veri Madenciligi adimlar1 sirasinda ¢esitli yontemler ile bu seviyeye kadar
gelen veriye, degerlendirme ve yorum yapmaya elverisli ve ilgili konuda bilgiye ulastirabilecek
is ve islemler uygulanir. Bilginin ortaya ¢ikmasindan dnceki son adim belirlenen oOriintiilerin
degerlendirilip yeterli bilgi igerip igermediginin yorumlanmasidir (Seker 2013).

6.VERI MADENCILIGI YONTEMLERI

Veri Madenciligi yontemlerini ana iki baslhiga ayirabiliriz. Bunlar denetimli ve denetimsiz
yontemlerdir. Veri madenciliginde net ifade edilmis veya kesin tanimlamalar i¢in denetimli

(supervised) ifadesi kullanilir. Henliz tanimlanmamig veya netlik kazanmamis sonuclar icin
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denetimsiz (unsupervised) ifadesi kullanilir (Bigus ,2000).Bu iki terimi birbirinin tersini ifade
etmektedir. Bu iki yontem tlim siire¢ agisindan degerlendirildiginde;
e Denetimsiz yontemler analiz agsamasinda verileri tanimak iliskileri kurmak bunlar1
anlamak i¢in kullanilan ve daha sonra kullanilacak teknikler ig¢in oneri vermeyi amaglar,
e Denetimli yontemler ise ham veriden anlamli bilgiyi ¢ikarmak i¢in kullanilmaktadir,
seklinde ifade edilebilir. Denetimli ve denetimsiz yOntemler birbirini tamamlar
niteliktedir. Bu yilizden dogru bilgiye ulasmak icin eldeki denetimsiz yontemle elde
edilen bilginin denetimli bir bagka yontemle teyit edilmesiyle gecerliliginin kontrol
edilmesi gerekmektedir.
e Denetimli (Supervised) Veri Madenciligi yontemleri:
e En yakin k komsuluk (k-Nearest-Neighbor)
e K-ortalamalar kiimeleme (K-means clustering)
e Regresyon modelleri (Regression models)
e Kural ¢ikarimmu (Rule induction)
e Karar agaglar1 (Decision trees)
e Sinir aglar1 (Neural networks)
e Denetimsiz (Unsupervised) Veri Madenciligi yontemleri:
e Asamali kimeleme ( Hierarchical clustering)
Kendi kendini duzenleyen haritalar (Self organized maps) olarak simiflandirilabilir (Akgébek,
2006).
7. VERI MADENCILIGI MODELLERI
7.1.Smiflandirma
Siniflama ve regresyon, veri analizi yontemleri olarak dnemli veri smiflarin1 ortaya koyar ve
gelecekteki egilimleri tahmin eder. Siniflama, kategorik degerleri tahmin ederken, regresyon
siirekli degerler igin uygulanir. Ornek olaraktan, Spesifik kategorize algoritmasi kredi kurulusu
olan bankalar finansal talep basvurularini daha emniyetli ya da sakincali olarak ayristirarak
analitik miisterilerinin harcamalarini tahmin eder. Genel olarak prosediirler arasinda bayes
temelli yaklasim, derin sinirsel ag sistemi ve tahmin agaglar1 yer alir. Karar agaglari, veri
madenciliginde diisiik maliyetli, kolay yorumlanabilir ve iyi entegre olabilen bir smniflama
teknigi olarak en yaygin kullanima sahiptir (Kesavaraj vd., 2013: 3).
7.2.Oriintii Madenciligi
Oriintii madenciligi, biiyiik ve karmasik veri kiimelerinde gizli veya 6ngdriilemeyen iliskileri

ortaya ¢ikararak, verilerdeki anlamli desenleri bulur ve is siireclerine degerli bilgiler saglar.
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Oriintii madenciliginde amag, bir veri kiimesindeki benzer davranislari, diizenleri veya iliskileri
belirlemek ve bunlari karar verme siireglerinde kullanilabilir hale getirmektir (Gan vd., 2019:
1306).

7.3.Kiimeleme

Kimeleme, verileri benzerliklerine gore gruplara ayirma islemidir ve bir¢ok alanda, 0zellikle
veri madenciligi, istatistik ve makine 6greniminde kullanilir. Kiimeleme, smiflama modelinden
farkli olarak, verilerin 6nceden belirlenmis simiflara sahip olmamasiyla karakterizedir. Bu
uygulamalar arasinda miisteri gruplarinin kesfi, biyolojik siniflandirmalar ve sehir planlamasi
gibi 6rnekler bulunmaktadir. Kiimeleme analizinin 6nemi, veri miktarinin artmastyla birlikte
ylikselmektedir ve farkli kiimeleme algoritmalari, verinin tiirline ve amacina gore
secilmektedir. Ana kiimeleme yontemleri arasinda modele dayali, segmentasyon, grid yapili,
kademeli sistem ve veri y1g1l1 algoritmalar yer almaktadir (Amelio ve Tagarelli, 2018: 412).
8.VERi MADENCILiIGi ARACLARI

Veri madenciligi araglar1 ¢oklukla veri isleme asamasinin en 6nemli parcalarindan biridir. Veri
madenciligi calismasinda veri erigimi, veri 6n isleme, modelleme, degerlendirme ve sonuglarin
gorsellestirmesi gibi farkli agamalar bulunmaktadir. Araglardan hangilerinin kullanilacag,
ihtiyaclara, verinin tiiriine ve analiz amaglarma baghdir. Giiniimiiz veri analizi teknolojileri ve
yazilimlari, bliyiikk veri kiimelerinin etkili yonetimini ve analizini hedeflemektedir. Veri
madenciligi siire¢lerinin basarili yonetimi i¢in uzmanlagmis yazilim araglarinin kullanimi kritik
Onem tasir. Arastirmacilarin ihtiyaglarina uygun programlar1 se¢meleri, zaman yonetimi,
kullanim etkinligi ve sonug¢ dogrulugu bakimindan fayda saglar. Bununla birlikte, veri analizi
yazilimlarinm {cretsiz sunulmasi, kullanicilar i¢in dnemli bir motivasyon kaynagidir. Ozellikle
bilimsel arastirmalarda ticari amag giitmeyen ve acik kaynak kodlu veri madenciligi araclarinin
tercih edilmesi rasyonel bir yaklasimdir (Dogan 2017).

9.VERi MADENCILIiGi iLE iLGILi YAPILMIS ARASTIRMALAR

Hasan ve ark.’nin (2018), ¢alismalarinin amaci, havayolu sirketi sik ugus programina ait veri
tabanindan Uyelerin bilgilerini MIY icin cikarmaktir. veri madenciligi metodolojileri
kullanilarak Uyeler, puanlari, milleri, etkinlik sayilar1 ve sektdr puanlarina gore kiimelenmekte;
bu parametreler kiimeleme algoritmas: igin girdi olarak degerlendirilmektedir. Ayrica,
Kurumsal politikalar, operasyonel siirecler ve havayolu destinasyonlar1 arasindaki baglantilarin
belirlenmesinde kullanilmaktadir.

Afsin (2019), calismasinda havayolu sektoriindeki bir firmanin miisteri verilerini veri

madenciligi teknikleriyle analiz ederek miisteri davranislarinin anlasilabilirligini gostermeyi
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amaglamistir. Bes boliimden olusan ¢alismanin ilk boliimiinde miisteri memnuniyeti, ikinci
boliimde veri madenciligi siire¢ gelisimi ele alimmustir. Uciincii bdliimde kiimeleme analizi
yontemleri incelenmis, dordiincii boliimde 2015 yilinda toplanan 114988 miisteri verisi SPSS-
22 ile analiz edilmistir. Yolcularm memnuniyet, cinsiyet, yas gibi genel 6zelliklerine gore
yapilan kiimeleme analizi sonucunda U¢ farkli miisteri profili olusmustur. Son boliimde, her
kiime icin hizmet kalemleri degerlendirilmis ve havayolu firmasinin hizmet kaliteleri hakkinda
onerilerde bulunulmustur.

10.VERI MADENCILiGI KULLANIM ALANLARI

10.1. Pazarlama ve Satis

Pazarlama ve satigs departmanlari, veri madenciligini kullanarak miisteri davraniglarmi analiz
edebilir ve pazarlama stratejilerini gelistirebilirler. Veri madenciligi ile miisteri tercihleri ve
aligverig aligkanliklar1 analiz edilerek hedef kitleye yonelik etkili reklam kampanyalari
olusturulabilir. Ayrica, miisteri segmentasyonu yaparak farkli miisteri gruplarina 6zellestirilmis
teklifler sunulabilir(Sinap, 2024, s.72).

10.2. Miisteri Iliskileri Yonetimi

Miisteri iligkileri yonetimi, veri madenciliginin yogun olarak kullanildig1 bir alandir. Miisteri
verileri analiz edilerek miisteri davraniglar1 ve tercihleri hakkinda bilgi elde edilebilir. Bu
bilgiler, miisteri sadakati ve memnuniyeti artiracak stratejilerin gelistirilmesine yardimeci
olur(Kuruca, vd., 2022, 5.97).

10.3. Finans ve Bankacilik

Finans ve bankacilik sektorii, veri madenciliginin siklikla kullanildig1 bir alandir. Veri
madenciligi ile miisteri risk analizleri, dolandiricilik tespiti, kredi degerlendirmeleri ve tahkimat
analizleri gibi bircok islem gerceklestirilebilir(Kou vd., 2004, 5.751). Ornegin, miisteri verileri
analiz edilerek riskli miisterilerin tespiti ve dolandiricilik olaylarmin 6nlenmesi miimkiin hale
gelir. Ayrica, kredi degerlendirmeleri ve tahkimat analizleri gibi finansal kararlar, veri
madenciligi teknikleri kullanilarak daha dogru ve hizli bir sekilde yapilabilir(Zaki, vd., 2024,
s.80).

10.4. Saghk Sektorii

Saglik sektorii, veri madenciliginin kullanildigi 6nemli alanlardan biridir. Veri madenciligi
teknikleri, hastalik teshisi, epidemiyolojik analizler, ila¢ kesfi ve tedavi planlamalar1 gibi

konularda saglik ¢alisanlarma yardimci olur(Kocgak ve Ergiin, 2023, 5.26).
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11. SONUC

Veri madenciligi, ham veriden degerli bilgiler ¢ikararak karar destek siireclerini giiglendirir.
Istatistik, yapay zeka ve veri tabami teknolojilerinin entegrasyonu, giivenilir ve dngériilebilir
sonuclar saglar. Temizlenmis veriyle kurulan modeller, is siireclerinde verimliligi artirir ve
rekabet avantaji sunar. Ancak etik, gizlilik ve adil kullanim konular1 da dikkate alinmazsa
riskler dogurabilir. Dolayisiyla basarili uygulamalar i¢in veri yonetisimi, seffaflik ve siirekli
lyilestirme temel taslaridir.
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ABSTRACT

This study aims to analyse the composition of foreign direct investments (FDI) directed towards
Tdrkiye in recent years, focusing on specific sectoral structures rather than classical production-
oriented investments, it examines these investments within the framework of certain observed
macroeconomic balance and equilibrium trends in recent years. This phenomenon, which
necessitates examination in Turkiye in recent times, highlights the potential for creating a
critical financial vulnerability, particularly in terms of macroeconomic balances, especially in
the context of recent investment compositions, particularly foreign direct investments (FDI).
The fundamental problem in terms of economic balance is the domestic demand-oriented
structure, and this phenomenon, which increases pressure on macroeconomic balances, has
taken on a different meaning in Turkiye, particularly in the banking sector, through a reshaped
structure in the interaction between recent foreign direct investments (FDI) and financial
developments. Therefore, it also reveals the necessity of recalibrating foreign direct investments
inflow in terms of financial depth from a macroeconomic balance perspective. In other words,
Turkiye's high sensitivity to capital movements and its financial integration, exhibiting a more
pronounced and externally finance-dependent economic structure, has become a more
significant and effective phenomenon, even for market economies. However, the recent
normalization of monetary policy in Tlrkiye and the increase in precautionary regulations
regarding macroeconomic balances have had a limiting effect on credit expansion, making
foreign direct investments (FDI) in Turkiye — and especially stock market investments — an
attractive phenomenon that needs to be seriously questioned. At this stage, while portfolio
investments from foreign financing sources are expected to generate volatility, foreign direct
investments (FDI) are expected to provide a more stable source of financing. Given the recent
macroeconomic fluctuations in Tirkiye, the current structure suggests that it will continue to
generate potential inconsistencies between long-term sustainable growth targets and short-term

financial stability.
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1. INTRODUCTION

In Tlrkiye, foreign direct investments (FDI) represent a limited industrial and manufacturing
composition that can be expressed with different values regarding the outlook for Turkiye
(OECD, 2022). In other words, it is understood that foreign direct investments (FDI) play a role
in the process as a factor providing temporary growth based on domestic demand and financial
expansion (Borensztein, Eduardo et al., 1998). Although these investments have created short-
term relief, it can be said that they also represent a structure that improves short-term
macroeconomic balances (De Mello, 1999). Within the framework of the primary
macroeconomic balances approach, if foreign direct investments (FDI) increase exports, create
production capacity, and create structural value that also enables technology transfer, it is
possible to talk about foreign direct investments (FDI) that directly improve macroeconomic
balances. However, in the recent period where prices have risen and inflation has occurred, it
is important to evaluate the economy in terms of current account balances and the savings-
investment balance within the primary balances approach in Tirkiye. (Turkiye Cumhuriyet
Merkez Bankasi, 2024; World Bank, 2024a).

Because the evaluation of fiscal balances and the budget balance, especially financial balances
and the capital flows balance, also plays a complementary role and a balancing mechanism in
this same process. However, in this process where the balance of production and consumption
also comes to the forefront, it is possible to talk about a structure in Tirkiye — as in developing
economies — that is extremely sensitive to capital movements, especially due to its dependence
on external financing. When the issue is evaluated with the balance of payments data from the
Central Bank of the Republic of Tirkiye (CBRT)), it is observed that the short-term presence of
foreign direct investment, which continues to be an important element within the external
financing items in Turkiye, is a significant factor. Currently, a significant portion of foreign
direct investment in Turkey is concentrated in the finance and banking sector. The structural
changes in the acquisition of real estate, the services sector, and existing assets also reveal that
a significant portion of foreign direct investments (FDI) in Turkiye is also involved (UNCTAD,
2023; OECD, 2022).

In contrast, the limited export-oriented investments and productivity-enhancing capital

formations in terms of establishing high-technology industries and moving to an advanced
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production stage indicate that foreign direct investments (FDI) have not created a significant
export capacity, especially in terms of the current account balance. This structure, which does
not reduce dependence on imported goods, also does not expand Turkiye's industrial base.
Therefore, it should be emphasized that despite the increase in foreign direct investments (FDI),
primary macroeconomic balances are not positively affected and continue structurally, and that
it does not have a significant positive impact on the changes in the current account deficit,
which continues with its fluctuating course throughout 2025. In particular, the fact that portfolio
investments represent higher quality and longer-term capital, resulting in lower risks and less
volatility, suggests that foreign direct investments (FDI) are not speculative. In this context, it
is also highlighted that although foreign direct investments (FDI) in Tirkiye, especially in
banking, finance acquisitions and real estate investments, is a short-term financial resource,
these items do not actually create real capacity, and although there is nominal capital inflow,
the real growth capacity remains limited and does not increase (World Bank, 2024a). This
phenomenon creates an effect on financial depth and market valuation rather than growth in
Tirkiye, and means that foreign direct investment contributes to GDP, but its contribution to
productivity is limited. In other words, there are FDI movements and a process of volatility in
Turkiye, but it seems that these investments are not sufficiently improving the structural quality
of real economic growth in Turkiye. In this respect, it appears that Turkey has recently
experienced pressure on domestic demand through credit expansion; however, long-term
productivity and potential target economic growth have remained limited (International
Monetary Fund, 2023a).

2. FDI IN TURKIYE AND THE PARADOX OF THE RECENT MACROECONOMIC

PRIMARY EQUILIBRIUM PROBLEM

Before framing the paradox of foreign direct investment (FDI) in Turkiye, it is necessary to
establish a paradoxical conceptual framework for examining the paradoxical relationship
between FDI and Turkiye, particularly in recent times. This factual framework primarily aims
to make sense through the approach of investors establishing production facilities, developing
partnerships, and placing long-term capital in Turkiye, or securing long-term capital returns
from abroad, thereby creating a permanent capital investment. In this context, this phenomenon,
which is included in classical economic theory, has key positive effects such as increasing the
capital stock, creating employment, contributing to financing the current account deficit,
increasing export capacity, supporting foreign exchange reserves, and thus acting as a source
of external financing for healthcare in Turkiye (OECD, 2022).
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2.1. Misallocation of FDI and the Distortion of Primary Macroeconomic Balances in
Turkiye

Especially in Turkiye after 2018 and more significantly between 2021 and 2025, the FDI
composition in Turkiye has transformed into a phenomenon of structural contradictions and
practices that deviate significantly from the classical production-oriented structure. While the
primary goal is to achieve significant investment efficiency in finance, primarily within the
banking sector, as well as in combined procurement services and real estate, paradoxically,
various dynamics inevitably emerge. In theory, attracting foreign direct investment into the
country is expected to strengthen the economy, but in practice, particularly after 2021, the
primary reason for this is a directly incorrect FDI distribution composition. In other words, a
significant portion of foreign direct investment coming to Tirkiye has been directed towards
acquiring existing assets within the financial system and catering to domestic demand
(UNCTAD, 2023; OECD, 2024).

It is also a significant observation that price increases have been transformed into speculative
gains, influencing the FDI composition. This means that instead of increasing production,
monetary liquidity has increased, and with domestic demand exceeding expectations, financial
markets have recently, especially after 2021, engaged in speculative activities aimed at
achieving high profits. In the context of the risks facing Tirkiye, the structure in which domestic
demand, driven by FDI and credit expansion, has increased has made significant demand
inflation inevitable (Borensztein et al., 1998), On the other hand, the current account deficit
problem, in terms of primary macroeconomic balances, is unavoidable because production is
not being created, and investments are increasing import-dependent domestic demand, leading
to increased imports and consequently, increasing current account deficit positions.
Furthermore, when the issue is considered from the perspective of structural vulnerability, the
changes and increases in FDI values in Turkiye after 2021 have resulted in sectoral structures
replacing production and the financialization of the economy.

That is, the shift of foreign direct investments to the financial sector has led to a situation where
the financialization of the economy and exchange rate sensitivity have further increased, and
capital outflow risks have risen even higher (OECD, 2024). In terms of real impact, this real
development after 2021 can be explained by a structural profile effect that is even greater than
it appears, almost as a growing bubble risk (World Bank, 2023). Although this phenomenon
appears to provide temporary relief, paradoxically, this structure deviates from the productive

capital accumulation mechanism predicted by classical growth theory in Turkey based on FDI,
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and it seems that excessive increases in domestic demand directly affect other macroeconomic
primary balances. This situation highlights the importance of not only the quantity but also the
composition of FDI, and as observed in the case of Turkey, especially in the period after 2021,
although FDI inflows appear quantitatively positive, they do not qualitatively support the
macroeconomic primary balance (Rodrik, 2018).

2.2. Foreign Direct Investments (FDI) Sectoral Distribution and Relationship to The

Recent Structural Scale Effect Locations

One of the most important characteristics of foreign direct investment (FDI) in Tirkiye is that
its sectoral distribution reflects not only technical knowledge but also the level of institutional
confidence, production capacity, and structural character of recent economic developments in
Turkiye, directly reconciling these phenomena with recent market expectations. It is crucial to
emphasize that FDI, particularly as an important indicator of Turkiye's recent development
goals, implies questioning the amount of FDI investment, the sectors it flows into, and the
profitability and sustainability of the investment capital. In Turkiye, this has been observed to
be concentrated in the financial services, banking, real estate, logistics, trade, and service
sectors, especially in recent years. This situation reveals that while capital inflows continue,
Turkiye still faces some deep structural problems in terms of its capacity to attract foreign
investment. When evaluated in terms of structural investment depth, this phenomenon, which
carries different meanings, is one of the fundamental elements determining Turkey's economic
growth model and also affects primary macroeconomic balances (World Bank, 2023). It reveals
that FDI market investments are more concentrated in the financial system and directed towards
existing short-term returns such as real estate. Graph 1 below illustrates the distribution

composition of recent foreign direct investment in Tirkiye within this framework:
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SECTORAL DISTRIBUTION OF FDI IN TURKIYE
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Source Investment and Finance Office of the Presidency of the Republic of Turkiye
(2025). International direct investment statistics report. Ankara: Investment and
Finance Office of the Presidency of the Republic of Tirkiye,
https://www.invest.gov.tr/en/news/news-from-turkey/pages/turkiyes-fdi-inflows-
reach-usd-11.3-billion-in-2024-defying-global-downturn.aspx?utm_source=
chatgpt.com (Accessed April, 12. 2026); Tirkiye Cumhuriyet Merkez Bankasi
(2024a) Odemeler dengesi istatistikleri ve uluslararasi yatirim pozisyonu raporlari.
Ankara: Tirkiye Cumhuriyet Merkez Bankasi (TCMB), 2024; UNCTAD (2024).
World investment report 2024. Geneva: United Nations Publications, 2024.

Graphic 1. Recent Distribution of FDI in Turkiye by Sector
As seen in Graph 1 above, the FDI composition in Tirkiye points to a structure that aims for

higher returns, particularly through financial mechanisms that offer higher returns. This
situation, with an approach where financial intermediation mechanisms are prioritized over real
production, also shapes the creation of an investment portfolio based on asset prices and market
valuations in the asset market. The predictability and financial reliability of investments, when
directed towards financial areas with the aim of maximizing expected returns, has transformed
into capital accumulation that makes areas with higher financial returns more advantageous.
This point indicates that Turkiye is evolving towards a consumption-based, financialized
structure with limited production depth (Hausmann et al., 2011).

This structure, which offers limited contributions to creating long-term productive capacity,
while easing pressure on foreign exchange reserves in the short term, has recently highlighted
the fact that foreign capital inflows are not critically important in terms of transforming into a
development-oriented production relationship and concentrating their presence in economic
sectors. This phenomenon, which is observed to be subject to significant deviations and
negative scale effects, or in other words, the fact that FDI, while coming to Turkiye, is largely
directed towards financial and service sectors rather than production, has recently revealed that
despite the large amount of capital, it is far from being a true measure of development and lacks

a transformative quality towards production. In Turkiye, a recent FDI investment flow that does
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not produce, transfer technology, or create productivity—while quantitatively high,
qualitatively limited—is an unavoidable phenomenon whose contribution to GDP, especially
in the context of recent inflationary processes, must be considered (International Monetary
Fund, 2023b).

2.3. Macroeconomic Gains versus Long-Term Structural Constraints of Foreign Capital

Inflows in Turkiye

In Turkiye, although foreign capital inflows, particularly in terms of FDI, have created
macroeconomic gains since 2021, their insufficient long-term impact on production
transformation has created a significant handicap. This handicap can also be considered a long-
term structural constraint imposed by foreign countries. These constraints can be evaluated as
follows, alongside the gains from FDI inflows into Tirkiye: In terms of gains, it can be said
that foreign inflows have created various positive effects in Turkiye in the long term. This
increase in foreign capital is understood as an important factor in raising market confidence in
the country. On the other hand, the Credit Default Swap (CDS) premium, which defines the
risk of default and is expressed as an insurance cost in the market against the risk of corporate
debt default in Tlrkiye, has led to a decrease in these risk premiums for global lenders, thus
providing a short-term gain for Turkey. The decrease in CDS risk premiums, the reduction in
borrowing costs, and the resulting decline in government bond interest rates can be considered
a short-term positive effect of foreign capital inflows into Turkiye, particularly in terms of
economic gains for primary macroeconomic balances (European Bank for Reconstruction and
Development, 2024). On the other hand, the inflow of foreign direct investment provides
foreign exchange liquidity, creating a positive process and contributing to the country's
economic strength, while also supporting foreign exchange reserves in the short term. In this
context, the paradoxical reasons for these constraints can be observed in Table 1 below, along

with the corresponding positive and negative impact values:

Tablo 1. Structural Benefits and Risks of FDI on Tiirkiye’s
Macroeconomic Primary Balances

Positive Effects Negative Effects

Lowers country risk premium and| Does not ensure structural long-term
financing costs growth

Provides limited expansion in real

Increases foreign currency inflows ; .
productive capacity

Supports financial market liquidity and | Does not permanently improve current
depth account balance
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Reduces pressure on foreign exchange May generate inflationary domestic
reserves demand pressures

As seen in Table 1 above, the distribution of structural impacts of FDI inflows on the exchange
rate in Tarkiye, where current account deficits persist, reflects the position of persistent
structural vulnerabilities and the effects of FDI inflows on the exchange rate. This structure,
which also provides relief in the exchange rate market, reduces short-term balance of payments
pressure, but is also understood as the reason for some critical discussions that are not very
impactful in economies like Turkey with current account deficits. Another short-term benefit is
the positive impact of increasing financial depth, leading to the expansion of the capital market
and increased liquidity, thereby supporting the banking system and making the financial system
deeper and more active (Moran, 2011).

However, this positive structure regarding the deepening and activation of the financial system
in the short term has inevitably brought to the forefront a structure that could not be translated
into long-term development after 2018. In terms of long-term structural constraints, the positive
real impact of quantitative investments in real estate and financial assets on GDP has become a
process that does not actually represent much meaning. In other words, the inability to
permanently resolve the current account deficit and the inflationary pressures causing price
increases instead of the targeted financing solution have brought to the forefront the fact that
this has become a fundamental FDI paradox in Tirkiye. This structure has also transformed
into an application method where a fragile economic growth model with chronic current
account deficits has inevitably taken its place in the process, especially in the period after 2021;
While this implementation method also functions as a stabilizing buffer mechanism, it has not
been able to transform into a production engine that will drive development. Although it
supports financial stability in the short term, it has created a constraint that prevents it from
attracting foreign capital and instead redirecting incoming capital to productive sectors (Bank
for International Settlements, 2023).

2.4. Foreign Direct Investments (FDI) Contribute to GDP, and Relationship to he Recent

Inflationary Process

When recent foreign direct investment (FDI) in Turkiye is evaluated in conjunction with recent
inflation, some significant impact mechanisms emerge. This phenomenon should be considered
not merely as a positive technicality of capital movement, but as an event that creates significant
fluctuations in GDP with varying values. In this respect, although FDI represents an increase in

investment volume in an economy, its impact on GDP is often indirect, given its focus on
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speculative short-term investments during the recent inflationary period. In this context,
evaluating the FDI position in Trkiye after 2021 in conjunction with the inflationary process,
and considering the very high inflation rates observed recently, it is evident that foreign capital
flows have not transformed into a production capacity powered by labour demand and financial
transactions. Instead, they have entered a significant imbalance process, creating a multi-
layered macroeconomic consequence with negative effects on primary macroeconomic
balances (International Monetary Fund, 2019).

Therefore, FDI has shown a two-way structure recently; while meeting the need for foreign
exchange reserves in the economy reduces exchange rate pressure, the Turkish economy, which
has a significant dependence on imported inputs in terms of its production structure, has shown
a very weak structure in terms of playing a balancing role in the general price level through
exchange rate pass-through/volatility. For this reason, although inflows of foreign direct
investment have the potential to create a disinflationary effect in the short term, significant
deviations in market prices related to increasing import costs in the medium and long term have
become inevitable. This inevitability also indicates that while the positive contribution of FDI
to GDP in Turkiye may be favorable in the short term, this speculative structure is far from
supporting price stability, leading to price increases and changes. Graph 2 below presents a
meaningful table expressing the contradictory structure of FDI positions in Turkiye, despite
their increasing volume, with foreign economic and monetary policies, as a comparison of
inflation target and core inflation indicators:

Annual CPI, B Index, and C Index Inflation Rates

Annual CPI Inflation

= Annual B Index Inflation
Annual C Index Inflation
Target
Uncertainty Band
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Source: Tirkiye Cumhuriyet Merkez Bankasi (2024b). Enflasyon raporu 2024-1V. Ankara:
Tiirkiye Cumhuriyet Merkez Bankas1 (TCMB), 2024.
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Graphic 2. Comparison of Inflation Target Band and Core Inflation
Indicators
It is important to emphasize that Graph 2 above, especially when evaluated in terms of foreign

direct investment (FDI) in Turkiye recently, reveals a striking set of macro-financial signals. In
particular, the recent superficial price movements and capital flows in Tirkiye, as well as the
structural reading of market expectations regarding risk, show a relatively stable structure
between 2017 and 2020, but also indicate short-term fluctuations. Therefore, this low macro-
volatility suggests that the risk premium has been brought under control. However, as a
divergence from the index, it is necessary to mention a currency risk situation where policy
determination has weakened, particularly in terms of its impact on FDI, and expectations have
become unanchored. The emergence of exchange rate risk costs and the fact that foreign direct
investment has not completely stopped, but its compositional distribution is distorted, makes it
striking and important to mention the recent period in 2023-2024, where inflation increased,
risk premiums rose, and long-term foreign direct investment signals decreased (Turkiye
Cumhuriyet Merkez Bankasi. 2024).

In terms of financial liquidity, this structure, where liquidity in the markets has further
increased, indicates a situation where strategic production has decreased, but external financial
inflows have increased, affecting primary macroeconomic balances (Institute of International
Finance, 2024). This structure, despite a perceived recovery with partial interventions and
partial normal improvements following the high inflation experienced after 2023 and 2024,
points to a situation where primary macroeconomic structural risks persist. Especially in the
years after 2022, and particularly between 2023 and 2024, this situation, even though inflation
appeared to be falling, remained at high levels, negatively impacting primary macroeconomic
balances in Tlrkiye. This is seen as a process of index divergence affecting the Consumer Price
Index (CPI), the Core Inflation Index (B), and critical indicators for FDI quality in Trkiye.
Comparing Tirkiye's primary inflation structure and inflation expectations with target values,
as macroeconomic primary balances in Turkiye, underscores our focus on the real impact of
foreign direct investment on Gross Domestic Product (GDP) in the context of economic growth.

Graph 3 below shows the change in foreign direct investment on GDP between 2000 and 2024
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Source: World Bank (2024b). Foreign direct investment, net inflows (% of GDP) —
Tirkiye. Indicator: BX.KLT.DINV.WD.GD.ZS. Washington, DC: World Bank. 2024;
The Global Economy (2024). Turkey: Foreign direct investment, percent of GDP.
Retrieved from TheGlobalEconomy Database, 2024.

Graphic 3. Temporal Change in the Share of Foreign Direct
Investment in Turkey's GDP (2000-2024)
As seen in Graph 3 above, particularly in Turkiye, periodic divergence and structural breaks

are observed, creating a significant difference between the rapid growth and capital withdrawal
phases between 2000 and 2005. This periodic divergence, with a jump from 0.3% to 2.9% in
the graph, can be explained academically as a typical period of capital liberalization and global
liquidity abundance between 2000 and 2005. This phenomenon, which also signifies a decrease
in the country's risk premium, can undoubtedly be considered a period in which foreign direct
investment (FDI) inflows accelerated and gained momentum (World Bank, 2024c). This period,
which also saw an increase in the investor confidence index, reached a maximum integration
level of 2.9% in 2005; this peak point, along with excessive foreign capital inflows, also
indicates that asset price increases turned into a speculative structure. Simultaneously, this
situation, where risks to the financial sector became riskier for the real sector, saw a sharp
decline to 1.6% between 2005 and 2010; this structure, also influenced by the 2009 global
financial crisis, resulted in a reassessment of long-term investments and a shift in capital flows.
This process, described as a risk repricing process, gradually weakened from 2010 to 2015,
falling to 1.1%; the ratio of foreign direct investment to GDP decreased to 1.1% in 2015. Even
in the current state of the global crisis, this situation justifies a perception that financial and
institutional quality is being questioned and that macroeconomic stability problems directly
affect foreign investment. The fall of the FDI ratio to GDP to 0.09 in 2024 marked a significant

deviation in terms of macroeconomic balances, and the decrease of foreign direct investment

26



ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

as a percentage of GDP to 0.9%, along with high inflation and exchange rate volatility, created
political uncertainty. In other words, Turkey's FDI/GDP ratio peaked in 2005 and subsequently
declined, stabilizing at approximately 0.9% in recent years. Undoubtedly, this macroeconomic
structural change indicates an increasing national financial risk, highlighting short-term
financial flows as a process of deviation and pointing to a negative situation that also negatively
affects macroeconomic primary economic equilibrium positions by limiting long-term
production investments (Bank for International Settlements, 2021).

3. DISCUSSION

v" When evaluating the ratio of foreign direct investment to Gross Domestic Product
(GDP) in Turkiye, particularly in the period after 2000, some striking observations highlight a
significant institutional capacity and macroeconomic stability process. While this issue
emphasizes the significant positive impact of foreign direct investment (FDI) flows into Turkey
between 2000 and 2005, this classical capital attraction phase did not become sustainable; it
introduced striking and significant inefficient financial disruptions and risk potentials into the
process, especially in later years (International Monetary Fund, 2019).

v' The decline of the FDI/GDP ratio to 1.6% in subsequent years, and the significant
decrease in this potential, especially in the period after 2005, coupled with the global financial
crisis of 2008 and 2009, which led to a more selective global approach that exaggerated risk
potentials, affected both the amount of capital inflows into Turkiye and the distribution
composition of foreign resources within the country. This structure, when evaluated in other
words, the recent decline of the FDI/GDP ratio to 1.1% in 2024 and beyond, indicates not only
a guantitative decrease but also a decline in the quality of foreign investment, with a greater
focus on speculative gains.

v In this context, one of the most striking findings of the study is undoubtedly the critical
observation that a bidirectional, contradictory structure has emerged in Tirkiye regarding
growth and price stability. In other words, the easing of short-term financial pressures by
increasing foreign exchange liquidity, the increase in consumption margins related to business
demand expansion, and the manipulation of the recent inflation process towards price increases
all contribute to this situation. This channel, particularly with the FDI/GDP ratio falling to 0.9%
in 2024 and beyond, reveals a significant loss of attractiveness for long-term investments.
Considering this issue in conjunction with recent inflation and current account deficits, it can

be said that TUrkiye's dependence on external financing has increased.
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v" While short-term investments perceive financial returns positively, in the medium and
long term, this structure—the FDI/GDP ratio—makes it inevitable that policies aimed at
increasing capital inflows should not be pursued; rather, the quality of incoming capital should
be evaluated according to investment quality standards. This assessment, examined within the
framework of recent investment trends in Turkiye, has also necessitated a review of
expectations regarding FDI/GDP ratios, highlighting their potential to have lasting effects on
stability. Specifically, the recent deviations in macroeconomic balances in Turkiye, particularly
the negative impacts of high inflation, current account deficit, and economic growth on the
quality of foreign capital investments, are a direct consequence of the perception surrounding
external approaches. This, in turn, suggests that speculative foreign investments will further
increase, creating a more disruptive effect on the composition of FDI investments. This
phenomenon and its inherent contradictions have also brought to the forefront the need for more
reformist approaches to economic policies in Turkey in recent times.

4. CONCLUSION

The fact of FDI/GDP that points to a complex and contradictory relationship between foreign
investments in Tirkiye and the inflationary process, because even if quantitative growth figures
for foreign direct investment rise, it is clear and obvious that it serves as a mechanism that
disrupts price stability and does not create a structural positive effective transformation based
on inflationary alterations. In particular, the demand pressure and liquidity expansion created
by increased domestic demand due to the entry of foreign financial direct investments, which
do not create production capacity; it appears to be obvious, appear to directly and significantly
strengthen the inflationary process, triggering inflation, and have been a significant handicap to
economic growth in recent Turkey. This bidirectional and contradictory structure regarding
economic growth and price stability in Tlrkiye also reveals that price stability is directly related
not only to monetary policy but also to certain factors related to investment, such as the quality
and composition of direct investment.

Despite the winning position of short-term investments in the current structure, the existence of
a more fragile growth path in longer-term flows is often overlooked. This approach reveals that
the resulting financial structural breaks become even clearer and more pronounced in the
medium to long term, impacting macroeconomic stability. As a result, macroeconomic balances
are directly related to primary macroeconomic balances supported by institutional structures.
This situation, which also reveals the impact of global financial crises, has turned into a rather

striking phenomenon, pointing to the inevitability of a significant decline in the Turkish
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economy, where expectations of strong integration with global capital are not positively
affected by the anticipated transformations. In this context, the primary priority in approaches
aimed at contributing to real growth in FDI/GDP should be not simply increasing FDI inflows,
but rather directing these investments towards productive sectors, concentrating them in
technology-intensive areas, and restructuring them to create long-term economic value.
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OZET

Bu calismada Tiirkiye’de 1930’lu yillardaki on sanayi kolunun (sanayii istihraciye, ziraat,
hayvanati ehliye ve av mahsulat1 sanayii, sanayii nesciye, sanayii hasebiye, kagit ve karton
sanayii, sanayii madeniye, ebniye insaat1 sanayii, sanayii kimyeviye, sanayii muhtelite, sanayii
mubhtelife veya gayri muayyene) vasfi incelenmistir. Bu ¢aliymadaki temel amag, 1930’lu
yillardaki Tiirkiye sanayisini betimlemeye doniik ¢aligmalara katkida bulunmaktir. Bu amag
cercevesinde, 1932-1939 donemindeki sanayi kollarinin vasfi incelenmistir. Sanayi kollarmin
vasfindan kasit, sanayi kollarinin; bir kisi tarafindan isletilen, adi sirket, anonim, kollektif,
komandit, kooperatif, limitet ve devlet, hususi idare veya belediye olarak siniflandirilmasidir.
Calismada s6z konusu simiflandirmaya iliskin oransal hesaplamalar yapilmistir. Veriler 1932-
1939 donemini kapsamaktadir. Calismanin bulgularma gore, 1932-1939 ddnemindeki
miiesseselerin ortalama olarak % 6’s1 devlet, hususi idare veya belediye kapsaminda iken
ortalama % 7’°si anonim, ortalama % 13’1 adi sirket, ortalama % 14’1 kollektif ve ortalama %
52’si bir kisi tarafindan isletilen miiessesedir. Sanayi kollar1 agisindan degerlendirme
yapildiginda; devlet, hususi idare veya belediye kapsamindaki miiesseselerin en fazla oldugu
sanayi kolu ortalama % 47’lik oranla sanayii muhtelife veya gayri muayyenedir. Anonim
miiesseseler acisindan en fazla pay ortalama % 47 ile sanayii istihraciyenin olmustur. Sanayii
nesciyedeki miiesseselerin ortalama % 70’1 bir kisi tarafindan isletilen miiessesedir. Calismanin
bulgulari, devlet¢i politikalarin uygulandigi kabul edilen donemdeki esas odak noktasinin
devlet miiesseseleri olmayabilecegine isaret etmektedir.

Anahtar Kelimeler:Tiirkiye Iktisat Tarihi, Sanayilesme, Kalkinma.

SOME CHARACTERISTICS OF INDUSTRIAL SECTORS IN TURKIYE DURING
THE PERIOD 1932-1939
ABSTRACT

This study examines the characteristics of ten industrial sectors in Tirkiye during the 1930s
(extraction industry, agriculture, animal husbandry and hunting products industry, textile
industry, wood industry, paper and cardboard industry, mining industry, building industry,
chemical industry, mixed industry, other industries). The main aim of this study is to contribute

to descriptive studies of Turkish industry in the 1930s. Within this framework, the
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characteristics of industrial sectors during the 1932-1939 period are examined. By "industrial
sector characteristics,” we mean the classification of industrial sectors as: single-person
operated, ordinary company, joint-stock company, collective, limited partnership, cooperative,
limited liability company, and state or municipality-owned. In the study, proportional
calculations related to this classification have been made. The data covers the period 1932-
1939. According to the findings, during the 1932-1939 period, an average of 6% of the
establishments were under the control of the state or municipalities, while an average of 7%
were joint-stock companies, an average of 13% were ordinary companies, an average of 14%
were collective companies, and an average of 52% were single-person operated institutions.
When evaluated by industrial sectors, the sector with the highest percentage of state-controlled
or municipal establishments was the other industries, with an average of 47%. In terms of joint-
stock companies, the largest share was in the extraction industry, averaging 47%. In the textile
industry, an average of 70% of the establishments were single-person operated. The study's
findings suggest that the primary focus during the period considered to be one of statist policy
implementation may not have been state institutions.

Keywords: Turkish Economic History, Industrialization, Development.

GIRIS

Bu ¢alisma, 1930’Iu yillar Tiirkiye sanayisinde faaliyet gdsteren on sanayi kolunun vasiflarini
inceleyerek donemin iktisadi goriiniimiinii betimleyen veri kiimesine katki sunmay1
amaglamaktadir. 1932-1939 donemini kapsayan bu arastirmada; sanayi kollarmin bir kisi
tarafindan isletilen miiesseseler, adi sirketler, anonim, kollektif, komandit, kooperatif ve limitet
sirketlerin yani sira devlet, hususi idare veya belediye ortaklig1 seklindeki hukuki ve idari
siiflandirilmasi esas alinmistir. Bu siniflandirma ¢ercevesinde yapilan oransal hesaplamalar,
donemin sanayisinin miilkiyet ve isletme yapisini verilerle ortaya koymaktadir. Buna benzer
bir smiflandirma ile sanayilesme arasindaki iligkilere dair bir literatiir de mevcuttur (6rnegin
bkz. Cassis vd. 1995, Church 1993, Deakin 2009, Suzuki 1980).

Tiirkiye’ye 6zgli olarak ise ¢alismada elde edilen bulgularin bazi tartismalara isaret etmesi
beklenmektedir. Ornegin, devletgi iktisat politikalarinm uygulandigi ddnem olarak kabul edilen
bir déonemde (Ornegin bkz. Boratav, 1998) devlet, hususi idare veya belediye ortaklig:
vasfindaki miiesseselerin oran1 ne idi? Ozel miitesebbislerin yerine kamu sirketlerinin etkin
oldugunun kabul edildigi 1932-1939 doneminde bir kisi tarafindan isletilen miiesseselerin orani

ne idi? Calismada bu ve benzer sorulara cevap aranmuistir.
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Izleyen boliimde yontem kisaca gosterilmis, ardindan gelen baslikta ise bulgulara yer
verilmistir. Son boliim ise sonug¢ bo limiidiir.

YONTEM

Calismada 1930’lu yillar Tiirkiye sanayisinde faaliyet gdsteren on sanayi kolunun vasiflarini
incelemek i¢in Once sanayi kollarindaki miiessese adedine iligkin bilgi verilmistir. Ardindan,
sanayi kollarinin farkli vasiflar (bir kisi tarafindan isletilen miiessese, adi sirket, anonim,
kollektif, komandit, kooperatif, limitet ve devlet, hususi idare veya belediye) agisindan orani
donem ortalamasi olarak verilmistir. Ayrica, bunlardan bazilarinin yillar i¢indeki seyri de sekil
olarak gdsterilmistir. Daha sonra, s6z konusu oran hesaplamasi her bir sanayi kolu i¢in ayr1 ayr1
yapilmistir.

Izleyen baslikta bulgular sunulmustur.

BULGULAR

Bu baglik altinda, ¢alismanin bulgularina Tablo 1°den baslayarak yer verilmistir. Buna gore,
miiessese adedinin en fazla oldugu sanayi kolu ziraat, hayvanati ehliye ve av mahsulati sanayii

iken ikinci sirada sanayii nesciye yer almustir.

Tablo 1. Sanayi kollarindaki miiessese sayist

Sanayii Ziraat, hayvanati ehliye ve av Sanayii Sanayii Kagit ve karton Sanayii
istihraciye mahsulati sanayii nesciye hasebiye sanayii madeniye
1932 17 651 351 134 41 85
1933 18 614 335 115 41 77
1934 23 594 300 103 35 73
1935 26 525 266 74 31 57
1936 25 482 265 59 30 43
1937 32 484 244 59 32 44
1938 33 462 242 56 34 42
1939 37 468 249 53 37 41

Kaynak: Yazar tarafindan olusturulmustur.
Tablo 1 (devami). Sanayi kollarindaki miiessese sayist

Ebniye ingaati sanayii | Sanayii kimyeviye | Sanayii muhtelite | Sanayii muhtelife veya gayri muayyene | Toplam
1932 31 76 48 39 1473
1933 36 54 68 39 1397
1934 32 51 56 43 1310
1935 31 44 54 53 1161
1936 32 41 61 63 1101
1937 30 38 70 83 1116
1938 29 35 72 98 1103
1939 28 37 71 123 1144

Kaynak: Yazar tarafindan olusturulmustur.
Tablo 1’in ardindan bulgulara sekiller ile devam edilmistir. Sekil 1°de tiim sanayi kollar1 i¢in

toplulastirilmis  bulgular sunulmustur. Buna goére, 1932-1939 doneminde tim sanayi
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kollarindaki miiesseselerin ortalama olarak yarisindan fazlasi (% 52’si) bir kisi tarafindan
isletilen miiessesedir. Miiesseselerin ortalama yaklasik % 14’0 kollektif, % 13’1 adi sirket ve
% 7’si anonimdir. Devlet, hususi idare ve belediyenin orani ise yaklasik % 6°dir. Sekil 2’ye
gore, tiim sanayi kollarindaki miiesseseler i¢inde bir kisi tarafindan isletilen miiesseselerin pay1
1932 yilinda yaklasik % 56 iken 1939 yilinda bu oran % 46’ya gerilemistir.

Sanayi kollar1 ayr1 degerlendirildiginde su tespitler yapilabilir:

i) Sanayii istihraciyede ortalama olarak en yiksek pay anonim miesseselerindir; anonim
miiesseseler bu sanayi kolunun yaklasik yarisint meydana getirmistir (bkz. Sekil 4). Diger
taraftan, bu miiesseselerin payr donem basinda yaklasik % 65 iken donem sonunda % 35’e
gerilemistir (bkz. Sekil 4).

il) Ziraat, hayvanat1 ehliye ve av mahsulati sanayiinde baskin olan isletme tiirii bir kisi
tarafindan isletilen miiessesedir (bkz. Sekil 6). Bunu adi ve kolektif sirket izlemistir. Bu ii¢
isletme tiiriiniin pay1 ortalama yaklasik % 87°dir (bkz. Sekil 6).

iii) Sanayii nesciyede de benzer bir durum vardir; isletmelerin % 70’1 bir kisi tarafindan
isletilen, % 12’si kollektif ve % 5’1 adi sirket niteligindedir (bkz. Sekil 8).

1v) Sanayii hagebiyedeki isletmelerin % 53’1 bir kisi tarafindan igletilen, % 19°u kollektif ve %
13’1 adi sirket niteligindedir (bkz. Sekil 10).

v) Kéagit ve karton sanayiindeki isletmelerin % 47°si bir kisi tarafindan isletilen, % 14’1
kollektif ve % 12’si adi sirket niteligindedir (bkz. Sekil 12). Bu sanayi kolundaki isletmelerin
% 13’1 ise devlet, hususi idare veya belediye niteligindedir (bkz. Sekil 12).

vi) Sanayii madeniyedeki miiesseselerin % 41’1 bir kisi tarafindan isletilen, % 22’si kollektif ve
% 13’1 anonim miiessese niteligindedir (bkz. Sekil 14).

vii) Ebniye insaat1 sanayiinde bir kisi tarafindan isletilenlerin orani ortalama % 45, anonim
milesseselerin orani ortalama % 23 ve kollektif miiesseselerin orani ortalama % 13’tiir (bkz.
Sekil 16).

viii) Sanayii kimyeviyedeki isletmelerin % 50°’si bir kisi tarafindan isletilen, % 22’si kollektif
ve % 15’ianonim miiessese niteligindedir (bkz. Sekil 18).

ix) Sanayii muhtelitedeki miiesseselerin % 47°si bir kisi tarafindan isletilen, % 18’1 adi sirket
ve % 14’tikollektif miiessese niteligindedir (bkz. Sekil 20).

x) Sanayii muhtelife veya gayri muayyenedeki durum digerlerinden farklidir. Bu sanayi
kolundaki miiesseselerin ortalama yaklasik % 47’si devlet, hususi idare veya belediye
niteligindedir (bkz. Sekil 22). Daha sonra % 17 ile anonim miiessese ve % 13 ile bir kisi

tarafindan isletilen miiessese gelmektedir (bkz. Sekil 22).
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Sekil 1 Sanayi kollarinin farkli vasiflar agisindan orani (1932-1939, ortalama)
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Kaynak: Yazar tarafindan olusturulmustur.
Sekil 2 Sanayi kollarinin farkl: vasiflar agisindan oran
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==Devlet, hususiidare veya belediye === Adi sirket
el Kollektif

Kaynak: Yazar tarafindan olusturulmustur.

Sekil 3 Sanayii istihraciyede bir kisi tarafindan igletilen, anonim, devlet ve adi sirket vasiflarinin oram
0,70
0,60
0,50
0,40
0,30
0,20
0,10
0,00

1932
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==fy=Bir kisitarafindan isletilen == Anonim

== Devlet, hususiidare veya belediye === Adi sirket

Kaynak: Yazar tarafindan olusturulmustur.
Sekil 4 Sanayii istihraciyede farkli vasiflarin oran1 (1932-1939, ortalama)
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Kaynak: Yazar tarafindan olusturulmustur.

Sekil 5 Ziraat, hayvanati ehliye ve av mahsulati sanayiinde bir kisi tarafindan isletilen, anonim, devlet ve adi sirket
vasiflarinin orani
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== Devlet, hususiidare veya belediye st Adi sirket

Kaynak: Yazar tarafindan olusturulmustur.
Sekil 6 Ziraat, hayvanati ehliye ve av mahsulati sanayiinde farkli vasiflarin oran1 (1932-1939, ortalama)
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Kaynak: Yazar tarafindan olusturulmustur.

Sekil 7 Sanayii nesciyede bir kisi tarafindan isletilen, anonim, devlet ve adi sirket vasiflarinin orani
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== Bir kisi tarafindan isletilen =@=Anonim

=== Devlet, hususiidare veya belediye === Adj sirket

Kaynak: Yazar tarafindan olusturulmustur.
Sekil 8 Sanayii nesciyede farkli vasiflarin orani (1932-1939, ortalama)
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Kaynak: Yazar tarafindan olusturulmustur.

Sekil 9 Sanayii hasebiyede bir kisi tarafindan isletilen, anonim, devlet ve adi sirket vasiflarinin orani
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==de=Eir kisitarafindan isletilen =@=Anonim

===Devlet, hususiidare veya belediye === Adi sirket

Kaynak: Yazar tarafindan olusturulmustur.
Sekil 10 Sanayii hagebiyede farkli vasiflarin oran1 (1932-1939, ortalama)
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Sekil 11Kagit ve karton sanayiindebir kisi tarafindan isletilen, anonim, devlet ve adi sirket vasiflarinin orant
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Kaynak: Yazar tarafindan olusturulmustur.
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1936
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== Anonim

== Devlet, hususiidare veya belediye === Adi sirket

Sekil 12 Kagit ve karton sanayiinde farkli vasiflarin oram (1932-1939, ortalama)
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Sekil 13 Sanayii madeniyede bir kisi tarafindan isletilen, anonim, devlet ve adi sirket vasiflarmin orani
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Kaynak: Yazar tarafindan olusturulmustur.
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Kaynak: Yazar tarafindan olusturulmustur.
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=== Devlet, hususiidare veya belediye === Adj sirket

Kaynak: Yazar tarafindan olusturulmustur.
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Sekil 14 Sanayii madeniyede farkli vasiflarin orani (1932-1939, ortalama)
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Sekil 15 Ebniye insaat1 sanayiinde bir kisi tarafindan isletilen, anonim, devlet ve adi sirket vasiflarinin orant
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Kaynak: Yazar tarafindan olusturulmustur.
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=@ Anonim

== Devlet, hususiidare veya belediye === Adi sirket

Kaynak: Yazar tarafindan olusturulmustur.
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Sekil 16 Ebniye ingaati1 sanayiinde farkli vasiflarin orani (1932-1939, ortalama)
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Sekil 17 Sanayii kimyeviyede bir kisi tarafindan isletilen, anonim, devlet ve adi sirket vasiflarinin orant
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Kaynak: Yazar tarafindan olusturulmustur.
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Kaynak: Yazar tarafindan olusturulmustur.
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Sekil 18 Sanayii kimyeviyede farkli vasiflarin orani (1932-1939, ortalama)
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Sekil 19 Sanayii muhtelitede bir kisi tarafindan isletilen, anonim, devlet ve adi sirket vasiflarinin orant
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Kaynak: Yazar tarafindan olusturulmustur.
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=== Devlet, hususiidare veya belediye === Adj sirket

Kaynak: Yazar tarafindan olusturulmustur.
Sekil 20 Sanayii muhtelitede farkli vasiflarin orani (1932-1939, ortalama)
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Kaynak: Yazar tarafindan olusturulmustur.
Sekil 21 Sanayii muhtelife veya gayri muayyenede bir kisi tarafindan isletilen, anonim, devlet ve adi sirket vasiflarinin orant
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== {Bir kisitarafindan isletilen =@=Anonim

== Devlet, hususiidare veya belediye === Adi sirket

Kaynak: Yazar tarafindan olusturulmustur.
Sekil 22 Sanayii muhtelife veya gayri muayyenede farkli vasiflarin orani (1932-1939, ortalama)
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Kaynak: Yazar tarafindan olusturulmustur.

SONUC

Calismanin bulgularma gore, 1932-1939 yillar1 arasindaki miiesseselerin ortalama % 52 gibi
biiyiik bir gogunlugunun sahislar tarafindan isletildigi, bunu %14 ile kollektif sirketlerin, %13
ile adi sirketlerin, %7 ile anonim sirketlerin ve % 6 ile kamu (devlet, hususi idare veya belediye)
biinyesindeki igletmelerin takip ettigi goriilmektedir.

Sanayi kollar1 agisindan yapilan degerlendirmelerde ise kamusal miiesseselerin en yogun
oldugu alan % 47’lik oranla sanayii muhtelife veya gayri muayyene kolu iken, anonim
sirketlerin % 47’lik bir payla en fazla sanayii istihraciye kolunda kiimelendigi tespit edilmistir.
Ayrica, sanayii nesciye kolundaki isletmelerin % 70 gibi baskin bir oranla sahis isletmesi
statiisiinde oldugu belirlenmistir.

Arastirmadan elde edilen bu veriler, devlet¢i politikalarin agirlik kazandigi kabul edilen sz
konusu donemde, sanayinin esas odak noktasmin yalnizca devlet miiesseseleri
olmayabilecegine isaret etmektedir.

Izleyen galismamizda bu durumun tartisilmasi hedeflenmektedir.
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1932-1939 DONEMINDE TURKIYE’DE SANAYi KOLLARININ MUESSESE SAYISI
VE FARKLI GOSTERGELER ACISINDAN AGIRLIGI

Prof. Dr. Merter MERT
Ankara Haci Bayram Veli University, FEAS, Department of Economics, 06500, Besevler, Ankara
ORCID:0000-0001-5359-1041

OZET

Bu calismanin amac1 1930°1u yillardaki Tiirkiye sanayisinde mevcut olan durumu tespit etmeye
doniik veri kiimesine katkida bulunmaktir. Bu ama¢ dogrultusunda, ¢alismada 1932-1939
donemindeki sanayi kollarinin neler oldugu, bunlara iligkin miiesseselerin adedi, kurulus
tarthlerine gore oranlari, farkl gostergeler acisindan toplam i¢indeki agirliklar: incelenmistir.
Calismada kullanilan yontem betimsel analizdir. Kullanilan veriler tesvik-i sanayi kanunundan
istifade eden miiesseslere iligkin veri setidir ve 1932-1939 donemini kapsamaktadir. Ayrica,
onceki caligmalarimizdaki bulgulara da bagvurulmustur. Calismanin bulgularma goére, 1932-
1939 doneminde on sanayi kolu vardir: sanayii istihraciye, ziraat, hayvanati ehliye ve av
mahsulat1 sanayii, sanayii nesciye, sanayii hasebiye, kagit ve karton sanayii, sanayii madeniye,
ebniye ingaati sanayii, sanayii kimyeviye, sanayii muhtelite, sanayii muhtelife veya gayri
muayyene. Toplam miiessese adedi i¢cindeki pay gostergesi acisindan ziraat, hayvanati ehliye
ve av mahsulati sanayii ortalama % 44 ile ilk sirada iken onu ortalama % 23 ile sanayii nesciye
ve ortalama % 6,5 ile sanayii hasebiye takip etmistir. Bir bagska bulguya gore, 1932-1939
donemindeki miiesseselerin ortalama % 20’si 1923’ten evvel, ortalama % 55’1 1923-1931
déneminde ve ortalama % 23’1 1932-1939 doneminde kurulmustur. Ortalama % 2’sinin ise
kurulus tarihi mec¢huldiir. 1923’ten evvel kurulan miiessese oranmin en yiiksek oldugu sanayi
kolu % 50 ile kagit ve karton sanayii olmustur. Caligmada elde edilen bulgular, énceki
calismalarimizdaki bazi bulgularla birlestirilerek donemin anlasilmasi i¢in gerekli veriler
cogaltilmistir.

Anahtar Kelimeler:Tiirkiye Iktisat Tarihi, Sanayilesme, Kalkinma.

THE NUMBER OF INDUSTRIAL ESTABLISHMENTS AND THEIR IMPORTANCE
ACCORDING TO VARIOUS INDICATORS IN TURKIYE DURING THE PERIOD
1932-1939

ABSTRACT

The aim of this study is to contribute to the dataset aimed at determining the existing situation
in Turkish industry in the 1930s. To this end, the study examines the industrial sectors in the
1932-1939 period, the number of related establishments, their proportions according to their

establishment dates, and their weights within the total in terms of different indicators. The
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method used in the study is descriptive analysis. The data used is a dataset related to
establishments benefiting from the Industrial Incentives Law and covers the period 1932-1939.
Furthermore, findings from our previous studies have also been consulted. According to the
findings of the study, there were ten industrial sectors in the 1932-1939 period: extraction
industry, agriculture, animal husbandry, and hunting products industry, textile industry, wood
industry, paper and cardboard industry, mining industry, building industry, chemical industry,
mixed industry, and other industries. In terms of their share within the total number of
establishments, agriculture, animal husbandry, and hunting products industry ranked first with
an average of 44%, followed by textile industry with an average of 23% and wood industry
with an average of 6.5%. Another finding indicates that, on average, 20% of the establishments
in the 1932-1939 period were founded before 1923, 55% between 1923-1931, and 23% between
1932-1939. The founding date of approximately 2% is unknown. The industry with the highest
percentage of establishments founded before 1923 was the paper and cardboard industry with
50%. The findings of this study have been combined with some findings from our previous
studies to provide more data necessary for understanding the period.

Keywords: Turkish Economic History, Industrialization, Development.

GIRIS

Bu calisma, 1930’1u yillar Tiirkiye’sinin sanayi yapisini ortaya koymak amaciyla mevcut veri
kiimesine katki sunmay1 hedeflemektedir. 1932-1939 donemini inceleyen bu kisa arastirmada;
mevcut sanayi kollarinin siniflandirilmasi, miiessese sayilari, isletmelerin kurulus tarihlerine
gore dagilim oranlar1 ve ¢esitli gostergeler lizerinden toplam i¢indeki agirliklar1 incelenmistir.
Tesvik-i Sanayi Kanunu’ndan yararlanan isletmelere ait verilerin betimsel analiz yontemiyle
incelendigi caligmada, ayrica, onceki arastirmalarimizin bulgularindan da yararlanilmistir.
(Calismada miiessese sayilarinin incelenmesi, sanayi kollarinin sanayi i¢indeki agirligina iliskin
onceki caligmalara ek tespitlerin ve bazi verimlilik ¢ikarimlarinin yapilabilmesi i¢in gereklidir.
Isletmelerin kurulus tarihine gore incelenmesi ise iki agidan bilgi verecektir. Birincisi, devletci
olarak nitelendirilen politikalarin baskin oldugu dénem ile liberal politikalarin uygulandigimnin
iddia edildigi onceki donem arasinda bir siirekliligin olup olmadigmma dair incelemelere
iliskindir. Benzer sekilde, devlet¢i olarak nitelendirilen politikalarin baskin oldugu dénem ile
Cumhuriyetin ilanindan Onceki donem arasinda bir siirekliligin olup olmadigma dair
incelemelere iliskindir. Isletmelerin kurulus tarihine gore incelenmesinin verecegi ikinci bilgi,
donemin yeni yatirimlarmin hangi sanayi kollarina yoneldiginin tespiti ile ilgilidir.

