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ABOUT THE CONGRESS

The Cukurova International Congress of Basic and Applied Sciences is an international scientific
event aiming to share current, original, and high-quality academic studies conducted in the
fields of basic and applied sciences. The congress aims to strengthen scientific interaction and
knowledge production by bringing together academics, researchers, and graduate students from
different disciplines on a common academic platform.

The congress covers studies prepared in various subfields of basic and applied sciences,
primarily including natural sciences, engineering sciences, health sciences, and applied research.
Participants have the opportunity to present their research findings through face-to-face and
online sessions, discuss with expert academics in the field, and receive scientific feedback. In this
respect, the congress is not only a presentation platform but also offers an effective and dynamic
academic sharing ground that supports scientific development.

All papers presented within the scope of the Congress have undergone a double-blind peer-
review process in accordance with international academic publishing standards and scientific
ethical principles. During the evaluation process, the originality, methodological soundness,
contribution to the literature, and scientific quality of the studies were meticulously examined.
As a result of this comprehensive academic evaluation process, a total of 89 papers from 20
different countries—including 41 from Turkey—have been accepted.

Accepted papers will be published in the Conference Proceedings, registered with ISBN and DOI
numbers; thereby, these studies will become internationally accessible, permanent, and citable
academic resources.
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REGARDING IN-PERSON PRESENTATIONS

We kindly request that participants who will deliver their presentations in person carefully observe

the following guidelines..

< ! ’ ADDRESS WHERE IN-PERSON PRESENTATIONS WILL BE HELD )

Divan Adana

aAp10:5%

Cinarli Mah. Turhan Cemal Beriker

Ei& 601

-

Sar Hall

Blv. No:33, 01120 Seyhan/ADANA

* Please wear your name badge visibly for .
entry to the congress venue.

* Be present in your assigned session room at
least 10 minutes before your presentation
time.

* Bring your presentation file on a USB drive
and submit it to the technical desk in
advance.

e Presentations must not exceed the .
allocated time.

* Follow the instructions of the session chair/
moderator.

(1) IMPORTANT - PLEASE READ CAREFULLY )

It is recommended that your presentation
be in PDF or PowerPoint format.

If you plan to use a video in your
presentation, please inform the technical
team in advance.

Keep a backup copy of your presentation
in case of any technical issues with the
projection or sound system.

Registration and certificate procedures will
be handled at the congress information
desk.

@;3 akapkongre.com/Z)
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REGARDING ONLINE PRESENTATIONS

The online presentations of our congress will be conducted via AKAP MEET, the proprietary
platform of the International Academic Platform (AKAP). Detailed information regarding the
system is provided below.

@’ TECHNICAL INFORMATION )

* The AKAP MEET system is free of charge; no additional membership registration is required.

* Session access links and login details will be sent via email to the authors of accepted
papers.

* You must log in to the system using your registered email address, password, and full name.
* The system is accessible via computer, tablet, and mobile devices.

* All congress participants may attend and follow the sessions live within the program
schedule.

* You are required to log in to the system at least 15 minutes before your presentation time.

* Presentation duration is limited to the time specified in the program and must not be
exceeded.

* Compliance with the moderator’s instructions is mandatory.

* The Q&A session will be conducted under the supervision of the moderator.

(1) IMPORTANT - PLEASE READ CAREFULLY )

* Please ensure that your microphone is functioning properly.
* You must be able to share your screen during the presentation.

* |tis recommended that your presentation file be prepared in PDF or PowerPoint format.

* Please check your internet connection and device in advance to prevent potential technical
issues.

@;ﬁ akapkongre.com/Z)
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REGARDING ONLINE PRESENTATIONS

Below you will find user instructions on how to use the AKAP MEET system and how to conduct
your online presentation. We kindly ask that you read the information carefully.

@ STEP 1

* Please check the information email sent to your registered email address prior to the
congress. You will find your username and password in that email.

@ STEP 2

* Please visit https://akapkongre.com/8 and click the “ONLINE PRESENTATION” button on
the homepage to access the login panel.

:

;

AKAP

Cukurova Internatiohal

Congress of Basic and
Applied Sciences

Upload Congress
ONLINE PRESENTATION Announcement Registration

A A A

@ =D

* Enter your username and password. In the next step, after entering your name, you will gain
access to the session room where you will deliver your presentation.

@;ﬁ akapkongre.com/Z)
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INFORMATION FOR SESSION CHAIRS

* Session Chairs are authorized to manage and conduct their assigned sessions on behalf of
the Organizing Committee.

* At the scheduled start time, you are kindly requested to open the session with a brief
introductory remark.

* |tis recommended to follow the presentation order stated in the program. However, if
deemed necessary, minor adjustments to the sequence may be made in accordance with the
session flow.

* Each presentation is allocated 10-12 minutes. Please ensure that presenters adhere to the
designated time limits.

* The Q&A session may be conducted either after each presentation or collectively at the end
of the session, at your discretion.

* The video recordings of the presentations will be handled by our technical team. Therefore,
session chairs are not required to take or manage any recordings themselves.

* Should you require any assistance during the session, please feel free to contact the
congress coordination team.

We sincerely appreciate your valuable contribution and wish you a productive and successful
session.

@;3 akapkongre.com/Z)
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ANKARA TIME

March 14, 2026 HALL-1| SESSION-1 e oRS

FACE TO FACE PRESENTATIONS - DIVAN ADANA

HEAD OF SESSION:
Prof. Dr. Xxxx XXXXX

AUTHOR(S) ORGANISATION TOPIC TITLE

DETERMINATION OF PRE-OPERATIONAL
Gllay SATAK ENVIRONMENTAL RADIOACTIVITY
LEVELS AND ESTABLISHMENT OF
REFERENCE (BASELINE) VALUES
KARAKILCIK AROUND THE AKKUYU NUCLEAR
POWER PLANT

Prof. Dr. Mehmet Cukurova University (Tarkiye)

Prof. Dr. Hakan AYDIN e-NetCoM: FROM DISASTER NARRATIVES

Assoc. Prof. Dr. Onur Erciyes University (Turkiye) TO DATA-CDCI;Q;/IVPELIJ\INI?CNX_II_?(;D'\II\IMENTAL
ONURMEN

Assist. Prof. Dr. Adiyaman University (Turkiye) GRAZING BASED FEEDING SYSTEMS:

Mustafa Gugld SUCAK AN EVALUATION IN TERMS OF
PRODUCTIVITY AND SUSTAINABILITY IN

Prof. Dr. Serap GONCU Cukurova University (Turkiye) CATTLE FARMING

Assist. Prof. Dr. Adiyaman University (Turkiye) )
Mustafa Glclt SUCAK BEEF FATTY ACID COMPOSITION:

BIOLOGICAL MECHANISMS

Prof. Dr. Serap GONCU Cukurova University (Turkiye) ANBITHEROEE OFFEEDING SYSTEMS

13-15 March 2026, Adana




Cukurova International
Congress of Basic and
Applied Sciences

INTERNATIONAL
ACADEMIC
PLATFORM

AKAP

ANKARA TIME

March 13, 2026 HALL-1 | SESSION-1 15500 -15:006

ONLINE PRESENTATIONS

HEAD OF SESSION:
Assist. Prof. Dr. Ahmet ERKEK

AUTHOR(S) ORGANISATION TOPIC TITLE

COMPUTATIONAL and EXPERIMENTAL

Assoc. Prof. Dr. Bandirma Onyedi Eylul IDENTIFICATION of B-CATENIN/TCF4
Kader SAHIN University (Tarkiye) PPI INHIBITORS via DRUG REPURPOSING
STRATEGIES

EVALUATION OF THE IMPACT OF

Specialist Dr. Mus State Hospital (Turkiye) NEUTROPHIL-LYMPHOCYTE RATIO,

Gizem KORKUT PLATELET-LYMPHOCYTE RATIO AND
OTHER PROGNOSTIC PARAMETERS ON

Specialist Dr. Kahramanmaras Necip Fazil TREATMENT RESPONSE AND RENAL
Aykut SASMAZ City Hospital (Turkiye) SURVIVAL IN PATIENTS WITH PRIMARY

MEMBRANOUS NEPHROPATHY

THE RELATIONSHIP BETWEEN
INFLAMMATORY HEMATOLOGICAL
Dr. Kamil YILMAZ Dicle University (Turkiye) INDEXES AND CRP IN CHILDREN WITH
CYSTIC FIBROSIS: A CONTROL GROUP

ANALYSIS

FROM SCALPELS TO ROBOTICS:
istinye University (TUrkiye) THE HISTORICAL DEVELOPMENT OF
SURGICAL TECHNOLOGIES

Assist. Prof. Dr.
Ahmet ERKEK

ACUTE RHYTHMIC LINGUAL DYSTONIA
Assist. Prof. Dr. Mersin University (Tarkiye) AS A RARE NEUROLOGICAL
Levent OZDEMIR COMPLICATION AFTER GENERAL
ANESTHESIA: CASE REPORT

RADIOLOGICAL-MORPHOMETRIC

. Azerbaijan Medical University EVALUATION OF FACIAL SKELETAL
Dr. Sabina A. ALIYEVA (Azerbaijan) ASYMMETRY USING MODERN IMAGING
TECHNIQUES

ENDOCRINE DETERMINANTS OF
GENITOURINARY SYNDROME OF
MENOPAUSE IN AZERBAIJANI

Azerbaijan Medical University (Azerbaijan) POSTMENOPAUSAL
WOMEN: A LATE-BREAKING
POPULATION-SPECIFIC ANALYSIS

Prof. Dr.
Kamilova N.M.

13-15 March 2026, Adana
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March 13, 2026 HALL-2 | SESSION-1

ANKARA TIME
12:30 - 14:30

ONLINE PRESENTATIONS

HEAD OF SESSION:

Prof. Dr. Saye Nihan CABUK

AUTHOR(S) ORGANISATION TOPIC TITLE

Nursel BUDAK

Gazi University (Turkiye)

THE RELATIONSHIP BETWEEN URBAN
RESILIENCE AND VULNERABILITY IN
THE CONTEXT OF CLIMATE CHANGE: A

Assoc. Prof. Dr.
Demet EROL

Assist. Prof. D[.
Ahmet SEKEROGLU

Gazi University (Turkiye)

Amasya University (Turkiye)

Ulk%ron.U?/IrAN THEORETICAL ASSESSMENT THROUGH
URBAN REGENERATION
Sena ALUC Gazi University (Turkiye)

A BIOENERGY APPROACH
BASED ON BIOMASS PRODUCTION IN
MARGINAL AREAS: GLOBAL TRENDS

Assist. Prof. Dr.
Selim KARTAL

Dr. Tumay GUNES

I§dir University (Turkiye)

Sinop University (Tarkiye)

TWO-DIMENSIONAL FRACTAL ANALYSIS

OF OTTOMAN-PERIOD SHORT-MINARET
MOSQUES IN SINOP: THE CASE OF THE
KEFEVI AND MEYDANKAPI MOSQUES

Res. Assist.
Nisa Nur GOKSEL

Researcher / Ph.D
Cand. Laura CORMIO

Mimar Sinan Fine Arts University (Turkiye)

Polytechnic University of Marche (ltaly)

SUSTAINABLE DESIGN APPROACH
IN RELIGIOUS ARCHITECTURE: THE CASE
OF ALI KUSCU MOSQUE

Dr. Fazil AKDAG

Erciyes University (Turkiye)

FROM THE WALKING CITY TO THE LINE:
A SPECULATIVE AND
THEORETICAL EVALUATION OF
ARCHITECTURAL UTOPIANISM

Prof. Dr. Alper CABUK

Prof. Dr. Saye Nihan
CABUK

Eskisehir Technical University (Turkiye)

TRAINING AND COLLABORATION
NETWORK FOR NATURE-BASED
SOLUTIONS IN DISASTER MANAGEMENT

13-15 March 2026, Adana
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March 13, 2026 HALL-3 | SESSION-1

ANKARA TIME
12:30 - 14:30

ONLINE PRESENTATIONS

HEAD OF SESSION:

Assoc. Prof. Mustafa Cemil BISGIN

AUTHOR(S) ORGANISATION TOPIC TITLE

Assoc. Prof.
Mustafa Cemil BISGIN

Recep Tayyip Erdogan University
(Turkiye)

ALMOST CONVERGENT SEQUENCE
SPACES CONSTRUCTED VIA THE
DOMAIN OF SEXTUPLE BAND MATRIX

Dr. Nergiz POYRAZ

Dr. Mehmet Akif
AKYOL

Cukurova University (Turkiye)

Usak University (Turkiye)

A STUDY ON GENERALIZED SCREEN
TRANSVERSAL CAUCHY- RIEMANN
LIGHTLIKE SUBMANIFOLDS OF
INDEFINITE KAEHLER MANIFOLDS

Dr. Nergiz POYRAZ

Dr. Mehmet Akif
AKYOL

Cukurova University (Turkiye)

Usak University (Turkiye)

GEOMETRY OF TOTALLY UMBILICAL
SCREEN GENERIC TRANSVERSAL
CAUCHY-RIEMANN LIGHTLIKE
SUBMANIFOLDS OF INDEFINITE
KAEHLER MANIFOLDS

Talha Enes BABA

Assist. Prof. Dr.
ismail Hakki PARLAK

Assoc. Prof. Dr.
Mehmet Dincer ERBAS

Bolu Abant izzet Baysal University
(Tarkiye)

DEEP LEARNING FOR CREATIVE
SOUND SYNTHESIS: TRANSFORMING
ELECTRIC GUITAR INTO NEY TIMBRE

Dr. Muhammed Cagdri
AKSU

Silanur SOYAR
Emine Nisa ILKUTLU
Isil CIFTCI

Berra ULUDERE

Artvin Coruh University (Turkiye)
Artvin Coruh University (Turkiye)
Hacettepe University (Turkiye)
Hacettepe University (Turkiye)

Hacettepe University (Turkiye)

SENTIMENT AND THEMATIC ANALYSIS
OF LOCAL DIGITAL DISCOURSE: THE
CASE OF ARTVIN PROVINCE

Dr. Bilge Kagan
DEDETURK

Erciyes University (Turkiye)

DEEP REINFORCEMENT LEARNING FOR
AOI MINIMIZATION WITH RELIABLE
DATA COLLECTION IN UAV-ASSISTED
IOT NETWORKS

13-15 March 2026, Adana
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March 13, 2026 HALL-4 | SESSION-1

ANKARA TIME
12:30 - 14:30

ONLINE PRESENTATIONS

HEAD OF SESSION:
Assist. Prof. Dr. Samet TOSUN

AUTHOR(S) ORGANISATION TOPIC TITLE

Res. Assist.
Gllnaz ERDI

Assoc. Prof. Burcu
AVCIBAY VURGEC

INTEGRATION OF PERINATAL MENTAL
HEALTH SERVICES INTO
THE MATERNAL AND CHILD
HEALTH SYSTEM IN LIGHT OF THE
WORLD HEALTH
ORGANIZATION GUIDELINES

Cukurova University (Turkiye)

Res. Assist.
Gullnaz ERDI

Prof. Dr. Sule
GOKYILDIZ SURUCU

HEALTH PROMOTION AND SELF-CARE
DURING HIGH-RISK
PREGNANCY: A REVIEW BASED
ON THE PENDER AND OREM MODELS

Cukurova University (Turkiye)

Beyza ERCEN

Assoc. Prof. Dr.
Ebru GOZUYESIL

REPRODUCTIVE HEALTH SERVICES

IN DISASTERS AND THE ROLE OF

NURSES: A CURRENT LITERATURE
REVIEW

Cukurova University (Turkiye)

Beyza ERCEN

Assoc. Prof. Dr.
Ebru GOZUYESIL

DIGITAL VIOLENCE AND WOMEN’S

Cukurova University (Turkiye) HEALTH

Fatma Mihrap METE

Assist. Prof. Dr.
Yasemin KALKAN
UGURLU

lyidere Mukaddes Kalkavan District State

AespliE) (Ute) RELATIONSHIP BETWEEN SPOUSE

SUPPORT AND SELF-MANAGEMENT IN

B Wfivaraiy Crerdve) INDIVIDUALS WITH TYPE-2 DIABETES

University College Cork (Ireland)

Assist. Prof. Dr.
Samet TOSUN

CLINICAL UTILITY OF DYSPHAGIA
SCREENING TOOLS IN ACUTE AND
NEURODEGENERATIVE POPULATIONS:
A CONTEMPORARY REVIEW

Biruni University (Turkiye)

13-15 March 2026, Adana
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March 13, 2026 HALL-5 | SESSION-1

ANKARA TIME
12:30 - 14:30

ONLINE PRESENTATIONS

HEAD OF SESSION:

Assist. Prof. Dr. Lutfi TAKCI

AUTHOR(S) ORGANISATION TOPIC TITLE

Assist. Prof. Dr.
Tuba BAK

Prof. Dr. Turan
KARADENIZ

Pamukkale University (Turkiye)

HISTOLOGICAL DETERMINATION OF
FLOWER BUD DIFFERENTIATION PERIOD
AND FEMALE FLOWER FORMATION IN
HAZELNUT

Assist. Prof. Dr.
Lutfi TAKCI

Sivas Cumhuriyet University (Turkiye)

SCANNING ELECTRON MICROSCOPY
(SEM) INVESTIGATION OF ARTERIAL
VASCULARIZATION OF THE TONGUE IN
WILD BOAR (SUS SCROFA)

M.Sc Keziban OKUTAN

Dr. Basra AYDIN

Konya Food and Agriculture University
(Tarkiye)

INTEGRATIVE TRANSCRIPTOMIC
ANALYSIS AND DRUG REPOSITIONING
FOR GASTRIC INTESTINAL METAPLASIA:
AN IN SILICO OMICS-ORIENTED STUDY

Dr. Burcu PALA
Furkan ER

Prof. Dr. Coskun
AYDINER

Gebze Technical University (Turkiye)

MEMBRANE-BASED WATER RECOVERY
FROM BIOLOGICALLY
TREATED EFFLUENT IN THE FRUIT JUICE
INDUSTRY: A DUPONT WAVE
SIMULATION STUDY

Dr. Gulnar
ATAKISHIYEVA

Dr. Sevinc
MUKHTAROVA

Assoc. Prof. Dr.
Sima MUSAYEVA

Assoc. Prof. Dr.
Ilhama
HAMDULLAYEVA
Dr. Nigar AHMEDOVA
Irada SHIKHALIYEVA

Assoc. Prof. Dr.
Gulnara BABAYEVA

Baku State University (Azerbaijan)

Azerbaijan Technical University
(Azerbaijan)

Azerbaijan Technical University
(Azerbaijan)

Azerbaijan Technical University
(Azerbaijan)

Baku State University (Azerbaijan)
Baku State University (Azerbaijan)

Azerbaijan Technical University
(Azerbaijan)

DRUG-LIKENESS EVALUATION OF A
NOVEL MOLECULE BASED ON LIPINSKI
AND VEBER RULES

Hall 5 - Continued on the next page
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13-15 March 2026, Adana
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ANKARA TIME

ONLINE PRESENTATIONS

HEAD OF SESSION:
Assist. Prof. Dr. Lutfi TAKCI

AUTHOR(S) ORGANISATION TOPIC TITLE

Dr. Samet GUMUS

AI-BASED AUTONOMOUS ASSET
Dr. Eray KARASLAN istanbul Aydin University (Turkiye) MANAGEMENT IN CRYPTO
ASSET MARKETS

Omer Faruk KAVAK

Dr. Samet GUMUS

AlI-BASED ROUTE OPTIMIZATION
IN LOGISTICS OPERATIONS

Dr. Eray KARASLAN istanbul Aydin University (Tarkiye)

Muhammed Enes
BESINCI

Susan VEFAI ZAYAT ASSESSING ENERGY SECURITY IN SYRIA:

PRE-WAR CONDITIONS, POST-WAR

Prof. Dr. Adem CHALLENGES, AND FUTURE DEMAND
ATMACA PROJECTIONS

Gaziantep University (Turkiye)

13-15 March 2026, Adana
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ONLINE PRESENTATIONS

HEAD OF SESSION:
Assist. Prof. Dr. Necmi YARBASI

AUTHOR(S) ORGANISATION TOPIC TITLE
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CERIBASI EFFECTIVE UTILIZATION OF
Maltepe University (Turkiye) OUTRIGGER SYSTEMS IN
Dr. ilhan Emre INAM HIGH-RISE STRUCTURES

Stmeyye KABA DETERMINING THE STRENGTH

. . . e PROPERTIES OF WOODEN

Prof. Dr. Seref KURT KarabUk University (Turkiye) MATERIALS USED IN HISTORICAL

Dr. Stileyman OZCAN SAFRANBOLU HOUSES
Ozkan BAL

DETERMINATION OF CHANGES IN
EQUILIBRIUM MOISTURE CONTENT
AND OVEN-DRY DENSITY IN WOODEN
MATERIALS WITH DIFFERENT SERVICE
LIVES

Prof. Dr. Seref KURT KarabUk University (Turkiye)

Dr. Stleyman OZCAN

THE EFFECT OF FREEZE-THAW CYCLES

Assist. Prof. Dr ON THE STRENGTH OF COARSE-
Necmi.YARéAS.I AtatUrk University (Turkiye) GRAINED SOILS REINFORCED WITH
WASTE BANANA PEELS AND MARBLE
DUST
Recep ERGENCOGLU Istanbul Metropolitan Municipality OPTIMIZING GREEN TIMES AND SIGNAL
e I Qe PHASING AT INTERSECTIONS VIA
AKGUNGOR Kirikkale University (Turkiye) FUARRIS AR QIPTIIZATLON (YHE)

ENGINEERING POROUS YTTRIA-
Dr. Selim UNAL Kastamonu University (Turkiye) PLAS;gi::ézgngslﬁi?ﬂwnéggleNT
SENSORS

SELECTION OF SMART
Assist. Prof. Dr. Tarsus University (Tarkiye) MANUFACTURING TECHNOLOGIES
Kismet CINGOZ USING THE SWARA AND ARAS
METHODS
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Maksim PONYAKIN

Azerbaijan State Oil and Industry
University (Azerbaijan)

THEORETICAL MODELS OF THE
INTERACTION OF IONIZING
RADIATION WITH COMPONENTS OF
OIL SEDIMENTS (SOLID WASTE FROM
OIL PIPELINES)

Dr. Natalia BOLOCAN
Oxana SPINU

Dr. hab. Igor POVAR

Moldova State University
(Republic of Moldova)

THERMODYNAMIC COOPERATIVITY AS
A GOVERNING FACTOR OF METAL
MOBILITY IN NATURAL AND
ENGINEERED AQUEOUS SYSTEMS

Dr. Natalia BOLOCAN
Oxana SPINU

Dr. hab. Igor POVAR

Moldova State University
(Republic of Moldova)

THERMODYNAMIC PREDICTION OF
SYNERGISM AND ANTAGONISM
IN MULTICOMPONENT LIQUID-LIQUID
EXTRACTION SYSTEMS

Gopinath N
Inbarajan M
Yogeshwaran M
Balaji K
Goventhan E

Prof. Dr. Nixon Samuel
VIJAYAKUMAR

R.M.K. Engineering College (India)

STROKEGUARD Al: A LIGHTWEIGHT
MULTIMODEL FRAMEWORK FOR EARLY
STROKE RISK DETECTION USING FACIAL

AND VOICE BIOMARKS

C. M. UGBAJA

K. B. OKEOMA

C. A. MADU

O. K. ECHENDU

S. O. AJAYI

Federal University of Technology Owerri
(Nigeria)

MINERALOGICAL AND
MICROSTRUCTURAL EVALUATION OF
NIGERIAN CLAY DEPOSITS FOR
CERAMIC CAPACITOR APPLICATIONS
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Dr. Nadia AKRAM

Government College University
(Pakistan)

SUSTAINABLE MATERIALS FOR
ENVIRONMENTAL PROTECTION

Dr. Rajeev ARORA

IFTM University (India)

REMOVAL OF HEAVY METAL FROM
WASTE WATER USING POLYMERIC AND
WASTE MATERIALS - A REVIEW

Ahmed SALIM

Abdslam EL BOUARI

Anas CHRAKA

Samir CHTITA

Mohamed TAHIRI

Omar TANANE

Hassan Il University of Casablanca
(Morocco)

SUSTAINABLE REMOVAL OF
METHYLENE BLUE USING DATE-PIT
DERIVED ACTIVATED CARBON:
INTEGRATED EXPERIMENTAL
ASSESSMENT AND MOLECULAR-LEVEL
INSIGHTS

R Muthu RAMYA R

Nandhini B L

Nandhitha B

Nethrha A B

Dr. M. MEENA

R.M.K. Engineering College (India)

ARTIFICIAL INTELLIGENCE ASSISTED
DETECTION OF WATER CONTAMINANTS
USING

Bello Magaji BAKORI
Sani IBRAHIM

Federal University (Nigeria)

ARTIFICIAL INTELLIGENCE PROFILING
AND PREDICTIVE MODELING FOR EARLY
DETECTION AND CHARACTERIZATION
OF GASTROINTESTINAL AND
HEMATOLOGICAL PARASITIC
INFECTIONS: A REVIEW

Mokhnane Tarek
Reguia Khiari

Sabah Adjlane

Scientific and Technical Research Center
on Arid Regions (Algeria)

INNOVATION IN AGRICULTURE IN
ARID REGIONS: CHALLENGES AND
PROSPECTS THE CASE OF BISKRA,

ALGERIA
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Rabiu Ahmad Zhejiang University (China)
ABUBAKAR

Polytechnic University of Madrid (Spain)
Tasan Cruz DANY

National University of Chimborazo DESIGN AND CONSTRUCTION
Oviedo Salas Gonzalo (Ecuador) OF A WATER MANOMETER FOR
PAUL BIOGAS FIXED-DOME DIGESTERS IN
Universidad Nacional de Chimborazo RESIDENTIAL BUILDING APPLICATIONS
Molina Ruiz VICTOR (Ecuador)
Becerra Martinez Universidad Nacional de Chimborazo
Marcelo ALEJANDRO (Ecuador)
Rabiu Ahmad Zhejiang University (China)

ABUBAKAR
Polytechnic University of Madrid (Spain)
Tasan Cruz DANY

National University of Chimborazo DESIGN AND CONSTRUCTION OF
Oviedo Salas Gonzalo (Ecuador) A PLASTIC WATER TANK BIOGAS
PAUL DIGESTER FOR HOUSEHOLD GREEN
Universidad Nacional de Chimborazo ENERGY APPLICATIONS
Molina Ruiz VICTOR (Ecuador)
Becerra Martinez Universidad Nacional de Chimborazo
Marcelo ALEJANDRO (Ecuador)
Rabiu Ahmad Zhejiang University (China)

ABUBAKAR
Polytechnic University of Madrid (Spain)
Tasan Cruz DANY

National University of Chimborazo DESIGN AND OPTIMIZATION OF A
Oviedo Salas Gonzalo (Ecuador) MANUAL CEMENT BLOCK COMPACTION
PAUL DEVICE FOR RESILIENT SUSTAINABLE
Universidad Nacional de Chimborazo ARCHITECTURAL DESIGN
Molina Ruiz VICTOR (Ecuador)
Becerra Martinez Universidad Nacional de Chimborazo
Marcelo ALEJANDRO (Ecuador)
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Rabiu Ahmad Zhejiang University (China)
ABUBAKAR

Polytechnic University of Madrid (Spain)

VR Clz BANKY DESIGN AND CONSTRUCTION OF A

WIND-POWERED TURBO VENTILATOR
GREENHOUSE DRYER: A SUSTAINABLE
BUILDING TECHNOLOGY SOLUTION FOR
POST-HARVEST PRESERVATION

National University of Chimborazo
Oviedo Salas Gonzalo (Ecuador)

PAUL
Universidad Nacional de Chimborazo

Molina Ruiz VICTOR (Ecuador)
Becerra Martinez Universidad Nacional de Chimborazo
Marcelo ALEJANDRO (Ecuador)
Rabiu Ahmad Zhejiang University (China)
ABUBAKAR

Polytechnic University of Madrid (Spain)
Tasan Cruz DANY

National University of Chimborazo STRUCTURE-BASED DRUG
Oviedo Salas Gonzalo (Ecuador) REPURPOSING TO INHIBIT THE
PAUL DNA GYRASE OF Mycobacterium
Universidad Nacional de Chimborazo TUBERCULOSIS
Molina Ruiz VICTOR (Ecuador)
Becerra Martinez Universidad Nacional de Chimborazo
Marcelo ALEJANDRO (Ecuador)

INTELLIGENT RISK MANAGEMENT IN
PRACTICE: Al AS A CATALYST FOR
SUSTAINABLE TRANSFORMATION IN
ACTUARIAL SCIENCE EDUCATION

Dr. Daniel SANUSI Ulster University (Ireland)

Sankesh JAIN N

Devesh R
Barani CHANDRAN S

PLUGGING TOMORROW IN: ELECTRIC
R.M.K. Engineering College (India) VEHICLES POWERING A SUSTAINABLE
MOBILITY ERA

Jeyanth R
AKASH R
Lokeshkumar K

Dr. A. VIJAYALAKSHMI
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Vanthana G
Varsa G
Aishwarya S SILENT DESTROYER: CORROSION
R.M.K. Engineering College (India) AND ITS TRILLION-RUPEE IMPACT ON
Tharunikaa P INFRASTRUCTURE

M Varshana DEEPA

Dr. A. VIJAYALAKSHM

Hameed Adavize Zhejiang University (China)

MOMOH
Nurul Ab Aziz Polytechnic University of Madrid (Spain)

HASHIKIN National University of Chimborazo STRUCTURE-BASED DRUG
Muhammad Eahmi (Ecuador) REPURPOSING TO INHIBIT THE
Rizal ABDUL HADI DNA GYRASE OF Mycobacterium

Universidad Nacional de Chimborazo TUBERCULOSIS
(Ecuador)

Bello Ayodeji IBRAHIM

Universidad Nacional de Chimborazo

Ahmed Kehinde (Ecuador)

USMAN

INTELLIGENT RISK MANAGEMENT IN
PRACTICE: Al AS A CATALYST FOR
SUSTAINABLE TRANSFORMATION IN
ACTUARIAL SCIENCE EDUCATION

Dr. Daniel SANUSI Ulster University (lreland)

Sankesh JAIN N

Devesh R
Barani CHANDRAN S

PLUGGING TOMORROW IN: ELECTRIC
R.M.K. Engineering College (India) VEHICLES POWERING A SUSTAINABLE
MOBILITY ERA

Jeyanth R
AKASH R
Lokeshkumar K

Dr. A. VIJAYALAKSHMI
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SAHARAN ACTINOMYCETES FROM

Hassiba Benbouali University of Chlef TAMANRASSET AS PROMISING
(Algeria) BIOCONTROL AGENTS

AGAINST PHYTOPATHOGENS

Fedwa BEGHDADI

El-Hadj DRICHE

Fedwa BEGHDADI Hassiba Benbouali University of Chlef DESERT MICROBIAL BIODIVERSITY
(Algeria) y AS A SOURCE OF INNOVATIVE CROP
El-Hadj DRICHE 9 PROTECTION SOLUTIONS
Fedwa BEGHDADI . R . ECOLOGICAL ADAPTATION AND
Hassiba Benbczt}i\?llg’ir\;;/emty of Chlef ANTAGONISTIC POTENTIAL OF
El-Hadj DRICHE 9 SAHARAN ACTINOBACTERIA
Fedwa BEGHDADI . R . HARNESSING SAHARAN SOIL
Hassiba Be”b"(‘ﬁg;?;{ers'ty of Chlef MICROORGANISMS FOR SUSTAINABLE

El-Hadj DRICHE PHYTOPATHOGEN MANAGEMENT

HERBAL REMEDIES FOR

FERRlER DEOBTEL University of llorin (Nigeria) GASTROINTESTINAL DISORDERS AND

ADIEOEA THEIR EVIDENCE-BASED APPLICATIONS
Abdelghani . . .
ABOUKHALAF Tofail University (Morocco) NUTRITIONAL, BIOACTIVE AND

ANTIOXIDANT ASSESSMENT OF SOME
WILD EDIBLE MEDICINAL PLANTS
COMMONLY CONSUMED IN MOROCCO

Houda EL YACOURI Chouaib Doukkali University (Morocco)

Atmane ROCHDI Tofail University (Morocco)

PROCESS TYPES AND PARTICIPANT
ROLES IN AMMA DARKO’S FACELESS
AND SEFI ATTA’'S EVERYTHING
GOOD WILL COME: A COMPARATIVE
FUNCTIONAL STRUCTURALIST
PERSPECTIVE

Franck AMOUSSOU Université André Salifou (Niger)
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MONESH M

NSRS EUIETT NEERA GRAPHENE-BASED FLEXIBLE

. . . . SUPERCAPACITORS FOR NEXT-
Nitheesh M R.M.K. Engineering College (India) GENERATION WEARABLE ENERGY
Ragavan R S SNSIRAELE

Dr. M. Meena

J PRATHESHA

Preethi L
Raga Surva PEROVSKITE SOLAR CELL MATERIALS
HAgSHINIyD R.M.K. Engineering College (India) FOR HIGH-EFFICIENCY
RENEWABLE ENERGY CONVERSION
Rakshita D
Dr. M. MEENA

J.C. Echewodo

B.C. Anusionwy INVESTIGATION OF THE INFLUENCE OF
= el Ui GNTeETo PRECURSOR CONCENTRATION (SbCI3)
YR ON THE OPTICAL PROPERTIES OF
E.C. Mbamala

CuSbS2 THIN FILMS AS-DEPOSITED
O.K. Echendu
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Dr. Ochuko
ORAKPOGHENOR

Abubakar Tafawa Balewa University
(Nigeria)

EMERGING PATHOLOGICAL
IMPLICATIONS OF MICRO- AND
NANOPLASTIC EXPOSURE IN FOOD-
PRODUCING ANIMALS: A CALL FOR
STRUCTURED SURVEILLANCE IN
NIGERIA

S A Marathaka RANI

Dr. Murugesan
KAMARAJ

SRM Institute of Science and Technology

MARINE MACROALGAL BIOACTIVE

COMPOUNDS AND APPLICATIONS

ACROSS FOOD, BIOMEDICAL, AND
ENVIRONMENTAL SECTORS

Majekodunmi Racheal
ADEDAYO

Balgees Folake
AYILARA

Bashirat Olamide
YUSUF-SALIHU

Kwara State University (Nigeria)

PARTIAL PURIFICATION,
CHARACTERIZATION, AND ACTIVITIES
OF LIPASE PRODUCED BY Aspergillus

niger P151
AND Aspergillus flavus P152

Ogunniran,
JESUTOFUNMI
JOSHUA

University Of llorin (Nigeria)

PHOSPHATE SOLUBILIZATION
POTENTIAL OF INDIGENOUS
RHIZOSPHERIC
SOIL FUNGI AND THEIR EFFECTS ON
AMARANTHUS SPECIES

Blessing Adeleke
OLUWATIMILEYIN

University of Ibadan (Nigeria)

KNOWLEDGE AND PERCEIVED
EFFICACY OF FRUITS AND VEGETABLES
CONSUMPTION FOR THE PREVENTION
OF BREAST CANCER AMONG FEMALE

Marija Radmiloyié-
RADJENOVIC

Branislav
RADJENOVIC

Bojana BOKIC
Darko VASILJEVIC

Branko KOLARIC

University of Belgrade (Serbia)

GEOMETRIC CONTROL OF
THERMODYNAMIC AND NEGATIVE
HEAT CAPACITY IN NANOSTRUCTURED
MATERIALS
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ON THE SUCCESS AND FEASIBILITY OF
Arcliay _ _ _ “EL PAHUMA” - THE FIRST ORCHID
POPATANASOV Bulgarian Academy of Sciences (Bulgaria) NATURE RESERVE IN ECUADOR AS A
WAY TO PROTECT THE OVERHELMING
ECUADORIAN ORCHID BIODIVERSITY

Kebbi State University of Science and

. . Technology
Bilyaminu Garba JEGA (Nigeria)
. OPTIMIZATION AND EXPERIMENTAL
MuskhazIi MUSTAFA Kebbi State University of Science and VALIDATION OF Curtobacteria strain-
Micheal Charles Technology MEDIATED PHOSPHATE REMOVAL
RAJARAM (Nigeria) UNDER VARIABLE PHYSICOCHEMICAL
PARAMETRS
Musa ISAH Universiti Putra Malaysia (Malaysia)

Universiti Putra Malaysia (Malaysia)

USING MOLECULAR APPROACHES TO
IDENTIFY FLAGELLATED PROTOZOANS
IN DOMESTIC CHICKENS

Sarra FARJALLAH University of Tunis El Manar (Tunisia)
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Ansek BALOGOU

University of llorin (Nigeria)

THE EFFECTS OF MELATONIN IN
ENHANCING DROUGHT TOLERANCE IN
PLANTS

Sabina KHANAM

Kanpur University (India)

DEATHS DUE TO INDOOR
AIR POLLUTION: A SYSTEMATIC REVIEW

Assoc. Prof. Dr.
Adriana GRIGORAS

Grigore T. Popa University of Medicine
and Pharmacy lasi (Romania)

BRONCHIAL WALL REMODELING
IN ASTHMA

Dr. Khanh Giang LE

University of Transport
and Communications (Vietnam)

RECENT ADVANCES IN GNSS-BASED
DYNAMIC DISPLACEMENT
FORECASTING FOR CABLE-STAYED
BRIDGES: FROM STATISTICAL
METHODS TO HYBRID DEEP LEARNING
ARCHITECTURES - A CRITICAL REVIEW

Dr. Enis URUCI

Dr. Emirjeta KUNIQI

Universiteti Aleksander Moisiu (Albania)

DIGITAL DENTISTRY AND ITS
IMPACT ON ORAL HEALTH

Benyahia AMAR

Benyahia
ABDESSETAR

University of Saad Dahlab Blida 1 (Algeria)

University of Constantine 3 Salah
Boubnider (Algeria)

EFFECT OF GRAPHENE POWDER
ON THE PROPERTIES OF
SELF-COMPACTING MORTAR
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THE EVOLVING DYNAMICS OF ORAL

Aoad UELAR University of Veterinary and Animal SEUAMOLS CEHL CARCINOIA (OEIEE)
Muhammad Muddassir Syciences (Pakiztan) DIRGVIEN TISSUIE IREMOIBIEL NE AROI
ALl TUMOR ONSET TO THERAPY: THE DARK

SIDE

MARANGONI-INDUCED BIOCONVECTIVE
MAXWELL NANOFLUID FLOW AND
THERMAL TRANSPORT OVER A
POROUS ROTATING DISK

Ephesus O. FATUNMBI
Federal Polytechnic llaro (Nigeria)
O. E. OMOTOLA

MULTI-PATHWAY MODULATION OF
MAPK, PI3K/AKT, AND NF-KB SIGNALING
BY POLYHERBAL EXTRACTS: A
PROMISING THERAPEUTIC STRATEGY
FOR MYOCARDIAL INFARCTION
MANAGEMENT

Srijani DASGUPTA
Birla Institute of Technology (India)
Dr. Manik GHOSH

13-15 March 2026, Adana



Cukurova International
Congress of Basic and
Applied Sciences

13 - 15 March, 2026
Adana, TURKIYE



INTERNATIONAL
ACADEMIC
PLATFORM

AKAP




Cukurova International
Congress of Basic and
Applied Sciences

PHOTO GALLERY




INTERNATIONAL
ACADEMIC
PLATFORM

AKAP

XXXIX



\ Cukurova International
J Congress of Basic and
Applied Sciences

G Ghinds Tt e NKAP "
ndle \%!MI ﬁ— AKAP '.:1'.‘:“_'.".7':““ : Q " ?Jg‘muﬁ Snanl 63(

I"'{'" S | s
U Gomind %1‘ AKAP

|

XL




INTERNATIONAL
ACADEMIC
PLATFORM

AKAP

XLI



Cukurova International
Congress of Basic and
Applied Sciences

AKAP@MEET sessons uaLLs £ Katens Sy 0

S, Apriun e

rimental Setup

Simulation Parameters Error Contral Methods

Parameter Value Method Config

loT nodes 50 - 250 No EC Baseline
o UAV height 65— B0 m ARQ max_ret: 357,10
: Area 100021000 m FEC BCH:codes

UAV speed 10 m/s
Tx power 0 dBm
Data rate 18.2 kbps

Baselines
o Artificial Bee Colony (ABC)
@ Clonal Selection Algorithm (CSA)
o Nearest Meighbor heuristic

Vlisrrarn pdabseih Maiem Ohive Errger Sistem|

AKAP@MEET session waLLS JR—

Materyal ve Yontem materials and Methods
Veri Seti ve Kapsam

Arastrmamein temelinl; 10.04.2013 lle 10022026 tarihleri arasni kapsayan ve toplam 37,744 ham
yorumdan olusan gok platformiu bir veri seti olusturmaiktadr

HAM VERI saplan

| 4 " g L 1 x  Moderatdr
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AKAP@MEET SESSION1 HALLZ & Katilime| Sayis (10)

Vlisterarau) Natireit Flatorms: Dhilas Wasgre Fistzzs

&

Arastirma Bulgulan research Findings
Negatif Temalar

* Yapay/otomatik Uretilmis igerikiere yonelik
tepkiler: Sehir tantimiarinda kullanitan yapay zeka gor-
seflerine yonalik “dodaiiktan urak” ekestinleri.

= Ulagim ve Altyapt Sorunfar: Yol durumian, tinel ak-
saklidlan ve ulagim kstilikdanna dair gkayetler

. i ", gecim yeti ve fiyat artisi
soylemleri: Hayat pahaliiy ve yerel fiyal arslanna
yanedik tepkiler

= Sokak hayvanian ve hayvan refahi; Sokak hayvan-
lar ydnetimi ve buna badh giveniik endigele

« Saglk  hi i/ safiik lanna  iligkin
sikiyetier: Hastane randevu sistem| ve doktor eksikdi
kaynakh memnuniyetsizikier.