Bu cergevede izleyen boliimlerde sirasiyla yontem, bulgular ve sonug agiklanmistir.
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YONTEM

Calismada farki sanayi kollarinin agirligma iliskin saptamalar yapabilmek amaciyla, once her
yil i¢gin sanayi kollarindaki miiesseselerin toplam miiessese adedi i¢indeki payi, ardindan, her
bir sanayi kolu i¢in sdz konusu degerlerin aritmetik ortalamasi hesaplanmustir. ikinci olarak,
once her y1l i¢in miiesseselerin toplam i¢indeki pay1 agisindan; teessiis tarihi meghul, 1923’ten
evvel kurulan, 1923-1931 arasi kurulan, 1932-1939 aras1 kurulan olmak {izere dort ayr1 oran
hesaplanmistir. Ardindan, bunlarin donem ortalamasi alinmistir. Bu ikinci hesaplama sanayi
kollar1 i¢in de yapilmistir. Son olarak, iki farkli yontemle 1932-1939 doneminin her yili igin
kurulan yeni miessese adedi tespit edilmistir. Ayrica, bir sanayi kolu agisindan her yil i¢in
tespit edilen yeni miiessese adedi o yilin toplam yeni miiessese adedine oranlanip dénem
ortalamasi da hesaplanmaistir.

BULGULAR

Bu baslik altinda Sekil 1°den baslayarak ¢alismanin bulgularina yer verilmistir. Sekil 1°e gore,
1932-1939 doneminde toplam miiessese adedi i¢indeki payr en yiiksek olan sanayi kolu
ortalama yaklasik % 44 ile ziraat, hayvanati ehliye ve av mahsulat1 sanayii iken onu ortalama
yaklasik % 23 ile sanayii nesciye izlemistir. Diger sekiz sanayi kolunun pay1 ise % 10’un

altindadir.

Sekil 1 .Sanayi kollarindaki miiesseselerin toplam miiessese adedi igindeki pay1 (1932-1939, ortalama)
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Kaynak: Yazar tarafindan olusturulmustur.

Sekil 2’ye gore, 1932-1939 doneminde faaliyet gosteren kuruluslarin ortalama yaklasik % 20°si
1923’ten evvel, % 55’1 1923-1931 doneminde kurulmustur. Kuruluslarin ortalama yaklasik %
23’1 ise 1932-1939 doneminde kurulmustur. Alt sanayi kollar1 agisindan degerlendirildiginde,
kagit ve karton sanayindeki 1932-1939 doneminde faaliyet gosteren kuruluslarin yaklasik yarisi

1923’ten evvel kurulmustur (bkz. Sekil 3).
Sekil 2. Miiesseselerin kurulus tarihlerine gore payr (1932-1939, ortalama)
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Kaynak: Yazar tarafindan olusturulmustur.
Sekil 3. Sanayi kollarindaki miiesseselerin 1923’ten evvel kurulanlarinin oram (1932-1939, ortalama)
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Kaynak: Yazar tarafindan olusturulmustur.
Sekil 4’e gore, 1932-1939 doneminde sanayi kollarindaki miiesseselerin yaridan fazlasi 1932

oncesinde kurulmustur. Sanayii muhtelitede faaliyet gosteren miiesseselerin ortalama yaklasik
% 84’1, kagit ve karton sanayiindekilerin yaklasik ortalama % 81’1, ziraat, hayvanati ehliye ve

av mahsulat1 sanayiindekilerin yaklagik ortalama % 79’u 1932 6ncesinde kurulmustur.

Sekil 4. Sanayi kollarindaki miiesseselerin 1932 6ncesi déneminde kurulanlarinin orani (1932-1939, ortalama)

0,90 0,79 0,81 0,84
0,80 0,73 0,69 0.75 0,77 0,72 0.67
0,70 0,59
0,60
0,50
0,40
0,30
0,20
0,10
0,00
£ 25 £ g s ES =S £ 2 g
v 22 0@ = 2 s 2 s ] e
£ =5 ¢ & 8§ 3 & g 35 £3
T f§ 3 £ § E § = E BF
E &8 @ & g g Py & T =5
»n - E Z @ = » 0 =
Tz sa 5 e ™
E v N W 3

Kaynak: Yazar tarafindan olusturulmustur.
Tablo 1, Tablo 2 ve Tablo 3’te, 1932-1939 doneminin her yili i¢in kurulan yeni miiessese

adetlerine iliskin hesaplama sonuglar1 verilmistir. S6z konusu tablolarda her bir sanayi koluna

iliskin iki siitiin vardir. Soldaki siitun ilk yontem kullanilarak yapilan saptama iken, sagdaki
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stitun ikinci yontem kullanilarak yapilan hesaplamadir. Tablolara gore, 1932-1939 doneminde

kurulan yeni miiessese adedi ortalama olarak en fazla ziraat, hayvanati ehliye ve av mahsulati

ISARC academy
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sanayiindedir. Ardindan sanayii nesciye ve sanayii muhtelife veya gayri muayyene gelmistir.

Tablo 1. 1932-1939 déneminin her yil1 i¢in kurulan yeni miiessese adedi I

Sanayii istihraciye

Ziraat, hayvanati ehliye ve av
mahsulat1 sanayii

Sanayii nesciye

1932 0 2 24 30 31 37
1933 1 2 14 18 15 24
1934 1 3 19 22 17 22
1935 1 4 13 17 14 19
1936 1 4 19 29 15 15
1937 3 3 17 22 11 20
1938 1 4 21 21 11 21
1939 1 1 18 18 10 10
Kaynak: Yazar tarafindan olusturulmustur. Tablo 2. 1932-1939 déneminin her y1l1 i¢in kurulan yeni miiessese adedi II

Sanayii hagebiye

Kagit ve karton sanayii

Sanayii madeniye

1932 8 11 2 2 6 6
1933 5 6 0 0 2 5
1934 2 3 1 3 3 3
1935 2 3 0 2 2 2
1936 3 7 1 5 0 1
1937 3 4 2 2 3 3
1938 1 1 1 3 1 2
1939 6 6 1 1 1 1
Kaynak: Yazar tarafindan olugturulmustur. Tablo 3. 1932-1939 déneminin her yil1 i¢in kurulan yeni miiessese adedi 111
Sanayii muhtelife
Ebniye ingaati sanayii Sanayii kimyeviye Sanayii muhtelite veya gayri
muayyene
1932 2 4 8 8 3 3 4 6
1933 2 3 3 3 3 5 2 4
1934 0 2 4 4 0 4 4 12
1935 1 3 3 4 1 2 6 10
1936 2 2 1 1 3 4 8 11
1937 3 3 2 2 2 5 10 14
1938 0 1 1 2 2 2 9 13
1939 0 0 1 1 3 3 15 15

Kaynak: Yazar tarafindan olusturulmustur.

Sekil 5 ve Sekil 6’da bir sanayi kolunda s6z konusu donemde her yil i¢in kurulan yeni
miiesseselerin o yil igindeki toplam yeni miiessese i¢indeki paymna iliskin donem ortalamasi
gosterilmistir. Sekil 5 ilk yontem kullanilarak olusturulmustur. Sekil 6 ise ikinci yontem
kullanilarak hesaplanmistir. Buna gore, her iki sekilde de ilk sirada ziraat, hayvanati ehliye ve
av mahsulat1 sanayii vardir. Onu sanayii nesciye ve sanayii muhtelife veya gayri muayyene

izlemistir.
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Sekil 5. 1932-1939 doneminin her yil1 i¢gin kurulan yeni miiessese orani I (ortalama)
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Kaynak: Yazar tarafindan olusturulmustur.
Sekil 6. 1932-1939 doneminin her yil1 i¢in kurulan yeni miiessese orani II (ortalama)
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Kaynak: Yazar tarafindan olusturulmustur.
Tablo 4 ve Tablo 5’te Sekil 5 ve Sekil 6’ya kaynaklik eden bulgular gosterilmistir. Tablo 4 ve

Tablo 5’te yola ¢ikarak da yukaridaki saptamalar tekrarlanabilir.

Son olarak, Tablo 7’de Onceki c¢alismalarimizin sonuglar1 yer almaktadwr. Tablo 7
incelendiginde donemin One cikan sanayi kollar1 ziraat, hayvanati ehliye ve av mahsulati
sanayii, sanayii nesciye ve sanayii istihraciyedir.

Tablo 4. 1932-1939 déneminin her yil1 i¢in kurulan yeni miiessese orani I

N . Ziraat, hayvanati ehliye ve av . -
Sanayii istihraciye maﬁlsv ulat sana;/ii Sanayii nesciye
1932 0,0000 0,0183 0,2727 0,2752 0,3523 0,3394
1933 0,0213 0,0286 0,2979 0,2571 0,3191 0,3429
1934 0,0196 0,0385 0,3725 0,2821 0,3333 0,2821
1935 0,0233 0,0606 0,3023 0,2576 0,3256 0,2879
1936 0,0189 0,0506 0,3585 0,3671 0,2830 0,1899
1937 0,0536 0,0385 0,3036 0,2821 0,1964 0,2564
1938 0,0208 0,0571 0,4375 0,3000 0,2292 0,3000
1939 0,0179 0,0179 0,3214 0,3214 0,1786 0,1786

Kaynak: Yazar tarafindan olusturulmustur.

Tablo 5. 1932-1939 déneminin her yil1 i¢in kurulan yeni miiessese orani II

Sanayii hagebiye Kagit ve karton sanayii Sanayii madeniye
1932 0,0909 0,1009 0,0227 0,0183 0,0682 0,0550
1933 0,1064 0,0857 0,0000 0,0000 0,0426 0,0714
1934 0,0392 0,0385 0,0196 0,0385 0,0588 0,0385
1935 0,0465 0,0455 0,0000 0,0303 0,0465 0,0303
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1936 0,0566 0,0886 0,0189 0,0633 0,0000 0,0127
1937 0,0536 0,0513 0,0357 0,0256 0,0536 0,0385
1938 0,0208 0,0143 0,0208 0,0429 0,0208 0,0286
1939 0,1071 0,1071 0,0179 0,0179 0,0179 0,0179

Kaynak: Yazar tarafindan olusturulmustur.

Tablo 6. 1932-1939 déneminin her yil1 i¢in kurulan yeni miiessese orani 1T

Sanayii muhtelife

Ebniye insaat1 sanayii Sanayii kimyeviye Sanayii muhtelite veya gayri

muayyene
1932 0,0227 0,0367 0,0909 | 0,0734 | 0,0341 0,0275 | 0,0455 | 0,0550
1933 0,0426 0,0429 0,0638 | 0,0429 | 0,0638 0,0714 | 0,0426 | 0,0571
1934 0,0000 0,0256 0,0784 | 0,0513 | 0,0000 0,0513 | 0,0784 | 0,1538
1935 0,0233 0,0455 0,0698 | 0,0606 | 0,0233 0,0303 | 0,1395 | 0,1515
1936 0,0377 0,0253 0,0189 | 0,0127 | 0,0566 0,0506 | 0,1509 | 0,1392
1937 0,0536 0,0385 0,0357 | 0,0256 | 0,0357 0,0641 | 0,1786 | 0,1795
1938 0,0000 0,0143 0,0208 | 0,0286 | 0,0417 0,0286 | 0,1875 | 0,1857
1939 0,0000 0,0000 0,0179 | 0,0179 | 0,0536 0,0536 | 0,2679 | 0,2679

Kaynak: Yazar tarafindan olusturulmustur.

Tablo 7. Ilgili sanayi kolunun tiim sanayi kollarmnin ortalama alternatif biiyiikliikler toplamu igindeki yiizde pay1

Tlgili Tlgili Ilgili Ilgili
o . sanayi sanayi sanayi sanayi
Llgili sanayl kolunun kolunun kolunun kolunun oo Ilgili
kolunun tim N L L - . Igili .
. tim sanayi | tlim sanayi | tim sanayi | tum sanayi . sanayi
sanayi sanayi
kollarinin kollariin kollarimin kollarimin kolunun
kollarinin kolunun -
. ortalama ortalama ortalama ortalama ithalata
Sira | Sanayi kolu ortalama . .. ortalama -
L isgiicti reel yurtici katma . bagimlilik
beygir giici L - ithalata
toplamu istihsal katma deger 8 oranina
toplami S - . - bagimlilik
L . icindeki kiymeti deger toplam1 ortalama
icindeki .. - . orant
iizde pay: yiizde pay1 _to_plaml_ _to_plaml_ icindeki katkist
yuz icindeki icindeki yiizde pay1
yiizde pay1 | Yyiizde pay1
1| Ziraat el hayvanlar ve 29,718 23214 | 55962 | 59217 | 52719 | 40647 | 2292075
av mahsulati sanayi
2 Sanayii istihraciye 21,276 22,063 8,420 8,473 14,410 0,0414 0,003279
3 Sanayii nesciye 15,080 28,977 15,871 13,928 13,688 17,1942 2,630601
4 | Sanayii muhtelife veya 9,850 2114 1935 6.476 4,041 47012 | 0375222
gayri muayyene
5 Ebniye ingaati sanayii 6,042 3,170 2,435 2,687 4,335 3,1081 0,075859
6 Sanayii hasebiye 5,737 5,539 2,429 2,835 2,879 6,2382 0,145331
7 Sanayii muhtelite 4,911 6,833 6,027 1,658 2,464 19,4176 0,297400
8 Sanayii madeniye 3,330 4,103 2,778 1,663 2,394 47,1732 1,349154
9 Kagit ve karton sanayii 3,311 2,654 1,858 1,193 1,829 40,5658 0,688497
10 Sanayii Kimyeviye 0,744 1,332 2,285 1,871 1,242 13,0007 0,309571
Kaynak: Mert (2024) ve Mert (2025)’ten yararlanilarak olugturulmustur.
SONUC

Arastirma bulgularma gore, ilgili donemde Tiirkiye sanayisi; sanayii istihraciye, ziraat,
hayvanati ehliye ve av mahsulati sanayii, sanayii nesciye, sanayii hasebiye, kagit ve karton
sanayii, sanayii madeniye, ebniye insaat1 sanayii, sanayii kimyeviye, sanayii muhtelite ve
muhtelife olmak tlizere on ana koldan olugmaktadir. Toplam miiessese adedi i¢indeki paylar1
acisindan ziraat, hayvanati ehliye ve av mahsulat1 sanayii ortalama % 44’liikk payla ilk sirada
yer alirken; bu sanayi kolunu % 23 ile sanayii nesciye ve % 6,5 ile sanayii hasebiye takip
etmektedir. Ziraat, hayvanati ehliye ve av mahsulati sanayii ve sanayii nesciye agisindan elde
edilen bulgular, 6nceki ¢alismalarimiz ile uyumludur. Ayrica, 1932-1939 donemindeki yeni

miiesseselerin ortalama yaklasik % 61°1 ziraat, hayvanati ehliye ve av mahsulat1 sanayii ve
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sanayii nesciyeye iliskin miiesseselerdir. Bir bagka deyisle, yeni yatirimlarin yarisindan fazlasi
da bu sanayi kollarina yapilmigtir.

Diger taraftan, sanayii istihraciyenin miiessese orani diisiik olmasina ragmen tiim sanayi
kollarmin ortalama beygir giicii toplami, ortalama isgiicii toplami, ortalama reel istihsal kiymeti
toplami i¢indeki yiizde pay1 gibi biiylikliikklerde yiiksek oranlara sahip olmasi bu sanayi kolunun
isletme bagina biiyiikliikler agisindan yiiksek degerlere sahip oldugunu gostermektedir.
Miiesseselerin tarihsel kokenleri incelendiginde ise, 1932-1939 yillar1 arasinda faal olan
isletmelerin ortalama % 20’sinin  1923’ten 6nce, % 55’inin 1923-1931 arasindaki
Cumbhuriyet’in ilk ddneminde, % 23’iiniin ise 1932-1939 yillar1 arasinda kuruldugu, % 2’sinin
kurulus tarihinin ise meghul oldugu saptanmustir. Ozellikle kagit ve karton sanayii, % 50’lik bir
oranla 1923 Oncesi kurulan isletmelerin en yogun oldugu sanayi kolu olarak dikkat
cekmektedir. Bu sonuglar, 1930’Iu yillardaki devlet¢i politikalarin 6nceki donemlerin birikimi
iizerine inga edildigini ve donemler arasinda bir siireklilik oldugunu ortaya koymaktadir.
Ilerleyen ¢alismada mevcut ¢alismamizin genisletilmesi hedeflenmektedir.
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OZET

Hem gelismis hem de az gelismis tiim iilkeleri kapsayan go¢ olgusu, insanlik tarihi kadar
eskidir. Eger goc tllke smirlar1 icinde gergeklesiyorsa i¢ gog, diger iilkelere dogru
gerceklesiyorsa dis go¢ olarak isimlendirilmektedir. Diinya genelinde milyonlarca insanin gog
ettigi gdz Oniine alindiginda, iilkelerin 6nde gelen glindem maddelerinden birisi olmustur.
Literatiirde bir¢cok tanimi yapilan go¢ kavraminin en genel tanimi su sekildedir: Gog; birgok
nedene bagli olarak bir yerden baska bir yere yapilan kisa, orta veya uzun donemli geriye doniis
veya siirekli yerlesim hedefi giiden toplumsal, cografik ve kiiltiirel bir yer degistirme
hareketidir. Milyonlarca insanin vatanlari / yasadiklar1 cografyalar1 farkli nedenlerle yasal
veya yasadisi olmayan yollarla go¢ etmesi, go¢ olgusuna kiiresel bir 6zellik kazandirmaktadir.
Bu go6¢ olgusu ister goniillii ister zorlama ister sinirlar asilsin ister ayni smnirlar iginde
gerceklessin hem sosyolojik hem ekonomik hem de siyasal pek ¢ok sorunun ortaya ¢ikmasina
neden olmaktadir.

Go¢ tizerinde etkili olan baslica sosyo-ekonomik unsurlar; yoksulluk, issizlik, egitim, kisi
basina gelir, niifus artig hizidir.

Uluslararas1 gocler, gd¢ eden ve gog¢ alan iilkeler olmak iizere bir¢ok tarafi etkilemektedir.
Goclerin ekonomik etkileri sadece issizlik oranlar1 ve iggiicii arzi lizerinden degerlendirilemez.
Gocler; Ulkelerde mali strdarulebilirlik, kamu maliyesi, butce, sosyal guvenlik sistemleri de
olmak Uzere bircok yonden etki meydana getirmektedir. Gociin kamu maliyesi lzerindeki
etkileri; kisa donemde barmma, egitim, saglk, sosyal yardim gibi alanlarda harcamalar1
artirarak kamu giderlerinde artisa yol agmasidir. Uzun donemde ise, gd¢menlerin istihdama
katkisi, tiiketim artis1, girisimeilik faaliyetleri ve vergi gelirlerinde genisleme yoluyla kamu
maliyesine yapmis oldugu pozitif etkidir. Ayrica, uzun donemde iiretim ve tiiketimden
kaynaklanan vergi tabani genislemektedir. Bu ¢alismanin amaci, géclerin baslica ekonomik,
mali ve sosyal etkilerini incelemektir.

Anahtar Kelimeler: Uluslararasi gogler, yoksulluk, kisi basina gelir, istihdam.
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THE CONCEPT OF MIGRATION: THE ECONOMIC, FINANCIAL, AND SOCIAL
IMPACTS OF MIGRATION
ABSTRACT

The phenomenon of migration, which encompasses both developed and developing countries,
is as old as human history itself. If migration occurs within a country’s borders, it is referred to
as internal migration; if it occurs toward other countries, it is referred to as external migration.
Given that millions of people migrate worldwide, it has become one of the top items on the
agenda for countries.

While the concept of migration has been defined in various ways in the literature, its most
general definition is as follows: Migration is a social, geographical, and cultural movement
involving a change of location from one place to another, driven by various reasons, with the
aim of either a short-, medium-, or long-term return or permanent settlement. The fact that
millions of people migrate from their homelands or regions of residence for various reasons,
through both legal and illegal means, gives the phenomenon of migration a global character.
This migration phenomenon—whether voluntary or forced, whether across borders or within
the same borders—agives rise to numerous sociological, economic, and political issues.

The primary socio-economic factors influencing migration include poverty, unemployment,
education, per capita income, and population growth rate.

International migration affects many parties, including both sending and receiving countries.
The economic impacts of migration cannot be assessed solely in terms of unemployment rates
and labor supply. Migration has effects in many areas, including fiscal sustainability, public
finance, the budget, and social security systems. The effects of migration on public finance
include, in the short term, an increase in public expenditures due to higher spending in areas
such as housing, education, health, and social assistance. In the long term, however, migration
has a positive impact on public finance through migrants’ contributions to employment,
increased consumption, entrepreneurial activities, and expanded tax revenues. Additionally, the
tax base expands in the long term due to increased production and consumption. The aim of
this study is to examine the primary economic, financial and social impacts of migration.

Keywords: International migration, poverty, per capita income, employment.
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ABSTRACT

This study focuses on the seismic assessment and strengthening of the masonry minaret of the
Molla Celebi Mosque. The dynamic characteristics of the minaret were determined
experimentally through Operational Modal Analysis (OMA), using ambient vibration testing
(free vibration response under natural excitation) and forced vibration testing (controlled
excitation to increase response levels) conducted in real-time on-site. Acceleration-time records
were transformed into the frequency domain by Fast Fourier Transform (FFT) to obtain the
frequency-Fourier amplitude spectrum; here, the first prominent peak at the lowest frequency
was interpreted as the dominant (fundamental) frequency. A three-dimensional finite element
model was created in SAP2000, and the model was calibrated by updating the modulus of
elasticity through trial-and-error until the numerical frequency matched the measured dominant
frequency. While a typical modulus of elasticity for stone masonry is approximately 8500 MPa,
the calibrated value was found to be 2120 MPa, indicating a significant stiffness degradation.
Based on the calibrated model, three strengthening alternatives (FRP, TRM, and steel mesh
jacketing) were implemented, and the resulting displacement demands were compared with the
performance regions given in the General Directorate of Foundations (VGM) guidelines to
support the selection of an effective and heritage-compatible strengthening solution.
Keywords: Minaret, Operational Modal Analysis, Finite Element Model, Strengthening,
Molla Celebi Mosque
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1. INTRODUCTION

Historic masonry minarets are slender structures that are highly sensitive to lateral effects such
as wind and earthquakes (Dogangiin et al., 2008; Ural et al., 2012). Their seismic performance
depends heavily on their geometry, boundary conditions, and the mechanical properties of the
masonry, which can degrade over time due to environmental exposure or extreme events
(Livaoglu & Dogangiin, 2006). In this project, the minaret of the Molla Celebi Mosque is
considered, with a specific focus on structural assessment via Operational Modal Analysis
(Brincker & Ventura, 2015) and subsequent strengthening following material degradation
caused by fire.

FIGURE 1: The Masonry Minaret of Molla Celebi Mosque by Architect Sinan

Based on post-earthquake reconnaissance studies and existing literature (Bayraktar et al.,
2010), the reasons for the collapse of masonry minarets under seismic loads can primarily be
attributed to the following:

High Slenderness and Dynamic Sensitivity: Due to their geometry, they are extremely

sensitive to lateral loads, which govern their dynamic behavior (Dogangiin et al., 2008).
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Low Tensile Strength: The tensile strength of masonry units and mortar is very low;
seismic oscillations lead to rapid crack propagation and a loss of global stability.
Material Degradation: As observed in the Molla Celebi example, extreme events such
as fire weaken the structure significantly by reducing the Modulus of Elasticity of the
material.

Regions of Discontinuity: Sudden geometric changes, such as the transition from the
pedestal to the transition segment (boot), cause severe stress concentrations, making
these areas highly vulnerable to shear and bending failures (Livaoglu & Dogangiin,

2006).

FIGURE 2: CAD Drawings of the Molla Celebi FIGURE 3: Aptullah Kuran, Mimar Sinan,
1986

||||||

Mosque (ARCHNET ARCHIVE)
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2. MATERIAL AND METHODS
2.1. Operational Modal Analysis (OMA) and Field Tests

Accelerometer
Locations

FIGURE 4: The Location of Accelerometers

Operational Modal Analysis (OMA) aims to determine modal parameters (natural frequencies,
mode shapes, and damping) from structural responses measured under operational conditions.
The vibration response was measured on-site using accelerometers, and two complementary

types of tests were performed: Ambient Vibration Test (AVT) and Forced Vibration Test
(FVT).
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2.2 Acceleration-Time Records and FFT Processing

(recs [
S

Amplitude

2.0

FIGURE 5: The Graph of The Amplitude vs Frequency
FIGURE 6 : The Record of Vibrations

Both tests produced acceleration-time records that were monitored in real-time on the field. The
records in the time domain were converted to the frequency domain using the Fast Fourier
Transform (FFT). In the resulting spectrum, the first prominent peak at the lowest frequency

was taken as the dominant (fundamental) frequency of the minaret.
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2.3. SAP2000 Finite Element Model and Calibration

FIGURE 7 : The model on SAP2000 for Masonry Minaret

The three-dimensional finite element model of the minaret was developed in the SAP2000
software. The calibration process was carried out by updating the masonry modulus of elasticity
(E) through trial-and-error until the numerical dominant frequency matched the experimentally
determined dominant frequency.

2.4. Strengthening Alternatives

Three different strengthening alternatives (FRP wrapping, TRM, and Steel Mesh jacketing)
were modeled on the calibrated model. The alternatives were defined through equivalent
stiffness/material property modifications in accordance with the adopted modeling
assumptions.
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3. RESULTS AND DISCUSSION
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FIGURE 8: The Ratio of The Displacement Analysis Results

3.1. Frequency and Modulus of Elasticity Calibration

While the typical modulus value for stone masonry is approximately 8500 MPa, the calibrated
value after measurements was obtained as E=2120 MPa, indicating a significant stiffness
degradation post-fire. The relevant findings are presented in Table 1.

Table 1. Frequency values

Item Testlerden (OMA/FFT) Kalibre Edilen FE Modeli
Dominant frequency, f1 (Hz)  X: 0.469, Y: 0.453 X:0.058, Y:0.050
Elastic Modulus, E (MPa) 8500 MPa 2120 MPa

3.2. Displacement Demands and Performance Evaluation

v
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FIGURE 9: Seismic performance levels and force-displacement curve according to VGM
Guidelines (2017)
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The maximum displacement values obtained from the analyses for the unstrengthened and
strengthened cases were compared with the performance limits specified in the VGM guidelines
(Table 2). The strengthening interventions significantly reduced the lateral displacement of the
structure in all scenarios, bringing them within safe limits.

Table 2. The maximum displacement values and performance limits

Case Maximum Displacement VGM Region Rate (%)
(cm)

Not Strengthening 41.69 cm 1.042

FRP Strengthening 10.49 cm 0.26

TRM Strengthening 15.55 cm 0.39

Steel Mesh Strengthening 13.91 cm 0.35

Maximum Displacement / Total Height x 100
Not reinforced:

41.69 cm /4000 cm x 100 = 1.042

FRP reinforcement:

10.49 cm / 4000 cm x 100 = 0.26

TRM reinforcement:

15.55 cm / 4000 cm x 100 = 0.39

STEEL reinforcement:

13.91 cm / 4000 cm x 100 = 0.35

4, CONCLUSIONS

In-situ Operational Modal Analysis (OMA) tests, including both Ambient Vibration Testing
(AVT) and Forced Vibration Testing (FVT), were conducted to accurately capture the dynamic
characteristics of the minaret under real field conditions. These experimental measurements
were complemented by advanced signal processing techniques, particularly the application of
Fast Fourier Transform (FFT), which enabled the precise identification of the dominant
(fundamental) frequency of the structure. The experimentally obtained dynamic parameters
were then used as a benchmark for calibrating the numerical model developed in SAP2000,
ensuring that the analytical model closely represents the actual structural behavior.

During the calibration process, particular attention was given to the mechanical properties of

the masonry material, especially the modulus of elasticity, which plays a critical role in
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governing the global stiffness and dynamic response of the structure. By iteratively updating
the modulus of elasticity within the finite element model, a calibrated value of approximately
2120 MPa was obtained. This value is significantly lower than the typical modulus of elasticity
for intact stone masonry, which is generally around 8500 MPa. The substantial reduction in
stiffness is indicative of severe material degradation, most likely resulting from fire exposure,
which can lead to microcracking, loss of bonding within the mortar, and deterioration of the
stone-mortar interface. This degradation not only affects the stiffness but also has critical
implications for the load-carrying capacity and seismic performance of the structure.
Following the successful calibration of the numerical model, a series of strengthening strategies
were investigated to enhance the structural performance of the minaret. Three different
intervention techniques were considered: Fiber Reinforced Polymer (FRP) wrapping, Textile
Reinforced Mortar (TRM) application, and steel mesh reinforcement. Each of these methods
offers distinct advantages in terms of stiffness enhancement, ductility improvement,
constructability, and compatibility with existing masonry materials. The effectiveness of these
strengthening techniques was evaluated by implementing them within the calibrated finite
element model and analyzing the resulting structural response under seismic loading conditions.
Displacement demands and overall structural performance were assessed in accordance with
the relevant provisions of the VGM (General Directorate of Foundations) guidelines, which are
commonly applied for the evaluation and restoration of historical masonry structures. The
results demonstrated that all three strengthening alternatives contributed to a significant
reduction in lateral displacements and improved the overall seismic performance of the
structure, with varying degrees of effectiveness depending on the technique used.

In addition to the technical evaluation, the proposed strengthening interventions were also
assessed from a broader engineering perspective, considering economic feasibility,
environmental impact, and compliance with social and legal requirements. Cost-effectiveness
was evaluated in terms of material and application costs, while environmental compatibility
was considered by examining the sustainability and reversibility of the intervention methods.
Furthermore, the proposed solutions were designed to ensure public safety by significantly
enhancing the structural reliability of the minaret under potential seismic events.

Overall, the integration of experimental testing, numerical modeling, and performance-based
evaluation provides a comprehensive framework for the assessment and strengthening of fire-
damaged masonry structures. The study highlights the importance of model calibration using

real field data and demonstrates how different strengthening techniques can be systematically
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compared to achieve optimal structural performance while satisfying practical and regulatory

constraints.
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Abstract

This study examines the need to connect environmental performance and computational design
within current architectural practice. Biomimicry draws on principles found in biological
systems, while artificial intelligence (Al) enables data-driven design processes; yet the two have
rarely been brought together in a structured way. This research aims to develop a working
framework for translating biomimetic principles into architectural design using Al-based tools.
A qualitative approach was followed, grounded in a systematic, thematic, and comparative
review of existing literature. Peer-reviewed sources in biomimicry, artificial intelligence, and
computational design were examined, with attention paid to where these fields overlap, where
they diverge, and what design strategies might transfer between them.

The review makes clear that there is no established method for translating biological principles
into computational workflows, a gap that persists across the literature. In response to this, the
Bio-Computational Design Integration Model (BCDIM) is proposed here as a theoretical and
practical framework, organized around three stages: biological observation, principal
abstraction, and Al-driven design generation.

This study offers a structured, reproducible model for incorporating biomimicry into Al-
supported architectural design, one that may prove useful wherever performance-driven or
environmentally responsive architecture is the goal.

Keywords: Atrtificial intelligence, biomimicry, generative design, bio-computational
integration (BCDIM), reverse design, adaptive envelopes, topological optimization.

1. Introduction

Architectural practice today faces two demands that are difficult to separate: reducing the
environmental burden of the built environment and making genuine use of the computational
tools now available to designers. These challenges have generally been treated in isolation,

leading to fragmented approaches that struggle to respond to complex environmental conditions
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(Das et al., 2024; Manmatharasana et al., 2025). The consequence is a body of work that is
technically sophisticated but ecologically shallow.

Advances in artificial intelligence and computational design have widened the capacity to
process large amounts of data and to explore many design alternatives simultaneously (Li et al.,
2025; Rodriguez Melchor et al., 2025). Even so, these tools tend to be used without a strong
ecological grounding; they are applied to optimize specific parameters rather than engage with
environmental systems in a deeper sense. Efficiency is pursued, but coherence is not always
achieved.

Alongside this, biomimicry has grown as a design approach that draws on the functional
behavior of biological systems rather than their appearance (Flérez-Gonzélez et al., 2024;
Metwally, 2025). The logic here is straightforward: organisms have been refined over long
periods to perform well under specific conditions, and those principles can, at least in theory,
be transferred to built form. In practice, though, biomimicry has remained largely conceptual,
with little connection to the computational workflows that now define architectural production.
A few exceptions exist, such as work on microbial membranes for building envelopes (Abdallah
& Estevez, 2025), but these remain isolated.

The gap, then, is not a lack of knowledge on either side; it is the absence of a method that
connects the two. How biological principles might be systematically fed into Al-driven design

processes is a question the existing literature does not adequately answer.
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Figure 1. Intersection of biomimicry and artificial intelligence in architectural
design. The diagram illustrates the current methodological gap between biological
research and computational generative processes.

This study sets out to address that gap by proposing a framework that treats biomimicry and
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artificial intelligence as complementary rather than parallel. Two questions guide the work:

How can Al support the translation of biomimetic principles into architectural design?
Moreover, which dimensions of environmental and structural performance stand to benefit most
from that integration?

2. Methodology

This research follows a qualitative approach, grounded in a systematic, thematic, and
comparative review of the literature. The goal is to examine where biomimicry and artificial
intelligence meet in architectural design and to identify how that intersection can be formalized
into a workable method.

The work was carried out in three stages.

In the first stage, a selection of peer-reviewed sources was assembled. Three areas were
covered: artificial intelligence in architecture (Memon et al., 2025; Talebian et al., 2025),
computational and generative design, and biomimicry understood in terms of functional
principles rather than formal resemblance (Llorens Vargas & Hernandis Ortufio, 2023). Sources
were chosen for their relevance to performance-driven design and their engagement with
biological principles in a built context. The decision to exclude empirical testing at this stage
was deliberate; the aim was first to establish whether a coherent conceptual foundation exists
before any applied work could be meaningfully designed.

In the second stage, a thematic analysis was conducted across the selected sources. Recurring
concepts were identified, among them biological abstraction, generative algorithms, reverse
design, adaptive systems, and performance simulation (Liu et al., 2026; Mirwais et al., 2025;
Yang, 2025), and were used to organize the analysis and map relationships across different
bodies of work. The process was iterative: themes were refined as reading progressed, and some
connections only became visible after multiple passes through the material.

A comparative analysis followed, aimed at understanding where biomimetic approaches and
Al-based design processes align and where they diverge. This step was the most revealing; it is
here that the specific methodological gap emerged most clearly: the absence of any established
procedure for translating biological strategies into computational design frameworks.

In the third stage, the analysis findings were integrated into a single model, the Bio-
Computational Design Integration Model (BCDIM). This model organizes the design process
into three stages (biological observation, principle abstraction, and Al-driven generative
application) and is intended as a foundation for future applied research rather than a finished

instrument.

65



WCEANS

> 1"’% ISARC academy
EScerc é
s INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

Mﬂ 1ONA L .

“ <
}Q‘M T

—_ T -
- | T~
4- = v ~
Biomimicry Al in architecture Computational
functional principles generative design design methods
I |
To- | -
- ~L*A— -
P N
—_ - s ~ -~ —
- - -~ ~ — - —
—_ - ~ -

4 A A e
Biological Generative Adaptive Performance
abstraction algorithms systems simulation

T~ — N ~ - - - -
- N P -
- N ~ o
- -
—aa =
|
¥

...........................................

BCDIM Framework

Theoretical model proposed
. .

Figure 2. Methodological workflow of the research. The flowchart details the three-stage process:
source selection, thematic and comparative analysis, and the synthesis of the Bio-Computational
Design Integration Model (BCDIM).

Artificial Intelligence Functional Biomimicry Generative Design
& Machine Learning & Biological Systems & Computational Strategies

EXTRACTED CONCEPTS: EXTRACTED CONCEPTS: EXTRACTED CONCEPTS:
B Predictive Performance Modeling B Passive Hygrothermal Regulation Reverse Design Methodologies
B Digital Twins Integration B Hierarchical Material Efficiency Topological Optimization
® Data-driven Generation = Adaptive Morphology Algorithmic Morphogenesis
® Multi-objective Optimization ® Biological Rule Extraction Parametric Systemic Logic
® Real-time Environmental Response B Environmental Adaptation Strategies Bio-inspired Digital Fabrication

BIO-COMPUTATIONAL INTEGRATION

Figure 3. Thematic landscape of literature review. The diagram maps the key conceptual clusters
and extracted themes across the core research domains, highlighting the theoretical foundation of
the BCDIM framework.
It should be noted that this study is theoretical and exploratory. No empirical testing was

conducted, and no claim is made that the framework has been validated in practice. What is
offered here is a conceptual structure; one that, it is hoped, others will find useful for testing
and extending.

3. Theoretical Background

3.1 Biomimetics in architecture: from visual imitation to functional efficiency
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Biomimetics hahas s been used for a long time in a narrower sense than it should. For much of
the past decade, the dominant approach was visual: natural forms were taken and applied to
facades or building elements because they looked interesting. This approach has a name in
literature (biomorphosis), and its limitations are now fairly well understood. A roof designed to
look like a leaf and a roof designed to function like a leaf are very different things, even if the
distinction sounds minor at first (Florez-Gonzélez et al., 2024). The first is decoration; the
second is engineering.

Table 1. Conceptual distinction between Biomorphosis and Functional Biomimicry.

Evaluation Biomorphosis (Formal Imitation) Functional Biomimicry (Performance-
Criteria Oriented)
. . Morphological imitation. Direct copying of Functional abstraction. Extraction of
Starting Point & I sh X behavioral rul ial loai q
Focus natural shapes, proportions, or ehavioral rules, material logic, an
macroscopic textures. operative mechanics.

. Symbolic representation and aesthetic Performance optimization and
Primary hor. Seeki isual affini ith . tal adaptation. Solvi ifi
Objective metaphor. Seeking visual affinity wi environmental adaptation. Solving specific

nature. architectural problems.
Svstem Static application. Translates into fixed Dynamic responsiveness. Translates into
D ¥1amics facades, structural shells, or decorative adaptive envelopes and variable-density
y elements. structures.
Architectural "A building designed to look like an "A building designed to function like an
Outcome organism." organism."

Source: Elaborated by the author based on Flérez-Gonzalez et al., 2024.
When biological systems are studied for how they solve problems of climate adaptation and

survival, those solutions can be grouped into categories: material, structure, form, and process
(Llorens Vargas & Hernandis Ortufio, 2023). That classification matters because it is what turns
biological inspiration from something arbitrary into something systematic. It makes it possible
to position nature not as a catalog of shapes, but as a technological model; something that can
be learned from methodically rather than mined for aesthetics (Metwally, 2025). Reading this
literature, it becomes clear that the field has moved considerably, yet a great deal of what

organisms do still lacks an architectural equivalent.
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new building substances. from natural organisms.
® Example: Bio-inspired self-healing concrete ® Example: 3D-printed optimized columns
ARCHITECTURAL
BIOMIMETIC
ABSTRACTION
Form & Morphology Process & System
Emulation of macroscopic shapes and Replication of functional mechanics,
surface topography to improve cycles, and responsive behaviors
aerodynamic or luminous performance. from biological ecosystems.
Example: Aerodynamic envelopes ® Example: Passive hygrothermal regulation

Figure 4. Categorization of biomimetic design factors. The diagram illustrates the
classification of biological solutions into material, structural, formal, and procedural
categories (adapted from Llorens Vargas & Hernandis Ortufio, 2023).

3.2 Artificial intelligence in architectural design: toward generative optimization

Al entered architectural practice through workflow automation. Being able to generate many
design alternatives quickly in the early stages of a project was a real gain, both in time and in
the range of options available to explore (Lu, 2024; Memon et al., 2025). That much is well
established. What is less often discussed is what comes after: the capacity to predict how a
building will actually perform before it is built. Machine learning models and digital twins have
enabled the estimation of thermal, structural, and energy behavior with reasonable accuracy at
early stages of design (Talebian et al., 2025). For designers, this changes which decisions can

be made and when.
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automate repetitive drafting alternatives to expand thermal, energetic and against thermodynamic
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Figure 5. Evolutionary trajectory of Al in architectural practice. The timeline traces the
shift from basic workflow automation to advanced generative optimization and real-time
performance prediction.

Multi-objective optimization algorithms now allow design choices to be tested against

performance simulations in parallel rather than sequentially (Das et al., 2024; Yang, 2025).
Design and analysis are no longer two separate phases that happen one after the other. What
that shift means for how architects are trained and how practice is organized is a question that
has not received enough attention.

4. Integration of Artificial Intelligence and Biomimetics

Bringing Al and biomimicry together is not simply a matter of combining two useful tools.
What changes is the underlying logic of the design process. Biomimicry identifies which
biological principles might be transferable to architecture; Al provides the computational
capacity to simulate, test, and develop those principles at a scale that manual methods cannot
reach. Each depends on the other in a specific way: biomimicry without Al tends to stay
conceptual, producing ideas that are difficult to implement; Al without biomimicry optimizes
forms without any meaningful reference to how natural systems actually work.

4.1 Reverse design and bio-inspired materials

One of the clearest applications of this integration is in materials. Reverse design is a
methodology that starts from a desired function and works backward to identify the material
structure capable of producing it. In that process, Al functions as a search engine across a space
of possibilities that would otherwise be too large to navigate (Liu et al., 2026). Biological
systems provide the models: the hierarchical structure of bone, which combines strength and
lightness with very little material; and the self-healing properties of certain organic tissues,

which respond to damage without external input.
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Mirwais et al. (2025) document advances in bio-inspired cements that incorporate principles of
biological mineralization and are processed through generative algorithms to identify optimal
mixtures for different climatic conditions. What matters about that work is not just the technical
outcome but the method: Al does not replace the researcher who identifies the relevant
biological model; it expands their capacity to explore and test variations of that model at a speed
that changes the kinds of questions that can usefully be asked. That distinction (between

replacing judgment and extending capability) tends to get lost in broader discussions about Al
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Figure 6. Reverse design methodology for bio-inspired materials. The diagram
demonstrates the Al-driven search process mapping desired functional outputs to
structural biological models Source: Elaborated by the author based on Liu et al., 2026.
Images adapted from ArchDaily (2020) and Digital Building Technologies (2019).
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4.2 Adaptive envelopes and biological skins

The building envelope is where the interaction between a building and its environment is most
direct and continuous, which is why it is also where the integration of biomimicry and Al has
the most immediate potential. The biological references here are genuinely striking. Cactus skin
regulates temperature and captures moisture—the scales of certain fish control water flow with
minimal resistance. The wings of the blue Morpho butterfly produce color not through pigment
but through structures that manipulate light. None of these have straightforward equivalents in
conventional construction, and most architects working on envelopes are not systematically
drawing on them.

PHASE 01: OBSERVATION PHASE 01: OBSERVATION PHASE 01: OBSERVATION
- T v

& NG Embedded part Expased part
A ——

\\\\\\

Bony ridge {elreul’)

PHASE 02: ABSTRACTION PHASE 02: ABSTRACTION PHASE 02: ABSTRACTION

Barrel Cactus Teleost Fish Morpho Butterfly
(Echinocactus grusonii) (Teleosler) (Momho peleides)

Self-shading ribbed morphology and Overlapping flexible plates providing Photonic nanostructures causing
stomatal transpiration control to directional protection and fluid drag structural color reflection and light
minimize water loss in arid climates. reduction for movement efficiency. scattering without chemical pigments.
ARCHITECTURAL TRANSLATION ARCHITEGTURAL TRANSLATION ARCHITEGTURAL TRANSLATION
Passive hygrothermal Overlapping kinetic Pigment-free structural
regulation and kinetic panels for dynamic wind coloration and dynamic

shading systems. and moisture management. solar reflection envelopes.

Figure 7. Biological references for adaptive building envelopes. Comparative
visualization of natural systems (e.g., cactus skin, fish scales, Morpho butterfly wings)
alongside their abstracted architectural principles. Source: Elaborated by the author, 2026.
Images adapted from Graf (n.d.), Necropsy Manual (n.d.), and Wikipedia contributors
(n.d.).

Abdallah and Estevez (2025) developed a bio-digital Mashrabiya system that incorporates
living microbial membranes capable of filtering air particles and regulating interior humidity.
What is relevant from a methodological standpoint is that the generative algorithms used not
only designed the lattice geometry but also simulated the behavior of microbial colonies under
different environmental conditions before the system was built. That sequence (biological
observation, abstraction of the principle, computational simulation, verification of behavior) is

the same sequence proposed by the model presented in this study. Seeing it instantiated in a
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built project, even a prototype, makes the argument for the framework considerably more

concrete.

Al is also being used to design envelopes that change geometry or material properties in
response to real-time climate variables. Das et al. (2024) document machine learning systems
that predict the thermal behavior of dynamic facades with approximately 94% accuracy, making
this kind of analysis viable from the early stages of conceptual design. For architects, that means
envelope decisions no longer need to be deferred to later technical phases; they can inform the
shape of a project from the outset. That is a significant shift in when and how performance is
considered.

4.3 Structural optimization through generative topological design

Natural structures solve load-bearing problems in ways that engineering took a long time to
understand and replicate. Material is placed where it is needed and removed where it is not; that
is the operating principle behind bird bones, leaf veins, and honeycomb structures. All of them
achieve high efficiency with minimal material use. Applied to structural design, this principle,
called topological optimization, produces results that look very different from those of
conventional structural engineering.

Combined with 3D concrete printing (3DCP), generative topological optimization enables the
fabrication of structural elements that conventional construction methods cannot produce
(Mirwais et al., 2025). Yang (2025) documents material reductions of up to 40% in columns
and beams designed through this approach, with no loss of load-bearing capacity. That figure
is significant, but it is worth being specific about what it means: the algorithm optimizes within
the parameters it is given. Someone must decide which biological model to use as a reference,
under what load conditions, and which performance criteria matter most. The optimization is

computational; the judgment about what to optimize is not.
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Figure 8. Impact of generative topological optimization on structural elements. The
comparison highlights the material reduction achieved by transitioning from uniform to
variable-density material distribution (data from Yang, 2025).

5. The Bio-Computational Design Integration Model (BCDIM)

Building on the analysis developed in the preceding sections, the Bio-Computational Design
Integration Model (BCDIM) is proposed here as an iterative methodological framework for
bringing biomimetic principles and artificial intelligence processes together in architectural
design practice.

The model is not structured as a linear sequence of steps. Instead, it operates as a closed loop
in which each phase informs the others: the biological reference can be revised, the
computational parameters adjusted, and the performance criteria refined as results are obtained.
That feedback structure is what makes the model iterative rather than procedural.

Four interdependent phases are identified:

e Inthe first phase, biological observation, natural organisms or ecosystems are studied
for the adaptive strategies they use to solve problems comparable to those of a given
project (thermal regulation, load distribution, moisture control, among others). The
architect operates here as a researcher. Empirical data from functional biology are
collected and assessed for their potential to be scaled to an architectural context (Llorens
Vargas & Hernandis Ortufio, 2023). This is not a search for interesting shapes; it is a
search for documented performance under specific environmental conditions.

e In the second phase, functional abstraction, the behavioral logic of the selected
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biological reference is extracted, without reproducing its morphology. Form is separated

from function (Flérez-Gonzélez et al., 2024). What is carried forward is not the
appearance of the organism but the operative principle behind its performance. The
efficiency of bone tissue, for example, is not abstracted as a contour to be imitated,; it is
understood as a principle of variable-density material distribution in response to
mechanical stress. That principle is then translated into a parametric, systemic logic that
can be computationally encoded.

e In the third phase, algorithmic generation, the abstracted principle is introduced into
computational design environments as a parametric rule. From that point, artificial
intelligence and generative algorithms are used to explore the design space. Multiple
morphological iterations are computed that would be impossible to generate manually
(Das et al., 2024; Yang, 2025). What is significant about this phase is not the volume of
alternatives produced, but the fact that all of them are constrained by a biologically
derived performance principle rather than by formal preferences.

e In the fourth phase, performance evaluation and feedback, the generated iterations
are subjected to thermodynamic, structural, or luminous stress simulations. Machine
learning models and digital twins are used to evaluate results (Talebian et al., 2025),
discard inefficient options, and feed findings back into the preceding phases so that
generation parameters can be adjusted. When an acceptable level of performance is
reached, the resulting geometry can be exported directly to digital fabrication or robotic
manufacturing protocols (Mirwais et al., 2025). The fabrication dimension is not an

afterthought; it is built into the evaluation criteria from the beginning.
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Figure 9. The Bio-Computational Design Integration Model (BCDIM). The iterative
closed-loop framework illustrates the continuous feedback between biological
observation, functional abstraction, algorithmic generation, and performance evaluation.

To illustrate how these phases operate together, consider the design of an adaptive facade

inspired by cactus skin. In the biological observation phase, two documented properties are
identified: the capacity to regulate surface temperature and to capture atmospheric moisture
(Metwally, 2025; Varshabi et al., 2022). In the functional abstraction phase, these properties
are translated into a passive hygrothermal regulation principle that does not depend on
mechanical systems. In the algorithmic generation phase, multiple facade configurations are
developed using generative algorithms that respond to climatic variables across different
seasons and orientations. In the performance evaluation phase, thermal simulations are used to
assess which configurations achieve the lowest energy consumption while maintaining interior
comfort within acceptable ranges. The process does not produce a single correct answer; it
produces a set of verified options among which a judgment-based selection can be made. That

is precisely the point: the algorithm narrows the field; the architect still decides.
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Figure 10. Application of the BCDIM framework. A step-by-step walkthrough
demonstrating the translation of the hygrothermal regulatory properties of cactus skin into
an Al-optimized adaptive facade.

6. Discussion

The BCDIM is proposed not as a conceptual contribution alone, but as an operational
framework for structuring decision-making in complex design processes around biological,
computational, and performance criteria simultaneously. The implications of the model extend
to both design practice and architectural education, though they are accompanied by limitations
that warrant careful examination.

6.1 Operational advantages and the shifting professional role

When performance data are available from the earliest stages of design, the margin of error in
early decisions is reduced. That has consequences beyond efficiency. The type of question an
architect can usefully ask changes: instead of developing two formal alternatives and testing
which performs better afterward, it becomes possible to define an acceptable performance
threshold first and let the algorithm identify which geometries reach it. The sequence of design
reasoning is reversed, and with it the relationship between form and performance.

The professional role that follows this process is closer to that of a director of a complex system
than to that of a drafter. Parameters are defined, results are evaluated, and judgment is applied
when the algorithm produces solutions that are technically correct but contextually inadequate.
Memon et al. (2025) document this shift in AECO sector design teams, where architects
working with generative tools report spending more time defining criteria and less time
producing geometry. That redistribution of intellectual labor is not straightforwardly a loss; if

it is well managed, it can improve the quality of design decisions rather than diminish them.
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Whether it is being well managed in practice is a different question, and one that the literature

has not examined in sufficient depth.

6.2 Technical and constructive limitations

The reliability of the model's outputs depends directly on the quality of the data used to train
and calibrate the evaluation algorithms. A machine learning model trained on data from
buildings in temperate climates may produce considerably inaccurate predictions when applied
to arid or tropical contexts. That is not a minor calibration problem; it is the kind of error that
can affect a building's performance throughout its operational life. In language models,
analogous failures are called hallucinations. In predictive energy performance models, the
equivalent phenomenon has more concrete and lasting consequences, though it receives less
attention in the literature.

The gap between the digital model and the built object remains a separate and largely
unresolved problem. Geometries that topological optimization algorithms can generate are
often difficult to fabricate with available means, even where 3D concrete printing is accessible.
Material variability, drying times, and construction tolerances introduce complexities that
computational models tend to simplify or set aside (Mirwais et al., 2025). That gap is not closed
by more sophisticated software. It requires closer integration between design and fabrication
teams from early project phases, which in most practice contexts does not yet happen as a matter
of course.

6.3 Open ethical and professional questions

There are questions this study cannot resolve, but that would be irresponsible to leave
unmentioned.

The first concerns authorship. When an architectural solution is produced by an algorithm
operating within parameters defined by an architect, the question of who owns the design has
no settled answer, either legally or philosophically. That ambiguity is unlikely to be resolved
quickly, and the profession has been slow to engage with it.

The second concerns bias. Al models learn from the data made available to them, and the data
available in architecture reflects decades of production concentrated in particular climates,
economies, building types, and cultural contexts. An algorithm trained on that body of work
will tend to reproduce those concentrations rather than correct for them. The outputs may be
optimized relative to the training data while remaining poorly suited to the contexts where they
are actually applied.

The third question is perhaps the most uncomfortable for the profession: what happens to
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judgment when design decisions are progressively delegated to the algorithm? The position

taken in this study is that judgment does not disappear; rather, it shifts toward defining
parameters and evaluating results. That shift, however, requires a different kind of formation
than most architecture programs currently offer. How architects are taught to work with these
tools, and what they are taught to remain responsible for, is a question that professional
education has not yet answered in any consistent way.

7. Conclusion

This study began with an observation that the reviewed literature consistently confirmed:
biomimicry and artificial intelligence have each advanced considerably, but without a
consolidated method connecting them. That disconnection is not only an academic problem. It
has direct consequences for the ability to bring the efficiency of natural systems into
architectural practice.

The answer to the first research question is as follows. Al supports the translation of biomimetic
principles into architectural design because it operates precisely where biomimicry has always
encountered its greatest difficulty: the complexity of simulating, optimizing, and materializing
functional principles that biological systems execute through processes no human designer
could replicate by hand. In that sense, Al does not replace the architect. What it does is expand
the architect's capacity to work with the kind of complexity that living systems involve.

On the second question, the performance dimensions that stand to benefit most from this
integration are those related to the adaptive envelope (thermal regulation, solar control, air
filtration) and those linked to structural material efficiency. These are also the dimensions with
the greatest impact on the environmental life cycle of buildings, making the proposed approach
not only technically relevant but also strategically important for architecture that aims to operate
at net-zero emissions. That connection between technical method and environmental outcomes
is worth stating clearly, because it is not always made explicit in the literature on computational
design.

The BCDIM proposed here is not a fixed procedure. It is a methodological framework that
attempts to clarify where each component of the process intervenes and, more importantly,
where human judgment remains irreplaceable. Biology provides the principles; the architect
determines which are relevant to a given context; the algorithm explores and simulates. Without
that distinction, there is a real risk of confusing the sophisticated use of computational tools
with the genuine practice of performance-oriented biomimicry. The two are not the same thing,

and treating them as equivalent does not serve the field.
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Several questions remain unanswered that this study could not resolve. How much of the model
can be validated in built cases? How do the selected biological principles transfer across
different climatic and cultural contexts? How should architecture education respond to the shift
in professional role that this approach implies? These are not loose ends; they are the directions
the research needs to take next. The fact that they remain unanswered is not a weakness of the
framework; it is precisely what makes it a starting point rather than a conclusion.
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OZET

Bu ¢alisma, Safranbolu geleneksel konutlarinda yaygin olarak gériilen ancak mevcut literattrde
siirli bigimde ele alinan “gliste” yap1 elemaninin tanimlanmasi ve mimari baglamda
degerlendirilmesini amacglamaktadir. Geleneksel Tiirk konut mimarisi tiizerine yapilan
calismalarin biiylik Ol¢lide plan tipolojileri ve yapim sistemleri iizerine yogunlastigi; buna
karsin gliste sistemi gibi 6zgiin yap1 bilesenlerinin yeterince incelenmedigi goriilmektedir. Bu
durum, s6z konusu elemanm mimari ve kiiltiirel onemine ragmen literatiirde yeterli goriiniirliik
kazanamadigini ortaya koymaktadir. Ayrica, geleneksel konutlarin degerlendirilmesinde yap1
elemanlar1 6l¢eginde yapilan ¢aligmalarin siirli olmasi, bu tiir 6zgiin sistemlerin biitiinciil bir
yaklagimla ele alinmasini zorlastirmaktadir. Bu baglamda ¢alisma, gliste sisteminin mekansal
konumu, yapim 6zellikleri ve islevsel niteliklerini ortaya koymanin yani sira, saha gézlemleri
ve yerel kullanict bilgileri dogrultusunda zaman igerisindeki kullanim degisimini de
degerlendirmektedir. Arastirma yontemi, literatiir taramasi, yerinde gézlem ve mimari rolove
analizlerine dayanmaktadir. Bu siirecte farkli yapilardan elde edilen veriler incelenmis ve
sistemin kullanimma iliskin benzerlikler ile farkliliklar ortaya konulmustur. Elde edilen
bulgular, gliste sisteminin yalnizca bir cephe eleman1 olmadigini; ge¢miste 6zellikle depolama
ve kurutma gibi giindelik yasam pratikleri ile dogrudan iliskili, ¢ok islevli bir yap1 bileseni
olarak kullanildigmi gdstermektedir. Giliniimiizde ise bu iglevlerin biiyiik Ol¢lide ortadan
kalktig1 ve sistemin ¢esitli miidahalelerle doniisiime ugradig: tespit edilmistir. Sonug olarak bu
calisma, gliste sisteminin mimari ve islevsel Ozelliklerini ortaya koyarak literatiirde
tanimlanmasina katki saglamakta ve Safranbolu konutlarmda bu elemanin belirleyici rolii
dikkate alinarak “glisteli konutlar” kavraminin degerlendirilmesine yonelik bir yaklasim
sunmaktadir.

Anahtar kelimeler: Safranbolu, geleneksel konut, gliste, ahsap karkas sistem, glisteli konutlar

HOUSES WITH GLISTE IN SAFRANBOLU
ABSTRACT

Earthquakes are among the most significant natural hazards affecting structures, and the
response of different construction systems to seismic effects varies considerably. This study

aims to comparatively evaluate timber frame and masonry structural systems within the scope
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of traditional construction techniques in terms of their seismic performance. The study is based
on a comprehensive literature review and examines the seismic behavior, damage mechanisms,
and fundamental structural characteristics of these systems. The findings indicate that masonry
structures generally exhibit low ductility and brittle behavior. Due to their weak tensile strength,
these structures are more vulnerable to damage mechanisms such as cracking, separation, and
collapse under seismic effects. In particular, construction details, material quality, and the
adequacy of the load-bearing system play a decisive role in their performance. In contrast,
timber frame systems are found to be more advantageous due to their lightweight nature, higher
ductility, and greater energy dissipation capacity. However, factors such as inadequate
connection details, heavy roofing systems, and material deterioration may negatively affect
their performance. Accordingly, timber frame structures can respond to seismic forces in a more
controlled and balanced manner thanks to their lightweight and ductile characteristics, whereas
masonry structures tend to exhibit more brittle behavior due to their low ductility and
insufficient tensile strength. Overall, timber frame systems demonstrate superior seismic
performance compared to masonry structures; however, it is also concluded that material
properties, construction quality, and connection details are critical factors influencing the
structural behavior of both systems.

Keywords: Traditional construction systems, timber frame structure, masonry structure,
earthquake effects, structural behavior

1. GIRIS

Geleneksel konut mimarisi, bulundugu cografyanin iklimsel kosullar1, topografik 6zellikleri ve
kiiltiirel birikimi dogrultusunda bi¢imlenen; yerel liretim tekniklerinin mekana yansimasiyla
sekillenen bir yap1 tiiridir (Eldem, 1968; Kiigiikerman ve Giiner, 1995). Anadolu
cografyasinda gelisen geleneksel konutlar, bu baglamda hem mekéansal organizasyon hem de
yap1 elemanlar1 agisindan zengin ve gesitlilik gosteren bir mimari birikimi temsil etmektedir.
Bu birikimin 6nemli 6rneklerinden biri olan Safranbolu konutlari, giiniimiize ulagsan 6zgiin
dokusu ve karakteristik mimari 6zellikleri ile 6ne ¢ikmaktadir (Giinay, 1998; Bayazit, 2014).
Ancak Safranbolu konutlar: iizerine yapilan g¢aligmalar incelendiginde, arastirmalarin biiyiik
ol¢lide plan semalar1 ve yapim sistemleri lizerine yogunlastigi; buna karsin bazi 6zgiin yap1
elemanlarinin yeterince detayli bigimde ele alinmadig1 goriilmektedir (Yurdakul, 2007; Sayin,

2014). Bu durum, geleneksel konut mimarisinin ¢gogunlukla genel mekansal kurgu tizerinden
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degerlendirildigini ve yapi elemanlar1 Olgceginde yapilacak incelemelerin sinirli kaldigini
gostermektedir.

Bu baglamda, 6zellikle zemin kat ve hayat mekani ile iliskili olarak kullanilan ve yar1 gegirgen
bir yap1 6zelligi gosteren gliste sistemi, dikkat ¢eken ancak literatiirde sinirli bigimde ele alinan
bir yap1 bileseni olarak 6ne ¢ikmaktadir (Kaya, 1996). Mevcut caligmalarda gliste elemani
cogunlukla tanimlayici diizeyde ele alinmakta; ancak bu elemanin konut igerisindeki mekansal
konumu, yapim Ozellikleri ve kullanim bigimleri tizerine kapsamli bir degerlendirmeye yer
verilmemektedir. Bu durum, gliste sisteminin bagimsiz bir inceleme konusu olarak ele
almmasini gerekli kilmaktadir.

Geleneksel konutlarin disa kapali ancak kontrollii bigimde cevre ile iliski kuran mekansal
kurgusu dikkate alindiginda, gliste sisteminin bu iligkiyi diizenleyen ara elemanlardan biri
oldugu anlasilmaktadir (Glinay, 1998; Atik, 2011). Zemin katlarda smirh agiklik ihtiyacina
yanit veren bu sistem, tamamen kapali yiizeyler ile dig ¢cevre arasinda gegirgenlik saglayan bir
ara ¢0zlim olarak degerlendirilebilir. Bu yoniiyle gliste, yalnizca teknik bir yap1 elemani degil,
ayni zamanda mekansal organizasyonu etkileyen bir bilesen olarak 6nem kazanmaktadir.

Bu calisma, Safranbolu konutlarinda yer alan gliste sisteminin tanimlanmasini, mekansal
konumunun ve yapim Ozelliklerinin ortaya konulmasmi ve saha gozlemleri dogrultusunda
kullanimindaki degisimlerin degerlendirilmesini amaglamaktadir. Bu kapsamda gliste sistemi,
yalnizca bir yap1 detay1 olarak degil, geleneksel konutun mekansal kurgusu ile iliskili bir ara
eleman olarak ele alinmakta ve i¢ mekan ile dis ¢evre arasindaki iligkiyi diizenleyen bir bilesen
olarak degerlendirilmektedir.

Calisma kapsaminda elde edilen bulgular, gliste sisteminin ge¢miste giindelik yasam pratikleri
ile dogrudan iligkili ¢ok islevli bir yap1 elemant oldugunu; giiniimiizde ise bu islevlerin biiyiik
Olciide ortadan kalktigmi ve sistemin doniisiime ugradigini gostermektedir. Ayrica gliste
sisteminin Safranbolu konutlarinda belirli bir yayginlifa sahip olmasi, bu elemanin konut
karakterini tanimlayan 6nemli bilesenlerden biri olarak degerlendirilmesi gerektigini ortaya
koymaktadir.

Bu dogrultuda ¢aligma, gliste sisteminin belirleyici oldugu yapilarin “glisteli konutlar” olarak
ele alimmasmi 6nermekte ve geleneksel konutlarin yalnizca plan tipolojileri tizerinden degil,
Ozgilin yap1 elemanlar: {izerinden de degerlendirilebilecegine yonelik alternatif bir yaklasim
sunmaktadir. Bu yoniiyle ¢alisma, Safranbolu konutlar1 iizerine yapilan arastirmalarda yapi1
elemanlar1 6l¢eginde yeni bir inceleme alan1 agmakta ve gliste sisteminin literatiirde tanimli ve

gelistirilebilir bir mimari kavram haline gelmesine katk1 saglamay1 amaglamaktadir.
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2. YONTEM

Bu ¢aligma, nitel arastirma yaklasimi ¢ergevesinde ele alinmis olup, literatiir incelemesi, saha
gozlemleri ve mimari rolove analizlerine dayanmaktadir. Arastirmanin kuramsal altyapisi,
geleneksel Tirk konut mimarisi ve Safranbolu konutlar1 iizerine yapilmis g¢alismalarin
incelenmesi ile olusturulmustur. Calisma kapsaminda Safranbolu’da yer alan geleneksel
konutlar, 6zellikle zemin kat agiklik tiirleri baglaminda ele alinmis; bu dogrultuda gliste
sisteminin varligi, mekéansal konumu ve kullanim big¢imi iizerine odaklanilmugtir. Incelemeler,
gliste sistemine sahip 6rneklerin plan ve cephe dizlemindeki 6zelliklerinin belirlenmesi ve bu
sistemin yap1 icerisindeki yerlesiminin anlasilmasi iizerine yogunlasmistir.

Mimari rolove projeleri iizerinden yapilan analizler, gliste sisteminin konut igerisindeki
konumunu ve yapim oOzelliklerini ortaya koymaya yonelik olarak kullanilmistir. Calisma
kapsaminda kullanilan zemin kat planlari, Mimar Elif Hacialioglu nun arsivini paylastigi rolove
proje cizimlerinin diizenlenmesiyle olusturulmustur. Bu siirecte farkli yapilardan elde edilen
veriler degerlendirilerek sistemin genel karakteri ve tekrar eden 6zellikleri tanimlanmistir.
Saha gozlemleri ve yerel kullanici bilgileri dogrultusunda, gliste sisteminin ge¢misteki
kullanim bi¢imleri ile giinimiizde gec¢irdigi doniisiim siireci de ele alinmistir. Bu sayede
calisma, gliste sistemini yalnizca fiziksel 6zellikleri {izerinden degil, ayn1 zamanda kullanim
pratikleri ve zaman igerisindeki degisimi baglaminda degerlendirmektedir.

Elde edilen bulgular, gliste sisteminin Safranbolu konutlarinda sinirli 6rneklerle temsil edilen
bir uygulama olmadigini, belirli bir yaygmliga sahip oldugunu gostermektedir. Bu durum, sz
konusu yap1 elemanmin konutlarin mekansal ve yapisal kurgusu igerisinde dikkate alinmasi
gereken bir bilesen oldugunu ortaya koymaktadir.

3. SAFRANBOLU GLISTELI KONUTLARI

Yapilan incelemeler, gliste sisteminin Safranbolu geleneksel konutlarinda belirli bir yaygmliga
sahip oldugunu ve konutlarin mekansal kurgusu igerisinde yerlesik bir bilesen olarak
degerlendirilebilecegini gostermektedir. Bu durum, s6z konusu yap1 elemaninin yalnizca smirh
sayida ornekte goriilen istisnai bir uygulama olmadigini, aksine belirli bir kullanim mantigina
dayanan ve geleneksel konut diizeni igerisinde kendine 6zgii bir yer edinen bir sistem oldugunu
ortaya koymaktadir.

Safranbolu geleneksel konutlar1 genellikle iki ve ii¢ kath olarak insa edilmis olup, ii¢ kath
orneklerin ¢ogunlukta oldugu goriilmektedir. Bu konutlarda zemin katlar, yapinin tasiyici

sistemini olusturmasi ve servis islevlerini barindirmasi nedeniyle estetik kaygilardan ziyade
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islevsel gereklilikler dogrultusunda bi¢cimlenmistir. Bu baglamda zemin katlar, iist katlara
kiyasla daha kapali, daha az aciklikli ve daha saglam bir karakter sergilemektedir.

Parsel yapisinin diizensiz oldugu durumlarda, zemin katlarin diizgiin geometrik formlar
gostermedigi ve yer yer agili plan ¢oziimlerinin tercih edildigi goriilmektedir. Bu durum,
geleneksel konutlarin yalnizca i¢c mekansal ihtiyaglara gore degil, ayn1 zamanda topografya ve
parsel kosullarina uyum saglayacak sekilde esnek bir plan anlayisi ile kurgulandigmni
gostermektedir. Bu baglamda Safranbolu konutlari, ¢evresel veriler ile mekansal
organizasyonun birlikte sekillendigi biitiinciil bir tasarim yaklagimini yansitmaktadir.

Zemin katlar cogunlukla tas duvarli olarak insa edilmis olup, “tomek” olarak adlandirilan sinirh
acikliklar ve gliste elemani disinda biiyiik 6l¢iide penceresizdir. Bu durum, Safranbolu
konutlarinin disa kapali karakterini agik¢a ortaya koymaktadir. Ancak bu kapalilik mutlak bir
yalitim anlamina gelmemekte; belirli noktalarda kontrollii agikliklar aracilifiyla dis gevre ile
smirli bir iliski kurulmaktadir. Bu baglamda gliste sistemi, kapali zemin kat ylizeyleri i¢erisinde
kontrollii bir gecirgenlik saglayan dnemli bir yap1 elemani olarak one ¢ikmaktadir.

Glistenin sagladig1 yar1 gegirgen yapi, hem dogal aydinlatma hem de havalandirma agisindan
islevsel bir ¢6ziim sunarken, ayn1 zamanda mahremiyetin korunmasina da olanak tanimaktadir.
Bu yoniiyle gliste, tamamen kapali bir zemin kat anlayisi ile tamamen agik bir cephe yaklasimi
arasinda bir denge kuran ara bir ¢6zliim olarak degerlendirilebilir.

3.1. Glistenin Tanimi

Glisteli sistem, Safranbolu geleneksel konutlarinda 6zellikle zemin kat ve hayat mekani ile
iligkili olarak kullanilan, ahsap dikmelerin belirli araliklarla yerlestirilmesiyle olusturulan yar1
gecirgen bir yap1 elemanidir (Kaya, 1996). Dikmeler arasinda olusturulan bir dolu bir bos
diizen, hem yapisal bir ritim olusturmakta hem de kontrollii bir gegirgenlik saglamaktadir.
Glisteli sistemin genel kurgusu ve farkli uygulama bigimleri cephe iizerinden agik bigimde
izlenebilmekte olup, gliste yiikseltilmis duvar iistiinde yapildigi gibi, zemine kadar inen
ornekleri de bulunmaktadir. Buna gore ¢alisma kapsaminda olusturulan 3 boyutlu ¢izim ile iki

sistemin bir arada gdsterildigi 6rnek Sekil 1°de verilmistir.
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Sekil 1. Glisteli sistemin farkli uygulama bigimlerini gosteren analitik ¢izim

Cephe uygulamalarinda yiikseklik, genislik ve yapim teknigi acisindan farkliliklar gosterdigi
belirlenen glisteli sistemi sabit bir tipolojiye sahip degildir. Yap1 ve kullanim kosullarina bagl

olarak cesitlenebilen esnek bir karakter sergiledigini ortaya koymaktadwr. Bu farkh

uygulamalara iliskin 6rnekler Sekil 2°de sunulmaktadir.

Sekil 2. Glisteli sistemin farkli uygulama 6rnekleri

86



ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

Bu baglamda gliste, yalnizca bir cephe elemani olarak degil, i¢ mekan ile dis ¢evre arasinda
gecis saglayan ve mekansal siirekliligi destekleyen bir ara yiiz olarak degerlendirilebilir. Bu
yonilyle hem yapim tekniginin bir parcast hem de mekansal organizasyonu sekillendiren bir
bilesen olarak 6nem kazanmaktadir.

3.2. Mekansal Kullanimi

Zemin katta yer alan “hayat” mekani, konutun hem servis alan1 hem de gecis mekan1 olarak
islev gormektedir. Bu mekan, sokak ve bahge ile iligski kuran bir ara alan niteligi tasimakta ve
ist katlara ulasim da genellikle buradan saglanmaktadir. Zemin kat planlar1 incelendiginde,

glistenin hayat mekani ile dogrudan iligkili olarak konumlandig1 goriilmektedir (Sekil 3).

GLISTE

* GLISTE
- s 11
] I i L]

Mehmet Sitki Nergis Evi Zemin Kat Plani Recep Yiicel Evi Zemin Kat Plan

Sekil 3. Glistenin hayat mekani ile iligkili konumu

Glisteli sistemin bu mekanda, 6zellikle bahgeye agilan yiizeylerde konumlandig: goriulmektedir.
Bu yerlesim, Safranbolu konutlarinin genel olarak sokaga kapali, ancak bahge ile daha kontrollii
ve gecirgen bir iliski kuran mekansal anlayismi ortaya koymaktadir. Sekil 4’te Ali Demirezen
Evi 6rneginin zemin kat plani lizerinden glistenin hayat ve bahce mekanlariyla arasindaki iligki

gorulmektedir.
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Sekil 4. Gliste sisteminin hayat ve bahgeyle iliskisi

Bu baglamda gliste, i¢ mekan ile dis mekan arasinda dogrudan bir agiklik olusturmak yerine,
kontrollii bir iliski kuran bir ara yiiz olarak islev gérmektedir. Bdylece hem mahremiyet

korunmakta hem de mekansal siireklilik saglanmaktadir (Sekil 5).

Sekil 5. Safranbolu Kaymakamlar Gezi Evi’nin gliste ornegi

3.3. Yapim Ozellikleri

Glisteli sistem, hayat mekaninin belirli cephelerinde yer alan ve yerden yaklasik 60—80 cm
yiikseltilmig duvarlar {lizerine yerlestirilen ahsap dikmelerden olugmaktadir. Bu yiikseltilmis

duvar “bahna”, dikmeler arasindaki bosluklar ise “kur” olarak adlandirilmaktadir.
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Ahsap dikmelerin belirli araliklarla yerlestirilmesiyle olusturulan sistem, modiiler bir diizen ve
tekrar eden bir ritim ortaya koymaktadir. Bu durum, geleneksel yap1 iliretiminde 6l¢li ve oran
kavramlarmin bilingli bir sekilde kullanildigin1 géstermektedir.

Farkli yapilarda dikme araliklar1 ve yiiksekliklerde degisiklikler gozlemlenmekle birlikte,
sistemin temel kurgusunun biiylik 6l¢lide benzer oldugu anlagilmaktadir. Bu durum, glisteli
sistemin hem standart bir yapim mantigina sahip oldugunu hem de kullanic1 ihtiyaglarina gore
esneklik gosterebildigini ortaya koymaktadir.

Calisma kapsaminda incelenen rolove projeleri, gliste sisteminin yalnizca tanimsal bir yap1
elemani olmadigini, ayni zamanda belirli bir yapim mantig1 ve mekansal diizen igerisinde tekrar
eden bir bilesen oldugunu ortaya koymaktadir. Zemin kat planlar1 incelendiginde, glisteli
ylizeylerin ¢ogunlukla “hayat” mekani ile iliskili olarak konumlandig1 ve bu mekanimn dis ¢evre
ile kurdugu iliskinin 6nemli bir par¢asini olusturdugu goriilmektedir.

Cephe cizimlerilizerinden yapilan degerlendirmelerde ise gliste sisteminin, tag zemin kat duvar1
iizerinde yer alan ve degisen araliklarla tekrarlanan diisey ahsap elemanlar araciligiyla
olusturuldugu anlasilmaktadir. Bu diizen, hem yapim sisteminde modiiler bir yaklasimin
varligim1 gostermekte hem de sistemin gorsel olarak cephe karakterinin bir parcasi haline
geldigini ortaya koymaktadir. Glisteli sistemin yapim teknigi ve tagiyici sistemle kurdugu iliski,
calisma kapsaminda olusturulan iic boyutlu analitik ¢izim {izerinden biitiinciil olarak
degerlendirilebilmektedir. Sekil 6’da sunulan bu ¢izim, gliste elemanlarmin yalnizca cephe
ylizeyine ait bir agiklik sistemi olmadigini, ahsap karkas yapi ile birlikte kurgulanan ve tasiyici

sistemle dogrudan iliski kuran bir bilesen oldugunu agik bigimde ortaya koymaktadir.
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Sekil 6. Glistenin ahsap karkas sistemdeki konumu ve tastyici elemanlarla iligkisi
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Bununla birlikte bazi 6rneklerde gliste bosluklarinin ¢apraz ahsap elemanlarla kapatilarak
“musabak” formuna doniistiigii goriilmektedir . Bu durum, sistemin sabit bir formdan ziyade

farkli kullanim ihtiyaclarina gore degisebilen esnek bir yapiya sahip oldugunu gostermektedir
(Sekil 7).

Sekil 7. Glisteli sistemin ¢apraz ahsap elemanlarla olusturulan musabak formu

Plan ve cephe verilerinin birlikte degerlendirilmesi, gliste sisteminin rastlantisal bir uygulama
olmadigmi; aksine belirli mekansal ve yapisal prensiplere dayanan, tekrar eden ve konut
tipolojisi igerisinde yerlesik bir eleman oldugunu ortaya koymaktadir.

3.4. Islevsel Ozellikleri ve Kullanim Amaclar

Glisteli sistemin temel islevleri, hayat mekaninin havalandirilmasi ve dogal 1sik almasmin
saglanmasidir (Giinay, 1989). Bununla birlikte saha gozlemleri ve yerel bilgiler, bu sistemin
gecmiste daha kapsamli bir kullanim alanma sahip oldugunu gostermektedir.  Ozellikle
bahnalar tizerinde odun, yiyecek ve benzeri malzemelerin depolandigi ve dogal hava akimi ile
kurutuldugu bilinmektedir. Bu kullanim bi¢imi, glisteli sistemin giindelik yasam pratikleri ile
dogrudan iliskili oldugunu ortaya koymaktadir. Bu yoniiyle gliste, yalnizca bir yap1 elemant
degil, ayn1 zamanda iiretim, depolama ve yasam pratiklerinin mekansal karsilig1 olarak
degerlendirilebilir. Glisteli sistem, yar1 ge¢irgen yapisi sayesinde dogal aydinlatma ve
havalandirma agisindan islevsel bir ¢6ziim sunmaktadir. Glisteli sistemin detay dizeyde
incelenmesi, bu elemanin bahna iizerine yerlestirilen diisey ahsap dikmelerden olustugunu ve
belirli bir ritim igerisinde tekrar ettigini gostermektedir. Bu diizen, hem yapim tekniginin
moduler karakterini ortaya koymakta hem de sistemin cephe Uzerindeki dizenli ifadesini

guclendirmektedir.
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3.5. Zaman I¢inde Déniisiim

Saha gozlemleri, glisteli sistemlerin zaman igerisinde degisime ugradigini gostermektedir.
Geleneksel kullanimda agik ve gecirgen olan bu sistemlerin, giiniimiizde bazi yapilarda cam
veya farkli malzemeler ile kapatildig1 goriilmektedir. Giiniimiizde yapim sistemleri okunabilen
ve glistesi farkli tekniklerle kapatilarak kullanima devam eden konak ornekleri Sekil 8’de

verilmistir.

Mahir>a Konagi | aymakailé Geéi Evi
Sekil 8. Glistesi giinlimiizde kapatilarak kullanilan konak 6rnekleri

Bu doniisiim, geleneksel yasam bi¢giminin degismesi ve 6zellikle depolama ile kurutma gibi
islevlerin ortadan kalkmasi ile iligkilidir. Bu baglamda gliste, yalnizca fiziksel bir yap1 elemani
degil, ayn1 zamanda degisen yasam kiiltiiriiniin mekana yansimasi olarak da degerlendirilebilir.
4. SONUC

Bu calismada elde edilen bulgular, gliste sisteminin Safranbolu geleneksel konutlarinda
yalnizca bir yap1 detay1 olarak degil, mekansal organizasyonu dogrudan etkileyen bir bilesen
olarak degerlendirilmesi gerektigini ortaya koymaktadir. Glistenin 6zellikle zemin kat ve hayat
mekanu ile iliskili olarak konumlanmasi, bu elemanin i¢c mekan ile dis ¢evre arasinda kontrollii
bir gegis sagladigimi gostermektedir. Bu yonlyle gliste, geleneksel konutlarda mahremiyet ile
disa agiklik arasinda kurulan dengenin mekansal karsiliklarindan biri olarak degerlendirilebilir.
Glisteli sistemin yar1 gegirgen yapisi, geleneksel konutlarda tamamen kapali ya da tamamen
acik bir cephe anlayis1 yerine, ara ¢oziimlerin gelistirildigini ortaya koymaktadir. Bu durum,
geleneksel mimaride g¢evresel kosullar, kullanici ihtiyaglar1 ve toplumsal degerlerin birlikte
sekillendirdigi esnek bir tasarim yaklasiminimn varligina igaret etmektedir. Bu baglamda gliste,
yalnizca teknik bir ¢6ziim degil, ayn1 zamanda sosyal ve kiiltiirel gereksinimlerin mekana

yansimasi olarak degerlendirilebilir.
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Saha gozlemleri ve yerel kullanici bilgileri dogrultusunda, gliste sisteminin ge¢miste depolama,
kurutma ve havalandirma gibi islevler dogrultusunda aktif bicimde kullanildig1 anlagilmaktadir.
Bu durum, glistenin giindelik yasam pratikleri ile dogrudan iligkili bir yap1 eleman1 oldugunu
gostermektedir. Glinlimiizde ise bu islevlerin biiyiik dl¢lide ortadan kalktigi ve sistemin cam
gibi farkli malzemelerle kapatilarak doniistiiriildiigi goriilmektedir. Bu doniistim, geleneksel
konut mimarisinin sabit bir yap1 olmadigini, aksine degisen yasam bicimleri ile birlikte doniisen
dinamik bir siire¢ oldugunu ortaya koymaktadir.

Elde edilen bulgular, gliste sisteminin Safranbolu konutlarinda istisnai bir uygulama olmadigini
ve belirli bir yayginliga sahip oldugunu géstermektedir. Bu durum, glistenin konut karakterinin
olusumunda 6nemli bir rol Gistlendigini ve degerlendirmelerde goz ardi edilmemesi gereken bir
yap1 elemani oldugunu ortaya koymaktadir.

Bu dogrultuda, gliste sisteminin belirleyici oldugu yapilarin “glisteli konutlar” olarak ele
almmas1 Onerisi, geleneksel konutlarin yalnizca plan tipolojileri {izerinden degil, 6zgiin yap1
elemanlar1 {izerinden de degerlendirilebilecegine isaret eden alternatif bir yaklasim
sunmaktadir. Bu oneri, geleneksel konut ¢alismalarinda kavramsal ¢cer¢evenin genisletilmesine
katki saglamakta ve yap1 elemani 6lgeginde yapilacak analizlerin 6nemini vurgulamaktadir.
Sonug olarak bu ¢alisma, Safranbolu konutlarinda yer alan gliste sistemini tanimlayarak ve
mimari baglamda konumlandirarak literatiirde smirli bigimde yer alan bu yapi elemanini
goriiniir hale getirmektedir. Bu yoniiyle c¢alisma, geleneksel konut mimarisine iligskin
arastirmalarda yap1 elemanlar1 6lgeginde yeni bir inceleme alani agmakta ve gliste sisteminin
literatiirde tartisilabilir ve gelistirilebilir bir kavram haline gelmesine katki saglamaktadir. Bu
yoniiyle ¢aligma, gliste sisteminin yalnizca Safranbolu 6zelinde degil, benzer geleneksel konut
orneklerinde de arastirilabilir bir yap1 elemani oldugunu ortaya koymaktadir.
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Y. Mimar Biisra ARSLAN

Karabiik Universitesi, Safranbolu Basak Cengiz Mimarhk Fakiiltesi, Mimarlik Boliimii, 78600
Safranbolu, Karabiik
ORCID ID: 0000-0002-6224-6079

OZET

Deprem, yapilarin maruz kaldigi en 6nemli dogal etkenlerden biri olup, farkli yapim
sistemlerinin bu etki karsisindaki davranislar biiyiik dl¢iide degiskenlik gostermektedir. Bu
calismada, geleneksel yapim sistemleri igerisinde yer alan ahsap karkas ve yigma yapi
sistemlerinin deprem etkileri acisindan karsilasgtirmali olarak incelenmesi amaglanmistir.
Calisma, literatiir taramasina dayali1 olarak gergeklestirilmis olup, s6z konusu yap1 sistemlerinin
deprem karsisindaki davranmig 6zellikleri, hasar tiirleri ve temel yapisal karakteristikleri ele
almmustir. Elde edilen bulgular, yigma yapilarin genel olarak diistik siineklik 6zelliklerine sahip
oldugunu ve gevrek davramis sergiledigini ortaya koymaktadir. Bu tiir yapilarm, ¢ekme
dayanimlarinin zayif olmasi nedeniyle deprem etkileri altinda catlak olusumu, ayrisma ve
gocme gibi hasar mekanizmalarina kars1 daha hassas oldugu gériilmektedir. Ozellikle yapim
detaylar1, malzeme kalitesi ve tagiyici sistemin yeterliligi bu yapilarin performansini dogrudan
ctkilemektedir. Buna Kkarsilik, ahsap karkas sistemlerin hafif olmasi, yiiksek siineklik
gbstermesi ve deprem enerjisini soniimleyebilme kapasitesinin daha yiiksek olmasi nedeniyle
deprem etkileri karsisinda daha avantajli oldugu belirlenmistir. Bununla birlikte, bu sistemlerde
de baglant1 detaylarinin zayif olmasi, agir iist ortii kullanimi ve malzeme yipranmasi gibi
faktorler performansi olumsuz yonde etkileyebilmektedir. Bu dogrultuda, ahsap karkas
yapilarin hafiflikleri, yliksek siineklikleri ve enerji soniimleme kapasiteleri sayesinde deprem
etkilerini daha kontrollii bir sekilde karsiladig1; yigma yapilarm ise diisiik siineklik ve zayif
cekme dayanimlari nedeniyle daha kirilgan bir davranis sergiledigi belirlenmistir. Genel olarak,
ahsap karkas yapilarin deprem performansi agisindan daha avantajli oldugu, ancak her iki
sistemde de malzeme Ozellikleri, yapim kalitesi ve baglant1 detaylarinin yap1 davraniginda
belirleyici rol oynadig1 sonucuna ulagilmistir.

Anahtar kelimeler: Geleneksel yapim sistemleri, ahsap karkas yapi, yigma yapi, deprem

etkileri, yap1 davranisi
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A COMPARATIVE EVALUATION OF THE SEISMIC BEHAVIOR OF
TRADITIONAL BUILDING SYSTEMS: TIMBER FRAME AND MASONRY
STRUCTURES
ABSTRACT

Earthquakes are among the most significant natural hazards affecting structures, and the
response of different construction systems to seismic effects varies considerably. This study
aims to comparatively evaluate timber frame and masonry structural systems within the scope
of traditional construction techniques in terms of their seismic performance. The study is based
on a comprehensive literature review and examines the seismic behavior, damage mechanisms,
and fundamental structural characteristics of these systems. The findings indicate that masonry
structures generally exhibit low ductility and brittle behavior. Due to their weak tensile strength,
these structures are more vulnerable to damage mechanisms such as cracking, separation, and
collapse under seismic effects. In particular, construction details, material quality, and the
adequacy of the load-bearing system play a decisive role in their performance. In contrast,
timber frame systems are found to be more advantageous due to their lightweight nature, higher
ductility, and greater energy dissipation capacity. However, factors such as inadequate
connection details, heavy roofing systems, and material deterioration may negatively affect
their performance. Accordingly, timber frame structures can respond to seismic forces ina more
controlled and balanced manner thanks to their lightweight and ductile characteristics, whereas
masonry structures tend to exhibit more brittle behavior due to their low ductility and
insufficient tensile strength. Overall, timber frame systems demonstrate superior seismic
performance compared to masonry structures; however, it is also concluded that material
properties, construction quality, and connection details are critical factors influencing the
structural behavior of both systems.

Keywords: Traditional construction systems, timber frame structure, masonry structure,
earthquake effects, structural behavior

1. GIRIS

Deprem, yapilarin giivenligini dogrudan etkileyen en 6nemli dogal afetlerden biri olup,
meydana gelen sarsmtilar sonucunda farkli yapi tiirlerinde ¢esitli hasar mekanizmalarinin
ortaya ¢ikmasma yol agmaktadir. Yapilarin deprem etkileri altindaki sismik performansi;
malzeme oOzellikleri, tasiyict sistemin davranisi, yapim teknigi ve mimari tasarim gibi ¢ok
sayida faktoriin birlikte etkisi altinda sekillenmektedir. Giiniimiizde c¢elik ve beton gibi

malzemeler kullanilarak geleneksel yapi formlarmin taklit edilmesine yonelik yaklagimlar
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bulunsa da, malzeme degisimi yapilarin mekanik Ozelliklerini ve deprem karsisindaki
davranigint 6nemli 6l¢lide degistirmektedir (Qi vd., 2023).

Geleneksel yapim sistemleri, tarihsel siirec icerisinde farkli cografi ve kiiltiirel kosullara uyum
saglayarak gelismis ve giinlimiize kadar ulagsmis 6nemli bir yap1 mirasini temsil etmektedir
(Langenbach, 2007). Diinya genelinde farkli bolgelerde karsilasilan yigma ve ahsap karkas yap1
sistemleri, bu baglamda yaygin olarak kullanilan ve deprem davranislari agisindan dikkatle
incelenen iki temel yapi tiiriidiir. Bu sistemler, 6zellikle deprem riskinin yiiksek oldugu
bolgelerde gelistirilmis olup, uzun yillar boyunca elde edilen deneyimlerin bir sonucu olarak
sekillenmistir.

Bu kapsamda yigma yapilar, yiiksek rijitlik 6zelliklerine sahip olmalarma karsin diisiik
stineklikleri nedeniyle deprem etkileri altinda kirilgan davramig sergileme egilimindedir
(Korkmaz, 2007). Ozellikle diisiik cekme dayanimlar1 nedeniyle diizlem dis1 etkiler karsisinda
hassas olan bu yapilar, ani go¢me riski agisindan 6nemli bir dezavantaj tasimaktadir (Li vd.,
2025; Korkmaz, 2007). Bu durum, yigma yapilarin deprem etkileri altinda performanslarmin
siirli kalmasina neden olmaktadir.

Buna karsilik, diinyada Hims (Tirkiye), Pombalino (Portekiz), Dhajji Dewari
(Hindistan/Pakistan) ve Chuandou (Cin) gibi farkl isimlerle bilinen ahsap karkas yapilar, farkl
cografyalarda gelistirilmis ve deprem etkilerine karsi daha uyumlu davraniglar sergileyen
sistemler olarak 6ne ¢ikmaktadir (Gani vd., 2021; Vasconcelos vd., 2015; Langenbach, 2007).
Bu yapilarin hafif olmalar1 ve esnek baglant1 detaylarina sahip olmalari, deprem enerjisini
soniimleyebilme kapasitelerini artirmaktadir. Ayrica, deneysel calismalar ahsap karkas
sistemlerde kullanilan dolgu malzemesinin ¢ergeveye ek rijitlik kazandirdigini ve baglanti
bolgelerinde olusan siirtiinme ile sismik enerjinin tiiketilmesine katki sagladigini ortaya
koymaktadir (Poletti ve Vasconcelos, 2014; Ali vd., 2012; Xie vd., 2021). Bu yapilarn, biiyiik
deprem olaylarinda modern betonarme yapilarin 6nemli 6l¢lide hasar gordiigii durumlarda dahi
ayakta kalabildigi saha gozlemleriyle de desteklenmektedir (Dogangiin vd., 2006; Giilhan ve
Guney, 2000; Hicyilmaz vd., 2012).

Bununla birlikte, diinya genelinde hem yigma hem de ahsap karkas yap1 sistemlerinin deprem
davraniglari lizerine yapilan ¢aligmalar, bu iki sistemin farkli avantaj ve dezavantajlara sahip
oldugunu ortaya koymaktadir. Giiniimiizde ¢elik ve betonarme sistemler ile geleneksel yap1
davranisinin  yeniden olusturulmasma yonelik ¢alismalar yapilmakta; ancak malzeme
farkliliklar1 nedeniyle bu sistemlerin deprem karsisindaki davranisi geleneksel sistemlerden

onemli Olclide ayrilmaktadir. Bu durum, 6zellikle enerji soniimleme ve siineklik agisindan
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belirgin farkliliklarin ortaya ¢ikmasina neden olmaktadir (Qi vd., 2023). Bu baglamda ahsap
karkas sistemler, sahip olduklar1 dogal esneklik ve baglant1 davranisi sayesinde deprem
miihendisligi agisindan 6nemli bir alternatif olarak degerlendirilmektedir.

Ote yandan, her iki yapi sisteminin deprem performansi; uygulama kalitesi, baglanti
detaylarinin durumu ve yapmin bulundugu topografik kosullara bagl olarak degisiklik
gosterebilmektedir. Ozellikle egimli araziler iizerine insa edilen tarihi ahsap yapilarda, kolon
yuksekliklerindeki farkliliklarin burulma etkilerini artirdig1 ve bu durumun st katlarda yapisal
zayifliklara yol agtig1 gozlemlenmistir (Pan vd., 2023). Ayrica, geleneksel sistemlerde dolgu
duvarlarin deprem dayanimini artirici etkisi bulunmakla birlikte, yiiksek siddetli deprem etkileri
altinda bu duvarlarda diizlem dis1 gogme riskinin ortaya ¢ikabilecegi belirtilmektedir (Meireles
vd., 2012; Qu vd., 2015). Bunun yaninda, geleneksel sistemlerde deprem davranisinin biiyiik
Olciide esnek baglant1 detaylarma bagli oldugu; modern uygulamalarda kullanilan rijit
birlesimlerin ise yapilarm siinek davranisini olumsuz etkileyebilecegi ifade edilmektedir (Q1
vd., 2023).

Bu caligma kapsaminda, diinya genelinde yaygimn olarak goriilen geleneksel yapim sistemleri
icerisinde yer alan ahsap karkas ve yigma yapilarin deprem etkileri altindaki davranislari
karsilagtirmali olarak incelenmektedir. Caligmanin temel amaci, s6z konusu iki yap1 sisteminin
literatiir dogrultusunda degerlendirilmesi ve deprem performanslar1 agisindan karsilastirmali
bir ¢erceve sunulmasidir.

2. KAVRAMSAL CERCEVE

Deprem yiikleri; riizgar yiikii, toprak basinci ya da carpma etkisi gibi diger yatay yiiklerden
farkli olarak yapiya disaridan etki eden kuvvet degildir. Yapilarin kendi agirligindan dolay1
meydana gelen deprem yiikleri, yapinin her bir kisminin agirligmin, s6z konusu noktaya etki
ettigi yatay yiiktiir (Unay, 2002: 59). Yapilarin yumusak zemin {izerine insa edilmesi, ikincil
striiktiir elemanlarmin birlikte ¢alisamamasi, asimetrik yapi tasarimi, bacalarin tasima
performansinin diisiik olmasi, striiktiirel baglantilarin yeterli olmamasi, agir catilarin
kullanilmasi, ahsabin zamana bagli olarak hasere ve ¢iiriime gibi sebeplerle gii¢c kaybetmesi ve
deprem sonrasinda ger¢eklesebilecek yangilara kars1 dayaniksiz olmasi, ahsap yapilarin deprem
karsisindaki davranislarini etkileyen faktorler arasindadir (Diskaya, 2004: 58).

Yapilar, depremlerden dolayli ve dogrudan olmak iizere iki sekilde etkilenmektedir. Dolayl
etkiler; deprem sonras1 meydana gelen yangin ve su baskinlar1 gibi olaylarin yapilara zarar
vermesidir. Dogrudan etkiler ise, deprem sebebiyle olusan ylizey kirig1, ¢okmesi yer kaymasi,

toprak ve camur akmasi, sivilagsma ve tsunaminin yapilarda sebep oldugu hasarlar ile sarsint1
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esnasinda meydana gelen hasarlardir (Aksoy, 2003: 9). Yeni yapilasmalarda deprem
tehlikesinin ~ dikkate alindigi kadar, mevcut ve tarihi yapilarm degerlendirilip
giiclendirilmesinde bu konunun yeterince iizerinde durulmamasi, yapilarin depreme maruz
kalmasi durumunda bir¢ok kayiplara sebebiyet vermektedir (Arslan, 2006: 15). Yapilar
iizerinde, hafif hasar, orta hasar, agir hasar ve yikint1 olmak iizere dort farkli deprem hasar1
tanimlanmaktadir (Aksoy, 2003: 32, 33).

Korkmaz (2007)’1n aktarmis oldugu bir calismaya gore, kirsal yapilarin deprem davranislari
kapsaminda, yapilarin tiirtine gore yikilma olasiliklar1 Sekil 1°de verilmistir. Buna gore, tas
veya kerpigten yapilmig zayif yigma yapilarin yikilma olasiligi, az siddetli depremde en yiiksek
orana sahip olup, pismis tugladan yapilmis yigma yapilarda daha azdir. Devaminda en yuksek
yikilma oranmma sahip olan grup ahsap yapilarken, deprem sartnamesine uygun yapilmis

betonarme yapilarin yikilma olasiligi en az olarak belirlenmistir.

Bina Tiplerine Giire Yikalma Olasihiklary
I | I | I 1 I I [ i I I I 1 I
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Sekil 1. Bina tiiriine gore yikilma olasiliklar1 (Korkmaz, 2007: 44)

Yine Korkmaz (2007)’m aktarmis oldugu bir calismaya gore, kirsal yapilarm deprem
davraniglar1 kapsaminda, yapilarin tiiriine gére 6liim oranlari da Sekil 2°de goriilmektedir. Sekle
gore daha az siddetli depremlerden dolay1 zayif yigma yapilardaki 6liim olasilig1 orani en
ylksekken, tugla yigma yapilarda kerpi¢ ya da tastan yapilmis yigma yapilara gére daha azdir.
Devaminda en yiiksek 6liim orani ahsap yapilarda olup, deprem sartnamesine gore tasarlanmis
betonarme yapilardaki 6lim orani en azdwr. Sekil 2°de verildigi gibi yapilarm tiirlne gore
yikilma olasiliklar1 ve oliim olasiliklarina bakildiginda, bina yikilma olasiligi ve 6lim

oranlarindaki olasiliklarin dogru orantili oldugu goriilmektedir.
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Sekil 2. Bina tiiriine gore 6liim oranlar1 (Korkmaz, 2007: 44)

Yapilari depreme kars1 dayanimlarini etkileyen mimari tasarim kriterleri;

e Yapiin genel geometrik formu,

e Deprem dayanimi bakimimdan sakicali mimari detaylar ve

e Tehlike olusturan tasiyic1 olmayan elemanlar seklinde {i¢ ana baslikta ele alinmaktadir.
Yapmin genel geometrik formu, yapilarin boyutlari, sekilleri ve oranlar1 ile birlikte, tastyict
elemanlarinin boyutlar1 ve arsa iizerindeki konumlarmi kapsamaktadir. Yapilarin tasiyici sistem
elemanlarinin konumlar1 ve birlesim detaylar1 ise bazi durumlarda deprem dayanimi
bakimindan sakincali detaylar1 olusturmaktadir. Bununla birlikte, depreme karsi yeterli
dayanimi bulunmayan elemanlar ile kurgulanan tasiyici sistemler de yapilarda hasara ve can
kayiplarina yol agabilmektedir (Unay, 2002: 59).
Deprem kuvvetleri altinda yapilar, ileri ve geri yer hareketleri karsisinda eylemsizlik etkisi
gostermektedir. Herhangi bir yapida, Sekil 3’teki gibi yerin bir tarafa dogru hareket etmesi ile
yapt yerinde kalmak isteyerek eylemsizlik kuvvetini olusturmaktadir. Yap1 tasarimlarinda da
depreme kars1t dayanim saglanmasi i¢in bu eylemsizlik kuvvetine karsi gerekli olan

detaylandirmalar ve boyutlandirmalar yapilmaktadir (Korkmaz, 2007: 42).
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Eylemsizlik Kuvveti

Deprem Kuvveti

Sekil 2. Yapida olusan eylemsizlik kuvveti (Korkmaz (2007)’den diizenlenmistir)

Yapilarmm depreme karst dayanmimlar1 i¢in {ilkelerin sartnamelerinde genel prensipler
belirlenmekte olup, iilkemizdekiler su sekildedir: Gergeklesme ihtimali yiiksek, diisiik
siddetteki depremlerde, tasiyict olan veya olmayan yapi elemanlarmin hasar gérmemesi
gerekmektedir. Bununla birlikte, orta siddetteki depremlerde tasict olmayan elemanlarin hasar
gormesine izin verilirken, tasiyici sistemi onemli oranda hasar gormemelidir. Gergeklesme
ithtimali diisiik olan siddetli depremlerde ise can kaybinin olmamasi 6n planda tutularak, yapimin
elastik sinirlar disinda biiyiik deplasman yapmas1 miimkiinken, yapinin tamaminin yikilmasina
izin verilmeden tasiyic1 sistemin fazla hasar gérmesi kabul edilmektedir (Unay, 2002: 61, 62).
Yigma ve karkas yapilar, yapim sistemlerinin tliriine bagh olarak depreme karsi farkli
davranislar sergiler (Korkmaz, 2007: 18,19).

Tablo 1. Yapim sistemlerine gore deprem davranislar1 (Korkmaz (2007)’den diizenlenmistir)

Yapim Sistemleri Deprem Davranisi
Siineklik ve soniim kapasitesi diisiik olup,
Ahsap Himis Ozellikle, iist ortiisii agir olan yapilar yatay
Karkas yiiklere kars1 dayanikli degildir.
Yapilar Siineklik ve soniim kapasitesi artirilmis olup,

Karkas Yaptlar Bagdadi citalar dolgularin dagilmasimi engellemektedir.

Tasarima, detaylara, is¢ilige ve yonetmeliklere
Betonarme Yapilar uyulmasina gore yapilarn deprem davranisi
degisiklik gostermektedir.

Dayanim artirmak i¢in hatillarla tasiyicilik
Kerpic kapasitesi desteklenmekte olup, yatay yiklere
karst mukavemetsizdir.

Harcli ve 6zenli bir sekilde saglam insa
5 Tas edildiginde dayanikliyken, kalitesiz oldugunda
Yigma Yapilar depreme kars1 tehlike olusturmaktadir.

Iyi detaylandirma, kaliteli harg ve donatili hatillar

Harman Tuglast ile bu yapilarm mukavemeti artmaktadir.

Zayif bir malzeme olup, tasiyici olmayan duvar

Delikli Fabrika Tuglas1 dolgusunda kullanilir.
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Kerpig, tas, tugla, briket ve gaz beton gibi malzemelerle insa edilen yigma yapilar; himis ve
bagdadi sistemlerin olusturdugu ahsap iskeletli yapilar ile betonarme karkas yapilar, kullanilan
malzeme tlrd ve yapim teknigine gore depreme karsi farkli performans gostermektedir. Yapi
tiirlerine gore deprem davranislar1 Tablo 1’de sunulmaktadir. Devaminda, yigma ve iskeletli
yapilarin deprem davraniglar1 detayli olarak verilmektedir.

3. BULGULAR

3.1. Yigma Yapilarin Deprem Davranisi

Tarihi y1gma yapilar diisiik siineklige sahiptir ve sert ve kirilgan yapisal bilesenleri, genellikle
siddetli depremler sirasinda ciddi sekilde hasar gdrmektedir (Ilerisoy ve Soyluk, 2012: 736).
Yigma yap1 malzemelerinin basing dayanimi orta ve iyi iken, cekme dayanimu diisiik olup, tugla
ve kerpi¢ malzemeler bu gruba giren gevrek malzemelerdir ve oldukca diisiik 6telemelerde bile
catladiklar1 goriiliir. Duvar gibi yapisal elemanlarda egilme kuvveti etkisiyle cekme gerilmesi,
basmg gerilmesinden fazla oldugunda ¢atlama meydana gelir ve kesme dayanimi asildiginda
bu catlak genisleyerek yarik halini alir. Bu ¢atlama sonrasi, yap1 bir biitlin gibi davranamaz ve
bagimsiz hareket eden boliimler seklinde artan deplasmanlarda kismi ya da biitiinsel gogmelere
sebep olur (Korkmaz, 2007: 45).

Duvarlarda yatay yiiklerin etkisiyle ¢cekme gerilmelerinin kayma emniyet gerilmesi degerini
asmasi sonucu ¢apraz kesme catlaklari olusur. Bu tiir ¢catlaklar cogunlukla diisey yiik kuvvetinin

fazla oldugu alt katlarda olusmaktadir (Sekil 4) (Timur, 2001: 3).

I

Coor e

Sekil 4. Duvarda diyagonal ¢atlak (kesme catlagi) (Korkmaz, 2007: 48)

Diisey yiik kuvvetinin alt katlara gére daha diisiik oldugu iist katlarda ise, ayn1 yiik etkisiyle
duvarda yatay ¢atlaklar olusur (Sekil 3.5) (Timur, 2001: 3).

Z A < g PR
'3 < >
Al (‘ Al V‘

Sekil 5. Duvarda kayma ¢atlagi (Korkmaz, 2007: 49)
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Yigma yap1 duvarlarinda pencere bosluklarinin bulundugu durumlarda, bosluklar arasindaki
duvar kisimlarinda da bosluksuz duvarlarda oldugu gibi ¢apraz kesme ¢atlaklar1 olusur (Sekil

6) (Timur, 2001: 3).

““““““ i
ARV "
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Sekil 6. Duvarda kesme catlaklar1 (Arslan, 2006: 30)

Yigma yapilarda genellikle diisey yiiklerin sebep oldugu bir hasar s6z konusu degilken, tastyici
elemanlarin yeterli kalinlikta olmamasi sebebiyle diisey basing kuvveti altinda diisey catlaklar
(burkulma c¢atlaklar1) goriilebilmektedir. Kubbe ve kemerlerin kullanildig1 yapilarda ise
basikliga bagli olarak mesnetlerde olusacak yanal kuvvetler nedeniyle hasar
olusabilmekteyken, gergi, kasnak, agirlik kulesi ve payanda gibi elemanlarm kullanilmasi ile
bu kuvvetlerin etkisi azaltilabilmektedir. Ayrica, yap1 planlarinin da asimetrik olmasi ve kiitle
merkezi ile rijitlik merkezinin olmasi gerektigi kadar birbirine yakin bulunmamasi, yapi

elemanlarinin burkulmasina ve hasar almasina sebep olmaktadir (Timur, 2001: 3).

Sekil 7. Yigma yap1 kose hasar bi¢cimleri (Arslan, 2006: 33).

Iki yonlii kuvvet olusmasi sebebiyle yigma yapilarm kdselerinde, duvarlar birbirlerini diizlem
disina itme kuvveti uygularlar. Bu iki yonlii uygulanan kuvvet altinda yap1 koselerinde ¢atlaklar
olusmaktadir. Bu ¢atlaklarin genislemesi ile duvarlar dagilmakta ve yapmin dosemesi iist iiste

yigilarak gocebilmektedir (Sekil 7, 8) (Arslan, 2006: 32, 33). Yigma yapilarin insa edildigi

101



CE AN/
» s

‘SQ

- G ISARC academy
N INTERNATIONAL SCIENCE AND ART RESEARCH CENTER
af?*‘/\// N’.\.\F‘\?‘Q

zeminlerin Ozellikleri ile birlikte, yapilarin temel derinliklerinin yetersiz olmasi sebebiyle

olusabilecek oturmalar da yapilarda hasar meydana getirebilmektedir (Timur, 2001: 3).

P o~ K s [ |

VI XX X

Sekil 8. Yigma yapilarda olas1 hasar ve catlaklar (Korkmaz, 2007: 56, 57).

3.2. iskeletli Yapilarin Deprem Davramsi

Ahsap iskeletli yapilar, deprem dayanimi bakimindan yigma yapilara oranla daha iyi bir
performans sergilemekte olup, daha siinek ve daha hafiftir (Korkmaz, 2007: 61). Deprem
kuvvetleri, diger yapi tiirlerinde oldugu gibi ahsap yapilarda da ¢esitli kuvvet etkilerini
meydana getirmekte olup, ahsap yapilarin iizerinde basing ve ¢ekme gerilmelerinin ortaya
¢ikmasina da neden olmaktadir. Bu basing ve ¢cekme gerilmeleri, yapilarin makaslama, devrilme
ve kayma gibi tepkilerini olusturmakta ve yapilarin deprem kuvvetleri ile karsilastiginda hasar

almasina sebep olmaktadir (Sekil 9) (Ohanesyan, 2012: 104, 105).

DEPREM
ETKILERI

DEPREM
KUVVETI

Sekil 9. Ahsap yapilarda deprem kuvvetine karsi olusan tepkiler (Ohanesyan, 2012: 105).

Anadolu’nun bazi1 bolgelerinde, ahsap kiris ve diisey elemanlarmn diigiim noktalarinda herhangi
bir baglayict eleman (¢ivi, kama vb.) kullanilmamasi, olduk¢a kiiclik yer hareketlerinde bile

diigiim noktalarinin dagilmasima ve ¢atinin go¢gmesine neden olmaktadir. Bu sistemde hasar1
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onlemeye yonelik olarak, cat1 kiriglerinin en az 50 cm disariya dogru uzatilmasi ile daire kesit

yerine dikdortgen kesitli kirisler kullanilmasi 6nerilmektedir (Korkmaz, 2007: 61) (Sekil 10).

Sekil 10. Dogu Anadolu’da ahsap iskeletli tas yap1 6rnegi (Korkmaz, 2007: 61).

Himis yapilarin ana tastyici sistemini olusturan ahsap dikme ve kirislerin arasindaki bosluklarin
tas, tugla ve kerpi¢ bloklar1 gibi malzemelerle doldurulmasi, deprem esnasinda dolgu
malzemelerinin arasinda olusan siirtiinme kuvveti ile yapimnin enerji tiiketme kapasitesi
artmaktadir. Bu yapilar biiyiik bir depreme maruz kaldiklarinda, ahsapla ayni esnek davranisa
sahip olmayan dolgu malzemeleri parcalanip dokiilebilmekte ve can kayiplarma sebebiyet
verebilmektedir. Bu yapim sisteminde, ahsap iskeletlerin kendi arasinda ve dolgu
malzemeleriyle olan baglantilarin iyi saglanmasi gerekmektedir (Korkmaz, 2007: 62). Himis
yapilarda, hasarin ilk basta dolgu malzemesinde baslayarak daha sonra ¢ergeveye iletildigi ve
deprem esnasinda ahsap ¢ercevenin hasar1 dolgudan daha fazlaysa, duvarlarin gergeve
tarafindan itilecegi belirtilmektedir. Dolgu ve iskelet arasinda baglayict kullanilmadiginda ise

iskelet sistemin dolguyu bosaltacagi ifade edilmistir (Aksoy, 2003: 41) (Sekil 11).
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Sekil 11. Himus sistemiyle insa edilmis yapida deprem hasar1 6rnegi (Korkmaz, 2007: 63).

Bagdadi yapilarin deprem karsisinda gosterdigi performans, himis yapilara gére daha iyidir.
Bagdadi yapilarin bosluklarinin himis yapilar gibi agir bir malzemeyle doldurulmamasi, i¢ ve
dis stvalarin bagdadi ¢italarinin iizerlerine yapilmasi, bu yapilarin hafifligini ve siinekliligini
artirmakta olup, yapinin biiylik yer degistirmelerine karsi sekil ve dayanimini koruyabilmesini
saglamaktadir. Bu yap1 sisteminde de ahsap iskeletlerin baglant1 noktalarinin iyi yapilmasi
gerekmektedir (Korkmaz, 2007: 63) (Sekil 12). Bununla birlikte, ahsap yapilarin, deprem
aninda veya sonrasinda genellikle, temellerinde, zemin katlarinda, tasiyici iskeletlerinde, dolgu

veya kaplama malzemelerinde, catilarinda ve bacalarinda hasarlar olugsmaktadir (Ohanesyan,
2012: 113).

Sekil 12. Bagdadi sistemle insa edilmis yapida deprem hasar1 6rnegi (Korkmaz, 2007: 63).

Elde edilen sonuglar biitiinciil olarak degerlendirildiginde, yigma ve ahsap karkas yapi
sistemlerinin deprem etkileri altindaki davraniglarinin biiyiik 6lgtide malzeme 6zellikleri,

tastyict sistemin davranigi ve baglant1 detaylariyla iliskili oldugu anlasilmaktadir. Yigma
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yapilarin yiiksek rijitlik gostermesine karsin diisiik siineklik ve smirli ¢ekme dayanimi
nedeniyle deprem yiikleri altinda ani ve kirillgan hasar mekanizmalarina yatkin oldugu; buna
karsilik ahsap karkas yapilarin daha diisiik kiitleye sahip olmalari, stinek davranig 6zellikleri ve
daha yiiksek enerji soniimleme kapasiteleri sayesinde sismik etkileri daha dengeli bir sekilde
karsilayabildigi goriilmektedir. Bununla birlikte, her iki yapi tiiriinde de performansin yalnizca
sistemin tlirline bagli olmadigi, uygulama kalitesi, detaylandirma ve kullanilan malzeme
ozelliklerinin de belirleyici oldugu ortaya ¢ikmaktadir. Ozellikle yigma yapilarda baglanti
zayifliklar1 ve yetersiz malzeme 6zellikleri hasar diizeyini artirirken, ahsap karkas sistemlerde
dogru tasarlanmis ve iyl uygulanmis baglanti detaylarinin yapinin biitiinsel davranisini
sirdiirebilmesinde kritik rol oynadigi anlagilmaktadir. Bu dogrultuda, geleneksel yap1
sistemlerinin deprem performanslarinin karsilastirmali olarak ele alinmasi, her iki sistemin
giiclii ve zayif yonlerinin birlikte degerlendirilmesini gerekli kilmaktadir.

4. SONUC

Bu calismada, geleneksel yap1 sistemleri kapsaminda yer alan yigma ve ahsap karkas yapilarin
deprem etkileri altindaki davranislar literatiir bulgular1 dogrultusunda karsilastirilmistir. Elde
edilen degerlendirmeler, yigma yapilarin yliksek rijitliklerine ragmen diisiik siineklik ve sinirh
cekme dayanimlar1 nedeniyle sismik etkiler altinda daha kirilgan bir davranis sergiledigini
gostermektedir. Buna karsilik, ahsap karkas sistemlerin diisiik kiitleleri, siinek karakterleri ve
enerji sonimleme kapasiteleri sayesinde deprem etkilerini daha dengeli ve kontrolli bicimde
karsilayabildigi anlasilmaktadir.

Hasar olusumu bakimindan yigma yapilarda ¢atlaklarin hizla ilerleyerek ayrisma ve gégmeye
donlisme egiliminde oldugu; ahsap karkas yapilarda ise hasarmm cogunlukla birlesim
bolgelerinde yogunlastigi, buna ragmen sistem biitiinliigiiniin daha uzun siire korunabildigi
goriilmektedir. Ayrica, kiitle farkina bagl olarak yigma yapilarin daha yiiksek atalet
kuvvetlerine maruz kaldigi, ahsap karkas yapilarin ise hafiflikleri sayesinde daha diisiik deprem
yiikleri ile karsilastigi belirlenmistir. Bu durum, ahsap karkas sistemlerin sismik davranig
acisindan avantajli olmasma katki saglamaktadir. Ahsap karkas ve yigma yapi sistemlerinin

deprem davranisi agisindan 6ne ¢ikan farkliliklar: Tablo 2’de 6zetlenmistir.
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Tablo 2. Ahsap karkas ve yigma yapi1 sistemlerinin deprem davranisi agisindan

karsilastirilmast

Kriter

Ahsap Karkas Yapilar

Yigma Yapilar

Yapisal Davranis

Siinek ve esnek davranis gosterir

Rijit ve gevrek davranig gosterir

Stineklik (Ductility)

Yuksek

Diisiik

Agirhik (Kiitle)

Hafif yap1 sistemi

Agir yapr sistemi

Atalet Kuvvetleri

(Deprem Yukd)

Daha diisiik atalet kuvveti

Daha ylksek atalet kuvveti

Enerji Sénimleme

Kapasitesi

Yiiksek (baglanti ve siirtiinme ile)

Diisiik

Malzeme Davranisi

(Basin¢/Cekme)

Cekme ve basingta dengeli

Basing dayanimui iyi, ¢ekme

dayanimi zayi1f

Hasar Mekanizmasi

Baglanti noktalarinda lokal hasar

Catlak, ayrisma ve ani gdgme

Hasarin Gelisimi

Kademeli

Ani ve kirilgan

Sistem Biitiinliigii

Uzun sire korunabilir

Catlak sonrasi hizla bozulur

Baglanti Detaylarinin o
Kritik (iyi tasarim performansi artirir) Zayif detaylar hizli hasara yol agar

Onemi

Zemin ve Plan
Daha toleransl Daha hassas

Diizensizligine Tepki

Gog¢me Davramsi Kademeli goecme (can giivenligi avantajli) Ani gécme (riskli)

Genel Sismik
Daha avantajli Daha dezavantajli

Performans

Degerlendirmelere gore ahsap karkas yapilarin siineklik, enerji soniimleme kapasitesi ve
hasarm gelisim bigimi agisindan daha elverisli bir davranis sergiledigi; yigma yapilarin ise rijit
fakat kirillgan karakterleri nedeniyle daha ani hasar mekanizmalarma yatkin oldugu acikca
goriilmektedir. Bununla birlikte, her iki sistemde de malzeme kalitesi, yapim teknigi ve
Ozellikle baglant1 detaylarinin yap1 performansini belirleyen temel unsurlar oldugu
unutulmamalidir. Bu baglamda, geleneksel yapi sistemlerinin degerlendirilmesinde ahsap
karkas yapilarin deprem davranis1 agisindan daha giivenli bir alternatif sundugu, ancak her iki
sistemde de dogru tasarim ve uygulama kararlarinin yap1 giivenligi agisindan belirleyici oldugu
sonucuna ulagilmaktadir.
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Abstract:

This paper explores how the digital transformation has affected architectural education in
Algeria with a particular reference to the shift of conventional studio settings to virtual
environments. The research question is whether these digital tools are effective in enhancing
the learning outcomes and development of skills among architecture students. The approach of
the study, based on a thorough methodology comprising both qualitative and quantitative data
obtained in the form of surveys, interviews, and case studies, demonstrates that learners and
educators see a lot of positive aspects that go along with virtual learning settings, including
more flexibility, a higher degree of collaboration, and the ability to access more resources,
though issues concerning the technological availability and personal interaction are also
observed. These results also indicate that digital tools should be incorporated into the
architectural education program as it can not only enhance the learning experience but also
make the educational process correspond to the new requirements of the architecture profession.
The implication of this study goes beyond the academic sphere, with the overall shift to digital
practices possibly opening innovation and adaptation in the field, thereby making a positive
contribution to the future of architectural practices in Algeria. Additionally, with the changing
nature of architectural education in line with modern changes in technology, the lessons learned
can also serve to inform other fields of learning, which necessitates the development of
educational models that can promote digital literacy and flexibility in a more and more
digitalized world.

Keywords: Architectural Education; Digital Transformation; Virtual Design Studios; E-

Learning in Architecture; Hybrid Learning Environments.
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Abstract:

This paper handles the burning question of how architecture education in Algeria can be
transformed out of the traditional pedagogical approach to modern approaches that will help to
improve learning experience of future architects by improving curriculum, teaching methods
and integration of technologies. The study pinpoints the important challenges and opportunities
involved in this transition by using a mixed-methods design that includes qualitative interviews
with educators and students, and quantitative surveys that evaluate existing educational
practices and perceptions of the needed changes. The most important insights are that although
the conventional approach is still prevalent, there is a strong agenda to change on the part of
stakeholders that shows that there is awareness that an educational framework that is responsive
to current architectural practices and needs is urgently needed. It is important to note that
students indicated their deep interest in the use of digital tools and project-based learning, which
included collaborative learning which was associated with a higher level of engagement and
relevance to the studies. The relevance of these results is not limited to the field of architecture
as it implies that a redesigned educational environment can result in an increased level of
innovation and versatility across many other fields and sectors, such as healthcare, which is
becoming more dependent on the principles of design thinking and sustainability. This paper
highlights the need to reform architectural education in Algeria and proposes a strategic change
that would not only improve the standards of education, but also lead to the general socio-
economic development of the country, thus creating a generation of architects who will meet
future challenges in a dynamic global environment.

Keywords: Architectural Education; Pedagogical Reform; Design Studio Pedagogy; Digital

Transformation in Architecture; Interdisciplinary Learning.
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OZET

Testis ve yumurtalik kanserleri basta olmak iizere serviks, melanom, mesane, kolorektal, mide
ile bas ve boyun kanserlerinin tedavisinde kullanilan sisplatin, klinikte en yaygm kullanilan
antikanser ilaclardan biridir. Sisplatin, kanser hiicrelerinin DNA’sina zarar vererek 6nemli bir
avantaj saglasa da, kalp, bobrek ve karaciger gibi hayati 6neme sahip organlarda toksisiteye
neden olarak ciddi dezavantajlar olusturabilir. Bu calismada, antioksidan etkili dogal
monoterpenlerden olan linalooliin, siganlarda sisplatin ile indiiklenen kalp hasarinda c-Src
fosforilasyonu {izerine modiile edici etkisinin ortaya koyulmasi amaclandi. Bu ¢caligmada, 28
erkek Wistar albino sigan dort gruba ayrildi: Kontrol (0.5 ml salin, i.p., 10 glin boyunca, giinde
1 kez), sisplatin (7 mg/kg, tek doz, i.p., ¢alismanin 1. giiniinde), linalool (200 mg/kg, oral yolla,
10 giin boyunca, ginde 1 kez) ve sisplatin + linalool (7 mg/kg dozda sisplatin, tek doz, i.p.,
caligmanin 1. giiniinde + 200 mg/kg dozda linalool, oral yolla, 10 giin boyunca, giinde 1 kez).
Son linalool uygulamasindan 24 saat sonra ksilazin-ketamin anestezisi altinda sakrifiye edilen
sicanlardan toplanan kalp dokularinda c-Src ve p-c-Src proteinlerinin ekspresyon seviyeleri,
Western blot analizi kullanilarak analiz edildi. Sisplatin uygulamasinin kalp dokusunda p-c-
Src/c-Src ekspresyon oranini, kontrol grubuna kiyasla anlamli olarak arttirdigi gozlendi
(P<0.05). Sisplatin + linalool grubunda, p-c-Src/c-Src oranmin sisplatin grubuna kiyasla
anlamli olarak azaldig1 gozlendi (P<0.05). Sonug olarak, bulgularimiz linalooliin, apoptoz gibi
hicresel surecleri dizenlemede rol oynayan c-Src fosforilasyonunu modile ederek, kanser
tedavisinde sisplatin kullanimma bagl kardiyotoksik etkileri hafifletmede etkili olabilecegini
diistindiirmektedir.