Moderatar

AI(APQMEET SESSION1 HALL3 & Katilimei Says (10)

Vlastsracu) Whiskrait Fhaterms: dias Kategre Siskrrs

Moderatar
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AK AP n M EET SESSION1 HALL3 A Katiime Says: (8)

Ulhalararmsn Akistaralh Pathans Cilise Konge Sowisi

Konugmaer  £¥
_‘ﬂ

RECEP TAYNIP ERDOGAN ONIVERSITES]

ALMOST CONVERGENT SEQUENCE SPACES

Thoorem 1 (s

Moderator

AKAP n M EET SESSION1 HALLA A Katidime: Sayizi [5)

bbbt Ahihenih, (S b g sy

5. EBE VE SAGLIK PROFESYONELLERININ
ROLU

5.1 5aghg! Gelistirme Davranislannin Desteklenmesi
Gebelikte sadgikh beslenme, fiziksel akfivite ve sires
yonetimi konulannda egitim ve dangmanhk yapma,
Gebenin  risk durumung uygun sadhk  konfroflerini
planiama ve izlemini saglama,

Anne adayimin éz yetediligini giclendirerek olumiu saghk
dawranislonng yonlendirme,  gdrevienni  Ustlenmeler
gerekmektedir

Moderator

W Koy Bikir
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AFETLERDE UREME
SAGLIK HIZMETLERI VE
HEMSIRENIN ROLU

Cikig Yap
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B Ky Rikic Seia ksta Sohbet (@ Tusknik Destek Gikug Yap
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COKLU DISTAN DESTEK SiSTEMLERININ (DDS) YUKSEK YAPILARDA EFEKTIF
KULLANIMI
EFFECTIVE UTILIZATION OF OUTRIGGER SYSTEMS IN HIGH-RISE STRUCTURES

Prof. Dr. Seyit CERIBASI
Maltepe Universitesi, insaat Miihendisligi Boliimii, istanbul, TURKIYE
Dr. ilhan Emre INAM

Maltepe Universitesi, Yapi-Deprem Miihendisligi Ana Bilim Dals, istanbul, TURKIYE

OZET

Coklu distan destek sistemlerinin (DDS) yiiksek yapilarda etkin kullanimi, ¢agdas yapi
mithendisliginde kritik bir konu haline gelmistir. Yap1 yiikseklikleri arttik¢a, riizgar ve deprem
kaynakl yatay yiikler, stabilite ve glivenlik agisindan 6nemli zorluklar yaratmaktadir. Bu ¢alisma,
DDS’nin yapisal performansi artirmadaki roliinii incelemekte; yatay yer degistirmeleri azaltma,
yiik dagilimim iyilestirme ve malzeme verimliligini optimize etme kapasitesine odaklanmaktadir.
Geleneksel sistemler ile DDS entegre edilmis tasarimlarin karsilagtirmali analizleri, distan
caprazlama ve destek mekanizmalarinin yapisal zafiyetleri en aza indirmedeki avantajlarini ortaya
koymaktadir. DDS kullanan yiiksek binalara ait 6rnekler, dayaniklilik ve maliyet etkinliginde
iyilesmelerin yani sira mimari esneklige de olanak tanimaktadir. Bulgular, DDS’nin yalnizca
yapisal saglamliga katki saglamakla kalmayip, ayn1 zamanda malzeme tiiketimini azaltarak
stirdiiriilebilir tasarim ilkeleriyle uyumlu oldugunu gostermektedir. Genel olarak, bu c¢alisma
yiksek yapilarin tasariminda DDS entegrasyonunun daha giivenli, verimli ve g¢evreye duyarl
yapilar elde etmek icin gerekli oldugunu ortaya koymaktadir. Analizler, DDS kullanilan
sistemlerde yatay deplasmanlarin ve kat 6teleme oranlarinin geleneksel sistemlere kiyasla daha
diisiik oldugunu gostermistir

Anahtar Kelimeler: DDS, Deprem, Yiiksek Yapilar
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ABSTRACT

The effective utilization of multiple external support systems (outrigger) in high-rise structures has
become a critical topic in contemporary structural engineering. As building heights increase, lateral
loads induced by wind and seismic activity pose significant challenges to stability and safety. This
study investigates the role of outrigger in enhancing structural performance, focusing on their
ability to reduce lateral displacements, improve load distribution, and optimize material efficiency.
Through comparative analyses of conventional structural systems and outrigger -integrated
designs, the research highlights the advantages of external bracing and support mechanisms in
minimizing structural vulnerabilities. Case studies of tall buildings employing outrigger
demonstrate improvements in both resilience and cost-effectiveness, while also emphasizing
architectural flexibility. The findings suggest that outrigger not only contribute to structural
robustness but also align with sustainable design principles by reducing material consumption.
Overall, the study underscores the necessity of integrating outrigger into the design of high-rise
buildings to achieve safer, more efficient, and environmentally responsible structures. The analyses
have shown that lateral displacements and interstory drift ratios are lower in systems with outrigger
compared to conventional systems.

Keywords: Outrigger, Earthquake, High-rise Structures

GIRIS

Yiiksek yapilarin tasariminda karsilagilan en 6nemli sorunlardan biri, artan yiikseklikle birlikte
riizgar ve deprem gibi yatay yiiklerin yapiya etkisinin belirgin sekilde artmasidir. Bu durum, hem
stabilite hem de giivenlik acisindan ciddi miihendislik problemleri dogurmaktadir. Geleneksel
tastyici sistemler belirli bir noktaya kadar yeterli performans saglasa da, ¢cok katli yiiksek yapilarda
bu sistemlerin tek basina kullanimi1 cogu zaman yetersiz kalmaktadir. Iste bu noktada ¢oklu distan
destek sistemleri (DDS) devreye girmektedir.

DDS, yapiin dis ¢ergevesine entegre edilen ¢aprazlama ve destek mekanizmalari araciligiyla yatay
yiiklerin daha etkin bicimde karsilanmasini saglar. Bu sistemler, hem yatay yer degistirmelerin
azaltilmasina hem de yiiklerin daha dengeli dagitilmasina katkida bulunur. Ayrica malzeme
verimliligini artirarak siirdiiriilebilir tasarim ilkeleriyle uyumlu ¢6ziimler sunar. DDS’nin kullanim1
yalnizca yapisal saglamligi artirmakla kalmaz, ayn1 zamanda mimari esneklik ve maliyet etkinligi
acisindan da avantajlar saglar. DDS’nin yapiyla entegrasyon gorseli Sekil. 1°de sunulmustur.
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Sekil 1. Yapisal sistemlerin sematik gosterimi

Dolayisiyla, yiiksek yapilarin tasariminda DDS’nin entegrasyonu kaginilmaz bir gereklilik haline
gelmistir. Bu ¢aligmanin amaci, DDS’nin yliksek yapilarda karsilagilan miihendislik problemlerine
nasil ¢éziim sundugunu ortaya koymak ve bu sistemlerin etkin kullanimina dair kapsamli bir
degerlendirme yapmaktir.Geleneksel tasiyici sistemler belirli bir noktaya kadar yeterli performans
saglasa da, ¢cok katl1 yapilarda bu sistemlerin tek bagina kullanimi ¢ogu zaman yetersiz kalmaktadir.
Taranath (1975) tek bir konumda distan destek sisteminin (DDS) yiiksek binalarda kullanilmasi
durumunda, bina yiiksekligi H olarak kabul edildiginde en uygun konumun 0.545H yiiksekliginde
olacagini gostermistir.

McNabb ve Muvdi (1975) tek bir konumda distan DDS kullanilmasi durumu i¢in Taranath (1975)’1
dogrulamislardir. Iki farkli konumda distan DDS kullanilmasi durumunda ise en uygun konum
olarak 0.687H ve 0.315H yiiksekliginde olacagmi gostermigleridir. Stafford ve Salim (1981)
problemin ¢6ziimiinii basitlestirmek adina DDS’yi egilme rijitlikli olarak kabul etmislerdir. Diger
taraftan DDS’nin kendi elastikiyetinin bina yatay yer degistirmesine ve merkezdeki ¢ekirdekte
olusan moment tesirlerine etkisi olacaktir.

Hoenderkamp ve Snijder (2000) yaptiklar: ¢alisma ile yatay yiikler etkisindeki ytiksek binalarm 6n
tasarim1 igin, DDS’nin binalarin cephesine konumlandirildigi durum (Fagade outrigger braced
frame) igin basitlestirilmis bir analiz yontemi sunmuslardir. Bu c¢alismayr miiteakiben
Hoendarkamp ve Bakker (2002) yaptiklarnt bir diger ¢alisma ile bir adet DDS kullanilmasi
durumunda en uygun konum igin basitlestirilmis grafiksel bir yontem gelistirmiglerdir. Hangi
egrinin kullanilacagimi belirlemek i¢in merkez ¢elik ¢apraz sisteminin ve DDS’nin (outrigger)
rijitlik ve racking kayma rijitlik bilgileri belirlenmelidir. Caligmada 6rnek olarak incelenen 29 kath
87m yiiksekligindeki bir bina i¢in en uygun DDS konumunun 0.673H yiiksekliginde olacag1
sonucuna varilmistir.

Hoenderkamp (2008) iki farkli konumda DDS oldugu durumlar i¢in en uygun konumu aragtirmistir.
Ust kotta bulunan DDS konumu sabit tutulmus ve alt kotta konumlanan DDS igin en uygun konum
arastirnllmistir. Gerasimidis ve dig. (2009) yanal yiik olarak sadece riizgar yiikiinii dikkate almis ve
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en uygun ikinci DDS konumunu arastirmiglardir ve riizgar yiikiinii diizgiin yayil yiik olarak binaya
etkitmislerdir. Idealize ettikleri bilgisayar analiz modelini iki boyutlu olarak kurmus, merkezde
betonarme perde ¢ekirdek, dig kolonlar ve ayni1 kesit ve geometrik 6zelliklere sahip DDS‘yi dikkate

almisglardir.

Sonug olarak, DDS’nin yiiksek yapilarda entegrasyonu giiniimiizde kaginilmaz bir gereklilik haline
gelmistir. Bu ¢alisma, DDS’nin yiiksek yapilarda karsilagilan miihendislik problemlerine nasil
¢Oziim sundugunu ortaya koymakta ve bu sistemlerin etkin kullanimima dair kapsamli bir

degerlendirme sunmaktadir.

MODEL VE ANALIZLER

Bu ¢aligmada yiiksek yapilarda ¢oklu distan destek sistemlerinin (DDS) etkinligini degerlendirmek
amaciyla hem analitik hem de sayisal yontemlere dayali kapsamli bir modelleme siireci
gerceklestirilmistir. Oncelikle, geleneksel cerceve sistemleri ile DDS entegre edilmis sistemler
karsilagtirmali olarak incelenmis, bu sayede farkli tasiyici sistemlerin yatay yiikler altindaki
davranislar1 ortaya konmustur. Modelleme siirecinde, riizgar ve deprem ytikleri altinda yapinin
maruz kaldig1 yatay deplasmanlar, kat Steleme oranlari ve i¢ kuvvet dagilimlar1 detayli bigimde
analiz edilmistir. Riizgar yiikii uygulamasinin sematik bir gdsterimi Sekil 2’de verilmistir. Ayrica,
deprem yiiklerinin olusturulmasinda kullanilan elastik tasarim spektrumu Sekil 3’te ve kullanilan
11 adet ivme kaydindan bir tanesi (Diizce 1999) Sekil 4’te sunulmustur.
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Sekil 4. Ornek ivme kayd: (Diizce 1999)

Analizlerde sonlu elemanlar yontemi kullanilmis ve yiiksek yapilarin {i¢ boyutlu bilgisayar
modelleri olusturulmustur. Bu modellerde distan caprazlama ve destek elemanlarinin rijitlik
katkisi, yiik aktarim mekanizmalar1 ve malzeme verimliligi degerlendirilmistir. Ayrica, farkli DDS
konfigilirasyonlariin (6rnegin diyagonal, X-brace ve bundled tube sistemleri) performanslari
karsilagtirllmistir. Bu karsilastirmalar, DDS’nin 6zellikle deprem yiikleri altinda yapinin
dayanikliligini artirdigini ve riizgar yiikleri altinda yatay deplasmanlari belirgin sekilde azalttigini
gostermigtir. Cekirdekte olusan egilme moment diyagramlari DDS seviyelerinde moment
degerlerinin diismesi neticesinde Sekil 5°de goriindiigii gibi bir degisim gdstermistir.
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Sekil 5. (a) iki DDS’li yapi, (b) Distaki moment diagrami,

Calismada yer alan analizler referans sonuglar1 desteklemektedir. Ornegin, Asya’da insa edilen
yiiksek binalarda DDS uygulamalar1 sayesinde kat 6teleme oranlarinin yonetmelik sinirlari iginde
kaldig1 gézlemlenmistir. Benzer sekilde, Amerika’daki gokdelenlerde yapilan analizler, DDS’nin
mimari esnekligi korurken yapisal giivenligi artirdigini ortaya koymustur.

Sonug olarak, model ve analizler DDS’nin yiiksek yapilarda yalnizca yapisal saglamlig1 artirmakla
kalmadigini, ayn1 zamanda siirdiiriilebilir tasarim ilkeleriyle uyumlu ¢6ziimler sundugunu
gostermektedir. Bu bulgular, DDS’nin yiiksek yapilarin tasariminda vazgecilmez bir unsur
oldugunu ve gelecekteki projelerde daha genis Olgekte uygulanmasi gerektigini ortaya
koymaktadir.

Bu ¢aligma kapsaminda gergeklestirilen karsilastirmali analizler, coklu distan destek sistemlerinin
(DDS) vyiiksek yapilarda geleneksel sistemlere kiyasla belirgin avantajlar sundugunu ortaya
koymaktadir. Ozellikle riizgdr ve deprem yiikleri altinda yapilan simiilasyonlarda, DDS
entegrasyonu sayesinde yatay deplasmanlarin 6nemli 6l¢iide azaldig1 gézlemlenmistir. Bu bulgu,
DDS’lerin yiiksek yapilarin stabilitesini artirmakta ve kat dteleme oranlarini yonetmelik sinirlari
icerisinde tutmakta etkili oldugunu gostermektedir.

TARTISMA

Sekil 6’da goriildiigii iizere, yatay riizgar yiikleri altinda geleneksel sistemlerde bina yiiksekligi
arttikca yatay deplasman degerleri hizla yiikselirken, DDS kullanilan yapilarda bu artis sinirh
kalmaktadir. Bu durum, DDS’nin rijitlik kazandirma ve yiik aktarimini optimize etme kapasitesini
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acikca gostermektedir. Ayni sonu¢ malzeme verimliligi ve dayaniklilik ag¢isindan da DDS’nin
sagladig1 katkiy1 ortaya koymaktadir. DDS entegrasyonu, hem kullanilan malzeme miktarini
azaltmakta hem de yapinin dayanikliligini artirmaktadir. Sekil 7 ayni durumun deprem yiikleri
altinda da olustugunu gdstermektedir.

Bu sonuglar, DDS’nin yalmizca yapisal saglamligi artirmakla kalmayip, ayni zamanda
stirdiiriilebilir tasarim ilkeleriyle uyumlu oldugunu gostermektedir. Ayrica, mimari esneklik ve
estetik ¢esitlilik acisindan da DDS’nin yiiksek yapilarda yenilik¢i ¢oziimler sundugu
anlasilmaktadir. Dolayisiyla, DDS’nin entegrasyonu gelecekteki yiiksek yapr projelerinde hem
miithendislik hem de mimarlik agisindan vazgecilmez bir yaklasim olarak degerlendirilmektedir.
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Sekil 6. Riizgar yiikleri altinda bir katta DDS olmasi durumu igin tepe yerdegistirmesi
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Sekil 7. EQ — 01 deprem yiikii altinda bir katta DDS olmas1 durumu i¢in tepe yerdegistirmesi
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SONUCLAR

e Distan destek sistemlerinin (DDS) yiiksek yapilarda entegrasyonu, yatay yiikler altinda
yapisal performansi belirgin sekilde artirmaktadir. Analizler, DDS kullanilan sistemlerde
yatay deplasmanlarin ve kat 6teleme oranlarinin geleneksel sistemlere kiyasla daha diisiik
oldugunu gostermistir. Bu durum, yapi gilivenligini ve kullanici konforunu dogrudan
etkilemektedir.

e DDS uygulamalari, sadece dayanikliligi artirmakla kalmayip ayni zamanda malzeme
verimliligi ve siirdiiriilebilirlik agisindan da avantaj saglamaktadir. Tezde incelenen
orneklerde, distan destek sistemleri sayesinde daha az malzeme kullanimiyla daha yiiksek
rijitlik elde edilmis; bu da gevresel etkiyi azaltan bir tasarim yaklagimini miimkiin kilmistir.

e Vaka analizleri, DDS’nin mimari esneklik ve estetik cesitlilik agisindan da katki
sundugunu ortaya koymustur. Distan destek elemanlarinin yapi cephesine entegre
edilmesi, hem gorsel zenginlik hem de fonksiyonel fayda saglamaktadir. Bu yoniiyle DDS,
miithendislik ve mimarlik disiplinlerini bir araya getiren biitiinciil bir ¢6ziim sunmaktadir.
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SWARA VE ARAS YONTEMLERI iLE AKILLI URETIM TEKNOLOJILERININ
SECIMI
SELECTION OF SMART MANUFACTURING TECHNOLOGIES USING THE SWARA
AND ARAS METHODS
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Tarsus Universitesi, Uygulamali Bilimler Fakiiltesi, Uluslararasi Ticaret ve Lojistik Béliimi,
Mersin, TURKIYE
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OZET

Endiistri 4.0 siireciyle birlikte imalat sektorii; dijital baglanti, otomasyon ve veriye dayali karar
verme mekanizmalariyla sekillenen bir doniisiim igerisindedir. Bu yeni paradigmanin merkezinde
yer alan akilli {iretim teknolojileri, isletmelere verimlilik, esneklik ve siirdiiriilebilirlik agisindan
biiyiik avantajlar sunmaktadir. Ancak, teknolojik alternatiflerin gesitliligi ve yatirim maliyetlerinin
yiiksekligi, isletmelerin -6zellikle KOBI'lerin- kendi sistemleri icin en uygun teknolojiyi secme
stirecini karmagiklagtirmaktadir. Bu ¢alismanin amaci, iiretim sistemlerinde uygulanabilecek farkl
akilli tiretim teknolojilerini literatiirde one ¢ikan kriterler dogrultusunda degerlendirmek ve en
uygun teknolojiyi belirlemektir. Degerlendirme siirecinde maliyet, kalite, esneklik, performans ve
siirdiiriilebilirlik gibi kritik kriterler temel alinmistir. Karar verme siirecinin dogrulugunu ve
giivenilirligini artirmak amaciyla, Cok Kriterli Karar Verme (CKKV) yontemlerinden olan
SWARA (Step-Wise Weight Assessment Ratio Analysis) ve ARAS (Additive Ratio Assessment)
yontemleri bir arada kullanilmistir. Calisma kapsaminda kullanilan yontemler ile, farkli [oT, biiyiik
veri ve yapay zeka, eklemeli imalat, dijital ikiz, siber fiziksel sistemler gibi teknolojilerin isletme
hedefleriyle uyumunu analiz ederek bilimsel bir siralama sunulmaktadir. Elde edilen bulgular,
yoneticilerin teknolojik doniigiim siireglerinde riskleri minimize etmelerine ve kaynaklarini en
verimli alternatife yonlendirmelerine yardimci olacak bir karar destek mekanizmasi niteligindedir.

Anahtar Kelimeler: SWARA Yé&ntemi, ARAS Yontemi, Akilli Uretim Teknolojileri

ABSTRACT

With the advent of the Industry 4.0 era, the manufacturing sector is undergoing a profound
transformation characterized by digital connectivity, automation, and data-driven decision-making
mechanisms mart manufacturing technologies, at the heart of this new paradigm, offer enterprises
significant advantages in terms of efficiency, flexibility, and sustainability However, the variety of
technological alternatives and high investment costs complicate the process of selecting the most
suitable technology for their systems, particularly for SMEs. The purpose of this study is to evaluate
different smart manufacturing technologies applicable to production systems based on criteria
highlighted in the literature and to determine the optimal technology. Critical criteria such as cost,
quality, flexibility, performance, and sustainability were used as the basis for the evaluation. To
enhance the accuracy and reliability of the decision-making process, SWARA and ARAS methods,
which are Multi-Criteria Decision-Making (MCDM) techniques, were utilized concurrently. The
model developed within the scope of the study provides a scientific ranking by analyzing the
alignment of various technologies such as IoT, big data and artificial intelligence, additive
manufacturing, digital twin, and cyber-physical systems with business objectives. The findings
obtained serve as a decision support mechanism that helps managers minimize risks in
technological transformation processes and direct their resources to the most efficient alternative.

Keywords: SWARA Method, ARAS Method, Smart Manufacturing Technologies
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GIRIS

Sanayi ve iiretim sistemleri, tarihsel siire¢ boyunca teknolojik gelismeler dogrultusunda 6nemli
dontisiimler yasamustir. Birinci sanayi devrimi ile mekanik iiretim sistemlerinin ortaya ¢ikmasi,
ikinci sanayi devriminde elektrik enerjisi ile seri iiretimin yayginlagmasi ve igiincli sanayi
devriminde otomasyon ile bilgi teknolojilerinin iiretim siireglerine entegre edilmesi, iiretim
sistemlerinin verimlilik ve kapasite agisindan 6nemli 6l¢giide gelismesini saglamistir (Celik, 2025).

Endiistri 4.0 veya dordiincii sanayi devrimi, giiniimiiziin {iretim senaryosunu kokten degistirerek
sanayide dijital bir doniisiim ¢ag1 baglatmistir (Demirel, Alp, Tagdemir ve Torlak, 2018). Endiistri
4.0, tretim sistemlerinin dijitallesmesini saglayarak daha akilli, esnek ve veri odakli iiretim
yapilarina doniismesine olanak tanimaktadir (Bhatia ve Diaz-Elsayed, 2023). Akilli {iretim (Smart
Manufacturing), bir fabrikanin ihtiyaglarina ger¢ek zamanli olarak yanit verebilen, tam entegre ve
isbirlikgi bir iiretim ekosistemi olarak tanimlanmaktadir (Kang vd., 2016). Bu sistemler, fiziksel
stirecleri siber-fiziksel sistemler (CPS) ile birlestirerek operasyonel verimliligi, kaynak yonetimini
ve siirdiiriilebilirligi artirmay1 hedeflemektedir (Supekar vd., 2019).

Bu teknolojik doniisiimiin merkezinde; bulut bilisim, biiyiik veri analitigi, yapay zeka, eklemeli
imalat (3B yazicilar), artirtlmis gerceklik ve dijital ikizler gibi bir dizi yenilik¢i teknoloji yer
almaktadir (Zeniseka, Wild ve Wolfartsberger, 2021). S6z konusu teknolojilerin entegrasyonu,
isletmelere iiretim maliyetlerini diisiirme, durus siirelerini azaltma, iirlin kalitesini iyilestirme ve
kiiresel 0lcekte rekabet avantaji elde etme gibi kritik faydalar saglamaktadir (Celik, 2025a). Ancak,
akillr iiretim teknolojilerine olan yogun ilgiye ragmen, uygulama hizi beklentilerin gerisinde
kalmaktadir (Bhatia ve Diaz-Elsayed, 2023).

Ureticilerin kargilastig1 en biiyiik zorluklardan biri, mevcut teknolojilerin genisligi ve karmagikligi
i¢inde kendi sistemlerine en uygun teknolojiyi segmektir (Brewster, 2015). Ozellikle kiiciik ve orta
olgekli igletmeler (KOBI'ler), finansal kaynaklarin sinirlihgi, teknik uzmanlik eksikligi ve net bir
teknolojik yol haritasina sahip olmamalari nedeniyle stratejik karar verme siire¢lerinde engellerle
karsilagsmaktadir (Matt ve Rauch, 2020). Mevcut literatiirde olgunluk ve hazirlik modelleri bulunsa
da igletmelerin spesifik gereksinimlerine gore uyarlanmis, kriter bazli teknoloji se¢im modelleri
hala yetersiz diizeydedir (Bhatia ve Diaz-Elsayed, 2023).

Dogru teknoloji secimi; maliyet, kalite, esneklik, performans, glivenilirlik ve siirdiiriilebilirlik gibi
¢ok boyutlu kriterlerin ayn1 anda degerlendirilmesini gerektiren karmasik bir siiregtir (Abdullah,
Al-Ahmari ve Anwar, 2023). Bu noktada, Cok Kriterli Karar Verme (CKKYV) teknikleri, sinirlt
veya biiyiik miktardaki veriler arasindan en iyi alternatifi segmek i¢in giiglii bir ¢6ziim sunmaktadir.
Akallr tiretim teknolojilerinin se¢imine yonelik karar problemlerinde kullanilan yontemlerin farkli
veri yapilarini ve kriter agirliklarini etkin sekilde degerlendirebilmesi biiylik 6nem tagimaktadir.
Bu baglamda ¢ok kriterli karar verme yontemleri arasinda yer alan SWARA (Step-wise Weight
Assessment Ratio Analysis) yontemi kriter agirliklarmin belirlenmesinde kullanilan etkili
yontemlerden biridir. SWARA yontemi, karar vericilerin kriterlerin nem derecelerini adim adim
degerlendirmesine olanak tantyarak kriter agirliklarinin daha gercekei bir sekilde belirlenmesini
saglamaktadir. Bu yontem 06zellikle uzman gorislerinin karar verme siirecine dahil edilmesi
gereken problemlerde yaygin olarak kullanilmaktadir. Alternatiflerin degerlendirilmesi ve
siralanmasi asamasinda ise ARAS (Additive Ratio Assessment) yontemi onemli bir karar verme
teknigi olarak one cikmaktadir. ARAS yoOntemi alternatiflerin ideal ¢oziimle karsilagtirilmasi
esasina dayanmaktadir ve alternatiflerin fayda derecelerini hesaplayarak en uygun alternatifin
belirlenmesini saglamaktadir. Bu yontem, ¢ok sayida kriterin bulundugu karar problemlerinde
alternatiflerin performanslarinin karsilastirilmasinda etkili sonuglar sunmaktadir.

10
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Bu dogrultuda bu ¢alismanin amaci, iiretim sistemlerinde uygulanabilecek farkli akilli {iretim
teknolojilerini belirlenen kriterler dogrultusunda degerlendirerek en uygun teknolojiyi
belirlemektir. Bu kapsamda oncelikle akilli iiretim teknolojilerinin degerlendirilmesinde kullanilan
kriterlerin agirliklart SWARA yontemi kullanilarak belirlenmekte, ardindan alternatif akill iiretim
teknolojileri ARAS yontemi kullanilarak degerlendirilmekte ve en wuygun teknoloji
belirlenmektedir. Calismanin iiretim igletmelerinin akilli iiretim teknolojilerini segme siirecinde
karar vericilere sistematik bir degerlendirme sunmasi1 beklenmektedir.

LITERATUR OZETi

Caligmanin bu boliimiinde, akilli iiretim sistemleri, bu sistemleri destekleyen temel teknolojiler ve
teknoloji se¢iminde kullanilan CKKV yontemleri lizerine mevcut literatiir incelenmistir.

AKkilli Uretim ve Endiistri 4.0 Yaklasim

Akilli tiretim (Smart Manufacturing), bir fabrikanin, tedarik aginin ve miisteri ihtiyaclarinin
degisen taleplerine ger¢ek zamanli olarak yanit verebilen, tam entegre ve igbirlik¢i tiretim sistemleri
olarak tanimlanmaktadir (Zeniseka, Wild ve Wolfartsberger, 2021). Bu sistemlerin temel amaci;
verimlilik, kalite ve esneklik gibi temel tiretim faktorlerini teknoloji odakli bir yaklagimla
iyilestirerek siirdiiriilebilir bir biiyiime saglamaktir (Kang vd., 2016). Literatiirde akilli tiretim;
dijital baglanti, otomasyon ve veriye dayali karar verme siireclerinin birlesimi olarak ele
alinmaktadir (Mittal, Khan ve Wuest, 2016). Bu kapsamda Endiistri 4.0, fiziksel diinyay1
dijital/sanal diinya ile birlestiren siber-fiziksel sistemlerin (CPS) fabrikalara entegrasyonu ile
karakterize edilir (Phuyala ve Bista, 2020).

Temel Akilli Uretim Teknolojileri

Akilli tiretimin hayata gegirilmesinde bir dizi anahtar teknoloji kritik rol oynamaktadir. Bunlarin
basinda; nesnelerin, makinelerin ve insanlarin birbirleriyle iletisim kurmasini saglayan Nesnelerin
Interneti (IoT) gelmektedir (Kang vd., 2016). Nesnelerin interneti, iiretim sistemlerinde yer alan
makinelerin, sensorlerin ve diger fiziksel cihazlarin internet araciligryla birbirleriyle iletisim
kurmasini saglayan bir teknolojidir. IoT teknolojisi sayesinde liretim ekipmanlarindan gergek
zamanli veri toplanabilmekte ve bu veriler liretim siireclerinin izlenmesi, analiz edilmesi ve
optimize edilmesi amaciyla kullanilabilmektedir. Siber-Fiziksel Sistemler (CPS), fiziksel stire¢leri
bilgisayar algoritmalariyla izleyip kontrol ederek {iretim siireglerini daha dinamik hale
getirmektedir (Tonelli, Demartini, Pacella ve Lala, 2021). Siber-fiziksel sistemler, akilli
fabrikalarin temel bilesenlerinden biri olarak kabul edilmekte olup {iiretim siireglerinin otomatik
olarak yonetilmesine ve optimize edilmesine katki saglamaktadir. Dijital ikiz teknolojisi, fiziksel
iretim sistemlerinin dijital ortamda olusturulan sanal modelleri araciligiyla izlenmesini ve analiz
edilmesini saglayan bir teknolojidir. Uretim siirelerinin sanal kopyalarini olusturan dijital ikiz
teknolojisi; simiilasyon, test ve optimizasyon siire¢lerinde biiyiik avantajlar sunmaktadir (Liu,
Fang, Dong ve Xu, 2020). Biiytik veri analitigi ve yapay zeka, toplanan devasa boyutlardaki veriyi
isleyerek kestirimci bakim, kalite kontrol ve siire¢ iyilestirme gibi alanlarda stratejik kararlar
almmasimi desteklemektedir (Cheng, Chen, Tao ve Lin, 2018). Veri analitigi yontemleri sayesinde
iiretim siire¢lerinde olusan biiyiik veri kiimeleri analiz edilerek {iretim performansi artirilabilmekte,
ariza tahmini yapilabilmekte ve iiretim siirecleri optimize edilebilmektedir. Eklemeli imalat (3B/4B
Yazicilar) ise karmagsik tasarimlarm hizli ve diisiik maliyetle iiretilmesine imkan taniyarak
kisisellestirilmis iiretime olanak saglamaktadir (Zeniseka, Wild ve Wolfartsberger, 2021). Eklemeli
imalat teknolojisi, 6zellestirme, hizli prototipleme, yedek parcalarin hizli {iretimi ve yerinde iiretim
icin esneklik sunarak liretim siiresinden ve makine aletleri, yedek pargalar ve hammaddelerden
biiyiik 6l¢iide tasarruf saglar (Mehrpouya vd., 2019).
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Cok Kriterli Karar Verme (CKKYV) Yontemleri ve Teknoloji Secimi

Bhatia ve Diaz-Elsayed (2023), KOBIi'lerin akilli iiretim teknolojilerini benimseme siireclerini
kolaylagtirmak ve bir yol haritasi sunmak amaciyla yaptiklar1 ¢alismada Bulanik TOPSIS (Fuzzy
TOPSIS) yontemini kullanmiglardir. Caligmada performans, siirdiiriilebilirlik, kalite, maliyet ve
bakim kategorileri altinda toplanan; takim asinmasi tahmini, ekipman verimliligi, personel
giivenligi ve enerji tasarrufu gibi 11 farkli kriter degerlendirmeye alinmistir. Degerlendirilen
teknolojiler ise varlik saglig1 izleme icin kestirimci analizler, iiretim operasyonlarinda goriiniirlik
saglayan dijital baglantili fabrika, artirilmis otomasyon igin robotlar ve dronlar, takim durumu
izleme ve otomatik parga kalitesi algilama sistemleridir.

Abdullah, Al-Ahmari ve Anwar (2023), Endiistri 4.0 teknolojilerinin iiretim stratejisi ¢iktilari
iizerindeki etkisini analiz ederek kiiresel pazarda rekabet¢iligi artiracak en uygun teknolojiyi
belirlemeyi amaglamiglardir. Calismada kriterler arasi etkilesimleri belirlemek ve agirliklari
hesaplamak i¢in Bulamik DEMATEL, teknolojileri siralamak igin ise Bulanik TOPSIS
yontemlerinden olusan hibrit bir model kullanilmistir. Degerlendirme kriteri olarak maliyet, kalite,
teslimat, performans, esneklik ve yenilik¢ilik dikkate alinmistir. Analiz edilen teknolojiler arasinda
Nesnelerin Interneti (IoT), bulut imalat, biiyiik veri ve analitik, otonom robotlar, eklemeli imalat,
artirnlmig gerceklik, modelleme ve simiilasyon, siber-fiziksel sistemler (CPS), siber giivenlik ve
blok zinciri yer almaktadir.

Banadkouki ve Lotfi (2021), bilgisayar biitiinlesik imalat teknolojilerinin se¢imini ve bu se¢im
stirecini etkileyen faktorleri incelemislerdir. Bulanik AHP ve Bulanik TOPSIS yontemlerinin
birlesik olarak kullanildig1 ¢calismada, uygulama basarisini etkileyen kurumsal ve teknik faktorler
kriter olarak belirlenmis ve gesitli CIM teknolojileri bu kriterlere gore siralanmuistir.

Wang, Zhang ve Guo (2021), mikro ve kiiciik isletmelerde ileri imalat teknolojilerinin (AMT)
uygulama seviyelerini analiz etmeyi ve en uygun teknolojiyi se¢meyi hedeflemislerdir. Bu
caligmada Bulanik TOPSIS ve sirali lojistik regresyon yontemleri entegre edilerek kullanilmugtir.
Karar siirecinde isletmelerin mevcut teknolojik durumlar1 ve performans gereksinimleri kriter
olarak baz alinmuis, ¢esitli ileri imalat teknolojisi alternatifleri degerlendirilmistir.

Bertolini, Esposito ve Romagnoli (2020), iiriin spesifikasyonlari ile imalat teknolojileri arasindaki
en iyi eslesmeyi bulmayi amagladiklari ¢aligmalarinda TOPSIS yontemini kullanmiglardir.
Calismada oOzellikle gida ve icecek endiistrisindeki {iriinlerin teknik ozellikleri kriter olarak
kullanilmis ve bu ozelliklere en uygun teknoloji olarak eklemeli imalat (3B yazicilar)
degerlendirilmistir.

I¢ (2012), bilgisayar biitiinlesik imalat (CIM) teknolojileri arasindan se¢im yapmak i¢in deneysel
bir tasarim yaklasimi sunmugtur. TOPSIS yonteminin kullanildigi bu ¢alismada; fayda, maliyet ve
teknik yeterlilik kriterleri dogrultusunda endiistriyel robotlar, hizli prototipleme siiregleri, CNC
takim tezgahlar1 ve fabrika yerlesim tasarimi gibi teknolojik alternatifler degerlendirilmistir.

YONTEM
SWARA Yontemi

SWARA (Step-Wise Weight Assessment Ratio Analysis) yontemi Cok Kriterli Karar Verme
(CKKYV) problemlerinde kriterlerin agirliklarini belirlemek i¢in kullanilan, uzman goriisiine dayali
modern bir yaklagimdir (Mardania, vd., 2017). Bu yontem, karar vericilerin veya uzmanlarin kendi
bilgi, deneyim ve ortiik bilgilerini kriter agirliklandirma siirecine dogrudan yansitmalarina olanak
tanimaktadir (Kersuline, Zavadskas ve Turskis, 2010).
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SWARA yontemi, 2010 yilinda KerSuliené, Zavadskas ve Turskis tarafindan gelistirilmistir
(Yurdoglu ve Kundake1, 2017). Yontemin uygulama algoritmast basit ve anlagilirdir (Hashemkhani
Zolfani, Yazdani ve Zavadskas, 2018). Kriterler 6nem sirasina gore siralandigi i¢in yargilarin
tutarliligin1 ayrica kontrol etmeye gerek yoktur (Mardania vd., 2017). Ayrica yontem herhangi bir
kat1 karsilastirma dlgegine ihtiya¢ kuymamaktadir; uzmanlar kendi yiizdesel degerlendirmelerini
basit¢e yapabilmektedirler ((Mardania vd., 2017). Yontemin uygulama agsamalar1 agagidaki gibidir
(Kersuliené vd., 2010; Stanujkic, Karabasevic ve Zavadskas, 2015).

Admm 1. Belirlenen kriterlerin siralanmasi: secilen kriterler, beklenen 6nem diizeylerine gore en
onemliden en az 6nemliye dogru azalan bir sirada siralanir.

Adim 2. ikinci kriterden baslayarak, degerlendiricilerden j kriterin,in j+1 kriterden ne kadar énemli
oldugunu ifade etmesini istenir ve bu deger (s;) ortalamali degerin karsilagtirmali 6nemi olarak

adlandirilir (KerSuliené vd., 2010).

Adim 3. Kiriterlerin goreli 6énem derecelerini gosteren k; katsayist Denklem (1) yardimu ile

hesaplanir.
k. = 1 J=1 (1)
7 si+1 j>1

Adim 4. Denklem (2) kullanilarak her bir kriterin agirligi g; hesaplanir.

1 j=1
q; _Qj—l j> 1 (2)

k;

Adim 5. Denklem (3) kullanilarak degerlendirme kriterlerinin goreli agirliklar1 hesaplanir.

49j
J Zz:l qk ( )

ARAS Yontemi

ARAS (Additive Ratio Assessment - Eklemeli Oran Degerlendirmesi) yontemi, CKKV
problemlerinde alternatiflerin performansini belirlemek ve siralamak igin kullanilan etkili bir
yontemdir (Karabesevic, Stanujkic ve Urosevic, 2015). ARAS yontemi, ilk olarak 2010 yilinda
Zavadskas ve Turskis tarafindan literatiire kazandirilmistir. Yontem, karmasik diinyadaki olgularin
basit goreli karsilagtirmalar yoluyla anlasilabilecegi teorisine dayanmaktadir (Dahooie vd., 2018).
Yontemin temel prensibi, her bir alternatifin agirlikli normalize edilmis puanlarini toplamini,
"ideal" veya "optimal" olarak belirlenen ¢oOziimiin agirlikli normalize puanlar1 toplamina
oranlayarak bir optimallik derecesi hesaplamaktir (Tupenaite vd., 2010). Yontemin uygulama
asamalar1 asagidaki gibidir (Zavadskas ve Turskis, 2010).

Adim 1. Karar matrisinin olugturulmasi: m adet alternatif ve n adet kriterden olusan bir karar matris
olusturulur.
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(=1,2,.....m; j=1,2,...... n) (4)

Xo1 xOn]
Xm1i " Xmn

Adim 2. Her bir kriter i¢in en iyi performans degeri segilir. Fayda yapili (maksimum olmasi
istenen) kriterler i¢in en biiyilik deger, maliyet yapili (minimum olmasi istenen) kriterler i¢in ise en
kiigiik deger optimal referans olarak kabul edilir.

Adim 3. Karar matrisindeki degerlerin karsilastirilabilir hale getirilmesi i¢in normalizasyon iglemi
yapilir. Fayda kriterleri i¢in her deger kriter toplamimna oranlanirken (Denklem (5)); maliyet
kriterleri i¢in degerlerin tersi alinarak normalizasyon gergeklestirilir (Denklem (6)).

Kriter Fayda Yoniiise Xij = wm —— J=12,..,n (5)
i=0 Xij
1
Kriter Maliyet Yoniiise - _  Xij . _ (6)
ij = vm o ]—1,2,...,7’1
i=0 Xij

Adim 4. Normalize edilmis degerler ile kriter agirliklar ¢arpilarak agirlikli normalize edilmis
matris edilir.

Adim 5. Optimallik fonksiyonunun hesaplanmasi: i. alternatifin optimizasyon fonksiyonu degerini
(Si) hesaplamak i¢in Denklem (7) kullanilir.

n
Si = ZJ,C\U , i = 0,1,2, e, M, ] = 1,2, v, n (7)

Jj=1

Adim 6: Alternatiflerin fayda derecesinin hesaplanmasinda Denklem (8) kullanilir.
k=3, ®)

K degerleri [0, 1] araligindadir ve biiyiikten kiiclie dogru siralanir. Boylece alternatiflerin tercih
siralamasi belirlenmis olur (Aygin, 2019).

BULGULAR

Bu ¢aligmanin amaci, tiretim sistemlerinde uygulanabilecek farkli akilli iiretim teknolojilerini
belirlenen kriterler dogrultusunda degerlendirerek en uygun teknolojiyi belirlemektir. Bu kapsamda
3 farkli makine pargalari iireten igletmelerin iiretim miidiirleri ile goriigiilmiistiir. Literatiirden elde
edilen kriterler yoneticiler tarafindan degerlendirilmistir. Bu kriterler maliyet, ekipman verimliligi,
kalite kontrol, operasyonel siireklilik ve siirdiiriilebilirlik. Maliyet, yatirimin baslangi¢c maliyeti,
ekipmanin 6mrii boyunca toplam maliyeti, isletme ve bakim giderleri ile yatirimin geri doniis siiresi
(ROI) temel finansal kriterleri olusturur (Bhatia ve Diaz-Elsayed, 2023). Ekipman verimliligi
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kriteri, liretim kapasitesinin artirilmasit ve takim aginmasimin (Tool Wear) 6nceden tahmin
edilmesidir ve en kritik performans gostergeleri arasindadir (Bhatia ve Diaz-Elsayed, 2023). Kalite
kontrol, iiretilen pargalarin yiizey kalitesi ve hassasiyetindeki hata oranlariin (scrap ratio)
azaltilmasidir (Supekar vd., 2019). Operasyonel siireklilik, beklenmedik makine durus siirelerinin
(Machine Downtime) tahmin edilmesi ve Onlenmesi ve sistemin giivenilirligini artirmak igin
kullanilan 6nemli kriterlerdendir (Supekar vd., 2019). Siirdiirtilebilirlik, enerji tasarrufu, atiklarin
azaltilmas1 ve kaynak verimliligi gibi kriterler, ¢cevresel etkilerin minimize edilmesi ve dongiisel
ekonomi hedefleri dogrultusunda dikkate alinmaktadir. (Bhatia ve Diaz-Elsayed, 2023). Esneklik,
teknolojinin farkli iiriinleri iiretebilme esnekligi (flexibility), yeni iiriinleri pazara sunma hizi
(innovativeness) ve teslimat siirelerinin kisaltilmasi gibi iiretim stratejisi ¢iktilar1 (MSO) rekabet
avantaji saglamak i¢in analiz edilmektedir (Abdullah vd., 2023).

SWARA yonteminin uygulama asamalarina gore, degerlendirilen kriterler ve karar vericilerin
degerlendirmeleri Tablo 1’de sunuldugu gibidir.

Tablo 1. Karar Vericiler Tarafindan Kriterlerin Siralanmasi

Karar Verici 1 Karar Verici 2 Karar Verici 3
Onem Onem Onem
Kriterler Sirasi Siralama Kriterler Sirasi Siralama Kriterler Sirasi Siralama
Operasyone

Maliyet 2 1 Stireklilik 1| Maliyet 5 Esneklik 1| Maliyet 1 Maliyet 1
Ekipman Ekipman Operasyone Ekipman
Verimliligi 3 Maliyet 2| Verimliligi 4 1 Stireklilik 2| Verimliligi 5 Esneklik 2
Kalite Ekipman Kalite Kalite Kalite Operasyone
Kontrol 5 Verimliligi 3| Kontrol 3 Kontrol 3| Kontrol 4 1 Siireklilik 3
Operasyone Operasyone Ekipman Operasyone Kalite

1 Siireklilik 1 Esneklik 4| 1 Siireklilik 2 Verimliligi 4|1 Siireklilik 3 Kontrol 4

Siirdiiriilebi Kalite Siirdiiriilebi Siirdiiriilebi Ekipman

lirlik 6 Kontrol 51 lirlik 6 Maliyet 5] lirlik 6 Verimliligi 5
Siirdiiriilebi Siirdiiriilebi Siirdiiriilebi

Esneklik 4 lirlik 6| Esneklik 1 lirlik 6| Esneklik 2 lirlik 6

Islem adimlar1 dogrultusunda her bir karar vericinin gériisleri dogrultusunda hesaplanan sj, kj, qj
ve kriter agirliklarini gdsteren wj degerleri Tablo 2, Tablo 3 ve Tablo 4’te sunuldugu gibidir.