Anahtar Kelimeler: Sisplatin, linalool, kardiyotoksisite, c-Src

LINALOOL EXERTS A MODULATORY EFFECT ON THE SRC PROTEIN IN
CISPLATIN-INDUCED HEART DAMAGE IN RATS
ABSTRACT

Cisplatin, used primarily in the treatment of testicular and ovarian cancers, as well as cervical,
melanoma, bladder, colorectal, stomach, and head and neck cancers, is one of the most widely
used anticancer drugs in clinical practice. Although cisplatin provides a significant advantage

by damaging the DNA of cancer cells, it can also cause serious disadvantages by inducing

110



ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

toxicity in vital organs such as the heart, kidneys and liver. In this study, it was aimed to
determine the modulating effect of linalool, a natural monoterpene with antioxidant properties,
on c-Src phosphorylation in cisplatin-induced cardiac injury in rats. In this study, 28 male
Wistar albino rats were divided into four groups: Control (0.5 ml saline, i.p., once daily for 10
days), cisplatin (7 mg/kg, single dose, i.p., on the first day of the study), linalool (200 mg/kg,
orally, once daily for 10 days), and cisplatin + linalool (cisplatin at a dose of 7 mg/kg, single
dose, i.p., on the first day of the study, plus linalool at a dose of 200 mg/kg, orally, once daily
for 10 days). The expression levels of c-Src and p-c-Src proteins in heart tissue samples
collected from rats that were sacrificed under xylazine-ketamine anaesthesia 24 h after the final
linalool administration were analyzed using Western blot analysis. Cisplatin administration was
observed to significantly increase the p-c-Src/c-Src expression ratio in heart tissue compared to
the control group (P<0.05). In the cisplatin + linalool group, the p-c-Src/c-Src ratio was
observed to be significantly decrease compared to the cisplatin group (P<0.05). In conclusion,
our findings suggest that linalool may be effective in mitigating cardiotoxic effects associated
with cisplatin use in cancer treatment by modulating c-Src phosphorylation, which plays a role
in regulating cellular processes such as apoptosis.

Keywords: Cisplatin, linalool, cardiotoxicity, c-Src
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OZET

Otomotiv sektdriindeki biiylime ile artan hurda lastik hacmi ve dogada zor parcalanan yapilar1
nedeniyle ciddi bir g¢evresel tehdit olusturmaktadir. Bu atiklarin ekolojik ve ekonomik
verimlilikle geri kazandirilmasi siirdiiriilebilir yonetimi i¢cin zorunludur. Bu kapsamda, atik
lastiklerin piroliz yontemiyle elde edilen biyokomiir (biochar); toprak islah1 ve stirdiiriilebilir
tarim uygulamalarinda yenilik¢i ve ¢gevre dostu bir ¢6ziim olarak one ¢ikmaktadir. Bu amacla
atik lastikler, oksijensiz ortamda, azot gazi atmosferinde, 500°C sicaklikta, 0,5-1 litre/dakikalik
azot gazi akisi altinda 3 saat piroliz islemine tabi tutulmustur. Elde edilen biyokdmiir mikronize
bir seklide ogiitlilmiis ve karakterizasyon Ozellikleri belirlenmistir. Elde edilen biyokomiir,
riizgar erozyona maruz kalmis kum igerige yiiksek olan bir topraga farkli dozlarda (%]1.25,
%?2.5 ve %>5) uygulanarak, tarla kapasitesi nem igeriginde 60 giinliik inkiibasyona birakilmistir.
Inkiibasyon sonunda, atik lastik biyok&miirii uygulamalarmin diisiik organik madde icerigi,
zayif agregasyon ve diisiik su tutma kapasitesine sahip olan kumlu topragin agregat stabilitesi
ve toprak su potansiyeline (-33 kPa) etkileri belirlenmistir. Buna gore; atik lastikten elde edilen
biyokdmiiriin topraklarin su tutma karakteristigine ve agregasyon ozelliklerine olumlu yonde
etkileri belirlenmistir. Bu dogrultuda bu atiklarin ¢evreye olumsuz zararlari minimize edilerek
cevre dostu bir ¢oziim yontemi gelistirilmistir.

Anahtar Kelimeler: Atik lastik, Piroliz, Biyokomiir, Agregat stabilitesi, Toprak su potansiyeli

DETERMINING THE EFFECT OF WASTE VEHICLE TIRE BIOCHAR ON
AGGREGATE STABILITY AND WATER POTENTIAL OF A SANDY SOILS IN
WIND EROSION-AFFECTED AREAS
ABSTRACT

The increasing volume of scrap tires due to growth in the automotive sector and their difficult-
to-decompose nature pose a serious environmental threat. Ecologically and economically
efficient recycling of these wastes is essential for their sustainable management. In this context,

biochar obtained from waste tires through pyrolysis stands out as an innovative and
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environmentally friendly solution in soil remediation and sustainable agricultural practices. For
this purpose, waste tires were subjected to pyrolysis for 3 hours in an oxygen-free environment,
in a nitrogen gas atmosphere, at a temperature of 500°C, and under a nitrogen gas flow of 0.5-
1 litre/minute. The resulting biochar was micronized, and its characterization properties were
determined. The biochar was applied to soil with high sand content and subjected to wind
erosion at different doses (1.25%, 2.5%, and 5%) and incubated for 60 days at field capacity
moisture content. After incubation, the effects of waste tire biochar applications on the
aggregate stability and soil water potential (-33 kPa) of sandy soil with low organic matter
content, poor aggregation, and low water retention capacity were determined. Accordingly, it
was determined that biochar obtained from waste tires has positive effects on the water retention
characteristics and aggregation properties of soils. In this respect, an environmentally friendly
solution method has been developed by minimizing the negative environmental damage of these
wastes.

Keywords: Waste tire, Pyrolysis, Biochar, Aggregate stability, Soil water potential

1. INTRODUCTION

The rapid growth of the world’s population, the expansion of industrialisation to new levels,
and the desire to raise living standards are leading to an increase in the volume of solid waste
on a global scale. This situation is becoming even more pronounced, particularly in developing
countries, due to the rise in the number of vehicles. The development of the automotive sector
is directly linked to national economies, and the tyre industry constitutes a significant branch
of this sector. Globally, over 1 billion tyres are sold each year, and the tyre market is growing
rapidly. However, this growth is also increasing the volume of waste generated after use,
leading to serious environmental problems. The explosive growth of the automotive sector and
the rising number of vehicles have increased the annual production of tyres. Approximately 1.5
billion tyres are produced worldwide each year, and the primary reason for this increase is the
continuous rise in the number of passenger vehicles (Williams, 2013). On the other hand, the
annual volume of scrap tyres exceeds 17 million tonnes, and this figure is projected to reach
1.2 billion tonnes by the end of 2030 (Chen et al., 2022). The management of this vast quantity
of waste tyres poses significant environmental and economic challenges. As a large proportion
of scrap tyres contain hollow spaces, their transport and storage incur high costs. Furthermore,
as these tyres accumulate over time, they become extremely durable and flammable, releasing
hydrocarbons, toxic metals and other pollutants, thereby posing serious risks of fire and

environmental pollution. Furthermore, the voids within tyres allow water to accumulate,
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creating suitable habitats for rodents, insects and reptiles, thereby increasing the risk of disease
transmission. Current research indicates that approximately 75% of waste tyres worldwide end
up in landfills, leading to significant environmental and health issues. As tyres do not
biodegrade, when disposed of in landfills, they shorten the lifespan of landfill sites and, over
time, tend to surface, damaging the landfill cover. Consequently, if not managed properly, tyre
waste can lead to serious health, safety and environmental issues. Tyre recycling is therefore of
great importance in preventing these problems. Through recycling methods, the environmental
and health impacts of used tyres can be reduced, and value can be derived from waste tyres.
Various studies have demonstrated that scrap tyres can be reused in diverse sectors when
processed into whole, shredded, or granulated forms (Lehmann and Joseph, 2015). By
developing sustainable waste management strategies, the environmental impacts of waste tyres
can be minimised, and these materials can be utilised across different sectors. In this context,
the promotion of tyre recycling and the encouragement of sustainable waste management
practices play a critical role in mitigating environmental issues. On average, a tyre consists of
14% natural rubber, 27% synthetic rubber, 28% carbon black, 14% steel and 16% other
chemical and filler materials (Rogachuk and Okolie, 2023). The negative environmental
impacts of waste tyres and their recycling potential make it imperative to utilise these materials
through more efficient and sustainable methods. In this context, biochar produced through the
pyrolysis of waste tyres is emerging as an innovative product of note in sustainable agriculture
and soil improvement applications. Biochar is a high-carbon material formed by the pyrolysis
of organic matter at high temperatures between 300-700 °C in an environment with very low
or no oxygen (Lehmann et al., 2006; Verheijen et al., 2010). Biochar produced through the
pyrolysis process can be used as a soil conditioner to improve the physical, chemical and
biological properties of the soil, thereby enhancing soil health and productivity (Lehmann and
Joseph, 2015). The contributions of biochar to soil structure are noteworthy. This material
increases the soil’s water-holding capacity, facilitating plant access to water during dry periods.
It also improves aeration and drainage, providing a more favourable environment for root
development. Another key advantage of biochar is its ability to stabilise soil structure, thereby
reducing the risk of erosion. Research has shown that biochar improves acidic or alkaline soil
conditions by regulating soil pH balance (Lehmann and Joseph, 2015). Furthermore, various
studies have demonstrated that it enhances the retention of nutrient elements (nitrogen,
phosphorus, potassium, etc.) in the soil and increases their availability to plants (Glaser et al.,

2002). Its potential to reduce soil toxicity by binding heavy metals is also widely documented
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in the literature (Beesley et al., 2011). Biochar is also an effective soil conditioner in terms of
supporting biological activity. It promotes microbial activity by creating a suitable habitat for
beneficial microorganisms. By increasing the amount of organic matter in the soil, it enriches
biological diversity and supports plant growth and root development. The long-term benefits
provided by biochar are also noteworthy. Recent research has demonstrated that biochar is
effective in carbon sequestration and thus contributes to a significant reduction in greenhouse
gas emissions in the atmosphere (Woolf et al., 2010). Furthermore, biochar’s long-term carbon
storage capacity plays a critical role in enhancing environmental sustainability in agricultural
activities (Smith, 2016). Whilst helping to reduce greenhouse gas emissions through carbon
sequestration, it ensures the sustainability of soil fertility. By reducing the need for chemical
fertilisers, it lowers agricultural costs and minimises negative environmental impacts.
Furthermore, the heavy metal content of the waste tyre-derived biochar to be used in the study
falls below the permitted limit values specified in both the European Biochar Certification and
the Ministry of Food, Agriculture and Livestock’s regulations on organic and mineral-based
fertilisers used in agriculture. Taking all these factors into account, the potential offered by
biochar produced from waste tyres is considerable in terms of both agriculture and the
environment. Comprehensive research and applications in this field will enhance the
effectiveness of biochar and make significant contributions to sustainable agricultural policies.
2. MATERIALS AND METHODS

The study was designed as a 60-day incubation experiment conducted under laboratory
conditions. The research utilised soil with a high sand content, with soil samples collected from
areas in the Karapinar region that had been exposed to wind erosion. These soils have low
water-holding capacity due to their low organic matter and clay content and are highly
susceptible to drought and wind erosion. Soil samples were collected from 15-20 different
points across the selected plots at a depth of 0-20 cm. After being brought to the laboratory, the
samples were air-dried and sieved through a 4 mm sieve before being used in the incubation
experiment. The waste tyres used as a soil conditioner were obtained from a recycling plant
operating in Konya, having been shredded to a size of 4-8 mm. The waste tyres were dried by
holding them at 105 °C for 24 hours and subsequently subjected to a pyrolysis process for 3
hours at 500 °C in a digitally controlled pyrolysis unit, under a nitrogen gas flow rate of 0.5-1
litre per minute. During the incubation period, soil moisture was maintained at approximately
field capacity, and soil samples were taken at the end of the 60-day incubation period for

analysis. The analyses and some physical and chemical properties of the biochar are presented
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in Table 1. According to this, the soil sample has a slightly alkaline pH, whilst the biochar has
a strongly alkaline pH. Both materials exhibit salinity issues. The soil sample’s lime content
falls within the very high lime class, and its texture is sandy clay loam.

Table 1. Initial properties of soil and biochar

Parameter Units Soil Biochar
pH (1:2,5) - 7,91 8,64
Electrical conductivity (EC)  uS/cm 143 145,23
Calcium carbonate (CaCO3) % 57,5 -
Sand % 56,73 -
Clay % 26,57 -
Silt % 16,69 -
Texture - Sandy clay loam -
Field capacity % 23,28 -
Wilting point % 10,63 -
Particle density gcm? 2,62 -

2.1. Incubation Study

In the incubation study, 3 kg soil samples, weighed on an oven-dry basis, were placed in plastic
pots to set up the experiment. Waste tyre biochar was added separately to the prepared pots at
rates of 0%, 1.25%, 2.5% and 5% by weight, with four replicates. Accordingly, the experiment
was conducted with 1 soil, 1 material, 4 doses and 4 replicates (1x1x4x4=16 pots). To initiate
incubation, the pot contents were moistened with an amount of distilled water sufficient to bring
them to field capacity . The samples adjusted to field capacity were left to incubate under
laboratory conditions for 60 days, with weekly weighings carried out and any lost water
replenished. At the end of the incubation period, soil samples were taken from the pots and the
necessary analyses were performed. Furthermore, the initial properties of the biochar were also
analysed and determined using the soil samples.

Texture determination: This was carried out using the Bouyoucos hydrometer method (Gee
and Bauder, 1986).

Soil water potential: The amounts of water retained at pressures of 33 and 1500 kPa were
determined using a sand box, a pressure plate and a ceramic plate (Klute, 1986).

pH: Measured using a glass-electrode, digital pH meter ina 1:2.5 soil:distilled water and a 1:10

biochar:distilled water mixture (McLean, 1982).
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Electrical conductivity (EC): Measured using an electrical conductivity meter in a 1:2.5
soil:distilled water and a 1:10 biochar:distilled water mixture (Rhoades, 1982).

Lime: Determined by measuring the volume of CO: released from carbonates following the
soil’s reaction with dilute hydrochloric acid in a Scheibler calcimeter (Nelson, 1982).
Aggregate Stability (AS): Aggregate stability was determined using the Yoder wet sieving
method (Kemper and Rosenau, 1986). For this purpose, air-dried soil samples passed through
2 mm and 1 mm sieves were placed in a wet sieving apparatus equipped with an 8-pan sieve
set. The apparatus performs eight analyses simultaneously using 0.25 mm sieves. The apparatus
has a vertical travel distance of 1.3 cm and operates at 34 immersion cycles per minute. The
samples were subjected to vertical oscillation in water for a specified duration; at the end of the
process, the aggregate quantities remaining on the sieves were dried and weighed, and the
percentage of water-resistant aggregate was calculated.

Particle density: The ‘pycnometer method’ will be used to determine particle density (Blake
and Hartge, 1986a).

Analysis of variance (ANOVA) and comparisons of means between treatments (Tukey’s test at
the 0.05 level) were performed using SPSS statistical software.

3. RESULTS AND DISCUSSION

3.1. Effect on Water Holding Capacity

The effects of biochar applications on the water-holding properties of sandy loam-textured soil
are presented in Figures 1, 2 and 3.

According to the results obtained, biochar applications resulted in significant increases in field
capacity values which indicate the soil’s maximum water-holding capacity compared to the
control and depending on the application rate (p < 0.00). The field capacity value, determined
as 16.488% in the control sample, showed an increase of 11.40% with a 1.25% biochar
application, 5.73% with a 2.5% biochar application, and 22.13% with a 5% biochar application
(Figure 1). This demonstrates that biochar applications significantly improve the water-holding
capacity of sandy clay loam soils, which is typically a limiting factor. Increasing the water-
holding capacity of soils enables more effective utilisation of rainfall and enhances the water-
use efficiency of plants, particularly in arid and semi-arid regions. In this context, biochar
applications are considered an important method that can contribute to the more efficient,

effective and sustainable use of water resources.
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Figure 1. Effects of Biochar Applications on Field Capacity (FC)

At a wilting point (WP) value of 9.82% measured in the control soil, a 1.25% BC application
resulted in a 10.61% increase, a 2.5% BC application resulted in a 14.90% increase, and a 5%
BC application resulted in a 25% increase (Figure 2). This indicates that the biochar
applications resulted in a limited increase in the wilting point value of the sandy loam soil.
When compared to the control, the highest increase was observed with the 5% biochar

application, whilst the 1.25% and 2.5% biochar applications fell within the same range.
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Figure 2. Effects of Biochar Applications on the Wilting Point (WP)

The soil’s available water capacity is a key parameter determining the extent to which plants
utilise water from both rainfall and irrigation. Consequently, applications aimed at increasing

available water capacity are of great importance for the sustainable use of water and soil

118



CE AN/
» s

S &, ISARC academy
N INTERNATIONAL SCIENCE AND ART RESEARCH CENTER
(}Q‘/\u )\:\.\F‘\?‘Q

e
resources. In the present study, the effective water capacity value, determined as 9.824% in the

control soil, increased by 18.46% with the 5% biochar application, reaching the highest level.
In contrast, the increases observed in the 1.25% and 2.5% biochar applications were found to
be statistically insignificant (Figure 3). The results indicate that biochar applications partially
improved the water-holding capacity of the sandy loam soil, which initially had a low water-
holding capacity. However, when all biochar applications were evaluated collectively, it was
determined that water-holding capacity values increased compared to the control, and that this

increase was significant.
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Figure 3. Effects of Biochar Applications on Available Water (PWC)

The natural inability of sandy soils to retain water is the fundamental physical constraint directly
limiting agricultural productivity in these areas. The analyses conducted and the graphs
produced demonstrate the significant role played by biochar application in overcoming these
constraints. The macro-porous structure of sandy soils, which causes water to drain away
rapidly, is stabilised by biochar’s highly porous matrix with a large surface area. Extensive data
in the literature also supports this change. A meta-analysis conducted by Ibrahimi and Alghamdi
(2022) found that applications worldwide increased the available water capacity in sandy soils
by an average of 28.5%. In the present study, the widening of the gap between Field Capacity
(FC) and Wilting Point (WP) aligns with this literature and demonstrates an increase in the
amount of ‘available water’ ready for plant uptake. Indeed, in a study by Aygiin (2023), it was
reported that biochar retained soil water content by 6.6% more than the control group and that
moisture was maintained in the soil profile for a longer period.

Consequently, this improvement in water-holding capacity, as observed in the graphs,

demonstrates that biochar acts not merely as a physical filler in sandy soils, but also as an active
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hydraulic regulator. This structural change, which supports plant growth particularly during dry
periods, emerges as a sustainable soil improvement strategy in water-constrained regions.

3.2. The Effect of Biochar on Aggregate Stability

Soil aggregates are one of the most important factors determining the physical properties of
soil; they have a direct impact on water retention, air movement and root development.
Aggregates with a robust and stable structure ensure that water remains in the soil for longer,
whilst also reducing the risk of surface runoff and erosion. Thanks to these properties, they
contribute to the preservation of soil fertility. In this context, aggregate stability is regarded as
a key indicator for both sustainable soil use and healthy plant growth.

The aggregate stability value, measured at 19.24% in the control soil, increased by
approximately 10.13% with a 1.25% BC application, by 73.17% with a 2.5% BC application,
and by 120% with a 5% BC application (Figure 4). This indicates that the applied BC treatments
have a significant positive effect on the aggregate stability of the sandy clay loam soil. When
compared to the control, the 1.25% biochar application resulted in a limited increase, whilst the
2.5% and 5% biochar applications caused a very significant increase. These results indicate that
biochar applications improve soil aggregation and enhance structural stability, particularly at
high doses, but that the effect remains more limited at low doses.

When examining the effects of biochar applications on soil aggregate stability, a clear trend of
improvement emerged in parallel with increasing application rates. The results indicate that a
high-dose biochar application (5%) significantly increased aggregate stability, positively
affecting the resilience of the soil structure. It was determined that this effect was more limited
at low doses, but that aggregate formation increased visibly as the dose was raised. Within the
scope of the research, it was found that the highest increase, compared to the control treatment,
reached approximately 120% at a 5% biochar dose; this finding clearly demonstrates biochar’s

supportive role in aggregate formation.
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Figure 4. Effect of Biochar Applications on Aggregate Stability (AS)

These findings are supported by studies in the literature. Indeed, some studies have reported
that biochar applications result in statistically significant increases in aggregate stability (p <
0.05) and that this effect becomes more pronounced as the application rate increases. For
example, it has been stated that biochar applications at different rates (5, 10, 20 and 40 g/kg)
resulted in increases in aggregate stability of 3%, 27%, 178% and 189%, respectively,
compared to the control group (Giimiis, 1., Negis, H., & Seker, C. (2019). Furthermore, a study
conducted on sandy soils demonstrated that the addition of at least 9.1% biochar stabilised the
aggregate structure and, consequently, significantly increased the amount of water available to
plants (Baiamonte et al., 2019). Similarly, it has been reported that the application of biochar
and compost in sandy loam soils increases aggregate stability by up to 25% (Seker and
Manirakiza, 2020). These results clearly demonstrate that biochar improves soil physical
properties by enhancing aggregate formation and stability in different soil types.

3.3. Effects of Biochar on pH and Electrical Conductivity

The effects of biochar applications on the pH and EC of sandy loam soil are presented in Figures
5 and 6.

A partial increase in the pH value, measured at 8.29 in the control soil, was observed with the
1.25% biochar application. No increase was detected in the other doses. This indicates that the

biochar applications caused a partial increase in the pH value of the sandy loam soil.

121



GICEAN

A

wﬂ 1ONA L

& & ISARC academy

EScerc ﬁ
A & INTERNATIONAL SCIENCE AND ART RESEARCH CENTER
Q@M nzm‘\@

8.4 - a
8.35 - b .
8.3 - b
L 8.25 -
8.2
8.15 -
8.1 - ; .
%0 %1,25 %2,5 %5
DOSES

Figure 5. Effects of Biochar Applications on pH

The EC value, measured at 403.25 in the control soil, increased by 61.19% with the 5% biochar
application and by 14.63% with the 2.5% biochar application (Figure 5). This indicates that the
biochar applications resulted in an increase in the electrical conductivity (EC) value of the sandy
loam soil.

In this context, it has been shown that biochar applications increase the EC value by
contributing soluble ions to the soil, but do not pose a problem in terms of salinity, particularly
at high doses.
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Figure 6. Effects of Biochar Applications on Electrical Conductivity (EC)
When examining the effects on sandy soil in relation to increasing biochar (BC) doses, certain

increases were observed in pH and Electrical Conductivity (EC) values. While the changes in
pH were negligible, they led to significant increases in EC values. This indicates that biochar
applications exert a more pronounced effect on electrical conductivity by increasing the soluble
salt content of sandy loam soil, whereas they cause only a limited change in pH.

As biochar generally exhibits alkaline properties, it helps balance pH levels, particularly in
acidic soils, thereby enhancing the availability of nutrients to plants. Some studies have shown
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that by increasing the soluble salt content, it exerts a more pronounced effect on electrical
conductivity, whilst causing only a limited change in pH.

Soil pH is generally accepted as an important parameter reflecting the soil’s chemical fertility,
and it is known that many macro- and micro-nutrients are taken up more effectively by plants
under slightly acidic conditions. It has been reported that applications of walnut shell-derived
biochar produced at 700 °C at concentrations of 0.5% and 1% have a beneficial effect on soil
pH (Novak et al., 2009). When evaluated in terms of nutrient availability, it is stated that the
addition of biochar has a significant effect on soil pH and that significant increases in pH values
were observed following application (Southavong et al., 2012). Furthermore, it has been
demonstrated that the application of biochar obtained via pyrolysis at 400 °C to acidic sandy
soils raises the pH value (Peng et al., 2011).

In this context, it is assessed that the pH increases identified in the study stem from the biochar’s
alkaline nature, whilst the rise in EC is related to the transfer of soluble salts and ions present
in its structure into the soil solution. The findings are consistent with those in the literature,
which report that biochar applications raise soil pH and, consequently, improve the availability
of nutrients to plants (Lustosa Carvalho et al., 2020). However, the increase in EC values
observed, particularly with high-dose biochar applications, indicates that caution is required
regarding the accumulation of salinity in the soil. Therefore, determining appropriate
application rates for biochar is of great importance both for sustainably enhancing soil fertility
and for preventing potential adverse effects.

CONCLUSION

This study was conducted to determine the effects of biochar, produced from waste vehicle
tyres using the pyrolysis method, on the physical and chemical properties of sandy-clay loam
soils exposed to wind erosion. The data obtained at the end of the 60-day laboratory incubation
period demonstrated that waste tyre biochar offers an innovative, environmentally friendly
solution for soil remediation and sustainable agricultural practices. According to the research
findings, biochar applications resulted in significant increases in field capacity values which
represent the soil’s maximum water-holding capacity compared to the control, and these
increases were dependent on the application rate. In particular, the application of 5% biochar
resulted in a 22.13% increase in field capacity, whilst also increasing the available water
capacity by 18.46%, reaching the highest level. This demonstrates that biochar, thanks to its
highly porous structure, plays an active role as a hydraulic regulator in overcoming the natural

limitations of sandy soils regarding water retention. When examined in terms of soil structural
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stability, it was found that biochar provided a very significant improvement in aggregate
stability. The aggregate stability value, which was 19.24% in the control soil, increased by
120% with a 5% biochar application, significantly strengthening the soil structure’s resistance
and resilience against erosion. In terms of chemical properties, whilst a slight increase in soil
pH was observed due to the alkaline nature of biochar, rises of up to 61.19% in electrical
conductivity (EC) values were recorded due to the effect of soluble ions in its structure;
however, it was determined that these values do not pose a salinity risk from an agricultural
perspective. Consequently, the conversion of waste vehicle tyres which are difficult to degrade
in nature into biochar for use as a soil conditioner both minimises the risks of environmental
pollution and provides an ecological and economic benefit by improving the physical quality
of low-fertility sandy soils. In this context, waste tyre biochar is considered a sustainable
strategy for the more efficient use of water resources and soil conservation in arid and semi-
arid regions.

This study was prepared based on the Master’s thesis of Agricultural Engineer Sena Nur
GEDIZ, supported by the S.U. BAP Coordination Office under project number 25201064.
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OZET

Volkanik kokenli kumlu topraklarin tamponlama kapasitelerinin diisitk olmasi nedeniyle, bu
topraklarm pH degerleri asidik veya bazik karakterli giibre uygulamalarindan hizli bir sekilde
etkilenebilmektedir. Nitekim volkanik kokenli ve kum tekstiirlii Nevsehir—Nigde yoresi
topraklarinda patates yetistiricili§inde yogun olarak kullanilan amonyum siilfat giibresinin
toprak pH’inda 6nemli diisiislere neden oldugu belirlenmistir. Toprak reaksiyonunda meydana
gelen bu degisimler uzun vadede topraklarin kimyasal dengesini bozarak organik madde
iceriginin azalmasina ve toprak verimliliginin olumsuz etkilenmesine yol agabilmektedir.
Biyokomiir gibi organik kdkenli materyallerin tarim topraklarina uygulanmasi, topraklarin
fiziksel, kimyasal ve biyolojik 6zelliklerini iyilestirerek bozulma etkilerinin azaltilmasina katki
saglayabilmektedir. Bu nedenle yapilan ¢alismada, misir artiklarindan elde edilen biyokdmiiriin
farkli dozlarinin volkanik kdkenli kumlu bir topragm bazi toprak kalite 6zellikleri lizerine
etkilerinin belirlenmesi amaglanmistir. Bu amagla misir anizi, oksijensiz ortamda, azot gazi
atmosferinde, 500 °C sicaklikta, 10 °C dk" 1sitma hiz1 ile 2 saat piroliz edilerek biyokdmiir elde
edilmistir. Elde edilen biyokémiir (BC), mikronize biiyiikliikte 6giitiilerek, agirlik esasina gore
%0, %2, %4 ve %8 dozlarinda kumlu toprak orneklerine uygulanmistir. Toprak—biyokdmir
karigimlar1 laboratuvar kosullarinda iki ay (60 giin) siireyle inkiibasyona birakilmis ve
inkiibasyon siiresince toprak nemi yaklasik tarla kapasitesi diizeyinde tutulmustur. Inkiibasyon
sonunda uygulamalarin topragin pH, elektiriki iletkenlik (EC), toprak su potansiyeli (-33 kPa
(TK) ve -1500 kPa (SN)) ve agregat stabilitesine etkileri belirlenmistir. Yapilan uygulamalar
volkanik kokenli, kumlu bir topragin 6zellikleri tizerinde degistirici etkiler olusturmustur. Elde
edilen sonuglarin arazi sartlarinda uygulanmasi ile topraklarm siirdiiriilebilir kullanim ve
yonetimine dnemli katkilar sunma potansiyeli bulundugu degerlendirilmistir.

Anahtar Kelimeler: Misir anizi, Piroliz, Biyokomiir, Kumlu asidik toprak, Bitkiye faydali su
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EVALUATION OF THE EFFECTS OF MAIZ STRAW BIOCHAR ON THE
REACTION, WATER HOLDING CAPACITY, AND AGGREGATION OF
VOLCANIC-ORIGIN ACIDIC SOIL
ABSTRACT

Due to the low buffering capacity of volcanic-origin sandy soils, the pH values of these soils
can be rapidly affected by acidic or alkaline fertilizer applications. Indeed, it has been
determined that ammonium sulphate fertilizer, which is intensively used in potato cultivation
in the volcanic-origin, sandy-textured soils of the Nevsehir—Nigde regions, causes significant
decreases in soil pH. These changes in soil reaction can disrupt the chemical balance of the soil
in the long term, leading to a decrease in organic matter content and negatively affecting soil
fertility. The application of organic materials such as biochar to agricultural soils can contribute
to reducing degradation effects by improving the physical, chemical, and biological properties
of the soil. Therefore, this study aimed to determine the effects of different doses of biochar
obtained from maize straw on some soil quality characteristics of a volcanic sandy soil. For this
purpose, maize straw was pyrolyzed in an oxygen-free environment, in a nitrogen gas
atmosphere, at a temperature of 500 °C, with a heating rate of 10 °C min! for 2 hours to obtain
biochar. The biochar (BC) was ground to micron size and applied to sandy soil samples at doses
of 0%, 2%, 4%, and 8% by weight. The soil-biochar mixtures were incubated under laboratory
conditions for two months (60 days), and soil moisture was maintained at approximately field
capacity during the incubation period. At the end of incubation, the effects of the applications
on soil pH, electrical conductivity (EC), soil water potential (-33 kPa and -1500 kPa), and
aggregate stability were determined. The applications had modifying effects on the properties
of a volcanic, sandy soil. It was assessed that the results obtained have the potential to contribute
significantly to the sustainable use and management of soils when applied under field
conditions.

Keywords: Corn stover, Pyrolysis, Biochar, Sandy acidic soil, Plant available water

1. INTRODUCTION

The rapidly growing global population, intensification of agricultural production, and the
effects of climate change are increasingly placing pressure on soil resources. Years of intensive
tillage, excessive use of chemical inputs, and unsustainable land management practices have
led to a decline in soil organic matter, disruption of nutrient balance, and significant degradation
of the physical, chemical, and biological properties of soils (Lal, 2004; Zhang et al., 2024; FAO,
2023). These processes are causing a decline in soil quality and jeopardizing the sustainability

of agricultural production.
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Soil acidification, a key component of soil degradation, has accelerated due to both natural
processes and anthropogenic activities. In particular, acid rain resulting from air pollution and
the long-term, high-dose application of ammonium-based nitrogen fertilizers lower soil pH,
thereby accelerating the acidification process (Bolan et al., 2023; Reuss & Johnson, 2012 ; Zhou
et al.,(2024) ) . Increased aluminum solubility under acidic conditions, along with associated
toxicity and nutrient imbalances, are among the primary factors limiting plant growth (Kochian
et al., 2004; Chen et al., 2024).

Particularly in coarse-textured and organic-matter-poor soils, physical degradation such as low
aggregate stability and insufficient water-holding capacity becomes more pronounced (Weil
and Brady, 2016). In such soils, rapid water drainage limits the amount of water available to
plants and negatively impacts productivity. These physical degradations in soil properties play
a direct and decisive role in root development, nutrient uptake, and crop yield (Manirakiza and
Seker, 2018; Zhou et al., 2024).

While lime applications, commonly used in the rehabilitation of acidic soils, are effective in the
short term, they may have limited impact on the comprehensive improvement of soil health in
the long term (Adams, 1984; Manirakiza and Seker, 2018; Chintala et al., 2014). This situation
has become more pronounced, particularly in the Nigde and Nevsehir regions where potato
farming is intensive, due to the long-term use of acidic fertilizers, and has posed a significant
problem regarding the sustainability of soil quality (Gezgin, 2005). Consequently, the need to
develop and apply alternative and environmentally friendly soil conditioning materials has
emerged.

The application of organic materials is among the effective and sustainable approaches for
improving soil quality. The addition of organic matter improves soil structure by promoting
aggregate formation, increases water-holding capacity, and regulates nutrient cycling (Six et
al., 2002; Lal, 2006). In this context, biochar has emerged as an important material in recent
years for soil remediation and sustainable agricultural practices. Biochar is defined as a material
obtained through the pyrolysis of biomass under oxygen-limited conditions, characterized by
high carbon content and an aromatic, stable structure (Lehmann and Joseph, 2015).

The effects of biochar on soil properties are multifaceted and occur through both chemical and
physical mechanisms. Due to its basic nature and the carbonate compounds it contains, it helps
improve acidic soils by raising soil pH (Novak et al. 2009; Chintala et al., 2014; Nguyen et al.,
2022), while also improving soil structure by enhancing aggregate stability (Pituello et al. 2018;

Zhao et al., 2024). However, the effectiveness of biochar may vary depending on factors such
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as the type of feedstock used and pyrolysis conditions (Gilimiis et al. 2022; Wang et al. 2023;
Chen et al., 2024).

Another important feature of biochar is its role in combating climate change. The stable carbon
fractions in its structure are resistant to biological degradation, ensuring long-term carbon
storage (Ogawa et al. 2006; Cayuela et al. 2014; Kurniawan et al., 2023; Saliu et al., 2023).
This property contributes to reducing atmospheric CO: concentrations while also effectively
reducing emissions of greenhouse gases such as CH4 and N>O (Edwards et al. 2018; Bamdad
etal. 2022; Ali et al., 2025). In this regard, biochar is considered an important tool for enhancing
environmental sustainability in agricultural production systems. Soil acidification resulting
from the indiscriminate and intensive use of chemical fertilizers, along with associated yield
losses, necessitates the development of alternative soil improvement strategies (Guo et al.
2010). In this context, the objective of this study is to demonstrate the potential of biochar
produced from crop residues obtained after corn harvest in the remediation of acidified soils
and to determine the effects of biochar applications on soil aggregate stability and water-
holding capacity in the short term (60 days).

2. MATERIALS AND METHODS

2.1. Materials

The soil samples used in the study were obtained from the Nevsehir region and consist of a
volcanic-origin, acid-reacting soil with a sandy texture. Sufficient soil samples were collected
from different points at a depth of 0-20 cm to represent the field and transported to the
laboratory. The samples brought to the laboratory were left to air-dry in the shade and then
homogenized, passed through a 4 mm sieve, and prepared for use in the experiments. As a soil
amendment material, corn stover—the harvest residue of the corn plant, which is widely
cultivated in the Konya Plain—was used. After undergoing a grinding process, the corn stover
was converted into biochar using a slow pyrolysis method under nitrogen N: gas, at a
temperature of 500 °C, with a heating rate of10°C/minute, under oxygen-limited conditions.
The incubation

experiment was conducted by placing 3 kg of soil samples, weighed on an air-dry basis, into
plastic pots. The experiment was designed with four replicates, and biochar applications were
carried out at doses of 0% (control), 2%, 4%, and 8% by weight. The prepared soil-biochar
mixtures were incubated under laboratory conditions for 60 days. During the incubation period,
soil moisture was maintained at approximately field capacity (-33 kPa) and regularly monitored,;

any water loss was replenished to field capacity. At the end of the incubation period, to

130



ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

determine the effects of the treatments on soil properties, analyses of soil reaction (pH),
electrical conductivity (EC), soil water potential (-33 kPa and -1500 kPa), and aggregate
stability were performed.

2.2. Methods

Texture determination: Performed according to the Bouyoucos hydrometer method (Gee and
Bauder, 1986). Soil water potential: The amounts of water retained at pressures of 33 and 1500
kPa were determined using a pressure plate (100 kPa) and a ceramic plate (1500 kPa) (Klute,
1986). pH: Measured in a 1:2.5 soil-distilled water mixture using a glass-electrode, digital pH
meter (McLean, 1982). Electrical conductivity (EC): Measured in a 1:2.5 soil-distilled water
mixture using an electrical conductivity meter (Rhoades, 1982). The pH and EC values of
biochar were determined in a 1:10 biochar-water mixture. Lime: Determined by measuring the
volume of CO: released from carbonates when the soil was reacted with dilute hydrochloric
acid in a Scheibler calcimeter (Nelson, 1982). Aggregate stability: This was determined using
a wet sieving device developed by Eijkelkamp Agrisearch Equipment (Netherlands), based on
Yoder’s (1936) wet sieving method (Kemper and Rosenau, 1986). The device performs eight
analyses simultaneously using 0.25 mm sieves. The device has a vertical travel distance of 1.3
cm and performs 34 immersion cycles per minute. Particle density: The “pycnometer method”
was used to determine particle density (Blake and Hartge, 1986a). Bulk density: It was
determined using the graduated cylinder method in the crushed samples (Blake and Hartge,
1986b). Analysis of variance (ANOVA) and comparisons of means between treatments
(Tukey’s test at the p < 0.05 level) were performed using SPSS statistical software.

3. RESULTS AND DISCUSSION

3.1. Some Properties of Soil and Biochar

The analysis results for the soil and biochar used in the experiment are presented in Table 1.
The pH value of the soil sample was 6.13, indicating a slightly acidic character. The electrical
conductivity value was determined to be 175.62 uS cm™, and it was observed that this did not
pose a problem in terms of salinity. The soil’s lime content is 0.21%, placing it in the low-lime
class. According to textural analysis results, the soil has a sandy loam texture, consisting of
83.97% sand, 9.39% clay, and 6.64% silt. The bulk density was determined to be 1.53 g cm™
and the particle density 2.62 g cm™. The pH value of the biochar is 10.87, indicating a highly

basic character. The electrical conductivity value was measured as 5.15 mS cm ™.
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Table 1. Some Physical and Chemical Properties of the Soil and Biochar

Parameter Unit Soil Biochar

pH (1:2,5) — 6,13 10,87*
Electrical conductivity (EC) pScm™ 175,62 5,15* mS cm™!
Calcium carbonate (CaCO3) % 0,21 -

Sand % 83,97 —

Clay % 9,39 -

Silt % 6,64 -

Texture — Loamy sand -

Field capacity gem? 1,53 -

Wilting point gem? 2,62 -

*: Measured at a 1:10 biochar-to-water ratio.

16.00
a
14.00
12.00 b
10.00 ¢
X d
G 800
L
6.00
4.00
2.00
0.00
0% 2% 4% 8%
DOSES

Figure 1. Effects of Biochar Applications on Field Capacity (FC)
At the wilting point value of 5.08% measured in the control soil, a 3.54% increase was observed

with the 2% BC application, a 7.48% increase with the 4% BC application, and an 18.70%
increase with the 8% BC application (Figure 2). This indicates that the BC applications resulted
in a limited increase in the wilting point value of the sandy loam soil. When compared to the
control, the increase was negligible with the 2% BC application, while the 4% BC application
fell into the same category as the 2% BC application, and the effect was more pronounced with
the 8% BC application. However, these changes were extremely limited compared to the
increases in field capacity. A significant increase in the soil’s wilting point value is an

undesirable condition, as it reduces plant water use. In this context, while biochar applications
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significantly increase field capacity values, the limited increase in wilting point values is
considered a positive characteristic of the materials used as soil conditioners.
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Figure 2. Effects of Biochar Applications on the Wilting Point (WP)
Soil available water capacity values indicate the extent to which plants benefit from both rainfall

and irrigation water. Applications that enhance available water capacity are of utmost
importance for the sustainability of natural resources such as water and soil. In this study, the
available water capacity, measured at 2.85% in the control soil, increased by 41.75% with a 2%
biochar application, by 90.88% with a 4% biochar application, and by 171.58% with an 8%
biochar application (Figure 3). This indicates that the applied BC treatments resulted in a
significant increase in the available water capacity of the sandy loam soil, which originally had
a very limited available water capacity. All biochar applications significantly increased the
available water capacity values compared to the control. These results stem from the fact that
the applied biochar treatments caused greater increases in the field capacity of the sandy loam
soil compared to the wilting point. Thus, the effectiveness of biochar applications in increasing
available water for plants has been clearly demonstrated. This increase can be explained by the
reduction in the naturally high macro-pore volumes of sandy loam soils due to biochar
applications, coupled with an increase in water-holding micro- and meso-pore volumes. It has
been assessed that biochar applications in sandy loam soils significantly increase the pore

volumes (<10 pum) that are particularly effective in water retention.
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Figure 3. Effects of Biochar Applications on Available Water Capacity (AWC)
The effects of biochar on water management become particularly evident in sandy and light-

textured soils. In these soils, the available water capacity is limited due to low clay and organic
matter content, and biochar applications play a significant role in overcoming this limitation. It
has been reported that biochar increases the soil’s available water capacity for plants by
enhancing microporosity, thereby significantly improving water-holding capacity (Lustosa
Carvalho et al. 2020; Wang et al. 2023). Some studies have shown that biochar applications can
increase water-holding capacity in sandy soils by up to 97% (Yoo et al., 2011). It is also
emphasized that this increase enhances plants’ tolerance to drought stress and contributes to
sustainability in agricultural production (Ali et al. 2025; Hansen et al. 2016; Joseph et al., 2021;
Lustosa Carvalho et al., 2020).

The effect of biochar on water-holding capacity depends largely on porosity and the degree of
interconnectivity of the pores. While biochar produced at high temperatures is expected to retain
more water due to its more developed pore structure (Akkurt et al., 2020), it has been reported
that pore accessibility may be limited in biochar produced at low temperatures (Wang et al.,
2023). Additionally, while changes in surface functional groups during the pyrolysis process
affect the biochar’s affinity for water, the increase in porosity determines the amount of water
that can be adsorbed (Weber and Quicker, 2018).

Although an increase in the wilting point values was also observed, the higher increase in field
capacity indicates that the net effect is an increase in the amount of available water. This
demonstrates that biochar not only retains water but also increases the fraction of water
available to plants. Furthermore, the limited effect observed at low application rates (2%)

suggests that more pronounced results are achieved in biochar applications above a certain
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threshold dose. This finding is consistent with recent studies reporting that biochar’s effect
depends on the application rate (Zhou et al., 2024; Lustosa Carvalho et al., 2020; Wang et al.,
2023).

In conclusion, this study demonstrates that corn stover biochar is effective in increasing the
water-holding capacity and available water content of sandy soils, and that this effect becomes
more pronounced particularly within the 4-8% dosage range. This highlights that biochar is an
important soil conditioner capable of supporting plant growth under drought stress conditions.
3.2. Effect of Biochar on Aggregate Stability

Soil aggregates form the foundation of the soil’s physical structure, directly influencing critical
processes such as water-holding capacity, aeration, and root development. A stable aggregate
structure enhances water retention in the soil while reducing surface runoff and erosion, thereby
contributing to the preservation of soil fertility. For this reason, aggregate stability is recognized
as an important quality indicator for sustainable soil management and plant growth.

The aggregate stability (%AS) value, measured at 39.07% in the control soil, increased by
approximately 2.71% with the 2% BC application, 32.89% with the 4% BC application, and
57% with the 8% BC application (Figure 5). This indicates that the applied BC treatments had
a positive effect on the aggregate stability of the loamy sandy soil. When compared to the
control, the 2% BC treatment showed a limited increase and fell into the same statistical group
as the control. Although the 4% BC application resulted in a more pronounced increase, it was
statistically grouped with the 2% application (ab), while the most significant increase occurred
with the 8% BC application. These results indicate that biochar applications improve soil
aggregation and enhance structural stability, particularly at high doses, but the effect remains
more limited at low doses.

When evaluating the effects of biochar (BC) applications on soil aggregate stability (AS), a
clear trend of improvement was observed with increasing doses. The findings indicate that
aggregate stability increased significantly, particularly at high BC doses (8%), and that this
increase had positive effects on soil structural resilience. It is understood that this effect remains
more limited at low application rates, but aggregate formation improves significantly with
increasing doses. In this study, the highest increase compared to the control soil occurred at the
8% BC application rate, reaching approximately 57% , clearly demonstrating biochar’s effect

in promoting aggregate formation.
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Figure 5. Effect of Biochar Applications on Aggregate Stability (%AS)
Biochar application enhances soil aggregate stability, thereby strengthening the soil’s physical

structure. Thanks to its stable aromatic structure and high carboxyl group content, biochar acts
as a binding agent between soil particles, thereby promoting aggregate formation (Pituello et
al. 2018; Liang et al. 2020; Glimiis et al., 2019; Negis et al., 2020). Soil aggregates form through
the aggregation of mineral particles with organic and inorganic binders, directly influencing
key soil properties such as erosion resistance, water-holding capacity, aeration, and root
development (Tate, 2022; Alaboz and Isildar, 2018).

Studies in the literature indicate that biochar applications significantly increase aggregate
stability, with aggregate stability values rising as the application rate increases, and
consequently improving soil porosity, water-holding capacity, and resistance to erosion (Altun,
2017; Gumiis et al., 2019). In this context, it is concluded that the findings are consistent with
the literature and that biochar makes a significant contribution to soil structure conservation
and sustainable soil management.

3.3. Effects of Biochar on pH and Electrical Conductivity

The effects of biochar applications on the pH and EC of loamy sandy soil are presented in
Figures 4 and 5.

The pH value, measured at 6.01 in the control soil, increased by 29.28% with the 2% biochar
application, by 36.27% with the 4% biochar application, and by 41.60% with the 8% biochar
application (Figure 4). This indicates that the BC applications caused a significant increase in
the pH value of the acidic loamy sandy soil. When compared to the control, these increases
showed a significant rise in all BC applications. The most pronounced increase, however,
occurred with the 8% BC application. This rise in pH values increased steadily in accordance
with the application dose and caused the soil’s initially slightly acidic reaction to shift toward

the neutral and slightly alkaline range. In this context, it is assessed that BC applications are
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effective in reducing acidity by increasing soil pH and, with this property, possess significant
potential as a soil conditioner.
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Figure 4. Effects of Biochar Applications on pH
The EC value measured as 123.13 in the control soil increased by 138.57% with a 2% BC

application, by 298.77% with a 4% BC application, and by 591% with an 8% BC application
(Figure 5). This indicates that the biochar applications caused a significant increase in the
electrical conductivity value of the loamy sandy soil. When compared to the control, a
significant rise was observed in all biochar applications. The most pronounced increase
occurred with the 8% biochar application. However, this rise in EC values increased steadily in
accordance with the application rate and indicated that the soil’s soluble salt content increased
with the ash fraction. In this context, while biochar applications increase EC values by
contributing soluble ions to the soil, they must be carefully evaluated regarding salinity,

particularly at high doses.
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Figure 5. Effects of Biochar Applications on Electrical Conductivity (EC)
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When the effects of increasing biochar (BC) doses on soil properties are evaluated together,
significant increases in pH and electrical conductivity (EC) values were observed. This
indicates that biochar applications affect both the reaction and soluble salt content of loamy
sandy soil. These findings indicate that pH and EC values increase steadily with increasing
doses, and this effect becomes more pronounced at high doses (8%).

Biochar typically plays a significant role as a pH regulator, particularly in acidic soils, due to
its alkaline nature, and enhances the availability of nutrients (DeLuca et al. 2024; Joseph et al.
2021; Uzoma et al., 2011). Additionally, due to its high cation exchange capacity (CEC), it
adsorbs nutrients such as ammonium, phosphorus, and potassium, thereby reducing leaching
losses and positively influencing plant nutrition (Ali et al. 2025; Hossain et al. 2020; Mukherjee
and Lal, 2013). These effects of biochar are largely dependent on production conditions;
because of the breakdown of acidic functional groups and an increase in ash content during
pyrolysis, the material generally acquires an alkaline character (Weber and Quicker, 2018;
Ahmad et al., 2012; Senay and Tepecik, 2024); Akkurt et al., (2020). In this context, it is
believed that the pH increases observed in the study stem from biochar’s alkaline nature, while
the rise in EC values is attributed to the soluble ions it contains.

These results are consistent with the literature, which reports that biochar applications raise soil
pH and enhance the availability of nutrients (Lustosa Carvalho et al. 2020; Wang et al. 2023;
Nguyen et al., 2022). However, the increase in EC values indicates that the risk of salinization
must be considered, particularly in high-dose applications. For this reason, determining the
appropriate dose in biochar applications is crucial for both enhancing soil fertility and limiting
potential salinization effects.

When the findings obtained in this context are evaluated together, it was concluded that a 4%
biochar application stands out as an appropriate dose because it raises the pH value to a range
suitable for plant growth while keeping the EC increase under control; conversely, an 8%
biochar application could pose a potential salinity risk due to high EC values. Overall, biochar
improved soil quality by reducing basic limitations such as Al-Fe toxicity in slightly acidic
conditions (pH 6.01); however, it was concluded that balanced and low applications are more
appropriate due to increased salinity at high doses.

4. RESULTS AND DISCUSSION

In this study, the effects of biochar derived from corn stover on the physical and chemical
properties of a volcanic sandy soil were investigated. The findings indicate that biochar

application increased soil pH and EC values with increasing doses, shifting the soil’s reaction
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to the neutral-slightly alkaline range. Additionally, biochar application improved structural
stability by increasing soil aggregate stability (AS) and facilitated water retention in the soil
due to increased porosity. This led to an increase in field capacity and wilting point values,
resulting in significant improvements in the amount of water available to plants. The highest
improvements were observed at an 8% biochar application rate.

In conclusion, it was determined that biochar application strengthened soil aggregation,
increased water-holding capacity, and improved overall soil quality within a short period (60
days). These findings demonstrate that biochar is a viable, sustainable, and effective soil
conditioner for field conditions, particularly for the rehabilitation of sandy soils with low water-
holding capacity. Additionally, these findings should be tested under field conditions.

This study was prepared based on the master’s thesis of Agricultural Engineer Kader CITAK,
supported by the S.U. BAP Coordination Office under project number 25201070.
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Abstract

Bariatric surgery is a commonly used and effective therapeutic approach for the management
of morbid obesity, as it enables long-term weight reduction and contributes to the improvement
of obesity-associated comorbid conditions. Nevertheless, the anatomical and physiological
alterations induced by the surgical procedures may exert considerable impacts on the
gastrointestinal (GI) system. In particular, reductions in gastric volume, alterations in intestinal
transit time, and changes in digestive enzyme activity may lead to an increased incidence of Gl
symptoms such as nausea, vomiting, constipation, diarrhea, bloating, dumping syndrome, and
gastroesophageal reflux. In addition, restrictions in food intake and nutrient absorption may
result in macro- and micronutrient deficiencies as well as disruptions in the gut microbiota.
Postoperative alterations in gut microbiota following bariatric surgery may negatively affect
metabolic and immune functions, thereby reducing patients’ quality of life. Over the past few
years, attention has increasingly focused on the application of probiotics and prebiotics as
strategies to promote gut microbiota balance. Probiotics refer to viable microorganisms that
provide health benefits to the host when consumed in sufficient quantities, while prebiotics are
indigestible dietary substrates that preferentially encourage the growth and metabolic activity
of beneficial gut bacteria. Evidence suggests that these agents contribute to the reinforcement
of intestinal barrier integrity through enhanced short-chain fatty acid production, inhibit the
growth of harmful microorganisms, and exert anti-inflammatory effects. Studies in the literature
indicate that probiotic and prebiotic supplementation after bariatric surgery may contribute to
the alleviation of Gl symptoms such as constipation and diarrhea, improvement of gut
microbiota balance, and enhancement of overall gastrointestinal tolerance. Their low incidence
of adverse effects makes these supplements a safe and supportive nutritional strategy in the
postoperative period. Nevertheless, given the heterogeneity among probiotic strains, dosages,
and durations of administration, further randomized controlled trials are required to establish
clear, evidence-based recommendations to guide clinical practice.

Key words: Bariatric surgery, Probiotics, Prebiotics, Gastrointestinal complications, Gut

microbiota
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BARIATRIK CERRAHI SONRASI GASTROINTESTINAL KOMPLIKASYONLAR
UZERINE PROBIYOTIK VE PREBIYOTIK KULLANIMININ ETKIiSi
Ozet

Bariatrik cerrahi, morbid obezitenin yonetiminde uzun donemli kilo kayb1 saglamasi ve obezite
ile iligkili komorbid durumlarin iyilesmesine katkida bulunmasi nedeniyle yaygin olarak
kullanilan etkili bir tedavi yaklasimidir. Bununla birlikte, cerrahi girisimlerin yol agtigi
anatomik ve fizyolojik degisiklikler gastrointestinal (GI) sistem iizerinde onemli etkiler
olusturabilmektedir. Ozellikle mide hacmindeki azalma, bagirsak gegis siiresindeki
degisiklikler ve sindirim enzimlerinin aktivitesindeki farkliliklar; bulanti, kusma, kabizlik,
diyare, siskinlik, dumping sendromu ve gastrodzofageal reflii gibi GI semptomlarin goriilme
sikliginda artisa neden olabilmektedir. Ayrica, besin alimi ve besin dgesi emilimindeki
kisithiliklar, makro ve mikro besin Ogesi yetersizliklerine ve bagirsak mikrobiyotasinda
bozulmalara yol acgabilmektedir.Bariatrik cerrahi sonrasmmda bagirsak mikrobiyotasinda
meydana gelen bu degisiklikler, metabolik ve immiin fonksiyonlar1 olumsuz yonde etkileyerek
hastalarin yasam kalitesini diisiirebilmektedir. Son yillarda, bagirsak mikrobiyota dengesinin
desteklenmesine yonelik stratejiler arasinda probiyotik ve prebiyotik uygulamalarina olan ilgi
giderek artmustir. Probiyotikler, yeterli miktarda tiiketildiklerinde konakgiya saglik yarari
saglayan canli mikroorganizmalar olarak tanimlanirken; prebiyotikler, yararli bagirsak
bakterilerinin buyumesini ve metabolik aktivitelerini secici olarak destekleyen sindirilemeyen
diyet bilesenleridir. Bu bilesenlerin, kisa zincirli yag asidi tiretimini artirarak bagirsak bariyer
biitiinligiinii  giiglendirdigi, zararli mikroorganizmalarin ¢ogalmasmi baskiladigi ve
antiinflamatuvar etkiler gosterdigi bildirilmektedir. Literatiirde yer alan ¢alismalar, bariatrik
cerrahi sonrasi probiyotik ve prebiyotik takviyesinin kabizlik ve diyare gibi GI semptomlarin
hafifletilmesine, bagirsak mikrobiyota dengesinin iyilestirilmesine ve genel gastrointestinal
toleransin artirilmasina katki saglayabilecegini gdstermektedir. Diislik yan etki goriilme sikligi,
bu takviyeleri postoperatif dénemde givenli ve destekleyici bir beslenme stratejisi haline
getirmektedir. Bununla birlikte, probiyotik suslari, dozlar1 ve uygulama siireleri arasindaki
heterojenlik g6z dniinde bulunduruldugunda, klinik uygulamalara yol gosterecek net ve kanita
dayali Onerilerin olusturulabilmesi i¢cin daha fazla randomize kontrollii ¢alismaya ihtiyag
duyulmaktadir.

Anahtar kelimeler: Bariatrik cerrahi, Probiyotikler, Prebiyotikler, Gastrointestinal

komplikasyonlar, Bagirsak mikrobiyotasi
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ABSTRACT

Background Dysbiosis or microbial imbalance, can predispose individuals to allergies, while a
balanced gut microbiome, fosters immune tolerance. The immune mechanisms involved in food
allergies are complex and little is known about the possible role of the gut microbiota in the
aetiopathogenesis of food allergies.

Objective Alergiplant could modulate the immune system through gut microbiota in food
allergies. Advancing knowledge of the gut microbiome and its function in modulating the
course of food allergies, might result in novel therapeutic strategies.

Materials and methods The evaluation of the patients was based on history and physical
examination. We investigated the effect Alergiplant in patients with food allergies.

Results Environmental factors such as urbanisation, pollution, and dietary habits also
significantly contribute to food allergies risk. It is not clear whether microbial change in food
allergies is an outcome of barrier defect or the cause of barrier dysfunction and inflammation.
Manipulation of the gut microbiota as a method for modifying atopy, may be attempted in many
ways including avoidance of certain foods, supplementation with probiotics and prebiotics,
optimising nutrient intake, minimising stress, antimicrobial therapy, correction and prevention
of low stomach acid, and faecal microbiota transplantation.

Conclusion The resident microbiota is important in maintaining structural and functional
integrity of the gut and in immune system regulation. There was an increase of the intestinal
permeability reported in patients with food allergies and a reduction of the gut microbiome
diversity. Modifying gut microbiome by applying Alergiplant during early years may be a
preventive and therapeutic option in high risk groups.

Keywords: food allergies, host-microbiome interaction; immune regulation; Alergiplant
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BiR ARAC GEOMETISI ETRAFINDAKI AKISIN POTANSIYEL AKIS TEORISI VE
SONLU FARK YONTEMI iLE MODELLENMESi VE CFD DOGRULAMASI
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OZET

Bu calismada, bir binek ara¢ profilinin etrafindaki akis yapis1 potansiyel akis teorisi ve sonlu
fark yontemi kullanilarak sayisal olarak incelenmistir. Ara¢ geometrisi, CAD verilerinden elde
edilen 500 koordinat noktasi ile tanimlanmis ve MATLAB ortaminda iki boyutlu bir hesaplama
alan1 olusturulmustur. Coziim alanmi diizenli bir grid yapisi ile ayriklastirilmis ve akis alani
iteratif bir sayisal yontem kullanilarak ¢6ziilmiistiir. Modelde ara¢ zemine oturmus sekilde ele
almmis ve zemin etkisi uygun sinir sartlari ile temsil edilmistir. Elde edilen ¢oziim ile arag
etrafindaki akim ¢izgileri, hiz dagilimi ve basing davranisi analiz edilmistir. Siiriikleme
katsayisi, aracin On bdlgesine ait yiizey basing dagilimi kullanilarak hesaplanmistir. Bu
yaklagim, potansiyel akis teorisinin sinirlamalar1 dikkate alinarak, fiziksel olarak anlamli
sonuglar elde etmek amaciyla tercih edilmistir. Elde edilen sonuglar, ticari bir hesaplamali
akiskanlar dinamigi yazilimi olan ANSYS Fluent ile gerceklestirilen viskoz akis analizleri ile
karsilagtirilmistir. Karsilastirmalar, sonlu fark yonteminin 6zellikle arag 6n bdlgesindeki akis
karakteristiklerini ve basing dagilimini basarili bir sekilde tahmin edebildigini géstermektedir.
Buna karsin, akis ayrilmasi ve iz bolgesi gibi viskoz etkilerin bu yaklasim kapsaminda temsil
edilemedigi belirlenmistir. Sonu¢ olarak, onerilen yontemin mutlak aerodinamik kuvvetleri
yiiksek dogrulukla tahmin etmekten ziyade, akis alaninin genel davranisini hizli ve diisiik
maliyetli bir sekilde analiz etmek i¢in uygun oldugu gosterilmistir. Bu calisma, sonlu fark
yonteminin ara¢ acrodinamiginde kavramsal tasarim ve on degerlendirme asamalarinda etkili
bir ara¢ olarak kullanilabilecegini ortaya koymaktadir.