Tablo 2. Karar Verici 1 i¢in Kriter Agirliginin Hesaplanmas:

Karar Verici 1

Kriterler Onem Sirasi Siralama S; kj ol Wi

Maliyet 2 Operasyonel Stireklilik 1 1 1 0,205
Ekipman Verimliligi 3 Maliyet 2 0,1 1,1 0,909 0,187
Kalite Kontrol 5 Ekipman Verimliligi 3 0,05 1,05 0,866 0,178
Operasyonel Siireklilik 1 Esneklik 4 01 1,1 0,787 0,161
Siirdiiriilebilirlik 6 Kalite Kontrol 5 0l L1 0,716 0,147
Esneklik 4 Siirdiiriilebilirlik 6 02 1,2 0,596 0,122
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Tablo 3. Karar Verici 2 i¢in Kriter Agirliginin Hesaplanmasi

Karar Verici 2

Kriterler Onem Sirasi Siralama Si k; qj Wi

Maliyet 5 Esneklik 1 1 1 0,214
Ekipman Verimliligi 4 Operasyonel Siireklilik 2 0,15 L15 0870 0,186
Kalite Kontrol 3 Kalite Kontrol 3 0.1 L1 0,791 0,170
Operasyonel Siireklilik 2 Ekipman Verimliligi 4 0,05 1,05 0,753 0,161
Siirdiiriilebilirlik 6 Maliyet 5 015 L1s 0,655 0,140
Esneklik 1 Siirdiiriilebilirlik 6 0l L1 0,595 0,128

Tablo 4. Karar Verici 3 i¢in Kriter Agirliginin Hesaplanmasi
Karar Verici 3

Kriterler Onem Sirasi Siralama Si k; ol Wi

Maliyet 1 Maliyet 1 1 1 0,227
Ekipman Verimliligi 5 Esneklik 2 02 1,2 0,833 0,189
Kalite Kontrol 4 Operasyonel Siireklilik 3 0,15 L15 0,725 0,164
Operasyonel Siireklilik 3 Kalite Kontrol 4 0,1 L1 0,659 0,149
Stirdiiriilebilirlik 6 Ekipman Verimliligi 5 0,05 Los 0,627 0,142
Esneklik 2 Siirdiiriilebilirlik 6 0l L1 0,570 0,129

Her bir karar verici igin ayr1 ayr1 hesaplanan goreli kriter agirliklarinin geometrik ortalamasi
almarak her bir kriterin nihai agirlig1 ve siralamasi hesaplanmis olur ve Tablo 5’te gosterildigi
gibidir.

Tablo 5. Nihai Kriter Agirliginin Hesaplanmasi

Karar Verici Karar Verici Karar Verici Geometrik
Kriterler 1 2 3 Ortalama Siralama
Maliyet 0,187 0,141 0,227 0,182 3
Ekipman
Verimliligi 0,178 0,161 0,142 0,160 4
Kalite Kontrol 0,147 0,170 0,149 0,155
Operasyonel
Stireklilik 0,205 0,186 0,164 0,185
Siirdiirilebilirlik 0,122 0,128 0,129 0,127
Esneklik 0,161 0,214 0,189 0,187 1

Elde edilen sonuglara gore en onemli kriter esnekliktir ve agirligi %18,7. Bu kriteri sirasiyla
operasyonel siireklilik (%18,4), maliyet (%18,1), ekipman verimliligi (%16), kalite kontrol (%15,5)
ve stirdiiriilebilirlik (%12,6) kriterleri takip etmektedir.

Caligma kapsaminda makine parcalari iireten 3 igletmenin iiretim miidiirleri tarafindan kullanilan
dijital teknolojiler kriterlere gore degerlendirilmistir. Karar vericiden degerlendirmelerini yaparken
1 (cok kotii) ile 5 (g¢ok iyi) arasinda bir dlgek kullanmasi istenmistir. Bu kapsamda iiretim
miidiirlerinin degerlendirmelerinin geometrik ortalamasi alinarak olusturulan karar matrisi Tablo
6’daki gibi degerlendirilmistir.
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Tablo 6. Karar Matrisi
Ekipman Kalite Operasyonel

Kriterler Maliyet  Verimliligi Kontrol  Siireklilik  Siirdiiriilebilirlik Esneklik

Min Maks Maks Maks Maks Maks
Agirhiklar 0,182 0,160 0,155 0,185 0,127 0,187
Nesnelerin
interneti 3,302 4,217 2,000 4,309 1,260 3,000
Siber Fiziksel
Sistemler 3,684 3,634 3,302 3,000 3,557 2,520
Biiyiik Veri
Analitigi ve Yapay
Zeka 3,420 3,302 2,520 3,107 4,000 4,642
Eklemeli imalat 4,217 4,642 3,634 1,587 3,420 3,557
Dijital ikiz 4,642 2,714 3,684 4,000 2,289 2,621

ARAS yoOntemi uygulama asamalarina gore normalize edilen karar matrisi Tablo 7’de sunuldugu

gibidir.
Tablo 7. Normalize Edilmis Karar Matrisi
Ekipman Kalite Operasyonel
Kriterler Maliyet  Verimliligi Kontrol Siireklilik  Siirdiiriilebilirlik Esneklik
Min Maks Maks Maks Maks Maks
Agirhiklar 0,182 0,160 0,155 0,185 0,127 0,187
Nesnelerin
interneti 0,303 0,228 0,132 0,269 0,087 0,184
Siber Fiziksel
Sistemler 0,271 0,196 0,218 0,187 0,245 0,154
Biiyiik Veri
Analitigi ve Yapay
Zeka 0,292 0,178 0,166 0,194 0,275 0,284
Eklemeli imalat 0,237 0,251 0,240 0,099 0,235 0,218
Dijital ikiz 0,215 0,147 0,243 0,250 0,158 0,160
Optimal Deger 0,303 0,251 0,243 0,269 0,275 0,284

SWARA yontemi sonucu elde edilen kriterler ile normalize edilmis karar matrisi carpilarak
agirliklandirilmig normalize karar matrisi elde edilir ve Tablo 8’de sunuldugu gibidir.

Tablo 8. Agirliklandirilmis Normalize Karar Matrisi

Ekipman Kalite Operasyonel

Kriterler Maliyet Verimliligi Kontrol  Siireklilik Siirdiiriilebilirlik Esneklik

Min Maks Maks Maks Maks Maks
Agirhiklar 0,182 0,160 0,155 0,185 0,127 0,187
Nesnelerin
interneti 0,055 0,036 0,020 0,050 0,011 0,034
Siber Fiziksel
Sistemler 0,049 0,031 0,034 0,035 0,031 0,029
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Biiyiik Veri

Analitigi ve Yapay

Zeka 0,053 0,028 0,026 0,036 0,035 0,053
Eklemeli imalat 0,043 0,040 0,037 0,018 0,030 0,041
Dijital ikiz 0,039 0,023 0,038 0,046 0,020 0,030
Optimal Deger 0,055 0,040 0,038 0,050 0,035 0,053

ARAS yontemi uygulama asamalarina goére Denklem (7) ve Denklem (8) kullanilarak optimallik
fonksiyonu ve fayda dereceleri elde edilmistir. Optimallik fonksiyonu (Si) ve fayda dereceleri (Ki)
Tablo 9’da sunuldugu gibidir.

Tablo 9. S; ve K Degerleri

Si Ki
Nesnelerin interneti 0,2071 0,7650
Siber Fiziksel Sistemler 0,2091 0,7725
Biiyiik Veri Analitigi ve Yapay Zeka 0,2314 0,8549
Eklemeli imalat 0,2093 0,7732
Dijital ikiz 0,1965 0,7261
Optimal Deger 0,2707 1,0000

Tablo 9’dan elde edilen sonuglara gore belirlenen kriterler dogrultusunda, makine pargalari {ireten
isletme i¢in en uygun teknoloji biiyiik veri analitigi ve yapay zekadir ¢iinkii fayda derecesi (Ki) en
yiiksek olan dijital teknoloji biiyiik veri analitigi ve yapay zekadir. Bu sonucu sirasiyla eklemeli
imalat, siber fiziksel sistemler, nesnelerin interneti ve dijital ikiz takip etmektedir.

TARTISMA

Bu ¢aligma kapsaminda SWARA yontemi kullanilarak elde edilen kriter agirliklari, literatiirdeki
benzer ¢aligmalarla hem paralellik hem de farkliliklar gostermektedir. Abdullah ve digerleri (2023),
maliyetin (cost) pazar rekabetciligini belirleyen en kritik kriter oldugunu vurgularken, Bhatia ve
Diaz-Elsayed (2023) yaptiklar1 calismada karar vericilerin performans, ekipman verimliligi ve
kalite tahmini kriterlerine daha fazla 6ncelik verdigini, maliyetin ise nispeten daha diisiik bir 6neme
sahip oldugunu tespit etmislerdir. Bu g¢alismada elde edilen sonuglar, isletmelerin teknoloji
yatirnminda sadece ilk kurulum maliyetine degil, ayn1 zamanda sistemin esnekligi ve operasyonel
verimliligi gibi uzun vadeli stratejik ¢iktilara odaklandigini gostermektedir.

ARAS yontemi sonuglarina gore degerlendirilen teknolojilerde elde edilen sonuglar literatiir ile
benzerlik gostermektedir. Calismada biiyiik veri analitigi ve yapay zeka teknolojisinin ilk sirada
yer almast, literatiirdeki Bhatia ve Diaz-Elsayed (2023) tarafindan yapilan ¢aligmanin bulgulartyla
onemli dlgiide ortiismektedir. Bhatia ve Diaz-Elsayed, KOBI'ler i¢in yaptiklar1 analizde kestirimci
analitikleri (Predictive Analytics) en uygun teknoloji olarak belirlemislerdir. Bu durum, iiretim
sistemlerinde ger¢ek zamanli veri toplama ve bu verilerden anlamli iggdriiler ¢ikarma yeteneginin,
operasyonel verimlilik ve stratejik karar verme siireglerinde en kritik faktor olarak gortildiigiini
kanitlamaktadir. Ayrica Yurdakul (2004), stratejik iyilestirme hedeflerinde hata oranlarimi diisiirme
ve entegrasyonu artirmanin Onemine deginerek, veri odakli sistemlerin rekabet avantaji
saglamadaki roliinii desteklemistir.

Siralamada ikinci sirada yer alan eklemeli imalat (0,7732), literatiirde ozellikle esneklik ve
kisisellestirilmig tretim talepleri agisindan merkezi bir rol oynamaktadir. Ancak Abdullah ve
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digerleri (2023) tarafindan yapilan calismada Eklemeli Imalat birinci sirada yer alirken, bu
caligmada biiyiik veri ve yapay zekanin gerisinde kalmistir. Bu farklilik, degerlendirmeye alinan
isletmenin Onceliklerinin  kisisellestirilmis Urlin tasarimindan ziyade mevcut siireclerin
optimizasyonu ve kestirimci analizine odaklanmig olmasiyla agiklanabilir. Yine de eklemeli
imalatin yiliksek puani, Zenisek vd. (2021) tarafindan vurgulanan, karmasik pargalarin hizli iiretimi
ve yedek parca tasarrufu gibi avantajlarin karar vericiler tarafindan halen ¢ok degerli bulundugunu
gostermektedir

Literatiirde Eklemeli Imalat, karmasik parcalarin iiretim kapasitesi ve kisisellestirilmis iiriin
taleplerini karsilama yetenegi nedeniyle cogu zaman ilk sirada yer almaktadir (Dilberoglu vd.,
2017). Diger yandan, Bhatia ve Diaz-Elsayed (2023)'nin KOBI'ler iizerine yaptig1 calismada
Kestirimei Analitikler (Predictive Analytics), varlik sagligi izleme yetenegi sayesinde en tercih
edilen teknoloji olmustur. Bu calismada nesnelerin internetinin kinci sirada yer almasi bu
teknolojilerin dijital baglant1 ve gergek zamanli veri paylasimi saglayarak tiim ekosistemi entegre
etme rolilyle agiklanmaktadir.

Siber fiziksel sistemler (CPS) (0,7725) ve nesnelerin interneti (IoT) (0,7650) teknolojilerinin
birbirine ¢cok yakin ve orta siralarda yer almasi, bu teknolojilerin akilli tiretimin olmazsa olmaz
altyap1 unsurlar1 olarak goriilmesiyle iliskilidir. Mittal vd. (2019), bu iki teknolojiyi akilli {iretimin
baglant1 ve iletisim katmanlarini olusturan temel bloklar olarak tanimlamaktadir.

Analizde dijital ikiz (0,7261) teknolojisinin son sirada yer almas1 dikkat ¢ekicidir. Literatiirde Celik
(2025) dijital ikizlerin performans izleme ve senaryo analizi i¢in ¢ok dnemli oldugunu belirtse de
bu teknolojinin uygulama maliyetlerinin yiiksekligi, teknik uzmanlik gereksinimi ve sistem
entegrasyonu zorluklari, siralamada geride kalmasina neden olmus olabilir.

SONUC

Bu calismada tiretim sistemlerinde kullanilabilecek akilli tiretim teknolojilerinin se¢imi problemini
¢ok kriterli karar verme yaklasimi kapsaminda ele alinmistir. Calismada kriter agirliklarinin
belirlenmesinde SWARA yontemi, alternatif teknolojilerin degerlendirilmesinde ise ARAS
yontemi kullanilmistir. Literatiir incelemesi sonucunda belirlenen ekipman verimliligi, maliyet,
kalite kontrol, operasyonel siireklilik, siirdiiriilebilirlik ve esneklik kriterleri dogrultusunda akilli
iiretim teknolojileri degerlendirilmistir.

Calismada kullanlan SWARA ve ARAS yontemleri, akilli iiretim teknolojilerinin
degerlendirilmesi siirecinde sistematik ve analitik bir karar verme ¢ergevesi sunmaktadir. Bu
yontemlerin birlikte kullanilmasi, hem kriterlerin goreli dnem derecelerinin belirlenmesine hem de
alternatif teknolojilerin ideal ¢6ziime gore karsilastirilmasina olanak saglamaktadir. Bu yoniiyle
caligma, isletmelerin dijital doniisim siireglerinde teknoloji se¢im kararlarini daha rasyonel ve veri
temelli bir sekilde gerceklestirmelerine katki saglayabilecek bir yaklasim sunmaktadir.

Bununla birlikte ¢aligmanin bazi sinirliliklar: da bulunmaktadir. Oncelikle degerlendirme siireci
belirli kriterler ve alternatif teknolojiler ile smirlandirilmistir. Farkli sektorler veya iiretim
sistemleri i¢in farkli kriterlerin ve teknolojilerin degerlendirilmesi farkli sonuglar ortaya ¢ikarabilir.
Ayrica calismada karar verici goriislerine dayali degerlendirmeler yapilmistir. Gelecek
calismalarda farkli karar verici gruplarinin dahil edilmesinin veya bulanik ¢ok kriterli karar verme
yontemlerinin kullanilmasinin daha kapsamli sonuglar elde edilmesine katki saglayacagi
diistinilmektedir.
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ABSTRACT

This study critically examines the Walking City project of the 1960s avant-garde architecture collective
Archigram and THE LINE mega-project announced under the NEOM initiative in Saudi Arabia through
a comparative lens situated within the speculative and utopian architecture tradition. The two cases are
discussed along the axes of techno-utopianism, mobility, modularity, control and surveillance,
environmental determinism, megastructure and megaform, and authoritarian developmentalism and
mega-project risks. While Walking City generated a pop-cultural technological optimism through the
image of a mobile megastructure challenging the static urban form of modernism, THE LINE ties the
data-driven urban imaginary of the twenty-first century to a concrete construction program with claims
such as a cognitive city, hyper-connected communities, and Al-based governance. The findings indicate
that both projects rely on a solution regime that derives urban problem-solving from design plus
technology; however, unlike Archigram's playful critical speculation, THE LINE generates a more
pronounced control-freedom tension through state-driven investment and branding strategies and a
disciplinary spatiality. The study highlights utopian architecture's capacity to open horizons as a
laboratory of thought, while also underscoring the risk of'its transformation into an ideological apparatus
of future governance.

Keywords: Speculative Architecture, Megastructure, Smart City, Artificial Intelligence, Archigram

INTRODUCTION

In the history of architecture, utopian projects have frequently been regarded as critical apparatuses of
thought operating beyond the boundaries of constructability: they generate alternatives regarding how
the city might be inhabited, render visible the design assumptions of the existing order, and open to
debate the possibility of a different kind of spatiality. This intellectual function of utopia gained powerful
public circulation through architectural drawings and collage aesthetics, particularly in the second half
of the twentieth century, under the influence of mass communication, consumer culture, and fantasies
of advanced technology. Within this context, Archigram's Walking City is a paradigmatic example that
embodies the quality of a project as image, bringing together the space-age optimism of the 1960s with
a critique of the modernist urban machine. The graphic language of Walking City does not merely
propose a new form; it simultaneously carries the ideas of mobility and indeterminacy into the city's
ontology, challenging the rigidities of modernist planning (Menchetelli, 2021).
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In the twenty-first century, utopian architecture is increasingly being tied to construction programs not
merely at the level of paper or digital imagery but through mega-projects supported by capital and state
capacity. THE LINE, announced under the NEOM umbrella, is one of the most visible examples of this
transformation: in its official discourse, claims of 170 km in length, 200 m in width, 500 m in height;
car-free living, access to all daily needs within five minutes, end-to-end transit in twenty minutes via
high-speed rail; and a cognitive city that learns through artificial intelligence demonstrate that the project
is legitimized through both sustainability and futurism. Yet it is precisely the scale of such promises that
strengthens the risk of reducing the city to a design problem and managing the social through an
environmental and technological determinist schema (NEOM, 2021).

The aim of this article is to subject Walking City and THE LINE to a comparative theoretical assessment
along the axis of speculative and utopian architecture. The study discusses: (i) the ideological functions
of both projects (future design, city branding, political legitimacy), (ii) the role they assign to technology
(techno-utopianism and data-driven governance), (iii) their spatial configurations (mobility, modularity,
megaform), (iv) their governmental and surveillance regimes (control societies, smart city disciplines),
(v) their environmental promises and contradictions, and (vi) the risks highlighted by the mega-project
literature. To this end, the main theoretical backbone comprises Manfredo Tafuri's critique of
architectural ideology, Fredric Jameson's relationship between utopia and politics, Reyner Banham's
emphasis on technology and popular culture, and Anthony Vidler's readings of the uncanny in modernity
(Tafuri, 1976).

Within this framework, the article develops two central claims. First, the historical distance between
Walking City and THE LINE points to a transformation in the form of utopian architecture; yet both
projects share the desire to reconstitute the city through high technology and holistic design. Second,
THE LINE's tendency to produce a more pronounced spatial discipline through authoritarian
developmentalism and data-driven governmentality, in contrast to Archigram's critical speculation,

positions the project in a more tensioned location within the utopia-dystopia dialectic (Musset, 2023).

THEORETICAL FRAMEWORK

Utopia, from Thomas More onward, can be read in architectural and urban thought as a technique of
thinking that investigates what could be through a critique of what is; speculative architecture frequently
encompasses project types that aim to generate debate and render normative assumptions visible rather
than to be constructed. From Jameson's perspective, utopia creates a moment of cognitive mapping that
exposes the limits of the existing order rather than functioning as a directly applicable plan: the function
of utopia is often to demonstrate why the alternative is difficult to imagine and to expand the horizon of
thought. In this framework, the fact that Walking City was never built is not a deficiency but part of its
speculative function. THE LINE, by contrast, transforms the mode of operation of utopia by tying the
speculative image to a mega-scale investment and construction process: utopia is no longer merely a

critique but simultaneously a geoeconomic future investment (Jameson, 2005).

At this juncture, the concept of techno-utopianism is decisive. Techno-utopianism denotes the belief that
technological progress will resolve social and spatial problems; in architectural history, this belief
extends across a broad vein running from modernist planning to megastructure debates. Banham, in the

climate of the 1960s second machine age, views high technology as an energy source for architectural
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innovation; and discusses the megastructure idea both as the urban infrastructure of the future and as a
cultural image repertoire. However, Tafuri's critique enters precisely at this point: architectural utopia
is not an autonomous tool of emancipation independent of the capitalist development regime; it is often
a form of representation that aestheticizes the ideological tensions of that regime. Thus, techno-utopian
discourse, while producing new spatial possibilities on the one hand, can depoliticize the language of
solution on the other (Banham, 1976).

The second conceptual axis of the study is mobility. In the Archigram context, mobility is not merely
the improvement of transportation; it is the severance of the city's fixed bond with place. Walking City,
by imagining the city as a roaming organism, inverts the fixing power of the modernist plan over its
tabula rasa, because the city no longer remains on the ground where the plan would settle but passes
over that ground. In THE LINE, by contrast, mobility is defined not by the movement of the city itself
but by the optimization of intra-city accessibility: five-minute walking access and a twenty-minute end-
to-end rail system reduce mobility from the flexibility of space to infrastructure and data arrangements.
Batty's linear city modeling emphasizes that while such a form may be attractive as ideal geometry, it
requires an intense control architecture to suppress actual urban behaviors such as location choice,
interaction, and polycentricity (Batty, 2022).

The third axis involves modularity and megastructure discussions. Megastructure, in the 1960s, denotes
the approach that concentrates the urban scale in the idea of a singular structure, integrating
infrastructure and living units. Banham's historical analysis shows that megastructures were presented
both as open systems with promises of growth and plug-in articulation, yet could frequently slide into a
closed control logic as products of a centralized technical rationality. Walking City's modularity dreams
of a collage city offering users choices, while THE LINE's modularity proposes a more hierarchical
structure tied to economies of scale and construction logistics through a repeatable segment logic. This
difference, when considered alongside Tafuri's critique of the architecture-capital relationship, implies
that modularity can sometimes transform into a standardizing apparatus rather than a liberating one
(Banham, 1976).

The fourth axis is control, surveillance, and governmentality. Michel Foucault's reading of disciplinary
societies reveals that space can shape the body and behavior through visibility and regulation; Gilles
Deleuze further argues that in societies of control, this spatial discipline operates through more fluid
data flows and continuous modulation. The smart city literature discusses this transformation in the
context of urban technologies: Kitchin argues that data collection and real-time management recodes
governance; Vanolo, with his concept of smartmentality, contends that the smart city discourse produces
anormative distinction between good city and bad city; and Hollands questions what the smart city label
ideologically renders visible and what it conceals. Akbari's agenda of the authoritarian smart city
particularly emphasizes that smart city agendas cannot be independent of the political regime. THE
LINE's claim of a cognitive city and communities that learn through Al brings to the fore, within this
theoretical framework, the risk of reducing urban life to data and merging management with automation
(Akbari, 2022).

The fifth axis is environmental determinism and the sustainability discourse. The modernist planning
tradition leaned on the idea that a well-designed environment would produce a good society; this
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approach was criticized by urban theorists such as Jane Jacobs for ignoring the organic diversity and
complexity of everyday life. THE LINE reproduces an environmental determinist rhetoric with claims
of zero carbon, preserving ninety-five percent of nature, and an ideal climate: the design will
simultaneously optimize nature and society. Yet the sustainability literature, particularly in the examples
of new cities and eco-cities, has shown that green promises can contradict social exclusion, labor
regimes, and high-carbon construction processes. For this reason, the environmental determinism debate
must be grounded not solely in design but also in relations of production and decision-making processes,
that is, in the question of sustainability for whom (Jacobs, 1961).

Finally, understanding THE LINE requires the literature on authoritarian developmentalism and mega-
project risk. James C. Scott argues that high-modernist state projects can produce failure and social costs
when they suppress local knowledge through the schematic desire for legibility. In the mega-project
management literature, Flyvbjerg's iron law formulation, namely the tendency of large projects to
frequently exceed their budgets, experience delays, and fail to deliver promised benefits, can be read as
a fundamental warning in the critical assessment of giga-projects such as THE LINE. This framework
necessitates that utopian mega-projects be examined not only in terms of their aesthetic and formal
dimensions but also in their financial, managerial, and labor-eco-political dimensions (Scott, 1998).

METHODOLOGY

This research is based on a comparative qualitative case study design. The case study approach allows
complex socio-spatial phenomena to be examined within their own contexts using multiple sources of
evidence. Methodologically, Yin's case study principles (design logic, chain of evidence, analytic
generalization) have been followed; a document analysis framework has been adopted for data collection
and analysis. Document analysis enables the systematic coding of secondary materials such as policy
texts, project presentations, academic articles, and audio-visual narratives, and the generation of
thematic inferences (Yin, 2018; Bowen, 2009).

The data corpus consists of four layers: (1) the draft text provided by the author (serving as the main
text for the analytical framework and argument flow); (2) Archigram and Walking City literature,
including project drawings and studies that read them historically and theoretically (particularly
Archigram historiography and the drawing-utopia relationship); (3) academic literature concentrated in
the 2019 to 2026 period on THE LINE and NEOM, encompassing the linear city form, planned urban
economies, smart city and Al governance, Gulf mega-projects, city branding, and sustainability
critiques; (4) official THE LINE discourse and contextual texts, including NEOM press releases and
promotional materials, used as primary contextual data insofar as they are discussed in academic
analyses (official claims were coded as promises, while evaluations were conducted through the
academic literature) (NEOM, 2021).

The analytical procedure consists of three stages. In the first stage, thematic codes corresponding to the
theoretical axes were established: (i) techno-utopianism and technological determinism, (ii) mobility
and accessibility regimes, (iii) modularity and standardization, (iv) control, surveillance, and data
governance, (v) environmental determinism and sustainability, (vi) mega-project risks and political
economy. In the second stage, texts and analyses pertaining to both cases were subjected to content
analysis using these codes. In the third stage, a comparative synthesis was conducted; similarities and
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differences were interpreted through the utopia-dystopia dialectic and the control-freedom tension.
Throughout this process, a systematic claim-counterclaim mapping was established between official
project discourses and critical academic assessments (Bowen, 2009).

The limitation of the research is that, because THE LINE is an ongoing mega-project, the findings
necessarily rely on early-stage (pre-implementation or early implementation) discourse and design
readings. Nevertheless, given that the ideological function of the early-stage discursive construction
(promise, visualization, investment attraction) is critical in such projects, it has been accepted that
document and discourse analysis offers strong explanatory power.

FINDINGS

The findings below present the two projects comparatively, both within their own historical contexts
and across shared thematic axes.

Walking City: The Mobile Megastructure as the Speculative Critique of the 1960s

The historical significance of Walking City lies in its bringing together the idea of displacing the urban
form at both the literal level (walking mechanical units) and the conceptual level (the rejection of
modernism's established plan logic). Menchetelli's drawing analysis demonstrates that the Walking City
image developed by Ron Herron and Warren Chalk in 1964 exists in multiple versions and that the
collage technique transformed the project idea from an engineering schema into a utopian visual
rhetoric. In this respect, Walking City belongs to the avant-garde tradition in which drawing in
architecture is not merely representation but a tool for theory production (drawing-as-theory) (Figure
1). The project's circulation of the ideas of a world capital and a mobile environment can be read as a
provocation against the modernist-institutional imaginaries that bind the city to topography and the logic
of national borders (Menchetelli, 2021).
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Figure 1. Archigram’s The walking city illustration. (https://www.arkitera.com/haber/walking-city/)

The techno-utopian character of Walking City is evident in its combination of the idea of a high-
technology living environment with a pop-cultural optimism. Banham's megastructure discussion
emphasizes that in the 1960s, technology produced an enthusiasm and a language of the future in

architecture, and that megastructures tended to reimagine urbanization within singular infrastructure
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systems. Archigram's contribution was to differentiate this language from the solemn modernist utopias
by hybridizing it with comic book, advertising, and science fiction aesthetics. This hybridity, while
criticizing the rigid functionalism of modernism on the one hand, also carried the consumer culture's
logic of choices into the project universe on the other. From Tafuri's critical perspective, this type of
technology fetishism of the neo-avant-garde can produce radical form without transcending the
ideological boundaries of capitalist development; that is, formal radicality does not automatically
guarantee the promise of social transformation (Banham, 1976; Tafuri, 1976).

Walking City's understanding of mobility is fundamentally different from THE LINE: here, it is the city
that moves, not the human. This situation points to a critical rupture in urban theory: redefining the city
not as the fixity of infrastructure and building stock, but as a network of living capsules that can be
repositioned as needed. With Jameson's utopian approach, the value of such speculative moves lies not
in their applicability but in breaking the habit of assuming the city as a fixed object. Walking City, by
suspending the spatial identity (genius loci) of the city, provocatively interrogates the modern political-
spatial order that defines citizenship, property, and planning through place (Jameson, 2005).

However, Walking City simultaneously carries a contradiction open to debates of control, surveillance,
and environmental determinism. On the one hand, it promises the user flexibility; on the other, when the
city is conceived as a giant closed-system machine, the infrastructural dependency of life increases.
Foucault's analysis of disciplinary spaces shows that closed and holistic systems can increase the
capacity for regulation. In Walking City, even though this capacity serves the image of emancipation in
Archigram's intention, the scale of the design and its closed-system nature produce a dialectical tension
between freedom and dependency. This tension also explains why the project can be read between utopia
and dystopia: the same image can engender both an entertaining promise of the future and an uncanny
fear of mechanization (Foucault, 1977; Vidler, 1992).

THE LINE: The Linear Megaform and Cognitive City as the Twenty-First-Century Techno-
Sustainability Discourse

The official announcements and promotional texts frame THE LINE as car-free and road-free, nature-
oriented, powered by 100% clean energy, and composed of cognitive communities that learn through
Al A 170 km urban band with five-minute walking access and end-to-end transit in 20 minutes, together
with the claim that 90% of data will be used to enhance infrastructure efficiency, demonstrates that the
project constructs urban life as an optimization problem (Figure 2). This discourse ties sustainability not
only to carbon metrics but also to the management of time savings, health, and well-being; thus, the
environmental discourse merges with a behavioral governance discourse (NEOM, 2021).
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Figure 2. The City of the Future in Saudi Arabia: The Line. (https://www.arkitera.com/gorus/the-line-

ve-elestiri/)

The political-economic context of THE LINE indicates that the project is not merely architectural.
NEOM is positioned within the Vision 2030 framework as a showcase for economic diversification and
attracting global investment. Hassan emphasizes that by placing artificial intelligence and robotic
integration at the center of NEOM, the transformation extends beyond the economy to regime continuity
and the restructuring of the state. Aly's city branding analysis shows that NEOM constructs a dream and
future narrative intertwined with leadership and power legitimacy rather than merely a city brand;
through instruments such as websites and launches, a rhetoric of diversity, technology, and talent
attraction (similar to Florida's 3T framework) addresses the image of a mobile global creative class. This
suggests that the utopian urban discourse operates not merely as a future design but simultaneously as a
legitimacy and investment production apparatus (Hassan, 2020; Aly, 2019).

The linear form, which constitutes the spatial core of THE LINE, is not new in the history of urban
planning; however, proposing it at this scale as a singular megaform extraordinarily increases the level
of high control that the linear form demands. Batty's linear city modeling emphasizes that although linear
cities promise ideal accessibility, people's location choice tendencies and polycentric interaction patterns
tend to erode the geometric ideal, and that preserving the ideal form requires strict development controls.
This assessment strengthens the critique that THE LINE establishes a spatial regime that preschematizes
life rather than enabling the organic evolution of urban life. In short, THE LINE is defined not by
Archigram's indeterminacy but by the rigorous recoding of place and movement through a system
rationality (Batty, 2022).

In THE LINE, the smart city and Urban Al discourse is positioned at the center of governance. The
critical issue here is not the use of technology in the city but the scale at which technology will take over
the city's decision-making processes and behavioral regulations. Akbari's authoritarian smart city agenda
argues that the smart city discourse cannot be viewed as apolitical; rather, it must be read in conjunction
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with the socio-technical imaginaries of the political regime. Cugurullo's Urban Al discussion
emphasizes that the smart city is increasingly shifting toward the horizon of an autonomous city, where
algorithms are not only delivering services but also transforming management and planning. THE
LINE's claim of a cognitive city carries, within this framework, the risk of turning the city into a platform
(platform-city): the city becomes a system continuously optimized through usage data (Akbari, 2022;
Cugurullo, 2020).

This risk becomes more apparent through the debates on surveillance capitalism and control societies.
Zuboff's conceptualization of surveillance capitalism discusses the transformation of behavioral data
into an economic and managerial resource; smart city critiques show that this transformation can gain
operationality through space. Vanolo's smartmentality reading shows that smart city policies can
produce a new moral order (good vs. bad city, appropriate vs. inappropriate citizen) through technical
parameters; Hollands draws attention to the potential of the smart city label to mask inequalities and
depoliticize. In a closed and dense megaform such as THE LINE, the data-driven monitoring and
optimization of entry-exit, circulation, energy use, and everyday practices is consonant with the control
logic that Deleuze described as continuous modulation (Zuboff, 2019; Deleuze, 1992).

THE LINE's sustainability claim has been critically evaluated on two planes. The first plane concerns
how environmental goals are established at the planning and design level: the NEOM discourse
constructs an environmental determinist design narrative through frameworks such as preserving ninety-
five percent of nature, microclimate design, and renewable energy. The second plane concerns how this
narrative can contradict the production, logistics, and carbon costs at the mega-project scale. Alwafi
(2025) addresses THE LINE in the context of climate-adaptive design and discusses components such
as green infrastructure, energy efficiency, and smart planning, yet also emphasizes the need to consider
such goals in conjunction with social justice and public health dimensions. Kashef (2025), by comparing
Masdar and THE LINE, argues that central planning, global branding, and the desire for rapid
implementation in Gulf mega-project urbanization can render social and political costs invisible and

raises long-term viability questions for mega-project cities (Alwafi, 2025; Kashef, 2025).

Feasibility discussions constitute one of the most intense clusters of academic critique regarding THE
LINE. Batty (2022) argues that the linear form will be eroded by spatial equilibrium and that preserving
the ideal form will require strict controls, while the mega-project management literature shows that the
probability of cost overruns and benefit deviations increases as scale grows. Flyvbjerg's data-driven
assessment argues that eight or nine out of ten major projects experience cost overruns, and that the
tendency for delays and benefit shortfalls in large projects is structural. Given that THE LINE's promises
(such as end-to-end transit in twenty minutes and uninterrupted comfort at very high density) can only
be realized through extraordinary infrastructural coordination, the wutopian promise versus
implementation tension overlaps with the typical risks predicted by the mega-project literature
(Flyvbjerg, 2014).

Nevertheless, simulation-based (mostly early-stage) analyses of THE LINE are also present in the
literature. Bahi and Ourici (2025) discuss how mobility would operate in a linear and extremely dense
urban morphology through an agent-based and Al-supported simulation framework, drawing attention
to the difficulty of verifying the official discourse's connectivity claims without modeling. Such studies
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suggest that THE LINE, on the one hand, creates an academic laboratory (urban form experimentation)
effect, while on the other, it may reinforce the tendency to reduce the human complexity of urban life
(behavior, density, waiting, congestion) to a technical problem (Bahi & Ourici, 2025).

DISCUSSION

A joint reading of the two projects shows that architectural utopianism operates in two different forms
across two periods. Walking City, as an unbuilt speculation, provocatively critiques the modernist
understanding of the city; THE LINE, as a mega-project tied to a construction program, produces more
material ideological and economic consequences for speculation. Through Aly's readings of the elite
dream and nation-city branding relationship, it becomes apparent that THE LINE's discursive claim of
constructing the future is interwoven with investment and legitimacy production; Musset (2023) argues
that while THE LINE is polished like a science fiction utopia, it can conceal social contradictions. This
is consonant with Jameson's discussions of the ideological function of utopias: utopia sometimes
generates alternative thinking, while at other times it can defer the crises of the existing order with a
design showcase (Musset, 2023; Jameson, 2005).

The control-freedom dialectic turns into the most critical line separating the two projects. Walking City
signals freedom in the mobility and optionality of the city, yet it is uncanny due to mechanization and
closed-system dependency. THE LINE constructs freedom through time savings and optimized access,
yet the merging of this optimization with data collection and managerial modulation can function as a
spatial prototype of societies of control. In this context, the critique of behavioral data by Zuboff and
the technology-power relationship revealed by smart city studies (Kitchin, Vanolo, Hollands) require
reading THE LINE not merely as a design object but also as a governmentality project (Zuboff, 2019).

Table 1. Comparative Overview of the Two Cases

Dimension Walking City THE LINE
Historical 1960s avant-garde architecture; pop culture  2020s climate crisis, digitalization; Vision
context and space-age technological optimism 2030 and state-driven mega-investment

Scale and form

Mobile megastructure image; mechanical
units and capsules

170 km linear megaform; claimed 500 m
height, 200 m width

Mobility model  The city itself moves (mobile city) Human movement is optimized (high-speed
rail + walking access)

Modularity Collage / articulable units; speculative Repeatable segment logic; construction and

flexibility logistics rationality

Technology Technology = emancipation / play / critical ~ Technology = solution / optimization / Al-

narrative image based governance

Governance Indeterminate / playful; the question of Data-driven cognitive city; comprehensive

assumption control is suspended institutional and digital management claim

Principal Human scale, closed-system uncanniness; Authoritarian smart city; surveillance and

critiques technology fetishism social justice; mega-project risks;
environmental contradictions

Utopia/dystopia  Utopia and uncanniness coexist Sustainable utopia discourse versus sharp

tension control/dystopia critique
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CONCLUSION

This article has argued that the comparison of Walking City and THE LINE renders visible the
transformation that architectural utopianism has undergone over half a century along two principal axes.
The first axis is the medium of utopia: while Walking City produces a speculative critique operating
through drawing and collage, THE LINE establishes a regime of institutional utopia tied to investment,
branding, and construction programs through digital visualization and official discourse. The second
axis is the control-freedom dialectic: while Archigram attempts to break modernist stasis through
mobility and modularity, it cannot entirely overcome the uncanniness of the closed system; THE LINE,
while promising to optimize access and sustainability, produces a terrain more open to critiques of data-

driven governmentality and the authoritarian smart city.

Theoretically, the lineage of Tafuri, Jameson, Banham, and Vidler has proved productive in
demonstrating that what these projects say about the future simultaneously condenses the ideological
contradictions of their own era. Walking City carries the pop-technology enthusiasm of the 1960s and
the image of flexibility drawn from consumer culture, while THE LINE carries the risk of the city's
transformation into a platform in the age of sustainability and digitalization. The smart city and Urban
Al literature reveals that technology in the city is not an apolitical tool but a socio-technical imaginary
that operates in conjunction with the regime; accordingly, projects such as THE LINE must be evaluated
not only for their design quality but also for their decision-making models, data regimes, and labor-
justice dimensions (Cugurullo, 2020; Cugurullo, 2026).

In conclusion, utopian mega-projects do more than propose a new urban form: they produce a social
program concerning how the city will be governed, for whom it will be built, and in the name of which
values it will be optimized. For this reason, the Walking City-THE LINE comparison offers two
warnings for architectural theory: (1) technology can be a spatial infrastructure of control just as much
as it can be an emancipatory tool; (2) when the sustainability discourse is not considered in conjunction
with social justice and political participation, it can increase the possibility of dystopia by transforming

into a green determinist utopia.
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OZET

Afetler fiziksel yikimm otesinde saglik sistemlerini biiyiik bir bicimde etkileyerek 6zellikle lireme
cagindaki kadinlar, gebeler, lohusalar ve yenidoganlar i¢in yasami tehdit eden ¢ok boyutlu krizler
yaratmaktadir. Bu derlemenin amaci, afet bolgelerinde iireme saglig1 hizmetlerinde yasanan sorunlari,
uygulanan uluslararas1 ve ulusal miidahale modellerini ve bu siirecte kilit bir konuma sahip olan
hemsirelerin rol ve sorumluluklarin1 giincel literatiir 1s18inda  degerlendirmektir. Literatiir
incelendiginde, afet donemlerinde gebelik izlemlerinin aksadigi, giivenli dogum kosullarinin
bozulmasina bagli olarak obstetrik acillerin ve maternal-neonatal Gliimlerin arttigi goriilmektedir.
Ayrica aile planlamasi hizmetlerinde kesinti, menstrual hijyen {riinlerine erisimde yetersizlik ve cinsel
siddet vakalarinda artig sahadaki en belirgin sorunlar olarak 6ne ¢ikmaktadir. Bu kriz tablosuna karsi
uluslararas1 standart olan Minimum Baslangi¢ Hizmet Paketi (MISP) basta olmak iizere; sahra
hastaneleri, mobil saglik tiniteleri ve tele-saglik gibi hizmet modellerinin uygulanmas1 anne ve bebek
oliimlerini azaltmada hayat kurtarict bir islev gdrmektedir. Ancak tedarik zinciri problemleri, sevk
agmin ¢okmesi ve koordinasyon eksiklikleri bu modellerin etkinligini kisitlamaktadir. Afet ortaminin
karisik ve sinirli kaynaklara sahip yapisinda, tireme sagligi hizmetlerinin basaris1 dogrudan hemsirelerin
bilgi, beceri ve liderlik kapasitesine dayanmaktadir. Hemsireler; bakim verici, danigman, egitici,
koordinatdr ve savunucu rolleriyle sadece klinik miidahalelerde bulunmamakta, ayn1 zamanda kriz
yOnetimini iistlenerek dezavantajli gruplarin haklarini korumaktadir. Sonug olarak, afetlerde lireme
saglig1 hizmetlerinin gii¢lendirilmesi i¢in uluslararasi standartlarin ulusal politikalara entegrasyonu

saglanmali, hemsirelere yonelik afet odakli kriz yonetimi egitimleri yayginlastirilmalidir.
Anahtar Kelimeler: Afet, Ureme Saghgi, Afet Hemsireligi, Kadin Saglhigi, Hemsirelik Rolleri

ABSTRACT

Disasters create multidimensional crises that threaten life, particularly for women of reproductive age,
pregnant women, postpartum women, and newborns, by significantly impacting health systems beyond
physical destruction. This review aims to evaluate the problems encountered in reproductive health
services in disaster areas, the international and national intervention models applied, and the roles and
responsibilities of nurses, who play a key role in this process, in light of the current literature. A review
of the literature reveals that during disaster periods, pregnancy monitoring is disrupted, leading to an
increase in obstetric emergencies and maternal-neonatal deaths due to the deterioration of safe delivery
conditions. Furthermore, interruptions in family planning services, inadequate access to menstrual

hygiene products, and an increase in cases of sexual violence stand out as the most prominent problems
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in the field. In response to this crisis, the implementation of service models such as field hospitals,
mobile health units, and telehealth, particularly the Minimum Initial Service Package (MISP), which is
the international standard, plays a life-saving role in reducing maternal and infant mortality. However,
supply chain problems, breakdowns in the delivery network, and lack of coordination limit the
effectiveness of these models. In the complex and resource-constrained setting of a disaster, the success
of reproductive health services depends directly on the knowledge, skills, and leadership capacity of
nurses. Nurses not only provide clinical interventions in their roles as caregivers, counselors, educators,
coordinators, and advocates, but also protect the rights of disadvantaged groups by taking on crisis
management. Consequently, international standards for strengthening reproductive health services in
disasters should be integrated into national policies, and disaster-focused crisis management training for
nurses should be widely implemented.