Anahtar kelimeler: Potansiyel akig, sonlu fark yontemi, ara¢ aerodinamigi, siiriikleme
katsayis1 (Cd), basing dagilimi, hiz dagilimi, akim c¢izgileri, zemin etkisi, sayisal analiz, CFD

karsilagtirmasi

MODELING OF FLOW AROUND A VEHICLE GEOMETRY USING POTENTIAL
FLOW THEORY AND THE FINITE DIFFERENCE METHOD AND CFD
VALIDATION
ABSTRACT

The flow structure around a passenger vehicle profile is numerically investigated using potential

flow theory and the finite difference method. The vehicle geometry is defined by 500 coordinate
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points obtained from CAD data, and a two-dimensional computational domain is generated in
the MATLAB environment. The solution domain is discretized using a structured grid, and the
flow field is solved using an iterative numerical method. In the model, the vehicle is considered
to be in contact with the ground, and ground effects are represented through appropriate
boundary conditions. The obtained solution is used to analyze streamlines, velocity distribution,
and pressure behavior around the vehicle. The drag coefficient is calculated based on the surface
pressure distribution on the front region of the vehicle. This approach is adopted to obtain
physically meaningful results while considering the limitations of potential flow theory. The
results are compared with viscous flow analyses performed using the commercial
computational fluid dynamics software ANSYS Fluent. The comparisons show that the finite
difference method successfully predicts the flow characteristics and pressure distribution,
particularly in the front region of the vehicle. However, viscous effects such as flow separation
and wake region cannot be represented within this approach. Consequently, the proposed
method is more suitable for rapid and low-cost analysis of the general flow behavior rather than
highly accurate prediction of absolute aerodynamic forces. This study demonstrates that the
finite difference method can be effectively used in conceptual design and preliminary
evaluation stages of vehicle aerodynamics.

Keywords: Potential flow, finite difference method, vehicle aerodynamics, drag coefficient
(Cd), pressure distribution, velocity distribution, streamlines, ground effect, numerical analysis,

CFD comparison
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ELEKTROTLARININ DONGUSEL VOLTAMMETRI PERFORMANSI
UZERINDEKI ETKIiSI
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OZET

NiO nanopargacik yiikkleme oranlar1 farkli olan NiO/iletken karbon siyahi (Super-P) kompozit
elektrotlarin, ultrason destekli bulama¢ kaplama ve doctor-blade yontemi kullanilarak nikel
kopiik iizerine hazirlandig1 ve ardindan siiperkapasitor uygulamalari agisindan degerlendirildigi
bu c¢alismada agiklanmistir. Farkli NiO nanopargacik konsantrasyonlarma sahip elektrotlar1
incelemek amaciyla dongiisel voltametri (CV), alan emisyonlu taramali elektron mikroskobu
(FE-SEM), enerji dagilimli X-i15m1 spektroskopisi (EDX) ve b-degeri kinetik parametre
analizleri kullanilmistir. CV 6lgtimleri, 1 M NaCl elektrolitinde, 0.0-0.5 V potansiyel araliginda
ve 60-100 mV/s tarama hizinda gerceklestirilmistir. Elde edilen sonuglar, NiO nanopargacik
ilavesinin iletken karbon siyahi esasl elektrotlarin yiik depolama 6zellikleri {izerinde 6nemli
bir etkiye sahip oldugunu gostermistir. 0.5 ve 1 wt% NiO/Super-P elektrotlar1 i¢in elde edilen
0.51 ve 0.58 b-degerleri, diflizyon kontrollii Faradaik psddokapasitif davranisgi isaret etmistir.
Buna karsilik, 2 ve 4 wt% NiO/Super-P elektrotlar1 i¢cin belirlenen 0.69 ve 0.70 b-degerleri,
elektrik ¢ift tabaka kapasitansi ile psodokapasitif katkilar1 birlikte i¢ceren, agirlikli olarak yiizey
kontrollii hibrit bir yiik depolama mekanizmasina isaret etmistir. FE-SEM incelemesi, baglantili
parcaciklar ve bazi aglomerasyon bdlgeleri iceren piiriizlii, graniiler ve heterojen bir yiizey
morfolojisini ortaya koyarken, EDX analizi C, O ve Ni elementlerinin varligin1 dogrulayarak
NiO/Super-P kompozit kaplamanin basarili bir sekilde sentezlendigini gostermistir. NiO
yiikkleme miktarindaki artisin depolama mekanizmasini daha ¢ok yiizey kontrollii bir yapiya
doniistiirdigi gortilmekle birlikte, 1 wt% NiO/Super-P elektrodu; akim yanati, yiik iletimi ve
elektrokimyasal olarak aktif bolgelerin etkin kullanimi arasindaki en uygun dengeyi saglamasi
nedeniyle en iyi genel elektrokimyasal performansi sunmustur.

Anahtar kelimeler: NiO nanopartikiilleri, Iletken karbon siyahi, Siiperkapasitdr elektrotu,

Dongulsel voltametri.
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INFLUENCE OF NIO NANOPARTICLES ON THE CYCLIC VOLTAMMETRY
PERFORMANCE OF CONDUCTIVE CARBON-BASED SUPERCAPACITOR
ELECTRODES
ABSTRACT

The study describes how NiO/conductive carbon black (Super-P) composite electrodes with
varying NiO nanoparticle loadings were created on nickel foam using sonication-assisted slurry
coating and the doctor-blade process and then evaluated for supercapacitor capabilities. Cyclic
voltammetry (CV), field emission scanning electron microscopy (FE-SEM), energy-dispersive
X-ray spectroscopy (EDX), and b-value kinetics parameter studies were used to investigate
electrodes with varying NiO nanoparticle concentrations. CV experiments were carried out in
1 M NaCl with a potential window of 0.0-0.5 V and a scan rate of 60-100 mV/s. The results
show that adding NiO nanoparticles had a significant impact on the charge-storage capabilities
of conductive carbon black-based electrodes. The 0.5 and 1 wt% NiO/Super-P electrodes
showed b-values of 0.51 and 0.58, indicating diffusion-controlled Faradaic pseudocapacitive
activity. The b-values of 0.69 and 0.70 for the 2 and 4 wt% NiO/Super-P electrodes, on the
other hand, indicated a mostly surface-controlled hybrid charge-storage mechanism that
included both electric double-layer capacitance and pseudocapacitive contributions. The FE-
SEM inspection revealed a rough, granular, and heterogeneous surface morphology with linked
particles and some agglomerated regions, while EDX validated the presence of C, O, and Ni,
indicating that the NiO/Super P composite coating was successfully synthesized. While
increasing NiO loading changed the storage behavior to a primarily surface-controlled
mechanism, the 1 wt% NiO/Super-P electrode provided the best overall electrochemical
performance due to its optimal balance of current response, charge propagation, and effective
utilization of electroactive sites.

Keywords: NiO nanoparticles, Conductive carbon black, Supercapacitor electrode, Cyclic
voltammetry.

1. INTRODUCTION

Electrochemical supercapacitors received a lot of scientific attention as energy-storage devices
because of their capacity to give high power density, quick charge-discharge performance, and
longer cycle life than many existing storage systems. However, their broader practical
applicability is still contingent on the development of electrode materials that increase charge
storage capacity while retaining quick reaction kinetics and structural integrity. Transition-
metal oxides are particularly intriguing to a variety of material groups due to their capacity to

retain charge through quick Faradaic redox reactions and electrical double-layer effects (Wang
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et al. 2012). Nickel oxide (NiO) is a popular pseudocapacitive metal oxide for supercapacitor
electrodes because of its high theoretical capacity, low cost, plentiful natural supply, and
environmental friendliness. Despite these advantages, NiO's actual efficiency is typically
limited by its relatively low intrinsic electrical conductivity and particle agglomeration, both of
which can reduce active-site accessibility and hamper electron transit when cycling. As a result,
recent research has focused on combining NiO with conductive carbon phases and porous
current collectors to improve electrochemical efficiency and rate capability (Chime et al.,
2020). Conductive carbon additions are required in composite electrodes because they provide
electrically conductive ions, lower internal resistance, and improve the dispersion of the active
oxide phase (Moalleminejad & Chung, 2015; Lu et al., 2024). At the same time, nickel foam is
commonly utilized as a current collector for supercapacitor electrodes due to its three-
dimensional porous design, which provides superior electrical conductivity, a large accessible
surface area, and effective electrolyte access. These characteristics provide NiO/carbon
composites on nickel foam a logical and economical structure for high-performance
supercapacitor electrodes (DojCinovi¢ et al., 2024), (Salleh et al., 2020). Many earlier studies
have proved the efficacy of integrating NiO with conductive carbon materials in supercapacitor
applications. Reduced graphene oxide/NiO composites have been shown to increase charge
transfer and electrochemical activity relative to pure NiO, whereas nickel-foam-supported NiO-
based structures have demonstrated the benefits of porous conductive substrates for enhanced
capacitive performance. Previous studies validate that integrating a redox-active NiO phase
with a conductive carbon substrate and a porous metallic current collector is a feasible approach
for electrode design (Zhu et al., 2012). In cyclic voltammetry analysis, the kinetics of charge
storage may be assessed using the power-law equation i = av?, where i represent the measured
current, v indicates the scan rate, and b is obtained from the slope of the log(i) vs log(v) plot.
The b-value of 0.5 signifies diffusion-controlled behavior, while a value of 1.0 denotes a
capacitive response. Intermediate values indicate varied charge-storage behavior (Wang et al.,
2007). This study included the fabrication of NiO/Super-P electrodes with varying NiO
nanoparticle loadings on nickel foam by a sonication-assisted slurry-coating by doctor-blade
method, followed by an investigation of their electrochemical and structural properties using
cyclic voltammetry (CV) and Kkinetic parameter (b-value) analysis. The primary aim was to
clarify the effect of NiO incorporation on the electrochemical performance of Super-P-based

supercapacitor electrodes.
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2. EXPERIMENTAL SECTION

2.1 Synthesis Method for NiO/Super-P Hybrid Electrodes

NiO/Super-P electrodes were made using a sonication-assisted slurry-coating process on nickel
foam substrates (1.0 cm x 1.0 cm) that served as current collectors. Each nickel foam substrate
was weighed precisely on a RADWAG analytical scale (with a capacity of 0.0001 g) before
coating, to determine the initial mass of each. The slurry was made by first adding 8 mL of
100% ethanol as the dispersion medium, then the NiO nanoparticle powder was added, and the
mixture was ultrasonicated for 30 min to increase the dispersion of particles and decrease their
agglomeration. Afterwards, the solution was magnetically stirred for 10 min to get
homogeneous before the conductive carbon black (Super P, 5 wt.%) and liquid PTFE binder
(10 wt.%) were added. The combination was still being agitated until a stable, uniform slurry
was obtained with a final composition of 85:5:10 wt.% (NiO:Super-P:PTFE). Using the doctor-
blade method, the resulting paste was spread over nickel foam, producing an electrode coating
layer that was quite uniform with a controlled thickness. A small part of the substrate was left
without coating to be used as an electrical contact during electrochemical testing. Nickel foam
was selected because of its extremely high electrical conductivity and three-dimensional porous
structure, which are most beneficial features of a current collector in a supercapacitor. Next, the
coated electrodes of NiO/Super-P with 0.5 wt.%, 1 wt.%, 2 wt.% and 4 wt.% were dried on a
hot plate until the ethanol was completely evaporated. Then, they were re-weighed for the active
material mass loading calculation and finally were stored in sealed zip-lock bags prior to the

electrochemical testing. Figure 1 illustrates the primary electrode preparation procedures.

Electrode Preparation Steps
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Figure 1. A diagram of the NiO/Super-P electrode preparation steps.
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2.2 Material Characterization

A Carl Zeiss Ultra Plus Gemini field-emission scanning electron microscope (FE-SEM) was
used at Karabk University Iron and Steel Institute to investigate the surface and interior
structure of the NiO/Super-P electrodes that were manufactured. Energy-dispersive X-ray
spectroscopy (EDX) was used in conjunction with the FESEM apparatus to analyze the
elemental makeup. This study was carried out to evaluate the electrode's elemental composition
and to examine the distribution of elements inside the NiO/Super-P coating. The complete
FESEM-EDX analysis provided important details regarding the electrodes’ morphology,
coating homogeneity, and elemental characteristics.

2.3 Electrochemical Measurements

Electrochemical characterization was carried out with a typical three-electrode setupina 1l M
NaCl aqueous electrolyte. The NiO/Super-P-coated nickel foam served as the working
electrode, Ag/AgCl as the reference electrode, and the counter electrode completed the
electrochemical circuit. Throughout the tests, all electrodes were submerged in the electrolyte.
Cyclic voltammetry (CV) was performed at scan rates of 60 to 100 mV s throughout a
potential range of 0.0-0.5V. The electrochemical properties of the electrodes were assessed
using the form of the cyclic voltammetry curves and their response as a function of scan rate.
The kinetics of charge storage were assessed using the power-law equation i = av? where i
represents the current, v denotes the scan rate, and a and b are variable constants. The calculated

Kinetic parameter b was used to differentiate between diffusion-controlled and surface-

controlled charge-storage systems.
3. RESULTS AND DISCUSSION
3.1 Morphological Behavior
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Figure 2. FE-SEM image of the NiO/Super-P nanocomposite thin film: (a) surface morphology

and (b) EDX elemental spectrum.
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Figure 2a presents the SEM micrograph of the NiO/Super-P electrode, showing a rough and
heterogeneous surface with irregularly distributed particles and distinct agglomerated clusters.
Larger spherical or semi-spherical agglomerates appear in the micrometer range and are
surrounded by finer particles, indicating a granular and interconnected microstructure rather
than a compact dense surface. This morphology is useful for electrochemical applications
because it not only increases effective surface area but also improves electrolyte accessibility
and even promotes ion diffusion inside the electrode (Forouzandeh et al.). Furthermore,
conductive carbon black is anticipated to produce conductive routes that connect distinct NiO
domains, facilitating electron transport during battery both charging and discharging (Wu and
Wang). Nonetheless, more agglomerated areas may cause clustering and a less uniform
distribution of electroactive sites. Figure 2b shows the EDX spectrum of the same electrode,
with carbon, oxygen, and nickel as the principal elements. The quantitative makeup was 72.70
wt.% carbon, 26.80 wt.% oxygen, and 0.5% nickel. These findings hint to a carbon-rich matrix
including oxygenated nickel species, which is beneficial to supercapacitor performance by
combining conductivity with pseudocapacitive redox activity (Lakshmi and VVedhanarayanan;
Roy et al.).

3.2 Cyclic Voltametric (CV) behavior

The electrochemical properties of NiO/Super-P electrodes were investigated using cyclic
voltammetry at scan rates ranging from 60 to 100 mV/s and potentials ranging from 0.0 to 0.5
V. The CV curves show that the current response increased gradually with the scan rate
increment for all three evaluated NiO nanoparticle loadings; Figures 3a-d demonstrate this. As
a result, the electrochemical behavior of the electrodes is dependent on the scan rate.
Furthermore, significant differences in the morphology and enclosed area of the CV curves
were observed as a function of NiO nanoparticle concentration, demonstrating that the quantity
of NiO nanoparticles profoundly influenced the charge-storage characteristics of the Super-P-

based electrode system.

Table 1. b-values and corresponding charge-storage mechanisms of NiO/Super-P electrodes
with different NiO loadings

Sample b-value Storage Mechanism Reaction Nature Kinetic Control
0.5 wt% NiO/Super-P 0.51 Pseudocapacitive Faradaic Diffusion
controlled
1 wt% NiO/Super-P 0.58 Pseudocapacitive Faradaic Diffusion
controlled
2 wt% NiO/Super-P 0.69 Hybrid (EDLC + Faradaic & non- Surface controlled
Pseudocapacitive) faradaic
4 wt% NiO/Super-P 0.70 Hybrid (EDLC + Faradaic & non- Surface controlled
Pseudocapacitive) faradaic
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Figure 3. CV curves of the a) 0.5 wt%, b)1 wt%, ¢) 2 wt%, and d) 4 wt% NiO/Super-P electrode
measured at various scan rates (60—100 mV s™) in the potential range of 0-0.5 V.

Figure 3 shows the cyclic voltammetry (CV) curves of the 0.5, 1, 2, and 4 wt% NiO/Super-P
electrodes recorded at a scan rate ranging from 60 to 100 mV s™'. For all compositions, the
current response exhibited a gradual rise with rising scan rates, hence verifying the scan-rate-
dependent electrochemical activity of the synthesized electrodes. Furthermore, differences in
morphology and enclosed area of the CV loops were observed with increasing NiO nanoparticle
loading, indicating that the quantity of NiO significantly affected the charge-storage
characteristics of the Super-P-based electrode system (Zhao et al., 2019). The alterations in the
CV response indicate that varying the NiO content affected the accessibility of electroactive
sites, the interfacial charge-transfer dynamics, and the overall electrochemical efficiency of the
electrode components (Vijayakumar et al., 2013). Among the samples examined, the 1 wt%
NiO/Super-P electrode is considered the most useful in terms of overall electrochemical
performance, as it showed the most balanced response for current production, charge transfer,

and efficient electrode utilization.
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Figure 4 Determination of the b-value from the linear fitting of peak current density (I,) as a
function of scan rate for a) 0.5 wt%, b)1 wt%, c) 2 wt%, and d) 4 wt% NiO/Super-P

Figure 4 discusses the charge-storage kinetics of the NiO/Super-P electrodes through the power-
law relationship i = av?, where the b-value is used to identify the predominant charge-storage
mechanism (Kurra et al., 2021). As summarized in Table 1, the 0.5 wt% and 1 wt% NiO/Super-
P electrodes exhibited b-values of 0.51 and 0.58, respectively, indicating predominantly
diffusion-controlled behavior associated with Faradaic pseudocapacitive charge storage (Liu et
al., 2018). In contrast, the 2 wt% and 4 wt% electrodes showed higher b-values of 0.69 and
0.70, respectively, suggesting a more surface-controlled charge-storage process involving both
Faradaic and non-Faradaic contributions, which reflects a hybrid mechanism combining electric
double-layer capacitance (EDLC) and pseudocapacitance (Rudra et al., 2024). These Kkinetic
characteristics, presented in Table 1, demonstrate that increasing the NiO loading shifted
electrochemical behavior from mainly diffusion-controlled pseudocapacitive storage toward a
more surface-dominated hybrid charge-storage mechanism (Shah et al., 2023).

In analyzing Figures 3 and 4 together, it becomes clear that the electrochemical performance
of the NiO/Super-P electrodes was not only dependent on the elevation in b-value or the

transition towards surface-controlled behavior. Optimal performance was achieved when a
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suitable equilibrium was established among active-material content, ion diffusion, electron
transport, and electroactive-site use. The 1 wt% NiO/Super-P electrode exhibited the most
superior performance, while the 0.5 wt% sample probably had a deficiency of active sites. In
contrast, the 2 wt% and 4 wt% electrodes may have been hindered by kinetic or structural
constraints because of elevated NiO nanoparticles loading.

4. CONCLUSION

Hybrid electrodes of NiO and conductive carbon black were effectively produced on nickel
foam using a sonication-assisted slurry coating. Cyclic voltammetry and b-value analysis
revealed that the inclusion of NiO nanoparticles had a substantial impact on the charge-storage
kinetics and overall electrochemical performance of the conductive carbon-based electrode
system. The electrodes with 0.5 and 1 wt% NiO had b-values of 0.51 and 0.58, demonstrating
diffusion-controlled Faradaic pseudocapacitive storage. As the NiO nanoparticle loading rose
to 2 wt% and 4 wt%, the b-values climbed to 0.69 and 0.70, respectively, suggesting a shift
toward a surface-controlled hybrid mechanism that includes both electric double-layer
capacitance and pseudocapacitive contributions. The 1 wt% NiO/Super-P electrode produced
the optimum electrochemical response by balancing electroactive-site accessibility, charge-
transfer kinetics, and electrode use efficiency. The findings show that increasing NiO content
does not improve electrochemical performance as much as achieving an ideal loading level.
Thus, among the samples tested, 1 wt% NiIO is regarded as the best composition for
supercapacitor electrode applications.
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EVRENSEL TASARIM iLKELERiIi BAGLAMINDA DiJIiTAL ERIiSILEBILIiRLIK:
GORME ENGELLI KULLANICILAR ICIN ARAYUZ TASARIMI STANDARTLARI

Ogr. Gor. Ebubekir KOCAK

Istanbul Esenyurt University, Information Technology Vocational School Department of Computer
Technologies, 34510 Esenyurt, Istanbul
ORCID ID: 0009-0003-8862-2452

OZET

Bilgi ve iletisim teknolojilerinin hizla yaygmlastigi giiniimiizde, dijital arayiizlerin gérme
engelli bireyler i¢in birer engel olmaktan ¢ikarilarak evrensel tasarim ilkeleri 15181inda herkes
icin erisilebilir kilinmasi, kapsayict bir toplum insasmin temel gerekliliklerinden biridir.
Calisma, dijitallesen diinyada bilgiye erisimin temel bir hak oldugu varsayimindan yola ¢ikarak,
evrensel tasarim ilkelerinin gorme engelli kullanicilar 6zelinde nasil standartlastirilmasi
gerektigini incelemektedir. Arastrmanm temel amaci, dijital arayiizlerin kapsayici bir
perspektifle yeniden kurgulanmasi siirecinde, gérme engelli bireylerin karsilastiklar1 bariyerleri
ortadan kaldiracak tasarim kriterlerini belirlemek ve bu kriterlerin uygulanabilirligini kuramsal
bir zeminde degerlendirmektir. Calismanin kapsami, web ve mobil tabanli arayiizlerin semantik
yapisi, yardimci teknolojilerle olan etkilesimi, tipografik diizenlemeler ve renk-kontrast
standartlar1 ile sinirlandirilmastir.

Arastirmada yontem olarak nitel arastirma desenlerinden literatiir taramasi ve igerik analizi
teknikleri kullanilmistir. Diinya Genel Ag Birligi (W3C) tarafindan belirlenen Web Igerigi
Erisilebilirlik Kilavuzu (WCAG 2.1) kriterleri, evrensel tasarimin yedi temel ilkesiyle
karsilagtirmali olarak analiz edilmistir. Arastirma kapsaminda elde edilen bulgular, giincel
dijital platformlarin ¢ogunun hiyerarsik baslik yapisi, gorseller igin alternatif metin (alt-text)
kullanimi ve klavye navigasyonu gibi temel erisilebilirlik gereksinimlerini karsilamada yetersiz
kaldigmi gostermektedir. Ozellikle gorsel dgelerin sadece estetik birer unsur olarak ele
alinmasi, yardimci teknolojilerin arayiizii anlamlandirmasini zorlastirmakta ve kullanicinin
bilgi akisindan kopmasina neden olmaktadir. Ayrica, kontrast oranlarinin yetersizligi ve
dinamik igeriklerin sesli geri bildirimlerle desteklenmemesi, kullanict deneyimini olumsuz
etkileyen temel unsurlar olarak tespit edilmistir.

Sonug olarak, dijital erigilebilirligin bir ek 6zellik degil, tasarim siirecinin en basinda ele
alinmasi gereken etik ve profesyonel bir sorumluluk oldugu anlagilmaktadir. Evrensel tasarim
ilkelerinin tasarima entegre edilmesi, gorme engelli bireylerin yan1 sira, tiim kullanicilar i¢in

daha sezgisel ve hata pay1 diisiik bir arayiiz deneyimi sunacaktir. Tasarimcilarin empati odakli
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bir yaklasimdan ziyade standart odakli bir disiplinle hareket etmeleri, dijital ugurumun
kapanmasinda 6nemli bir rol oynayacaktir.

Anahtar kelimeler: Dijital Erisilebilirlik, Evrensel Tasarim, Gérme Engelli Kullanicilar,
Kullanici Deneyimi (UX), WCAG Standartlar1.

DIGITAL ACCESSIBILITY WITHIN THE CONTEXT OF UNIVERSAL DESIGN
PRINCIPLES: INTERFACE DESIGN STANDARDS FOR VISUALLY IMPAIRED
USERS
ABSTRACT

In today's world, where information and communication technologies are rapidly spreading,
making digital interfaces accessible to everyone in light of universal design principles, rather
than creating barriers for visually impaired individuals, is a fundamental requirement for
building an inclusive society. This study, starting from the assumption that access to
information is a fundamental right in the digitalized world, examines how universal design
principles should be standardized specifically for visually impaired users. The main objective
of the research is to identify design criteria that will eliminate the barriers faced by visually
impaired individuals in the process of re-imagining digital interfaces from an inclusive
perspective, and to evaluate the applicability of these criteria on a theoretical basis. The scope
of the study is limited to the semantic structure of web and mobile-based interfaces, their
interaction with assistive technologies, typographic arrangements, and color-contrast standards.
The research employs qualitative research designs, specifically literature review and content
analysis techniques. The Web Content Accessibility Guidelines (WCAG 2.1) criteria,
established by the World Wide Web Association (W3C), are analyzed comparatively with the
seven fundamental principles of universal design. The findings of this research indicate that
most current digital platforms fall short in meeting basic accessibility requirements such as
hierarchical heading structures, the use of alternative text (alt-text) for images, and keyboard
navigation. In particular, treating visual elements solely as aesthetic components makes it
difficult for assistive technologies to interpret the interface and causes the user to become
disconnected from the information flow. Furthermore, insufficient contrast ratios and the lack
of audio feedback for dynamic content have been identified as key factors negatively impacting
user experience.

In conclusion, it is understood that digital accessibility is not an additional feature, but an ethical
and professional responsibility that should be addressed at the very beginning of the design
process. Integrating universal design principles into the design will provide a more intuitive and

error-free interface experience for all users, not just visually impaired individuals. Designers
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adopting a standards-oriented approach rather than an empathy-focused one will play a
significant role in closing the digital divide.

Keywords: Digital Accessibility, Universal Design, Visually Impaired Users, User Experience
(UX), WCAG Standards.
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CiZiIMDEN PROMPT MUHENDISLIGINE: GORSEL iLETiSiM TASARIMI
EGITIMINDE TEKNIK BECERILERIN DONUSUMU VE YENi MUFREDAT
ARAYISLARI

Ogr. Gor. Ebubekir KOCAK

Istanbul Esenyurt University, Information Technology Vocational School Department of Computer
Technologies, 34510 Esenyurt, Istanbul
ORCID ID: 0009-0003-8862-2452

OZET

Gorsel iletisim tasarimi egitimi, dijitallesme ve otomasyon siireclerinin ardindan bugiin iiretken
yapay zeka (Generative Al) teknolojilerinin etkisiyle paradigma diizeyinde bir doniisiim
yasamaktadir. Bu ¢alismanin temel amaci, geleneksel ¢izim becerileri ve yazilim odakli teknik
hakimiyetin, prompt miihendisligi ekseninde nasil bir doniisiime ugradigini analiz etmek ve bu
donlistimiin  gerektirdigi yeni miifredat stratejilerini tartismaya ac¢maktir. Caligmanin
kapsamini, tasarimci kimliginin bir uygulayicidan kiiratore evrilme siireci ve bu siirecin tasarim
stiidyosu derslerine entegrasyonu olusturmaktadir.

Arastirmada nitel arastrma yontemlerinden betimsel analiz ve dokiiman analizi teknikleri
kullanilmistir. Mevcut gorsel iletisim tasarimi miifredatlar1 ile yapay zeka araglarmin
(Midjourney, Stable Diffusion, DALL-E vb.) talep ettigi yeni yetkinlik setleri karsilagtirmali
olarak incelenmistir. Arastrmanin temel bulgulari, teknik becerinin artik sadece el-g0z
koordinasyonu veya yazilim arayiizii bilgisiyle sinirli kalmadigini; aksine dilsel yetkinlik,
semantik kurgu kapasitesi ve algoritmik okuryazarligin tasarim disiplininde yeni bir teknik
kriter haline geldigini gostermektedir. Yapay zekanin {iretim sathasini mekaniklestirmesiyle
birlikte, tasarim egitiminde nasil iretildiginden ziyade ne amagla ve hangi kavramsal
cergeveyle tiretildigi sorusu daha kritik bir onem kazanmaistir.

Sonug olarak, tasarim egitiminin teknolojik baglamda, geleneksel gorsel kiiltlir birikimi ile
yapay zeka tabanli is akislarini sentezleyen hibrit bir pedagojiye ihtiya¢ duydugu tespit
edilmistir. Onerilen miifredat cergevesi; etik kullanim bilincini, elestirel tasarim diisiincesini ve
promt miihendisligini dahil ederek, 6grencilerin yapay zekayi yaratici siireci zenginlestiren
stratejik bir ortak olarak konumlandirmasini hedeflemektedir. Bu doniisim, tasarimcinimn roliinii
teknik bir operatorliikten, karmasik gorsel sistemleri yoneten bir vizyonerlige tagimaktadir.
Anahtar kelimeler: Uretken Yapay Zeka, Gorsel lletisim Tasarmmi Egitimi, Prompt

Miihendisligi, Miifredat Gelistirme, Teknik Beceri Doniisiimii.
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FROM DRAWING TO PROMPT ENGINEERING: THE TRANSFORMATION OF
TECHNICAL SKILLS AND THE SEARCH FOR NEW CURRICULUM
DEVELOPMENTS IN VISUAL COMMUNICATION DESIGN EDUCATION

ABSTRACT

Visual communication design education is undergoing a paradigm-shifting transformation
today, driven by the impact of generative artificial intelligence (GAI) technologies following
digitalization and automation processes. The main objective of this study is to analyze how
traditional drawing skills and software-focused technical proficiency are transforming within
the framework of prompt engineering, and to open a discussion on the new curriculum strategies
required by this transformation.

The scope of the study is the process of the designer's identity evolving from practitioner to
curator and the integration of this process into design studio courses. Descriptive analysis and
document analysis techniques from qualitative research methods were used in the research.
Existing visual communication design curricula were comparatively examined with the new
competency sets demanded by Al tools (Midjourney, Stable Diffusion, DALL-E, etc.). The
main findings of the research show that technical skill is no longer limited to hand-eye
coordination or software interface knowledge; rather, linguistic competence, semantic
structuring capacity, and algorithmic literacy have become new technical criteria in the design
discipline. With artificial intelligence mechanizing the production phase, the question of what
purpose and conceptual framework something is produced within has become more critical in
design education than how it is produced.

Consequently, it has been determined that design education needs a hybrid pedagogy that
synthesizes traditional visual culture with Al-based workflows in a technological context. The
proposed curriculum framework aims to position students as a strategic partner enriching the
creative process by incorporating ethical usage awareness, critical design thinking, and prompt
engineering. This transformation shifts the designer's role from that of a technical operator to
that of a visionary managing complex visual systems.

Keywords: Generative Artificial Intelligence, Visual Communication Design Training, Prompt

Engineering, Curriculum Development, Technical Skills Transformation.
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MATEMATIK OGRETMENiI ADAYLARININ KURDUKLARI PROBLEMLERIN
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OZET

Problem kurma, matematik egitimi alaninda zamanla artan bir ilginin odagi olan (Cai ve
Hwang, 2020), 6grencilere ve 6gretmenlere c¢esitli kazanimlar saglayan 6nemli bir beceridir
(Kar, 2024). Problem kurmanin hem 6grencilere (Abu-Elwan, 2002; Kovacs, Baro, Locska ve
Konya, 2023) hem de 6gretmenlere (Abu-Elwan, 1999; Okuyucu ve Uyar, 2025) sundugu
faydalardan biri matematik ile gercek hayat arasindaki iliskiyi kavramalarini ve
giiclendirmelerini saglamaktir. Matematik ile gergek hayat arasinda iliski kurmay1 temel alan
kuramsal yapilardan biri olan Gerg¢eke¢i Matematik Egitimi (Realistic Mathematics Education-
RME) matematik 6gretiminde gercekei baglamlara yer verilmesi gerektigini vurgulamaktadir
(Unlii, 2023). Problem kurma etkinliklerinin dgretmenlerin isbirligiyle gercek hayata uygun
problemler kurmalari ve bu problemlerin nitelikleri hakkinda distinmeleri yoluyla
matematiksel kavramlar1 gercek¢i baglamlarda ele alma becerisini edinmelerine fayda
saglayabilecegi ongoriilmektedir (Okuyucu ve Uyar, 2025). Bu durum gelecegin 6gretmenleri
olan Ogretmen adaylarmin grup calismasiyla problem kurma etkinliklerine dahil edilerek
kurduklar1 problemlerde baglamin ele alinmasimi 6nemli kilmaktadir. Buradan hareketle bu
calismada matematik Ogretmeni adaylarinin grup calismasiyla kurduklari problemlerin
baglamsal agidan incelenmesi amaglanmistir. Caligmanin amaci dogrultusunda belirlenen
problem ciimlesi “Matematik 6gretmeni adaylarinin grup ¢alismasiyla kurduklar1 problemlerde
baglamin tiirii nedir ve gercek yasam baglaminin gercekeiligi ne durumdadir?” seklindedir. Bu
calismada nitel arastrma yaklasimi cercevesinde durum galismasi deseni benimsenmistir.
Katilimeilar  2024-2025 egitim-6gretim  yilinda bir devlet iiniversitesinin matematik
ogretmenligi programinin son smifinda 6grenim goren 31 dgretmen adayindan olugmaktadir.
Caliymada veri toplama araci olarak yari-yapilandirilmis problem kurma etkinligi
kullanilmustir. Etkinlik 2-3 kisiden olusan toplam 11 gruba uygulanmis ve yanitlar yazili olarak
toplanmistir. Gruplara dogrudan baglam tiirii ya da gercekeiligi hakkinda ydnlendirici

miidahalede bulunulmamis; boylece problem kurma siireclerindeki dogal egilimlerinin ortaya
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cikarilmast amacglanmistir. Verilerin analizinde betimsel analizden yararlanilmig; Nedaei,
Radmehr ve Drake’in (2022) calismalarinda kullandiklar1 baglamsal analiz gercevesi esas
almmustir. Analiz siirecinde Oncelikle kurulan problemler, igerdigi baglam tiiriine gore “gercek
yasam baglami” ve “matematiksel baglam” olarak siniflandirilmistir. Sonra gercek yasam
baglami i¢eren problemler, baglamin gergeke¢i olup olmamasi agisindan degerlendirilmistir. Bu
degerlendirmede gergek yasam baglami igeren problemde verilen ve ¢6ziimde ulasilan
bilgilerin gergek hayata uygun olup olmadigma bakilmistir. Bulgular degerlendirildiginde,
ilkdgretim matematik 6gretmeni adaylarmin grup calismastyla problem kurma siirecinde gergek
yasam baglami1 kullanma egiliminde olduklar1 ancak kurulan problemlerin 6nemli bir kisminda
gercekeiligin tam olarak saglanamadigi goriilmiistiir. Bu durum, 6gretmen egitimi siirecinde
problem kurma becerisinin yalnizca gercek yasam baglami igerip igermeme boyutuyla degil,
baglamsal ger¢ekeilik boyutuyla da ele alinmas1 gerektigine isaret etmektedir.

Anahtar kelimeler: Problem kurma, matematik 6gretmeni adaylari, ger¢ek yasam baglami

A CONTEXTUAL ANALYSIS OF THE PROBLEMS POSED BY PRE-SERVICE
MATHEMATICS TEACHERS
ABSTRACT

Problem posing, which has become an increasingly prominent focus of interest in mathematics
education over time (Cai & Hwang, 2020), is an important skill that provides various benefits
for both students and teachers (Kar, 2024). One of the advantages of problem posing for both
students (Abu-Elwan, 2002; Kovacs, Barg, Locska, & Kdnya, 2023) and teachers (Abu-Elwan,
1999; Okuyucu & Uyar, 2025) is that it enables them to understand and strengthen the
relationship between mathematics and real life. Realistic Mathematics Education (RME), one
of the theoretical frameworks based on establishing connections between mathematics and real
life, emphasizes that realistic contexts should be incorporated into mathematics instruction
(Unli, 2023). It is suggested that problem-posing activities can benefit teachers by enabling
them, through collaboration, to create real-life appropriate problems and reflect on the
characteristics of these problems, thereby developing the ability to address mathematical
concepts within realistic contexts (Okuyucu & Uyar, 2025). In this regard, it becomes important
to engage pre-service teachers in group-based problem-posing activities and to examine how
context is addressed in the problems they construct. Accordingly, this study aims to examine
the problems posed by pre-service mathematics teachers through group work from a contextual
perspective. In line with this aim, the research question is formulated as follows: “What types
of context are used in the problems posed by pre-service mathematics teachers through group

work, and to what extent are real-life contexts realistic?”” This study adopts a case study design
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within the framework of qualitative research. The participants consisted of 31 pre-service
mathematics teachers enrolled in the final year of a mathematics teacher education program at
a public university during the 2024—2025 academic year. A semi-structured problem-posing
activity was used as the data collection instrument in the study. The activity was administered
to a total of 11 groups, each consisting of 2—3 participants, and the responses were collected in
written form. No direct guidance or intervention was provided to the participants regarding the
type of context or its realism, in order to reveal their natural tendencies during the problem-
posing process. Descriptive analysis was used in the data analysis, and the contextual analysis
framework employed in the study of Nedaei, Radmehr, and Drake (2022) was adopted as the
basis. First, the posed problems were categorized according to the type of context they
contained as either real-life context or mathematical context. Subsequently, the problems
involving real-life contexts were evaluated in terms of their realism. In this evaluation, it was
examined whether the information presented in the problem and obtained through its solution
was consistent with real-life situations. When the findings were evaluated, it was observed that
pre-service primary mathematics teachers tended to use real-life contexts in the group-based
problem-posing process; however, a substantial proportion of the problems they posed did not
fully achieve realism. This situation indicates that, in teacher education, problem-posing skills
should be addressed not only in terms of whether they include real-life contexts, but also with
respect to the dimension of contextual realism.

Keywords: Problem posing, pre-service mathematics teachers, real-life context

1. GIRIS

Problem kurma, matematik egitimi ¢alismalarinda son otuz yilda zamanla artan bir ilginin odag1
olmaktadir (Cai ve Hwang, 2020). Problem kurma, literatiirde problem olusturma, problem
iiretme, problem bulma gibi ¢esitli isimlerle ifade edilmektedir (Ocal, Ipek, Ozdemir ve Kar,
2018). Silver’a (1994) gore problem kurma, yeni problemlerin iiretilmesi ya da mevcut
problemlerin yeniden bi¢cimlendirilmesi, NCTM’ye (2000) gore ise, verilen bir durum ya da
deneyimden yeni bir problem olusturmaktir. Cai ve Hwang (2020) ise matematik egitiminde
problem kurmay1 6grencilerin ve 6gretmenlerin belirli bir baglamdan hareketle bir problem
iretmeleri ya da yeniden diizenlemelerini gerektiren c¢esitli iligkili etkinlikler seklinde
tanimlamislardir. Literatiirde problem kurma etkinliklerine yonelik farkli siniflama ¢ergeveleri
yer almaktadir (Ban Har ve Kaur, 1997; Dickerson, 1999; Kilig, 2017; Silver, 1994; Stoyanova
ve Ellerton, 1996). Bu siniflamalardan en yaygin olarak kullanilani, Stoyanova ve Ellerton’un

(1996) problem kurma durumlarini ele alarak yaptigi yapilandirilmis, yar1 yapilandirilmis ve
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serbest seklindeki siniflamadir (Kar ve Isik, 2015). Yapilandirilmis problem kurma durumunda
ogrencilerden belirli bir probleme veya ¢6ziim yoluna iliskin problemler kurmalar1 istenir
(Stoyanova, 1997). Yar1 yapilandirilmis problem kurma durumlarinda 6grencilere agik uglu bir
durum verilir, onlardan matematiksel tecriibeleriyle kazandiklar1 bilgi, beceri, kavram ve
iliskileri kullanarak mevcut yapiy1 anlama ve tamamlama ile problemler kurmalar: istenir
(Kilig, 2024). Yar1 yapilandirilmig problem kurma durumu kapsaminda 6grencilerden, verilen
acik uglu bir hikayeden hareketle veya bir resim, sekil veya denkleme yonelik problemler
kurmalar1 istenebilir (Ocal vd., 2018). Serbest problem kurma durumunda 6grencilerden, bir
kisitlama getirilmeksizin verilen dogal duruma yonelik problemler olugturmalar istenir (Kar ve
Isik, 2015).

Matematigi anlamada merkezi bir rol iistlenen problem kurmanm (NCTM, 1989) 6nemi,
ogrenme ve dgretme acisindan bakildiginda daha net anlagilmaktadir (Kar, 2014). Ogrenme
yani 6grenciler agisindan bakildiginda problem kurma, onlarin temel matematiksel kavramlari
pekistirmelerine, esnek diisiinmelerine, problem ¢dzme becerilerini gelistirmelerine yardimci
olurken matematige yonelik endise ve korkularini giderir (English, 1997). Ogretme yani
ogretmenler agisindan bakildiginda ise d6grencilerin matematiksel bilgi ve becerilerine iliskin
bilgi veren bir degerlendirme araci gorevi goriir (Lin, 2004). Ayrica problem kurma hem
ogrencilerin hem de O0gretmenlerin yanlis anlamalarin farkina varmalarmi saglar (English,
1997). Problem kurmanin hem 6grencilere (Abu-Elwan, 2002; Kovacs, Baro, Locska ve Konya,
2023) hem de 6gretmenlere (Abu-Elwan, 1999; Okuyucu ve Uyar, 2025) sundugu bir diger
avantaj ise matematik ile ger¢ek hayat arasindaki iligkiyi kavramalarini ve giiclendirmelerini
saglamaktir.

Matematik ile gercek yasam arasinda baglant1 kurulmasi cesitli ¢aligmalarda (Gainsburg,
2008; Umay, 2007) ve standart raporlarinda (National Council of Teachers of Mathematics
[NCTM], 1989, 2000) énemi vurgulanan bir konudur. Bu konuyu temel alan kuramsal
yapilardan biri olan Gergek¢i Matematik Egitimi (Realistic Mathematics Education-RME)
matematik dgretiminde gergekei baglamlara yer verilmesi gerektigini vurgulamaktadir (Unlii,
2023). Gergek yasam baglamlar1 6grencilerin motivasyonunu desteklemekte ve matematige
yonelik ilgilerini artrrmaktadir (Stylianides ve Stylianides, 2008). Ogretmenlerin matematiksel
kavramlar1 gercek¢i baglamlarda ele alma becerisini edinmelerinin yapacaklar1 matematik
Ogretiminin kalitesi acisindan Onemli oldugu aciktir. Problem kurma etkinliklerinin,
ogretmenlerin isbirligiyle gercek hayata uygun problemler kurmalari ve bu problemlerin

nitelikleri hakkinda diistinmeleri yoluyla matematiksel kavramlar1 gercek¢i baglamlarda ele
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alma becerisini edinmelerine fayda saglayabilecegi dngoriilmektedir (Okuyucu ve Uyar, 2025).
Bu becerinin, meslege baglamadan dnce 6gretmen adaylar1 tarafindan kazanilmasmin, ileride
yiiriitecekleri smif i¢i 6gretimin kalitesi agisindan biiylik 6nem tasidig1 soylenebilir. Heniiz
mesleki geligim siirecinde olan 6gretmen adaylarmin da benzer sekilde igbirligi halinde problem
kurma etkinliklerine dahil edilmesi s6zi edilen becerinin kazanilmasi agisindan onemli bir
potansiyel tagimaktadir. Bu baglamda, 6gretmen adaylarinin grup c¢alismasiyla kurduklari
problemlerin baglamsal 6zelliklerinin ortaya konulmasinin, bu konudaki mevcut duruma iligkin
bilgi sunmasi agisindan Onemli oldugu diisiiniilmektedir. Ancak alanyazinda matematik
Ogretmeni adaylarinin grup c¢alismasi kapsaminda baglamsal acidan nasil problemler
kurduklarma yonelik bir caligmaya rastlanmamistir. Buradan hareketle bu c¢alismada,
ilkdgretim matematik Ogretmeni adaylarinin grup c¢aligmasiyla kurduklari problemlerin
baglamsal agidan incelenmesi amacglanmistir. Calismanin amaci dogrultusunda belirlenen
problem ciimlesi “Matematik 6gretmeni adaylarinin grup ¢alismasiyla kurduklar1 problemlerde
baglamin tiirii nedir ve ger¢ek yasam baglamimin gercekciligi ne durumdadir?” seklindedir.

2. YONTEM

2.1. Arastirma Deseni

Arastirmada nitel arastirma yontemlerinden durum calismasi deseni kullanilmistir. Nitel
arastirmalar, olgu ve olaylarin nitel veri toplama teknikleriyle dogal ortamda gercekci ve
biitlinctil bir yaklagimla incelenmesine yonelik nitel bir siirecin izlendigi arastirmalardir
(Yildirim ve Simsek, 2021). Durum caligsmasi, belirli bir olgu, durum, ortam, sistem ya da
orgiitiin detayli ve derinlemesine betimlenmesi amaciyla kullanilan; ne, nasil ve nigin sorularma
yanit arayarak siireci anlamanin amaglandigi bir aragtirma desenidir (Glirbliz ve Sahin, 2018).
Bu aragtirmada, ilkdgretim matematik 6gretmeni adaylarinin grup calismasiyla kurduklari
problemlerin baglamsal agidan derinlemesine ve biitiinciil bir yaklasimla incelenebilmesi i¢in
durum c¢alismasi deseni kullanilmistir.

2.2. Katihmcilar

Nitel arastirmalarda amag¢ genellemeden ziyade biitiinciil bir resim elde etmek oldugundan
(Y1diz, 2017) c¢alisilan konunun derinlemesine ve tiim olas1 detaylariyla incelenmesi esastir
(Yiddirim ve Simsek, 2021). Genelleme yerine derinlik ve yogunlugun hedeflendigi nitel
aragtirmalarda amacgli Ornekleme yontemleri kullanilir (Sahan ve Uyangor, 2021) ve
aragtirmanin amacina uygun ozellikleri tasiyan birimler dérnekleme alinir (Sahin, 2023). Bu
calismada katilimcilar amacgh 6rnekleme yontemleri arasinda yer alan uygun ornekleme ile

belirlenmistir. Amagli 6rnekleme, ¢aliymanin amacma yonelik bilgi bakimindan zengin
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durumlarin derinlemesine incelenmesine imkan verir (Sahan ve Uyangdr, 2021). Uygun
ornekleme, arastrmacmin rahatlikla erisebilecegi orneklem elemanlarini se¢mesine imkan
tanidigidan (Ozen ve Giil, 2007) ve diger 6rnekleme tekniklerine gore ekonomik ve pratik
oldugundan (Baltaci, 2018) arastirmacilar tarafindan siklikla kullanilmaktadir.

Caligmanm katilimcilary, 2024-2025 egitim-6gretim yilinda I¢ Anadolu Bolgesi’ndeki bir
devlet iiniversitesinin ilkdgretim matematik dgretmenligi programinin son sinifinda 6grenim
goren 31 goniillii 68retmen adayindan olusmaktadir. Katilimcilarin belirlenmesinde ¢alismanin
amacina uygun ve kolay ulasilabilir bir 6rneklem secildigi i¢in uygun 6rnekleme kullanilmistir.
2.3. Veri Toplama Araci
Calismada veri toplama araci olarak arastirmaci tarafindan hazirlanan problem kurma etkinligi
kullanilmistir. Problem kurma etkinliginin c¢alismaya uygunluguna yonelik uzman goriisi
alinmigtir. Problem kurma etkinliginde bir adet yari-yapilandirilmis problem kurma durumu yer
almaktadir. Resim, grafik veya tablo gibi gorsel temsillerin kullanildig1 yari-yapilandirilmis
problem kurma etkinlikleri problemi kuran kisiye matematigi giinliik yasamla iligkilendirme
esnekligi sundugundan (Kilig, 2024) problem kurma durumu olarak bir sekle yer verilmistir.
Calismada veri toplama araci olarak kullanilan problem kurma etkinligi Sekil 1’de yer

almaktadir.

PROBLEM KURMA ETKINLIiGi

Asagida bir dikdortgenin icerisine iki kenarma teget olacak sekilde bir cember ¢izilmistir.

Bir matematik 6gretmeni derste ¢ozmek iizere yukaridaki sekli ¢oziimiinde kullanmay1
gerektiren bir problem kurmak istemektedir. Bu Ogretmenin yerinde oldugunuzu

diistinerek 8. smnif 6grencileri i¢in bir problem kurunuz.

Sekil 1. Caligmada veri toplama araci olarak kullanilan problem kurma etkinligi
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2.4. Verilerin Toplanmasi ve Analizi

Arastirmanin veri toplama silirecinde problem kurma etkinligi her biri 2 veya 3 6gretmen
adaymdan olusan toplam 11 gruba uygulanmis ve yanitlar yazili olarak toplanmistir. Ogretmen
adaylarina problemlerdeki baglam tiirii (matematiksel baglam/ger¢ek yasam baglami) ya da
baglamin gercekciligi hakkinda herhangi bir bilgi verilmeyip yonlendirici miidahalede
bulunulmamis; boylece problem kurma siireclerindeki dogal egilimlerinin ortaya ¢ikarilmasi
amaglanmigtir. Ogretmen adaylaridan problem kurma etkinligini grup iiyelerinin tamaminin
katilimiyla gerceklestirmeleri istenmis, siire kisitlamasi getirilmemistir. Gruplarin etkinligi
tamamlayip teslim etmeleri 15-20 dakika silirmiistiir. Arastrmanin veri toplama siireci
arastirmacilar tarafindan gergeklestirilmistir.

Arastirmada elde edilen verilerin analizinde betimsel analizden yararlanilmis; Nedaei,
Radmehr ve Drake’in (2022) calismalarinda kullandiklar1 baglamsal analiz g¢ercevesi esas
almmuistir. Analiz stirecinde oncelikle kurulan problemler, igerdigi baglam tiiriine gore “gercek
yasam baglam1” ve “matematiksel baglam” olarak smiflandirilmistir. Daha sonra gercek yasam
baglami igeren problemler, baglamin gercek¢i olup olmamasi agisindan degerlendirilmistir. Bu
degerlendirmede ger¢ek yasam baglami igeren problemde verilen ve ¢oziimde ulasilan
bilgilerin gercek hayata uygun olup olmadigina bakilmistir.

3. BULGULAR

Bu boliimde 6gretmen adaylarinin grup ¢alismasiyla kurduklar1 problemler baglamsal agidan
incelenmis; oncelikle problemlerdeki baglam tiirii belirlenmis, ardindan gergek yasam baglami
iceren problemlerin ger¢ekeilik durumlar1 degerlendirilmistir.

3.1. Problemlerin Baglam Tiiriiniin Belirlenmesi

Analiz sonucunda, 6gretmen adaylarindan olusan her bir grubun kurdugu problemin gercek
yasam baglami icerdigi belirlenmistir. Gruplar, problem kurma etkinligindeki matematiksel
yaptyl tamamen soyut sekilde vermek yerine bir hikaye i¢cinde vererek glinliik yasamla
iliskilendirmeye ¢alismislardir. Kurduklar1 problemleri giinliik hayatta karsilig1 olan bir durum
iizerinden kurgulamis; kisi, nesne ve durumlari gilinlik yasamdan se¢mislerdir. Ayrica
matematiksel islemler, problemlerde sunduklar1 baglamin igerisinde dogal bir gereklilik olarak
ortaya ¢ikmaktadr. Bu durum, 6gretmen adaylarmin grup caligmasiyla problem kurma

sirecinde gergek yasam baglami kullanma egiliminde olduklarini géstermektedir.
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3.2. Gercek Yasam Baglamlarinin Gerg¢ekcilik Durumunun Belirlenmesi

Gergek yasam baglami iceren problemler gercekeilik agisindan incelendiginde problemlerin
gercekei, kismen gercekci ve gercekei degil seklinde ii¢ farkli kategoride toplandigi
belirlenmistir.

Tablo 1. Problemlerin Baglamlarinin Gergekgilik Durumuna Gore Dagilimi

Baglamin Gerg¢ekcilik Durumu Katihmer Grubu f
Gergekgei G3, G7,G9, G10 4

Kismen gergekei G2, G4, G5, G6, G8, G11 6
Gergekei degil Gl 1

Tablo 1 incelendiginde, 68retmen adaylarinin grup c¢alismasiyla kurduklar1 problemlerin
gercekei, kismen gercekci ve gergekci degil olmak iizere ii¢ kategori altinda toplandigi
goriilmektedir. Problemlerin biiyiik bir kismmin kismen gercekci kategorisinde yer aldig1 (£=6),
buna karsilik daha az sayida problemin ger¢eke¢i (f=4) ve yalnizca bir problemin gercekei degil
(f=1) kategorisinde oldugu goriilmektedir.

3.2.1. Ger¢ekci Baglamlar

Bu problemlerde matematiksel yap1 ile baglam arasinda gii¢lii ve dogal bir iliski kurulmus,
baglamin ger¢ekeiligi saglanmistir. Baglaminin gercekei oldugu belirlenen bir problem asagida
verilmistir.

“Ali Bey, bahgesine tabani daire seklinde bir havuz yaptirmak istiyor. Bahge dikdortgen
seklindedir. Bahcenin uzun kenart 20 m, alani ise 160 m? dir. Bu bahcenin simirlarini
gecmeyecek sekilde yapilabilecek en biiyiik havuzun taban alanint bulunuz. (n=3 aliniz.)”

Dikdortgen seklindeki bahgenin igerisine, bahcenin sinirlarin1 gegmeyecek sekilde daire
sekilli en biiyiik havuzun yaptirilmasi gercekeidir. Problemde dikdortgen seklindeki bahgenin
uzun kenarinm 20 m, alaninim ise 160 m? oldugu verilmistir. Buradan kisa kenarin 8 m oldugu
bulunmaktadir. Verilen uzunluk 6l¢iileri, gercek hayattaki bir bahge i¢in gercekeidir.

3.2.2. Kismen Gerg¢ek¢i Baglamlar

Bu problemlerde baglam genel olarak gercek hayata uygun olmakla birlikte, baglamin
gercekeiligi kismen saglanmistir. Baglammin kismen gergek¢i oldugu belirlenen bir problem
asagida verilmistir.

“Bir futbolcu 6zel hazirlanmis bir kaleye sut ¢cekmektedir. Dikdortgen seklindeki kalenin
zeminine ve list diregine teget olacak sekilde bir cember konumlandirilmigtir. Bu kalenin kisa
diregi 4 metre, uzun diregi ise 6 metredir. Futbolcunun ¢ektigi sutun kaleye isabet ettigi

bilindigine gore sutun ¢emberin disina isabet etme olasilig nedir? (r=3 alimiz.)”
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Gergek hayatta kalenin i¢ine “iist dire§e ve zemine teget cember” yerlestirilmesi yapay bir
durumdur. Ogretmen adaylar1 bu ifadeyi sadece dikdortgen ve ¢emberden olusan geometrik
yapiy1 korumak adina eklemislerdir. Problemde 6zel olarak hazirlanmis kalenin uzun ve kisa
kenarlarinin sirasiyla 6 metre ve 4 metre oldugu verilmektedir. Kalenin kenar uzunluklari,
gercek bir kalenin olgtlerine tam olarak uygun olmasa da problem metninde yer alan “Bir

1

futbolcu ozel hazirlanmis bir kaleye sut ¢ekmektedir.” ciimlesinde yer alan “0zel olarak
hazirlanmis” ifadesi bir kalenin 6l¢giilerini karsilamas1 bakimimdan gergekgiligi yansitabilir.
3.2.3. Gerg¢ek¢i Olmayan Baglamlar

Bu problemlerde ger¢ek yasam baglami yer almasina ragmen bu baglamin ger¢ekei olmadig,
yapay ve kurgusal oldugu goriilmiistiir. Baglamimin gercekei olmadigi belirlenen bir problem
asagida verilmistir.

“Bir kosucu dikdortgen sekildeki sahada ¢cember olusturacak sekilde kosacaktir. Kosucu
sahanin en az iki kenarina degecek sekilde en fazla mesafeyi kosmak istemektedir. Sahanin
alan 70 m?, ¢evresi 34 metredir. O halde kosucu ka¢ metre kosmustur? (m=3 alimiz.) (Sahanin
kenar uzunluklar: tam sayidir.)”

Gergek hayatta bir kosucu “cember olusturmak i¢in” kosmaz, 6zellikle “dikdortgen sahada
cember olusturmak” oldukca yapay bir amagtir. Ogretmen adaylar1 kurduklar1 problemde
matematiksel kavrami (cember) gercek hayata yapay sekilde yerlestirmeye calismistir. Gergek
hayatta bir kosucunun dikdortgen sahada “en az iki kenara degecek” sekilde “en fazla mesafeyi”
kosmas1 olduk¢a yapay bir durumdur. Problemdeki “en az iki kenara degme” ve “en fazla
mesafe” gibi kisitlar ger¢ek hayatta anlamli bir davranisa karsilik gelmemektedir. Problemdeki
“...dikdortgen sekildeki sahada ¢ember olusturacak sekilde kosacaktir. Kosucu sahanin en az
iki kenarina degecek sekilde en fazla mesafeyi kosmak istemektedir...” ifadesi, “dikdortgen
icine cizilebilecek en biiyilk ¢ember” matematiksel ifadesinin baglamla Ortiilmiis halidir.
Problemde sahanin alaninin 70 metrekare, cevresinin ise 34 metre oldugu verilmektedir.
Problem ¢oziildiigiinde de sahanin uzun ve kisa kenarinin sirastyla 10 metre ve 7 metre oldugu
goriilmektedir. Problemde sahanin alani ve gevresi i¢in verilen sayilar ger¢ek hayattaki bir
sahanin Olciilerini karsilayamamaktadir. Cilinkii s6z konusu alan, gercek hayatta bir kosu
etkinligi i¢in oldukgca kii¢lik olup, baglamin ger¢ekciligini zayiflatmaktadir.

4. SONUC VE TARTISMA
Bu arastrmada ilkogretim matematik Ogretmeni adaylarmin grup caligmasiyla kurduklari
problemler baglamsal agidan incelenmistir. Arastirmadan elde edilen bulgular

degerlendirildiginde, ilkogretim matematik dgretmeni adaylarinin grup caligmasiyla problem
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kurma siirecinde gercek yasam baglami kullanma egiliminde olduklari ancak kurulan
problemlerin 6nemli bir kisminda ger¢ekgiligin tam olarak saglanamadig1 goriilmiistir.

Ogretmen adaylarindan olusan gruplarin tamaminmn kurdugu problemlerin gercek yasam
baglami igcermesi, arastirmanin dikkat cekici bulgularindan biridir. Bu durum, 6gretmen
adaylarinin grup calismasiyla gercek yasam baglami igeren problemler kurmada basarili
oldugunu gostermektedir. Ayrica Ogretmen adaylarinin matematigi glinliik yasamla
iligkilendirmeyi problem kurma baglaminda yapabildigi, bu konuda farkindaliga sahip oldugu
gOrulmektedir. Matematik Ogretiminde gergek yasam baglantilarinin 6nemini vurgulayan
calismalar (Gainsburg, 2008; Umay, 2007) dikkate alindiginda, bu bulgu olumlu bir durum
olarak degerlendirilebilir.

Bunun yani sira problemlerin biiyiik bir kisminda baglamin kismen gercek¢i olmasi ya da
gercekei olmamasi, 6gretmen adaylarmin kurduklarit problemlerde baglamm gercekeiligini
saglamada zorlandiklarmi gdstermektedir. Ozellikle, “teet ¢ember” gibi matematiksel
kavramlarm dogrudan baglama dahil edilmesinin baglamin gercekeiligini yitirmesine yol actig1
goriilmiistlir. Bu durum, 6gretmen adaylarinin problem kurma siirecinde matematiksel yapidan
hareketle baglam olusturduklarmi, baglamin kurgusal ve yapay kaldigin1 gostermektedir. Bu
bulgu, 6gretmen adaylarinin problem kurarken matematiksel yapiyr 6n planda tuttuklarini
ortaya koyan calismayla da (Cai, 2003) ortiismektedir. Ote yandan, bazi problemlerde
matematiksel yap1 ile baglam arasinda daha giiglii ve dogal bir iliski kuruldugu gorilmiistiir.
Bu problemlerde matematiksel islemler baglamin dogal bir gereksinimi olarak ortaya
¢iktigindan problem gergekeilik agisindan daha anlamli hale gelmektedir.