Keywords: Disaster, Reproductive Health, Disaster Nursing, Women's Health, Nursing Roles

GIRIiS

Afet, dogal ya da insan kaynakli olaylarin toplumun isleyisini ani ve ciddi bigimde aksatmas1 sonucu
ortaya ¢cikmaktadir (Cakmak ve ark., 2018; Ceren, 2021). Afetler; fiziksel yikim, can kayiplari, sosyo
ekonomik kayiplarin yam sira bireylerin sosyal, ruhsal ve saglik yoniinden ¢ok boyutlu kisa ve uzun
donem etkilere sahiptir (Avdar, &Avdar, 2022; Ahmadi-Marzaleh, 2023; Rijal ve ark.,2020). Afetler;
siklig1 ve siddeti artan depremler, seller, iklim kriziyle iligkili olaylar ve catigmalar nedeniyle diinyada
halk saghg: sorunlarindan birisi haline gelmistir (Cakir, &Ince, 2025). Bu siiregte en fazla etkilenen
gruplar arasinda yenidoganlar ve ergenler, iireme ¢agindaki kadinlar, gebe ve lohusalar, yashlar yer
almaktadir. Afetler; bu grupta yer alan bireyler i¢in tireme saglig1 gereksinimlerini daha da kirillgan hale
getirmektedir (Stephens, & Lassa, 2020). Son yillarda yapilan arastirmalar, afetlerin sadece akut
donemde degil, uzun vadede de toplumun saglik gostergelerini bozdugunu, 6zellikle kalabalik gegici
barima alanlarinda temiz su eksikligi ve yetersiz hijyen nedeniyle solunum yolu enfeksiyonlari ve ishal
salginlarinda artig goriildiigiinii gostermektedir (Cakmak ve ark., 2018; Topluoglu ve ark., 2023).
Bununla birlikte, afet sonrasi saglik sisteminde ortaya ¢ikan islev kaybimnin; gebelik takibi, glivenli
dogum, aile planlamasi, tarama, asilama, cinsel yolla bulasan enfeksiyonlardan ve cinsel siddetten
korunma gibi temel iireme saglig1 hizmetlerine erigimini aksattig1r vurgulanmaktadir (Adkoli ve ark.,
2022; Ahmadi Marzaleh, 2023; Rajabi ve ark., 2025).

Son yillarda 6zellikle dogal afetler sonrasinda cinsel ve lireme sagligi gereksinimlerinin ¢ogu zaman
acil yasam kurtaric1 miidahalelerin golgesinde kaldigi, aile planlamas1 hizmetlerinde kesintiler, gebelik
komplikasyonlarinda artig ve giivenli olmayan diigiikler gibi sonuglarin ortaya ¢iktig1 vurgulanmaktadir
(Adkoli ve ark., 2022; ilkin Aydin ve ark., 2024). Afet dénemlerinde gebe kadimlarm diizenli izlem ve
tarama hizmetlerine erigiminin azalmasi, gestasyonel diyabet, preeklampsi ve erken dogum gibi anne ve
fetiis sagligini tehdit eden komplikasyonlarin artmasina neden olmaktadir (Ahmadi Marzaleh ve ark.,
2023; Sezgin ve Kartal, 2021). Ayrica afet sonrasi dogumlarin O6nemli bir bolimiiniin saglik
kuruluslarindan uzakta ve steril olmayan kosullarda gergeklesmesi, postpartum kanama ve eklampsi gibi
obstetrik acil durumlar1 daha 6liimciil héle getirmekte ve maternal mortaliteyi artirmaktadir (Giiltekin,
& Ucgtu, 2024; Rajabi ve ark., 2025). Benzer sekilde, giivenli tuvalet alanlarinin bulunmamasi ile
menstrual hijyen iirlinlerine erisimin kisitlanmasi, kadinlarda vajinal enfeksiyon ve cinsel yolla bulagsan
enfeksiyon riskini tetiklemektedir (Ilkin Aydin ve ark., 2024; Rajabi ve ark., 2025; Demirbas ve ark.,
2023; Yilmaz, & Altiparmak,2025; WHO, 2023). Afet sonrasi olusan giivenlik sorunlari, mahremiyetin
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bozulmas1 ve aydinlatma eksiklikleri ise cinsel siddet, taciz ve zorla evlendirme olasiligimi belirgin
sekilde yiikseltmektedir (Altiok ve ark., 2025; Stephens, & Lassa, 2020; UN Women, 2022).
Yenidoganlar agisindan degerlendirildiginde ise hipotermi, sepsis ve diisiik dogum agirlig1 gibi risklerin
arttig1, anne-bebek temasinin kesintiye ugramasmin yenidogan dliimlerine yol acgtig1 bildirilmektedir
(Giiltekin ve Ugtu, 2024; UNICEF, 2024).

Ortaya ¢ikan bu biiyiik riskler, uluslararas1 ve ulusal diizeyde afetlere 6zgii iireme sagligi hizmet
modellerinin ve miidahale paketlerinin gelistirilmesini zorunlu kilmistir (UNFPA, 2022). Uluslararasi
yaklasimin temelinde, afetin ilk saatlerinden itibaren yasam kurtarici acil lireme sagligi hizmetlerini
tanimlayan Minimum Baslangic Hizmet Paketi (MISP) yer almaktadir; bu paketin dogru
uygulanmasinin anne Olim oranlarmi ve cinsel siddet vakalarini belirgin sekilde azalttig
vurgulanmaktadir (Beek ve ark., 2019; Ray-Bennett ve ark., 2024). Ulusal boyutta ise, Tiirkiye'de
AFAD koordinasyonunda ¢alisgan UMKE ve mobil saglik ekipleri, afet sonrasi ilk 48-72 saatte gebe
tespiti, acil obstetrik durum yonetimi ve psikososyal destek saglayarak kritik bir rol {istlenmektedir (Ilkin
Aydin, 2024; Cobanoglu, & ince, 2025). Bunun yani sira, biiyiik yikimlarin ardindan kurulan sahra
hastanelerinin giivenli dogum, acil sezaryen ve neonatal resiisitasyon hizmetleri sundugu, mobil
tinitelerin ve tele-saglik uygulamalarinin ise hizmete erisimi kisitl bolgelerde kesintisiz bakim sagladigi
literatiirde 6ne ¢ikan modeller arasindadir (Ilkin Aydin ve ark., 2024; Simsek, & Giindiiz, 2021).

Afet kosullarinda hizmet sunumuna iligkin literatiir, saglik ¢alisanlarinin-6zellikle hemsire ve ebelerin-
tireme sagligi hizmetlerinin stirekliligini saglama, damigmanlik, egitim, psikososyal destek ve sevk
yonetiminde kritik role sahip oldugunu, ancak bu alanlarda bilgi ve beceri eksikliklerinin devam ettigini
ortaya koymaktadir (Stephens, & Lassa, 2020; Adkoli, 2022; Abay, & Abay Celik, 2023; Rajabi, 2025).
Bu baglamda, afet bolgelerinde iireme sagligi hizmetlerinin niteliginin artiritlmasi ve hizmetlerin
kesintisiz ylriitiilmesi i¢in hemsirelerin rol ve sorumluluklarinin netlestirilmesi, giiclendirilmesi ve
giincel kanita dayali rehberler dogrultusunda ele alinmasi 6nem tasimaktadir. Bu galigma, afet
bolgelerinde iireme saglhigi hizmetlerini ve hemsirenin bu siiregteki rollerini giincel literatiir 15181nda
tartismay1 amaglamaktadir.

AFET BOLGELERINDE UREME SAGLIGI SORUNLARI

Afetler, toplumsal altyapiy1 ve saglik sistemlerini olumsuz etkileyerek, 6zellikle kadinlar, gebeler,
lohusalar, yenidoganlar ve iireme ¢agindaki bireyler agisindan yasami tehdit eden ¢ok boyutlu kriz
durumlar1 olusturmaktadir. Afet bolgesinde temel saglik hizmetlerinin aksamasi ve Onceliklerin
degismesi; gebelik izlemi, giivenli dogum, aile planlamasi, menstrual hijyen ve cinsel saglk gibi
alanlarda sorunlar olusturmaktadir. Literatiirde yer alan giincel ¢aligmalar, afet kosullarinin yarattig
treme sagligi sorunlarmin sadece afetin gergeklestigi akut donemle smirli kalmadigini, saglik
altyapisinin toparlanamamasi nedeniyle uzun vadede de devam ettigini de vurgulamaktadir (Ahmadi
Marzaleh ve ark., 2023; Stephens ve Lassa, 2020). Ayrica afet sonrasi saglik sisteminin ¢okmesi, iletigim
ve ulasim hatlarinin kesilmesi, saglik personeli sayisindaki yetersizlikler ve sevk zincirinin bozulmast,
tireme sagligi hizmetlerine erigimi daha da zorlagtirmakta; 6zellikle diizenli takip gerektiren kronik
hastalig1 olan gebelerde ve riskli gebeliklerde bakimin aksamasi ciddi maternal morbidite ve mortalite
risklerine yol agmaktadir (Beek ve ark., 2019; Cakmak ve ark., 2018).

Gebelik ve dogum Oncesi bakim siiregleri incelendiginde, afet donemlerinde gebe kadinlarin diizenli
izlem, tetkik ve tarama hizmetlerine erigiminin aksadigi goriilmektedir. Bu durum, gestasyonel diyabet,
preeklampsi, erken dogum ve diisiik gibi hayati tehlike arz eden komplikasyonlarin artmasina yol
acmaktadir (Sezgin ve Kartal, 2021; Ahmadi Marzaleh ve ark., 2023). Afet bolgelerinde saglik
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merkezlerinin hasar gérmesi, ulasim sorunlar ve nitelikli saglik personeli yetersizligi, annenin temel
gebelik bakimina ulagmasim giiclestirmesiyle birlikte rutin takiplerin yapilamamasi da fetiisiin biiylime
geriligi ve fetal distres gibi olumsuz sonuglara neden olabilmektedir (Adkoli ve ark., 2022). Calismalar,
antenatal bakimin yalmzca fiziksel erisim sorunlari nedeniyle degil; ayn1 zamanda gebelerin yasadigi
akut stres, kaygi, yetersiz beslenme ve giivenli barinma sorunlari nedeniyle de aksadigim
gostermektedir. Bu ¢ok faktorlii durum hem maternal hem de fetal komplikasyonlarin olagan kosullara
gore ¢ok daha erken ve siddetli ortaya ¢cikmasina yol agmaktadir (Ray-Bennett ve ark., 2024). Gebelerin
afet sonrasi saglik kuruluslarina bagvuru oranlarinin ciddi oranda diismesi, erken miidahale edilmesi
gereken birgok yiiksek riskli gebeligin fark edilememesine neden olurken; tetanos ve influenza gibi
gebelikte rutin olarak yapilmasi 6nerilen as1 programlarinin aksamasi da enfeksiyonlara bagl ek riskler
yaratmaktadir (Rajabi ve ark., 2025; ilkin Aydimn ve ark., 2024; UNFPA, 2022).

Dogum eyleminde ise, afet sonrasi dogumlarin 6nemli bir boliimii saglik kuruluslarindan uzakta, steril
olmayan gecici barmaklarda veya yeterli obstetrik egitim almamuis kisiler tarafindan gergeklestirilmek
zorunda kalmmaktadir (TAPV, 2025). Bu durum hem anne hem de yenidogan mortalitesini hizla
artirmakta, Ozellikle postpartum kanama, eklampsi, obstriiktif (uzamig) dogum gibi obstetrik acil
durumlar1 daha 6liimciil hale getirmektedir (Rajabi ve ark., 2025; Giltekin ve Ugtu, 2024). Hasta
yogunlugu ve tibbi malzeme yetersizligi nedeniyle sezaryen gerektiren durumlarda bile miidahaleler
saatlerce gecikebilmektedir. Yollarin kapanmasi ve ambulans hizmetlerinin aksamasi acil obstetrik
durumlarin donanimli merkezlere sevkini imkansiz hale getirerek anne Oliimlerini artirmaktadir
(UNFPA, 2022). Dogumlarin hijyenik olmayan alanlarda ger¢eklesmesi, yenidoganlarda enfeksiyon,
diisitk APGAR skoru ve hipoksi oranlarinda belirgin bir artigla dogrudan iliskilendirilmistir (Marzaleh,
2023). Afet kosullarinda dogum eyleminin saglikli izlenmesi i¢in temel olan ekipmanlarin (partograf,
oksijen tiipleri, steril cerrahi setler, uterotonik ilaglar vb.) bulunmamasi, kritik durumlarin gézden
kagmasina yol acar. Diinya Saglik Orgiitii, yiiksek riskli gebelerde anne 6liim oranlarinin afetlerde
belirgin sekilde artis gdsterdigini raporlamaktadir (WHO, 2023). Ozellikle gegici sahra hastanelerinde
sterilizasyonun tam saglanamamasi ve kan tirlinlerinin yetersizligi anne ve bebek sagligini dogrudan
riske atmaktadir (ilkin Aydim ve ark., 2024; Beek ve ark., 2019).

Dogum eyleminin yani sira afetler, kritik bir siire¢ olan lohusalik (postpartum) bakimini ve yenidogan
sagligmi da olumsuz etkilemektedir. Annelerde postpartum kanama, enfeksiyon, siddetli anemi ve
emzirme sorunlarinda belirgin bir artig goriiliir (Adkoli ve ark., 2022). Yenidoganlarda ise hipotermi,
yenidogan sepsisi, diisiik dogum agirligi ve ilk saatlerde emzirmenin baglatilamamasi gibi 6liimciil
riskler hizla yiikselmektedir. Afet nedeniyle anne-bebek temasinin kesintiye ugramasi ve yenidogan
resiisitasyonu yapacak egitimli personel eksikligi yenidogan oliimlerine neden olurken; isitme testi ve
topuk kani gibi hayati temel taramalarin aksamasi, ¢ocukta uzun vadeli morbidite riskini artirmaktadir
(Giiltekin ve Ugtu, 2024; UNFPA, 2022; ilkin Aydin ve ark., 2024).

Afetlerin lireme saglig1 iizerindeki bir diger etkisi aile planlamasi, hijyen ve cinsel saglik alanlarinda
kendisini gostermektedir. Modern kontraseptif yontemlere ve aile planlamasi araglarina erigimin
durmasi; istenmeyen gebeliklerde artiga, diizensiz dogum araliklarmma ve riskli gebeliklere neden
olmaktadir (Adkoli ve ark., 2022; IPPF, 2023). Kontraseptif hap, kondom ve rahim i¢i arag gibi stoklarin
tikenmesi, afet sonrasi istenmeyen gebelik oranlarmin olagan donemlere kiyasla biiyiikk oranda
yiikselmesine yol agmaktadir (Ahmadi Marzaleh ve ark., 2023). Bu durum, kalabalik ge¢ici yasam
alanlari, temiz suya ulagimdaki kisitliliklar ve 6zellikle menstrual {irlinlere erisimin sekteye ugramasi
ile birlestiginde; kadmnlarda genital enfeksiyon ve cinsel yolla bulasan enfeksiyon (CYBE) riskini
arttirmaktadir (Topluoglu ve ark., 2023; Cakmak ve ark., 2018; Ray-Bennett ve ark., 2024). Menstrual
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hijyen diriinlerinin eksikligi, kadnlarin sagliksiz alternatiflere ydnelmesine sebep olarak vajinal
enfeksiyonlar1 ve pelvik inflamatuar hastaliklarinda ortaya ¢ikmasina zemin hazirlamaktadir (Demirbag
ve ark., 2023; Yilmaz ve Altiparmak, 2025; WHO, 2023).

Giivenlik baglaminda degerlendirildiginde, afet sonrasi ortaya ¢ikan karisiklik, otorite boslugu ve toplu
barinma alanlarindaki yetersizlikler, kadin ve ¢ocuklarda cinsel siddet, istismar ve somiirii riskini agiga
cikartmaktadir. Cinsel saldir, taciz ve zorla erken yasta evlendirme gibi vakalarin belirgin sekilde arttig1
afet ortamlarinda; cinsel siddet magdurlarinin saglik kuruluslarina zamaninda erisememesi, acil
kontrasepsiyon, PERP(HIV profilaksisi} ve travma bakimi gibi kritik miidahalelerin yapilamamasina
neden olmaktadir (Altiok ve ark., 2025; Stephens ve Lassa, 2020; ilkin Aydin ve ark., 2024). Ayrica
toplumsal damgalanma ve giivenlik tehditleri nedeniyle bir¢ok magdurun basvuru yapamamasi, gercek
vaka sayisinin rapor edilenin ¢ok iizerinde oldugunu disiindiirmektedir (UN Women, 2022; Beek ve
ark., 2019).

Bunlarin sonucunda, afetlerin fiziksel yikimla smirl kalmadigi, psikolojik travmalar da tireme sagligini
yakindan ilgilendiren sonuglar dogurmaktadir. Afet sonrasi kadinlarda artan stres, ani kayiplar ve
belirsizlik; gebelikte hipertansiyona, erken doguma, diistiklere, postpartum depresyona ve anne siitiiniin
azalmasina yol acan ciddi psikofizyolojik etkiler olusturmaktadir (Yorulmaz ve Karadeniz, 2021).
Perinatal depresyon oranlarinin normalin ¢ok {izerine ¢ikmasi, emzirme siiresini kismakta ve saglikl
anne-bebek baginin kurulmasimi engellemektedir (Ray-Bennett ve ark., 2024). Ayrica akut psikolojik
stresin anne viicudundaki kortizol gibi stres hormonlarinin yanitin1 bozarak uterus kasilmalarini
tetikledigi, bunun da erken dogum riskini dogrudan artirdig1 goriilmektedir (Abay ve Abay Celik, 2023;
Cobanoglu ve Ince, 2025).

AFETLERDE UREME SAGLIGI HIZMET MODELLERI VE UYGULAMALAR

Afetler sirasinda kadinlar, gebeler, lohusalar, yenidoganlar ve iireme ¢agindaki bireyler agisindan ortaya
cikan risklerin devasa boyutu, uluslararasi ve ulusal diizeyde iireme sagligi hizmetlerinin
standartlastirilmasim1 zorunlu kilmigtir. Afet bolgelerinde lireme sagligi hizmetlerinin planlanmasi;
saglik sisteminin mevcut kapasitesi, kaynaklarin erisilebilirligi, afetin siddeti ve etkilenen niifusun
ozelliklerine gore ¢cok katmanli modeller iizerinden organize edilmektedir (UNFPA, 2022). Literatiirde
son yillarda gelistirilen ve insani yardim operasyonlarina entegre edilen bu modeller; hizmetlerin
kesintiye ugramasini énlemeyi, anne-bebek Oliimlerini azaltmayi ve cinsel siddet vakalarina hizli ve
etkin bicimde miidahale etmeyi amaglamaktadir (Ray-Bennett ve ark., 2024). Bu kapsamda, Birlesmis
Milletler Niifus Fonu (UNFPA), Diinya Saglik Orgiitii (WHO) ve Birlesmis Milletler Cocuklara Yardim
Fonu (UNICEF) gibi kuruluglar tarafindan afet kosullarinda iireme sagligi hizmetlerinin yiiriitiilmesi
icin kiiresel rehberler hazirlanmis ve bu rehberler iilkelerin afet yonetimi planlarinda temel referans
héline gelmistir (Ilkin Aydim ve ark., 2024).

Uluslararas1 yaklagimin ve afetlerde uygulanan hizmet modellerinin temelinde Minimum Baglangig
Hizmet Paketi (Minimum Initial Service Package- MISP) yer almaktadir. MISP, afetlerin ilk 24-72
saatinden itibaren istisnasiz uygulanmasi gereken acil lireme sagligi hizmetlerini tanimlayan, kanita
dayali ve uluslararas: standart kabul edilen yasam kurtarici bir uygulama paketidir. MISP’in temel
amaglari; anne ve yenidogan dliimlerini azaltmak igin temel obstetrik bakimi saglamak, cinsel siddeti
onleyerek magdurlara tibbi destek (HIV proflaksisi, acil kontrasepsiyon, travma bakimi) sunmak, HIV
ve diger CYBE gecisini durdurmak ve afet sahasindaki ekipler arasi koordinasyonu kurmaktir (WHO,
2023). MISP kapsaminda ilk agamada yiiriitiilen faaliyetler arasinda ayrica; temiz dogum kitlerinin

dagitilmasi, uterotonik ilaglara ve aile planlamasi hizmetlerine erisimin siirdiiriilmesi yer almaktadir.
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Literatiirde, MISP’in hizli ve dogru uygulandigi afet bolgelerinde maternal mortalitenin belirgin
bicimde azaldigi, giivenli dogum oranlarinin yiikseldigi ve istenmeyen gebeliklerin oOnlendigi
belirtilmektedir (Beek ve ark., 2019; Adkoli ve ark., 2022). WHO ve UNICEEF ayrica afet ortamlarinda
yenidogan sagligi, hipoterminin 6nlenmesi ve emzirme destegi gibi alanlarda uluslararasi miidahaleleri
standartlagtirmis, bu protokolleri dzellikle cadir ve konteyner kentlerdeki yenidogan kayiplarim
engellemek amaciyla afet yonetimi planlarinin ayrilmaz bir pargasi haline getirmistir (UNICEF, 2024).
Riskli afet bolgelerinden birisi de Tiirkiye’dir. Tiirkiyede yer alan ulusal standartlarin uluslararasi
standartlara uyumu, saglik sisteminin dayaniklilik kapasitesinde belirleyici bir etmendir. Tiirkiye’de
afet yonetimi Afet ve Acil Durum Y 6netimi Bagkanligi (AFAD) koordinasyonu tarafindan yiiriitiilmekte
olup; tireme sagligina yonelik operasyonel saha siirecleri Saglik Bakanligi, Ulusal Medikal Kurtarma
Ekibi (UMKE) ve yerel mobil saglik birimleri tarafindan gerceklestirilmektedir (Cobanoglu ve ince,
2025). Bu ulusal koordinasyonun temel amaci; afet sonrasi ilk andan itibaren dogum Oncesi ve sonrasi
bakimin aksamamasi, yiiksek riskli gebeliklerin tespit edilerek sevk zincirinin siirdiiriilebilmesidir.
Ozellikle afetin ilk 48-72 saatlik kritik doneminde sahaya ulasan UMKE ekipleri; gebe ve lohusalarin
tespiti, acil obstetrik durumlarin belirlenmesi, yenidogan degerlendirmesi, aile planlamasi
malzemelerinin dagitimi ve psikososyal destek ihtiyaclarinin kargilanmasinda kritik bir rol
tistlenmektedir (Simsek ve Giindiiz, 2021). Tiirkiye’de yasanan son biiylik depremlerin ardindan UMKE
ve Toplum Saglig1 Merkezleri biinyesinde kurulan mobil ekiplerin binlerce gebe ve lohusaya ulasarak
kayit, izlem ve damigmanlik hizmeti sundugu literatiirde vurgulanmaktadir (ilkin Aydin ve ark., 2024).

Afet sahasinda fiziksel altyapinin tamamen ¢oktiigii durumlarda, mobil saglik {initeleri ve sahra
hastaneleri en hayati hizmet modelleri olarak o6ne ¢ikmaktadir. Ulagimin kisith oldugu kirsal
yerlesimlerde ve genis ¢adir kentlerde mobil iiniteler; gebe izlemi, aile planlamasi danigmanligi,
menstrual hijyen kiti dagitimi ve cinsel saglik hizmetlerini dogrudan afetzedenin bulundugu lokasyona
tasimaktadir (Demirbas ve ark., 2023; Yilmaz ve Altiparmak, 2025). Biiyiik yikimlarin ardindan kurulan
sahra hastaneleri ve gecici obstetrik klinikler ise; glivenli dogum, acil sezaryen, neonatal resiisitasyon,
kan transflizyonu ve postpartum bakim gibi kapsamli tibbi miidahaleleri saglayarak entegre acil
obstetrik bakim modelinin sahadaki kargiligin1 olusturmaktadir. Kesintisiz obstetrik bakimin, neonatal
yogun bakim alaninin ve giivenli sevk mekanizmasinin bir arada sunuldugu bu gegici merkezlerin, afet
sonrast ilk haftalarda anne-yenidogan dliimlerini 6nemli 6lgiide azalttig1 rapor edilmistir (Giiltekin ve
Uctu, 2024). Ayrica bu merkezler, cinsel siddet magdurlarina yonelik gizlilik esasli bagvuru birimleri
barindirarak tibbi ve psikososyal destegin giivenli bir ortamda verilmesini saglamaktadir (UN Women,
2022).

Fiziksel miidahale modellerinin yan sira, son yillarda afet bolgelerinde toplum temelli iireme sagligi
modelleri ile tele-saglik ve dijital destek uygulamalari da 6n plana ¢ikmaya baglamistir. Toplum temelli
modelde hizmetler yalnizca disaridan gelen saglik profesyonelleri tarafindan degil; aym1 zamanda
egitimli kadin liderler, yerel goniilliiler ve sivil toplum kuruluslari araciligiyla yiiriitilmekte, bu durum
ozellikle uzun siireli gecici barinma alanlarinda hijyen egitimi ve riskli gebelik tespiti agisindan biiyiik
fayda saglamaktadir (Abay ve Abay Celik, 2023). Ote yandan, yollarin kapandig1 ve fiziksel erisimin
imkansiz hale geldigi kriz anlarinda tele-saglik uygulamalari; uzaktan gebe izlemi, online psikososyal
destek, emzirme egitimi ve aile planlamasi danigmanligi gibi konularda dijital bir kdprii gorevi
gormektedir (Adkoli ve ark., 2022). Tiirkiye'de uygulanan tiim bu ¢ok katmanli hizmet modellerinde;
insan giicii yonetimi, tedarik zincirinin korunmasi ve bireylerin ihtiyaglarina yonelik biitiinciil yaklagim,

tireme sagligi hizmetlerinin basarisini belirleyen en temel unsurlardir (Altiok ve ark., 2025).
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SAHADA KARSILASILAN ZORLUKLAR

Afet bolgelerinde iireme sagligi hizmetlerinin uluslararasi standartlara ve ulusal planlamalara uygun
sekilde yiiriitiilmesi hedeflense de sahada karsilasilan sistemsel ve operasyonel zorluklar hizmetlerin
etkinligini biiyiik ol¢iide kisitlamaktadir. Literatiirde 6ne ¢ikan en temel zorluk, afetin yarattigi yikimin
saglik altyapisimi ve iletisim aglarii tamamen ¢okertmesidir. Hastanelerin yikilmasi, yollarin hasar
goérmesi ve ambulans hizmetlerinin aksamasi, 6zellikle acil obstetrik durumlarda hayati éneme sahip
olan "sevk zincirinin" bozulmasina neden olmaktadir (Giiltekin ve Ugtu, 2024; UNFPA, 2022). Sevk
zincirinin kirillmasi, ytliksek riskli gebelerin ve acil cerrahi miidahale gerektiren vakalarin donanimli
merkezlere ulastirllamamasi anlamina gelmektedir. Bu durum, mobil {initelerin ve gegici sahra
hastanelerinin kapasitesini asarak anne ve yenidogan kayiplarini artirmaktadir. Bununla birlikte, afet
sonrast kurulan kayit ve takip sistemlerinin ¢okmesi veya diizenli veri akisinin saglanamamasi, sahadaki
gebe ve lohusalarin izlemini zorlastirmaktadir (Adkoli ve ark., 2022; Cakmak ve ark., 2018).

Hizmet sunumunun Oniindeki bir diger biiylik engel ise tedarik zincirinde yasanan aksamalardir.
tireme sagligl ve kadin sagligi malzemeleri genellikle ikincil plana atilmaktadir. Temiz dogum kitleri,
modern kontraseptifler, uterotonik ilaglar ve menstrual hijyen iriinlerinin sahaya ulastirilmasindaki
gecikmeler, saglik personelinin miidahale kapasitesini dogrudan diisiirmektedir (IPPF, 2023; Yilmaz ve
Altiparmak, 2025). Tedarik sorunlarma ek olarak, afet tibb1 ve acil iireme sagligi miidahaleleri
konusunda (6rnegin MISP uygulamalar1) 6zel egitim almis nitelikli saglik personeli ve ebe/hemsire
sayisiin yetersizligi, sahadaki kisith kaynaklarin verimsiz kullanilmasina neden olmaktadir (Beek ve
ark., 2019; Simsek ve Giindiiz, 2021).

Hizmet erisim eksikliklerinin yani sira sosyokiiltiirel engeller ve koordinasyon problemleri de
hizmetlerin ulasilabilirligini zorlagtirmaktadir. Toplu barinma alanlarindaki mahremiyet eksikligi ve
toplumsal damgalanma (stigma) korkusu, kadinlarin 6zellikle cinsel yolla bulasan enfeksiyonlar, aile
planlamasi veya cinsel siddet gibi konularda mobil saglik iinitelerine bagvurmasini engellemektedir (UN
Women, 2022; Demirbag ve ark., 2023). Ayrica sahada gorev yapan ulusal saglik ekipleri, uluslararasi
yardim kuruluslart ve sivil toplum oOrgiitleri arasindaki koordinasyon eksiklikleri; hizmetlerin bazi
bolgelerde daha iyi kosullarda sunulmasina, bazi dezavantajli kirsal bolgelerin ise yetersiz hizmet
almasina neden olmaktadir (Rijal ve ark., 2020; Ilkin Aydin ve ark., 2024). Bu zorluklar, afet
planlamalarinda iireme sagliginin daha giiclii bir sekilde entegre edilmesini ve koordine edilmis
stratejilere ihtiyag duyuldugunu gostermektedir.

HEMSIRELERIN ROL VE SORUMLULUKLARI

Afet durumlarinda hemsireler, tireme sagligi hizmetlerinin siirekliligini saglama, riskli bireyleri tespit
etme, acil bakim sunma ve sevk siireglerini yonetme gibi hayati gorevler iistlenmektedir (Cebi, & C4l,
2023). Afet ortamlarinin belirsiz, hizli degisen ve kaynaklarn kisith oldugu ortam; hemsirelerin
yalnizca klinik bakim sunan profesyoneller olmasini degil, ayn1 zamanda kapsamli teorik bilgi, giiclii
klinik beceri ve hizl karar verebilme yetenegi ile donatilmasini gerektirmektedir (Simsek ve Giindiiz,
2021). Hemsirelerin afet bolgelerindeki en temel ve dncelikli islevi bakim verici roliidiir. Bu kapsamda
hemsireler; gebe, lohusa ve yenidoganlarin hizli klinik degerlendirmesini yapmakta, eklampsi veya
postpartum kanama gibi acil obstetrik durumlart taniyip yasam kurtarict ilk miidahaleleri
uygulamaktadir (Giiltekin ve Ugtu, 2024; Giimiis ve ark., 2024). Afetlerde giivenli dogum kosullarinin
bozulmasi nedeniyle, uterotonik ilaglarin dogru uygulanmasi, neonatal resiisitasyon adimlarmnin

baslatilmas1 ve temel yasam desteginin saglanmasi hemsirelerin dogrudan sorumlulugundadir (Rajabi
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ve ark., 2025). Ayrica kalabalik barinma alanlarinda ortaya cikan cinsel yolla bulasan enfeksiyonlar,
idrar yolu enfeksiyonlari, vajinal enfeksiyonlar ve gestasyonel komplikasyonlarin erken tamisi ile
tedavisi de bu bakim verici roliin ayrilmaz bir pargasidir (Demirbas ve ark., 2023).

Klinik miidahalelerin yan1 sira hemsireler, afet doneminde kadinlara, ergenlere ve giftlere yonelik
koruyucu saglik hizmetlerini siirdiirebilmek i¢in danigsman ve egitici rollerini aktif olarak
kullanmaktadir. Aile planlamasi yontemlerine erisimin kisitlandigi bu kriz donemlerinde; modern
kontraseptif kullanimi, giivenli annelik uygulamalari, gebelikte tehlike belirtileri, lohusalik izlemi ve
menstrual hijyen yonetimi konularinda verilen danismanlik hizmetleri, istenmeyen gebelikleri ve anne-
bebek morbiditesini dogrudan azaltmaktadir (Ilkin Aydin ve ark., 2024). Hemsireler, gegici barinma
merkezlerinde hijyen eksikligine bagli salginlar1 6nlemek amaciyla el hijyeni, giivenli tuvalet kullanima,
su sanitasyonu ve emzirme teknikleri gibi konularda grup egitimleri diizenlemekte; 6zellikle ergen kiz
cocuklar1 ve ilk gebeligini yasayan kadinlar i¢in temel bir rehber konumuna gelmektedir (Adkoli ve ark.,
2022; WHO, 2023). Afet ortaminda hizmetlerin sistematik ve kesintisiz sunulabilmesi, hemsirelerin
yonetim, koordinasyon ve liderlik becerilerine yakindan baghdir (Glimiis ve ark., 2024). Hemsireler
sahada saglik ekiplerinin koordinasyonu, vaka triyaji, yiiksek riskli gebelerin sevk planlamasi ve hizmet
akiginin diizenlenmesinde kilit bir gorev iistlenmektedir. Tibbi malzeme stokunun (steril dogum kitleri,
oksijen, ilag vb.) yonetilmesi ve kisitli kaynaklarin en verimli sekilde paylastiriimasi hemsirelerin
liderligi ile saglanmaktadir (Beek ve ark., 2019; UNFPA, 2022). Literatiir, afet sahasinda koordinasyon
eksikliginin anne ve yenidogan oliimlerindeki artisla dogrudan iliskili oldugunu gostermekte; bu nedenle
hemsgirelerin kriz aninda inisiyatif alarak ekipleri yonlendirmesinin hasta giivenligi agisindan kritik
oldugunu vurgulamaktadir (Simsek ve Giindiiz, 2021; Yildirim, & Uran, 2023). Es zamanlh olarak
hemsgireler, kanita dayali uygulayici ve arastirici rolleriyle sahada kargilagilan iireme sagligi sorunlarina
yonelik veri toplamakta, postpartum kanama veya neonatal hipotermi 6nleme gibi uluslararas: acil
miidahale protokollerini (MISP vb.) yerel kosullara uyarlayarak hizmet planlamasimna bir zemin
kazandirmaktadir (Sezgin ve Kartal, 2021; Rijal ve ark., 2020).

Son olarak, afet donemlerinde savunmasiz kalan kadimnlarin, bebeklerin ve ergenlerin haklarimi
gozetmek, hemsirenin en Onemli etik sorumluluklarimdan biri olan savunuculuk roliinii 6n plana
¢ikarmaktadir (Giimiis, 2024; Simsek, & Giindiiz, 2021). Hemsgireler, afet sonrasi artan cinsel giddet
vakalara kars1 magdurlarin gizliliginin korunmasi, muayenelerde mahremiyetin saglanmasi, giivenli
alanlarin olusturulmasi ve dezavantajli gruplarin saglik hizmetlerine esit sekilde erigebilmesi igin aktif
olarak savunuculuk yapmaktadir (UN Women, 2022; Altiok ve ark., 2025). Ayrica insani yardim
stireclerinde menstrual hijyen kitlerinin 6ncelikli insani ihtiya¢ olarak dagitilmasi, gebelerin ve
lohusalarin ~ glivenli barmma imkanlarina kavusturulmas:t gibi konularda karar vericileri
yonlendirmektedir (Yilmaz ve Altiparmak, 2025). Tiim bu rollerin 6tesinde, travma yasamis kadinlara
sunduklar1 psikososyal destek ve kurduklari empatik iletisim, afetzedelerin iyilesme siirecini
hizlandirmakta ve lireme sagligi hizmetlerinin biitiinciil (holistik) bir yaklagimla tamamlanmasini
saglamaktadir (Ozyer, &Dinger, 2020; Abay ve Abay Celik, 2023; Cobanoglu ve ince, 2025).

SONUC

Afetlerin {ireme ¢agindaki kadinlar ve yenidoganlar i¢in sadece akut bir travma degil, ayn1 zamanda
uzun vadeli ve ¢ok boyutlu bir saglik krizi oldugu goriilmektedir. Afet donemlerinde gebelik
izlemlerinin aksamasimin ve giivenli dogum kosullarinin bozulmasmin preeklampsi gibi ciddi
komplikasyonlara yol agtig1 vurgulanmaktadir. Literatiirdeki ¢alismalara bakildiginda da maternal ve
fetal mortalite ve morbiditeyi arttirdigt vurgulanmaktadir. Bu durum, afet donemlerinde iireme
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saghiginin ikincil bir ihtiya¢ degil, dogrudan bir yasam hakki ve oncelikli miidahale alan1 oldugunu
(Stephens ve Lassa, 2020) bilimsel olarak kanitlamaktadir.

Bu baglamda uluslararast ve ulusal diizeyde gelistirilen ¢ok katmanli hizmet modelleri (MISP, sahra
hastaneleri, mobil iiniteler) anne-yenidogan dliimlerini azaltmada hayati dneme sahip olsa da literatiir
bu modellerin isleyisinde sorunlar oldugunu da ortaya koymaktadir (Simsek ve Giindiiz, 2021; Ilkin
Aydin ve ark., 2024). Adkoli ve ark. (2022) ile Cakmak ve ark. (2018), lojistik yetersizlikler, tedarik
zinciri problemleri ve sevk sisteminin ¢okmesinin bu modellerin uygulanabilirligini engelledigini
vurgulamaktadir. Bununla birlikte bu modellerin sahadaki basarisini etkileyen temel zincirlerden birisi
saglik profesyoneli olan hemsirelerdir. Hizmetin merkezinde yer alan hemsirelerin bilgi, beceri ve
liderlik kapasitesiyle dogrudan iliskilidir. Ozellikle cinsel siddet vakalarma miidahale ve menstrual
hijyen yonetimi konularindaki yetersizlikler insani yardim siireglerinde iireme sagligi hizmetlerinin
sadece medikal degil, sosyokiiltiirel engellerle de (mahremiyet eksikligi, stigma) karsilastigim
gostermektedir (Demirbag ve ark., 2023; UN Women, 2022). Bu baglamda literatiir, kagit iizerindeki
modellerin sahadaki basarisinin, esnek, iyi koordine edilmis ve saglik profesyonellerine baglh oldugu
noktasinda birlesmektedir.

Bu noktada hemsirelerin rolii, literatiirde klasik "bakim verici" sinirlarinin ¢ok 6tesine taginarak; kaotik
afet ortamlarinda bakim verici, danigman, egitici, koordinator ve savunucu rolleriyle sistemin kilit
konumundadir. Ornegin, menstrual hijyenin saglanmasi ve cinsel siddet magdurlarinin mahremiyetinin
korunmasi gibi konularda hemsirelerin tistlendigi "savunuculuk” rolii; enfeksiyondan korunma yollar
ve aile planlamasi hakkinda diizenlenen egitimler ‘‘egitici’” rolii 6n plana ¢ikmaktadir. Ayrica,
psikososyal destegin ve empatik iletisimin “iyilestirici" bir etkiye sahip oldugu gercegi 6n plana
¢ikmaktadir (Ozyer, & Dinger, 2020; Abay, & Celik Abay, 2023). Bunlarla birlikte, afet sahasindaki
kaosun ve koordinasyon eksikliklerinin ancak hemsirelerin etkin yonetim ve triyaj becerileriyle
agilabilecegini ele almaktadir (Simsek, & Giindiiz, 2021; Giimiis ve ark., 2024). Sonug olarak, afet
hemsireliginin sadece klinik bir miidahale degil, ayn1 zamanda bir kriz yonetimi disiplini oldugunu
acikca gostermektedir. Afet donemlerinde iireme saglig1 hizmetlerinin gii¢lendirilmesi igin; uluslararasi
standartlarin ulusal afet politikalarina tam entegrasyonu, hemsirelere yonelik afet odakli ireme saglig
kriz yonetimi egitimlerinin yayginlastirilmasi ve cinsel siddet ile menstrual hijyen gibi siklikla ihmal
edilen alanlara yonelik 6zel stratejiler gelistirilmesi hem kriz aninda yasam kurtarmak hem de afet
sonrasi toplumsal iyilesmeyi saglamak adina gereklidir.
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OZET

Yutma bozuklugu (disfaji), ozellikle akut ndrolojik olaylar ve ndrodejeneratif hastaliklar
sonrasinda sik goriilen ve erken donemde tanilanmadiginda aspirasyon pndmonisi, malniitrisyon,
uzamis hastane yatisi ve mortalite artisi ile iliskili dnemli bir klinik sorundur. Bu ¢aligmanin amaci,
akut ve norodejeneratif popiilasyonlarda kullanilan yutma bozuklugu tarama araglarinin klinik
kullanilabilirligini, kanita dayali gegerlilik diizeylerini ve sinirhiliklarini giincel literatiir
dogrultusunda degerlendirmektir. Calisma, 2000-2025 yillar1 arasinda yaymmlanmis hakemli
arastirmalar temel alinarak hazirlanmis bir anlat1 derlemedir. Su temelli testler, hacim-viskozite
kontrollii protokoller, basamakli tarama araglari ve ¢ok boyutlu degerlendirme o6lgekleri
karsilagtirmali olarak incelenmistir. Bulgular, Yale Yutma Protokolii ve 3 oz Su Testi gibi araglarin
yiiksek duyarlilik sundugunu, ancak viskozite duyarlilig1 agisindan sinirlt kaldigini géstermektedir.
V-VST ve GUSS gibi protokoller farkli kivamlarda yutma giivenligini degerlendirme avantaji
sunarken uygulama siiresi ve klinik kosullara bagli degiskenlikler dikkate alinmalidir. Mevcut
tarama araglarmin hicbirinin sessiz aspirasyonu tam giivenilirlikle saptayamadigi goriilmektedir.
Son yillarda dijital analiz sistemleri ve sensor temelli teknolojiler tarama siireclerinde tamamlayici
yaklasimlar olarak 6ne ¢ikmaktadir. Sonug olarak, test secimi hasta profiline ve klinik ortama gore
belirlenmeli; standardizasyonun gliclendirilmesi ve teknolojik entegrasyonun artirilmasi
gelecekteki uygulamalar igin kritik goriinmektedir.

Anahtar Kelimeler: Disfaji, yutma taramasi, aspirasyon, norodejeneratif hastaliklar, klinik
degerlendirme
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ABSTRACT

Dysphagia is a common clinical condition in acute neurological events and neurodegenerative
diseases and is associated with aspiration pneumonia, malnutrition, prolonged hospitalization, and
increased mortality when not identified early. The aim of this study is to evaluate the clinical utility,
evidence-based validity, and limitations of dysphagia screening tools used in acute and
neurodegenerative populations in light of current literature. This study is a narrative review based
on peer-reviewed research published between 2000 and 2025. Water-based tests, volume-viscosity
controlled protocols, stepwise screening tools, and multidimensional assessment scales were
comparatively analyzed. Findings indicate that tools such as the Yale Swallow Protocol and the 3-
ounce Water Swallow Test demonstrate high sensitivity, although their ability to assess viscosity-
related safety is limited. Protocols such as V-VST and GUSS provide advantages in evaluating
swallowing safety across different consistencies; however, application time and clinical variability
should be considered. None of the currently available screening tools can reliably detect silent
aspiration. In recent years, digital analysis systems and sensor-based technologies have emerged as
complementary approaches in screening processes. In conclusion, the selection of screening tools
should be tailored to patient profile and clinical setting, while improved standardization and
technological integration appear critical for future practice.