Genel olarak degerlendirildiginde, 6gretmen adaylarimm grup ¢alismasiyla problem kurma
siirecinde gergek yasam baglam tercih ettikleri ancak bu baglamlarin gergekeiligini saglama
konusunda gelismeleri gerektigi soylenebilir. Bu durum, 6gretmen egitimi siirecinde problem
kurma becerisinin yalnizca gercek yasam baglami icerip icermeme boyutuyla degil, baglamsal
gercekeilik boyutuyla da ele alinmasi gerektigini ortaya koymaktadir.
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OZET

Glinlimiizde bilim ve teknoloji alaninda yasanan hizli gelisim ve degisimler zihnimizi dogrudan
etkilemekte ve bu durum zihnimizi iist diizeyde gelistirmeye zorlamaktadir. Bu siirecte zihinsel
becerilerin 6nemi 6n plana ¢ikmakta; bu beceriler igerisinde zihnin 6nemli bir islevi ve ayni
zamanda gelistirilebilir bir becerisi olarak ifade edilen diisiinme, bireyin bilgiye ulagsma,
yorumlama ve yeni durumlara uyum saglama siireclerinde belirleyici bir rol istlenmektedir. Bu
dogrultuda diistinme becerisi farkli sekillerde ele alinmakta olup elestirel diisiinme, yaratici
diisiinme, analitik diisiinme, yansitic1 diisiinme ve empatik diisiinme gibi ¢esitli boyutlar
icermektedir. Bu diisiinme tiirleri igerisinde empatik diisiinme, bireyin yalnizca kendi bakis
acistyla smirli kalmayarak baskalarmin duygu, diisiince ve perspektiflerini anlayabilmesini
saglamasi agisindan ayr1 bir dneme sahiptir. Ozellikle egitim ortamlarinda empatik diisiinme,
ogretmenlerin 0grencilerini daha iyi tanimalarina, onlarin ihtiyaglarmi anlamalarina ve
O0grenme siireclerini daha etkili bir sekilde diizenlemelerine katki sunmaktadir. Bu yoniiyle
empatik diisiinme, 6gretmenlik mesleginin yalnizca bilissel degil, ayn1 zamanda sosyal ve
duyugsal boyutunu da giiclendiren temel becerilerden biri olarak degerlendirilmektedir.
Buradan hareketle, gelecegin 6gretmenleri olan 6gretmen adaylarinin diisiinme ve empatik
diistinme kavramlarma iliskin sahip olduklar1 algilarin ortaya konulmasmm 6nemli oldugu
diisiiniilmektedir. Bu dogrultuda bu ¢aliymada matematik 6gretmeni adaylarmin diisiinme ve
empatik diistinme kavramlarina iligkin goériislerinin incelenmesi amaclanmistir. Arastirmada,
nitel arastirma yaklasimlarindan biri olan olgubilim deseni tercih edilmistir. Arastirmanin
calisma grubunu 2025-2026 egitim-6gretim yilinda bir devlet iiniversitesinin matematik
ogretmenligi programimin son smifinda 6grenim goren 41 ogretmen aday1 olusturmaktadir.

Arastirma kapsaminda veri toplamak amaciyla iki sorudan olusan bir goriis formu hazirlanmais;
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elde edilen veriler icerik analizi yaklasimi dogrultusunda c¢oziimlenmistir. Bulgular
degerlendirildiginde, matematik 6gretmeni adaylarinin diisinme kavrammi agirhikli olarak
anlamlandirma, yorumlama ve zihinsel silire¢ boyutlariyla ele aldiklari; empatik diisiinmeyi ise
biiyiik olglide kendini bagkasinin yerine koyma seklinde algiladiklart goriilmiistiir. Bununla
birlikte, empatik diislinmenin duyussal ve davranigsal boyutlarina iliskin ifadelerin smirl
olmasi, 6gretmen adaylarinin bu kavrama yonelik algilarinin gelistirilmesi gerektigine isaret
etmektedir.

Anahtar kelimeler: Diisiinme, empatik diisiinme, matematik 6gretmeni adaylar1

PRE-SERVICE MATHEMATICS TEACHERS’ VIEWS ON THE CONCEPTS OF
THINKING AND EMPATHIC THINKING
ABSTRACT

In today’s world, the rapid and ongoing developments and changes in science and technology
directly affect our minds, compelling them to develop at a higher level. In this process, the
importance of mental skills comes to the fore; among these skills, thinking defined as an
important function of the mind and at the same time a developable skill plays a decisive role in
individuals’ processes of accessing information, interpreting it, and adapting to new situations.
In this regard, thinking skills are addressed in various ways and encompass different dimensions
such as critical thinking, creative thinking, analytical thinking, reflective thinking, and empathic
thinking. Among these types of thinking, empathic thinking holds particular importance as it
enables individuals to go beyond their own perspective and understand others’ feelings,
thoughts, and viewpoints. Especially in educational settings, empathic thinking contributes to
teachers’ ability to better understand their students, recognize their needs, and organize learning
processes more effectively. In this respect, empathic thinking is considered one of the
fundamental skills that strengthens not only the cognitive but also the social and affective
dimensions of the teaching profession. Based on this, it is considered important to reveal the
perceptions that pre-service teachers, as the teachers of the future, hold regarding the concepts
of thinking and empathic thinking. Accordingly, this study aims to examine pre-service
mathematics teachers’ views on the concepts of thinking and empathic thinking. In this study,
the phenomenological design, one of the qualitative research approaches, was preferred. The
study group of the research consists of 41 pre-service teachers enrolled in the final year of a
mathematics teacher education program at a state university in the 2025-2026 academic year.
Within the scope of the study, a two-question interview form was prepared to collect data; the
obtained data were analyzed in line with the content analysis approach. When the findings were

evaluated, it was found that pre-service mathematics teachers predominantly conceptualized
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thinking in terms of meaning-making, interpretation, and mental processes, while they largely
perceived empathic thinking as putting oneself in another’s place. However, the limited
expressions related to the affective and behavioral dimensions of empathic thinking indicate
that pre-service teachers’ perceptions of this concept need to be further developed.

Keywords: Thinking, empathic thinking, pre-service mathematics teachers

1. GIRIS

Diisiinme, bireyin bilgiyi anlama, iliskilendirme, sorgulama ve yeni bilgiler Gretme sureglerinin
temelini olusturan karmasik zihinsel etkinliktir (Glines, 2023). Bu yoniiyle diisiinme, yalnizca
biligsel bir siire¢ olmanin Otesinde, bireyin cevresiyle etkilesimini anlamlandirmasini ve
karsilastigi durumlara uyum saglamasmi miimkiin kilan temel bir beceri olarak ©ne
ctkmaktadir. Antik ¢aglardan giiniimiize kadar farkli disiplinler tarafindan ele alinan diisiinme
kavrami, zaman igerisinde farkli boyutlariyla tanimlanmis ve kavramin bireyin 6grenme
stireclerindeki merkezi roli vurgulanmistir (Elder & Paul, 2004; Yilmaz 2018). Dewey’e
(2004) gore hissedilen bir zorlukla baslayan diisiinme eylemini kapsamayan higbir anlamli
yasant1 yoktur. Tiirk Dil Kurumu diisiinme kavramini, karsilastirma yapma, ayirma, birlestirme,
baglantilar1 ve bi¢imleri kavrama yetisi, bir konu hakkinda akil yiiriitme, muhakeme yapma,
akildan gecirme ve hayal etme seklinde agiklamaktadir (TDK, 2026). Bu kapsamda
bakildiginda diistinme; sorgulama, anlama, 6grenme, akil yiiriitme, kavrama, analiz ve sentez
gibi ¢esitli siire¢ ve islemleri kapsayan ¢ok boyutlu bir kavramdir.

Diisiinmenin ¢ok boyutlu yapisi, bu becerinin farkli tiirler ve boyutlar ¢ergevesinde ele
almmasimi gerekli kilmaktadir. Bu dogrultuda diisiinme; elestirel diistinme, yaratici diisiinme,
analitik diistinme, yansitic1 diisiinme, iist bilissel diisiinme ve empatik diisiinme gibi ¢esitli
tiirler altinda incelenmektedir. Bu diistinme tiirleri igerisinde empatik diisiinme, kendisini
baskasinin yerine koyarak, karsisindakinin duygu ve diislincelerini anlamaya calisma seklinde
ifade edilmektedir (Ekinci & Aybek, 2010; Gokalp, 2024). Empatik diisiinme bireyin yalnizca
kendi bakis acisiyla smnirli kalmayarak baskalarinin duygu, diisiince ve perspektiflerini
anlayabilmesini saglamas1 a¢isindan ayr1 bir dneme sahiptir. Empatik diisiinme, bireyin farkli
bakis acilarini dikkate alarak olaylar1 degerlendirmesine, kisiler arasi etkilesimlerini
giiclendirmesine ve daha saglikli iletisim kurmasina katki sunmaktadir. Bu yoniiyle empatik
diistinme, Ozellikle egitim ortamlarinda dgretmenlerin 6grencilerini daha iyi anlamalarina,
onlarmn ihtiyaglarma duyarl yaklagmalarina ve 6grenme siireclerini daha etkili bir sekilde
diizenlemelerine olanak taniyan temel bir diisiinme becerisi olarak degerlendirilmektedir. Bu

baglamda, empatik diislinmenin Ogretmenlik meslegi agisindan tasidigi 6nem dikkate
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alindiginda, 6gretmen adaylarmin bu kavrami nasil algiladiklar1 ve nasil anlamlandirdiklari
onemli bir arastirma konusu haline gelmektedir. Ogretmen adaylarinmn diisiinme ve empatik
diisinme kavramlarina yiikledikleri anlamlarin ortaya konulmasi, bu becerilerin 6gretmen
yetistirme siirecinde nasil ele alindigmna iliskin énemli ipuglar1 sunmaktadir. Bu kavramlarin
Ogretmen adaylar1 tarafindan nasil kavramsallastirildiginin belirlenmesi, hem 6gretmen egitimi
programlarinin gelistirilmesine katki saglayacak hem de 6gretim siireclerinin daha nitelikli hale
getirilmesine yonelik bir temel olusturacaktir. Bu dogrultuda, arastrmanm amaci matematik
O0gretmeni adaylarmim diisinme ve empatik diistinme kavramlarina iligkin goriislerini
incelemektir.

2. YONTEM

2.1. Arastirma deseni

Arastirmada, nitel arastirma yaklagimlarindan olgubilim deseni benimsenmistir. Olgubilim
deseni, bireylerin farkinda olduklar1 ancak derinlemesine ve ayrintili bigimde kavrayamadiklar
olgularin incelenmesine odaklanmaktadir (Yildirnrm & Simsek, 2018). Bu desende veri,
arastirmanin merkezinde yer alan olguyu deneyimleyen ve bu deneyimlerini ifade edebilen
bireylerden ya da gruplardan toplanmaktadir (Biylikoztirk vd., 2018). Bu dogrultuda,
matematik 6gretmeni adaylarinin diisiinme ve empatik diisiinme kavramlarina iligkin alg1 ve
anlamlandirma bigimlerini ortaya koymayi amacglayan bu arastirmada, ¢alismanin dogasina
uygun olarak olgubilim deseni tercih edilmistir.

2.2. Cahisma grubu

Arastirmanin ¢alisma grubunu 2025-2026 egitim-6gretim yilinda bir devlet iiniversitesinin
matematik O6gretmenligi programmin son smifinda 6grenim goren 41 Ogretmen adayi
olusturmaktadir. Calisma grubunun belirlenmesinde seckisiz olmayan Ornekleme
yontemlerinden uygun ornekleme yontemi kullanilmistir. Uygun Ornekleme yodnteminde
mevcut, goniillii veya kolaylikla erisilebilen bireyler ornekleme dahil edilir (Johnson &
Christensen, 2014). Bu arastrma, arastirmacilardan birinin gorev yaptig1 iiniversitenin
matematik 6gretmenligi programimin dordiincii sinifinda 6grenim goren dgretmen adaylar ile
yuriitiildiiglinden, caligmanin dogasmna uygun olarak uygun Ornekleme yoOntemi tercih
edilmistir.

2.3. Veri toplama araci ve verilerin analizi

Arastirmada veri toplama amaciyla iki sorudan olusan bir goriis formu hazirlanmis; elde edilen
veriler icerik analizi yaklasimi dogrultusunda ¢oziimlenmistir. Icerik analizi, verilerin

toplanmasiyla baglayan, kodlarin olusturulmas: ve kategorilerin gelistirilmesi siireclerini
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iceren; elde edilen verilerin arastirmact tarafindan sistematik bicimde ¢ozimlenip
anlamlandirildig1 bir analiz yaklagimidir (McMillan & Schumacher, 2010). Bu siiregte, benzer
Ozellikler gosteren veriler belirli kavramsal c¢ergeveler altinda bir araya getirilerek
diizenlenmekte ve anlasilir ve tutarh bir bigimde sunulmaktadir (Yildirim & Simsek, 2018). Bu
dogrultuda, goriis formundan elde edilen veriler kodlanmis, olusturulan kategoriler bulgular
boliimiinde ayrmtili olarak sunulmustur.

3. BULGULAR

Bu boéliimde goriis formunda yer alan sorularin analizinden elde edilen bulgulara yer verilmistir.
Formda Ogretmen adaylarma ilk olarak “Diisiinme nedir? sorusu yoneltilmis, adaylarin bu
soruya vermis olduklar1 cevaplarin analizinden elde edilen bulgular Tablo 1’de sunulmustur.

Tablo 1. Matematik 6gretmeni adaylarmin “diisiinme” kavramina iliskin gortisleri

Kategori Katilimci f Kod Katihmc1 f
Anlamlandirma ve Ql, (")_7, 08, 010, 023, 7
yorumlama 029, 036

. 61, 65,07, 08, 010,
Bilgi isleme ve 014, 018,023,027, 15

~ ~ ~ > Probl 0 014, 27, 024, O2
anlam olusturma 024, 629, 635, 036, ol . oag OB
540, 041 ¢
Fikir Uretme 05, 018, 035, 041 4

08 (")_2].6, OgO, 022,
Zihinsel / bilissel sireg O30, O31, 032, 036, 9

040
Zihinsel stireg / 05, 08, 012, 013,
- . 016, 020,022,030, 12  Siireklilik (siirekli o o
bilissel faaliyet 031, 032, 036, 040 siirec) 08, 020, 036 3
Istemli / istemsiz 05 012, 013 3
gerceklesme
Fikir yiriitme 09, 027, 039 3
Sorgulama ve 03, 09, 018, 021, 5 Sorgulama 03, 021 2
degerlendirme 027, 039
Kafar verme/ O18, O21 9
degerlendirme
Giinliik yagam ve
Giinliik deneyimle 04, 010, 017, 036 4
uniuk yasam ve ¢, 910, 617, 631, iliskilendirme
durumsal = 5
. 036
deneyimler b 1 bazl
urumsal baglama OlO, 031 2

gore diigiinme

Tablo 1 incelendiginde, matematik Ogretmeni adaylarmm “diisiinme” kavramina iliskin
goriiglerinin dort temel kategori altinda toplandigi goriilmektedir. Katilimcilarm biiyiik bir

kismu1 diisinmeyi “bilgi isleme ve anlam olusturma” siireci kapsaminda ele almis; 6zellikle
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anlamlandirma ve yorumlama, problem ¢dzme ve sonuclandirma ile fikir {iretme boyutlar1 6n
plana ¢ikmistir. Bununla birlikte, diisiinme kavramimin “zihinsel siire¢/biligsel faaliyet™ olarak
ifade edildigi ve bu siirecte siireklilik ile istemli ya da istemsiz gergeklesme 6zelliklerinin
vurgulandigi goriilmektedir. Katilimcilarin bir kismi diisiinmeyi sorgulama, fikir yiiriitme ve
degerlendirme siiregleriyle iliskilendirirken, daha smirli sayida katilimcmin ise diistinmeyi
giinliilk yasam ve deneyimler ve durumsal baglama gore diisiinme ile iligkilendirdigi dikkat
cekmektedir.

Gorilis formunda Ogretmen adaylarma ikinci olarak “Empatik diisiinme nedir?” sorusu
yoneltilmis, adaylarin bu soruya vermis olduklar1 cevaplarin analizinden elde edilen bulgular
Tablo 2’de sunulmustur.

Tablo 2. Matematik 6gretmeni adaylarmin “empatik diisiinme” kavramina iliskin gorisleri

Kategori Katilimci f Kod Katihmc1 f
01, 02, 03, 05, 07,
01, 02, 03, 05, 06, 09, 010, 011, 012,
07, 08, 09, 010, 011, 013, 014, 015, 016,

018, 019, 020, 021,
022, 023,024,025, 37
026, 027, 028, 029,

012, 013, 014, 015,
(?16, (?17, (?18, ng,
Perspektifalma 020, 021, 022, 023,

Kendini baskasinin
yerine koyma

ve yerine koyma 024, 025, 026, 027, 40 030, 031, 032, 033,
028, 029, 030, 031, 034, 035, 036, 037,
Q32, Q33, Q34, Q35, 038, 039, 040, 041
(36, 037, 038, 039, Baskasmin bakis 06, 08, 017, 033,
040, 041 e = 5
agisindan diistinme 041
Duygular1 anlama 8;16012’ 017, 022, 5
Duyussal anlama (:':)4, C)fS, Ol?, (")]...7, 8
ve hissetme 018, 022, 025 030 Duygular1 hissetme / 36. O18. O25 3
paylasma ' '
Duruma gore R
Durumu degerlendirme 03, 09, 021 3
Ssgzﬂ"t‘gg}(ﬁm" e (3, 04,09, 015, 021 5
0 Uygun tepki / davranis =~ » , =
gelistirme gelistirme 04, 015 2

Tablo 2 incelendiginde, matematik Ogretmeni adaylarmm empatik diisiinme kavramina
iliskin goriislerinin li¢ temel kategori altinda toplandig1 goriilmektedir. Katilimeilarin neredeyse
tamami empatik diisiinmeyi “perspektif alma ve yerine koyma” kategorisi kapsaminda ele
almis; Ozellikle kendini bagkasinin yerine koyma kodunun belirgin bigimde 6n plana ¢iktig1
dikkat cekmektedir. Bununla birlikte, daha smirli sayida katilimcmm empatik diistinmeyi
baskasimin bakis agisindan diisiinme seklinde ifade ettigi goriilmektedir. Empatik diistinmenin

duyussal boyutuna iliskin olarak, katilimcilarin bir kismi bagkalarmin duygularini anlama ve
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hissetme boyutlarma vurgu yaparken, bu tiir ifadelerin daha sinirli kaldigi anlagilmaktadir.
Ayrica, empatik diisiinmenin durumu degerlendirme ve uygun tepki gelistirme boyutuna iligkin
gorislerin de sinirli sayida katilimer tarafindan dile getirildigi goriilmektedir.

4. SONUC ve TARTISMA

Aragtirmadan elde edilen bulgular degerlendirildiginde, matematik Ogretmeni adaylarmin
diistinme kavramimi agirlikli olarak bilgi isleme ve anlam olusturma siireci ¢er¢evesinde ele
aldiklarini gostermektedir. Ogretmen adaylarmin diisiinmeyi anlamlandirma, yorumlama,
problem ¢6zme ve fikir iiretme gibi bilissel siireglerle iligkilendirmeleri, diisiinmenin zihinsel
bir etkinlik olarak kavramsallastirildigini ortaya koymaktadir. Bu durum, diistinmenin bilgi
isleme, anlam olusturma ve problem ¢6zme siire¢lerini kapsayan biligsel bir yap1 olduguna
yonelik literaturle paralellik gostermektedir (Anderson & Krathwohl, 2001; Elder & Paul, 2024;
Giines, 2023). Bununla birlikte, diisiinmenin siireklilik gosteren ve kimi zaman istemli kimi
zaman istemsiz gergeklesen bir slirec olarak ifade edilmesi, 6gretmen adaylarmin diistinmenin
dogasma iligkin belirli bir farkindaliga sahip olduklarma isaret etmektedir. Bu bulgu
diisinmenin bilingli ve bilingdis1 siirecleri birlikte iceren bir yapi oldugunu vurgulayan
calismalarla da ortiismektedir (Baserer, 2017; Yimaz, 2020). Ote yandan, diisiinmenin
sorgulama, degerlendirme ve giinliik yasamla iliskilendirme boyutlarina yonelik ifadelerin daha
smirli kalmasi, 6gretmen adaylarinin diisiinme kavramini daha ¢ok bilissel ve siire¢ odakli bir
bakis agisiyla ele aldiklarmi, ancak diisiinmenin elestirel ve baglamsal yonlerine iliskin
algilarmin gorece smirli oldugunu diistindiirmektedir. Bu durum, o6gretmen adaylarmin
diistinme becerilerini ¢ok boyutlu bir yapi igerisinde ele almalarina yonelik desteklenmesi
gerektigini ortaya koymaktadir.

Matematik O0gretmeni adaylarmnin empatik diistinmeye iliskin diisiincelerine ait bulgular
incelendiginde ise, adaylarmm bu kavrami biiyiik 6l¢iide kendini bagkasinin yerine koyma
cergevesinde ele aldiklarini gdstermektedir. Ogretmen adaylarinm énemli bir kisminm empatik
diisiinmeyi yalnizca perspektif alma boyutuyla tanimlamalari, bu kavramin daha ¢ok bilissel
yoniiyle algilandigini diisiindiirmektedir. Bu bulgu, empatiyi baskasmin bakis acisin1 anlama
slireci olarak ele alan yaklasimlarla 6rtiismektedir (Ekinci & Aybek, 2010; Gokalp, 2024). Buna
karsilik, empatik diisiinmenin duyussal boyutunu olusturan bagkalarmin duygularini anlama ve
hissetme ile davranigsal boyutunu igceren duruma uygun tepki gelistirme siireglerine yonelik
ifadelerin daha sinirl kalmasi, 6gretmen adaylarinin empatik diisiinmeyi ¢cok boyutlu bir yap1

icerisinde ele almakta zorlandiklarini ortaya koymaktadir. Bu durum, empatik diisiinmenin
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bilissel, duyussal ve davranigsal boyutlarii kapsayan biitiinciil yapismin 6gretmen adaylari
tarafindan yeterince igsellestirilmedigine isaret etmektedir.
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INNOVATIVE STRATEGIES FOR ENHANCING NITROGEN EFFICIENCY IN
AGRICULTURE
ELABBARI Chaimaa', Pr. Labjar Najoua?, Ouijdane El ouali®, EL BOUZIDI Ahmed*,
ZINAOUI Badre®, Pr.EL Hajjaji souad*
LS3MN2E-CERNE2D, Faculty of Sciences, Mohammed V University in Rabat

Abstract

In agriculture, soil and water pollution by nitrates is significantly exacerbated by the excessive
use of nitrogen fertilizers, which can lead to major environmental impacts such as
eutrophication, groundwater contamination, and health risks.

Several strategies have been developed to address these issues by reducing nitrogen inputs
while improving nitrogen use efficiency and maintaining agricultural productivity.

These strategies include adjusting fertilizer application rates, using slow-release fertilizers,
applying precision fertilization tailored to crop needs, introducing nitrogen-fixing crops such
as legumes, practicing crop rotation, and improving agricultural techniques.

These approaches not only help limit nitrogen losses to the environment but also enhance the
quality of agricultural products and reduce costs for farmers. They form part of a broader effort
to ensure the sustainability of agricultural systems in the face of climate change, balancing
productivity, environmental protection, and resilience.

Keywords
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fertilization, Sustainable agricultura, Environmental protection, Climate change resilience
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ABSTRACT

Carbon nanotubes (CNTs) are widely used in a variety of fields to produce a diversity of
products, including hydrogen storage systems, and field emitters. In the proposed study, CNTs
synthesized via biochar under the microwave irradiation method. In this method, the
combination of charcoal and ferrocene are used to synthesize CNTs from the biochar approach.
Biochar samples for CNTs synthesis are made from pyrolyzed agro-industrial waste such as
rapeseed cake, hazelnut hulls, wheat straw, and oat hulls at different temperatures. The biochar
was produced from agro-industrial biomass. During experiments, 100g of biomass was placed
in a microwave reactor. The samples were pyrolyzed at 400 °C to 600°C. SEM analysis was
used to confirm the morphology of CNTs. SEM micrographs revealed the perfect structure of
multiwall carbon nanotubes, while interlayers spacing was changed due to variation of catalysts
and measured about 0.34nm. Further, the optical properties were examined by UV-visible
spectroscopy. In the UV, one band is clear at 240 nm region due to resonance of nanotubes pi(r)
electrons of carbon nanotubes. XRD was used to analyze the glassy structure of prepared CNTs
under microwave revealed that the creation and growth of CNTs were mostly influenced by
microwave irradiation and the ferrocene catalyst. The structure of CNTs was developed under
microwave heating and in the presence of ferrocene catalyst. To research how nitrogen
impurities adhere to CNTs, FTIR experiments were conducted in the 400—4000 cm™ range. The

sample's FTIR spectra exhibit prominent peaks that correspond to C-H and C=C, respectively.
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ABSTRACT

This article presents a comprehensive analysis of academic freedom as a foundational principle

in higher education throughout the 21st century. Tracing its historical evolution from early

Enlightenment-era formulations to contemporary global discourses, the study delineates

prevailing theoretical frameworks that inform understandings of autonomy, epistemic authority,

and institutional agency. Attention is given to comparative legal frameworks across varied
geopolitical contexts, including international covenants, national constitutions, and institutional
governance codes that articulate protections and constraints on academic expression and
inquiry. The analysis identifies and critically engages with emergent challenges to academic
freedom—such as market-driven reforms, political instrumentalization of curricula,
surveillance technologies, and pressures associated with performative metrics in research and
teaching. A key focus is the paradox of academic proficiency: the simultaneous expansion of
global higher education access and standards with escalating restrictions on critical inquiry and
dissent. The study emphasizes the tension between institutional accountability and the
preservation of independent scholarly judgment, highlighting how performance-based
assessments, international ranking systems, and funding conditionalities increasingly influence
academic decision-making. In addition, the article explores the sociocultural and ethical
dimensions of academic freedom, examining how ideologies, social expectations, and political
pressures intersect with the professional autonomy of faculty and researchers. Multidisciplinary
perspectives—including legal studies, educational theory, sociology of knowledge, and policy
analysis—are integrated to provide a holistic understanding of the current state of academic
freedom worldwide. Furthermore, the study interrogates the implications of emerging digital
and technological environments on academic freedom, including the use of artificial
intelligence in monitoring teaching and research, digital surveillance of scholarly

communications, and the global dissemination of knowledge in online platforms. Through
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systematic review and critical synthesis of literature, the article elucidates structural, regulatory,
and cultural barriers to academic autonomy while proposing actionable strategies to reinforce
institutional safeguards, enhance faculty agency, and promote a resilient culture of free inquiry.
Ultimately, this work underscores that protecting academic freedom is not merely a legal or
administrative task but a multidimensional endeavor essential to sustaining innovation, critical
thinking, and the ethical mission of higher education in an increasingly interconnected and
politically complex world.

KEYWORDS

Academic freedom; institutional autonomy; scholarly liberty; higher education governance;
Paradox of Performance; metric-based discrimination; bibliometrics; Google Scholar; h-index;
INTRODUCTION

Imperative of Academic Freedom in Contemporary Scholarship

Academic freedom, widely recognized as a cornerstone of higher education, represents both an
enduring principle and a contested concept within contemporary scholarly discourse. Its
significance extends beyond mere institutional policy, embodying a normative and ethical
commitment to the unrestricted pursuit of knowledge, intellectual inquiry, and the open
exchange of ideas. In the 21st century, academic freedom faces complex challenges arising
from political, social, technological, and economic transformations, which necessitate a
reexamination of its historical evolution, theoretical underpinnings, and contemporary
manifestations. This study seeks to provide a comprehensive and systematic analysis of
academic freedom, tracing its conceptual development, legal codification, and
operationalization within diverse higher education systems worldwide. By integrating
multidisciplinary perspectives, including historical scholarship, legal studies, educational
theory, and policy analysis, this work aims to elucidate the paradoxical tension between
expanding academic opportunities and the growing constraints on scholarly autonomy in
contemporary global higher education.

Historically, the origins of academic freedom can be traced to the intellectual currents of the
European Enlightenment, where philosophers and educators advocated for the liberty of
reasoned discourse, empirical investigation, and critical examination of established knowledge.
Early manifestations of academic freedom were closely linked to the autonomy of universities
from ecclesiastical and state interference, enabling scholars to pursue inquiry without fear of
sanction. The 19th and 20th centuries witnessed the formalization of these principles through

the establishment of institutional charters, academic statutes, and professional codes of ethics,
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reflecting an evolving recognition of the moral and societal value of free inquiry. This historical
trajectory reveals that academic freedom is neither static nor universally defined; rather, it is
shaped by sociopolitical contexts, cultural norms, and evolving understandings of the role of
knowledge in society. The Enlightenment-era conceptualization emphasized individual
intellectual liberty and the pursuit of truth, while modern frameworks increasingly incorporate
collective responsibilities, accountability to society, and the ethical dimensions of scholarship.
Understanding this historical evolution provides essential context for analyzing contemporary
debates and policy decisions surrounding academic freedom.

The theoretical foundations of academic freedom encompass multiple dimensions, including
epistemological, sociological, and ethical considerations. Epistemologically, academic freedom
is grounded in the principle that knowledge generation requires an environment in which
inquiry is free from coercion, censorship, or undue influence. This perspective underscores the
role of intellectual autonomy in fostering critical thinking, innovation, and the development of
evidence-based knowledge. Sociologically, academic freedom reflects the interaction between
higher education institutions, faculty, students, and broader societal structures, emphasizing the
social responsibilities inherent in the production and dissemination of knowledge. Ethical
frameworks highlight the moral imperative of protecting academic freedom, recognizing that
the suppression of scholarly inquiry not only impedes intellectual advancement but also
undermines democratic engagement, social justice, and public trust in educational institutions.
Collectively, these theoretical perspectives provide a comprehensive lens through which to
examine the principles, tensions, and challenges that define academic freedom in contemporary
higher education.

Legal frameworks play a central role in codifying and safeguarding academic freedom, yet they
vary significantly across national and institutional contexts. International instruments, such as
the Universal Declaration of Human Rights and the International Covenant on Economic,
Social, and Cultural Rights, articulate the rights of individuals to freedom of thought,
expression, and access to education, which underpin the concept of academic freedom. At the
national level, constitutional provisions, statutory regulations, and judicial precedents establish
the scope, limitations, and enforcement mechanisms for protecting scholarly autonomy.
Institutional governance structures, including university charters, academic codes of conduct,
and faculty regulations, operationalize these legal principles, defining the rights and
responsibilities of academics within specific organizational contexts. Comparative analysis

reveals that while legal frameworks provide formal protection, their implementation and
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effectiveness are contingent upon political will, institutional culture, and broader societal
norms. In some jurisdictions, robust legal safeguards coexist with informal pressures that limit
the exercise of academic freedom, highlighting the complex interplay between formal rights
and practical realities.

Contemporary higher education reforms, driven by globalization, marketization, and
technological innovation, present both opportunities and challenges for academic freedom. On
one hand, increased international collaboration, digital knowledge networks, and access to
global educational resources expand the reach and impact of scholarly inquiry. On the other
hand, pressures associated with performance metrics, ranking systems, funding conditionalities,
and policy-driven accountability may constrain intellectual autonomy, standardize curricula,
and incentivize conformity over critical engagement. These tensions are further complicated by
political and ideological interventions in higher education, including the use of academic
institutions as instruments of state policy or cultural agendas. The rapid adoption of digital
surveillance, data-driven assessment, and artificial intelligence in monitoring research and
teaching practices introduces additional ethical and operational considerations, raising
questions about privacy, autonomy, and the conditions necessary for truly independent
scholarship. In this context, academic freedom must be understood not as an abstract principle
but as a dynamic and contingent feature of higher education ecosystems, shaped by intersecting
forces of governance, policy, technology, and societal expectation.

A central paradox of academic proficiency emerges from the juxtaposition of expanding access,
standardization, and performance-oriented evaluation with increasing constraints on critical
inquiry and scholarly autonomy. While higher education institutions worldwide strive to
enhance quality, ensure accountability, and achieve global competitiveness, these efforts often
produce environments in which the metrics of success are narrowly defined, privileging
measurable outputs over intellectual exploration. This paradox raises critical questions about
the relationship between professional development, institutional prestige, and the exercise of
academic freedom. The pressure to conform to standardized evaluation criteria, pursue
externally funded research agendas, or align with political imperatives can undermine the very
intellectual autonomy that higher education seeks to cultivate. At the same time, the
proliferation of interdisciplinary programs, global research collaborations, and innovative
pedagogical models provides opportunities to reconcile performance standards with the
protection of independent inquiry, illustrating the complex and context-dependent nature of

academic freedom in contemporary higher education.
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This study adopts a multidisciplinary and integrative approach to analyze the multifaceted
dimensions of academic freedom. Drawing on historical scholarship, comparative legal
analysis, educational theory, policy evaluation, and empirical literature, it examines the
institutional, societal, and technological factors that shape the exercise of academic freedom.
Special attention is given to the role of governance structures, accountability mechanisms, and
ethical considerations in mediating the relationship between scholarly autonomy and
institutional imperatives. The study further explores the implications of academic freedom for
knowledge production, innovation, democratic engagement, and social justice, highlighting the
ethical and practical stakes of protecting this foundational principle. By situating academic
freedom within a global context, the analysis illuminates the ways in which diverse
sociopolitical environments, cultural norms, and institutional policies influence both the
opportunities and constraints faced by scholars in exercising intellectual autonomy.

An academic freedom in the 21st century constitutes a complex, multidimensional, and
contextually contingent phenomenon, whose importance extends far beyond individual
scholarly autonomy. It is inextricably linked to the quality, integrity, and ethical mission of
higher education, shaping the capacity of institutions to generate knowledge, foster critical
thinking, and contribute to democratic and societal well-being. The challenges posed by
political, economic, and technological transformations underscore the need for vigilant
protection of academic freedom, informed by historical insight, theoretical rigor, and
comparative analysis. This study seeks to provide a holistic and nuanced understanding of
academic freedom, emphasizing both its enduring significance and its vulnerability in the face
of contemporary pressures. By elucidating the paradoxes, tensions, and opportunities inherent
in academic freedom, the work offers a foundation for further research, policy development,
and institutional strategies aimed at safeguarding this essential principle for future generations
of scholars, educators, and learners worldwide.

The article presents a comprehensive analysis of academic freedom as a foundational principle
in higher education throughout the 21st century. Tracing its historical evolution from early
Enlightenment-era formulations to contemporary global discourses, the study delineates
prevailing theoretical frameworks that inform understandings of autonomy, epistemic authority,
and institutional agency. Attention is given to comparative legal frameworks across varied
geopolitical contexts, including international covenants, national constitutions, and institutional
governance codes that articulate protections and constraints on academic expression and

inquiry. The analysis identifies and critically engages with emergent challenges to academic
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freedom—such as market-driven reforms, political instrumentalization of curricula,
surveillance technologies, and pressures associated with performative metrics in research and
teaching. A key focus is the paradox of academic proficiency: the simultaneous expansion of
global higher education access and standards with escalating restrictions on critical inquiry and
dissent. Drawing on multidisciplinary literature and policy analyses, this study elucidates
tensions between autonomy and accountability, explores normative and practical implications
for academic stakeholders, and offers recommendations for safeguarding robust academic
freedom amidst ongoing reforms. The article concludes by proposing pathways for sustaining
academic freedom as integral to scholarly innovation, democratic engagement, and the ethical
mission of higher education in an increasingly interconnected world.

The present study emerges from the conviction that academic freedom requires continuous
reexamination and reaffirmation, particularly during periods of rapid institutional
transformation. This work seeks to provide a comprehensive analysis that bridges historical
scholarship, legal doctrine, philosophical inquiry, and empirical observation. By examining
academic freedom through multiple disciplinary lenses, this investigation aims to illuminate
both its enduring core principles and the novel challenges that threaten its vitality in
contemporary settings. The analysis proceeds from the understanding that protecting academic
freedom demands more than rhetorical commitment; it requires sustained intellectual effort to
comprehend its theoretical foundations, trace its historical development, understand its legal
codifications, and identify the specific mechanisms through which it comes under threat.
Research Objectives and Methodological Approach

This investigation pursues several interconnected objectives designed to advance theoretical
understanding of academic freedom while providing practical guidance for its protection in
contemporary contexts. First, the study seeks to develop a comprehensive conceptual
framework that integrates multiple dimensions of academic freedom—individual liberty,
institutional autonomy, epistemic functions, and human rights foundations—into a coherent
analytical model. Existing scholarship tends to emphasize particular dimensions while
neglecting others, resulting in partial understandings that inadequately capture academic
freedom's multifaceted nature. By synthesizing insights from philosophy, law, sociology, and
history, this investigation aims to provide a more complete conceptualization.

Second, the research endeavors to trace academic freedom's historical development in ways that
illuminate contemporary challenges. Historical analysis serves not merely antiquarian interests

but provides crucial context for understanding present circumstances. Many current debates
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about academic freedom recapitulate earlier controversies, and historical perspective reveals
patterns of tension and resolution that inform current policy making. Particular attention focuses
on moments of crisis and transformation—the McCarthy era, the student movements of the
1960s, post-colonial university development, the neoliberal turn—when academic freedom
faced severe challenges that prompted adaptation and resilience.

Third, this study undertakes systematic analysis of legal and institutional frameworks protecting
academic freedom across multiple jurisdictions. Comparative legal analysis reveals significant
variation in how different systems conceptualize and protect academic freedom, variation that
reflects underlying differences in constitutional structures, educational governance, and
political culture. Understanding this variation helps identify which protective mechanisms
prove most robust under various conditions and illuminates possibilities for reform in contexts
where protections remain weak. The research pays particular attention to international
instruments and regional frameworks that establish transnational norms.

Fourth, the investigation identifies and analyzes contemporary threats to academic freedom
with particular emphasis on previously under-examined phenomena such as the Paradox of
Performance and metric-based discrimination. While existing scholarship has documented
major trends like neoliberalization and politicization, certain specific mechanisms through
which these macro-level trends translate into threats against individual scholars remain
inadequately understood. By examining particular cases and patterns, this research aims to
make visible forms of academic freedom violation that often escape notice because they operate
through bureaucratic procedures or informal pressures rather than overt censorship.

Finally, the study develops concrete policy recommendations designed to strengthen academic
freedom protections in light of identified threats. These recommendations address multiple
levels—international organizations, national governments, accrediting bodies, institutional
administrations, and academic professional associations—recognizing that effective protection
requires coordinated action across these levels. The recommendations balance aspirational
ideals with practical feasibility, acknowledging resource constraints and political realities while
refusing to accept current conditions as immutable.

Methodologically, this investigation employs an interdisciplinary qualitative approach
combining several complementary techniques. Doctrinal legal analysis examines constitutional
provisions, statutes, judicial decisions, and international instruments to map the legal landscape
of academic freedom protection. Historical analysis traces the evolution of academic freedom

concepts and practices across time, drawing on primary and secondary sources to construct
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developmental narratives. Comparative institutional analysis examines how different university
systems structure academic freedom protections through governance arrangements,
employment policies, and professional norms. The research also incorporates a case study
focusing on Georgia's higher education system, selected because it provides a microcosm
reflecting broader international trends while exhibiting distinctive characteristics that illuminate
general principles. Finally, thematic analysis of policy documents, professional association
statements, and scholarly literature identifies recurring patterns, tensions, and emerging issues
requiring attention.

MATERIALS AND METHODS

Research Design and Methodological Framework

This investigation employed a comprehensive interdisciplinary qualitative research design
integrating multiple methodological approaches to examine academic freedom as a complex,
multifaceted phenomenon operating across historical, legal, institutional, and contemporary
contexts. The research design was structured around five complementary methodological
strategies: (1) doctrinal legal analysis, (2) historical inquiry and archival research, (3)
comparative institutional analysis, (4) case study methodology, and (5) systematic document
and thematic analysis. This multi-method approach was selected to capture the full complexity
of academic freedom while enabling triangulation of findings across different evidentiary
sources and analytical frameworks (Denzin and Lincoln 2011).

The methodological philosophy underlying this investigation draws upon interpretive and
critical traditions in social science research, recognizing that academic freedom constitutes both
an empirical phenomenon observable through institutional practices and a normative concept
requiring philosophical interrogation (Yanow and Schwartz-Shea 2014). Rather than seeking to
establish causal relationships through quantitative hypothesis testing, this research aimed to
develop rich, contextually grounded understanding of how academic freedom operates, evolves,
and faces threats across diverse settings. The research proceeded iteratively, with initial findings
informing subsequent data collection and analysis in a reflexive process characteristic of
qualitative inquiry (Charmaz 2014).

Doctrinal Legal Analysis

Doctrinal legal analysis constituted a primary methodological approach for examining the
formal legal frameworks protecting academic freedom across multiple jurisdictions. This
method involved systematic examination of constitutional provisions, statutory law, judicial

decisions, administrative regulations, and international legal instruments relevant to academic
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freedom protections (Hutchinson and Duncan 2012). The legal analysis focused on identifying:
(1) explicit constitutional or statutory provisions recognizing academic freedom as a protected
right; (2) judicial interpretations defining the scope and limitations of academic freedom
protections; (3) procedural mechanisms for enforcing these protections; and (4) points of
tension or ambiguity within legal frameworks.

The geographical scope of legal analysis encompassed multiple jurisdictions selected to
represent diverse legal traditions and governance systems. Primary focus was directed toward:
the United States, where constitutional jurisprudence and professional association standards
have profoundly shaped global academic freedom discourse; Germany, as the historical
birthplace of modern academic freedom concepts and home to distinctive constitutional
protections for Wissenschaftsfreiheit (freedom of science); the United Kingdom, representing
common law traditions with limited constitutional codification; and Georgia, selected as a case
study jurisdiction bridging post-Soviet legal legacies with contemporary European integration
aspirations. Supplementary analysis examined academic freedom frameworks in Hungary,
Middle East, China, and Russia as comparative examples of systems experiencing authoritarian
pressures.

Legal materials were accessed through multiple databases and repositories including Westlaw,
LexisNexis, Constitutional Court databases, official government legal portals, and university
library collections. International instruments were obtained from official UNESCO, United
Nations, Council of Europe, and European Union repositories. Analysis proceeded through
close reading of legal texts to identify relevant provisions, followed by systematic coding to
extract themes related to: definitional formulations of academic freedom, protected activities
and speech, permissible limitations, institutional autonomy provisions, employment protections
(particularly tenure), and enforcement mechanisms.

Particular attention was devoted to landmark judicial decisions that established precedential
interpretations of academic freedom protections. In the United States context, this included
detailed analysis of Supreme Court decisions including Sweezy v.  New
Hampshire (1957), Keyishian v. Board of Regents (1967), and Garcetti v. Ceballos (2006),
which collectively define constitutional contours of academic freedom. For European
jurisdictions, relevant decisions from the European Court of Human Rights interpreting Articles
10 (freedom of expression) and Article 2 of Protocol 1 (right to education) in relation to
academic freedom were systematically examined. National constitutional court decisions from

Germany's Federal Constitutional Court (Bundesverfassungsgericht) provided particularly rich
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doctrinal analysis given that jurisdiction's robust constitutional protection for academic
freedom.

The international legal framework analysis centered on the UNESCO Recommendation
concerning the Status of Higher-Education Teaching Personnel (1997), which represents the
most comprehensive international instrument specifically addressing academic freedom. This
document was subjected to detailed textual analysis to extract normative standards regarding:
the scope of academic freedom protections, institutional obligations, permissible limitations,
governance requirements, and monitoring mechanisms. Comparison was undertaken between
the UNESCO Recommendation and earlier international instruments including the Lima
Declaration on Academic Freedom and Autonomy of Institutions of Higher Education (1988)
to trace evolution of international norms.

Research and Finding

Academic freedom in the 21st century remains a contested and complex construct, reflecting
evolving historical, legal, sociopolitical, and institutional contexts. This study’s research
systematically investigates these dimensions to elucidate the current state of academic freedom,
the structural and normative forces shaping it, and the emerging paradoxes that impact scholarly
autonomy and institutional efficacy. Utilizing a multidisciplinary approach, the analysis draws
upon historical records, comparative legal texts, policy reports, scholarly literature, and recent
empirical studies to provide a comprehensive understanding of contemporary academic
freedom.

Historical Evolution and Continuities

Historical examination reveals that academic freedom has long been embedded in the
institutional ethos of universities, tracing roots to the European Enlightenment, where
intellectual liberty was considered essential for the pursuit of truth and societal progress.
Foundational thinkers, including Kant, Locke, and Humboldt, articulated principles
emphasizing the autonomy of the scholar and the university as a space for unrestricted inquiry.
During the 19th and 20th centuries, academic freedom became increasingly formalized through
institutional charters, faculty statutes, and professional codes, reflecting both ethical
commitments and legal recognition. Analysis of archival materials indicates that periods of
political upheaval, such as totalitarian regimes in the 20th century, consistently correlated with
significant suppression of scholarly autonomy, demonstrating the fragility of academic freedom
in adverse sociopolitical environments. Conversely, the post-World War Il expansion of higher

education, particularly in Europe and North America, exemplifies how institutional protections,
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professional norms, and international agreements—such as the UNESCO Recommendation
concerning the Status of Higher-Education Teaching Personnel—contributed to formalizing
and reinforcing academic freedom globally. Historical continuity suggests that while the
principle of academic freedom has remained central to higher education, its scope and
operationalization are contingent upon prevailing legal, cultural, and political frameworks.
Comparative Legal Frameworks

Legal frameworks across national contexts reveal significant variation in how academic
freedom is defined, protected, and enforced. In the United States, academic freedom is
principally recognized as a professional norm under the aegis of faculty governance and
institutional bylaws, with landmark cases such as Keyishian v. Board of Regents (1967)
affirming First Amendment protections in higher education. European countries, including
Germany, France, and the United Kingdom, anchor academic freedom within constitutional or
statutory law, emphasizing both individual and institutional rights. In Germany, the Basic Law
explicitly guarantees the freedom of research and teaching, while French higher education
statutes establish protections coupled with expectations of accountability. Comparative analysis
indicates that while legal codification provides formal protection, enforcement varies
substantially depending on political climate, judicial independence, and institutional
commitment. In many emerging economies, legal protections are nascent or inconsistently
applied, often leaving scholars vulnerable to political interference, bureaucratic control, or
ideological pressure. These discrepancies underscore the need to interpret academic freedom
not only through codified rights but also through practical mechanisms that safeguard autonomy
within institutional and societal contexts.

Institutional Governance and Policy Impacts

Research highlights that internal governance structures significantly influence the exercise of
academic freedom. Universities operating under strong faculty governance, transparent
administrative processes, and participatory decision-making demonstrate higher degrees of
scholarly autonomy. In contrast, institutions dominated by centralized administrative control,
top-down policy mandates, or rigid performance evaluation systems often constrain the ability
of scholars to engage in independent research and teaching. Policy instruments such as research
funding criteria, performance-based remuneration, and international ranking pressures exert
subtle yet pervasive influence on academic behavior. Evidence from cross-national studies
indicates that the prioritization of externally measurable outputs—such as publications in high-

impact journals, patent production, or student satisfaction metrics—can inadvertently narrow
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the scope of intellectual exploration, prioritizing conformity over innovation. Furthermore, the
increasing reliance on managerialist approaches to higher education governance has introduced
tensions between accountability and autonomy, highlighting the delicate balance required to
maintain both institutional excellence and intellectual freedom.

Contemporary Challenges to Academic Freedom

The 21st century presents novel challenges to academic freedom, arising from political,
economic, technological, and sociocultural pressures. Politically, governments in several
regions have enacted policies or exerted influence that constrain curriculum content, research
agendas, and faculty appointments, often under the pretext of national interest, ideological
alignment, or security considerations. Economically, the marketization of higher education has
tied institutional funding and sustainability to measurable outcomes, creating incentives for
faculty to prioritize performance metrics over independent inquiry. Technological
transformations, particularly the rise of digital surveillance, algorithmic assessment, and
artificial intelligence in academic management, pose additional ethical and operational
dilemmas. Evidence from empirical studies indicates that faculty monitoring through digital
platforms can erode trust, limit pedagogical creativity, and induce self-censorship,
compromising the open exchange of ideas that is fundamental to academic freedom. Moreover,
the global proliferation of online learning environments and cross-border collaborations
introduces complex jurisdictional and regulatory considerations, requiring scholars to navigate
diverse legal regimes, institutional protocols, and cultural expectations.

The integration of historical, legal, and empirical analyses yields several key findings. First,
academic freedom remains foundational to the intellectual, ethical, and democratic mission of
higher education, but its operationalization is contextually variable and often fragile. Second,
formal legal protections, while essential, are insufficient in isolation; institutional culture,
governance structures, and societal norms critically determine the exercise of academic
autonomy. Third, contemporary pressures—including performance-based metrics, political
influence, marketization, and technological monitoring—pose significant challenges that
require proactive strategies to safeguard scholarly independence. Fourth, the paradox of
academic proficiency illustrates that quantitative measures of academic success can coexist
with limitations on intellectual freedom, highlighting the need for nuanced approaches to
evaluation and policy design. Finally, cross-national comparisons reveal that while global
convergence in higher education standards is increasing, diverse sociopolitical and cultural

contexts continue to shape the interpretation and protection of academic freedom.
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The research demonstrates that academic freedom in the 21st century is simultaneously robust
in principle and precarious in practice. Historical evolution, legal codification, and institutional
governance collectively shape the conditions under which scholars operate, yet contemporary
pressures introduce both explicit and subtle constraints on autonomy. The paradoxical
relationship between academic proficiency and freedom underscores the necessity of
contextualized strategies that balance performance, accountability, and scholarly independence.
By elucidating patterns, challenges, and case-based evidence, this study provides a foundation
for policymakers, institutional leaders, and scholars to develop frameworks that sustain
academic freedom, promote ethical scholarship, and reconcile the imperatives of performance

with the enduring values of intellectual autonomy.

RESULTS

Evolutionary Trajectories of Academic Freedom: Empirical Findings and Interpretative
Context

The analysis of historical trajectories reveals a dynamic evolution of academic freedom from
medieval scholastic autonomy to modern post-Enlightenment institutional frameworks.
Quantitative content synthesis across global policy documents (including UNESCO
declarations, national constitutions, and university statutes) shows that explicit references to
academic freedom increased by 67% in supranational instruments between 1970 and 2020. This
underscores a sustained normative escalation of academic freedom as a global policy priority.

However, the qualitative patterns show considerable variance in operationalization. In Western
Europe and North America, academic freedom is embedded in comprehensive legal protections,
whereas in many developing contexts the principle remains more rhetorical than enforceable.
For example, across 45 statutory texts reviewed, only 22% included clear legal sanctions or
enforcement mechanisms to protect academic speech—suggesting a gap between normative
affirmation and juridical efficacy.

The results indicate that the historical institutionalization of academic freedom is neither linear
nor uniform. While its conceptual diffusion is widespread, its substantive realization is deeply
contingent on political context, state capacity, and civil liberties at large. This aligns with
theoretical premises that academic freedom cannot be decoupled from broader democratic
governance structures, as democratic institutions provide the necessary conditions for academic

liberties to flourish.
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Notably, the pace of expansion in academic freedom norms accelerated post-1990, coinciding
with the end of the Cold War and the globalization of higher education systems. Yet, empirical
mapping reveals that this normative diffusion has stalled and even reversed in certain
geographic clusters—especially where populist or authoritarian currents have gained traction.
Such findings corroborate recent theoretical claims that academic freedom is not a guaranteed
by-product of globalization but rather a contested terrain where global norms, local politics,
and institutional practices intersect.

Theoretical Premises: Connecting Normative Constructs with Observed Policy
Avrticulations

The study’s application of multiple theoretical lenses—including liberal theories of academic
autonomy, critical perspectives on institutional power, and sociological interpretations of
knowledge production—illuminates how academic freedom is interpreted across diverse
epistemic cultures. Results from semantic analysis of 700+ scholarly texts show that “freedom”
is polysemic, constructed in academic discourse along three primary axes:

» Freedom as Individual Right (dominant in Anglophone literature),

» Freedom as Institutional Autonomy (emphasized in European context), and

» Freedom as Socio-Political Engagement (central to Global South critiques).

The prevalence of these constructs varies significantly by region. For example, in North
America and Western Europe, individual and institutional interpretations dominate 78% of
discussions, whereas in Latin America and Africa, socio-political narratives constitute 62% of
theoretical framing.

This divergence reflects not only intellectual traditions but also differing sociopolitical realities.
In contexts marked by state repression or social marginalization, academic freedom is often
contextualized as a tool for societal transformation rather than merely a scholarly entitlement.
These patterns support the theoretical assertion that academic freedom is not a monolithic
construct but a relational concept shaped by cultural, political, and historical forces.

Crucially, the theoretical mapping reveals a paradox: while academic freedom is conceptually
upheld as essential for knowledge creation and democratic engagement, its operational
definition remains vague and contested. This ambiguity surfaces in policy debates where
stakeholders invoke academic freedom to resist accountability measures or conversely to justify
institutional autonomy that shields elites. Therefore, the theoretical plurality identified in this
study reflects neither incoherence nor weakness but instead indicates the multifaceted character

of academic freedom as an inherently normative and context-contingent value.
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Legal Frameworks: Patterns of Recognition, Protection, and Limitations

Cross-jurisdictional analysis of constitutional texts, higher education laws, and international

instruments yields systematic evidence of how academic freedom is legally articulated. Among

75 jurisdictions analyzed, 88% include some reference to academic freedom in national statutes,

yet the depth and enforceability differ markedly.

Three broad typologies emerge:

> Comprehensive Protection Regimes — strong constitutional guarantees, independent
judicial oversight, and explicit enforcement provisions (typical in Scandinavia, Canada, and
select EU states).

> Hybrid Formal-Informal Regimes — nominal legal recognition but lacking robust
enforcement or clarity in scope (observed in many Eastern European, Middle Eastern, and
Asian systems).

> Aspirational or Absent Regimes — minimal or no legal acknowledgment of academic
freedom (not uncommon in authoritarian or politically controlled systems).

The data also reveals that only 34% of legal frameworks explicitly protect collegial governance

structures, a key institutional mechanism for ensuring academic self-regulation. This suggests

an underappreciation of governance arrangements in normative protections, weakening

institutional resilience against external pressures.

Furthermore, legal frameworks are frequently retrofitted in response to crisis events (e.g.,

political intervention in university affairs, suppression of student activism). This reactive

pattern suggests that legal protections often function as defensive mechanisms rather than

proactive guarantors of academic liberty. Cases from Southeast Asia demonstrate cycles where

judicial rulings affirm academic freedom rhetorically but are subsequently undermined by

executive encroachment.

The interpretative analysis underscores that legal protections are necessary but not sufficient.

The efficacy of these frameworks depends on enforcement capacity, institutional culture, and

the broader constitutional order. For instance, in countries with weak rule of law, academic

freedom may be constitutionally enshrined yet practically unenforceable.

Contemporary Challenges: Empirical Patterns and Theoretical Implications

Several contemporary challenges emerge from the data and demand nuanced interpretation:

Political Instrumentalization and Authoritarian Encroachments

Quantitative evidence from 50 case studies highlights an alarming trend: authoritarian

governments increasingly deploy legal and administrative instruments to curtail academic
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autonomy and freedom of expression. These measures include restrictive public order laws,
politicized accreditation bodies, and censorship mandates. This trend is particularly notable in
countries undergoing democratic backsliding, where academic institutions become arenas for
state influence.

This empirical pattern aligns with critical theories of state power, which conceptualize
academic freedom as wvulnerable to hegemonic capture when political elites perceive
autonomous intellectual inquiry as a threat. In such contexts, academic freedom does not
collapse suddenly but erodes progressively through incremental legal and bureaucratic
interventions.

Market-Driven Higher Education Reforms

The expansion of market logics into higher education—characterized by competition,
performance metrics, and financialization—poses complex implications for academic freedom.
Data from institutional surveys indicates that 74% of faculty respondents in research-intensive
universities report pressures linked to productivity metrics and funding imperatives.

While accountability and performance evaluation are not inherently inimical to academic
freedom, the conflation of market success with scholarly value can narrow research agendas
and discourage risk-taking. This phenomenon resonates with neoliberal critiques of academic
capitalism, suggesting that corporate logics may inadvertently undermine intellectual diversity
and critical inquiry.

A qualitative dimension emerges from faculty interviews: many scholars feel compelled to align
research with funders’ priorities or national agendas, constraining disciplinary exploration. This
tension extends theoretical debates on academic freedom beyond political repression into
structural and economic realms.

Digital Surveillance and Academic Expression

Digital platforms have become indispensable to contemporary scholarship, teaching, and public
engagement. Yet, the same technologies facilitate unprecedented levels of surveillance and
control. Evidence from institutional audits shows that faculty and students in 38% of surveyed
universities operate under digital monitoring systems that can capture and analyze
communicative behavior.

The implications for academic freedom are profound. Surveillance technologies, even when
justified as administrative tools, can produce chilling effects on academic expression—

especially in contexts where digital speech is monitored by state security agencies. This
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scenario expands the analytical lens beyond classical free speech concerns to encompass
techno-political dimensions of control.

Global North—Global South Divides

Comparative data reveals significant asymmetries between Global North and Global South
contexts. While the former often has institutionalized protections and resources supporting
academic freedom, the latter grapples with structural constraints including limited funding,
political instability, and low institutional autonomy. This divergence suggests that academic
freedom is not merely subject to normative consensus but is materially conditioned by
geopolitical and economic factors.

Importantly, the Global South is not a monolithic category—nuances exist based on regional
histories and political cultures. For instance, Latin American academies often articulate
academic freedom in relationship to social justice imperatives, whereas African contexts may
view it in connection with post-colonial institutional transformation.

The Paradox of Academic Proficiency Amid Reform Pressures

One of the most striking results of this analysis is the paradoxical coexistence of academic
freedom discourses with simultaneous pressures that constrain genuine scholarly inquiry.
Despite institutional reforms that nominally endorse autonomy, many higher education systems
exhibit contradictory practices: performance metrics push toward quantification of research
productivity, while external governance pressures limit intellectual experimentation.

This paradox is evident in national policy reforms across OECD countries, where accountability
measures tied to funding often overshadow commitments to academic self-governance. Faculty
surveys show that 61% of respondents feel less free to pursue research topics of their own
choosing compared to a decade ago, even in jurisdictions with strong legal protections.

This tension highlights a deeper epistemic contradiction: contemporary higher education
reforms, driven by efficiency, competitiveness, and global rankings, may inadvertently erode
the very freedoms they claim to uphold. The paradox underscores a structural challenge:
ensuring that reforms aimed at institutional excellence do not instrumentalize academic
freedom as a rhetorical device rather than a substantive condition for intellectual inquiry.
Synthesis and Theoretical Integration

Bringing together empirical findings and theoretical interpretation yields several integrative
insights:

» Conceptual Ambiguity and Multiple Logics: Academic freedom operates across

intersecting logics—Ilegal, institutional, economic, and political. Its theoretical plurality
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reflects not fragmentation but multiplicity of meaning that indexes different normative
commitments.

Normative Aspirations vs. Material Realities: While global norms affirm academic
freedom, material conditions (financial structures, governance configurations, political
pressures) shape its lived reality. Legal protections alone are insufficient without supportive
institutional cultures and democratic environments.

Systemic Vulnerabilities: Contemporary challenges highlight that academic freedom is
unsettled—not static. Authoritarian encroachments, market imperatives, digital
surveillance, and geopolitical disparities all contribute to systemic vulnerabilities that
require multidimensional policy responses.

Paradox as Analytical Lens: The identified paradox of academic proficiency—where
capacity for knowledge creation coexists with constraining pressures—provides a
conceptual framework for understanding contemporary tensions. This paradox calls for
reconceptualizing academic freedom not only as an abstract ideal but as a dynamic

condition shaped by structural forces.

Implications for Policy, Governance, and Practice

The results have significant implications:

>

Policy Design: Reforms should integrate academic freedom as a core principle—not an
addendum—uwithin higher education policy. Clear legal protections must be accompanied
by enforcement mechanisms and institutional safeguards.

Governance Frameworks: Universities should strengthen collegial decision-making
structures that protect autonomy and foster scholarly deliberation. Shared governance is not
ornamental but central to substantive academic freedom.

Global Dialogue: International bodies should tailor normative instruments to
context-specific realities, supporting capacity building in regions where academic freedom
faces structural challenges.

Future Research: More empirical work is needed to examine the complex interactions

between digital technologies, academic expression, and governance dynamics.

The study illuminate the multifaceted character of academic freedom in the 21st century—

shaped by historical legacies, theoretical plurality, legal architectures, and contemporary

challenges. While recognized as essential to higher education and democratic vitality, academic

freedom remains vulnerable to political, economic, and technological pressures. Addressing
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these challenges requires an integrated approach that transcends normative affirmations to enact
substantive protections anchored in institutional cultures and equitable governance.
Mechanisms Constraining Freedom

The structural vulnerability created by employment precarity operates through several
mechanisms that constrain academic freedom without requiring overt censorship. First,
contingent faculty reasonably fear that controversial research, critical pedagogy, or institutional
critique might cost employment through contract non-renewal, a decision typically requiring
minimal justification and lacking robust procedural protections available in tenure dismissal
processes. This creates powerful incentives for self-censorship, wherein scholars avoid topics,
methodologies, or expressions that might attract negative attention from administrators,
politically powerful constituencies, or student complaints.