Keywords: Dysphagia, swallowing screening, aspiration, neurodegenerative diseases, clinical
assessment

46




)\ Cukurova International
Congress of Basic and
Applied Sciences

© | INTERNATIONAL
ACADEMIC
PLATFORM

COMPUTATIONAL and EXPERIMENTAL IDENTIFICATION of B-CATENIN/TCF4 PPI
INHIBITORS via DRUG REPURPOSING STRATEGIES

Doc. Dr. Kader SAHIN

Department of Medical Biochemistry, School of Medicine, Bandirma Onyedi Eyliil University,
Balikesir, Tiirkiye

ORCID: 0000-0002-9056-9000

ABSTRACT

Aberrant activation of the Wnt/B-catenin signaling pathway is a hallmark of colorectal cancer and is
largely driven by the interaction between B-catenin and T-cell factor 4 (Tcf4). This protein—protein
interaction possesses a large and shallow binding interface (~4800 A?), which has historically made it
difficult to target using small molecules. However, recent studies have revealed the presence of
druggable hot spot residues within this interface that contribute significantly to binding affinity. In this
study, a structure-based drug repurposing strategy was employed to identify potential inhibitors of the
B-catenin/Tcf4 interaction using a library of FDA-approved drugs. Virtual screening, molecular
docking, molecular dynamics simulations, and MM/GBSA binding free energy calculations were
performed to evaluate the binding stability of candidate compounds. Computational analyses identified
Leucovorin (Folinic acid), Carbenicillin, and Ceforanide as promising molecules capable of interacting
with key P-catenin hot spot residues including Asn430, Lys435, His470, Arg474, and Lys508.
Experimental validation using HT-29 colorectal cancer cells demonstrated that Carbenicillin and
Ceforanide significantly reduced cell viability and inhibited colony formation. These findings suggest
that repurposing FDA-approved drugs may represent a promising strategy for disrupting B-catenin/Tct4
interactions and developing new therapeutic approaches for colorectal cancer.

Keywords: B-catenin, Tcf4, Wnt signaling pathway, molecular docking, drug repurposing, colorectal
cancer

INTRODUCTION

The Wnt/B-catenin (B-cat) signaling pathway plays a central role in embryonic development and adult
tissue homeostasis through self-renewal mechanisms.! In the absence of Wnt ligands, pB-catenin is
targeted for proteasomal degradation by a multiprotein destruction complex consisting of APC, GSK3p,
CKla, and Axin.? Loss-of-function mutations in APC are an early oncogenic event in colorectal cancers
(CRCs) and lead to adenoma formation.> Upon Wnt activation, B-catenin accumulates in the cytoplasm,
translocates to the nucleus, and activates Tcf/Lef transcription factors, driving gene expression programs
that promote proliferation and tumorigenesis. Structurally, B-catenin comprises 781 residues with a
central domain of 12 armadillo repeats responsible for mediating protein—protein interactions. The N-
and C-terminal regions are intrinsically disordered and facilitate additional PPI*®. Dysregulation of this
pathway is implicated in multiple cancer types 7 and pharmacological inhibition, particularly targeting
B-catenin/Tcf4 interactions, is considered a promising anticancer strategy® .
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Class I small molecule inhibitors disrupt the B-catenin/Tcf interaction, thereby preventing transcription
of Wnt target genes. Notable examples include PRI-724, which selectively inhibits the B-catenin/CBP
interaction, as well as CGP049090 and PKF115-584, which target B-catenin/Tcf4, all of which have
shown preclinical efficacy '* '°.

In this study, we employed a physics-based virtual screening approach to identify FDA-approved drugs
capable of interfering with the B-catenin/Tcf4 PPI. By focusing on structurally characterized hot spots
within the Tcf4-binding pocket of B-catenin, we aimed to repurpose clinically available compounds with
known pharmacological profiles. Molecular docking and molecular dynamics simulations allowed
assessment of both initial binding affinity and the conformational stability of the complexes under
dynamic conditions. MM/GBSA calculations further prioritized promising candidates based on
estimated binding free energies. To validate these computational predictions, we performed in vitro
assays including MTT viability, trypan blue exclusion, and colony formation in HT-29 colorectal cancer
cells. This integrated computational and experimental pipeline demonstrates the potential of drug
repurposing for modulating challenging protein—protein interactions and provides a framework for
developing new therapeutic strategies against Wnt-driven cancers.

THEORETICAL FRAMEWORK

The Wnt/B-catenin signaling pathway plays a crucial role in embryonic development, tissue
regeneration, and cellular homeostasis '°. In the absence of Wnt signaling, B-catenin is continuously
degraded by the destruction complex. However, mutations in APC or other regulatory proteins lead to
stabilization and accumulation of B-catenin, which subsequently translocates into the nucleus'’.

Inside the nucleus, B-catenin forms a transcriptional complex with TCF/LEF transcription factors and
activates transcription of oncogenic genes such as MYC and Cyclin D1'¢. Structural studies have shown
that the interaction interface between B-catenin and Tcf4 covers approximately 4800 A2, which makes
it challenging to target using conventional small molecules'®.

Nevertheless, several studies have demonstrated that only a limited number of residues within protein—
protein interfaces contribute most of the binding energy. These residues are referred to as hot spot
residues and represent promising targets for inhibitor design'. In the B-catenin/Tcf4 complex, residues
such as Asn430, Lys435, His470, Arg474, and Lys508 have been identified as key residues stabilizing
the interaction'.

METHODOLOGY
Protein Preparation

High-resolution structure of B-catenin was retrieved from PDB (PDB ID:1JPW). Other chains except
chain A were eliminated in the protein preparation steps. Protein preparation wizard®® was used to
prepare the protein for the docking studies. The assignment of hydrogen bonds, bond ordering, hydrogen
addition, optimization, protein minimization, and deletion of waters beyond 5 A from the hetero groups
were all part of the protein preparation.

Ligand Optimization

Ligprep module (Schrodinger, USA) was used to prepare the 6733 ligands obtained from FDA approved
drugs from NIH's NPC database. This module includes hydrogen addition, 2D to 3D conversion, realistic
bond lengths and bond angles, low energy structure with proper chiralities, ionization states, tautomers,
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stereochemistries, and ring conformations. The OPLS3e force field module was used to minimize all
ligands 2'.

Molecular Docking

Molecular docking has proven to be an effective approach for discovering new drugs that target proteins.
When the structure of a protein is known, protein-ligand docking refers to the search for correct ligand
conformations within that protein?’. Maestro was used to perform molecular docking (Schrodinger LLC
2015, USA). To further understand docking interactions between FDA-approved drugs and target
structure, Glide (SP, standard precision) were conducted. The OPLS3e force field was used for all
molecular modeling.

MD Simulations

In recent years, the use of all-atom MD simulations in molecular biology and drug development have
grown substantially. MD simulations have matured into a useful tool for analyzing macromolecular
structure-function interactions. For larger molecules like proteins, MD is often the approach of choice
for exploring conformational space. For a given molecule, the set of potential atom positions yields a
conformational ensemble profile. MD can also offer data on the molecules' thermodynamic and kinetic
characteristics. MD simulations were carried out to confirm and calculate the docked proteins' stability,
fold, and interactions. For each complex, 100 ns MD simulations were set up. Detailed information

regarding all docking and simulation processes has been provided in our previous studies .

MM/GBSA Binding Free Energy Calculations

The relative binding-free energy (AGuing) of each ligand molecule was calculated using the Prime
MMGBSA method (Prime Version 4.8)>.
Formula expanded is given below:

AGping = Gcomplex - (Greceptor + Gligand)
Substituting into the binding free energy equation:

AGping = AEym + AGsoy + AGsy

Where, AEmu is the molecular mechanics energy, including van der Waals (E.qw) and electrostatic (Ecicc)
interactions, typically expressed eas:

_ complex _ receptor ligand complex __ receptor ligand
AEyy = Evdw (EvdW + Evdw )+ Eelec (Eelec +Eelec )

AGsoty is the polar solvation energy, computed using the Generalized Born (GB) model:
AGsolv — Gé‘gmplex _ (Gggceptor + G(l;gand)

AGsa is the nonpolar solvation contributions, estimated as:

AGsy = v .Dsasa+ B
Where Asasa is the change in solvent accessible surface area upon complex formation, y is the surface
tension coefficient (~0.00542 kcal/mol/A?), and £ is a small empirical offset (~0.92 kcal/mol).
Experimental Validation

The biological activity of selected compounds was evaluated using HT-29 colorectal cancer cells. Cell
viability assays and colony formation assays were performed to determine the anti-proliferative effects
of the candidate compounds.

FINDINGS

According to the in silico results, the compounds that remained stable in the binding pocket and showed
the strongest interactions with the target protein were selected. Among the screened molecules,
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Ceforanide, Leucovorin, and Carbenicillin were identified as the most promising compounds based on
their stability and interaction profiles.

Carbenicillin and Ceforanide significantly reduced the viability of HT-29 cells. Among the tested
compounds, Carbenicillin showed the strongest anti-proliferative effect. In addition, colony formation
of HT-29 cells was strongly inhibited after treatment.

The B-catenin/Tcf4 interaction represents a promising therapeutic target for colorectal cancer. FDA-
approved drug repurposing can significantly accelerate the drug discovery process. Carbenicillin and
Ceforanide emerged as promising candidate compounds based on both computational and experimental
results.

DISCUSSION

The interaction between Tcf4 and P-catenin plays a pivotal role in the transcriptional output of the
canonical Wnt signaling pathway. Structural studies have demonstrated that Tcf4 engages pB-catenin via
its N-terminal region, which binds along a broad, positively charged groove formed by the armadillo
repeat domain of B-catenin. Recent investigations have focused on identifying key "hot spot" residues
within this interface that are essential for high-affinity binding and are therefore promising targets for
therapeutic intervention. A comprehensive alanine-scanning mutagenesis study revealed that several
Tcf4 residues are critically involved in B-catenin binding . In particular, Aspl1, Aspl6, and the
hydrophobic cluster composed of Leu41, Val44, and Leu48 were identified as functionally essential hot
spots 2. These residues contribute to either electrostatic or hydrophobic stabilization of the Tcf4—p-
catenin complex. Notably, the N-terminal segment of Tcf4 adopts a flexible, unstructured conformation,
which poses a significant challenge for direct targeting by small molecules. Due to the lack of defined
binding cavities on the Tcf4 surface, efforts to disrupt the interaction must focus instead on targeting
complementary regions on the -catenin surface that mediate binding to Tcf4.

To this end, Trosset et al.?’

employed computational modeling and surface-mapping algorithms to
analyze the B-catenin/Tcf4 interface. Their analysis identified a small ligandable pocket on B-catenin
encompassing Lys435 and Arg469, corresponding precisely to the contact region for Tcf4 residue
Aspl6, one of the central hot spots. This site was subsequently validated as a promising docking site for
small molecule inhibitors capable of disrupting the B-catenin—Tcf4 interaction.

Building upon this hot spot-based strategy, we conducted a virtual screening (VS) campaign using a
curated library of 6733 FDA-approved compounds. Using the Glide/SP docking protocol, all
compounds were systematically docked into the Lys435/Arg469 pocket on B-catenin, which is spatially
aligned with the critical Asp16 interaction region. In parallel, the three primary interaction hot spots on
the B-catenin surface, previously revealed through alanine scanning of the B-catenin-Tcf4 complex?,
were re-evaluated for their druggability and compatibility with small molecule inhibitors.

This integrative strategy, combining residue-level interaction analysis, ligandability mapping, and
targeted virtual screening, provides a rational foundation for the identification of novel chemical entities
that could selectively disrupt B-catenin—Tcf4 binding and, consequently, modulate Wnt/B-catenin-driven
transcriptional activity in cancer and other Wnt-related pathologies.

A comprehensive study was conducted to identify potential direct inhibitors of B-catenin by VS of the
FDA-approved drug database. Molecular docking was performed to predict the binding poses and
affinities of the compounds at the B-catenin interface, specifically targeting critical residues (Asn430,
Lys435, His470, Argd74 and Lys508) involved in its interaction with Tcf4. The docking analysis
revealed Ceforanide, Leucovorin, and Carbenicillin as promising candidates with strong binding
affinities and favorable interactions with the key amino acids at the B-catenin/Tcf4 binding site.
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Subsequently, 100 ns MD simulations were carried out to evaluate the stability and dynamics of the
docked complexes under physiological conditions. The simulations confirmed that these compounds
maintained stable and persistent interactions with the critical residues of B-catenin throughout the
simulation timeframe (Figure 1).

- Ceforanide

g

Leucovorine

LYS 43

Carbéniciline
Figure 1. Interactions between B-catenin, the identified compounds, and MSAB (used as a
positive control), highlighting key residues involved in the disruption of the protein-protein
interface.

In addition to in silico evaluations, the inhibitory effects of Ceforanide, Leucovorin, and Carbenicillin
were validated in vitro. These compounds demonstrated significant disruption of the B-catenin/Tcf4
interaction, as evidenced by their ability to inhibit downstream signaling and reduce p-catenin-mediated
transcriptional activity in cell-based assays. These findings suggest that Ceforanide, Leucovorin, and
Carbenicillin have strong potential as direct inhibitors of B-catenin, warranting further investigation for
therapeutic applications.

Our results also reveal that Carbenicillin and Ceforanide, two well-known B-lactam antibiotics, exhibit
notable anti-proliferative and anti-clonogenic effects on HT-29 colorectal cancer cells, demonstrating
activity profiles comparable to MSAB, a benchmark inhibitor of the Wnt/B-catenin signaling pathway.
While originally developed for antibacterial purposes, both compounds possess structural features, such
as negatively charged carboxyl groups and conformational rigidity, that may enable them to mimic key
interaction motifs of the Tcf4 transcription factor, particularly Aspl6, which interacts with the
Lys435/Arg469 hot spot on B-catenin. This suggests that Carbenicillin and Ceforanide may interfere
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with the B-catenin—Tcf4 PPI, thereby impeding Wnt-driven transcriptional activation. These findings not
only highlight a previously unrecognized off-target effect of these antibiotics but also underscore their
potential for repurposing as modulators of Wnt/B-catenin signaling. Consequently, Carbenicillin and
Ceforanide emerge as promising candidates for further preclinical evaluation in targeted colorectal
cancer therapy (Figure 2). In summary, this work highlights the B-catenin/Tcf4 interaction as a valid
drug target in colorectal cancer and presents Carbenicillin and Ceforanide as a promising candidate for
further development. These findings pave the way for innovative therapeutic strategies that could
ultimately improve outcomes for patients with Wnt-driven malignancies.
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Figure 2. Wnt inhibitors treatment reduced the cell viability of HT-29 cells in dose- and time-
dependent manner. HT-29 cells were treated with Leucovorin (Folinic acid), Carbenicillin,
Ceforanide a. 0.5-100 nM for 24 h, b. 0.5-100 nM for 48 h, c. 1-10 uM for 24 h, d. 1-10 uM 48
h. Following, the MTT viability assay was used performed for each dose of drugs. * p:< 0.05
*# p: 0.01, ***p: <0.001.

CONCLUSION

This study provides a comprehensive investigation into the inhibition of the -catenin/Tcf4 interaction
within the Wnt/B-catenin signaling pathway, an essential regulator of oncogenic transcriptional activity
in colorectal cancer. Given the pivotal role of B-catenin/Tcf4 interactions in Wnt-mediated oncogenesis,
disrupting this PPI represents a viable strategy for therapeutic intervention. Despite the extensive surface
area of the B-catenin/Tcf4 interface (~4800 A?), the presence of specific "hot spots" makes it amenable
to targeted inhibition by small molecules. Through a rigorous structure-based VS approach, we screened
an FDA-approved drug library comprising 6,733 compounds and identified Leucovorin, Carbenicillin,
and Ceforanide as lead compounds that demonstrated strong binding affinities to the critical f-catenin
residues (Asn430, Lys435, His470, Arg474, and Lys508) involved in Tcf4 binding. Subsequent 100 ns
MD simulations confirmed the stability and persistence of these interactions, underscoring their
potential as direct inhibitors of B-catenin. /n vitro validation using MTT cell viability, trypan blue
exclusion, and colony formation assays corroborated the computational predictions. Moderate
concentrations (1-10 uM) of the tested compounds significantly suppressed cell viability in HT-29
colorectal cancer cells, with Carbenicillin exhibiting superior anti-proliferative activity compared to
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Ceforanide and Leucovorin. Notably, Carbenicillin inhibited colony formation more effectively than the
other compounds, suggesting its strong potential as a B-catenin/Tcf4 interaction disruptor. The
consistency of inhibitory effects of Carbenicillin across multiple assays indicates a robust mechanism
of action linked to the disruption of Wnt target gene transcription.

This study demonstrates that the integration of computational and experimental methodologies can
streamline the drug discovery process, enabling the identification of promising candidates for targeting
previously undruggable PPIs. Importantly, the successful repurposing of FDA-approved drugs such as
Carbenicillin and Ceforanide not only accelerates the path to clinical translation but also reduces the
risks associated with drug development. Future research should focus on optimizing these lead
compounds through structure-activity relationship (SAR) studies to enhance binding affinity and
specificity. Additionally, evaluating the efficacy of Ceforanide and Carbenicillin in 3D tumor organoids
and in vivo models will provide critical insights into its pharmacodynamics and potential off-target
effects. Combination therapy with existing chemotherapeutic agents may also offer synergistic benefits
by further potentiating Wnt pathway inhibition.

Our results reveal that Carbenicillin and Ceforanide, two well-known [-lactam antibiotics, exhibit
notable anti-proliferative and anti-clonogenic effects on HT-29 colorectal cancer cells, demonstrating
activity profiles comparable to MSAB, a benchmark inhibitor of the Wnt/B-catenin signaling pathway.
While originally developed for antibacterial purposes, both compounds possess structural features, such
as negatively charged carboxyl groups and conformational rigidity, that may enable them to mimic key
interaction motifs of the Tcf4 transcription factor, particularly Aspl6, which interacts with the
Lys435/Arg469 hot spot on B-catenin. This suggests that Carbenicillin and Ceforanide may interfere
with the B-catenin—Tcf4 PPI, thereby impeding Wnt-driven transcriptional activation. These findings
not only highlight a previously unrecognized off-target effect of these antibiotics but also underscore
their potential for repurposing as modulators of Wnt/B-catenin signaling. Consequently, Carbenicillin
and Ceforanide emerge as promising candidates for further preclinical evaluation in targeted colorectal
cancer therapy. In summary, this work highlights the B-catenin/Tcf4 interaction as a valid drug target in
colorectal cancer and presents Carbenicillin and Ceforanide as a promising candidate for further
development. These findings pave the way for innovative therapeutic strategies that could ultimately
improve outcomes for patients with Wnt-driven malignancies.
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OZET

Niikleer enerji santrallerinin igletmeye alinmasindan 6nce giivenilir temel (referans) veriler kullanilarak
cevresel radyasyon seviyelerinin dogru sekilde belirlenmesi, uzun vadeli radyolojik etki
degerlendirmeleri, ¢evre koruma stratejilerinin gelistirilmesi ve halkin bilinglendirilmesi agisindan
biiyiik 6nem tagimaktadir. Isletme dncesi izleme galismalari, dogal arka plan radyasyonunu olasi tesis
kaynakli katkilardan ayirarak referans degerlerin olusturulmasini saglar. Bu ¢aligmada, Tiirkiye’nin ilk
niikleer enerji tesisi olan Akkuyu Niikleer Gii¢ Santrali c¢evresinde kapsamli bir isletme Oncesi
radyolojik degerlendirme gerceklestirilmis ve giivenilir bir temel veri seti olusturulmustur. Calisma
kapsaminda g¢evre alanlarindan toprak, plaj kumu, deniz suyu, yeralti1 suyu ve yerel gida ornekleri
toplanmistir. Dogal olarak bulunan ***Ra, >**Th ve “°K radyoniiklitleri yiiksek ¢6ziiniirliikli HPGe gama
spektrometrisi ile hassas sekilde dl¢lilmiistiir. Su 6rneklerinde toplam alfa ve beta aktiviteleri belirlenmig
ve elde edilen sonuglar Diinya Saglhk Orgiitii (WHO) icme suyu rehber degerleri ile karsilastirilmustir.
Ayrica agik alanlarda ambiyans gama doz hizini degerlendirmek amaciyla saha 6l¢timleri yapilmistir.
Elde edilen sonuglar, tim 6rneklerde dogal radyoniiklit seviyelerinin uluslararasi bildirilen arka plan
degerleri iginde oldugunu ve yapay radyoniiklitlerin tespit edilmedigini gostermektedir. A¢ik alandaki
gama doz hizlar1 0,07-0,11 pSv h™' arasinda 6l¢iilmiis olup, bolgenin radyolojik profilinin tamamen
dogal kaynaklardan kaynaklandigini ve giivenilir bir referans veri setinin olusturuldugunu
dogrulamaktadir. Bu bulgular, tesisin isletme asamasinda uygulanacak cevresel izleme programlari i¢in
saglam bir temel saglayarak potansiyel ¢evresel etkilerin erken tespitini miimkiin kilmakta ve kamu ile
diizenleyici otoritelere giivenilir bilgi sunulmasini temin etmektedir. Bu baglamda, isletme 6ncesi temel
verilerin olusturulmasi, yalnizca enerji giivenligini saglamak i¢in degil, ayn1 zamanda g¢evresel ve

toplumsal risklerin etkin yonetimi agisindan da temel bir gerekliliktir.

Anahtar Kelimeler: Cevresel radyasyon, gama doz hizi, dogal radyontiklitler, cevresel izleme, referans

veriler, isletme Oncesi
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ABSTRACT

The accurate determination of environmental radioactivity using reliable baseline data prior to the
operation of nuclear power plants is of critical importance for long-term radiological impact assessment,
the development of environmental protection strategies, and raising public awareness. Pre-operational
monitoring studies enable the establishment of reference values by distinguishing natural background
radiation from potential plant-related contributions. In this study, a comprehensive pre-operational
radiological assessment was conducted in the vicinity of the Akkuyu Nuclear Power Plant, Tiirkiye’s
first nuclear power facility, and a reliable baseline dataset was established. Within the scope of the study,
soil, beach sand, seawater, groundwater, and local food samples were collected from the surrounding
area. The naturally occurring radionuclides *Ra, 2*?Th, and “°K were precisely measured using high-
resolution HPGe gamma spectrometry. Total alpha and beta activities in water samples were determined
and the obtained results were compared with the World Health Organization (WHO) guideline values
for drinking water. In addition, in situ measurements were performed in open areas to evaluate ambient
gamma dose rates. The results indicate that natural radionuclide levels in all samples fall within
internationally reported background ranges and that no artificial radionuclides were detected. Outdoor
gamma dose rates were measured between 0.07 and 0.11 uSv h™', confirming that the radiological profile
of the area is entirely attributable to natural sources and that a robust reference dataset has been
established. These findings provide a solid and reliable foundation for environmental monitoring
programs to be implemented during the operational phase of the plant, enabling the early detection of
potential environmental impacts and ensuring the provision of trustworthy information to the public and
regulatory authorities. In this context, the establishment of pre-operational baseline data constitutes a
fundamental requirement not only for ensuring energy security but also for the effective management of
environmental and societal risks.

Keywords: Environmental radioactivity, gamma dose rate, natural radionuclides, environmental

monitoring, reference data, pre-operational

1. GIRiS
Niikleer enerji, enerji gilivenliginin saglanmasi, fosil yakit bagimliliginin azaltilmasi ve sera gazi
emisyonlariin kontrolii hedefleri dogrultusunda, giiniimiiz kiiresel enerji stratejilerinde kritik bir rol
oynamaktadir (World Nuclear Association, 2023; IAEA, 2021a). Diisiik karbon salimi ve yiiksek enerji
iiretim kapasitesi nedeniyle pek ¢ok iilke, niikleer enerjiyi siirdiiriilebilir ve giivenilir bir enerji kaynagi
olarak degerlendirmektedir (NEA, 2020; IPCC, 2022). Bu 6zellik, niikleer enerjiyi hem iklim degisikligi
ile miicadelede hem de enerji arz giivenliginin saglanmasinda stratejik bir segenek haline getirmektedir
(OECD/NEA, 2019). Ayrica, kiiresel elektrik talebindeki hizli artig, diisiikk karbonlu ve siirekli enerji
kaynaklarina olan ihtiyaci artirmakta; bu baglamda niikleer enerji, yiiksek kapasite ve giivenilirlik

saglayabilme 6zelligi ile stratejik bir segenek olarak one ¢ikmaktadir.
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Ancak, niikleer gii¢ santrallerinin kurulumu ve isletilmesi, halk giivenligi ve ¢evresel koruma agisindan
ciddi sorumluluklar getirmektedir. Niikleer gii¢ santrallerinin isletmeye alimmasindan once ¢evresel
radyoaktivitenin dogru ve gilivenilir bir temel veri ile belirlenmesi, uzun dénemli radyolojik etki
degerlendirmesi, ¢evresel koruma stratejilerinin olusturulmasi ve halkin bilinglendirilmesi agisindan
kritik 6neme sahiptir (IAEA, 2010; UNSCEAR, 2020). Bu nedenle, santral sahasi ve ¢evresinde
sistematik ve kapsamli cevresel izleme programlarinin uygulanmasi zorunludur (IAEA, 2010;
UNSCEAR, 2008). Uluslararas: kilavuzlar, tesis devreye alinmadan 6nce isletme oncesi radyolojik
durumun belirlenmesini ve bu verilerin uzun dénemli referans olarak saklanmasini 6nermektedir (IAEA,
2005; IAEA, 2011). Isletme oncesi referans veriler, olast santral kaynakli radyolojik etkilerin dogru
sekilde tespit edilmesi ve dogal radyasyon arka planimmin mekéansal ve zamansal varyasyonlarinin
anlagilmasi i¢in kritik 6neme sahiptir (UNSCEAR, 2020; Khan et al., 2019).

Dogal radyoniiklitler olan *?°Ra, *2Th ve “°K, karasal dis 1sinlamaya en biiyiik katkiy1 saglayan baslica
radioniiklitlerdir (UNSCEAR, 2008; IAEA, 2010). Toprak kaynakli bu dogal radyasyon, insanin maruz
kaldig1 toplam dogal radyasyon dozunun 6nemli bir kismin1 olusturmaktadir. Bu nedenle, isletme oncesi
referans izleme ¢alismalari, dogal radyasyon seviyelerinin belirlenmesi ve olasi antropojenik katkilarin
ayristirilabilmesi agisindan temel bir gerekliliktir (Kumar et al., 2018; Nisa et al., 2021).

Birlesmis Milletler Atomik Radyasyonun Etkileri Bilimsel Komitesi (UNSCEAR, 1982, 1993)
raporlaria gore, Diinya siirekli olarak uzaydan gelen yiiksek enerjili pargcaciklarin etkisi altindadir. Bu
kozmik 1smlarin ¢ogunu protonlar olusturmakta olup, yogunluklar1 Giines aktivitesi, Diinya’nin
manyetik alani ve rakim gibi faktorlere bagli olarak degismektedir. Atmosfer, kozmik 1sinlarin 6nemli
bir kismin1 absorbe ederek yeryiiziindeki biyolojik sistemler i¢in dogal bir kalkan gorevi gérmektedir.
Deniz seviyesinde, kozmik radyasyon kaynakli ortalama yillik etkin doz yaklasik 270-380 pSv/yil
olarak tahmin edilmektedir (UNSCEAR, 1982, 1993).

Canlilar iyonlastiric1 radyasyona yalnizca digsal olarak degil; solunum, sindirim ve deri temasi ile de
icsel olarak maruz kalmaktadir (TAEK, 2011). I¢ 1smlamanin baslica kaynaklar1 radon gazi ve kisa
omiirlii bozunma triinleri ile yiyecek ve i¢ceceklerde bulunan dogal radyoniiklitlerdir (*°K, 238U, 232Th).
Ortalama yillik i¢sel doz yaklasik 0,3 mSv olup, bunun yarisi potasyum-40 kaynaklidir. Dissal maruziyet
ise kozmik 1smlar ve karasal radyoniiklitlerden kaynaklanmaktadir.

Tiirkiye’de yapilan 6l¢iimler, dogal radyoniiklitlerin bolgesel dagilimimi ortaya koymaktadir. Karahan
ve Bayiilken (1999), istanbul’da yiizey topraklarindaki ortalama aktivite konsantrasyonlarin1 28U: 21
Bq/kg, 22Th: 37 Bg/kg ve “°K: 342 Bq/kg olarak raporlamis, yillik dissal etkin doz esdegerini yaklagik
80 nSv/yil olarak belirlemistir. Al-Jundi ve ark. (2003) Urdiin’de toprak drneklerinde 238U: 22-104
Bqg/kg, #2Th: 21-103 Bg/kg ve °K: 138-601 Bg/kg araliklarinda 6l¢iimler yapmis ve gama doz hizlarini
hesaplamistir. Akkurt ve ark. (2004) ise Isparta’da Nal(TIl) kristalli portatif monitdr ile gama doz
hizlarin1 2,43-37,54 uR/h araliginda belirlemistir. Temugin & Aliagaoglu (2003) calismasinda ise
niikleer enerji kavrami Tiirkiye baglaminda degerlendirilmis ve enerji politikalari, ¢evresel etkiler ile

toplumsal algilar ¢er¢evesinde stratejik analizler sunulmustur.
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Su ve besin ornekleri lizerinden yapilan arastirmalar da dogal radyoniiklitlerin insan saglig1 lizerindeki
potansiyel etkilerini ortaya koymaktadir. Yeralt1 ve yiizey sularinda yapilan analizler, toplam alfa ve
beta aktivitelerinin Diinya Saglik Orgiitii (WHO, 2017) tarafindan belirlenen igme suyu giivenlik kilavuz
degerlerinin oldukga altinda oldugunu gostermektedir. Benzer sekilde, gida 6rneklerindeki radyoaktivite
diizeyleri de normal aralikta bulunmustur (Demirtash, 1975; TAEK, 2011).

El tipi ve tasmabilir radyasyon Olgerler ile yapilan ¢alismalar, sahada anlik doz hiz1 dl¢timlerinin etkin
bir sekilde gerceklestirilmesine olanak tanimaktadir. Tiirkiye Enerji, Niikleer ve Maden Arastirma
Kurumu (TENMAK, 2023) tarafindan gelistirilen sabit ve tasinabilir cihazlar, sahada sabit dl¢lim,
ortalama alma ve hizli tarama modlarinda kullanilabilir hale getirilmis ve radyasyon izleme sistemleriyle
entegre edilmistir. Orta Dogu Teknik Universitesi (ODTU, 2023) tarafindan gelistirilen tagimabilir el tipi
radyasyon Olgerler ise internet iizerinden ¢evrimigi izleme olanagi sunmakta, diisiik maliyetli, yliksek
dogrulukta ve kullanici dostu bir sistem ile mobil izleme aglarinin kurulmasina ve afet durumlarinda
hizl1 doz haritalarinin ¢ikarilmasina katki saglamaktadir. Bu ¢alismalar, dogal radyasyon kaynaklarinin
belirlenmesi, su ve besin Orneklerinde radyoniiklit diizeylerinin izlenmesi ve modern oOlgiim
teknolojilerinin sahada uygulanabilirliginin degerlendirilmesi agisindan Onemli bir temel
olusturmaktadir.

Tiirkiye’nin giineyinde, Mersin ili Giilnar ilgesi sinirlar1 icinde, Akdeniz kiyisinda konumlanan Akkuyu
Niikleer Gii¢ Santrali, iilkenin ilk niikleer enerji tesisi olma 6zelligi ile ¢evresel izleme galigmalarinda
onemli bir 6rnek teskil etmektedir (TUBITAK, 2020; Sénmez ve ark., 2022). Kiy1 konumu, ekolojik
hassasiyeti ve bolgedeki yerlesim diizeni nedeniyle, santral ¢evresinde kapsamli bir igletme Oncesi
radyolojik degerlendirme yapilmasi ve elde edilen verilerin referans veri seti olarak kaydedilmesi
zorunludur (IAEA, 2011; Akkuyu NGS Raporu, 2023).

Bu calismada motivasyonum, Akkuyu NGS cevresinde isletme 6ncesi radyolojik durumun eksiksiz ve
giivenilir bir sekilde belirlenmesini saglamaktir. Bu amagla, santral ¢evresinden toprak, su, plaj kumu
ve yerel gida ornekleri toplanmis, dogal radyoniiklitlerin Sl¢iimii gergeklestirilmis ve giivenilir bir
referans veri seti olusturulmustur. Ornekleme ve &lgiim siireglerinde her parametre en az iki kez
tekrarlanmis ve ortalama degerler referans veri setine dahil edilmistir; bu yaklasim 6l¢iim giivenilirligini
artirmaktadir. Elde edilen veriler, santralin isletme doneminde yiiriitilecek izleme programlart igin
temel olusturacak ve ¢evresel etkilerin erken tespiti ile halk ve diizenleyici kurumlar i¢in giivenilir bilgi
saglayacaktir (Demirtasl, 1975; WHO, 2017).

2.MATERYAL VE YONTEM

Bu ¢alismada, Akkuyu Niikleer Gii¢ Santrali (NGS) ¢evresinde isletme Oncesi ¢evresel radyoaktivite
diizeylerini belirlemek amaciyla kapsamli bir gama spektrometrik analiz programi uygulanmustir.
Olgiimler, yiiksek saflikta germanyum (HPGe) dedektdr sistemi kullanilarak gerceklestirilmis ve
dedektdriin enerji ile verim kalibrasyonu, sertifikali referans materyaller kullanilarak yapilmistir. Tim

analizler, uluslararasi kalite giivence ve kalite kontrol (QA/QC) ilkelerine uygun sekilde yiiriitiilmiis ve
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Minimum Algilanabilir Aktivite (MDA) degerleri hesaplanarak Olciimlerin giivenilirligi saglanmistir
(IAEA, 2010).

Calismada kullanilan 6rnekler, farkli cevresel matrisleri temsil edecek sekilde sistematik olarak secilmis
ve toplanmugtir. Ornekler arasinda toprak, plaj kumu, deniz suyu, yeralt1 suyu ve yerel gida iiriinleri yer
almaktadir. Ornekler, santral sahasi ve cevresindeki farkli mesafelerde belirlenmis noktalardan alinmus,
laboratuvar oncesi hazirlik siirecinde kurutulmus, 6giitiilmiis ve homojenize edilmistir. Bu hazirlik
islemleri, 6l¢iimlerde yiiksek dogruluk ve tutarlilik elde edilmesini saglamaktadir.

Su orneklerinde, toplam alfa ve toplam beta aktiviteleri, standart radyometrik yontemler kullanilarak
belirlenmis ve sonuglar, Diinya Saglhk Orgiitii (WHO, 2017) tarafindan belirlenen igme suyu kalite
kilavuz degerleri ile karsilagtirilmistir. Bu karsilagtirmalar, su kaynaklariin giivenligini degerlendirmek
ve dogal radyasyon seviyelerinin uluslararasi standartlarla uyumunu kontrol etmek agisindan kritik
Oneme sahiptir.

Olgiimlerin giivenilirligini artirmak amaciyla, her rnek referans materyallerle karsilastirilmis, tekrarl:
Olciimler yapilmis ve siire¢ boyunca kapsamli kalite kontrol prosediirleri uygulanmistir. Bu yontemsel
yaklagim, hem dogal radyoniiklit konsantrasyonlarinin dogru bir sekilde belirlenmesini hem de isletme
Oncesi referans veri setinin giivenilir bir sekilde olusturulmasini saglamaktadir.

Sonug¢ olarak, uygulanan kapsamli yontem, santral sahasinda ve cevresinde dogal radyasyon
seviyelerinin detayl1 ve giivenilir bir sekilde degerlendirilmesine olanak tanimakta ve elde edilen veri
seti, gelecekte yapilacak gevresel izleme calismalarina saglam bir bilimsel temel olusturmaktadir.
Ayrica, titizlikle uygulanan yontemler, elde edilen sonuglarin tekrarlanabilirligini ve uluslararasi
karsilastirabilirligini garanti etmektedir.

2.1. CALISMA ALANI

Konum ve Genel Ozellikler, Akkuyu Niikleer Gii¢ Santrali, Tiirkiye nin giiney kiyisinda, Mersin ili,
Giilnar ilgesi sinirlarinda, Biiyiikeceli Bucak Merkezi’nin Akkuyu mevkiinde yer almaktadir. Santral,
Icel il merkezine yaklasik 150 km, Silifke—Anamur karayolu iizerinde konumlanmustir. Cevresindeki
yerlesim alanlar1 siurlt olup, Sipahili, Yanishi, Kogasli, Haciisakli, Isikli ve Akdere kodyleri en yakin
yerlesim birimleridir (DPT, 2008). Bolgenin deniz kiyisinda ve yogun ticari—endiistriyel faaliyetlerden
uzak bir noktada bulunmasi, ¢evresel izleme c¢alismalarmin giivenilir bir referans veri olusturmasina
olanak saglamaktadir. Bu 6zelligiyle Akkuyu, isletme 6ncesi dogal radyasyon seviyelerinin belirlenmesi
acisindan stratejik dneme sahiptir.

Jeolojik ve Topografik Ozellikler, Arastirma alam, Orta Toros Kusagi’nin giiney-orta kesiminde yer
almakta olup, doguda Ecemis Fayi, batida ise Hadim Napz ile sinirlanmistir (Doyuran, 1986). Bolgede
yiizeylenen formasyonlar arasinda Biiyiikeceli Formasyonu (Ust Permiyen), Kargicak Formasyonu (Alt
Triyas) ve Kus Yuvasi Tepe Formasyonu (Orta Triyas) bulunmaktadir (Demirtagli, 1975; 1978). Santral
sahasi, Biyiikeceli antiklinalinin giiney kanadinda konumlanmig olup, alanda aktif fay gdzlemi
yaptlmamustir (Doyuran, 1986). Topografya, Adaini Sirt1 ile Ince Burun Tepesi arasinda uzanan

giineybati bakili yamaglar ve diizliiklerden olugsmaktadir; arazi ortalama yliksekligi 200 m, en yiiksek
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nokta ise 270 m’dir. Arazi egimi %20-30 civarinda olup, bu topografik yap1 hem yiizey su akigini hem
de toprak ortiisiinii etkilemektedir (Toprak Su Genel Midiirliigi, 1974).

Hidroloji ve Bitki Ortiisii, Akkuyu gevresi, ii¢ ana su kaynagiyla karakterizedir: akarsular, deniz suyu
ve yeralt1 sular1. Bolgede kisa ve diizensiz akis gosteren baslica akarsular Zeytin Catagi, Biiylikeceli ve
Sarp Caylaridir; yaz aylarinda bu akarsularin biiyiik kismi1 kuruma egilimindedir. Yeralt1 suyu seviyeleri,
mevsimsel degisimlere bagli olarak kisin +8,5 m, yazin +1,5 m arasinda farklilik gostermektedir
(Doyuran, 1986).

Bitki ortiisii, tipik Akdeniz karakteri sergilemekte olup, kizilgam ormanlari, maki ve garig tiirleri
yaygindir. Insan etkisinin yogun oldugu alanlarda ise garig ve frigana tiirleri baskin olarak gériilmektedir
(Efe et al., 2010). Bu dogal ve hidrolojik 6zellikler, santral ¢evresinde yapilan toprak, su ve gida
orneklemelerinin, dogal radyasyon seviyelerini temsil etmesi ve referans veri olarak kullanilabilmesi
acisindan kritik 6neme sahiptir.

Sonug olarak, ¢aligma alaninin konumu, jeolojisi, topografyasi, hidrolojik yapisi ve bitki ortiisii, Akkuyu
NGS evresinde isletme Oncesi dogal radyasyon seviyelerini belirlemek i¢in ideal bir referans ortam
saglamaktadir. Bu kapsamli ¢cevresel karakterizasyon, 6l¢iim sonuglarinin giivenilirligini artirmakta ve

ileriye doniik radyasyon izleme caligsmalarina saglam bir temel olusturmaktadir.
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Sekil 1. Akkuyu NGS Proje Sahasi Haritas1
3. BULGULAR VE TARTISMA
3.1. TOPRAKTA DOGAL RADYONUKLIT AKTIiVITE KONSANTRASYONLARI
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Akkuyu Niikleer Gii¢ Santrali (NGS) ¢evresinde yapilan toprak analizleri, ***Ra, #*2Th ve “°K dogal
radyoniiklitlerinin aktivite konsantrasyonlarini belirlemek amaciyla gergeklestirilmistir. Elde edilen
Ol¢lim sonuglari, uluslararasi literatiirde bildirilen dogal arka plan degerleri ile uyumludur ve bdlgedeki
topraklarin radyasyon seviyelerinin giivenli aralikta oldugunu gdstermektedir (UNSCEAR, 2008).
Toprak orneklerindeki kiigiik farkliliklar, bolgesel jeolojik yapmnin ve mineral bilesiminin dogal bir
yansimasidir. Bu varyasyonlar, dogal radyasyon seviyelerinin mekénsal degiskenliginin beklenen bir
gostergesidir ve insan kaynakli radyoaktif katki bulunmadigini dogrulamaktadir.

UNSCEAR (2020) raporlarina gére diinya genelinde ortalama toprak konsantrasyonlar yaklasik olarak
226Ra: 35 Bq/kg, **Th: 30 Bq/kg ve “°K: 400 Bq/kg diizeyindedir. Bu ¢calismada Slciilen degerler, diinya
ortalamalar1 ile uyumludur ve Akkuyu cevresinde olusturulan isletme Oncesi referans veri setinin

giivenilir bir temel olusturdugunu goéstermektedir.

Tablo 1. Toprak Orneklerinde Dogal Radyoniiklit Aktivite Konsantrasyonlart

Radyoniiklit Bu Calisma (Bg/kg) Diinya Ortalamasi (Bq/kg) Degerlendirme

*>Ra 63.1£6.1 35 Uyumlu
**Th 57.7+£52 30 Uyumlu
“K 949.4 £93.9 400 Uyumlu
*Diinya ortalamalart UNSCEAR (2008, 2020) raporlarindan alinmustr.
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Sekil 2. Toprak drneklerindeki ?>°Ra, 2*Th ve “°K aktivite konsantrasyonlarinin karsilagtirmasi
(Bg/kg).
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Sekil 3. Akkuyu NGS sahasinda N1-N5 6rnekleme noktalarindan alinan toprak drneklerindeki dogal
radyoniiklit konsantrasyonlar1 (Bq/kg). Kesikli ¢izgi diinya ortalama degerlerini, hata ¢ubuklar1 ise

Ol¢tim belirsizliklerini gostermektedir.

Bu bulgular, Akkuyu NGS sahasinda topraklarin dogal radyasyon diizeylerinin homojen oldugunu ve
antropojenik etki olmadigim gostermektedir. Isletme 6ncesi referans veri seti, gelecekte yapilacak uzun
donemli izleme ¢aligmalarinda karsilastirma ve trend analizleri i¢in giivenilir bir temel saglamaktadir.
Toprakta tespit edilen radyoniiklit konsantrasyonlari, hem halk saglig1 acisindan giivenli seviyelerde
bulunmakta hem de santralin isletmeye alinmasi1 Oncesinde bilimsel olarak dogrulanmis referans
degerlerin belirlenmesine olanak tanimaktadir.

3.2. ORTAM GAMA DOZ HIZLARI

Akkuyu Niikleer Gii¢ Santrali (NGS) ¢evresinde yapilan agik alan dl¢limlerinde gama doz hizlar1 0,07—
0,11 uSvh araligimnda degismis olup, ortalama deger 0,09 pSv h! olarak belirlenmistir. Bu degerler,
UNSCEAR (2008) tarafindan bildirilen dogal dis 1sinlanma doz hizlar1 ile uyumludur ve bdlgedeki
radyasyon seviyelerinin tamamen dogal kaynakli oldugunu dogrulamaktadir.

Olgiimler sirasinda herhangi bir lokal radyolojik anomali tespit edilmemistir. Bu durum, Akkuyu sahasi
cevresindeki dogal radyasyon profilinin homojen ve giivenli bir seviyede oldugunu gostermektedir.
Olgiim sonuglari, santral isletmeye alinmadan &nceki cevresel arka plan radyasyon seviyelerinin
belirlenmesi ve gelecekteki izleme ¢alismalarina temel olugturulmasi agisindan kritik 6neme sahiptir.

Tablo 2. Acik alan ve ¢evresel numunelerde dlgiilen radyolojik degerlerin uluslararasi limitlerle

karsilastirilmasi
Parametre Numune Olciim Uluslararasi Limit Degerlendirme
Ra-226 Toprak 63.1 + 6.1 Bg/kg ~1000 Bg/kg Normal
Th-232 Toprak 57.7+ 5.2 Bg/kg ~1000 Bg/kg Normal
K-40 Toprak 949.4 £93.9 Bq/kg  ~1000 Bg/kg Normal
Toplam Alfa Deniz suyu 0.066 + 0.009 Bg/L 0.5 Bq/L Normal
Toplam Beta Deniz suyu 15.53 + 1.64 Bg/L 1 Bq/L* Goreceli yiiksek
Toplam Alfa Kuyu suyu 0.0095 £ 0.009 Bg/L. 0.5 Bg/L Gtivenli

63



INTERNATIONAL
ACADEMIC
PLATFORM

AKAP

Y- Q) Cukurova International
°‘|_°|:'°& B Congress of Basic and

T

/" Applied Sciences

Toplam Beta Kuyusuyu 0.924+0.259 Bg/L 1 Bg/L Glivenli

Tritiyum (H-3) Kuyusuyu <3.7 Bg/L 10,000 Bg/L Cok diisiik
*WHO limiti igme suyu i¢indir.
Tablo 3. Acik alan gama doz hizi 6l¢iim sonuglari

Olciim Noktasi _Gama Doz Hiz1 (uSv h™)

N1 0,08

N2 0,10

N3 0,09

N4 0,11

N5 0,07

Ortalama 0,09

i '\s\ - ° N2
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Sekil 4. Akkuyu NGS ¢evresinde farkli 6rnekleme noktalarinda 6l¢iilen gama doz hizlarinin mekansal

dagilimi.

Renk kodlamasi: yesil (0,07-0,08 uSvh™), sar1 (0,09 uSvh™), turuncu (0,10 uSvh™), kirmiz

(0,11 uSv h™). Bu gorsel, alan igindeki homojen dagilimi ve dl¢limler arasindaki kiigiik varyasyonlari

acikca gostermektedir.
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Sekil 5. Acik alan gama doz hizlarinin 6l¢lim noktalaria gore dagilim grafigi.
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Elde edilen veriler, Akkuyu ¢evresindeki dogal radyasyon seviyelerinin uluslararasi standartlarla
uyumlu oldugunu ve insan kaynakli ek radyasyon katkisinin heniiz tespit edilmedigini gostermektedir.
Bu sonuglar, isletme oOncesi referans veri setinin giivenilir bir sekilde olusturulmasimna olanak
saglamaktadir.
3.3.SU VE GIDA ORNEKLERI

Akkuyu Niikleer Gii¢ Santrali (NGS) cevresinde yapilan yeralti suyu analizlerinde 6lgiilen
toplam alfa ve beta aktiviteleri, Diinya Saglik Orgiitii (WHO, 2017) tarafindan belirlenen igme suyu
giivenlik kilavuz degerlerinin olduk¢a altinda bulunmustur. Bu bulgu, bodlgedeki igme suyu
kaynaklarinin radyolojik olarak giivenli oldugunu gostermektedir.

Incelenen gida &rneklerinde (elma, bugday ve balik) yapay radyoniiklit tespit edilmemistir. Bu
durum, Akkuyu NGS ¢evresinde isletme Oncesi radyolojik profilin tamamen dogal kaynaklardan
kaynaklandigint dogrulamaktadir (IAEA, 2010).

Elde edilen bu sonuglar, bolgedeki farkli cevresel bilesenlerin radyolojik durumunun

karsilastirmali degerlendirilmesine olanak saglamaktadir.

Tablo 4. Toplam Cevresel Radyolojik Degerlendirme

Cevresel Bilesen Sonu¢ Degerlendirme
Toprak radyoniiklitleri Kiiresel aralik i¢inde Dogal kdkenli
Gama doz hz1 0,07-0,11 pSv h! Dogal arka plan
Yeralt1 suyu (o, ) DSO simirlarinin altinda ~ Giivenli

Gida ornekleri Yapay radyoniiklit yok  Dogal referans

Tablo 5. Su 6rneklerinde Sl¢iilen radyolojik parametreler

Parametre Numune Tiirii  Ol¢iim Sonucu

Toplam Alfa  Deniz suyu 0.066 £+ 0.009 Bg/L
Toplam Beta  Deniz suyu 15.53 £1.64 Bq/L

Toplam Alfa  Kuyu suyu 0.0095 + 0.009 Bq/L
Toplam Beta  Kuyu suyu 0.924 + 0.259 Bq/L
Tritiyum (CH) Kuyu suyu <3.7Bg/L

Tablo 6. Yapay radyoniiklit analiz sonuglar

Numune Radyoniiklit Sonug¢ Degerlendirme
Toprak Cs-137 17.6 £2.2 Bg/kg Diisiik fallout seviyesi
Zeytin Cs-134 <OMD Tespit edilmedi
Zeytin Cs-137 <OMD Tespit edilmedi
Kuyu suyu  Tritiyum <OMD Reaktor izi yok
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Yeralt:i Suyu Analizi

Toplam Alfa Aktivitesi

| . DSO Limit 0.5 Bg/L

DSO Siminnin Altnda
Toplam Beta Aktivitesi

DSG Limit 1.0 Bg/L

DSO Simimnin Altnda

0 igme Suyu Giivenli Dogal Referans Diizeyi

Sekil 6. Su ve gida orneklerinin radyolojik degerlendirmesi. Grafikte alfa ve beta aktiviteleri ile gida

orneklerinde yapay radyoniiklit bulunmamasi renk kodlar1 ile gosterilmistir.

4 N\ n
Toprak Radyoaktif Maddeleri Gama Doz Hizi
a Dogal Aralikta ve Giivenli @ 0,07-0,11 pSv/saat
\ . v
f N f =
Yeralti Suyu (a & f3) Gida Numuneleri
6 Giivenli é )\f
Yapay Radyoaktif Madde Yok
\ T S J

Sekil 7. Su ve gida numunelerinin radyolojik durumu 6zetlenmistir:

e Toprak: Olgiilen seviyeler dogal ve giivenli (yesil tik).
e Gama doz hiz1: Acik alan dlglimlerinde dogal arka plan (sar1 tik).
e Yeralti suyu: Alfa ve beta seviyeleri diisiik, tiim 6l¢iimler giivenli (mavi damla).

¢ Gida ornekleri: Elma, bugday ve balikta yapay radyoniiklit bulunmamastir.

Bu degerlendirme, Akkuyu NGS c¢evresinde isletme 6ncesi radyolojik referans veri setinin
olusturulmasinda saglam bir temel sunmakta ve bolgedeki dogal radyasyon seviyelerinin giivenli ve
homojen oldugunu gostermektedir.

4. SONUC VE ONERILER
Bu calisma, Akkuyu Niikleer Gii¢ Santrali (NGS) cevresinde isletme Oncesi doneme ait

kapsamli ve sistematik bir gevresel radyolojik referans veri seti olusturmayr amacglamistir. Toprak
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orneklerinde belirlenen 2*°Ra, #*2Th ve “°K aktivite konsantrasyonlari, agik alan 6l¢limlerinde saptanan
gama doz hizlar ile yeralt1 suyu ve gida drneklerindeki radyolojik degerler, uluslararasi dogal arka plan
araliklar ile uyumludur (UNSCEAR, 2020). Bu bulgular, santral sahasinin radyolojik profilinin biiyiik
oOl¢lide dogal kaynaklardan kaynaklandigini ve isletme oncesi yapay radyoniiklit katkis1 bulunmadigini
gostermektedir.

Su orneklerinde Slgiilen toplam alfa (0,0095-0,066 Bg/L) ve toplam beta (0,924-15,53 Bq/L)
aktiviteleri WHO igme suyu kilavuzlan ile uyumludur. Tritiyum Slglimleri limitin altinda kalmis ve
niikleer tesis kaynakli herhangi bir katki gozlenmemistir (Tablo 4). Bu durum, Akkuyu NGS
cevresindeki dogal radyasyon seviyelerinin giivenli sinirlar i¢inde oldugunu dogrulamaktadir.

Bu ¢alisma ile olusturulan referans veri seti, isletme donemi boyunca yapilacak ¢evresel izleme
caligmalarina karsilastirmali ve giivenilir bir temel saglamaktadir. Bdylece, dogal arka plan radyasyonu

ile olas1 igletme kaynakli radyolojik katkilarin ayrigtirilmasi bilimsel olarak miimkiin hale gelmektedir.

Referans veri setinin sagladigi katkilar sunlardir:

¢ Karsilastirma temeli saglar: Gelecekteki 6l¢iimler icin giivenilir referans olusturur.
o Degisimleri erken tespit eder: Anomalilerin hizli fark edilmesini miimkiin kilar.
o Halk saghgim destekler: Cevresel giivenlik ve karar mekanizmalarini gliglendirir.

¢ Mevzuata uygunlugu saglar: Kurumsal ve hukuki gereklilikleri destekler.

Sonug olarak, Akkuyu NGS sahasinda yapilan igletme Oncesi Olgiimler, dogal arka plan
radyasyon seviyelerini giivenilir bigimde belirlemis ve santralin isletme doneminde yapilacak izleme
caligmalarina saglam bir referans g¢ercevesi sunmustur. Bu ¢alisma, Tiirkiye’deki niikleer tesislerin

isletme Oncesi radyolojik izleme programlar i¢in model niteligi tasimaktadir.
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ABSTRACT

As an application of the Hahn-Banach theorem to the space of all bounded sequences symbolized
by l, the idea of Banach limits was first introduced by Stefan Banach. Banach first identified
certain non-negative linear functionals on [, that remain invariant under shift operators and are
extension of linear functional [, where [ is defined from c to R by I(x) = %1_{210 X, and c is the

space of all convergent sequences. These types of functionals were later called "Banach Limits".
Lorentz continued his study on Banach Limits and introduced a new type of convergence, known
as the almost convergence. The theory of infinite matrix transformation has a great importance in
the theory of summability. Therefore, following Lorentz’s studies, many authors have considered
the notion of almost convergence as a method of summability defined by sequences of infinite
matrices. In this work, by using the matrix domain of sextuple band matrix symbolized by
S(r,s,t,u,v,y) in the spaces of all almost converget sequences, almost null sequences and
almost convergent series symbolized by f, foand fs respectively, we construct the sequence
spaces f(S(r,s, t,u,v,y), fo(S(r,s,t,u,v,y)) and fs(S(r,s,t,u,v,y)), where sextuple band
matrix is the general form of difference, double band, triple band, quadruple band and quintuple
band matrices. Moreover, we show that these spaces are BK-spaces and are linearly isomorphic to
the spaces f, f, and f's respectively. Also, we determine Schauder basis and - and y- duals of
those spaces. Finally, we charecterize some matrix classes related to those spaces.

Keywords: Banach Limits, Almost Convergence, Matrix Domain, Schauder Basis, Matrix
Classes, Sequence Spaces.
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SINOP’TA OSMANLI DONEMi GUDUK MINARELI CAMILERIN 2B FRAKTAL
ANALIZi: KEFEVi VE MEYDANKAPI ORNEGI
TWO-DIMENSIONAL FRACTAL ANALYSIS OF OTTOMAN-PERIOD SHORT-MINARET
MOSQUES IN SINOP: THE CASE OF THE KEFEVI AND MEYDANKAPI MOSQUES
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OZET

Cami, Miisliimanlarin ibadet etmek ve dua i¢in bir araya geldikleri kutsal mekandir. “Cami/mescit”
kavramlar1 kokensel olarak toplanma ve secde etme anlamlariyla iliskilidir. Islam’m genis
cografyalara yayillmasi cemaatle ibadet ihtiyacim1 artirmig, bdylece camiler Miisliiman
yerlesimlerinin hem dini hem de toplumsal merkezleri haline gelmistir. Zamanla cami mimarisine
yeni unsurlar eklenmis, 6zellikle mihrap ve minber gibi 6geler yerlesik hale gelmis, minare ise hem
islevsel hem de simgesel bir bilesen olarak mimari kimligin par¢asi olmustur. Osmanli déneminde
cami mimarisi kubbe-minare kurgusu {izerinden belirginlesmis, biiylik kubbeler ve ince/uzun
minareler karakteristik bir goriiniim iiretmistir. Bu donemde kent merkezindeki camiler daha
temsili ve anitsal bir anlayisla insa edilirken mahalle dokusu i¢indeki camiler ¢ogunlukla daha
miitevaz1 Olgekte ve yalin bir tasarim diliyle sekillenmistir. Sinop, Osmanli ydnetimine
geemesinden itibaren kiiltiir alaninda 6nemli {iretimlerin gergeklestigi, kale, han, hamam, cami,
medrese ve ¢esme gibi ¢ok sayida eserin insa edildigi bir kenttir. Bu mimari birikim iginde camiler
one ¢ikmakta, 6zellikle giidiik minareli 6rnekler kent dokusunun 6zgiin bilesenleri olarak dikkat
¢ekmektedir. Bu ¢alisma, Sinop’taki giidiik minareli camilerden Kefevi ve Meydankapi camilerini
2 boyutlu fraktal analiz ile sayisallastirarak mekansal ve bigimsel karmasikliklarini karsilastirmay1
amaclamaktadir. Y6ntem kapsaminda her iki caminin vaziyet plani, planlar, cepheler ve tavan plani
ile minber, kap1 ve pencere ¢izimleri {izerinden fraktal boyut (FD) hesaplanmistir. Bulgular, FD
degerlerinin 1.35—1.72 araliginda toplandigin1 gostermektedir. Kefevi Camii’nde en yiiksek deger
tavan planinda (FD=1.6935), en diisiikk deger zemin kat planinda (FD=1.3949) goriilmiistiir.
Meydankap:t Camii’nde en yiiksek deger bati cephesinde (FD=1.7227) ve tavan planinda
(FD=1.7058), en diisiik deger mahfil kat planinda (FD=1.3510) saptanmistir. Sonug olarak, fraktal
boyut degerleri iki yapinin farkli dlgeklerde degisen bir geometrik Orgilitlenme sergiledigini
gostermekte, 2B fraktal analizin camilerin mekansal ve bi¢imsel karakterinin karsilastirmali
okunmasinda agiklayici bir ¢ergeve sundugunu ortaya koymaktadir.
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Anahtar Kelimeler: Fraktal Analiz, Fraktal boyut, Kutu-sayim Y 6ntemi, Giidiik Minareli Camiler,
Sinop

ABSTRACT

A mosque is a sacred place where Muslims gather for worship and prayer. The concepts of
“cami/mescit” are etymologically associated with the meanings of gathering and prostration. The
spread of Islam across a wide geography increased the need for congregational worship, and thus
mosques became both religious and social centers of Muslim settlements. Over time, new elements
were incorporated into mosque architecture, and components such as the mihrab and the minbar
became established, while the minaret emerged as both a functional and symbolic element forming
part of the architectural identity. In the Ottoman period, mosque architecture became distinctive
through a dome—minaret composition, with large domes and slender/tall minarets producing a
characteristic appearance. In this period, mosques located in city centers were constructed in a more
representational and monumental manner, whereas mosques situated within neighborhood fabric
were generally shaped on a more modest scale and with a plain design language. Sinop is a city in
which significant cultural production took place after it came under Ottoman rule, and numerous
architectural works such as fortresses, caravanserais, baths, mosques, madrasas, and fountains were
built. Within this architectural accumulation, mosques stand out, and short-minaret examples in
particular draw attention as distinctive components of the urban fabric. This study aims to compare
the spatial and formal complexity of the Kefevi and Meydankapi mosques, which are among the
short-minaret mosques in Sinop, by quantifying them through two-dimensional fractal analysis.
Within the methodological scope, the fractal dimension (FD) was calculated based on the site plan,
plans, elevations, and reflected ceiling plan of both mosques, as well as the drawings of the minbar,
doors, and windows. The findings indicate that FD values generally fall within the range of 1.35—
1.72. In the Kefevi Mosque, the highest value was obtained for the reflected ceiling plan
(FD=1.6935), while the lowest value was observed in the ground-floor plan (FD=1.3949). In the
Meydankap1 Mosque, the highest value was identified on the west elevation (FD=1.7227) and in
the reflected ceiling plan (FD=1.7058), whereas the lowest value was found in the gallery-floor
plan (FD=1.3510). In conclusion, the fractal dimension values indicate that the two buildings
exhibit a geometric organization that varies across different scales, demonstrating that 2D fractal
analysis provides an explanatory framework for the comparative reading of the spatial and formal
character of mosques.

Keywords: Fractal Analysis, Fractal Dimension, Box-Counting Method, Short-Minaret Mosques,
Sinop

GIRIS

Cami, Miisliimanlarin namaz kilmak ve dua etmek amaciyla bir araya geldikleri, toplu ibadetin
gerceklestirildigi kutsal bir mekandir (Ardhiati, 2013). Islam dininde farz kilinan giinliik bes vakit
namazin farkli mekanlarda eda edilmesi miimkiin olmakla birlikte, cuma namaz1 cemaatle birlikte
camide kilinmasi gereken 6zel bir ibadet niteligi tasimaktadir (Al-Mansoor, 2018). Bu baglamda,
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her hafta cuma namazi i¢in Miisliiman erkeklerin bir araya gelmesini gerektiren dinsel ylikiimliiliik,
mescitten daha biiyiik 6lgekli ibadet yapilarinin insa edilmesini gerekli kilmistir (Hillenbrand,
1985). Boylece camiler, yalnizca ibadet ihtiyacina cevap veren yapilar olmanin 6tesine gegmis;
zaman igerisinde artan toplumsal, dinsel ve mekansal gereksinimlere bagl olarak daha genis, daha
islevsel ve daha gorkemli mimari yapilara doniismiistir.

Cami mimarisi de tarihsel siire¢ igerisinde bigimsel ve simgesel agidan Onemli bir gelisim
gostermigtir. Mihrap, minber, minare ve kubbe gibi mimari unsurlar, yalnizca iglevsel bilesenler
olarak degil, ayn1 zamanda caminin kimligini tanimlayan ve ona simgesel anlam kazandiran temel
dgeler haline gelmistir (Sekhri et al., 2023). Ozellikle Osmanli déneminde cami mimarisi, kubbe
ve minare kompozisyonu iizerinden belirginlesmis; biiyiik kubbeler ile ince ve uzun minareler bu
donemin karakteristik mimari 6zelliklerini olusturmustur. Bu siire¢te kent merkezlerinde insa
edilen camiler, daha temsili ve anitsal bir anlayisla tasarlanirken, mahalle dokusu igerisinde yer
alan camiler ise c¢ogunlukla daha miitevazi Ol¢ekte, sade ve yalin bir mimari yaklagimla
sekillenmisgtir.

Sinop ilinde de mahalle dokusu icerisinde yer alan ve sade mimari 6zellikleriyle dikkat ceken
giidiik minareli camiler bulunmaktadir. Bu camiler, yerel dlgekte gelisen cami mimarisinin 6zgiin
ornekleri arasinda degerlendirilebilir. Bu kapsamda, Sinop’taki Kefevi Camii ile Meydankapi
Camii’nin fraktal boyutlarinin ortaya konulmasi ve karsilastirmali olarak incelenmesi amacryla bu
caligma gergeklestirilmistir.

MATERYAL ve YONTEM

Sinop, tarihsel siire¢ icerisinde birgok uygarligin egemenligi altinda kalmis ve bu nedenle zengin
bir kiiltiirel ve mimari birikime sahip olmustur. Ilk yerlesimin Hititler donemine kadar uzandig
tahmin edilen kent, sirasiyla Kimmer, Frig, Lidya, Pers, Helenistik ve Makedonya
egemenliklerinden sonra MO 169 yilinda Pontus Devleti’'nin ikinci baskenti olmustur. Daha
sonraki donemlerde Roma, Bizans, Sel¢uklu, Pervaneogullar ve Candarogullar1 yonetiminde kalan
Sinop, 1461 yilinda Fatih Sultan Mehmet tarafindan Osmanli topraklarina katilmistir. Cumhuriyet
doneminde ise 1923 yilinda il statiisii kazanmistir (Tuglaci, 1985).

Sinop, 6zellikle Osmanli doneminde yetisen yap1 ustalari ve insa edilen kale, han, hamam, cami,
medrese ve cesme gibi mimari eserler ile dikkat ¢geken dnemli bir tarihi kenttir. Bu zengin mimari
miras i¢erisinde camiler dnemli bir yer tutmaktadir. Kentte yer alan giidiik minareli camiler ise,
geleneksel mahalle 6lceginde gelisen sade ve Ozgilin cami mimarisinin dikkat ¢ekici drnekleri
arasinda degerlendirilmektedir. Bu kapsamda, ¢alismada Sinop’taki Kefevi Camii ve Meydankapi
Camii inceleme alani olarak se¢ilmistir.

Arastirmada, nitel ve nicel yontemlerin birlikte kullanildig: biitiinciil bir yontemsel yaklasim
benimsenmistir. Calismanin kuramsal ¢er¢evesinin olusturulmast ve camilerin tipolojik
Ozelliklerinin belirlenmesinde nitel arastirma yontemlerinden yararlanilmig, vaziyet plani, plan,
cephe ve detay dlceklerindeki bigimsel 6zelliklerinin incelenmesinde ise nicel bir analiz yontemi
olan fraktal analiz kullanilmigtir. Bu kapsamda, incelenen camilerin mimari karakteristikleri farkli
Olceklerde sayisal olarak analiz edilerek karsilagtirmali bigimde degerlendirilmistir.
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Caligmanin ilk asamasinda, Samsun Vakiflar Bolge Miidirliigii'nden elde edilen veriler
diizenlenmis ve analize uygun héle getirilmistir. Ikinci asamada ise bu gorseller ikili (siyah-
beyaz/binary) formata doniistiiriilmiis, ardindan elde edilen goriintiiler kutu sayma (box-counting)
yontemini temel alan ImageJ—FracLac eklentisi araciligiyla analiz edilmistir (Sekil 1). Son olarak
da sayisal veriler tizerinden degerlendirmeler yapilmistir.
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Sekil 1. Fraktal boyut hesaplama siireci; Kuzey cephe (a), binary (siyah-beyaz) (b), outline (c),
hesaplama siirecinden bir goriiniim (d).

BULGULAR

Kefevi cami: Kefevi mahallesinde, Hiikiimet konaginin dogu cephesinde yer almaktadir. 1581
yilinda Mahmud Celebiyii’l Kefevi tarafindan yaptirilmis, 1312 h. — 1894 yilinda Bekir Pasa
tarafindan yenilenmistir. Avluda haziresi bulunan caminin kuzeybati kosesinde tugla orgiilii, sivali
giidiik bir minaresi bulunmaktadir (Sinop Kiiltiir Envanteri, 2013). I¢ mekanda harim béliimiiniin
giineybat1 kdsesinde ahsap minber konumlandirilmistir. Harimin kuzey cephesine bitisik olarak
dogu-bati dogrultusunda uzanan kadinlar mahfili yer almakta, ahsap tavanin orta boliimiinde ise
Peygamber isimlerini i¢ceren madalyonlar dikkat ¢ekmektedir (Sekil 2).
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Mahfil Kat Plani

Tavan Plani

Sekil 2. Kefevi Camisinin vaziyet plani, zemin kat plani, mahfil kat plan1 ve tavan plani.

Yapi, alaturka kiremit kapli kirma ¢ati ile ortiiliidiir. Duvarlarda moloz tag malzeme kullanilmas,
yiizeyler siva ile kaplanmigtir. Koselerde tercih edilen kesme tas uygulamasi ise cephelerde hem
yapisal hem de gorsel bir vurgu olusturmaktadir. Dikdortgen plan semasina sahip caminin kuzey
ve bat1 cephelerinde iki ana giris bulunmaktadir. Bunun yani sira yapinin bati ve dogu cephelerinde
iicerli, kuzey ve giiney cephelerinde ise ikiserli pencere yer almaktadir. Ayrica kuzey cephede, giris
kapisinin iizerinde mahfil katina 1sik saglayan ve diger pencerelere gore daha kiiciik dlgekte

tasarlanmig bir pencere bulunmaktadir (Sekil 3).
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Sekil 3. Kefevi Camisinin cephe goriiniileri.

Sekil 4’te, yapinin i¢ ve dis mimari dgelerine ait karakteristik detaylar yer almaktadir. Bat1 giris
kapisi, kemerli formu ve iizerindeki kitabeli diizenlemesiyle geleneksel mimari anlayisi
yansitmaktadir. Pencereler kemerli olup Minber ise bezemeli korkuluklari, geometrik detaylari ile
one ¢ikmaktadir.
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Bat1 Giris Kapisi Pencere Minber
Sekil 4. Kefevi Camisi’ne ait bat1 giris kapisi, pencere ve minber detaylari.

==

Meydankap1 Cami: Meydankap1 Mahallesi’nde, Sakarya Caddesi iizerinde yer alan bu camiinin
kim tarafindan yaptirildig1 kesin bilinmese de, vakif kayitlarindan, en eski olarak Seyh Omer Efendi
adina ve 1135 h. — 1722 tarihine ulagilmaktadir.1293 h. — 1876 yilinda mutasarrif Ahmet Kemal
Pasa tarafindan Kanuni Sultan Siileyman adina izafe edilmek {izere tamir ettirilmistir.14.20 x 12.86
metre ebatlarindaki yapinin kuzeybati kosesindeki (Sinop Kiiltiir Envanteri, 2013) ahsap minaresi
son onarimda yenilenerek govdesi bakirla ve kiilah boliimii ise kursun levhalarla kaplanmistir.
Harim kismina caminin kuzey duvarina ekli olup son onarimda yenilenmis olan ahsap giris
boliimiinden girilir. Ahsap giris boliimiiniin {ist kat1 hanimlar mahfili olarak diizenlenmistir. Bu
giris bolimiiniin sagindaki merdivenle minareye, solundaki merdivenle de {ist kattaki mahfil
kismina ¢ikis saglanmaktadir (Sinop 11 Kiiltiir ve Turizm Miidiirliigii).

| X

I —— s

Vaziyet Plan1 Zemin Kat Plani
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Sekil 5. Meydankapi Camisinin vaziyet plani, zemin kat plani, mahfil kat plan1 ve tavan plani.

Dikdortgen plan semasina sahip yapinin ana giris kapisi kuzey cephesinde yer almaktadir. Bu
cephede bulunan alt ve {ist sira pencereler dikdortgen formda diizenlenmistir. Cephe yiizeyi ise
ahsap kaplama ile olusturulmustur. Giiney ve kuzey cephelerinde alt sirada dikdortgen bigimli ikili
pencereler, iist sirada ise sivri kemerli {iglii pencere diizeni goriilmektedir. Kuzey ve giiney cephe
duvarlar1 farkli boyutlardaki taslarla inga edilmis olup bu durum cephe dokusuna hareket
kazandirmaktadir. Dogu cephesi ise yanindaki yapi ile bitisik nizamda konumlanmugtir (Sekil 6).

Bat1 Cephesi
Bitisik Nizam Cephe
vty ey
Giiney Cephesi Dogu Cephesi

Sekil 6. Meydankap1 Camisinin cephe goriiniisleri.
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Sekil 7°de, yapmin i¢ ve dig mekanina ait karakteristik mimari detaylar gosterilmektedir. Girig
kapis1 dikdortgen formda tasarlanmis olup sade bir diizenleme sergilemektedir. Sivri kemerli {ist
pencere, geleneksel mimari anlayigi yansitan énemli bir 6ge olarak one ¢ikmaktadir. Bunun yani
sira mihrap da geometrik detaylar 6ne ¢ikmaktadir.

ﬁ%
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Bat1 Giris Kapist Pencere Minber

Sekil 7. Kefevi Camisi’ne ait giris kapisi, pencere ve minber detaylari.

Sekil 2, 3, 4, 5, 6 ve 7°de yapilarin plan, cephe ve mimari detaylarina iliskin karakteristik 6zellikler
gorsel ve betimsel olarak ortaya konulmustur. Bu nitel degerlendirmelerin ardindan, s6z konusu
Ogelerin bicimsel karmagiklik diizeyini nicel verilerle desteklemek amaciyla fraktal analiz
asamasina geg¢ilmigtir. Bu kapsamda, her iki camiye ait vaziyet plani, plan diizenleri, cepheler ve
secilmis mimari detaylar kutu sayma yontemine gore analiz edilmis; elde edilen fraktal boyut
degerleri Tablo 1’de sunulmustur.

Tablo 1. Kefevi ve Meydankap: Cami fraktal boyutlart

Yapi bilesenleri Kefevi Cami Meydankapi
FD Cami FD
Vaziyet Plan 1.5775 1.6167
Zemin Kat Plani 1.3949 1.3606
Mahfil Kat Plan1 1.4007 1.3510
Giliney Cephesi 1.5698 1.6945
Kuzey Cephesi 1.6152 1.6874
Bat1 Cephesi 1.6422 1.7227
Dogu cephesi 1.6095 | -----m--
Tavan 1.6935 1.7058
Minber 1.5996 1.5871
Kapi 1.4419 1.4647
Pencere 1.4618 1.4345
TARTISMA

Bu c¢alisma kapsaminda Kefevi Camii ile Meydankapi Camii’nin plan, cephe ve mimari detay
Olceklerindeki bigimsel oOzellikleri fraktal analiz yontemiyle karsilastirilmistir. Elde edilen
bulgular, ayn1 yapi tiirii iginde degerlendirilmelerine ragmen iki caminin farkli diizeylerde
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mekansal ve gorsel karmasiklik sergiledigini ortaya koymaktadir. Bu sonug, geleneksel cami
mimarisinin homojen bir karakter tagimadigini; yerel yapim anlayisi, plan kurgusu ve cephe
organizasyonuna bagli olarak ¢esitlendigini gdstermektedir.

Oncelikle vaziyet plani ve plan diizeyindeki sonuclar degerlendirildiginde, Meydankap1 Camii’nin
vaziyet plam1 fraktal boyutunun (1.6167), Kefevi Camii’ne (1.5775) gore daha yiiksek oldugu
goriilmektedir. Bu bulgu, Meydankapi Camii’nin yakin ¢evresiyle kurdugu iligskinin ve yerlesim
kurgusunun daha karmasik bir mekansal organizasyon sundugunu diisiindiirmektedir. Buna kargilik
zemin kat ve mahfil kat planlarinda Kefevi Camii’'nin fraktal boyut degerlerinin Meydankap:
Camii’nden daha yiiksek olmasi, bu yapimin i¢ mekan organizasyonunda ve plan semasinda daha
belirgin bir bigimsel cesitlilik barmdirdigin1 gostermektedir. Ozellikle Kefevi Camii’nde farkli
cephelerden saglanan girisler, pencere dagilimi ile mahfil ve minberin mekan i¢indeki konumlanisi,
plan diizeyindeki karmasikligin artmasinda etkili olmus olabilir. Bu baglamda, vaziyet planinda
cevresel yerlesim iliskileri 6ne ¢ikarken, plan 6l¢eginde i¢ mekansal kurgu ve bilesenlerin yerlesimi
belirleyici olmustur.

Cephe analizleri, iki yap1 arasindaki farklilasmanin en belirgin bigimde gozlendigi dlgeklerden
birini olusturmaktadir. Meydankapi1 Camii’nin giiney, kuzey ve bati cephelerinde elde edilen fraktal
boyut degerleri, Kefevi Camii’nin ayn1 yonlerdeki cephelerine gore daha yiiksektir. Ozellikle
Meydankapi1 Camii’nin bati cephesinin 1.7227 ile ¢alisma kapsamindaki en yiiksek cephe degerine
ulagsmasi, bu cephenin daha yogun bir gorsel hareketlilik ve bicimsel cesitlilik igerdigini
gostermektedir. Meydankapit Camii’nde alt ve iist sira pencere diizenleri, sivri kemerli {ist
pencereler, farkli boyutlardaki tas 6rgii dokusu ve ahsap kaplama yiizeylerin olusturdugu katmanl
etki, bu yiiksek degeri agiklayan unsurlar arasinda degerlendirilebilir. Buna karsilik Kefevi Camii
cephelerinde daha diizenli, daha sakin ve daha dengeli bir kompozisyon dikkat ¢ekmektedir. Bu
durum, Kefevi Camii’nin cephe kurulusunda daha yalin ve kontrollil bir mimari dil benimsedigini
gostermektedir. Ayrica Kefevi Camii’nde dogu cephesi i¢in fraktal boyut degeri hesaplanabilirken,
Meydankap1 Camii’nde bu cephenin bitisik nizam nedeniyle analiz dis1 kalmasi, tarihi kent
dokusunda parsel iliskileri ve bitisik yapilagmanin mimari algiyr ve karsilagtirma imkanlarini
dogrudan etkiledigini ortaya koymaktadir.

Tavan, minber, kap1 ve pencere gibi mimari bilesenler birlikte degerlendirildiginde, iki cami
arasindaki bigimsel farklilasmanin yalnizca plan ve cephe dlgeginde degil, detay dlgeginde de
siirdiigii anlasilmaktadir. Ozellikle tavan ve minber 6gelerinde elde edilen yiiksek fraktal boyut
degerleri, bu elemanlarin her iki yapida da goérsel yogunlugu ve bigimsel karmasikligi artiran
baslica i¢ mekan bilesenleri oldugunu gostermektedir.

Buna karsilik kapt ve pencere detaylari, iki cami arasinda daha belirgin bir karsilastirma zemini
sunmaktadir. Fraktal analiz sonuglari, bu elemanlarin benzer islevsel 6zellikler tasimalarina ragmen
geometrik kurgu, agiklik diizeni, kemer bigimlenisi ve detay yogunlugu bakimindan farkli mimari
karakterler sergiledigini ortaya koymaktadir. Bu durum, kap1 ve pencerelerin yalnizca tamamlayici
yap1 elemanlart olmadigini; ayn1 zamanda iki caminin 6zgiin mimari kimligini yansitan ayirt edici
bilesenler olarak degerlendirilmesi gerektigini gostermektedir.

Sonug olarak fraktal analiz, hem i¢ mekani1 olusturan bilesenlerin gérsel yogunlugunu hem de detay
elemanlar iizerinden ortaya ¢ikan mimari farklilagmay1 sayisal olarak goriiniir kilmaktadir. Bu
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yoniiyle yontem, plan, cephe ve detay Ol¢eklerinde bigimsel ¢esitliligi karsilastirmali olarak ortaya
koymada etkili bir ara¢ olarak degerlendirilebilir.

SONUC

Bu ¢alismada, Sinop ilinde yer alan gilidiik minareli camilerden Kefevi Camii ile Meydankapi
Camii, fraktal analiz yontemi kullanilarak plan, cephe ve mimari detay dl¢eklerinde incelenmis ve
karsilagtirilmistir. Elde edilen bulgular, her iki yapinin ayni yapi tiirii igerisinde degerlendirilmesine
ragmen bigimsel karmagiklik, mekansal organizasyon ve mimari detay yogunlugu agisindan farkli
karakterler sergiledigini ortaya koymustur. Bu durum, geleneksel mahalle camilerinin yalnizca
islevsel agidan degil, bicimsel a¢idan da kendi iginde ¢esitlilik gosterdigini kanitlamaktadir.

Arastirma sonuglarina gore, Meydankapi Camii 6zellikle vaziyet plani ve cephe diizenlemelerinde
daha yiiksek fraktal boyut degerlerine ulasarak ¢evresiyle kurdugu iliski, cephe hareketliligi ve
malzeme dokusu bakimindan daha karmasik bir gorsel yapi1 ortaya koymustur. Buna karsilik Kefevi
Camii’nin plan diizeyindeki fraktal boyut degerlerinin daha yiiksek olmasi, i¢ mekan
organizasyonu ve yapi bilesenlerinin yerlesimi agisindan daha zengin bir bigimsel kurguya sahip
oldugunu gostermistir. Boylece, iki cami arasinda yalnizca genel mimari goriiniis bakimindan
degil, farkl 6l¢eklerde okunan mekansal ve gorsel diizen bakimindan da belirgin farklar bulundugu
anlasilmistir.

Calismada ayrica tavan, minber, kap1 ve pencere gibi mimari detaylarin fraktal analiz yoluyla
sayisallagtirilmasi, geleneksel cami mimarisindeki detay yogunlugunun nesnel bicimde
degerlendirilmesine olanak saglanmstir. Ozellikle tavan ve minber dgelerinde elde edilen yiiksek
fraktal boyut degerleri, bu elemanlarin yapinin i¢ mekan karakterini belirleyen dnemli bilesenler
oldugunu gostermektedir. Kap1 ve pencere detaylarinda ortaya ¢ikan farkliliklar ise benzer islevlere
sahip mimari elemanlarin farkli bigimsel kurgular iizerinden 6zgiin mimari kimlikler iiretebildigini
ortaya koymaktadir.

Bu yoniiyle fraktal analiz yontemi, tarihi cami yapilarmin yalnizca estetik veya betimleyici
ozelliklerini degil, bicimsel karmasiklik diizeylerini de Olgiilebilir verilerle degerlendirmeyi
miimkiin kilmaktadir. Yontemin sagladigi sayisal veriler, geleneksel mimari mirasin karsilagtirmali
olarak incelenmesinde, belgelenmesinde ve yorumlanmasinda onemli bir katki sunmaktadir.
Ozellikle yerel dlgekte gelisen ve ¢ogu zaman anitsal yapilar kadar dikkat cekmeyen mahalle
camilerinin mimari 6zgiinliigiiniin ortaya konulmasi agisindan bu tiir analizler deger tasimaktadir.

Sonug olarak, Kefevi Camii ve Meydankap1 Camii drnegi iizerinden gergeklestirilen bu ¢alisma,
giidiik minareli camilerin tarihi ve mimari degerinin yalnizca tipolojik 6zellikleriyle degil, bigimsel
karmagikliklariyla da degerlendirilmesi gerektigini gostermistir. Gelecekte yapilacak ¢aligmalarda,
daha fazla sayida cami Orneginin farkli bolgelerden segilerek karsilastiriimasi, ii¢ boyutlu
analizlerin eklenmesi ve fraktal verilerin tipoloji, donem, malzeme ve siisleme ozellikleriyle
birlikte ele alinmasi, geleneksel cami mimarisinin daha kapsamli bigimde anlasilmasina katki
saglayacaktir.
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THEORETICAL MODELS OF THE INTERACTION OF IONIZING RADIATION WITH
COMPONENTS OF OIL SEDIMENTS (SOLID WASTE FROM OIL PIPELINES)

IYONIZE EDICI RADYASYONUN PETROL COKELIKLERININ BILESENLERIYLE
ETKILESIMININ TEORIK MODELLERI (PETROL BORU HATLARINDAN KAYNAKLANAN
KATI ATIKLAR)
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ABSTRACT

This study aims to investigate, within theoretical models, how solid waste (scale, sludge, and sediment)
accumulated in oil pipelines during processes carried out in the petroleum industry interacts with
ionizing radiation. These wastes pose a radiological risk factor due to the presence of naturally occurring
radioactive materials (NORM) transported from underground formations. The research focuses on
determining the attenuation properties of these complex industrial wastes against ionizing radiation
types such as gamma and X-rays and analyzing these interactions through mathematical simulations.
From a theoretical perspective, the goal is to model fundamental radiophysical parameters such as mass
attenuation coefficients, effective atomic numbers, and electron densities across a broad energy
spectrum, depending on the chemical composition of sediments. The mineralogical structure and
hydrocarbon content of solid deposits in pipelines have a direct effect on photoelectric events, Compton
scattering, and pair formation, which are the main processes governing the interaction of radiation with
matter. In this case, the interaction of density differences in sediment components on radiation
absorption will be investigated theoretically. The main objective of this research is to examine the
shielding properties and radiological risks of radioactive waste found in oil fields, thereby establishing
a scientific basis for developing safety strategies to protect workers from radiation. Furthermore, it is
expected that the theoretical knowledge gained from this study will contribute to the literature in the
fields of industrial waste management and radiation physics, particularly regarding the characteristics
of oil pipeline waste.

Keywords: Ionization, Radiation, Petroleum Sediment, Oil Pipeline

83



Q) Cukurova International
H Congress of Basic and
¢ Applied Sciences

© | INTERNATIONAL
ACADEMIC
PLATFORM

OZET

Bu ¢alisma, teorik modeller ¢ercevesinde, petrol endiistrisinde gerceklestirilen iglemler sirasinda petrol
boru hatlarinda biriken kati atiklarin (kireg, camur ve tortu) iyonlastirici radyasyonla nasil etkilesime
girdigini arastirmay1 amaglamaktadir. Bu atiklar, yeraltt olusumlarindan taginan dogal radyoaktif
maddelerin (NORM) varligi nedeniyle radyolojik bir risk faktorii olusturmaktadir. Arastirma, bu
karmasik endiistriyel atiklarin gama ve X 1sinlar1 gibi iyonlastirici radyasyon tiirlerine kars1 zayiflama
Ozelliklerini belirlemeye ve bu etkilesimleri matematiksel simiilasyonlar yoluyla analiz etmeye
odaklanmaktadir. Teorik acidan amag, sedimanlarin kimyasal bilesimine bagli olarak genis bir enerji
spektrumu boyunca kiitle zayiflama katsayilari, etkili atom numaralar1 ve elektron yogunluklart gibi
temel radyofiziksel parametreleri modellemektir. Boru hatlarindaki kat1 birikintilerin mineralojik yapisi
ve hidrokarbon igerigi, radyasyonun maddeyle etkilesimini belirleyen ana siiregler olan fotoelektrik
olaylar, Compton sag¢ilmasi ve ¢ift olusumu {izerinde dogrudan bir etkiye sahiptir. Bu durumda, tortu
bilesenlerindeki yogunluk farkliliklarimin radyasyon emilimi iizerindeki etkilesimi teorik olarak
incelenecektir. Bu aragtirmanin temel amaci, petrol sahalarinda bulunan radyoaktif atiklarm koruma
ozelliklerini ve radyolojik risklerini incelemek ve bdylece calisanlar1 radyasyondan korumak igin
giivenlik stratejileri gelistirmek {izere bilimsel bir temel olusturmaktir. Ayrica, bu ¢aligmadan elde
edilen teorik bilgilerin, 6zellikle petrol boru hatti atiklarmin 6zellikleri konusunda, endiistriyel atik
yOnetimi ve radyasyon fizigi alanlarindaki literatiire katki saglamasi1 beklenmektedir.