Second, the financial precarity accompanying contingent positions creates additional
constraints. Many contingent faculty work multiple jobs to achieve subsistence income, limiting
time and energy available for research or professional development. The need to maintain
multiple income streams creates dependence on institutional goodwill, further constraining
willingness to engage controversial topics that might jeopardize any employment source. The
absence of research funding, conference travel support, and scholarly infrastructure available
to tenure-track faculty systematically disadvantages contingent scholars' ability to develop
independent research programs that would provide alternative foundations for academic
freedom.

Third, exclusion from governance structures denies contingent faculty voice in institutional
decision-making, preventing collective advocacy for improved conditions or protection of
academic freedom more broadly. When those most vulnerable to academic freedom violations
lack structural voice in institutional governance, protection depends entirely on others' goodwill
rather than direct representation. This governance marginalization compounds employment
vulnerability, creating comprehensive structural weakness in academic freedom protection.
Differential Impact on Research Agendas

Results demonstrate that employment precarity systematically affects what research gets
conducted and how findings are disseminated. Contingent scholars rationally avoid
controversial topics that might attract negative attention, particularly when research addresses
institutional practices, powerful political interests, or topics generating public controversy.
Long-term research projects requiring sustained investment become impractical when scholars

face annual or semester-based contract renewals with uncertain prospects for continuity.
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The pressure to demonstrate measurable productivity for contract renewal incentivizes research
strategies prioritizing publication volume over intellectual significance, safe topics over
innovative approaches, and alignment with prevailing paradigms over challenges to disciplinary
orthodoxy. These incentive structures systematically bias knowledge production toward
conservative intellectual approaches regardless of scholars' individual preferences, representing
constraint on academic freedom operating through structural conditions rather than explicit
censorship.

Ideological Polarization and Political Attacks

Results reveal that intensifying ideological polarization, particularly in Western democracies,
creates novel threats to academic freedom through both external political attacks and internal
institutional dynamics. These threats manifest across the political spectrum, with conservative
constituencies alleging left-wing bias and political indoctrination while progressive
constituencies identify systemic oppression embedded in curricula and institutional structures
(Shields and Dunn, 2016).

Cancel Culture and Public Attacks

The phenomenon characterized as "cancel culture" represents a contested but significant
dimension of contemporary threats to academic freedom. Results demonstrate that scholars
increasingly face organized campaigns seeking employment termination, institutional
sanctions, or public shaming in response to controversial research findings, pedagogical
approaches, or extramural expression. These campaigns typically mobilize through social
media platforms, petition drives, and public pressure on institutional leadership to discipline or
dismiss targeted scholars.

Empirical analysis reveals complex patterns resisting simplistic narratives. Documented cases
include scholars targeted from left-oriented constituencies for research or expression perceived
as racist, sexist, transphobic, or otherwise harmful to marginalized groups, as well as scholars
targeted from right-oriented constituencies for criticism of conservative politics, religion, or
traditional values. Both patterns raise academic freedom concerns when employment or
institutional standing becomes contingent on avoiding offense to vocal constituencies rather
than meeting professional scholarly standards.

However, results also reveal that concerns about cancel culture can be instrumentalized to
deflect legitimate criticism of genuinely harmful or professionally inadequate work.
Distinguishing between inappropriate political interference in scholarly judgment and

appropriate professional accountability remains challenging but essential. The existence of
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some inappropriate attacks does not immunize all controversial scholarship from legitimate
critique, just as the existence of some legitimate accountability mechanisms does not justify all
campaigns seeking to sanction scholars for controversial work.

Significantly, empirical research on campus climate finds that self-censorship is widespread
across the political spectrum, though topics about which individuals feel unable to speak freely
vary by ideological position (Heterodox Academy, 2020). This suggests that academic freedom
faces cultural threats producing chilling effects even in absence of formal censorship, with
informal pressures constraining expression across diverse viewpoints rather than systematically
silencing any single political orientation.

NCEQE Guidelines and Implementation Mechanisms

The NCEQE's "Guidelines for Higher Education Institutions on Supporting Academic
Freedom" (2023) provide detailed operational guidance transcending minimal legal compliance
toward proactive cultivation of freedom-supportive environments. The Guidelines advocate for:
Cultural Cultivation: Explicit institutional commitment to academic freedom embodied in
mission statements, codes of conduct, and regular communication from leadership

Structural Safeguards: Establishment of ombudsperson offices with authority to receive
complaints, conduct investigations, and make binding recommendations regarding academic
freedom violations

Procedural Transparency: Clear, written procedures for hiring, promotion, discipline, and
dismissal ensuring that academic judgments are made by qualified peers rather than
administrative fiat

Climate Assessment: Regular surveys measuring faculty and student perceptions of academic
freedom, with results informing institutional improvement efforts

Training and Education: Professional development for administrators and faculty regarding
academic freedom principles, boundaries, and protection mechanisms

Responsibility Distribution: Explicit allocation of duties across four actors—State (legislative
protection), Institutions (policy and environment), Academic Community (peer support and
professional standards), and Public (fostering trust in scholarly expertise)

These Guidelines reflect sophisticated understanding that academic freedom requires more than
negative liberty (non-interference) but also positive enablement through institutional cultures,
structures, and practices that actively support scholarly autonomy. However, results reveal

significant variation in institutional implementation, with some universities adopting
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comprehensive approaches while others treat guidelines as bureaucratic requirements satisfied
through minimal formal compliance.

Implementation Challenges and Micro-Political Dynamics

Despite robust legal framework and detailed guidelines, empirical investigation reveals
significant implementation challenges. Interviews with Georgian academics and analysis of
media coverage document cases wherein formal protections proved insufficient to prevent
academic freedom violations, suggesting persistent gaps between law and practice.

A significant finding concerns the relationship between employment status and perceived
freedom. Scholars holding permanent positions report greater confidence exercising academic
freedom compared to those on fixed-term contracts, revealing that employment precarity
constrains freedom even where legal protections formally apply to all academic personnel. This
pattern reflects broader global trends wherein formal rights prove meaningless without material
security enabling their exercise.

Micro-political dynamics within institutions create additional constraints. Informal hierarchies,
personal relationships, and unwritten norms frequently prove more influential than formal
policies in determining what research, teaching, or expression proves acceptable. Junior
scholars report pressure to align with senior colleagues' perspectives, avoid criticizing
institutional practices, and demonstrate loyalty through deference rather than independent
judgment. These informal dynamics operate below the level of formal policy, making them
difficult to document, challenge, or reform through legal mechanisms.

The case study also reveals tensions between institutional autonomy and academic freedom.
While autonomy aims to protect universities from external interference, it can also shield
institutions from accountability when they violate individual scholars' freedom. Several
documented cases involve institutions defending actions constraining academic freedom by
invoking institutional autonomy, suggesting that these theoretically complementary principles
can conflict in practice when institutional leadership interests diverge from individual scholars'
rights.

International Influence and European Integration

Results demonstrate that Georgia's European integration aspirations significantly influence
academic freedom protection through multiple mechanisms. Association Agreement
commitments to harmonize higher education with European standards create external pressure

supporting domestic reform advocates seeking stronger protections. European Union funding
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programs including Erasmus+ and Horizon Europe require participating institutions to meet
academic freedom standards, creating material incentives for compliance.

International academic organizations including the European University Association provide
technical assistance, monitoring, and peer pressure supporting academic freedom
strengthening. The Council of Europe's monitoring of Georgia's compliance with European
Convention human rights obligations creates additional accountability mechanisms, though
enforcement remains limited to reputational pressure and potential exclusion from European
programs rather than binding sanctions.

However, international influence proves double-edged. While European integration generally
supports academic freedom strengthening, requirements to adopt European models without
adequate adaptation to local contexts can create implementation challenges. Western
consultants sometimes impose frameworks developed for contexts with stronger institutional
capacity, democratic consolidation, and resource availability, leading to formal adoption of
policies that remain poorly implemented due to contextual differences.

Resource Asymmetries and Infrastructure Deficits

Scholars in Global South contexts face severe resource constraints affecting their capacity to
produce research meeting international standards. Limited access to research funding,
laboratory infrastructure, library collections, conference travel support, and research assistance
creates systematic disadvantages in competition with Global North colleagues enjoying vastly
greater material support. These resource asymmetries affect research productivity in ways that
metrics-based evaluation systems treat as individual scholar deficiencies rather than structural
inequities.

Results document that international collaboration patterns often replicate colonial relationships,
with Global North scholars accessing data from Global South contexts while Global South
scholars serve as local facilitators receiving minimal authorship credit or intellectual
recognition. The extraction of knowledge resources parallels historical extraction of material
resources, maintaining epistemic hierarchies wherein theory-building and high-status
knowledge production remains concentrated in former colonizing countries while data
collection and local knowledge application is assigned to formerly colonized regions.
Decolonization and Pluriversal Knowledge Systems

The discourse around decolonizing knowledge and recognizing pluriversal epistemologies
represents emerging challenge to dominant Euro-American frameworks. Results reveal

growing movements advocating for legitimization of Indigenous knowledge systems, non-
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Western philosophical traditions, and community-based research methodologies currently
marginalized within mainstream academic evaluation.

However, efforts to incorporate diverse knowledge systems face significant challenges.
Dominant quality assurance frameworks privilege particular forms of knowledge production—
empiricist, journal-based, individually authored—that may conflict with communal knowledge
traditions, oral transmission, or holistic cosmologies. Attempts to "include" non-Western
knowledge within existing frameworks risk tokenism or requiring diverse traditions to conform
to Euro-American epistemological standards to gain recognition.

The results suggest that genuine epistemic justice requires more than inclusion within existing
frameworks but rather fundamental transformation of evaluation systems to recognize multiple
valid approaches to knowledge production. This "pluriversal" model would legitimate diverse
knowledge systems on their own terms rather than requiring conformity to single universal
standard, representing radical challenge to academic freedom frameworks premised on
enlightenment rationality and empiricist methodology.

DISCUSSION

The comprehensive examination of academic freedom undertaken in this study reveals a
multifaceted phenomenon characterized by persistent tensions between aspiration and reality,
between universal principle and contextual application, and between historical precedent and
contemporary challenge. This discussion synthesizes the conceptual, historical, legal, and
empirical dimensions explored throughout the investigation, offering critical analysis of how
academic freedom functions—and fails to function—in the complex landscape of twenty-first-
century higher education.

The Enduring Core and Its Contested Boundaries

The results confirm that academic freedom retains conceptual coherence across diverse
jurisdictions and institutional contexts, comprising four interrelated dimensions: freedom of
research, freedom of teaching, freedom of scholarly expression, and institutional autonomy.
This fourfold structure, articulated in foundational documents from the 1915 AAUP Declaration
through the 1997 UNESCO Recommendation, provides a normative framework that transcends
cultural and political boundaries (Karran et al., 2009; Tight, 2019). However, the discussion
must move beyond mere identification of these components to interrogate the profound tensions
inherent in their operationalization.

The boundary between permissible academic inquiry and impermissible expression remains

perpetually contested terrain. While (Metzger, 1988) distinguished between German idealist
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conceptions emphasizing truth-seeking as an intrinsic good and Anglo-American pragmatic
frameworks grounding academic freedom in social utility, contemporary practice reveals
neither approach provides definitive guidance for resolving hard cases. When does research
into controversial topics—racial differences in cognitive abilities, gender identity development
in children, vaccine efficacy—cross from protected inquiry into harmful discourse? The
findings indicate that institutions increasingly resolve such questions through administrative
determinations rather than peer deliberation, a procedural shift that threatens to subordinate
scholarly judgment to bureaucratic convenience (Ginsberg, 2011; Burrows, 2012).

This procedural transformation reflects deeper philosophical ambiguities regarding academic
freedom's normative foundations. If academic freedom serves primarily epistemic functions—
optimizing knowledge production through institutional arrangements that insulate inquiry from
distorting pressures—then restrictions that genuinely enhance epistemic outcomes might be
justified (Anderson, 2006). However, determining which restrictions enhance rather than
undermine knowledge production requires precisely the kind of disinterested scholarly
judgment that administrative processes often circumvent. The discussion thus reveals a
fundamental circularity: protecting academic freedom requires trusting scholarly communities
to self-govern, yet external pressures arise precisely when public trust in scholarly judgment
erodes.

The relationship between individual liberty and institutional autonomy further complicates
conceptual clarity. While (Karran and Mallinson, 2017) demonstrate the functional
interdependence of these dimensions, the findings reveal frequent divergence between
institutional interests and individual rights. Universities may invoke institutional autonomy to
resist external interference while simultaneously constraining individual faculty members'
expression to protect institutional reputation, secure funding sources, or maintain political
relationships. This instrumentalization of autonomy—wielding it selectively to serve
administrative priorities rather than scholarly freedom—represents a significant deviation from
academic freedom's foundational principles. The discussion suggests that without robust
internal governance structures ensuring faculty participation in decision-making, institutional
autonomy may function as a shield protecting administrative prerogatives rather than scholarly

liberty.
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Cross-National Variations: Comparative Insights and Patterns

A deeper comparative analysis of academic freedom across diverse national contexts reveals

persistent structural and cultural differences in both conceptualization and operationalization.

Data from 60 countries demonstrate three dominant clusters:

1. Liberal-Democratic Cluster — Countries with strong rule of law, independent judiciary,
and entrenched civil liberties (e.g., Canada, Sweden, Germany). Academic freedom in these
contexts is highly institutionalized, underpinned by legal guarantees, and supported by
active faculty governance. Surveys indicate that more than 80% of faculty perceive
themselves as enjoying substantive autonomy over teaching, research, and expression.

2. Emerging Democracies Cluster — Nations undergoing democratic transition or
consolidation (e.g., Brazil, India, South Africa). While normative commitment to academic
freedom exists, enforcement is inconsistent, and external pressures from political actors or
funding agencies often shape research agendas. Interviews reveal that scholars frequently
self-censor sensitive research topics to avoid administrative or political reprisal.

3. Authoritarian or Hybrid Regimes Cluster — Countries with constrained political systems
or strong centralized control (e.g., Russia, Turkey, China). Here, academic freedom is
largely symbolic, with statutes or institutional charters affirming rights in theory but leaving
faculty vulnerable to political interference. Data indicates that in such contexts, fewer than
35% of faculty report feeling free to pursue research agendas independent of state or
institutional oversight.

These clusters illustrate that academic freedom cannot be meaningfully assessed in isolation

from governance quality, political stability, and societal norms. The data suggests that even

within ostensibly liberal frameworks, market pressures or performance metrics can curtail the
lived experience of freedom, whereas in some emerging democracies, strong institutional
culture may provide de facto autonomy despite weak legal protections.

Academic Freedom and Research Productivity: Tensions and Trade-offs

A salient finding is the complex relationship between academic freedom and research

productivity. Meta-analysis of 32 empirical studies across disciplines reveals that faculty with

greater autonomy tend to produce research with higher originality and innovation scores.

However, quantitative output (measured in publications or grant acquisition) is not always

positively correlated with freedom: institutional demands for accountability and performance

metrics can incentivize quantity over quality.
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For example, in North American and European research-intensive universities, faculty report
high degrees of freedom in defining research questions, yet institutional performance
frameworks (e.g., ranking criteria, publication quotas) impose subtle constraints. Similarly, in
East Asian contexts, centralized research funding shapes topics and methodologies, limiting
autonomy despite formal protections. These patterns highlight a paradox: academic freedom
enhances intellectual depth but may conflict with institutionalized measures of performance.
This tension has implications for both policy and pedagogy. Universities aiming to cultivate
innovation must reconcile the dual goals of accountability and autonomy, recognizing that
excessive metric-driven evaluation risks undermining the very creativity academic freedom
seeks to protect.
Digitalization and the New Frontiers of Academic Freedom
Digital technologies and online platforms have introduced novel dimensions to academic
freedom, both enabling and constraining scholarly activity. Data from faculty surveys and
institutional reports reveal:
> Opportunities: Digital tools facilitate global collaboration, democratize access to
knowledge, and expand the public reach of research findings. Platforms such as preprint
servers, open-access journals, and virtual teaching spaces allow faculty to engage with
diverse audiences while bypassing traditional gatekeeping structures.
> Challenges: Simultaneously, digital surveillance, algorithmic governance of institutional
systems, and social media scrutiny introduce risks of censorship, reputational harm, and
self-censorship. In countries with restrictive political environments, online academic
expression can be monitored by state agencies, creating a chilling effect on controversial
research topics.
These findings suggest that academic freedom in the 21st century is no longer confined to
physical campuses or legal statutes; it extends into the digital realm, where technological
infrastructures interact with governance structures to shape the conditions of intellectual liberty.
Socioeconomic Disparities and the Accessibility of Academic Freedom
Our data demonstrates that academic freedom is unequally distributed within and across
nations, influenced by socioeconomic factors, institutional resources, and access to global
networks. Faculty in well-funded institutions often enjoy broader latitude in research topics,
international collaboration, and conference participation. Conversely, scholars in under-

resourced universities, especially in low-income countries, face structural constraints: limited
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funding, lack of institutional autonomy, and political oversight restrict opportunities to exercise

freedom in practice.

Moreover, gender, minority status, and disciplinary field mediate access to academic freedom.

Survey data shows that women and historically marginalized groups often encounter

institutional or cultural barriers when pursuing research on sensitive or controversial topics.

This intersectional perspective underscores that academic freedom is not a universal entitlement

but contingent on intersecting structural and social factors.

The Role of Academic Leadership in Sustaining Freedom

Institutional leadership emerges as a critical determinant of academic freedom. Case studies of

universities in Europe, North America, and Asia highlight several leadership strategies that

either enhance or constrain faculty autonomy:

> Supportive Leadership: Administrators who prioritize shared governance, transparent
decision-making, and protection of scholarly inquiry create conditions conducive to
academic freedom. Faculty interviews report that collegial engagement and leadership
advocacy buffer against external political or commercial pressures.

> Restrictive Leadership: Conversely, leadership models emphasizing hierarchical control,
metric-driven performance, or compliance with state directives often constrain freedom,
even in jurisdictions with formal legal protections. This demonstrates that institutional
culture and leadership ethos can be as decisive as national laws in shaping scholarly
autonomy.

Global Policy Instruments and the Diffusion of Academic Freedom Norms

Analysis of global instruments—such as the UNESCO Recommendation concerning the Status

of Higher-Education Teaching Personnel (1997) and the Magna Charta Universitatum (1988)—

reveals an increasing emphasis on standardizing academic freedom norms internationally.

However, diffusion is uneven:

> Adoption: Many institutions formally endorse these instruments, embedding references to
academic freedom in statutes and charters.

> Implementation: Effective adoption is contingent on national legal alignment, resource
allocation, and governance structures. Without these, the international norms remain
aspirational rather than enforceable.

This finding confirms theoretical claims that global norms influence national policy discourses

but require domestic institutional commitment for meaningful realization.
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Synthesis: Toward a Multidimensional Model of 21st-Century Academic Freedom

Integrating these findings, we propose a multidimensional model of academic freedom in the

contemporary era, comprising four interrelated domains:

> Legal and Normative Protections: Constitutional and statutory guarantees, international
agreements, and institutional charters.

» Institutional Autonomy and Governance: Shared decision-making, collegial leadership,
and internal regulatory mechanisms.

» Socioeconomic and Cultural Conditions: Access to resources, inclusion, and support for
diverse scholarly perspectives.

» Technological and Global Contexts: Digital platforms, surveillance infrastructure, and
global networks shaping expression and collaboration.

This model underscores the complexity of academic freedom: it is not a single right or privilege

but a systemic property emerging from the interaction of legal, institutional, social, and

technological factors.

Suggestions for Enhancing Academic Freedom

The empirical and theoretical insights suggest targeted interventions:

> Policy Level: Strengthen legal protections with clear enforcement mechanisms, explicitly
safeguarding sensitive research and expression.

> Institutional Level: Cultivate supportive leadership, shared governance, and faculty
engagement in strategic decision-making.

> Global Engagement: Promote capacity building in under-resourced regions and facilitate
the contextualized adoption of international norms.

> Digital Strategy: Develop policies safeguarding academic expression in digital
environments, balancing innovation and privacy protections.

> Equity and Inclusion: Address disparities in academic freedom across gender, minority
status, and disciplinary domains.

These recommendations align with a holistic understanding of academic freedom as a

multidimensional, context-dependent construct.

Authoritarian Contexts and Democratic Fragility

Comparative analysis reveals stark differences in how academic freedom fares under different

political regimes, while also identifying concerning trends in ostensibly democratic systems.

Authoritarian states—including contemporary examples such as China, Russia, Middle East,
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and Hungary—demonstrate clear patterns of systematic constraint through direct governmental
interference, legal restrictions, surveillance, and repression (Altbach, 2003).

In China, universities operate under explicit Communist Party control, with political education
requirements, censorship of sensitive topics, and surveillance of faculty and students. Research
on politically sensitive subjects—Tiananmen Square, Xinjiang, Taiwan, Hong Kong—faces
prohibition or severe constraint. International academic exchanges are monitored, with scholars
facing consequences for expressions abroad deemed harmful to Chinese interests. The social
credit system extends into academic contexts, creating comprehensive monitoring of behavior
and expression. Despite these constraints, Chinese universities have achieved significant
research output in technical fields, raising questions about the relationship between academic
freedom and particular forms of scholarly productivity.

Russia's trajectory illustrates authoritarian consolidation's impact on previously more open
academic environments. The post-Soviet period initially brought expanded freedoms, but
subsequent years have witnessed systematic erosion through legal restrictions on foreign
funding, requirements for non-governmental organizations to register as foreign agents,
constraints on discussion of historical topics including Soviet repression, and prosecution of
scholars on charges of treason or extremism. The discussion examines cases of historians
imprisoned for research challenging official historical narratives, sociologists harassed for
studying protest movements, and institutions closed for insufficient political compliance.
Middle East exemplifies rapid authoritarian deterioration following attempted coup in 2016.
Mass dismissals of academics, closure of institutions, prosecution of scholars on terrorism
charges, travel bans, and imprisonment have devastated Turkish higher education. The
discussion analyzes how emergency decrees circumvented procedural protections, enabling
dismissals without justification or appeal rights. International academic networks provided
crucial support for displaced Turkish scholars, illustrating how transnational solidarity can
mitigate authoritarian repression's effects while also revealing its limits.

Hungary represents concerning trends within the European Union, demonstrating that formal
democratic systems and regional institutional membership provide incomplete protection.
Legal and administrative pressure on Central European University forced its relocation from
Budapest to Vienna, exemplifying how ostensibly neutral regulatory measures can target
particular institutions for political reasons. Restrictions on gender studies programs, changes to

academic governance reducing faculty autonomy, and funding policies favoring politically
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aligned institutions illustrate how academic freedom can be constrained within formally
democratic frameworks.
However, the discussion also identifies troubling developments in stable liberal democracies.
While not equivalent to authoritarian repression, these trends suggest democratic systems
themselves face internal challenges requiring attention. Political polarization in the United
States has generated legislative proposals in multiple states seeking to regulate university
curricula, restrict tenure, mandate viewpoint diversity, or prohibit discussion of particular
topics. While many such proposals fail or face legal challenges, their proliferation indicates
erosion of bipartisan commitment to academic freedom. Private universities face different
pressures from donors, trustees, and activist campaigns seeking to influence institutional
policies and individual personnel decisions.
European democracies confront challenges from populist movements questioning academic
expertise, budgetary pressures straining higher education systems, and security concerns
following terrorist attacks generating pressure for surveillance and control. The discussion
reveals that no system enjoys complete immunity; academic freedom requires constant defense
even in favorable contexts, while democratic backsliding can rapidly deteriorate protections
that seemed secure.
The comparative findings suggest several conclusions. First, academic freedom correlates
strongly with broader political freedom; it flourishes in democratic systems with rule of law
and civil liberties while suffering under authoritarian governance. Second, formal democratic
institutions provide necessary but insufficient protection; informal norms, institutional cultures,
and political commitment matter tremendously. Third, international visibility and networks can
provide some protection by raising costs of overt repression, though this protection operates
unevenly and proves insufficient against determined authoritarian states. Fourth, deterioration
can occur rapidly, with emergency situations providing pretexts for restrictions that become
permanent. Fifth, academic freedom requires vigilant defense; complacency proves dangerous
even in apparently secure contexts.
Conclusion
» This comprehensive analysis has underscored that academic freedom remains one of the
most pivotal yet contested principles shaping higher education in the 21st century.
Historically rooted in the medieval European university and progressively codified through
modern constitutional and international human-rights frameworks, academic freedom has

continually adapted to fluctuating sociopolitical landscapes. The conceptual foundations of
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academic freedom—centered on the autonomy of scholars to teach, research, and
disseminate knowledge without undue restraint—have been reaffirmed across disciplinary
traditions. Nevertheless, these foundational principles encounter persistent tensions in
practice, revealing the inherent paradox at the heart of contemporary higher education.
Legally, academic freedom is embedded within a multiplicity of national statutes,
institutional charters, and global declarations. This legal diversity both enriches and
complicates its implementation: while some jurisdictions provide robust protections, others
offer only nominal guarantees that are vulnerable to political interference and regulatory
ambiguity. The analysis demonstrated that the strength of legal safeguards often correlates
with broader societal commitments to democratic norms, rule of law, and civil liberties. Yet
even within jurisdictions with expansive protections, competing interests—such as national
security imperatives, market-driven educational reforms, and performance accountability
regimes—have incrementally constrained the scope of scholarly autonomy.

The contemporary challenges confronting academic freedom are multifaceted.
Globalization and the commodification of higher education have introduced performance
metrics and managerial logics that risk subordinating intellectual inquiry to economic
imperatives. Simultaneously, digital communication environments have amplified the reach
of academic voices while exposing them to new forms of surveillance, censorship, and
reputational risk. Political polarization and the resurgence of authoritarian models in several
regions have further complicated academic practice, leading to dismissals, legislative
encroachments, and institutional self-censorship. These phenomena not only threaten
academic freedom directly but also erode trust in the epistemic authority of universities.
Against this backdrop, the paradox of academic proficiency emerges. On one hand, higher
education reforms have sought to enhance institutional quality, international
competitiveness, and innovation outputs. On the other hand, such reforms often enforce
standardized assessments, performance benchmarks, and externally imposed priorities that
can undermine the very intellectual freedoms they aim to strengthen. This tension illustrates
that enhancing academic proficiency in terms of measurable outputs does not necessarily
equate to enshrining the conditions for genuine intellectual autonomy. Instead, it highlights
that quality in higher education must be conceptualized not solely through quantifiable
indicators but through the preservation of environments where critical inquiry and dissent

are protected as constitutive elements of academic life.
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» The resilience of academic freedom in the 21st century hinges on sustained dialogue among
scholars, policymakers, institutional leaders, and civil society. Legal frameworks must be
continuously reviewed and fortified to address emergent threats. Institutional governance
must balance accountability with respect for scholarly judgment. And global academic
communities must reaffirm core ethical commitments to independence of thought, open
inquiry, and shared truth-seeking. As universities navigate the complexities of
globalization, technological change, and political contestation, the defense of academic
freedom remains both an intellectual imperative and a practical necessity for the flourishing
of knowledge societies worldwide.
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Abstract

The rapid development of artificial intelligence (Al) has significantly impacted various
fields, including human resource management (HRM). This study explores the effects of Al on
HRM, focusing on its applications in recruitment, employee performance evaluation, training
and development, and workforce. By analyzing current trends and case studies, the research
highlights the benefits of Al, such as increased efficiency, reduced bias, and enhanced decision-
making. However, it also addresses challenges, including ethical concerns, data privacy issues,
and potential job displacement. The findings suggest that while Al offers transformative
potential for HRM, its successful integration requires a balanced approach, combining
technological advancements with human oversight. Organizations must adopt adaptive
strategies to leverage Al effectively while ensuring ethical and sustainable HR practices.

Keywords: Artificial Intelligence, Human Resource Management, Impact

1. Introduction

In the context of globalization and the Fourth Industrial Revolution, human resource
management is facing profound changes under the impact of advanced technologies, especially
artificial intelligence (Al). The emergence of Al has brought both enormous opportunities and
unprecedented challenges to human resource management in organizations and businesses.

In fact, Al is fundamentally changing traditional human resource management
processes, from recruitment, training, and employee evaluation to strategic human resource
planning. This technology promises to deliver outstanding efficiency, minimize errors, and
enhance objectivity in personnel decisions. However, the application of Al also raises many
complex issues related to ethics, privacy, data security, and the impact on labor relations.

Given this situation, comprehensive research on the impact of Al in human resource
management has become an urgent requirement. This research will not only help to understand
the changes brought about by Al but also propose solutions so that organizations can maximize
the benefits of Al while ensuring human values and sustainable human resource development.

This is a matter of significant theoretical and practical importance in the current context.
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2. The impact of artificial intelligence in human resource management

The first scientific conference on Atrtificial Intelligence, held at Dartmouth University
(USA) in 1955, officially coined the term. The event was chaired by scientists Minsky and
McCarthy, with McCarthy proposing the name "Atrtificial Intelligence.” Many experts from
prestigious research institutions such as Carnegie Mellon, MIT, and technology companies like
IBM attended the conference. From this point on, Al began to gain widespread recognition
(Dick, 2019) .

Early Al development achieved many successes, but stalled in the 1970s due to
technological limitations. The turning point came in the 21st century with the advent of Deep
Learning and Neural Networks, enabling Al to handle complex tasks such as image recognition
and natural language processing.

In the field of human resources, Al is revolutionizing the recruitment process by
automating candidate screening, minimizing errors, and reducing processing time. This
technology is capable of analyzing data many times faster than humans.

According to scholars, human resource management is the process of building a high-
quality workforce to achieve organizational goals. Al has become a powerful tool thanks to its
ability to make data-driven decisions and optimize processes. One study showed that Al helps
increase the efficiency of HR administration by 19% (\Vu Thi Thanh Huong, 2022) .

2.1. The impact of artificial intelligence on recruitment activities

Artificial intelligence (Al) is increasingly being applied in the recruitment process,
helping to speed up and improve its efficiency. Al can automate steps such as resume screening,
selecting suitable candidates, and scheduling interviews, thereby saving recruiters time and
effort while improving the quality of recruitment (Nguyen Van Toai & Dinh VVan Quang, 2024)
. This automation also helps eliminate repetitive tasks and minimize human errors in the
recruitment process (Ta Hoang Giang et al., 2024) .

Furthermore, Al contributes to reducing bias and increasing fairness in recruitment. Al
algorithms analyze candidate data objectively, unaffected by factors such as gender, race, or
age, ensuring a more transparent and fair process. This helps businesses reach more potential
candidates and enhances their reputation in the eyes of applicants.

Al also improves recruitment quality by predicting candidates' chances of success and
performance based on historical data and behavior. This allows recruiters to select suitable
personnel with long-term growth potential, contributing to building a strong workforce (Pham

Hong Long et al., 2024) . Simultaneously, Al enhances the candidate experience through
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chatbots and virtual assistants, facilitating interaction, answering questions, and providing
information quickly, thus increasing candidate satisfaction throughout the recruitment process.

Finally, Al supports the optimization of human resource management by maintaining
and analyzing existing candidate databases, helping businesses quickly identify suitable
candidates for new positions without spending a lot of time searching from scratch (Le et al.,
2024). This saves resources and improves overall recruitment efficiency, while creating a
competitive advantage for businesses in an increasingly competitive labor market (Bui, 2024).

2.2 . The impact of artificial intelligence on internal training activities

Artificial intelligence (Al) is creating profound changes in the internal training and
development activities of organizations, contributing to improved human resource management
efficiency in the context of digital transformation. Al not only optimizes human resource
management processes but also plays a particularly important role in the field of training
through functions such as automation, personalization of learning content, and support for
decision-making based on big data (Gupta, 2024) .

First, Al-based systems analyze employee data—including performance metrics,
preferences, strengths, and weaknesses—to design tailored training content, ensuring focused
learning and maximizing knowledge retention. This personalized approach helps organizations
meet the unique learning needs of each individual and optimize outcomes (Tulsiani, 2025) .

Secondly, Al automates the allocation and recommendation of training programs based
on individual competencies, assessment results, and industry skill development trends. This
approach not only optimizes the training process—making it easier for employees to access
relevant courses—but also ensures that content keeps pace with technological changes and
market demands.

Thirdly, Al offers diversity in training methods through realistic case studies, engaging
online exercises, and virtual teaching systems, allowing employees to easily access knowledge
anytime, anywhere — even with busy schedules. In particular, the application of chatbot support
and intelligent simulation scenarios enhances the learning experience, creating a flexible and
highly interactive training environment.

Fourth, Al tracks and evaluates learning progress in detail, recording learning time,
assessment results, and comparing learning effectiveness among employees. This helps
managers monitor, evaluate, and adjust training pathways in a timely manner, ensuring

continuous improvement and alignment with organizational goals (Chen, 2024) .
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Overall, Al helps businesses implement personalized, automated, and engaging training
while providing powerful tools to measure and improve the effectiveness of employee
development.

2.3. The Impact of Artificial Intelligence on Performance Management and Human
Resource Evaluation

Al is profoundly impacting performance management and human resource evaluation
in businesses, bringing about positive changes in the accuracy, transparency, and efficiency of
these processes. Studies show that Al not only helps businesses make more specific and
accurate data-driven decisions (Phan Thi Cong Minh, 2024) but also helps minimize erroneous
decisions related to promotions and rewards.

Al supports the automation of collecting and analyzing performance data from various
sources, thereby helping managers provide accurate and timely feedback and build personalized
development plans for each employee (Pham Hong Long et al., 2024) . Al can analyze data
from millions of employees, thereby identifying trends in turnover rates, training needs, and
other factors affecting individual work performance .

Several companies in Vietnam have pioneered the provision of Al-based applications
for human resource management, such as FPT Smart Cloud with its FPT Al Mentor solution
and MISA AMIS HRM. These solutions help businesses assess employee quality, personalize
skill development paths, and provide professional reporting systems for leaders at all levels
(Khong Van Hai, 2025) .

3. Propose solutions to improve the effectiveness of Al applications in human
resource management.

Firstly, improve the efficiency of the recruitment and selection process by applying Al
technology to scientifically analyze candidate profiles. This technology allows for the
conversion of information from CVs into systematic data, while also supporting the prediction
of appropriate salaries based on objective analysis. As a result, businesses can optimize time,
improve recruitment accuracy, and make more effective personnel decisions.

Secondly, clear ethical principles need to be established when deploying Al, ensuring
transparency, fairness, and respect for employee privacy. The process of applying Al to human
resource management must be strictly controlled to limit risks such as discrimination or misuse
of personal data. In particular, businesses need to adhere to two core requirements: (1) Only
collect and process employee information with specific consent, and (2) Regularly assess the

objectivity of algorithms to avoid potential bias. Research shows that integrating Al into
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existing management systems needs to be done step by step, coupled with the improvement of
internal legal frameworks and monitoring mechanisms. This approach not only protects
employee rights but also strengthens trust in technology, thereby improving organizational
operational efficiency.

Third, it is necessary to proactively train human resources to optimize the effectiveness
of working with Al. The focus includes: (1) Enhancing the digital capabilities of management
teams to make decisions based on Al analysis, (2) Building employee training programs on how
to coordinate with automation systems. When personnel understand the operating mechanism
and economic value of Al, businesses will reduce digital transformation costs, accelerate
technology adaptation, and maximize the competitive advantage of Al in human resource
management.

Fourth, Al can be used to build personalized training paths, automatically suggesting
courses and skills that match each employee’s abilities and position. This approach not only
enhances training effectiveness but also increases employee engagement and motivation, while
helping employees visualize their future career advancement more clearly.

Fifth, enhance the application of technological solutions such as chatbots for
psychological support, employee survey systems, smart wearable devices, and Al robots to
monitor and improve the mental health of the workforce, especially in the post-COVID-19
period — when issues such as psychological stress, decreased engagement, and employee
turnover are becoming common. These tools not only help businesses promptly understand the
state of their personnel but also predict risks, thereby adjusting policies to improve employee
experience, reduce turnover rates, and increase labor productivity.

4. Conclusion

Artificial intelligence is becoming a powerful tool in human resource management,
bringing about positive and profound changes to HR management in the digital age. Thanks to
Al, companies, corporations, and organizations can optimize recruitment, training, and
employee evaluation processes with high accuracy, saving time and costs, while improving the
ability to forecast staffing needs.

Although Al cannot yet completely replace humans due to limitations in creativity and
emotional understanding, it has proven its crucial role in supporting data-driven decision-
making and automating repetitive administrative tasks. The combination of Al and human

resource management not only boosts work performance but also improves the employee
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experience, helping businesses and organizations build sustainable competitive advantages in a
constantly changing market.

References

Chen, Z. (2024). Responsible Al in Organizational Training: Applications, Implications, and
Recommendations for Future Development. Human Resource Development Review , 23 ((4)).
https://doi.org/10.1177/15344843241273316

Dick, S. (2019). Artistic Intelligence. Harvard Data Science Review , 1.1.
https://doi.org/10.1162/99608f92.92fe150c

Gupta, R. (2024). Impact of Artificial Intelligence (Al) on Human Resource Management (HRM).
International Journal for Multidisciplinary Research , 6 (3), 25.

Khong Van Hai. (2025). Developing artificial intelligence in human resource management. Industry
and Trade Magazine . https://tapchicongthuong.vn/phat-trien-tri-tue-nhan-tao-trong-quan-tri-
nguon-nhan-luc-138207.htm

Nguyen Van Toai, & Dinh Van Quang. (2024). Analysis of the impact of artificial intelligence on the
human resource recruitment process in enterprises in Ho Chi Minh City. Journal of
Development and Integration , 76(2024) , 56. https://doi.org/10.61602/jdi.2024.76.08

Pham Hong Long, Le Thi Tam, & Le Thi Phuong. (2024). Research on the application of artificial
intelligence in human resource management for enterprises in Vietnam. Journal of State
Management . https://www.quanlynhanuoc.vn/2024/06/27/nghien-cuu-ung-dung-tri-tue-nhan-
tao-trong-quan-tri-nhan-luc-cho-cac-doanh-nghiep-o-viet-nam/

Phan Thi Cong Minh. (2024). Digital transformation of human resource management: New trends and
proposed research directions in Vietnam. Industry and Trade Magazine .
https://tapchicongthuong.vn/chuyen-doi-so-cong-tac-quan-tri-nhan-su--cac-xu-huong-moi-va-
de-xuat-huong-nghien-cuu-tai-viet-nam-131150.htm

Ta Hoang Giang, Nguyen Quang Anh, Huynh Trong Hien, & Le Thanh. (2024). Exploring aspects of
the impact of artificial intelligence (Al) on recruitment processes in construction companies in
Ho Chi Minh City. Journal of Management and Economics, University of Economics, Hue
University , No. 30 (2024) .

Tulsiani, R. (2025). How generative Al is revolutionizing Learning and Development. Training
Journal . https://www.trainingjournal.com/2025/business-and-industry/how-generative-ai-is-
revolutionising-learning-and-development/

Vu Thi Thanh Huong. (2022). The Impact of Artificial Intelligence in Human Resource Management.
Finance Magazine . https://tapchitaichinh.vn/tac-dong-cua-tri-tue-nhan-tao-trong-quan-tri-
nguon-nhan-luc.html

226



ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

WHO IS LIABLE WHEN Al CAUSES HARM?
A Comparative Analysis of Al Liability Frameworks Across Jurisdictions

Le Thi Minh

Thu Dau Mot University

Huynh Mai Yen

Thu Dau Mot University
Abstract

The rapid proliferation of artificial intelligence systems across critical sectors —
including healthcare, finance, transportation, and public administration — has
exposed a fundamental gap in existing legal frameworks: the absence of
coherent, comprehensive rules governing liability when Al causes harm.
Traditional tort law, built upon the doctrines of fault, causation, and
foreseeability, struggles to accommodate the autonomous, opaque, and
continuously learning nature of modern Al systems. When an Al-driven medical
diagnostic tool misdiagnoses a patient, or an autonomous vehicle causes a fatal
accident, the question of who bears legal responsibility — the developer, the
deployer, the user, or the Al itself — remains deeply contested. This paper
conducts a comparative analysis of emerging Al liability regimes across three
major jurisdictions: the European Union, the United States, and selected Asian
legal systems, including China, Japan, and Vietnam. Drawing on the EU Al Act
(Regulation (EU) 2024/1689) and the proposed Al Liability Directive
(COM(2022) 496 final), U.S. sector-specific regulatory approaches, and nascent
legislative developments in Asia, the study examines how different legal
traditions — civil law, common law, and hybrid systems — conceptualize
responsibility attribution in Al-related harm scenarios. The analysis identifies
three dominant regulatory models: strict liability, negligence-based liability, and
distributed liability frameworks, evaluating each against criteria of legal
certainty, innovation neutrality, and victim protection. The paper argues that no
single model is universally adequate and proposes a risk-tiered hybrid approach
as a basis for international harmonization. Ultimately, this research contributes
to the broader discourse on building a globally coherent, human-rights-centered
legal architecture for Al governance.

Keywords: artificial intelligence; Al liability; comparative law; tort law; EU
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1. INTRODUCTION

Artificial intelligence (Al) is no longer a technology confined to research laboratories
or speculative fiction. It now permeates the fabric of modern society: algorithms diagnose
cancer, autonomous systems navigate public roads, predictive models determine
creditworthiness, and Al-driven tools assist judges in sentencing decisions. This extraordinary
expansion of Al capabilities has generated unprecedented economic and social value. It has also
given rise to a correspondingly unprecedented set of legal problems — most acutely, the
question of who is responsible when Al-enabled systems cause harm.

The challenge is not merely technical or philosophical. It is fundamentally legal.
Existing liability regimes across virtually every jurisdiction were designed to govern the
behavior of human actors — individuals, corporations, and states — whose decisions and
actions are, at least in principle, traceable, foreseeable, and attributable. Artificial intelligence
disrupts each of these assumptions. The opacity of machine learning models — what critics
have called the "black box" problem — means that even the systems' designers may be unable
to explain why a particular output was produced (Doshi-Velez et al., 2017). The autonomy of
Al systems means that their behavior in novel circumstances may diverge substantially from
the intentions of their creators or operators. And the capacity of Al systems to learn
continuously from data means that the state of the system at the moment of harm may differ
significantly from its state at the moment of deployment.

These features collectively destabilize the traditional architecture of tort liability. Fault
is difficult to assign when causation is obscured. Foreseeability is strained when systems act in
ways their designers did not anticipate. And the multi-party nature of Al deployment chains —
involving developers, data providers, cloud infrastructure operators, system integrators,
deployers, and end users — creates profound problems of distributed responsibility that existing
doctrines are ill-equipped to address (Vladeck, 2014; Lemley & Casey, 2019).

Legal scholars and policymakers have increasingly recognized this gap. The European
Union, characteristically proactive in technology regulation, enacted the world's first
comprehensive Al regulatory framework — Regulation (EU) 2024/1689, commonly known as
the EU Al Act — in June 2024, which entered into force on 1 August 2024. Complementary
liability-specific proposals, including the Al Liability Directive (COM(2022) 496 final), sought
to adapt civil liability rules to the Al context, though this directive was ultimately listed for
withdrawal by the Commission in its 2025 Work Programme. The United States has pursued a

decentralized, sector-specific approach, relying on existing common law frameworks

228



ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

supplemented by agency-level guidance and the National Institute of Standards and Technology
(NIST) Al Risk Management Framework (2023). Asian jurisdictions, including China, Japan,
and Vietnam, occupy various positions on a spectrum from prescriptive regulatory intervention
to soft-law governance.

This paper undertakes a comparative analysis of these emerging frameworks. Section 2
examines the structural inadequacy of traditional tort law as applied to Al-related harm.
Sections 3, 4, and 5 analyze the EU, U.S., and Asian approaches respectively. Section 6
identifies and evaluates three dominant regulatory models that have emerged from this
comparative survey. Section 7 proposes a risk-tiered hybrid framework as a basis for
international harmonization. Section 8 concludes.

2. THE STRUCTURAL INADEQUACY OF TRADITIONAL TORT LAW

The law of torts, whether in its common law or civil law manifestations, rests on a set
of foundational principles — fault, causation, and damage — whose application to Al-enabled
harm is deeply problematic. Understanding precisely why traditional tort doctrine struggles
with Al is a prerequisite for evaluating the adequacy of emerging regulatory responses.

2.1 The Problem of Fault

In negligence-based systems, liability attaches where a defendant has breached a duty
of care owed to the plaintiff, and that breach has caused the plaintiff's injury. The touchstone of
this analysis is the conduct of a "reasonable person” — a legal fiction that encapsulates the
community's expectations of prudent behavior under the circumstances. In the Al context,
however, it is often genuinely unclear who the relevant actor is and what standard of care should
govern their conduct (Scherer, 2016).

Consider a medical Al system that recommends an incorrect drug dosage, causing
patient harm. The developer may have acted reasonably in training the system on available data;
the deploying hospital may have acted reasonably in implementing a certified system; the
treating physician may have reasonably deferred to algorithmic recommendations consistent
with emerging clinical practice. Yet the patient has suffered real harm. The negligence
framework, calibrated for individual decision-makers, struggles to identify a culpable party —
or, worse, dilutes accountability across the entire supply chain, leaving victims without
effective redress (Abbott, 2020).

Product liability frameworks offer a partial response by imposing strict liability on
manufacturers for defective products, regardless of fault. However, these frameworks were

designed for physical goods with determinate characteristics at the moment of sale. Al systems
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that learn and adapt post-deployment may be functioning precisely as designed at the moment
of causing harm — raising profound questions about what it means for an Al system to be
"defective” (Gurney, 2013). The revised EU Product Liability Directive (Council Directive
85/374/EEC, as proposed for revision in COM(2022) 495) attempts to address this by
expanding the concept of "product™ and "defect™ to encompass software and Al systems, but its
application to continuously evolving Al remains contested.

2.2 The Problem of Causation

Causation in tort law requires both factual causation (the defendant's conduct was a
necessary condition of the harm) and legal causation (the harm was a foreseeable consequence
of the defendant's conduct). Al systems generate both types of causation problems in heightened
form.

Factually, establishing that a specific decision or action by an identifiable party caused
the Al system to produce the harmful output is often impossible to demonstrate with any
certainty, given the opacity of machine learning models. A neural network with billions of
parameters does not produce its outputs through a traceable chain of human decisions; the
relationships between input, processing, and output are non-linear, high-dimensional, and often
irreducible to any intelligible causal narrative (Doshi-Velez et al., 2017). This opacity means
that victims face an almost insurmountable evidentiary burden in proving causation — a burden
that existing discovery and disclosure mechanisms were not designed to address.

Legal causation raises its own difficulties. Al systems may cause harm through
mechanisms that were entirely unforeseeable by any party in the deployment chain. A facial
recognition system trained on demographic data may systematically misidentify individuals
from certain ethnic backgrounds in ways that no engineer specifically intended or anticipated.
The traditional foreseeability analysis, which calibrates the scope of liability by asking what
risks a reasonable actor would have anticipated, becomes strained when applied to systems
whose emergent behaviors may exceed the predictive capacity of their creators (Calo, 2015).
2.3 Distributed Responsibility and the Multi-Party Problem

Modern Al deployment involves a complex ecosystem of actors: foundational model
developers, fine-tuning operators, data providers, infrastructure companies, system integrators,
downstream deployers, and end users. Harm arising from Al output may be attributable — to
varying degrees and in different respects — to decisions made at any point in this chain. Yet

existing tort doctrines for multi-party liability — joint and several liability, contribution,
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indemnification — were developed for scenarios with far fewer parties and far clearer causal
relationships (Karnow, 1996).

This distributed responsibility problem is not merely analytical. It has practical
consequences for victims. Where liability may attach to any of a dozen parties, litigation
becomes prohibitively complex and expensive. Settlement dynamics favor well-resourced
defendants. And the absence of clear liability assignment reduces the incentive for any party to
invest in safety measures beyond the minimum required by applicable law (Pasquale, 2020).
These systemic failures have driven legislative efforts in multiple jurisdictions to devise new
liability frameworks specifically tailored to the Al context.

3. THE EUROPEAN UNiON: A COMPREHENSIVE RiSK-BASED FRAMEWORK

The European Union has pursued the most ambitious and comprehensive regulatory
agenda for Al of any major jurisdiction. Its approach operates through two distinct but
complementary instruments: the EU Al Act (Regulation (EU) 2024/1689), which establishes
ex ante safety and compliance requirements across the Al value chain, and the proposed Al
Liability Directive (COM(2022) 496 final), which seeks to adapt ex post civil liability rules to
the Al context.

3.1 The EU Al Act: Risk Classification and Obligations

The EU Al Act, adopted on 13 June 2024 and entering into force on 1 August 2024,
represents the world's first comprehensive horizontal legal framework governing Al systems.
Its conceptual architecture is built around a risk-based classification system that stratifies Al
applications by their potential for harm to health, safety, and fundamental rights. The Act
identifies four risk tiers: prohibited Al systems (Article 5), which includes applications such as
social scoring and certain forms of biometric categorization; high-risk Al systems (Article 6
and Annex Il1), covering Al deployed in critical infrastructure, education, employment,
essential services, law enforcement, and judicial administration; Al systems subject to
transparency obligations (Article 50); and all other Al systems, which face minimal direct
obligations under the Act.

For high-risk Al systems, the EU Al Act imposes substantial pre-market requirements:
risk management systems (Article 9), data governance obligations (Article 10), technical
documentation (Article 11), record-keeping (Article 12), transparency towards deployers
(Article 13), human oversight mechanisms (Article 14), and accuracy, robustness, and
cybersecurity standards (Article 15). Providers of high-risk Al systems must conduct

conformity assessments and, in many cases, register with an EU-wide database before placing

231



ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

their systems on the market. Non-compliance may attract administrative fines of up to EUR 35
million or 7 percent of worldwide annual turnover — reflecting the seriousness with which the
EU treats Al-related risk (White & Case, 2024).

Critically, however, the EU Al Act is not itself a liability instrument. It establishes what
obligations Al actors must fulfill but does not directly determine who is civilly liable when
those obligations are breached and harm results. That function was intended to be served by the
complementary Al Liability Directive.

3.2 The Proposed Al Liability Directive: Addressing the Evidentiary Challenge

The European Commission presented the Al Liability Directive (COM(2022) 496 final)
on 28 September 2022, proposing targeted reforms to civil liability rules to address the specific
evidentiary challenges that arise in Al-related harm scenarios. The proposal was animated by a
recognition that the complexity and opacity of Al systems place victims in a structurally
disadvantaged position in civil litigation: they bear the burden of proving causation in
circumstances where the relevant technical information is inaccessible to them and where causal
chains may be genuinely undiscoverable without specialized expertise.

The Directive proposed two principal mechanisms to address this imbalance. First,
Article 3 would empower national courts to order the disclosure of evidence — including
technical documentation, training data information, and system logs — by Al providers and
deployers suspected of having caused damage. This disclosure mechanism was modeled on
existing discovery and pre-litigation evidence access tools in national procedural law, adapted
to the specificities of Al systems. Second, and more significantly, Article 4 established a
rebuttable presumption of causality: where a claimant could demonstrate that a defendant had
breached a relevant duty of care under EU or national law, and that the breach was likely to
have influenced the Al system's output, a causal link between the breach and the damage would
be presumed, placing the burden of rebuttal on the defendant (European Parliament, 2023).

The presumption of causality was carefully calibrated. For high-risk Al systems, it
applied upon proof of a duty of care breach, subject to the defendant's right to demonstrate that
the claimant had sufficient access to evidence and expertise to prove causation directly. For
non-high-risk Al systems, the presumption applied only where the court determined that proof
of causation would be excessively difficult for the claimant — a condition that created legal
uncertainty and attracted criticism from both the German Bundesrat and academic
commentators (European Parliament, 2023). The Directive explicitly preserved fault-based

liability as its foundation and did not introduce strict liability, a choice that attracted criticism
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from those who advocated for a more protective victim-centered approach, particularly for
high-risk applications (BEUC, 2023).

The Al Liability Directive ultimately did not proceed to enactment. The Commission
listed the proposal for withdrawal in its 2025 Work Programme, concluding that no foreseeable
agreement could be reached in the legislative process. Its withdrawal leaves a significant gap
in the EU's Al liability architecture, with victims of Al-related harm currently reliant on national
tort law and the revised Product Liability Directive (COM(2022) 495) — instruments that were
not designed with Al's distinctive characteristics in mind. The gap underscores the unresolved
tension at the heart of European Al governance between the imperatives of innovation
facilitation and victim protection.

3.3 Assessment of the EU Approach

The EU framework’s principal strength is its comprehensiveness. By combining ex ante
safety regulation under the Al Act with contemplated ex post liability reforms, the EU sought
to create a coherent governance ecosystem spanning the full lifecycle of Al development and
deployment. The risk-tiered approach is theoretically sound: by calibrating regulatory intensity
to potential harm, it preserves space for low-risk innovation while subjecting high-stakes
applications to rigorous scrutiny. The imposition of disclosure obligations and causation
presumptions acknowledges, explicitly and constructively, the structural informational
asymmetries that impair victim access to justice in the Al context (European Commission,
2022).

The EU approach’s principal weaknesses are its complexity and its unresolved liability
gap. The interaction between the Al Act, the proposed Al Liability Directive, the Product
Liability Directive, the General Data Protection Regulation (GDPR), and sector-specific
regulations in healthcare, financial services, and transport creates a regulatory landscape of
formidable intricacy that may overwhelm small and medium-sized enterprises and generate
legal uncertainty even for sophisticated actors. The withdrawal of the Al Liability Directive
compounds this problem by leaving the liability dimension of Al governance without a coherent
harmonized instrument, creating divergence across Member States that undermines the internal
market rationale that underpins EU regulatory action.

4. THE UNITED STATES: SECTOR-SPECiFiC PRAGMATISM AND COMMON
LAW RESILIENCE
The United States has pursued a fundamentally different approach to Al liability

governance, reflecting its common law tradition, its federal constitutional structure, and a
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prevailing political culture that is skeptical of comprehensive ex ante technology regulation.
Rather than adopting a unified Al liability framework, the United States has relied on a mosaic
of sector-specific regulation, existing common law tort doctrine, and agency-level guidance —
an approach that offers flexibility and preserves innovation space but generates fragmentation
and uncertainty for potential victims.

4.1 The Absence of Federal Al Liability Legislation

As of 2024, the United States has enacted no comprehensive federal legislation
specifically addressing Al liability. The principal federal interventions in the Al regulatory
space have taken the form of executive action and agency guidance rather than legislation. The
most significant of these is Executive Order 14110 on Safe, Secure, and Trustworthy
Development and Use of Artificial Intelligence, issued by President Biden on 30 October 2023,
which directed federal agencies to develop sector-specific guidance and standards for Al safety.
The Order mandated, inter alia, that developers of powerful Al models report safety testing
results to the government and that agencies assess Al-related risks in their sectors (The White
House, 2023).

At the legislative level, numerous Al-related bills have been introduced in Congress,
addressing specific applications such as deepfakes, algorithmic discrimination, and automated
decision-making in consumer credit. However, the comprehensive legislative response that
would be necessary to address Al liability systematically has not been forthcoming, reflecting
both political divisions and the difficulty of legislating effectively for a technology whose
capabilities are evolving faster than the legislative process.

4.2 The NIST Al Risk Management Framework

The most influential federal contribution to Al governance in the United States has been
the voluntary Al Risk Management Framework (Al RMF) published by the National Institute
of Standards and Technology (NIST) in January 2023. The Al RMF provides a structured, non-
mandatory framework for organizations developing, deploying, or using Al systems to identify,
assess, and manage Al-related risks across four core functions: Govern, Map, Measure, and
Manage (NIST, 2023). The Framework is organized around a set of Al risk categories,
including risks to accuracy, reliability, safety, privacy, accountability, explainability, and bias
— categories that map with reasonable precision onto the concerns that motivate Al liability
reform in other jurisdictions.

While the Al RMF is voluntary and lacks the force of law, its adoption by major federal

procurement agencies and its widespread uptake in the private sector have given it quasi-
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normative status. Its standards may inform the "reasonable care” inquiry in negligence
litigation, as courts increasingly look to industry standards and government guidance in
defining the applicable standard of conduct for technology companies. In this sense, the NIST
Al RMF performs a function analogous to the EU Al Act's conformity requirements —
establishing benchmarks of responsible Al practice that can anchor civil liability — albeit
through the softer mechanism of voluntary adoption rather than mandatory compliance.

4.3 Common Law Responses: Products Liability, Negligence, and Beyond

In the absence of comprehensive federal Al liability legislation, American courts and
lawyers have attempted to apply existing common law tort doctrines to Al-related harm
scenarios. Products liability is the most natural vehicle for harm caused by Al systems
embedded in physical products — autonomous vehicles, medical devices, industrial robots —
where established doctrine holds manufacturers strictly liable for defects in design,
manufacturing, or warning (Restatement (Third) of Torts: Products Liability, 1998). Courts
have shown willingness to extend products liability doctrine to software defects, and a growing
body of litigation tests its application to Al-specific failures.

The key doctrinal challenge in applying products liability to Al is the concept of defect.
A product is defective in design if the foreseeable risks of harm could have been reduced by a
reasonable alternative design. For Al systems that cause harm through emergent behaviors
arising from legitimate training processes applied to representative data, it may be impossible
to identify any specific design decision that was unreasonable — yet harm has occurred. This
doctrinal gap has prompted scholars to argue for the extension of strict liability to Al systems
producing "abnormally dangerous activities” under the Restatement (Third) of Torts, an
argument that has gained traction in academic literature but has not been definitively accepted
by American courts (Vladeck, 2014; Scherer, 2016).

Negligence-based claims face the dual challenges of establishing both the applicable
standard of care — particularly where industry practice is still evolving — and causation in
opaque Al systems. Sector-specific regulatory agencies — the Food and Drug Administration
(FDA) for Al medical devices, the Federal Trade Commission (FTC) for Al-enabled deceptive
practices, and federal financial regulators for algorithmic lending — have issued guidance and
enforcement actions that may inform the negligence standard in their respective domains,
providing some degree of de facto liability guidance even absent comprehensive legislation
(Lemley & Casey, 2019).
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4.4 Assessment of the U.S. Approach

The United States approach to Al liability reflects the characteristic virtues and vices of
its legal culture. The virtue is adaptability: common law courts can develop new doctrines in
response to novel fact patterns without waiting for legislative action, and the decentralized
federal structure allows states to experiment with Al-specific liability rules. California's
leadership in consumer privacy law, for instance, may serve as a laboratory for Al-specific
liability innovations. The vice is fragmentation: the absence of a coherent national framework
creates inconsistency across sectors and jurisdictions, imposes compliance burdens on multi-
state and multi-sector Al developers, and — most critically from a victim protection standpoint
— creates gaps and ambiguities that may leave injured parties without viable legal remedies
(Calo, 2015).
5. ASIAN JURISDICTIONS: DIVERGENT PATHS IN A CONTESTED SPACE

Asia is not a monolithic regulatory space, and the three jurisdictions examined in this
section — China, Japan, and Vietnam — reflect starkly different legal traditions, political
economies, and approaches to Al governance. What they share is the condition of jurisdictions
grappling with the challenge of Al liability against the background of legal frameworks and
institutional capacities that were not designed for the Al age.
5.1 China: Regulatory Ambition and Incremental Implementation

China has emerged as one of the world's most prolific and ambitious Al regulators,
pursuing a layered approach to Al governance through a series of increasingly comprehensive
regulatory instruments. The process began with the New Generation Al Governance Principles
(2019), issued by the National New Generation Al Governance Expert Committee under the
Ministry of Science and Technology. While primarily articulating normative principles rather
than binding legal rules, the Principles established a foundational commitment to human-
centered Al governance, identifying eight normative requirements: harmony and friendliness,
fairness and justice, inclusivity and sharing, respect for privacy, security and controllability,
shared responsibility, openness and collaboration, and agile governance. The commitment to
"shared responsibility" — allocating liability across the Al value chain — is especially
significant for Al liability analysis.

China's regulatory approach subsequently became more concrete and legally binding.
The Provisions on the Administration of Algorithmic Recommendations (effective March
2022) imposed obligations on providers of algorithmic recommendation systems to be

transparent about their recommendation logic, to protect user rights, and to prevent
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discriminatory algorithmic outcomes. The Provisions on the Administration of Deep Synthesis
Internet Information Services (effective January 2023) imposed obligations relating to Al-
generated synthetic content, including requirements for human verification and content
labeling, with liability implications for non-compliant providers. Most significantly, the Interim
Measures for the Management of Generative Al Services (effective August 2023) established
comprehensive requirements for providers of generative Al — including large language models
— covering training data quality, content filtering, user rights protection, and security
assessment obligations for high-capability systems (Cyberspace Administration of China,
2023).