Anahtar kelimeler: Iyonizasyon, Radyasyon, Petrol Tortusu, Petrol Boru Hatt1
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OZET

Bu ¢alismada, yiiksek volatilite ve belirsizlige sahip olan kripto para piyasalarinda; ¢esitli stratejiler
dogrultusunda alim-satim islemleri gergeklestiren ve al-tut stratejisinden daha iyi performans
sergileyebilmeyi hedefleyen, yapay zeka tabanli otonom bir sermaye yonetim sistemi iizerine
calisilmistir. Proje temelde XGBoost yapay zeka algoritmasini kullanarak, gegmis piyasadaki 5
yillik tarihsel ve giinliik periyotlardaki OHLCYV verilerini analiz etmekte ve bu ham verileri, 6zellik
mithendisligi yontemleriyle anlamli teknik gostergelere ¢evirmektedir. Ardindan piyasadaki
duruma gore, 0 ve 1 arasinda giiven skoru (olasilik) belirleyerek dinamik ve otomatik bir sekilde,
al-sat iglemleri yapmaktadir. Projede egitilen modelin giivenilirligini test etmek amaciyla;
oncelikle Monte Carlo Simiilasyonlar1 yapilarak, gesitli olasiliklar test edilmistir. Ancak bu
simiilasyonlarda elde edilen sonug¢larin modelin, fiyat verilerini ezberledigi siiphesi uyandirmistir.
Sonrasinda ise bu soruna ¢6ziim olmasi amacryla Walk-Forwad Analizi testleri yapilmistir. Bu
yapilan testler sayesinde kullanilan yapay zeka modelinin; gelecegi bilmedigi, sadece belirtilen
analiz baslangic tarihine kadar olan giinliik verilerle egitilerek, ger¢ek piyasay1 simiile etmesi
saglanilmistir. Bu testler sonucunda olumlu bir¢ok sonug elde edilmistir.

Anahtar Kelimeler: Yapay Zeka, Makine Ogrenmesi, Veri Bilimi
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ABSTRACT

This study focuses on an Al-based autonomous capital management system that performs buy-sell
transactions in the highly volatile and uncertain cryptocurrency markets, aiming to outperform
traditional buy-and-hold strategies. The project primarily uses the XGBoost Al algorithm to
analyze OHLCYV data from the past 5 years and daily periods, transforming this raw data into
meaningful technical indicators using feature engineering methods. It then determines a confidence
score (probability) between 0 and 1 based on market conditions, performing buy-sell transactions
dynamically and automatically. To test the reliability of the trained model, Monte Carlo simulations
were conducted to test various probabilities. However, the results of these simulations raised
suspicions that the model had memorized price data. To address this issue, Walk-Forward analysis
tests were performed. These tests demonstrated that the Al model does not know the future; it is
trained only on daily data up to the specified analysis start date, thus simulating the real market.
Many positive results have been obtained from these tests.

Keywords: Artificial Intelligence, Simulation, Peer Review, Data Science, Management
Information Systems
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A STUDY ON GENERALIZED SCREEN TRANSVERSAL CAUCHY-RIEMANN
LIGHTLIKE SUBMANIFOLDS OF INDEFINITE KAEHLER MANIFOLDS

Assoc. Prof. Dr. Nergiz POYRAZ
Cukurova University, Faculty of Arts and Sciences, Department of Mathematics, Adana, Tiirkiye
ORCID: 0000-0002-8110-712X
Prof. Dr. Mehmet Akif AKYOL

Usak University, Faculty of Engineering and Natural Sciences, Department of Mathematics,
Usak, Tiirkiye

ORCID: 0000-0003-2334-6955
ABSTRACT

Lightlike submanifolds of semi-Riemannian manifold have been studied by Duggal-Bejancu and
Kiipeli, respectively. Kiipeli’s approach is intrinsic while Duggal-Bejancu’s approach is extrinsic.
Later, they were studied by many authors. This kind of submanifolds are different than non-
degenerate submanifolds. Due to the difference of lightlike submanifolds, the study of lightlike
submanifolds becomes more difficult and interesting from the study of non-degenerate
submanifolds. Lightlike submanifolds have been studied widely in mathematical physics. Indeed,
lightlike submanifolds appear in general relativity as some smooth parts of event horizons of the
Kruskal and Kerr black holes. We introduce generalized screen transversal Cauchy-Riemann
lightlike submanifolds of indefinite Kaehler manifolds. We show that this new class is an
umbrella of invariant (complex), screen real, SCR, radical screen transversal (ST), and ST anti-
invariant lightlike submanifolds. We derive necessary and sufficient conditions under which the
induced connection is metric. We investigate the integrability of various distributions and prove a
characterization theorem of such lightlike submanifolds in a complex space form. We investigate
the integrability of various distributions and geometry of such submanifolds. We show that there
exist no totally umbilical proper generalized screen transversal Cauchy-Riemann lightlike
submanifold of an indefinite complex space form M(c), c # 0. Moreover, we give two examples.

Keywords: Generalized Screen Transversal Cauchy-Riemann Lightlike Submanifold, Indefinite
Kaehler manifold, Lightlike submanifold, Minimal lightlike submanifold
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ENDOCRINE DETERMINANTS OF GENITOURINARY SYNDROME OF MENOPAUSE IN
AZERBAIJANI POSTMENOPAUSAL WOMEN: A LATE-BREAKING POPULATION-
SPECIFIC ANALYSIS

Kamilova N.M.,
Azerbaijan Medical University,
Department of Obstetrics and Gynecology,
Baku, Azerbaijan

N.M. Kamilova
Professor, Doctor of Medical Sciences
Azerbaijan Medical University, Department of Obstetrics and Gynecology, Baku
ORCID: 0000-0002-7443-1503

Context:Genitourinary syndrome of menopause (GSM) is a chronic estrogen-deficiency—related
condition. Population-specific reproductive patterns may substantially modify endocrine trajectories of
menopause and influence GSM severity. However, data from the South Caucasus region remain scarce.

Objective:To evaluate endocrine and reproductive determinants of GSM severity in postmenopausal
women from Azerbaijan, a population characterized by high parity, prolonged breastfeeding, and
delayed menopausal transition.

Methods:A cross-sectional observational study with a recently completed extended endocrine—clinical
analysis (December 2025-January 2026) was conducted. Standardized gynecologic examination with
assessment of vulvovaginal atrophy and GSM symptoms was performed. Serum estradiol, follicle-
stimulating hormone (FSH), and luteinizing hormone (LH) levels were measured. Correlation and
subgroup analyses focusing on reproductive burden were applied.

Patients:One hundred fifteen postmenopausal women aged 50 years and older residing in Baku,
Republic of Azerbaijan, were included in the study.

Intervention: None (observational study).

Primaryoutcome:Severity of GSM and vulvovaginal atrophy in relation to endocrine parameters and
cumulative reproductive history.

Results:GSM symptoms were identified in 92.2% of participants. Severe GSM was significantly more
frequent in women aged >61 years. Estradiol levels showed a strong inverse correlation with GSM
severity (r =—0.62, p <0.001), while duration of postmenopause demonstrated a direct association (r =
0.60, p < 0.001). Recently completed subgroup analysis revealed that high parity and prolonged
breastfeeding, characteristic of the Azerbaijani population, were associated with more severe
postmenopausal GSM despite later onset of menopause, suggesting accelerated vulvovaginal atrophy
following sustained estrogen deprivation.

Conclusions:In Azerbaijani women, cumulative reproductive burden acts as a key endocrine modifier
of GSM severity. High parity and prolonged lactation may delay menopausal transition but predispose
to more pronounced GSM manifestations in the postmenopausal period. These late-breaking findings
emphasize the importance of population-adapted, endocrine-oriented approaches to GSM assessment
and management.
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MULTI-PATHWAY MODULATION OF MAPK, PI3K/AKT, and NF-kB SIGNALING BY
POLYHERBAL EXTRACTS: A PROMISING THERAPEUTIC STRATEGY FOR
MYOCARDIAL INFARCTION MANAGEMENT

Srijani DASGUPTA", Dr. Manik GHOSH"
"Department of Pharmaceutical Sciences and Technology, Birla Institute of Technology, Mesra,
Ranchi, Jharkhand-835215
2 Department of Pharmaceutical Sciences, Jharkhand Rai University, Ranchi-834010

ABSTRACT

Myocardial infarction (MI) remains a leading cause of global morbidity and mortality and represents a
critical manifestation of cardiovascular disease. Prolonged ischemia leads to irreversible cardiomyocyte
death, resulting in adverse remodeling and eventual heart failure. Despite advances in acute
interventions, existing therapies inadequately address the complex molecular mechanisms underlying
post-MI injury. Key signaling pathways, including phosphoinositide 3-kinase/protein kinase B
(PI3K/Akt), mitogen-activated protein kinases (MAPKSs), and nuclear factor-kappa B (NF-xB), regulate
inflammation, apoptosis, oxidative stress, and tissue repair. Dysregulation of these pathways
significantly contributes to myocardial damage and remodeling. However, pharmacological agents
targeting these molecular cascades have shown limited clinical success due to nonspecific actions and
adverse effects. Polyherbal formulations derived from traditional systems such as Ayurveda have
emerged as promising multi-target therapeutic strategies. These formulations contain diverse bioactive
phytoconstituents, including flavonoids, saponins, and terpenoids, which exhibit antioxidant, anti-
inflammatory, and anti-apoptotic properties. Medicinal plants such as Terminalia arjuna, Withania
somnifera, and Tinospora cordifolia have demonstrated cardioprotective effects in experimental models
by improving cardiac function and reducing myocardial injury. Synergistic interactions among
combined herbs may enhance efficacy while minimizing toxicity. Overall, polyherbal strategies offer a

holistic approach to modulating key signalling pathways involved in MI progression.

Keywords: Myocardial Infarction, PI3K/Akt Signaling, MAPK and NF-kB Pathways, Polyherbal
Formulations, Cardioprotection
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ABSTRACT

Understanding and predicting metal mobility in natural and engineered waters remains a central
challenge in environmental chemistry and water treatment. While multiligand systems often display
apparent “synergistic” behavior, the underlying mechanisms are frequently interpreted empirically
rather than within a rigorous thermodynamic framework. This study develops an applied
thermodynamic methodology for identifying genuine cooperative effects based on Gibbs-energy
non-additivity and equilibrium speciation analysis. The approach is demonstrated using the
heterogeneous FeOOH—desferrioxamine B—oxalate system, which represents a realistic analogue
of iron mobilization processes occurring in soils, sediments, and wastewater matrices. Equilibrium
modeling that integrates mineral dissolution, hydrolysis, binary complexation, and ternary species
formation reveals that amplified metal release arises only within the stability domain of mixed
ligand complexes. Introduction of an auxiliary ligand induces a marked reorganization of
speciation, shifting the system from additive behavior toward cooperative stabilization and
enhanced dissolved-metal fractions. Cooperativity is quantified using a synergy coefficient that
compares ternary-system responses with cumulative binary contributions. Values exceeding unity
confirm that true amplification originates from collective thermodynamic stabilization rather than
kinetic artifacts. Importantly, the results indicate that authentic chemical synergy is intrinsically
linked to heterogeneous environments where interfacial organization enables formation of
multicomponent species inaccessible in homogeneous solutions. By translating cooperative
thermodynamics into measurable descriptors, the proposed framework provides a practical tool for
predicting metal mobility and guiding environmental process design. The methodology is
transferable to diverse systems relevant to geochemistry, water treatment, and resource recovery,
where controlled manipulation of multiligand interactions can improve both risk assessment and
remediation strategies.

Keywords: Metal mobility, Environmental thermodynamics, Multiligand systems, Cooperative
effects, Speciation modeling
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ABSTRACT

Liquid-liquid extraction remains a cornerstone technology in hydrometallurgy, rare earth
separation, and environmental remediation. Despite decades of empirical optimization, the
quantitative thermodynamic prediction of synergistic and antagonistic effects in mixed-ligand
systems remains insufficiently resolved. Our study develops a rigorous thermodynamic framework
for forecasting synergism and antagonism in heterogeneous two-phase systems based exclusively
on tabulated equilibrium constants. The approach introduces a Generalized Reaction Equation
(GRE) that integrates all simultaneous equilibria occurring in both aqueous and organic phases,
including hydrolysis, complexation, ion pairing, and adduct formation. Unlike conventional
extraction models that treat reactions independently, the GRE employs variable stoichiometric
coefficients expressed through partial molar fractions, enabling a unified description of
multicomponent equilibria. A thermodynamically grounded synergistic coefficient (SC) is
formulated to quantify non-additive behavior directly from equilibrium distributions. The
methodology is validated using representative Zn’*—HTTA-TBP systems in benzene with and
without inorganic anions (C/, SCN’). Calculations demonstrate that synergism arises when ternary
mixed complexes dominate the organic phase, whereas antagonism emerges from competing
equilibria such as ion-pair stabilization or ligand-ligand interactions. A key result is that
antagonism does not occur in the absence of neutral-ligand complexation, challenging common
empirical assumptions. Sensitivity analysis confirms that SC is strongly dependent on pH and
ligand ratios, providing a predictive tool for identifying optimal extraction windows. The
framework enables pre-screening of ligand combinations, rational extractant design, and process
optimization using only standard thermodynamic data. The proposed methodology is transferable
to other heterogeneous chemical systems where cooperative or competitive interactions govern
phase partitioning.

Keywords: Liquid-liquid extraction, Thermodynamic modeling, Synergistic coefficient,
Generalized reaction equation, Multicomponent equilibria.
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THE EVOLVING DYNAMICS OF ORAL SQUAMOUS CELL CARCINOMA (OSCC) DRIVEN
TISSUE REMODELING FROM TUMOR ONSET TO THERAPY: THE DARK SIDE
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ABSTRACT

Oral Squamous Cell Carcinoma (OSCC) creates a disparity in tissue remodeling dynamics that significantly
alters extracellular matrix (ECM) and stroma into a self-reinforcing environment that promotes tumor
invasion, metastasis and recurrence despite surgical and therapeutic interventions. OSCC hijacks the oral
mucosa and reshapes stroma by scavenging various growth factors (TGF-, EDF etc.), chemokines (IL-6,
IL-10, IL-22 and IL-8), chemokines (CXC2, CCL2, 5 and 8) and angiogenic factors (VEGF, EGF, FGF etc.)
released for the purpose of tissue repair. Additionally, various mechanisms, employed by tumor cells,
including MMPs-driven basement membrane (BM) degradation, LOX-mediated ECM stiffness, laminin-
collagen remodeling, cancer associated fibroblasts (CAFs) heterogenicity at tumor invasive ends, lower
tumor infiltrating lymphocytic (TIL) ratio, predominance of tumor associated macrophages (TAMs), pro-
inflammatory repertoire and immune checkpoint mediated immune exhaustion modulate stromal
microenvironment and have been extensively discussed in this review. Furthermore, interventions in the
form of surgery or therapy can also promote tumor recurrence and adaptive resistance despite their life-
saving status. Surgical resectioning triggers platelet-mediated growth-factor release, acute-to-chronic
inflammatory transitioning via macrophage polarization, and cytokine-rich microenvironments that can
enable residual tumor cell survival even at histologically negative margins. Radiotherapeutic intervention
can lead to radiation induced fibrosis (RIF), genomic instability, aberrant MMP and CAF secretion and
vascular refraction whereas, chemotherapy causes immunosuppression, oxidative stress, mitochondrial
injury and cellular senescence that may either enhance antitumor immunity or facilitate immune escape.
Furthermore, adaptive resistance to PD/PD-L1 blockade due elevated IFN-y and TNF-a dependent TGF-
B"'e" myCAF, post-translational modification of PD-1/PDL1 and CCL2, CXCL5 and CXCLS derived M2
macrophages induce compromised anti-tumor immunity, immune exhaustion and therapy failure.
Integrating these molecular and stromal determinants offers critical opportunities for precision medicine

and development of stromal-targeted therapeutic strategies.

Keywords: Oral Squamous Cell Carcinoma (OSCC), Tissue remodeling, Tumor microenvironment, Tissue

repair, Surgery, chemotherapy, radiotherapy and immune-mediated check point therapy.
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MINERALOGICAL AND MICROSTRUCTURAL EVALUATION OF NIGERIAN CLAY
DEPOSITS FOR CERAMIC CAPACITOR APPLICATIONS

C. M. Ugbaja*, K. B. Okeoma, C. A. Madu, O. K. Echendu, and S. O. Ajayi

Federal University of Technology Owerri, Nigeria

ABSTRACT

This study presents a thorough mineralogical, microstructural, thermal, physicochemical, and plasticity
assessment of three clay deposits from Ndikpa, Ugwuagbada in Anambra State, Amaeke Umuaku Isuochi,
and Amuda Isuochi in Abia State (Samples A, B, and C, respectively). X-ray diffraction (XRD), X-ray
fluorescence (XRF), Fourier transform infrared spectroscopy (FTIR), thermogravimetric/differential
thermal analysis (TGA/DTA), scanning electron microscopy (SEM), and Atterberg limit tests were among
the characterization methods used. Origin 2024 was used to analyze the XRD results. The Scherrer and
Williamson-Hall models were used to assess structural factors such as crystallite size, microstrain, and
dislocation density. High crystallinity, large crystallite size (~182 nm), and low lattice strain are
characteristics of Sample C (Amuda Isuochi clay deposit). The findings show that the samples differ
significantly in terms of oxide concentration, phase composition, plasticity behavior, and crystallite size.
High silica, SiO: (66.38 wt%) and alumina, A1203 (25.65 wt%) contents with low iron impurities (2.99%),
enhanced crystallinity, little shrinkage, and favorable thermal stability were all present in the clay from the
Amuda Isuochi deposit (Sample C), indicating superior suitability for dielectric ceramic fabrication. This
study revealed technological potential of indigenous clay resources for advanced electronic applications
and the researchers recommend beneficiation and controlled sintering for capacitor production.

Keywords: XRD; Microstructure; Dielectric materials; Nigerian clay; Clay minerals; Ceramic capacitors.
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STROKEGUARD AI: A LIGHTWEIGHT MULTIMODEL FRAMEWORK FOR EARLY
STROKE RISK DETECTION USING FACIAL AND VOICE BIOMARKS

Gopinath N [1]*, Inbarajan M [2] , Yogeshwaran M , Balaji K [4] , Goventhan E [5] , Dr. Nixon
Samuel Vijayakumar [6].

[1,2,3,4,5] UG Scholars & [6] Professor , Department of Science and Humanities, R.M.K Engineering
College , Kavaraipettai.

ABSTRACT

Stroke is a leading cause of mortality worldwide due to delayed detection of early symptoms. Subtle facial
asymmetry and mild speech disturbances often appear before severe neurological damage but remain
unnoticed. This study presents StrokeGuard Al, a lightweight multimodal system for early stroke risk
screening using facial landmark analysis and speech signal processing. Facial asymmetry indices and
acoustic features such as MFCC and pitch variation are extracted and classified using a supervised machine
learning model. Results demonstrate promising accuracy, supporting the feasibility of a portable, non-
invasive, and cost-effective Albased preventive screening tool.

KEYWORDS: Early Stroke Risk Detection, Artificial Intelligence, Machine Learning, Multimodal
Biomarkers, Facial Landmark Analysis, Speech Signal Processing, Acoustic Feature Extraction, MFCC,
Computer Vision, Preventive Healthcare Technology
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SUSTAINABLE MATERIALS FOR ENVIRONMENTAL PROTECTION
Nadia AKRAM
Department of Chemistry, Government College University Faisalabad, Faisalabad 38000, Pakistan
ABSTRACT

The escalating global demand for polymers underscores the urgent need for sustainable, readily accessible
materials to mitigate environmental pollution. Conventional petrochemical-based polymers, such as
polyvinyl chloride (PVC), persist as non-biodegradable waste, driving research into green modifications.
This study presents the synthesis and comprehensive characterization of cornstarch (CS)-incorporated PVC
bioplastics as viable, eco-friendly substitutes. PVC (MW = 48,000 g/mol) was blended with CS via in situ
polymerization to produce 25 bioplastic samples, alongside neat PVC controls. Films of varying thicknesses
(0.1, 0.2, 0.3, 0.5, and 1.0 mm) were prepared, each doped with CS concentrations from 1 to 5 wt%.
Structural analysis via Fourier-transform infrared (FTIR) spectroscopy confirmed successful CS
integration, revealing characteristic polysaccharide peaks alongside PVC backbone vibrations.

Thermogravimetric analysis (TGA) indicated a three-stage degradation profile, with enhanced thermal
stability up to 250 °C for CS-modified films compared to pure PVC. Dynamic mechanical analysis (DMA)
highlighted optimal performance at 3 wt% CS, yielding a storage modulus (E’) of 1.660 MPa and tan & of
0.50, signifying improved mechanical integrity. Swelling tests in water demonstrated induced
hydrophilicity, with up to 4% swelling, facilitating controlled degradation. These CS-PVC bioplastics
exhibit balanced thermal, mechanical, and hydrophilic properties, positioning them as promising,
biodegradable alternatives to conventional polymers for packaging and textiles. Future work will explore
biodegradation kinetics and scale-up for industrial applications.

Key Words: Bioplastics; Cornstarch; PVC modification; Thermal stability; Dynamic mechanical analysis
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ABSTRACT

Short Introduction:

Drug repurposing is an alternative avenue for identifying new drugs to treat tuberculosis (TB).
Although TB can be cured with anti-tubercular drugs, the emergence of multidrug-resistant and
extensively drug-resistant strains of Mycobacterium tuberculosis H37Rv (Mtb), as well as the
significant death toll globally, necessitate the development of effective drugs to treat TB.
Experiments and Key result findings:

In this study, drug repurposing approach was employed to address this drug resistance problem by
screening drugbank database to identify novel inhibitors of the Mtb target enzyme, DNA gyrase. The
compounds were screened against the ATPase domain of gyrase B subunit (MtbGyrB47), and the
docking results showed Echinacoside, Doxorubicin, Epirubicin, and Idarubicin possess high binding
affinities against MtbGyrB47. Comprehensive assessment using fluorescence spectroscopy, SPR, and
CD titration studies revealed that Echinacoside as a potent binder against MtbGyrB47. Further,
ATPase, and DNA supercoiling assays exhibited ICso values of 2.1-4.7 uM for Echinacoside,
Doxorubicin, Epirubicin, and Idarubicin. Among these compounds, the least MICqo of 6.3 uM and 12
uM were observed for Epirubicin and Echinacoside, respectively. Hence, our findings indicate that
Echinacoside and Epirubicin target mycobacterial DNA gyrase, inhibit its catalytic cycle, and retard
mycobacterium growth. Further these compounds exhibits potential scaffolds for optimizing novel
anti-mycobacterial agents that can act on drug-resistant strains.

References:
1. Agrawal A, Roué M, Spitzfaden C, Petrella S, Aubry A, Hann M, Bax B, Mayer C.
Biochem J. 2013 Dec 1;456(2):263-73.
2. Stanger F V, Dehio C, Schirmer T. PLoS One. 2014 Sep 9; 9 (9):¢107289.
doi: 10.1371/journal.pone.0107289.
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ABSTRACT
Challenging conventional thermodynamic limits, this study establishes geometry as a critical control
parameter for nanostructured materials. By orchestrating convective, conductive, and radiative heat

transfer within bio-inspired architectures, we achieve  unprecedented thermal and optical precision.
Notably, we report the emergence of negative heat capacity driven solely by structural patterning. This
work decouples thermal performance from chemical composition, offering a robust framework for
designing exotic thermodynamic states. Consequently, geometry emerges not merely as a physical
attribute, but as a tunable variable for on-demand manipulation of heat capacity in advanced
nanomaterials.

Keywords: thermodynamic response, negative heat capacity, natural photonics, biophotonics, optics.
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HERBAL REMEDIES FOR GASTROINTESTINAL DISORDERS AND THEIR EVIDENCE-
BASED APPLICATIONS

Adeniran, Deborah Adeola
Department of Plant Biology, University of Ilorin, Nigeria
ABSTRACT

Digestive diseases, such as ulcers, diarrhea, and poor appetite, affect many people around the world.
Before modern hospitals were developed, people used plants to treat these illnesses. This traditional
knowledge has been shared from one generation to another for many years. Today, scientific experiments
confirm many of the health benefits that traditional healers discovered long ago. This review shows that
herbal medicine can be helpful when it is carefully tested and properly used. By combining traditional
plant knowledge with modern science, herbal treatments can improve digestive health and support better
healthcare for people of all ages, helping to achieve Sustainable Development Goal 3, which focuses on
good health and well-being.

Keywords: Ethnobotany, Herbal formulation, Gastrointestinal disorder, Bioactive compound
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THE EFFECTS OF MELATONIN IN ENHANCING DROUGHT TOLERANCE IN PLANTS
Ansek BALOGOU
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ABSTRACT

Drought is one important abiotic stressor that severely limits plant growth and development as well as
agricultural yield. In addition to disrupting physiological processes including photosynthesis, water
intake, and hormone homeostasis, it causes oxidative damage by producing an excessive amount of
reactive oxygen species (ROS). Plants have evolved defense mechanisms including osmotic adjustment
and antioxidant enzyme activity to mitigate these effects. Yet these mechanisms are often insufficient
under prolonged or severe water deficit. The multipurpose indoleamine melatonin (N-acetyl-5-
methoxytryptamine) is found in all plant tissues and has emerged as a potent modulator of plant stress
tolerance. A strong antioxidant, melatonin scavenges reactive oxygen species (ROS), enhances
photosynthetic efficiency, stabilizes cellular membranes, delays the senescence of leaves, and controls
the synthesis and signalling of phytohormones. Its exogenous application improves root growth, shoot
development, and overall plant performance under drought stress. This review thoroughly examines
melatonin's involvement in enhancing drought resistance, highlighting its effects on antioxidant
defense, osmotic management, photosynthetic protection, growth modulation, and hormone
connections. Understanding the processes underlying melatonin-mediated drought tolerance is

beneficial for sustainable agriculture as well as the development of stress-resilient crops.

Keywords: Drought stress, Reactive oxygen species (ROS), Melatonin, Antioxidant defence system,

Agricultural yield.
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Abstract

This study examines the effects of graphene incorporation on the properties of self-compacting mortars
(SCMs), specifically their fluidity, water absorption, compressive strength, flexural strength, and drying
shrinkage. Four different mixes (M0, M1, M2, and M3) were prepared with varying graphene contents.
The results showed that adding graphene significantly improved workability, as evidenced by increased
slump and reduced flow time, indicating improved fluidity and easier application. The water absorption
of the mortars also decreased with the addition of graphene, suggesting increased impermeability and
reduced porosity. In terms of mechanical strength, graphene incorporation significantly improved both
compressive and flexural strength. The M3 mixture (0.03% graphene) achieved a compressive strength
of 45 MPa and a flexural strength of 7 MPa at 28 days. Finally, drying shrinkage was effectively reduced
thanks to the inclusion of graphene, with the M3 mixture exhibiting the lowest shrinkage at 0.24 mm/m
at 28 days. The findings suggest that an optimum graphene content of 0.03% by weight of binder
provides significant improvements in the performance of self-compacting mortar, offering a cost-
effective, sustainable, and high-performance material for modern construction applications.

Keywords: Self compacting mortar, Graphene, Compressive strength.

Ozet

Bu calisma, grafen ilavesinin kendiliginden sikisan harglarin (SCM) 0&zelliklerine, &zellikle
akiskanliklarina, su emme oranlarina, basing dayanimina, egilme dayanimina ve kuruma biiziilmesine
etkilerini incelemektedir. Degisken grafen igerigine sahip dort farkli karigim (MO, M1, M2 ve M3)
hazirlanmistir. Sonuglar, grafen ilavesinin, artan ¢okme ve azalan akis siiresi ile kanitlandig1 gibi,
islenebilirligi 6nemli 6l¢iide iyilestirdigini, bunun da akiskanlig1 ve daha kolay uygulamay1 gosterdigini
ortaya koymustur. Har¢larin su emme orani da grafen ilavesiyle azalmig, bu da gegirimsizligin arttigini
ve gozenekliligin azaldigini géstermektedir. Mekanik dayanim agisindan, grafen ilavesi hem basing hem
de egilme dayanimimi 6nemli Olgiide iyilestirmistir. M3 karisimi (%0,03 grafen), 28 giinde 45 MPa
basing dayanimi ve 7 MPa egilme dayanimi elde etmistir. Son olarak, grafen ilavesi sayesinde kuruma
biiziilmesi etkili bir sekilde azaltildi ve M3 karigimi 28 giinde 0,24 mm/m ile en diisiik biiziilmeyi
gosterdi. Bulgular, baglayicinin agirligina gére %0,03'lik optimum grafen iceriginin, kendiliginden
sikisan harcin performansinda Snemli iyilestirmeler sagladigini ve modern insaat uygulamalar1 igin
uygun maliyetli, dayanikl1 ve yliksek performansl bir malzeme sundugunu gostermektedir.

Anahtar Kelimeler: Kendiliginden sikisan harg, Grafen, Basing dayanimi.
Introduction

Self-compacting concrete (SCC) has gained significant attention in recent years due to its superior
workability, reduced labor requirements, and ability to flow under its own weight, filling intricate molds
and spaces without the need for vibration. SCC has become a popular choice in the construction industry,
particularly in situations where complex geometries and high reinforcement densities are present '*.
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However, despite its advantages, the production of SCC often involves the use of various additives and
materials to enhance its rheological properties and mechanical performance. One such material that has
recently garnered interest is graphene, a two-dimensional carbon allotrope known for its exceptional
strength, conductivity, and ability to enhance the properties of concrete and mortar. Numerous studies
have explored the incorporation of graphene and its derivatives into cementitious materials, revealing
that even small amounts can significantly improve both the compressive and flexural strengths, as well
as reduce drying shrinkage. Graphene has been shown to enhance the microstructure of cementitious
materials by improving particle bonding, reducing porosity, and increasing the density of the material *-
>, This results in stronger, more durable concrete that is capable of performing better under various stress
conditions. Additionally, graphene’s nano-structural properties contribute to improved crack resistance,
making it a promising additive for self-compacting concrete (SCC). However, the widespread adoption
of graphene in construction materials faces challenges, particularly in the form of waste management.
The production of graphene, especially when it is synthesized in large quantities for industrial use, can
result in significant waste. Improper disposal of this waste graphene can lead to environmental pollution
due to its non-biodegradable nature and potential toxicity to aquatic and terrestrial ecosystems. To
mitigate this issue, there has been growing interest in the reuse of waste graphene in concrete and mortar
applications. By recycling and incorporating waste graphene into SCC, not only can the harmful
environmental impacts be reduced, but it can also enhance the properties of the final product, creating a
more sustainable and eco-friendly material . The aim of this study is to investigate the effects of
graphene incorporation on the properties of self-compacting mortar (SCM), focusing on compressive
strength, flexural strength, and drying shrinkage. The study aims to determine the optimal percentage of
graphene for improving the performance of SCC, while also addressing the environmental impact of
graphene waste by exploring its potential for reuse in mortar applications.

Materials used

The CEMI 42.5 xas used to formulate all mixtures with a fineness of 370m*/kg and density of 3.06. The
natural pozzolan used to prepare the SCM comes from Bouhamidi, a volcanic region. Its apparent
density is 2.3 g/cm?® and its specific surface area is approximately 420 m?/kg. Graphene powder, with an
apparent density of 0.5 to 1.0 g/cm? and a high specific surface area of 400 m?/kg, serves as an additional
additive in cementitious materials. Its incorporation improves the mechanical and rheological properties
of the self-compacting concrete. A high-performance water-reducing superplasticizer, based on
polycarboxylic ether (PCE), was used to significantly improve the workability and mechanical
performance of the geopolymer mortars. Local sand with a particle size of less than 1 mm was used as
fine aggregate in the mix. Polypropylene (PP) fibers have been added to improve certain performance
parameters, such as ductility. T

Experimental

Material used

The experimental program for self-compacting mortars was conducted in two stages. In the first stage,
the fresh properties were evaluated by measuring the workability by using a slump flow and flow time
in accordance to the EFNARC specifications.

In the second stage, the water absorption (at 28d), flexural and compressive strength (at 2,7, and 28
days), and drying shrinkage (at 1,2,7,and 28 days) of the mortar mixes were assessed.

Mixtures detail

Table 1-Mixture formulations

. Ceme | Pozzolan Graphene Sand Water SP
Mix | ot L a . (kg/m® | Binder | (kg/m?® | “vaer/ i
Id (kg)/rn (ke/m®) (kg)/m o ) ) Binder (kg)/m %
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MO | 248 62 248 | 0.01 1665 310 124 0.4 5.27 1.7
M1 248 62 496 | 0.02 | 1665 310 124 0.4 5.27 1.7
M2 | 248 62 744 | 0.03 | 1665 310 124 0.4 5.27 1.7
M3 248 62 992 | 0.04 | 1665 310 124 0.4 5.27 1.7

*Binder : Cement+Natural pozzolana
*SP : Superplasticizer
*CEM 142.5

Results and discussions

Slump flow and flow time
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Fig. 1 Mini slump flow and flow time evolution of mortars

Figure 1 shows the evolution of slump flow of self-compacting mortar mixes containing graphene
(0.01-0.04%). From the figure, it can be seen that the incorporation of graphene initially improves the
flowability of the mixes. Compared to the control mix (MO0), the slump flow increased from 24.5 cm to
27.0 cm for the mix containing 0.03% graphene (M2), indicating enhanced particle dispersion and better
lubrication of the cementitious matrix. However, further increasing the graphene content to 0.04% (M3)
led to a slight reduction in slump flow to 26.5 cm, suggesting that excessive graphene can increase the
viscosity of the mix ®. Based on these results, the optimum graphene content for maximizing flowability
is 0.03% of the binder. Overall, the maximum observed increase in slump flow compared to the control
is approximately 10.2%, while the highest content tested (0.04%) still shows a net improvement of 8.2%
over the control, demonstrating that small additions of graphene can significantly enhance self-
compacting properties without compromising workability. In addition, Figure 3 shows the evolution of
flow time of self-compacting mortar mixes containing graphene (0.01-0.04%). From the figure, it can
be seen that the incorporation of graphene generally reduces the flow time compared to the control mix
(MO), indicating improved fluidity and faster self-leveling. The mix with 0.03% graphene (M2)
exhibited the shortest flow time of 10.2 seconds, reflecting optimal dispersion and the lubricating effect
of graphene within the mortar matrix. Increasing the graphene content to 0.04% (M3) slightly increased
the flow time to 10.5 seconds, suggesting that excessive graphene can marginally increase viscosity °.
Therefore, the optimum graphene content for minimizing flow time is 0.03%, which results in a
reduction of approximately 15% compared to the control mix, confirming that small additions of
graphene enhance the self-compacting performance of the mortar.

Coefficient of water absorption
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Fig. 2 Coefficient of water absorption of mortars

Figure 2 shows the coefficient of water absorption of self-compacting mortar mixes containing graphene
(0.01-0.04%) after 28 days of curing and 24 hours of immersion. From the figure, it can be seen that the
incorporation of graphene generally reduces water absorption compared to the control mix (MO),
indicating a denser and less porous microstructure. The mix with 0.03% graphene (M2) exhibited the
lowest water absorption of 6.8%, reflecting improved particle packing and enhanced bonding within the
cementitious matrix. Increasing the graphene content to 0.04% (M3) slightly increased water absorption
to 6.9%, suggesting minor graphene agglomeration at higher dosages. Therefore, the optimum graphene
content for minimizing water absorption is 0.03%, which results in a reduction of approximately 13%
compared to the control mix, demonstrating that small additions of graphene improve the durability of
self-compacting mortar *,

Compressive and flexural strength
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Fig. 3 Compressive strength of mortars
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Flexural strength (MPa)
S =N WA OSSN I XX

Figures 3 and 4 shows the 28-day compressive and flexural strength of self-compacting mortar mixes
containing graphene (0.01-0.04%). From the figure, it can be seen that the incorporation of graphene
significantly enhances the long-term strength of the mortar. The mix with 0.03% graphene (M2)
exhibited the highest 28-day compressive strength of 43 MPa and flexural strength of 7.0 MPa,
representing an increase of approximately 13% compared to the control mix (MO). This improvement is
attributed to the enhanced microstructure resulting from graphene’s nano-reinforcing effect, which
promotes better particle packing, reduces porosity, and improves cement particle bonding, leading to
higher density and crack resistance'’. Increasing the graphene content to 0.04% (M3) resulted in a slight
reduction in strength (42.5 MPa compressive, 6.9 MPa flexural), suggesting minor graphene
agglomeration at higher dosages. Therefore, the optimum graphene content for maximizing 28-day
mechanical performance is 0.03%, confirming that small additions of graphene improve both the
strength and durability of self-compacting mortar.

Drying shrinkage

Figure 5 shows the evolution of drying shrinkage of self-compacting mortar mixes containing graphene
(0.01-0.04%) at 1, 2, 7, and 28 days. From the figure, it can be seen that the incorporation of graphene
generally reduces drying shrinkage compared to the control mix (MO0), indicating a denser and more
stable microstructure. The mix with 0.03% graphene (M2) exhibited the lowest drying shrinkage of
0.165% at 28 days, reflecting improved particle packing, reduced porosity, and enhanced bonding within
the cementitious matrix’. Increasing the graphene content to 0.04% (M3) slightly increased shrinkage
to 0.170%, suggesting minor agglomeration at higher dosages. Therefore, the optimum graphene content
for minimizing drying shrinkage is 0.03%, resulting in a reduction of approximately 17.5% compared
to the control mix. These results confirm that small additions of graphene improve the dimensional
stability and durability of self-compacting mortar by refining its microstructure.

Conclusion

Based on the experimental results, the following conclusions can be drawn regarding the effect of
graphene on self-compacting mortar (SCM):

e Small additions of graphene (up to 0.03%) improve fresh properties.

e  Optimum workability observed at 0.03% graphene, with slump flow increased by 10% and flow
time reduced by 15% compared to the control mix.

e Water absorption decreased by13% and drying shrinkage by 17.5% at 28 days for the mix
containing 0.03% graphene.
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e Improvements are attributed to the nano-reinforcing effect of graphene, which enhances particle
packing, reduces porosity, and increases crack resistance.

e Both compressive and flexural strengths improved at all ages.

e Maximum 28-day compressive strength (43 MPa) and flexural strength (7.0 MPa) achieved at
0.03% graphene (13% improvement over control).

e The optimum dosage for maximizing fresh and hardened properties is 0.03% of binder weight.
Higher dosages (0.04%) may slightly reduce performance due to graphene agglomeration.
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USING SMART SENSOR SYSTEMS
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R.M.K. Engineering College, Tiruvallur District, Tamil Nadu, India

Abstract

Water contamination remains a major global concern, particularly in regions affected by industrial
discharge and agricultural runoff. This study proposes the integration of artificial intelligence with smart
chemical sensor systems for rapid and accurate detection of water pollutants. The project involves the
development of sensor platforms capable of detecting key contaminants such as heavy metals, pH
variations, and organic pollutants. Artificial intelligence algorithms will be employed to analyze sensor
data, improve detection accuracy, and enable predictive monitoring of water quality. Experimental
studies will evaluate sensor sensitivity, response time, and reliability under varying environmental
conditions. The integration of Al-based data analysis is expected to enhance early warning capabilities
and reduce manual monitoring limitations. The proposed system offers a low-cost, real-time water
quality monitoring solution suitable for environmental surveillance and smart city applications. This
work highlights the potential of combining materials chemistry with digital technologies to address

critical environmental challenges.

Keywords: Artificial Intelligence, Water Quality Monitoring, Smart Sensors, Environmental Detection,

Predictive Analysis
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BRONCHIAL WALL REMODELING IN ASTHMA
Adriana GRIGORAS

Grigore T. Popa University of Medicine and Pharmacy lasi, Romania

Introduction

Asthma is a significant health problem, with an increasing prevalence in many countries, affecting
more than 262 million persons all over the world. The pathologic features of asthma include the
bronchial wall remodeling, as the result of the chronic inflammatory process located in the lamina
propria. Despite the current progress registered in bronchial asthma diagnosis, the most accurate data
is still provided by the microscopic exam of the bronchial biopsies. The aim of this study is to report
the pathological features of the bronchial wall remodeling in asthma patients from our files.

Material and methods

The study group was composed of 38 asthmatic patients with different stages of severity diagnosed in
the Specialty Ambulatory of the Pneumology Clinic Hospital of Iasi, Romania. The biopsy specimens
harvested by bronchoscopy have been processed by paraffin-embedding, followed by Hematoxylin-
Eosin and by immunohistochemistry, using Ki-67. All the results have been statistical analyzed, using
SPSS 25 software.

Results

The microscopical examination revealed a variable bronchial wall thickening due to smooth muscle
hypertrophy, mainly in uncontrolled or partially controlled asthma. A glandular hypertrophy has been
also observed in severe forms of asthma, while a near-normal glandular areas have been observed in
well-controlled asthma cases. The statistical analysis demonstrated a strong association between
muscle mass (p < 0.01) or between the glandular area hypertrophy (p = 0.01) and asthma severity.
Additionally, the linear regression analysis showed an inverse correlation between FEV1 values and
the muscular and glandular hypertrophy.

Conclusions

Current data on asthma microscopy remain relatively limited, mainly because bronchoscopy is not a
routine procedure in the evaluation of asthmatic disease. Microscopic examination in asthma patients
reveals complex pathological mechanisms involved in bronchial remodeling. These processes can be
further clarified through deeper investigation of their characteristic molecular features.
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OZET

Lojistik yonetiminde rekabet avantaji saglamak icin dogru rota planlamasi ve varig siiresi tahmini
kritik 6neme sahiptir. Geleneksel yontemler (Dijkstra) sadece mesafe odakli statik ¢oziimler
sundugundan, hava durumu ve trafik gibi dinamik degiskenleri géz ardi etmektedir. Bu ¢alismanin
amact, Karadeniz Bolgesi'ndeki lojistik faaliyetler i¢in yapay zeka tabanli, dinamik ve hata pay1
diisiik bir rota optimizasyon modeli gelistirmektir. Calisma yontemi, Karadeniz Bolgesi’de bulunan
5 il (Ordu-Giresun-Trabzon-Rize-Giimiishane-Erzumurum) ile trafik ve yol verileri incelenmistir.
Toplanan veri ile Open-Meteo API iizerinden ¢ekilen hava durumu verisi, zaman odakl1 trafik
katsayilari ile genisletilmistir. Tahminleme modeli olarak 3 farkli algoritma yontemi ( Random
Forest Regressor-Linear Regression-XGBoost) kullanilmistir. Yapilan test sonuglart ve
bulgularinda, R*2 bagar1 orani, MAE ortalama hatanin minimum degeri, Random Forest Regressor
modelinde en basarili sekilde ¢ikmistir. Ayrica hava durumu ve trafigin siireyi %30 degerinde
etkiledigi tespit edilmistir. Sonug olarak model, loistik faaliyetlerde belirsizlik azaltmak ve stratejik
avantaji desttekleyen sonuglar vermistir. Rota optimizasyonu dinamik, daha giivnilir ve 6l¢iilebilir
hale gelmistir.