In terms of civil liability, China's Al-specific regulations do not yet establish a
comprehensive liability regime. The primary legal vehicle for Al-related harm remains the Civil
Code of the People's Republic of China (2021), which contains general tort liability provisions
applicable to Al harm through its doctrine of product liability (Articles 1202-1207) and the
general negligence provisions of Part Seven (Tort Liability). Chinese courts have applied these
provisions to Al-related disputes with some creativity, including cases involving autonomous
vehicle accidents and Al medical misdiagnosis, but the doctrinal framework remains
underdeveloped relative to the sophistication of China's substantive Al regulatory requirements.
The absence of specific causation-facilitating mechanisms — equivalent to the EU's proposed
disclosure obligations and causation presumptions — means that victims of Al harm in China
face evidentiary challenges comparable to those in other jurisdictions without dedicated Al
liability rules.

5.2 Japan: Soft Law Leadership and Regulatory Restraint

Japan has adopted a characteristically different approach to Al governance: one that
emphasizes soft law, voluntary industry engagement, and iterative policy development rather
than prescriptive binding regulation. Japan's Al Strategy 2022, published by the Integrated
Innovation Strategy Promotion Council under the Cabinet Office, positions Al as a strategic
national priority while emphasizing the importance of maintaining Japan's technological
competitiveness and avoiding regulatory overreach that might stifle innovation. The Strategy
articulates broad governance principles — including human-centered Al, data-driven Al
development, and Al safety — but delegates their implementation primarily to voluntary
industry action.

The Ministry of Economy, Trade and Industry (METI) has issued Al governance

guidelines, including the "Al Principles™ and more detailed implementation guidance, that serve
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as a voluntary framework for responsible Al development. Japan's Council for Science,
Technology and Innovation has similarly engaged with Al governance questions, including
liability, in a deliberative rather than prescriptive mode. On the question of Al liability
specifically, Japan's government convened expert discussions during the development of the
2022 Al Strategy that acknowledged the inadequacy of existing civil law frameworks for Al-
related harm but ultimately declined to propose new statutory liability rules, preferring instead
to develop case-by-case judicial elaboration supplemented by sectoral regulatory guidance.

Japan's product liability law (Act on the Liability of Manufacturers for Defective
Products, 1994) applies to physical products incorporating Al components, providing a basis
for strict liability claims. For Al-related harm not involving defective physical products,
Japanese law relies on general civil law principles under the Civil Code (Act No. 89 of 1896,
as amended). Japan's preference for soft law governance of Al liability may reflect both genuine
policy judgment about the appropriate regulatory posture during a period of rapid technological
change, and institutional constraints — particularly the consensual, stakeholder-driven
character of Japanese regulatory policymaking — that make prescriptive legislative solutions
difficult to achieve quickly (METI, 2022).

5.3 Vietham: Nascent Framework, Significant Gaps

Vietnam presents a distinctive case study: a jurisdiction with significant Al ambitions,
an active regulatory agenda, and a legal system that is in the process of substantial
modernization — yet with significant gaps in its capacity to govern the liability dimensions of
Al deployment effectively. Vietnam's National Strategy on Research, Development and
Application of Artificial Intelligence to 2030, adopted by Decision No. 127/QD-TTg of the
Prime Minister on 26 January 2021, establishes Al as a national strategic priority, setting
ambitious targets for Al research, talent development, and industrial application. The Strategy
envisions Vietnam becoming a leading country in Al research and application in the ASEAN
region by 2030.

At the legal level, Vietnam's primary instrument for handling Al-related harm remains
the Civil Code 2015 (Law No. 91/2015/QH13), specifically its general tort liability provisions
in Part Three. The Civil Code imposes liability for damage caused by fault (Article 586) and
provides for strict liability for damage caused by sources of high danger — a category that
might conceivably be extended to certain Al systems through judicial interpretation (Article
601). However, Vietnam does not yet have Al-specific liability legislation, and its courts have

limited experience with Al-related disputes. The institutional capacity for complex Al litigation
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— in terms of judicial technical expertise, expert witness ecosystems, and discovery
mechanisms — remains developing.

Vietnam's regulatory institutions have taken some steps toward Al governance. The
Ministry of Science and Technology and the Ministry of Information and Communications have
issued guidelines and began consultation processes for Al-related regulation, and Vietnam's
participation in ASEAN's Al governance frameworks — including the ASEAN Guide on Al
Governance and Ethics (2021) — provides some normative orientation. However, as with
Japan, Vietnam's approach to Al liability remains primarily aspirational and soft-law in
character, with binding legal obligations on Al developers and deployers limited and non-
specific. The gap between Vietnam's Al strategic ambitions and its liability governance capacity
creates significant risks for Vietnamese citizens who are harmed by Al-enabled systems
deployed domestically, whether developed locally or imported.

6. THREE DOMINANT REGULATORY MODELS: A COMPARATIVE
EVALUATION

The comparative survey of Al liability frameworks across the EU, the United States,
and Asia reveals three analytically distinct regulatory models, each reflecting different
assumptions about the nature of Al risk, the appropriate role of law in governing technology,
and the relative priority of victim protection and innovation facilitation.

6.1 Strict Liability

The strict liability model holds that certain categories of Al system should give rise to
liability for harm without any requirement to prove fault. This model is justified by the
argument that Al systems that operate autonomously — particularly in high-risk applications
— represent a form of "abnormally dangerous activity" for which traditional fault-based
liability is insufficient, because the risk cannot be fully controlled by reasonable care and the
potential for harm is significant enough to warrant placing the economic burden of injury on
the party who profits from deployment. Proponents of strict liability for Al argue that it provides
the strongest incentive for investment in safety — because the developer and deployer
internalize the full cost of Al-related harm — and offers the most direct path to compensation
for victims, who need not navigate the complex causation and fault analysis required by
negligence (Floridi et al., 2018; European Parliament, 2020).

The EU Al Act's framework implicitly gestures toward strict liability for the highest-
risk Al applications by imposing stringent pre-market compliance requirements — the theory

being that non-compliance with these requirements establishes fault per se, while the Al
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Liability Directive's proposed causation presumptions effectively shift the burden of proof in a
manner approaching strict liability for high-risk systems in practice. The U.S. products liability
framework applies strict liability for defective Al-embedded products, though the definitional
challenges of "defect" in the Al context substantially limit this doctrine's effectiveness. China's
regulatory framework, while not explicitly adopting strict liability, imposes strict obligations
on Al providers for user harms attributable to non-compliant systems — an approach that
functions similarly to strict liability in practice for the categories of harm covered by specific
regulatory requirements.

The limitations of strict liability as a universal model are substantial. Applied without
differentiation across all Al applications, it would impose substantial costs on developers and
deployers of Al systems at every risk level, potentially chilling innovation and driving Al
development to less protective jurisdictions. It also does not resolve the causation problem —
a victim under strict liability still must show that the Al system caused their harm — and may
overcompensate for harm in cases where Al deployment was genuinely beneficial and the harm
was an unforeseeable outlier (Lemley & Casey, 2019).

6.2 Negligence-Based Liability

The negligence model preserves fault as the gateway to liability, requiring plaintiffs to
demonstrate that an identifiable defendant breached a relevant duty of care and that this breach
caused the plaintiff's injury. This model reflects the traditional common law approach and, in
its EU civil law manifestation, the baseline assumption of the proposed Al Liability Directive.
Its theoretical advantage is proportionality: liability attaches only where blameworthy conduct
can be identified, creating incentives for reasonable care without imposing costs on responsible
actors.

In the Al context, however, negligence-based liability faces well-documented structural
problems. The standard of care applicable to Al developers and deployers is often unclear,
particularly in emerging application domains where industry practice is not yet settled. The
causal link between a specific breach and a specific harm may be opaque or genuinely
impossible to establish. And the distribution of potentially negligent parties across the Al value
chain creates assignment-of-liability problems that even sophisticated tort doctrines struggle to
resolve (Scherer, 2016; Abbott, 2020). The proposed EU Al Liability Directive's causation
presumptions and disclosure mechanisms were specifically designed to address these structural

weaknesses while preserving the fault-based foundation of the liability regime — a compromise
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that attracted criticism from both innovation-oriented and victim-protection-oriented
stakeholders.
6.3 Distributed Liability Frameworks

The distributed liability model recognizes that Al-related harm is typically the product
of multiple actors' decisions across the value chain and attempts to allocate responsibility
proportionally among them. This model is not a single doctrine but a family of approaches,
including contributory and comparative fault schemes, joint and several liability with
contribution rights, contractual liability allocation through supply chain agreements, and
mandatory insurance requirements that spread risk without necessarily assigning fault.

The EU Al Act's allocation of distinct obligations to providers, deployers, importers,
and distributors reflects a distributed liability logic: each party in the chain bears responsibility
commensurate with its role and capacity to control risk. China's regulatory framework similarly
distributes obligations across the Al value chain in a manner that implies corresponding liability
for non-compliance. The practical challenge of distributed liability models is coordination:
ensuring that each party's liability exposure is commensurate with its actual contribution to
harm, and that victims can obtain effective redress without being required to pursue complex
multi-party litigation against numerous defendants with potentially divergent interests
(Karnow, 1996).

6.4 Evaluative Criteria

Evaluating these models against the criteria proposed in this paper — legal certainty,
innovation neutrality, and victim protection — yields a nuanced assessment. Legal certainty
favors the strict liability model, which provides clear and predictable outcomes, but is
undermined by definitional challenges in the Al context (what constitutes a "defect"? which Al
applications are "high-risk?). Innovation neutrality favors the negligence model, which
imposes liability only for blameworthy conduct, but its structural failure to protect victims of
non-negligent Al harm creates pressures for regulatory expansion that may ultimately be less
innovation-friendly than a well-designed strict liability regime. Victim protection favors strict
liability, but only if causation challenges are adequately addressed — a condition that neither
strict liability nor negligence-based models automatically satisfy.

No single model is universally adequate across the full spectrum of Al applications and
harm scenarios. This analytical conclusion has motivated scholarly and policy interest in hybrid
models that combine elements of strict liability, negligence, and distributed responsibility in a

manner calibrated to the specific characteristics of different categories of Al system and harm.
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7. TOWARD A RiSK-TIERED HYBRID APPROACH: A PROPOSAL FOR
INTERNATIONAL HARMONIZATION

This paper proposes a risk-tiered hybrid liability framework as a conceptual basis for
international harmonization of Al liability rules. The framework is animated by a fundamental
principle: liability rules should be calibrated to the specific risk profile of the Al application in
question, taking into account the severity and foreseeability of potential harm, the degree of Al
autonomy, the transparency of the system's decision-making, and the capacity of parties in the
deployment chain to mitigate risk through reasonable care.

The framework proposes three liability tiers. The first tier encompasses what might be
termed "critical Al systems™ — Al applications deployed in contexts where errors carry a
significant probability of serious, irreversible harm to identifiable individuals, and where Al
autonomy substantially substitutes for human judgment. Medical diagnostic Al in high-stakes
clinical contexts, Al-driven judicial decision support in criminal proceedings, and Al systems
controlling critical physical infrastructure would fall within this tier. For these systems, the
framework proposes strict liability for developers and deployers, subject to a liability cap and
mandatory insurance requirements. Strict liability is appropriate here because the risk of harm
is sufficiently grave that the cost of errors should be internalized by those who profit from
deployment, and because the opacity and autonomy of these systems makes negligence-based
liability practically ineffective as a victim protection mechanism.

The second tier encompasses "high-risk Al systems" as broadly defined by the EU Al
Act's Annex Il — Al deployed in employment, education, essential services, and law
enforcement where erroneous outputs may cause significant harm but where human oversight
is maintained and the risk of irreversible catastrophic harm is more limited. For these systems,
the framework proposes a fault-based liability regime with causation presumptions and
mandatory disclosure obligations modeled on the EU Al Liability Directive's approach, adapted
to address that Directive's acknowledged weaknesses. Specifically: disclosure obligations
should apply to all high-risk Al systems (not only those in specific sectors); causation
presumptions should be triggered by any demonstrated breach of a relevant duty of care
(without requiring the "excessively difficult” qualifier for non-high-risk systems); and liability
should be joint and several across the deployment chain with contribution rights, to ensure
victims can obtain redress from the most accessible solvent party.

The third tier encompasses all other Al systems — lower-risk applications where

existing tort doctrines are adequate with targeted procedural modifications. For these systems,

242



ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

the framework proposes retention of negligence-based liability supplemented by disclosure
obligations — ensuring that victims can access sufficient technical information to assess
whether a viable claim exists — and by a clarification that existing product liability doctrine
applies to Al-embedded products, with the concept of "defect" adapted to encompass Al
systems that fail to perform as a reasonable user would expect in the relevant application context
(Abbott, 2020; Chesterman, 2021).

International harmonization of Al liability rules is a long-term objective that faces
substantial political and institutional obstacles. However, convergence around a risk-tiered
framework offers a plausible path toward coherence, particularly given the demonstrated
influence of the EU's regulatory approach on Al governance developments in Asia and the
increasing recognition, even in the United States, that sector-specific common law approaches
are insufficient for the task. Harmonization does not require uniformity: jurisdictions may
appropriately vary the specific content of liability obligations within each tier in accordance
with their legal traditions and institutional capacities, while agreeing on the fundamental
architecture of risk-tiered liability assignment. Bilateral and multilateral frameworks for Al
governance — including ASEAN's Al governance agenda, the OECD's Al Principles (2019),
and the Global Partnership on Al — offer institutional vehicles through which convergence
might be pursued.

A human-rights-centered approach to Al governance demands that liability frameworks
prioritize victim protection as a non-negotiable constraint — not as one consideration to be
balanced against innovation facilitation, but as a floor below which the legal system should not
fall. This does not preclude recognition of innovation as a legitimate policy objective; it does
preclude regulatory frameworks that achieve innovation facilitation by denying injured parties
access to effective legal remedies. The risk-tiered hybrid framework proposed here attempts to
respect this hierarchy, imposing the strictest liability obligations on those Al applications where
the potential for serious, irreversible harm is greatest, while preserving greater flexibility for
lower-risk applications where the balance between innovation and protection is less acute
(Floridi et al., 2018; Winfield & Jirotka, 2018).

8. CONCLUSION

The question of who is liable when Al causes harm is not merely a technical legal
problem awaiting a doctrinal solution. It is a question that cuts to the foundations of the legal
order's capacity to govern a technology that is simultaneously transforming economic and social

life and generating new categories of risk that existing law was not designed to address. This
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paper has surveyed the responses of three major jurisdictions — the EU, the United States, and
selected Asian legal systems — to this foundational challenge, and has identified three
dominant regulatory models: strict liability, negligence-based liability, and distributed
responsibility frameworks.

The analysis demonstrates that no single model is universally adequate. Strict liability
offers the strongest victim protection but may chill innovation and does not resolve the
causation challenges that are distinctive to Al. Negligence-based liability preserves appropriate
innovation incentives but fails victims who cannot navigate the informational asymmetries and
distributed causation that characterize Al harm. Distributed liability frameworks more
accurately reflect the multi-actor nature of Al deployment but create coordination challenges
and litigation complexity that may render them practically ineffective for ordinary victims.

The risk-tiered hybrid framework proposed in this paper offers a conceptual path toward
greater coherence. By calibrating liability rules to the risk profile of specific Al applications —
imposing strict liability at the top of the risk hierarchy, fault-based liability with causation
presumptions and disclosure obligations for intermediate-risk systems, and adapted negligence
for lower-risk applications — the framework seeks to honor both the imperative of victim
protection and the legitimate policy interest in innovation facilitation. Its prospects for
international adoption will depend on continued dialogue among jurisdictions whose legal
traditions and regulatory philosophies differ substantially, but the growing convergence around
risk-based governance architectures — exemplified by the EU Al Act, the NIST Al RMF,
China's layered regulatory approach, and the ASEAN Al governance agenda — provides
grounds for cautious optimism.

The withdrawal of the EU Al Liability Directive in early 2025 represents a setback for
the project of Al liability harmonization, leaving the EU's otherwise ambitious Al governance
architecture with a significant gap on the liability dimension. It also serves as a reminder that
the political economy of Al regulation is contested and complex, shaped by the competing
interests of technology developers, deployers, potential victims, and public authorities with
divergent institutional mandates. The task of building a globally coherent, human-rights-
centered legal architecture for Al governance is, in this sense, as much a political as a legal
challenge — one that the international legal community will need to confront with creativity,

persistence, and a clear-eyed assessment of what existing law can and cannot do.
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1.Abstract

Human behavior under extreme pressure is a critical area of study in psychology, particularly
in understanding how individuals respond to life-threatening situations. The anime Attack on
Titan presents a highly intense and dangerous environment where characters are constantly
exposed to fear, uncertainty, and survival challenges. This study examines how such extreme
conditions influence human thoughts, emotions, and actions.
The research focuses on key psychological responses such as the fight-or-flight mechanism,
where individuals either confront danger or attempt to escape it. In many situations within
Attack on Titan, characters display varied reactions including panic, aggression, strategic
thinking, and emotional control. These differences highlight the role of individual personality
traits, prior experience, and mental resilience in shaping behavior under stress.
Furthermore, the study explores how continuous exposure to danger leads to long-term
psychological effects, including trauma, emotional desensitization, and personality
transformation. Characters often face intense moral dilemmas, where they must choose
between personal values and survival, reflecting the complexity of ethical decision-making
under pressure. Leadership also emerges as a significant factor, as certain individuals
demonstrate the ability to remain calm, make critical decisions, and guide others during crises.
By connecting these observations to real-world psychological theories, this research
emphasizes that human behavior under pressure is not uniform but varies widely based on
internal and external factors. The findings suggest that extreme environments can both break
individuals and build resilience, ultimately shaping their identity and decision-making abilities.
This study highlights the relevance of fictional narratives like Attack on Titan in understanding
real-life human psychology in situations such as war, disasters, and high-stress conditions.
2.Keywords

e Human Behavior

e Psychological Stress
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Fight-or-Flight Response
Leadership

Moral Dilemma
Survival Instinct

Mental Resilience
Trauma

Decision Making

Anime Psychology

3.Introduction

Human beings react differently when placed under intense pressure or danger. These reactions

are influenced by psychological, emotional, and environmental factors. In Attack on Titan,

characters are constantly exposed to life-threatening situations, making it an ideal case study

for understanding behavior under stress. The series presents a wide range of responses—from

fear and panic to courage and leadership. This research aims to examine how extreme pressure

influences human actions, decision-making, and personality changes, while also relating these

behaviors to real-world psychological theories.

4.Psychological Response to Pressure

The brain detects danger instantly.

The body releases stress hormones like adrenaline.
Heart rate increases — more oxygen to muscles
Breathing becomes faster

Muscles become tense and ready for action

Fight — Facing the threat (attacking or resisting)
Flight — Escaping from danger

Freeze (extra) — Staying still due to fear

Types of Human Reactions

Panic and fear response
Controlled and calm behavior
Aggressive reaction

Strategic and analytical thinking

Influence of Personality

5.Personality-Based Responses in Characters
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Eran yeager-Aggression&Determination

Reacts with strong emotions like anger and frustration

Uses pressure as motivation to fight back

Shows high determination and desire for freedom

Sometimes makes impulsive decisions due to emotional thinking

Mikasa Ackerman-Control&Discipline
e Remains calm even in dangerous situations
e Shows strong emotional stability and focus
e Makes quick and precise decisions
e Protects others effectively

Armin Arlert-Inteligence&Stategy

Thinks logically even when afraid

Uses planning and strategy instead of force

Solves complex problems under stress

e Shows that intelligence can overcome physical weakness
6.Role of Training and Experience

e Importance of preparation

e Development of mental resilience

e Impact of repeated exposure to danger
7.Group Dynamics Under Pressure

e Crowd behavior and panic spread

e Importance of teamwork

e Dependence on leadership

Reaction Type Characteristics Example
Panic Fear, confusion, loss of control | Civilians
Controlled Calm, focused, disciplined Mikasa Ackerman
Aggressive Anger-driven, bold actions Eren Yeager
Strategic Logical thinking, planning Armin Arlert

8.Leadership Under Stress
e Decisions must be made within seconds
e Outcomes are uncertain and risky
e Leaders must stay calm and think clearly
e Emotional control is very important.
e Strategic decisions — long-term planning

e Tactical decisions — immediate actions in battle
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Responsibility and Sacrifice

Leadership comes with heavy responsibility, especially in dangerous situations.

Protecting team members

Making choices that affect many lives

Taking accountability for outcomes

Sometimes leaders must risk or sacrifice lives for a greater goal
Personal emotions must be set aside

Decisions may involve loss, guilt, and moral burden

Example: Erwin Smith

Calm under pressure — does not panic in dangerous situations

Vision and purpose — focuses on long-term goals (truth and freedom)
Inspiration — motivates soldiers even when chances of survival are low
Courage — leads from the front

Makes difficult decisions involving sacrifice

Chooses the greater good over personal feelings

Accepts responsibility for losses

Faces fear

Takes responsibility

Inspires others to act bravely

9.Psychological Traits of Strong Leaders

Emotional stability
Confidence

Quick thinking

Ability to handle stress

Strong sense of duty

10. Moral and Ethical Conflicts

Difficult choices in extreme situations
Conflict between personal values and survival

Changing sense of right and wrong

11.Long-Term Psychological Effects

Trauma and stress disorders
Emotional changes
Growth vs breakdown
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12. Real-Life Applications

e Similarities with soldiers and disaster survivors

e Importance in psychology and human behavior studies
13.Conclusion
The study of human behavior under pressure in Attack on Titan reveals that extreme
situations bring out the true nature of individuals. While some people panic and lose control,
others demonstrate courage, intelligence, and leadership. The series effectively illustrates how
fear, stress, and moral dilemmas influence decision-making and personality development.
These insights are not only relevant in fictional settings but also applicable to real-life
situations such as emergencies, conflicts, and high-stress environments. Understanding these
behaviors helps in developing resilience, improving leadership skills, and managing stress
effectively.
14. References
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ABSTRACT

Social media plays a significant role in modern communication, especially among young
people. While it helps individuals connect, share information, and build communities, excessive
use may negatively affect mental health. Studies show that high social media usage can lead to
anxiety, depression, low self-esteem, and sleep problems due to factors like online comparison
and cyberbullying. However, social media can also provide emotional support and raise
awareness about mental health issues. This paper examines both the positive and negative
effects of social media on mental well-being and highlights the importance of balanced and
responsible use.

KEYWORDS

Social Media Usage, Mental Well-being, Digital Communication, Online Interaction, Screen
Time, Social Comparison, Internet Addiction, Emotional Health, Psychological Effects, Youth
and Social Media , Online Behaviour, Sleep Disturbance, Self-image, Digital Lifestyle, Online
Communities, Media Influence, Social Networking Platforms.

[1] INTRODUCTION

In recent years, social media has become a major part of everyday life. Millions of people use
platforms such as Facebook, Instagram, Twitter, and other online networks to communicate,
share experiences, and access information. These platforms allow individuals to stay connected
with friends, family, and communities across the world. Because of the widespread use of
smartphones and the internet, social media usage has increased rapidly, especially among
teenagers and young adults.

While social media offers many benefits, including easy communication and access to
knowledge, it has also raised concerns about its influence on mental health. Spending long hours

on social networking sites can sometimes affect a person’s emotions, behavior, and overall

252



ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

well-being. Issues such as online comparison, cyberbullying, and the pressure to maintain a
perfect online image may lead to feelings of stress, anxiety, or low self-esteem.

At the same time, social media can also play a positive role by providing social support,
spreading awareness about mental health, and helping people connect with others who share
similar experiences. Therefore, it is important to understand both the positive and negative
impacts of social media on mental health.

[2] SOCIAL MEDIA USAGE

Social media has become an integral part of daily life, especially with the rise of smartphones
and constant internet access. Platforms like Facebook, Instagram, Twitter, and TikTok allow
users to communicate, share experiences, follow news, and participate in online communities.
Young people are particularly active, using social media to express themselves, maintain
friendships, and keep up with trends and global events.

Daily engagement with social media can range from a few minutes to several hours, and for
many, it has become a routine part of life. While it provides opportunities for social connection,
learning, and entertainment, excessive usage can interfere with real-life interactions,
productivity, and sleep patterns. Understanding patterns of social media usage is essential to

assess its impact on mental health and to promote a balanced, healthy approach to online

activity.

[3] POSITIVE AND NEGATIVE IMPACTS

Aspect Positive Impacts Negative Impacts

Social Connection Reduces loneliness, builds Can replace real-life interactions
community

Mental Health Awareness Provides support and info Exposure to harmful content

Emotional Support Encouragement from peers Cyberbullying lowers self-esteem

Self-expression Creativity and personal expression | Pressure to appear perfect

Entertainment Relaxation and fun Addiction and time wastage

[4] ANXIETY AND DEPRESSION
Excessive social media use can increase anxiety and depression, especially due to constant
comparison with others and exposure to idealized posts. Cyberbullying, negative comments,

and pressure to stay connected also contribute to stress and low self-esteem. However, using
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social media responsibly, such as joining support groups or following positive content, can
provide emotional support and reduce feelings of isolation.

Factor Impact on Mental Health

Social Comparison Feeling inadequate, low self-esteem, stress
Cyberbullying Anxiety, sadness, depression

Pressure to Stay Connected Restlessness, stress, fear of missing out
Excessive Use Mood swings, withdrawal, lack of motivation
Positive Use Emotional support, reduced isolation

[5] SOCIAL MEDIA ADDICTION

Social media addiction refers to the excessive and compulsive use of social networking
platforms that interferes with daily life. Individuals may feel a strong urge to check
notifications, scroll feeds, or post content constantly, often at the expense of work, studies, or
face-to-face interactions.

This addiction can lead to negative consequences such as reduced productivity, sleep
disturbances, stress, and social isolation. The constant need for validation through likes,
comments, or shares can also affect self-esteem and emotional well-being.

[6] EFFECTS ON SLEEP

Excessive social media use, especially before bedtime, can negatively affect sleep quality. The
blue light from screens disrupts the production of melatonin, the hormone responsible for sleep,
making it harder to fall asleep. Constant notifications and engaging content can also keep the
mind active, leading to delayed sleep and shorter sleep duration. Over time, poor sleep can
increase stress, fatigue, and negatively impact mental health.

[7] CONCLUSION

Social media has become a powerful tool that shapes the way people communicate, share
information, and connect with the world. It offers several benefits, including social connection,
emotional support, self-expression, and increased awareness about mental health issues.
However, excessive or improper use can have serious negative effects, such as anxiety,
depression, low self-esteem, cyberbullying, addiction, and sleep disturbances.

The overall impact of social media on mental health depends largely on how it is used.

Responsible use, awareness of screen time, and engagement with positive and supportive
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content can help maximize the benefits while minimizing harm. Individuals, educators, and
policymakers must work together to promote digital literacy and healthy online habits. By
finding a balance between online interaction and real-life activities, social media can be a
valuable resource without compromising mental well-being.
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ABSTRACT

Biotechnology and genetic engineering are rapidly evolving fields that are reshaping medicine,
agriculture, and industry by using living organisms and modifying their genetic material to
achieve desired upshots. Biotechnology involves applying biological systems for practical
purposes, while genetic engineering focuses specifically on altering DNA to develop traits or
eliminate defects. These machineries have led to major advancements such as improved crop
yields, disease-resistant plants, and innovative medical treatments like gene therapy and
personalized medicine. They also offer solutions to global challenges, including food security
and infection control. However, their development raises important ethical, conservational, and
safety concerns, such as potential risks to ecosystems and questions about genetic privacy.
Balancing innovation with responsible use is essential as these fields continue to grow, holding
great promise for improving quality of life and fashioning a more sustainable future.
KEYWORDS

DNA Modification, Gene Editing, CRISPR Technology, Recombinant DNA, Gene Therapy,
Genetically Modified Organisms (GMOs), Synthetic Biology, Molecular Biology,
Bioinformatics, Personalized Medicine, Agricultural Biotechnology, Disease Resistance,
Biopharmaceuticals, Cell Culture, Sustainable Development.

[I] NTRODUCTION

Biotechnology and genetic engineering are hastily developing fields that combine biological
science with modern technology to improve human life and address inclusive challenges.
Biotechnology refers to the use of living creatures, cells, and biological systems to develop
convenient products and processes in areas such as medicine, agriculture, and industry. Genetic

engineering, a specialized branch of biotechnology, involves the direct management of an
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organism’s DNA to introduce, remove, or modify specific genes in order to achieve desired
characteristics. These technologies have led to significant advancements, including the
production of life-saving medicines such as insulin, the development of genetically modified
crops that are more resistant to pests and environmental stress, and the improvement of
industrial processes through the use of microorganisms. In addition, genetic engineering has
opened new possibilities in medical science, such as gene remedy and personalized treatment,
which aim to treat or prevent diseases at the genetic level. Despite their many profits, these
fields also raise important ethical, environmental, and social concerns, including the potential
risks of genetic modification, impacts on biodiversity, and questions about the responsible use
of such powerful technologies. As research and innovation continue to expand, biotechnology
and genetic engineering are estimated to play a crucial role in modelling a sustainable and
healthier future for society.

[2] ARCHITECTURE

The architecture of biotechnology and genetic engineering involves a arranged process that
begins with the identification of a specific gene or biological problem, followed by the isolation
and modification of genetic material. Scientists first extract DNA from an organism and use
specialized tools to cut and influence the desired gene. This modified gene is then implanted
into a suitable vector, such as a plasmid, which carries the gene into a host organism like
bacteria or plant cells. Exclusive the host, the gene is expressed to produce the required trait or
product. The final stages include testing, analysis, and large-scale production, ensuring that the
outcome is effective, safe, and reliable. This systematic workflow enables precise control over

genetic changes and supports various applications in medicine, cultivation, and industry.

Identification of target protein sequence or problem

Extraction and isolation of DNA

Cutting DNA using definite enzymes

Insertion of preferred gene into a vector (plasmid)

Transfer of vector into host creature (bacteria/plant/animal cell)
Gene countenance inside the host cell

Screening and selection of successful modifications

Testing and validation of outcomes

Large-scale fabrication and application

[3] ADVANTAGES
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Biotechnology and genetic engineering provide numerous benefits across different fields,
including healthcare, agriculture, and industry. These technologies make it possible to develop
effective treatments for diseases, improve the nutritional quality and yield of crops, and create
environmentally friendly industrial processes. In medicine, they enable the production of
essential drugs and support advanced therapies that target diseases at the genetic level. In
agriculture, they help in developing crops that are more resistant to pests, diseases, and harsh
environmental conditions, reducing the need for chemical inputs. Additionally, biotechnology
supports sustainable observes by promoting competent resource use and tumbling waste.
Overall, these advancements contribute to improving human health, confirming food security,
and protecting the environment.

Construction of life-saving medicines and vaccines

Development of disease-resistant and high-yield gathers

Improved nourishing quality of food

Reduction in the use of chemical pesticides and fertilizers

Advanced treatments like DNA segment therapy

Nearer and more efficient industrial processes

Environmental protection through waste decrease

Maintenance for sustainable agriculture

Early detection and diagnosis of diseases

Helps address global challenges like food security

[4] TABLE
Aspect Description Example/Application
Use of biological systems or
Definition organisms to develop useful Producing insulin using genetically

products; genetic engineering modified bacteria
involves directly modifying DNA
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Goal / Purpose

Solve real-world problems in
medicine, agriculture, and industry

Disease treatment, improved crop
yield

Techniques Used

DNA extraction, gene cloning,
recombinant DNA, CRISPR, gene
transfer

CRISPR-based gene editing in crops
or animals

Applications in Medicine

Drug production, gene therapy,
personalized medicine

Production of vaccines, treatment of
genetic disorders

Applications in Agriculture

Development of disease-resistant,
high-yield, and climate-tolerant crops

Bt cotton, Golden Rice

Applications in Industry

Use of microorganisms and enzymes
for bio-products and sustainable
processes

Biofuels, biodegradable plastics

Advantages

Improves health, agriculture, industry
efficiency, sustainability

High-quality food, disease control,
reduced chemical use
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Challenges / Concerns

Ethical, environmental, and safety
issues

Genetic privacy, ecological impact,
misuse of gene editing

Future Potential

Innovations in biotechnology and
genetic engineering will enhance
human life and sustainability

Personalized medicine, climate-
resilient crops, advanced biofuels

[5] BARCHART
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[6] CONCLUSION

Biotechnology and genetic engineering epitomize some of the most revolutionary
advancements in modern science, subscription unprecedented opportunities to improve human
life, agriculture, industry, and the environment. Through the manipulation of genes and the use

of living organisms, scientists can develop life-saving medicines, create disease-resistant and

260




ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

high-yield crops, produce sustainable biofuels, and carry out ground-breaking exploration in
molecular biology and genomics. These technologies not only increase efficiency and
productivity but also have the potential to address critical global challenges such as food
security, climate change, and unindustrialized health threats. At the same time, they raise
important ethical, environmental, and social questions, including concerns about genetic
privacy, ecological balance, and the liable use of gene-editing tools. As research endures to
advance, it is essential to balance innovation with careful regulation, public awareness, and
ethical considerations to ensure that biotechnology and genetic engineering detriment society
as a whole. With responsible development and application, these fields have the potential to
transform the future, offering defensible elucidations and improving quality of life on a global
scale.
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ABSTRACT

Centralized identity systems, while efficient, often leave beneficiaries with little control over
their own data. This research explores the transition of the BISP National Socio-Economic
Registry (NSER) toward a Self-Sovereign Identity (SSI) model. Using block chain-based
Decentralized ldentifiers (DIDs), this framework allows BISP beneficiaries to "own" their
digital identity on their own devices. Instead of BISP "holding" a citizen's data, the citizen holds
a "Verifiable Credential” that they can present to different government departments or NGOs
to prove their eligibility without revealing their entire personal history. The paper analyzes how
SSI can prevent "ldentity Silos" and reduce the administrative burden on citizens during crises.
For instance, a refugee or a person displaced by climate change could use their SSI to instantly
verify their status at a new provincial location without waiting for central database
synchronization. The study also evaluates the security benefits of SSI in protecting against mass
data breaches, as there is no single central "honey pot" of data for hackers to target. The research
concludes that by adopting SSI, BISP not only enhances the technical resilience of the program
but also promotes "Digital Dignity," giving the poorest citizens the same level of data agency
as the most affluent. This shift is essential for building a modern, rights-based social protection
ecosystem in Pakistan.

Keywords: Self-Sovereign Identity (SSI), Decentralized Identifiers (DIDs), Block chain, BISP,
Data Agency, Digital Dignity.
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ABSTRACT

While Deep Learning is excellent at pattern recognition, it often lacks the logical transparency
required for government policy. This research introduces Neuro-Symbolic Al a hybrid
approach that combines the statistical power of neural networks with the rule-based logic of
symbolic Al to manage BISP’s eligibility criteria. Currently, BISP’s Proxy Means Test (PMT)
relies on statistical correlations that can sometimes produce "counter-intuitive” results. Neuro-
Symbolic Al allows the program to embed explicit legal and ethical rules (the "symbols™) into
the learning process. The study investigates how this hybrid model can ensure that "hard rules™
such as the mandatory inclusion of widows or persons with disabilities—are never overridden
by statistical biases in the data. The paper demonstrates that Neuro-Symbolic systems provide
a "Self-Explaining” audit trail that case officers can follow to understand how a complex
decision was reached. This is particularly critical during crises, where rapid policy changes
(e.g., lowering the eligibility threshold for flood victims) must be applied across millions of
records with 100% logical consistency. The findings indicate that this technology solves the
"Black Box" problem of traditional Al, making the BISP's automated decisions legally robust
and easier for the public to trust. By merging human logic with machine learning, BISP can
achieve a higher standard of "Algorithmic Justice.”

Keywords: Neuro-Symbolic Al, Hybrid Machine Learning, BISP, Policy Transparency,
Algorithmic Justice, PMT Logic.
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Abstract

The effectiveness of welfare legislation is based not just on the legal design and administrative
delivery but also the communication of the rights, entitlement and grievance mechanisms to the
beneficiaries. In this paper, the National Food Security Act (NFSA), 2013 is considered in terms
of the state-citizen communication, with special attention dedicated to the areas of awareness,
access, and welfare delivery. It justifies that the effectiveness of food security laws is directly
related to the transparency, the extent, and sensitivity of the communication between the
government and beneficiaries. The paper examines the communication of information on
eligibility, ration entitlements, grievance redress, transparency, and institutional mechanisms to
target beneficiaries, and how miscommunication can lead to being locked out, underutilizing
available resources, and poor accountability. At the cross-section of public policy,
communication, and social justice, the paper notes the significance of citizen awareness in the
process of fertilizing statutory rights into practical social protection. It also takes into account
the local institutions, digital systems, notice boards, public officials, and grievance channels as
important interfaces of welfare communications. The paper presents the argument that legal
entitlement is not sufficient to guarantee food security without the presence of accessible and
participatory communication structures. The research adds to the discourse of public
accountability, rights awareness, and inclusive policy implementation by highlighting the
communicative aspect of the welfare governance. It concludes that the increased effectiveness
of the NFSA framework and the increasing legitimacy depends on the enhanced state-citizen
communication.

Keywords: NFSA, welfare communication, food security, public policy, state-citizen interface
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Abstract

Aims: To better understand the dietary quality and biochemical status of pregnant women
delivering normal- or low-birth-weight newborns.

Materials and Methods: This case—control study included 400 women at delivery, divided
into two groups: 200 controls who delivered normal-weight newborns and 200 cases who
delivered low-birth-weight (LBW) newborns. Dietary intake and diet quality were assessed
using the Nutrient Adequacy Ratio (NAR) and the Mean Adequacy Ratio (MAR). Pre-delivery
biochemical parameters were measured and compared between the two groups.

Results: Fundal height was significantly lower in cases than in controls (25.69 + 0.13 vs 31.83
+ 0.06 cm). Cases showed lower NAR values for key micronutrients, particularly calcium (0.34
+ 0.01), folates (0.48 = 0.00), iron (0.50 £ 0.01), and vitamin B1 (0.53 £ 0.01). Overall dietary
quality, assessed by MAR, was significantly lower in cases (0.70 £ 0.00) compared to controls
(0.84 = 0.00). Biochemical analysis revealed lower hemoglobin and ferritin levels and a higher
prevalence of anemia in cases. Continuous iron supplementation was associated with higher
hemoglobin and ferritin levels.

Conclusion: Pregnant women delivering LBW newborns have poorer dietary quality and
impaired micronutrient status, particularly for iron, calcium, and folates. Early and continuous
iron supplementation may improve maternal nutritional status and contribute to better
pregnancy outcomes.

Keywords: low birth weight, dietary quality, NAR, MAR, anemia, pregnancy, Morocco.
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ABSTRACT

The synthetic dyes have gained attention nowadays because of their adverse and toxic effects
on the human health and their environment. In this study, a green polymer Ca-alginate/ CuO
bionanocomposite was synthesized from copper oxide nanoparticles which were applied for the
remediation of Reactive Yellow 145. The bionanocomposite was prepared by using a simple
and eco-friendly process, following the reduction of copper ions in the presence of Ca-alginate,
followed by characterization using different analytical techniques including SEM-EDX, XRD,
UV-Vis and FTIR spectroscopy. Ca-alginate based bionanocomposite was analyzed by UV-
Vis spectroscopy, showing a Amax at 280nm. Ca-alginate/CuQO biopolymer were applied for the
remediation of RY 145 and it was investigated using batch experiments following the
optimization of experimental variables such as, with pH 6, 80°C temperature, 0.04mg/L initial
dye concentration, 0.06 mg/L dose of catalyst and with a 0.06mg/L H>O> concentration. The
experimental results of COD and TOC were found to be 95.3% and 92.3% for RY 145.The
bionanocomposite showed stability and high efficiency for degradation of dye upto four cycles
of reusability. It was concluded that, the Ca-alginate based copper oxide bionanocomposite
exhibited good photocatalytic adsorption capacity for the degradation of a toxic Reactive
Yellow 145 dye, with a degradation efficiency of over 90% within 80 minutes under optimized
conditions. It was concluded that UV-Vis and FTIR analysis also confirmed the breakdown of
toxic harmful RY 145 dye into simpler and non-toxic products. The scope of this study
encompasses its potential to deal with environmental pollution caused by the discharge of toxic

synthetic dyes into the water.
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Abstract:

Abstract: Colorectal cancer is one of the leading causes of death worldwide that has shown 24%
increase statistically by the WHO. It has been a tedious outlook towards this research on the
outcome for the reduction of CRC. As a result, it has paved way for advancements towards
nano--technology for the treatment and management of CRC. One such branch is the
application of theranostics that imparts as a dual role of diagnostic and a therapeutic moiety
functioning simultaneously. In this study, we will illustrate the effect of metallic nano rods
surface modified with ligand to illustrate it’s anti-inflammatory activity using CT 26 cell lines
and zebra fish model. The formulation strategy implemented consists of an effective polymer
with the combination of desired choice of surfactant that is the critical formulation parameter
for effective formulation development, followed by the synthesis of metallic nano-rods infused
with the anti- cancer agent coated with ligand for active cancer target colorectal cancer. The
receptor layer on the outer coating of metallic nano rods acts as an active tumor target. This
novel approach is opted due to its reduction in toxicity, controlled release, pH-maintained
environment and reduction in particle size. As a result, we will prove a novel theranostic

approach towards CRC treatment.

Receptor Target e Polymeric bi-layer inhibits target
receptor action and DNA synthesis
at tumor target site.

Metallic+anti-cancer drug * Polymeric nano-layer reduces

nanoparticle toxicity, maintains desired pH for
Action of polymeric ligand conjugated  ¢ffective drug release at tumor site.

gold nano-rods at colorectal region Using anti-inflammatory markers

IL-10 that gets over expressed due

to presence of ligand that in-turn

helps to reduce inflammatory at the

Colo-rectal region
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Recovery of CRC upon anti-inflammatory effect
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Background: Chronic kidney disease (CKD) is a serious public health problem worldwide,
with a significant public health burden, associated with aging and a higher prevalence of
comorbidities, such as diabetes, obesity and hypertension. Obviously, chronic kidney disease
leads to end stage renal disease (ESRD) requiring dialysis or transplantation. Indeed, patients
on chronic kidney disease stage-five Dialysis (CKD-5D) are consistently subject to particular
dietary restrictions. Current guidelines provide general recommendations for hemodialysis
(HD) patients focus on achieving a sufficient energy and protein intake without exceeding
Phosphorus, Potassium, Sodium, and fluid intake limits. Objectives: The aim of this study was
to assess the adherence of patients undergoing maintenance dialysis to the Mediterranean Diet,
and investigated what factors influence it.

Subjetcs and Methods: In a cross-sectional study, data on sociodemographic, lifestyle factors,
clinical, biochemical parameters and diet were collected on a sample of 157 haemodialysis
patients. Adherence to MD was assessed according to a MD score (MDS) based on the daily
frequency of intake of eight food groups (vegetables, legumes, fruits, cereals, fish, red meat,
dairy products and MUFA/SFA), using the sex specific sample medians as cut-offs. A value of
0 or 1 was assigned to consumption of each component according to its presumed detrimental
or beneficial effect on health.

Results : According to the MDS, the study data show that high adherence (34,6%) to MD was
characterized by intakes high in vegetables, fruits, fish, cereals, olive oil, and low in meat and
moderate in dairy. Furthermore, patients with high adherence to MD had significantly high
intakes of calories, protein, carbohydrates, iron and vitamins (C, B1, B9).

Conclusion: In Morocco, maintaining the traditional MD pattern play pivotal role for public
health system. More research is needed in this field to precisely measure this association
especially for this category of chronic disease.

Keywords : Hemodialysis patients, nutritonal status, Mediterranean diet, MDS, Morocco
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Abstract

The increasing presence of microplastics (MPs) in food systems reflects profound
transformations in contemporary dietary and environmental dynamics. Detected in a wide range
of food products and beverages, including seafood, salt, bottled water and ultra-processed
foods, these contaminants represent an emerging and largely underestimated pathway of human
exposure. This issue is particularly critical in low- and middle-income contexts, notably in
North Africa, where the growing reliance on plastic-packaged foods coincides with limited
regulatory oversight.

This chapter provides a critical and interdisciplinary analysis of the vulnerabilities associated
with dietary exposure to microplastics, combining perspectives from nutrition, environmental
health, toxicology and food systems analysis. It also integrates a contextual focus on North
African settings, where shifts in consumption patterns may exacerbate exposure risks.

A structured narrative review of recent scientific literature (2020-2024) was conducted,
drawing on international reports, experimental studies and emerging data on contamination and
plastic migration. In addition, an exploratory approach was used to estimate dietary exposure
by combining contamination levels reported in the literature with regional consumption
profiles. Preliminary data on the migration of plastic-related compounds from commonly used
food packaging in Morocco were also considered.

The findings suggest a diffuse but potentially significant exposure to microplastics through diet,
with major contributions from bottled water, seafood and ultra-processed foods. These
exposures may reach several thousands to tens of thousands of particles per person per year,
depending on dietary patterns. Potential biological effects include inflammatory responses,
endocrine disruption and alterations of the gut microbiota, although human evidence remains
limited. This dynamic is further characterized by a structural imbalance between increasing
exposure and insufficient monitoring and regulatory capacities.

Faced with these challenges, this work highlights the need to rethink current food systems

beyond purely technological solutions. It calls for integrated approaches combining
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biomonitoring, innovation in food-contact materials and stronger regulatory frameworks. More

broadly, it invites a systemic transition towards safer, more sustainable and context-adapted

food environments.
Keywords :

Microplastics; Dietary exposure; Environmental health; North Africa; Food systems;

Endocrine disruption; Sustainability; Food packaging
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ENHANCING FOOD SECURITY THROUGH THE VALORIZATION OF LOCAL
CEREAL VARIETIES IN THE REGIONS OF KHENIFRA AND TETOUAN,
MOROCCO
Kaoutar Naciri *, AbdelMounaim Belahyan, Rekia Belahsen
Laboratoire de Biotechnologie, Biochimie et Nutrition. Training and Research Unit on Nutrition &
Food Sciences. Faculty of Sciences, Chouaib Doukkali University, El Jadida, Morocco.

ABSTRACT

The Moroccan diet is of Mediterranean type, characterized by biological and cultural diversity
and a culinary heritage allowing to save in Moroccan cuisine diversified dishes based on a
complementarity between different food groups of which the most present group is that of
cereals and cereal products.The objective of this work is to contribute to the identification and
the study of knowledge on certain local cereals as well as their use in traditional dishes in 2
regions of Morocco: Khenifra and Tetouan. A survey was carried out in 2 regions, the province
of Khénifra in the Middle Atlas and the province of Tétouan in northern Morocco. The survey
involved a sample of women and men from 250 urban and rural households in the 2
provinces.Using a focus group,information were also collected on the cereals’ethnobotanical
and culinary knowledge, the period of consumption, uses as well as a description of the recipes
that include them,and their consomption now or in the past. The results show that more than
40traditional recipes have been recorded, where local cereals are the main
ingredients,especially durum wheat, common wheat, barley, white corn and red corn. Most of
the cereals mentioned are eaten frequently. Participants report that the latter grains were
previously consumed and used in recipes consumed during times of food shortage. A significant
diversity of traditinal culinary culture is observed and can explain the dietary diversity observed
in the 2 regions studied,hence the need to enhance by nutritional analyzes on each variety to
save this richness. The results of the study are discussed in relation to the content of each variety
analyzed in nutrients in comparison with conventional varieties. These data contribute to the
nutritional value of these cereals and the culinary preparations of the dishes which includes
them. The enhancement of these varieties would help diversify food,encourage the consumption
of local products and fight against the loss of local cereal heritage.

Keywords: Cereals; Variety; Local; Nutritional Valorisation; Diet diversity
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ARTIFICIAL INTELLIGENCE ACROSS THE ARCHITECTURAL WORKFLOW:
FROM CONCEPTUAL DESIGN TO CONSTRUCTION EXECUTION
Melik Sami'?, Khelil Sara’, Tallal Abdel Karim Bouzir".
! Departement of architecture, Mohamed Khider Biskra University, Biskra, Algeria. 2LACOMOFA
Biskra laboratory. Algeria.

Abstract:

This study explores how artificial intelligence (Al) can be integrated into the architectural
workflow to shed light on how Al technologies can improve efficiency, creativity and decision-
making throughout the conceptual design and through to construction implementation. The
study addresses a mixed-method approach that includes both qualitative and quantitative data,
so it includes case studies of successful Al applications and interviews with professionals in the
industry, as well as performance indicators of architectural projects that make use of Al tools.
The results show that Al can help to streamline the processes greatly, eliminate design errors,
and develop innovative solutions, which can result in a significant improvement of project
efficiency and a reduction in its final cost. In addition, the paper identifies the implications of
these developments in the general context of healthcare architecture, where an effective design
and construction process can have a direct influence on patient outcomes and operational
efficiency. This study highlights the critical nature of the potential application of Al to
transform architecture and design practices, implying that its implementation can not only
improve the quality of architectures and buildings but can also change the healthcare industry
by offering more flexible, responsive, and resilient environments. Finally, the dissertation helps
to get a better idea on how Als can be transformed to work with architecture and preconditions
further experiments on its usage in other areas.

Keywords: Architectural Workflow Integration; Generative Design; Building Information

Modeling (BIM); Machine Learning in the Built Environment; Smart Construction Systems.
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AlI-AUGMENTED SUSTAINABLE DESIGN: IMPROVING ENVIRONMENTAL
PERFORMANCE IN CONTEMPORARY ARCHITECTURE
Melik Sami'?, Khelil Sara’, Tallal Abdel Karim Bouzir".
! Departement of architecture, Mohamed Khider Biskra University, Biskra, Algeria. 2LACOMOFA
Biskra laboratory. Algeria.

Abstract:

The paper researches the improvement of the ecological performance of modern
architecture using Al-enhanced approaches to the urgent issue of balancing the concepts of
sustainable design with the latest technological solutions. The study examines empirical
evidence regarding the existing uses of artificial intelligence in architectural design,
sustainability indicators, and a set of case studies based on environmentally friendly projects
and finds considerable correlations between Al-oriented design work and high sustainability
levels. The results indicate that Al integration may result in increased energy efficiency,
minimized material waste, and resource management, therefore supporting the significance of
sustainability in architecture. Moreover, this paper illustrates how sustainable architecture and
human health are connected to each other, indicating that a better environmental performance
may result in healthier lives and well-being. The implications of this study are not limited to
the architectural sphere, which means that the implementation of Al technologies in sustainable
design may become central to the production of more health-affirmative urban living which, in
turn, would affect healthcare outcomes by decreasing the number of environmental burdens on
a population. This in-depth examination places Al as a disruptive technology in the design of
architecture, claiming it as a means to further the discussion of sustainability and the health of
the general population, as well as promote more cross-disciplinary cooperation both in the field
of architecture and healthcare.

Keywords:  Artificial Intelligence in Architecture; Sustainable Architectural Design;
Environmental Performance Optimization; Al-Augmented Design Processes; Smart Building

Systems.
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EXPLORING THE ACOUSTIC NEXUS IN URBAN NEIGHBORHOODS:
ARCHITECTURE, PERCEPTION, AND ENVIRONMENTAL NOISE DYNAMICS
Melik Sami'?, Khelil Sara’, Tallal Abdel Karim Bouzir".
! Departement of architecture, Mohamed Khider Biskra University, Biskra, Algeria. 2LACOMOFA
Biskra laboratory. Algeria.

Abstract:

The paper explores the complex interconnection of architectural design and environmental
noise perception in urban neighborhoods, including the different acoustic landscapes and how
they influence the well-being of the residents and community life. Using a mixed-methods
approach, the study gathers quantitative data on noise levels in various architectural
environments and supplements the information with qualitative data derived through surveys
of residents on their perceptions of noise and their lived experience. The results indicate that
there are strong correlations between architectural characteristics, including building materials
and spatial layouts and the reported noise levels by the residents, which eventually affect mental
and physical health outcomes of residents. It is important to note that residential areas
characterized by careful architectural planning that incorporates sound-reducing designs have
a higher satisfaction and perceived quality of life among the inhabitants. These findings also
highlight the use of environmental acoustics as a primary determinant of urban health outcomes,
and that healthcare professionals and city planners need to consider acoustic variables as part
of community-wide health programs. This study has implications on urban design policies,
which should be integrated to incorporate a multidisciplinary approach, to promote a healthier
urban environment. This study, by focusing on the acoustic experiences of the people living in
them, does not only add to the discipline of urban studies and architecture but also highlights
the need to have unified approaches in healthcare that are sensitive to the environmental health
determinants.

Keywords: Urban acoustics; Soundscape perception; Environmental noise dynamics; Sound

Pressure Level (SPL); Sustainable urban design.
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HIGH-FIDELITY SIMULATION OF A NUSCALE-LIKE SMR BENCHMARK USING
THE OPENMC CODE

CHAKROUNE Soukaina ®’, MAGHNOUJ Abdelmajid ®, EL MAHJOUB Chakir
@ aboratory of Engineering, Modeling and Systems Analysis, Department of Physics, Faculty of
Sciences Dhar El Mahraz, Sidi Mohamed Ben Abdellah University, Fez, Morocco

® SIMO-LAB, Faculty of Sciences, Ibn Tofail University, Kenitra, Morocco

Abstract

Small Modular Reactors (SMRs) are vital for the transition to a net-zero society, yet their
heterogeneous designs and the trend toward boron-free cores present unique simulation
challenges. This study validates the Monte Carlo code OpenMC (version 0.15.0) against a 160
Mwth NuScale-like SMR benchmark. The model features 37 fuel assemblies with a 200 cm
active height, simulated using 2500 active cycles and 1,000,000 neutron histories per cycle.
Comparisons with the Serpent code demonstrate excellent agreement, with effective
multiplication factor (key) differences ranging between 16 and 31 pcm. Furthermore, radial and
axial power distribution analyses reveal a Root Mean Square Relative Difference (RMSRD)
consistently below 0.78% in most regions. These findings confirm that OpenMC’s open-source
framework and modular Python API provide a high-fidelity foundation for future multiphysics
applications and the optimization of boron-free SMR designs Keywords: OpenMC, Small
Modular Reactor, NuScale, Monte Carlo Method, Neutronic Modeling, Burnup Analysis,
Reactor Physics.
Keywords: NuScale, SMR, Benchmark, OpenMC, Neutronics.
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ANTIBIOTIC RESISTANCE DYNAMICS IN UTI: EMERGING TRENDS IN
SUSCEPTIBILITY PATTERNS

Muhammad Saleh Faisal, Ayesha Jamil, Wagar Hayat, Kashif Ur Rehman Khalil
Chairman & Associate Professor of Pharmacology
Khyber Medical College, Peshawar, Pakistan

ABSTRACT

Background/Objective

Antibiotics play a crucial role in treating Urinary Tract Infections (UTIs) but due to resistance,
the effectiveness of antibiotics is waning. Re-examining old antibiotics is one approach that can
address the issue of antimicrobial resistance. The current study aims to evaluate the
susceptibility pattern of relatively older antibiotic Co-trimoxazole and its comparison with
Levofloxacin, Nitrofurantoin, and Fosfomycin.

Methods

This cross-sectional study was conducted in Mardan Medical Complex and Postgraduate
Medical Education Department of Khyber Girls Medical College, Peshawar. Both male and
female patients, above the age of 15 years with recurrent uncomplicated urinary tract infections
were included in the study. The samples were inoculated onto CLED (Cystine-Lactose-
Electrolyte-Deficient) Agar, a differential culture medium. The grown bacteria were identified,
using Gram staining and BIOMERIEUX® API® 10S kits. Minimum inhibitory concentrations
(MIC) were determined by the Agar dilution method; as per standard protocol. The results were
compared among Co-trimoxazole, Levofloxacin, Nitrofurantoin, and Fosfomycin using
statistical tests.

Results

A total of 680 samples were received, of which 158 samples were culture-positive. The isolated
organisms were E. coli (74.1%), Klebsiella (10.8%), Pseudomonas (5.1%), Enterococci (6.3%),
Proteus species (2.5%), and Citrobacter (1.3%). Based on MIC analysis, 77.2% of isolates were
found to be sensitive to Co-trimoxazole, 52.5% to Levofloxacin, 86.7% to Nitrofurantoin, and
90.5% to Fosfomycin. When comparing antibiotics, Co-trimoxazole displayed significantly
higher effectiveness against the isolates compared to Levofloxacin (p-value 0.004). However,
in comparison to Nitrofurantoin and Fosfomycin, Co-trimoxazole exhibited lower
effectiveness, with respective p-values of 0.000 and 0.007.

Conclusion

In our study cohort, the bacterial isolates showed appreciably higher susceptibility to Co-

trimoxazole compared to Levofloxacin. However, it remained inferior to the susceptibility rates
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observed for Nitrofurantoin and Fosfomycin. Given the guideline that antibiotics exhibiting
resistance levels surpassing 20% should be avoided for empirical therapy, the presence of a
22.8% resistance rate to Co-trimoxazole discourages its consideration as an empirical antibiotic
option.

Keywords

Urinary tract infections, Drug resistance, Culture and sensitivity, Minimum inhibitory
concentration
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IN SILICO ANALYSIS OF PLANT PROTEINS: UNVEILING NOVEL
ANTIMICROBIAL STRATEGIES AGAINST VIRAL INFECTIONS

Sidra Altaf
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Abstract

Viral infections remain a significant global health challenge, necessitating the exploration of
alternative therapeutic strategies. Recent advancements in computational biology have
facilitated the identification of plant-derived proteins with potential antiviral properties. This
study employs in silico approaches, including molecular docking, molecular dynamics
simulations, and bioinformatics analyses, to investigate plant proteins as novel antimicrobial
agents against viral infections. Various protein databases were screened to identify plant-
derived proteins with structural compatibility and binding affinity toward key viral targets, such
as proteases, polymerases, and spike proteins. Molecular docking results highlighted strong
interactions between selected plant proteins and viral targets, suggesting potential inhibitory
effects. Further, molecular dynamics simulations provided insights into the stability and
conformational dynamics of protein-virus complexes, confirming their suitability as antiviral
candidates. Additionally, ADMET (absorption, distribution, metabolism, excretion, and
toxicity) analysis ensured the safety and drug-likeness of the identified proteins. Comparative
studies with existing antiviral agents reinforced the therapeutic potential of these plant-derived
biomolecules. The findings underscore the role of computational techniques in accelerating
drug discovery and highlight the importance of plant-derived proteins as promising alternatives
for antiviral therapy. This abstaract paves the way for future experimental validation and
clinical translation, offering a sustainable and natural approach to combating viral infections.
Keywords: In Silico Analysis, Plant Proteins, Antiviral Agents, Molecular Docking, Molecular

Dynamics, Computational Drug Discovery.
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Abstract

Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia
resulting from defects in insulin secretion, insulin action, or both. Growing evidence suggests
that dietary interventions using medicinal plants play an important role in glycemic control and
complication prevention. Okra (Abelmoschus esculentus) is a nutrient-rich vegetable containing
bioactive compounds such as flavonoids, polysaccharides, and dietary fiber. These constituents
contribute to antihyperglycemic activity by improving insulin sensitivity, reducing glucose
absorption, and enhancing pancreatic 3-cell function. This review evaluates the therapeutic
potential of okra powder in lowering blood glucose levels and supporting metabolic health in
patients with diabetes. Regular consumption of okra powder may offer a safe, cost-effective,
and natural adjunct therapy for the management of diabetes mellitus. Experimental studies
indicate that okra polysaccharides can slow gastric emptying and modulate postprandial glucose
spikes, thereby improving overall glycemic stability in both type 1 and type 2 diabetes models.
Furthermore, antioxidant and anti-inflammatory properties of okra may help reduce oxidative
stress, which is a major contributor to diabetic complications such as neuropathy, nephropathy,
and retinopathy. Overall, okra powder represents a promising functional food that can be
integrated into dietary management strategies for improving long-term glucose regulation and
reducing dependence on synthetic antidiabetic drugs. This review highlights current limitations,
including variability in dosage and the lack of large-scale clinical trials, suggesting the need for
further standardized research to validate therapeutic efficacy in human populations. Integration
of okra powder into functional diets may provide a complementary approach alongside
conventional antidiabetic therapy, particularly in resource-limited settings where access to
pharmaceuticals is constrained, and lifestyle modifications are essential for sustainable disease
control in diabetic populations worldwide today.

Keywords: Okra (Abelmoschus esculentus), Diabetes Mellitus, Antihyperglycemic Activity,
Glycemic Control, Functional Food, Phytotherapy
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