Anahtar Kelimeler: Lojistik Y&netimi, Lojistik Faliyetler, Makine Ogrenmesi, Rota
Optimizasyonu, Dijsktra Algoritmasi
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ABSTRACT

Accurate route planning and time-of-arrival estimation are critical for gaining a competitive
advantage in logistics management. Traditional methods (Dijkstra) only offer static, distance-
focused solutions, ignoring dynamic variables such as weather and traffic. The aim of this study is
to develop an Al-based, dynamic, and low-error route optimization model for logistics activities in
the Black Sea Region. The study method involves examining traffic and road data from 5 provinces
in the Black Sea Region (Ordu, Giresun, Trabzon, Rize, Giimiishane, and Erzurum). The collected
data was expanded with weather data extracted from the Open-Meteo API and time-oriented traffic
coefficients. Three different algorithm methods (Random Forest Regressor, Linear Regression, and
XGBoost) were used as the estimation model. The test results and findings show that the R? success
rate and the minimum mean error of MAE were achieved most successfully with the Random Forest
Regressor model. Furthermore, it was determined that weather and traffic affected the estimated
time by 30%. In conclusion, the model has yielded results that reduce uncertainty in logistics
operations and support strategic advantage. Route optimization has become dynamic, more reliable,
and measurable.

Keywords: Logistics Management, Logistics Operations, Machine Learning, Route Optimization
Dijkstra Algorithm
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ABSTRACT

The increasing environmental impact of the construction sector has made sustainable design principles
a central concern in contemporary architecture. While sustainability has been widely discussed in
residential, commercial, and public buildings, its integration into religious architecture remains
relatively limited. This study aims to examine the sustainable design strategies implemented in Ali
Kuscu Mosque, one of the rare LEED-certified mosques in Tiirkiye. The research adopts a qualitative
case study methodology and evaluates the building within the framework of LEED criteria, focusing on
energy efficiency, water conservation, material selection, and indoor environmental quality. The mosque
demonstrates a compact mass organization that minimizes energy loss and supports thermal
performance. Natural daylight utilization plays a significant role in reducing artificial lighting demand,
while energy-efficient mechanical and lighting systems contribute to overall performance optimization.
Water-saving fixtures and environmentally responsible material choices further enhance the building’s
sustainability profile. Additionally, the integration of passive design strategies strengthens the
environmental responsiveness of the structure without compromising its spiritual and functional
requirements.

The findings indicate that sustainable design principles can be effectively incorporated into
contemporary mosque architecture. Ali Kuscu Mosque serves as a significant example demonstrating
that environmental responsibility and religious architectural identity can coexist harmoniously. The
study contributes to the growing discourse on sustainable religious buildings and provides a reference
for future mosque designs in similar climatic and cultural contexts.
Keywords: Sustainable Architecture, LEED Certification, Mosque Design, Green Building, Case
Study.

INTRODUCTION

The construction sector significantly impacts the environment due to its high energy consumption and
intensive use of natural resources. In recent decades, sustainable architecture has emerged as a critical
approach to mitigate these environmental impacts. Green building certification systems, such as LEED
(Leadership in Energy and Environmental Design), provide standardized guidelines for designing
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environmentally responsible and resource-efficient buildings. As a result, sustainable design strategies
are increasingly being incorporated across various building typologies, including religious architecture.

Sustainable architecture encompasses design approaches that minimize environmental impact while
promoting energy efficiency, resource conservation, and occupant well-being (Kibert, 2016; Vale &
Vale, 1991). Key principles of sustainable architecture include:

e Efficient energy use and the implementation of passive design strategies
e Responsible utilization of materials and natural resources

e Integration of environmental and climatic considerations into the design process (Szokolay,
2014; Hegger et al., 2008)

Architectural design plays a pivotal role in reducing environmental impacts through resource-efficient
planning and environmentally responsive strategies (Hegger et al., 2008; Kibert, 2016). A growing body
of academic research highlights the importance of green building certification systems in evaluating and
enhancing the environmental performance of buildings (Sipahi & Tavsan, 2026). Several voluntary
certification systems are widely employed internationally, including:

e GBC (Green Building Challenge)

e LEED (Leadership in Energy and Environmental Design)

e BREEAM (Building Research Establishment Environmental Assessment Method)

e GREENSTAR (developed by the Australian Green Building Council based on LEED and
BREEAM criteria)

e BEES (Building for Environmental and Economic Sustainability)

e SBTool (Sustainable Building Tool, Canada)

e ECO-QUANTUM (simulation-based model)

e ECOPROFILE (for existing office buildings)

e LCAid (life-cycle analysis-based tool)

e CASBEE (certification developed with government support in Japan)

Among these, LEED is one of the most widely adopted green building certification systems worldwide
(Erten et al., 2009). Established by the U.S. Green Building Council in 1998, LEED evaluates buildings
according to their environmental performance and sustainability strategies (Tavsan et al., 2021; USGBC,
2021; Kibert, 2016). LEED certification is a comprehensive process spanning from the design phase to
construction completion and assesses buildings across several categories, including sustainable sites,
water efficiency, energy and atmosphere, materials and resources, indoor environmental quality,
innovation in design, and local priorities. Buildings are awarded different certification levels (Certified,
Silver, Gold, or Platinum) based on their accumulated points.

The LEED certification process incentivizes architects and engineers to implement environmentally
responsible design strategies that enhance energy efficiency, reduce resource consumption, and improve
overall environmental performance (Kats, 2010; Kibert, 2016). In this context, the present study
examines the sustainable design strategies employed in Ali Kusgu Mosque, one of the rare mosques in
Tiirkiye that has achieved LEED certification.

LITERATURE REVIEW

Today, while the concepts of ecology and sustainable building are discussed across many building types
such as housing, educational buildings, museums, and offices, mosques as religious structures remain
relatively limited in the literature (Arslan, 2019). When the literature on sustainable mosque design is
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examined, it is observed that religious buildings are addressed within a multidimensional design
approach that goes beyond being merely places of worship, meeting the needs of Muslim communities,
using natural resources efficiently, minimizing environmental impacts, and supporting social
development (Baharudin & Ismail, 2014). Sustainable mosque design integrates environmental
protection, energy efficiency, and ecological balance within religious architecture (Yu et al., 2025). In
this context, sustainable mosque design presents a holistic approach that brings together environmental,
social, and economic dimensions (Khashaba, 2019). The process of making existing mosque buildings
sustainable and the design and construction of new sustainable mosques involve different requirements;
therefore, this study focuses particularly on mosques that are designed in accordance with sustainability
principles from the conceptual stage onwards.

In sustainable mosque design, reducing energy and water consumption is among the primary objectives,
and accordingly, both passive and active design strategies are widely employed. Facade designs and
spatial organization decisions that maximize natural lighting and natural ventilation significantly reduce
the need for artificial lighting and mechanical air conditioning. In this context, the reinterpretation of
traditional architectural elements is also noteworthy. For example, minarets can be utilized as “wind
catchers” to facilitate natural air circulation (Khashaba, 2019). In addition, renewable energy is
generated through photovoltaic (PV) panels integrated into the roofs, thereby improving the energy
performance of buildings. Water efficiency is also an important component of sustainable mosque
design. Especially, the reuse of water used in ablution areas presents significant potential. In this context,
greywater recycling systems make it possible to filter and reuse water in toilets or landscape irrigation.
Furthermore, rainwater harvesting systems allow water collected from roofs to be stored and used for
cleaning and irrigation purposes (Danish et al., 2023). All these strategies contribute to the conservation
of water resources.

Material selection also plays a significant role within the context of sustainability. The preference for
materials with low carbon footprints that are compatible with local climatic conditions and cultural
context contributes both to the reduction of environmental impacts and to strengthening the contextual
integration of buildings (Danish et al., 2023). In addition, in sustainable mosque architecture, building
form is considered not only as an aesthetic element but also as a design input that directly affects
environmental performance. The positioning and shaping of buildings in accordance with solar
movement and prevailing wind directions enable the control of heat gain and loss (Azmi and Kandar,
2019). Within this framework, in sustainable mosque design, excessive monumentality is avoided, and
spatial solutions that are more human-scaled, energy-efficient, and focused on user comfort are
preferred. Semi-open spaces, corridors, and verandas are designed not only as circulation areas but also
as spaces that provide opportunities for social interaction and flexible use during periods of intensive
use. In addition, significant energy savings can be achieved through zoning strategies, such as heating
or cooling only specific areas during periods of low usage of the mosque. Sustainable mosques function
not only as places of worship but also as centers for education, social solidarity, and cultural interaction.
These structures are designed as accessible and inclusive spaces open to different segments of society,
offering a welcoming environment for both Muslim and non-Muslim users (Sobri et al., 2021). In this
respect, mosques are considered an important component of sustainable urban life and a spatial
instrument of social integration. In the evaluation and certification of sustainable mosques, various green
building certification systems are used. Among these systems are international certification systems such
as LEED (USA), BREEAM (UK), GBI (Malaysia), and Green Mark (Singapore), each of which has
different evaluation criteria (Azmi and Kandar, 2019). Among these systems, LEED stands out as one
of the most widely used and internationally recognized systems for evaluating and certifying the
environmental performance of mosque buildings.
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In conclusion, sustainable mosque design presents a holistic approach that aligns with the Islamic
principle of “avoiding waste,” aiming to conserve natural resources while ensuring energy and water
efficiency and promoting social benefit. This approach contributes significantly to the literature on
sustainable architecture by aiming to produce environmentally compatible, user-oriented, and
multifunctional spaces.

METHODOLOGY

This study adopts a qualitative research approach based on a case study methodology, which is widely
used in architectural research to enable an in-depth analysis of specific buildings within their real-life
context (Yin, 2004). Qualitative research methods are particularly effective in exploring complex design
processes and contextual relationships, allowing for an interpretive understanding of architectural
phenomena (Creswell, 2014). Within this framework, the case study method enables a comprehensive
examination of architectural design decisions and environmental performance through the use of
multiple data sources.

The research process began with a comprehensive literature review on sustainable architecture, green
building certification systems, and sustainable mosque design in order to establish the theoretical
framework of the study. Following this, the case study was determined through a purposeful sampling
strategy, which allows for the selection of information-rich cases that are most relevant to the research
objectives (Creswell, 2014). Although the number of green-certified mosques worldwide remains
limited, several examples can be identified, including Masdar City Mosque, KAUST Campus Mosque,
Msheireb Mosque, Khalifa Mosque, Estidama Mosque, and Ali Kus¢u Mosque (Fig. 1).

Project Name Certification Date LEED Certification Type Points

LEED v4 BD+C: New

Ali Kuseu Mosque 2021 Construction GOLD 62 TURKIYE
Masdar City Mosque 2025 cgﬂﬁﬁ;jﬂ?&*g’o " PLATINUM 89 UAE
Estidama Mosque 2024 cﬂffg;&f‘ff&% PLATNUM 90 UAE
KAUST RP Mosque 2017 msﬁiﬁgﬁggg S SILVER 55 SAUDIARABIA
Khalifa Mosque 2016 HEE B AC ety CERTFIED 4 UAE

Constructionv3 - LEED 2008

- LEED BD+C: New
Msheireb Mosque 2016 Construction v3 - LEED 2009 GOLD n QATAR
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Fig.1 Determination of sample (Created by Authors) (URL-1;2;3;4;5;6)

Among these examples, Ali Kugeu Camii was selected due to its LEED Gold v4 certification, its location
in Turkiye, and its significance as a representative example of sustainable religious architecture within
the regional context. In addition, the possibility of conducting on-site observation constituted an
important criterion in the selection process, as it allowed for a more direct and context-sensitive
understanding of the building.

The selected case was then analyzed in terms of spatial organization, architectural design decisions, and
overall building characteristics. This stage focused on examining how sustainability principles are
integrated into the architectural form and spatial configuration. Finally, the environmental performance
of the building was evaluated based on LEED criteria, including energy efficiency, water management,
material selection, and indoor environmental quality. This evaluation aimed to identify and interpret the
sustainability strategies implemented in the building within the broader framework of green building
assessment.

LEED Scorecard

v INTEGRATIVE PROCESS CREDITS 111 |
~ LOCATION & TRANSPORTATION 6/20
v SUSTAINABLE SITES 6/10

m (@Y
v WATER EFFICIENCY 7in ,‘\_‘E(.)}-,)
v ENERGY & ATMOSPHERE 15789

v MATERIAL & RESOURCES 8/13 |

v INDOOR ENVIRONMENTAL QUALITY 10118 @

REGIONAL PRIORITY CREDITS 4/4 Q
INNOVATION o @

Fig.2. Leed Scorecard of Ali Kuscu Mosque (URL-7)
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FINDINGS

Ali Kuscu Mosque is located within Istanbul Airport and was designed to serve passengers, airport staff,
and visitors. The mosque was designed by Vizzion Architecture in collaboration with Fonksiyon
Architecture. With an indoor area of approximately 8070 square meters, it has a capacity of around 6000
worshippers. The mosque has two minarets, each 55 meters tall with a single balcony (Fig. 3).

Fig 3. Ali Kuscu Mosque (Goksel, 2026)

Architecturally, the mosque represents a contemporary interpretation of traditional Islamic architecture
while integrating modern construction technologies (Fig.4). The spatial organization of the building
mainly consists of a courtyard, the main prayer hall, and a gallery level. At Ali Kusgu Mosque, bicycle
parking areas were arranged to encourage bicycle use among employees and visitors, while water
fixtures and vitrified tiles used in the mosque were selected for their water-saving features. EPA (US
Environmental Protection Agency) standards were taken into account in these selections. Ali Kuscu
Mosque, which continues its work with a zero waste mission, recycled a large portion of the waste
generated during its construction, while all household and recyclable waste generated during the
construction process was regularly monitored.

L | ll;.| I e w w

Fig 4. Entrance and Ablution fountain (Gdksel, 2026)

Construction materials used in the mosque were prioritized based on their sustainability and eco-
friendliness, with over 20 types of EPD (Environmental Product Declaration) certified materials used in
the project (URL-8). The use of EPD-certified materials reflects a life-cycle-oriented approach,

115



B\ Cukurova International
Congress of Basic and
&/ Applied Sciences

INTERNATIONAL
ACADEMIC
PLATFORM

AKAP

addressing embodied environmental impacts. This encouraged the use of products that are
environmentally and economically preferable and whose environmental impacts during the production
process have been measured. The LEED Gold certification process, which began with goal and strategy
setting meetings, continued throughout the mosque’s design and construction phases. This enabled the
fastest possible achievement of the goals set in line with the LEED certification process.

During and after construction, utmost care was taken to protect the natural environment. The mosque
grounds were designed so that over 30% of the area would be landscaped (URL-9). To minimize the
load that the construction would place on the infrastructure, particularly the rainwater drainage system,
the proportion of hard surfaces was kept low, and light-colored coating materials were chosen for the
roof and hard surfaces to reduce the heat island effect.

Opened for worship in 2020, the mosque consists of three main sections: the dome, the gallery area, and
the courtyard. The mosque has three main entrances. The fountain is located in the center of the
courtyard, while the first small dome area is located at the main entrance. The corridors opening to the
east and west of this area contain the ablution and toilet areas. The mosque has 72 colored glass panels
rising from the floor to the dome, and above these panels are decorative mesh panels that continue the
pattern of the glass (Fig.5). At the end of the mesh, there is an ornamental work made of box profiles in
the belt section. This section also has a different ornamental work at the highest point of the dome,
which now forms the roof. Above this section, there are 14 different verses arranged between the ribs.
The women’s section can be seen in the upper part to the north of the main prayer area, in the form of a
balcony. The calligraphy style was identified as slightly modernized Kufi.
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Fig.5. The dome, the gallery area, and the courtyard (Goksel, 2026)

The band inscription in the main prayer area was also made on an acoustic plaster application, so special
care was taken to ensure that the plaster did not lose its properties, and the surface was not damaged. In
this application, a surface model was created by performing approximately 40 million on-site readings
using special 3D scanning devices. Ornamental inscriptions prepared in 3D were then superimposed
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onto this surface model to determine their correct placement. Accordingly, the letters and decorations
were individually manufactured and carefully installed on site. These strategies directly contribute to
the LEED Energy and Atmosphere (EA) category (URL-10 & URL-11).

Energy efficiency is one of the key components of sustainable building design. In the case of Ali Kuscu
Mosque, several strategies contribute to reducing energy consumption. Firstly, passive design strategies
such as maximizing natural daylight help reduce the need for artificial lighting during daytime.
Secondly, energy-efficient lighting and mechanical systems improve the overall performance of the
building. In addition, the building envelope is designed with high-performance insulation materials to
minimize thermal energy losses. All energy-consuming systems in the mosque were inspected according
to LEED commissioning procedures, ensuring that both installation and operational performance meet
the targeted sustainability criteria. In the lighting and mechanical systems used in the mosque, energy
efficiency was prioritized, and the mosque’s annual energy consumption and carbon footprint were
reduced to zero. In addition to all this, work was done to maximize the use of daylight in the mosque
design. The indoor air quality and visitor comfort at Ali Kuscu Mosque were designed to exceed 30%
of the fresh air values specified in the ASHRAE standard for mechanical ventilation systems, while all
processes were determined in accordance with ASHRAE standard indoor temperature values. This
maximized visitor comfort.

Water efficiency is particularly important in mosque buildings due to the high-water demand associated

with ablution practices. In Ali Kuscu Mosque, water-saving fixtures and sanitary systems were selected

| R

- m_ e,

Wil =T

in order to reduce water consumption (Fig. 6).

Fig 6. Water efficiency in ablution areas (Goksel, 2025)

These fixtures were chosen in accordance with the standards of the United States Environmental
Protection Agency. Through the use of low-flow faucets and efficient sanitary equipment, the mosque
aims to minimize water use while maintaining functional requirements. These strategies contribute to
the building’s performance within the LEED Water Efficiency category. Water-efficient sanitary fixtures
and fittings were selected to reduce water consumption.

It can be seen that the water used in the ablution area has been specially designed to prevent waste.
Additionally, during prayer times, the water and heating systems are optimized using a smart system.
Low-flow faucets and sanitary equipment help minimize water use in ablution areas. These strategies
contribute to the reduction of overall water consumption within the building. Low-flow faucets and
sanitary equipment help minimize water use in ablution areas. These strategies contribute to the
reduction of overall water consumption within the building. In addition to water efficiency strategies,
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the project also incorporates sustainable site planning and transportation considerations. Sustainable site
planning is another important aspect of green building design. In the case of Ali Kusgu Mosque, bicycle
parking areas were provided in order to encourage environmentally friendly transportation for both
employees and visitors. By supporting alternative transportation options, the project contributes to
reducing transportation-related environmental impacts. These strategies align with the Sustainable Sites
category within the LEED certification system. Bicycle parking areas were provided to encourage
environmentally friendly transportation for employees and visitors. The project promotes sustainable
mobility by supporting alternative transportation options. These strategies contribute to the Sustainable
Sites category within the LEED certification framework by reducing transportation-related
environmental impacts.

Compared to other green-certified mosques such as Masdar City Mosque or KAUST Mosque, Ali Kusgu
Mosque demonstrates similar strategies in energy and water efficiency while distinguishing itself
through its integration within a large-scale transportation hub. Overall, the findings indicate that the
mosque integrates multiple sustainability strategies across different scales, including building envelope
design, mechanical systems, water management, and site planning. These strategies collectively
contribute to its performance within the LEED certification framework.

DISCUSSION

The findings of this study demonstrate that sustainable design principles can be effectively integrated
into contemporary mosque architecture without compromising religious, spatial, and symbolic
requirements. In the case of Ali Kuscu Camii, environmental strategies such as energy efficiency, water
conservation, and sustainable site planning are incorporated in a manner that remains consistent with
the traditional spatial organization of mosque architecture. This supports the argument in the literature
that sustainability in religious buildings should not be perceived as a constraint but rather as an
opportunity to reinterpret architectural traditions within a contemporary environmental framework
(Baharudin & Ismail, 2014; Khashaba, 2019).

The integration of passive design strategies, including daylight optimization and natural ventilation,
aligns with broader sustainable architecture principles emphasizing the reduction of energy demand
through climate-responsive design (Hegger et al., 2008). In this respect, the project reflects a design
approach that combines traditional architectural elements with modern environmental technologies,
thereby establishing a balance between cultural identity and sustainability. This finding is consistent
with previous studies suggesting that sustainable mosque architecture often emerges through the
reinterpretation of vernacular strategies, such as the use of courtyards, shading elements, and natural
ventilation systems (Khashaba, 2019). Furthermore, the implementation of water-efficient systems,
particularly in ablution areas, highlights a critical aspect of mosque sustainability that is frequently
emphasized in the literature. Given the high-water consumption associated with ritual practices,
strategies such as low-flow fixtures and water reuse systems are essential for reducing environmental
impact (Danish et al., 2023). The findings indicate that such strategies are successfully integrated into
the design, reinforcing the importance of water management in sustainable religious architecture.

When compared to other green-certified mosques, such as Masdar City Mosque and KAUST Campus
Mosque, similar sustainability strategies can be observed, particularly in terms of energy efficiency and
water management. However, the case of Ali Kuscu Mosque is distinctive due to its location within a
major transportation hub, which introduces additional considerations related to accessibility, user
density, and environmental impact. This context expands the discussion on sustainable mosque
architecture by demonstrating how such buildings can function effectively within highly complex and
dynamic urban environments.
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Another significant finding is the consideration of universal design principles within the project. The
inclusion of accessibility features such as elevators, Braille signage, audio guidance systems, and
inclusive circulation design reflects a broader understanding of sustainability that extends beyond
environmental performance to include social sustainability (Fig.7).

& 5

Fig 7. Braille signage, audio guidance systems (Goksel, 2026)

This aligns with contemporary sustainability frameworks, which emphasize inclusivity, accessibility,
and user well-being as integral components of sustainable design. In this sense, the mosque can be
interpreted not only as an environmentally responsive structure but also as a socially inclusive space.
Moreover, the use of certified materials and attention to construction processes indicate an awareness of
the environmental impacts associated with building lifecycles. This reflects a shift in sustainable
architecture towards a more comprehensive approach that considers not only operational energy use but
also embodied energy and material sustainability.

Overall, the case study contributes to the limited body of literature on sustainable mosque architecture
by providing an example of how environmental, cultural, and social dimensions can be integrated within
a single design framework. As one of the relatively few LEED-certified mosques, the project serves as
an important reference for future research and practice, particularly in regions where the intersection of
religious architecture and sustainability remains underexplored.

CONCLUSION

In conclusion, the analysis of Ali Kugsgu Camii demonstrates that sustainable design principles can be
effectively and coherently integrated into contemporary mosque architecture without compromising
religious, spatial, and cultural values. The project incorporates a wide range of strategies related to
energy efficiency, water conservation, material selection, and sustainable site planning within the LEED
certification framework, reflecting a comprehensive and multidimensional approach to sustainability.

The findings indicate that mosque architecture, traditionally shaped by climatic, social, and symbolic
considerations, can be reinterpreted through contemporary sustainability criteria. In this regard, the case
study not only confirms the applicability of sustainable design principles in religious buildings but also
highlights their potential to enhance environmental performance while maintaining architectural
identity. As one of the relatively few LEED-certified mosques worldwide, the building serves as a
significant reference point for the future development of sustainable religious architecture, particularly
in contexts where such applications remain limited.
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Despite these contributions, the study has several limitations. First, the research is based on a single case
study, which restricts the generalizability of the findings across different mosque typologies and
geographical contexts. Second, the analysis relies primarily on available project documentation and
observational data rather than long-term quantitative performance measurements, such as actual energy
consumption, water usage, or carbon emission data. Therefore, the evaluation focuses on design
strategies and intended performance rather than empirically verified outcomes.

Furthermore, although several green-certified mosques exist globally, the scope of this study is limited
to one example, which constrains the ability to conduct comparative analysis. Future research could
expand this framework by examining multiple case studies across different regions and certification
systems. In particular, comparative studies involving mosques such as Masdar City Mosque or KAUST
Campus Mosque could provide broader insights into the diversity of sustainable design approaches in
religious architecture.

In addition, future studies may benefit from incorporating quantitative performance analyses, including
energy consumption, water efficiency, and carbon emissions, in order to evaluate the actual operational
performance of such buildings. Integrating both qualitative and quantitative approaches would
contribute to a more comprehensive understanding of sustainable mosque architecture and support the
development of more effective design strategies in future projects.
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PARTIAL PURIFICATION, CHARACTERIZATION, AND ACTIVITIES OF LIPASE
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ABSTRACT

Lipases are enzymes that break down triglycerides into fatty acids and glycerol, gaining attention for
industrial applications in detergents, esterification, pharmaceuticals, and biodiesel production. This
research optimized fermentation conditions to produce lipase from fungal strains obtained from Kwara
State University's microbiology lab, identified through 16S rRNA sequencing as Aspergillus niger P151
and Aspergillus flavus P152.Crude lipase was partially purified via ammonium sulfate precipitation and
dialysis, then characterized. Protein concentration was measured, and the purified enzyme was tested for
juice clarification and antimicrobial effects against seven different microorganisms. Aspergillus flavus
P152 lipase exhibited higher enzyme activity and purity (67.30%) than Aspergillus niger P151 (63.50%).
Protein levels in Aspergillus flavus P152 lipase peaked at 5 minutes for 5.0 pL and at 1 hour for 20.0 L.
In juice clarification, Aspergillus flavus P152 lipase yielded clearer juices with lower absorbance (0.060)
in 30 minutes, compared to Aspergillus niger P151 (0.801 in 90 minutes), both outperforming the control
lipase. Antimicrobial tests revealed that Aspergillus flavus P152 lipase inhibited Staphylococcus aureus
and Pseudomonas aeruginosa with minimum inhibitory concentrations of 125 mg/mL and 250 mg/mL,
respectively, while Aspergillus niger P151 showed no inhibition. The findings position both fungal strains
as valuable sources for industrial lipase production, particularly in food processing and antimicrobial
applications.

Keywords: Fungi, Lipase, Juice Clarification, Antimicrobial Activity
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OPTIMIZATION AND EXPERIMENTAL VALIDATION OF Curtobacteria strain-MEDIATED
PHOSPHATE REMOVAL UNDER VARIABLE PHYSICOCHEMICAL PARAMETRS
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'Department of Microbiology, Kebbi State University of Science and Technology, Aliero, 863104, PMB
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ABSTRACT

Phosphorus enrichment is a primary driver of eutrophication in freshwater ecosystems, including the Langat
River, highlighting the need for sustainable bioremediation strategies using phosphate-solubilizing bacteria.
This study optimized the bio-phosphate removal potential of Curtobacteria strain (S8B1) using Response
Surface Methodology (RSM). A sequential statistical approach was employed: Plackett-Burman Design
(PBD) screened five factors; pH, temperature, tricalcium phosphate (TCP) concentration, incubation time,
and inoculum size, followed by Central Composite Design (CCD) to optimize the significant variables.
Phosphate removal was quantified via the molybdenum blue method under controlled spectrophotometric
conditions. PBD analysis identified pH, temperature, and TCP concentration as significant factors (p <
0.05), with pH exerting the strongest positive effect, while higher temperatures showed a negative linear
influence. CCD optimization yielded a maximum phosphate removal of 78.6 mg/L at pH 7, 30°C, and 40
pg/mL TCP, closely aligning with the model-predicted value of 78.3 + 0.4 mg/L and a low mean absolute
error of 0.23 mg/L. ANOVA confirmed the model’s significance (F =298.95, p <0.05) and an insignificant
lack-of-fit (p = 0.1468), indicating strong predictive reliability. Significant interaction and quadratic terms
highlighted the system’s nonlinear behavior and the importance of balancing key parameters. These
findings highlight that optimal phosphate removal relies on synergistic interactions among physicochemical
variables, particularly neutral pH and moderate temperatures typical of tropical river systems. The
optimized IPSB-based approach offers a cost-effective and environmentally sustainable strategy for
mitigating phosphorus pollution and controlling eutrophication in nutrient-impacted freshwater ecosystems.

Keywords: Bio-phosphate removal, Eutrophication, CCD, PBD and physicochemical variables.
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OZET

Fosil yakitlara dayali sera gazi emisyonlar iklim degisikligi {izerinde ciddi etkilere neden olmaktadir.
Bu etkilere yonelik artan ¢evre bilinci ve uluslararasi anlagmalar ile yenilenebilir enerji kaynaklarina
yonelim hizla artmaya baslamistir. Yenilenebilir enerji kaynaklarmmdan biyoenerji 6zellikle kirsal
alanlarda tarimsal ve hayvansal atiklarin degerlendirilmesi yoluyla enerji ve kirsal alan
stirdiiriilebilirligine 6nemli katkilar saglamaktadir. Son yillarda biyoenerjiye yonelik, marjinal alanlarda
biyokiitle iiretilmesi mekansal olarak uygulamalarda yayginlagsmaktadir. Bu yaklagimlar kirsal ve
yenilenebilir enerji arasindaki giiclii bagin ortaya ¢ikarilmasinda olduk¢a 6nemlidir. Bu g¢aligmanin
amaci, yeni gelisen bir alan olan marjinal alanlarda biyokiitle olusturularak biyoenerji arzinin
saglanmasina yonelik diinyadaki egilimlerin mekansal perspektiften nasil bir gelisim gosterdigini ele
almaktir. Bu kapsamda Web Of Science (WoS) ve Scopus veri tabanlarinda yer alan yiiksek etki
degerine sahip dergilerde yayimlanan mekansal ¢alismalar degerlendirilmistir. Calismalarda enerji
bitkileri yaklasimi, kullanilan enerji bitkileri, biyoenerji arzindaki onemi basliklar1 {izerinden bir
degerlendirme gergeklestirilmistir. Caligma bulgular1, marjinal alanlarin biyoenerji arzinin siirekliligi,
atil alanlarin islevlendirilmesi ve yenilenebilir enerjiye geciste onemli katkilar sundugunu ortaya
koymaktadir. Bunun yan sira Panicum virgatum ve Miscanthus x giganteus enerji bitkilerinin mekansal
olarak daha fazla uygulama alan1 buldugu goriilmektedir. Calisma sonucunda elde edilen bulgularin,
Tiirkiye’de yenilenebilir enerji yatirmlarinin planlanmasina ve marjinal tarim arazilerinin hem
mekansal hem de ekonomik anlamda kazandirilmasma yonelik mekansal bir perspektif sunmasi
beklenmektedir.

Anahtar Kelimeler: Biyokiitle, Biyoenerji, Enerji Bitkileri, Mekansal Planlama
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ABSTRACT

Greenhouse gas emissions based on fossil fuels have serious effects on climate change. With increasing
environmental awareness and international agreements regarding these effects, the shift towards
renewable energy sources has begun to accelerate rapidly. Bioenergy, a renewable energy source, makes
significant contributions to energy and rural sustainability, particularly in rural areas, through the
utilization of agricultural and animal waste. In recent years, the spatial application of biomass production
in marginal areas has become widespread. These approaches are highly significant in revealing the
strong link between rural areas and renewable energy. The aim of this study is to examine, from a spatial
perspective, how global trends have evolved in the emerging field of ensuring bioenergy supply through
biomass production in marginal lands. Within this scope, spatial studies published in high-impact
journals indexed in the Web of Science (WoS) and Scopus databases were evaluated. The assessment
was conducted under the themes of the energy crop approach, the types of energy crops utilized, and
their importance in bioenergy supply. The findings indicate that marginal lands make important
contributions to the continuity of bioenergy supply, the functional utilization of idle lands, and the
transition to renewable energy. In addition, it is observed that Panicum virgatum and Miscanthus x
giganteus energy crops have found wider spatial applications. The findings obtained from this study are
expected to provide a spatial perspective for the planning of renewable energy investments in Tiirkiye
and for the spatial and economic utilization of marginal agricultural lands.

Keywords: Biomass, Bioenergy, Energy Plants, Spatial Planning
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 Department of Biology, Laboratory of Natural Resources and Sustainable Development, Faculty of
Sciences, Ibn Tofail University, Morocco

b Department of Biology, Faculty of Sciences, Chouaib Doukkali University, El Jadida, Morocco

ABSTRACT

Despite the widespread use of wild edible medicinal plants (WEMPs) in Morocco, information on their
nutritional value, bioactive composition, and safety aspects are limited. Thus, the present study aimed to
evaluate the nutritional value (proximate and mineral contents), phytochemical properties, and acute toxicity
of Dysphania ambrosioides, Ziziphus lotus, and Origanum vulgare collected from central Morocco. Nutritional
composition was determined using standard food analysis methods, while total phenolic and flavonoid contents
were quantified colorimetrically. Antioxidant activities were assessed by DPPH, ABTS and FRAP assays.
Results revealed that the studied WEMPs contained valuable nutrients in the respective ranges of moisture
(6.25-10.23%), ash (4.81-14.85%), protein (6.98-20.43%), fat (2.26-2.88%), carbohydrates (63.75-85.33%)),
and energy (345.45-395.16 kcal-100 g'). They were also rich in essential minerals, particularly magnesium
(46.76-95.77 mg-100 g™), iron (1.73-4.31 mg-100 g), and manganese (1.65-2.02 mg-100 g™). The total
phenolic and flavonoid contents ranged from 64.45 to 207.30 mg GAE-g™! extract and from 18.84 to 117.18
mg QE-g! extract, respectively. Antioxidant assays showed strong correlations with phenolic and flavonoid
contents. Overall, The findings demonstrate that these WEMPs represent valuable sources of nutrients and
bioactive compounds with antioxidant potential and could serve as natural dietary antioxidants to help mitigate
oxidative stress.

Keywords Wild edible medicinal plants, Nutritional profile, Antioxidant compounds, Morocco.
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SILENT DESTROYER: CORROSION AND ITS TRILLION-RUPEE IMPACT ON
INFRASTRUCTURE

Vanthana G, Varsa G, Aishwarya S, Tharunikaa P, M Varshana Deepa, Dr. A.
Vijayalakshmi
R.M.K. Engineering College, Tiruvallur District-601206, Tamil Nadu, India

ABSTRACT

Corrosion—the relentless “Rust Reaper”—inflicts enormous global economic damage by
degrading metals through oxidation, electrochemical reactions, and exposure to aggressive
environments such as humidity, saline conditions, and industrial pollutants. This pervasive
process consumes an estimated 3—4% of global GDP, translating to over USD 2.5 trillion
annually. In the United States alone, losses exceed USD 450 billion each year across critical
sectors. Infrastructure deterioration accounts for approximately USD 22.6 billion, with corroded
highways and bridges increasing the risk of catastrophic structural failures. Utilities suffer nearly
USD 47.9 billion due to corroded transmission lines and pipelines, resulting in power outages and
leakage incidents. The oil and gas sector incurs losses exceeding USD 60 billion annually from
pipeline corrosion and spill-related damages. Manufacturing operations experience productivity
losses of around USD 17.6 billion due to equipment degradation and unplanned downtime, while
agricultural productivity declines as corrosion damages farm machinery and storage systems.

Beyond direct repair and replacement costs, corrosion generates significant indirect
consequences. Approximately 25-33% of global steel production is lost to corrosion, contributing
to environmental pollution and resource depletion. Structural failures triggered by corrosion pose
serious safety hazards, leading to injuries, loss of life, and widespread socio-economic disruption.
Furthermore, reliance on reactive maintenance diverts resources away from innovation and
sustainable development.

Substantial corrosion losses can be mitigated through strategic preventive investments, recovering
15-35% of costs and saving USD 375-875 billion annually. Protective coatings, corrosion-
resistant alloys, cathodic protection, and inhibitors effectively limit metal degradation, while
advanced sensors and digital twins enable predictive maintenance. Nations prioritizing proactive
corrosion management, aligned with sustainability goals, can extend infrastructure life, reduce
material waste, enhance safety, and strengthen long-term economic resilience.

Keywords: Corrosion economics; infrastructure degradation; preventive strategies; GDP loss;
corrosion-resistant alloys; cathodic protection.
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TRAINING AND COLLABORATION NETWORK FOR NATURE-BASED SOLUTIONS IN
DISASTER MANAGEMENT
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OZET

Afet yonetiminin, hizli miidahale kapasitesi iiretirken eszamanli olarak uzun dénemli uyum,
ekolojik biitiinliik ve toplumsal dayaniklilik da gelistirmesi beklenmektedir. Bununla birlikte doga
temelli ¢6ziimler, sahada homojen bi¢imde benimsenmemektedir. Bu durumun temel nedeni
kavramlarin bilinmemesi degil, uygulamaya iliskin bilginin kurumlar, disiplinler ve farkli yetki
alanlar1 arasinda pargali sekilde dagilmis olmasidir. Bu bildiri, doga temelli ¢ozliimleri afet risk
azaltimi baglaminda ortak bir 6grenme altyapisi olarak isler kilan bir egitim ve is birligi ag1 modeli
onermektedir. Model, birbirine sik1 bi¢imde eklemlenen ii¢ katmandan olusmaktadir. Bunlar; (i)
saha temelli sorunlari yetkinlik esasli mikro miifredatlara doniistiiren modiiler bir egitim mimarisi,
(i) tematik calisma gruplar1 ve kanitlar araciligiyla ¢ok aktorli is akislarini bigimsellestiren bir is
birligi katmani ve (iii) icerik, araglar ve karar kontrol listelerini farkli tehlike profillerine ve
kurumsal kapasitelere uyarlayan bir yerellestirme mekanizmasi olarak karsimiza ¢ikmaktadir. Is
birligi agi, tek yonlii bir aktarim diizeni yerine ¢ift yonlii bir sistem olarak tasarlanmistir. Kentler
ve uygulayicilar ihtiyaglar, kisitlar ve performans verileri igin kaynak olustururken, ag bu girdileri
giincellenmis egitim birimlerine ve uygulamaya doniik yonlendirmelere doniistiirmekte, ardindan
uygulanabilir paketler halinde geri bildirim saglamaktadir. Siirdiiriilebilirlik, duragan proje ¢iktilar
olarak degil, siirekli igerik diizenlemesi sayesinde rutin kapasite yenilenmesi siirecleri {izerinden
kavramsallastirilmaktadir. Bildiride ele alinan yaklagim, Avrupa Birligi es finansmaninda
yiiriitiilen “Filling The Gap: Development of Ecological Planning and Design Learning Network
And An Adaptive Smart Training Module For Disaster Resilient And Sustainable Cities (EPD-
Net)” isimli Erasmus+ projesi tarafindan desteklenmektedir.
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Y o6netisim, Kapasite Gelistirme

ABSTRACT

Disaster management is increasingly expected to deliver rapid response while simultaneously
advancing long-term adaptation, ecological integrity, and social robustness. Yet nature-based
solutions remain unevenly adopted, not because the concepts are unknown, but because
implementation knowledge is fragmented across institutions, disciplines, and jurisdictions. This
paper proposes a training and collaboration network model that operationalizes natiire based
solutions as a shared learning infrastructure for disaster risk reduction. The model combines three
tightly coupled layers; namely, (i) a modular training architecture that translates field problems into
competency-based micro-curricula; (ii) a collaboration layer that formalizes multi-actor workflows
through thematic working groups and evidence logs; and (iii) a localization mechanism that adapts
content, tools, and decision checklists to different hazard profiles and institutional capacities. The
network is designed as a bidirectional system. Cities and practitioners provide needs, constraints,
and performance data; the network converts these signals into updated training units and practical
guidance, then feeds them back as implementable packages. Sustainability is treated as continuous
content stewardship and routine capacity renewal, rather than as static project deliverables. The
approach is informed by the EU co-funded Erasmus+ project entitled “Filling The Gap:
Development of Ecological Planning and Design Learning Network And An Adaptive Smart
Training Module For Disaster Resilient And Sustainable Cities (EPD-Net)”.

Keywords: Nature-Based Solutions, Disaster Risk Reduction, Training Network, Collaboration
Governance, Capacity Building

GIRIS

Diinyamiz giderek etkileri daha fazla hissedilen afetlerle sinanmakta, her gegen giin afetlerin
siklig1, siddeti ve cesitliligi artis gostermektedir. EM-DAT verilerine gére 2022 yilinda diinyada
387 dogal afet kaydedilmis, bu afetlerde 30704 kisinin hayatin1 kaybettigi, 185 milyon kisinin
olumsuz etkilendigi ve afetlerin neden oldugu ekonomik kaybin maliyetinin 222.8 milyar USD
olarak hesaplandig: bildirilmistir. 2023 yilinda iilkemizde yaganan depremler ise simdiye kadar
yasanan en yiiksek etkili afetler arasinda yerini almig durumdadir (http-1). Bu cergevede etkin bir
biitiinlesik afet yonetimi ve mevcut uygulamalarin etkililigi giderek kritik bir glindem maddesi
olmaktadir.

Afet yonetimi alaninda son yirmi yilda belirginlesen temel doniigiim, riskin artik sadece olay
sonrast miidahale kapsaminda degil, kentlesme, ekolojik bozulma, altyapt ve yOnetisim
ihtiyaglarinin i¢ ige gectigi sistemik bir siire¢ olarak ele alinmasidir. Bu doniisiim tesadiifi degildir.
Sendai Afet Risk Azaltma Cergevesi’nde, afet riskini anlama ve afet risk yonetisimini giiclendirme
konular1 6ncelikli alanlar olarak tanimlamis, boylece afet yonetimi sadece miidahale kapasitesine
indirgenen dar ¢erceveden ¢ikartilmistir (UNDRR, 2015). Sendai Afet Risk Azaltma Cergevesi,
asagidakileri 6nermektedir:
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e Ortak bir bilgi sistemi olusturmak ve is birligi ve kapasite gelistirme i¢in iyi uygulamalari
ve programlari paylasmak (madde 28/a)

e Dayaniklilig1 artirmak ve afet riskini azaltmak igin ekosistem tabanli yaklagimlarin
uygulanmasini planlamak (madde 28/d)

e Uygun tasarim ve insaat yoluyla tehlikelere kars1 daha iyi dayanacak sekilde bastan insa
etmek (madde 30/c)

e Afet risk degerlendirmelerinin, kentsel planlama da dahil olmak {izere, arazi kullanim
politikas1 gelistirme ve uygulamasina entegre edilmesini tesvik etmek (madde 30/f)

e Afet risk degerlendirmesi, haritalama ve yoOnetiminin kirsal kalkinma planlama ve
yonetimine entegre edilmesini tesvik etmek (madde 30/g)

e Arazi kullanim planlamasi ve yapisal standartlarin iyilestirilmesi gibi afet sonrasi yeniden
yapilanmaya hazirlik i¢in kilavuz gelistirmek (madde 33/k)

e Ekosistemlerin siirdiiriilebilir kullanimin1 ve yonetimini giliglendirmek ve afet risk
azalimini igeren entegre cevre ve dogal kaynak yonetimi yaklagimlarini uygulamak
(madde 30/n)

Benzer bigimde Hiikiimetlerarasi Iklim Degisikligi Paneli (International Panel on Climate Change
/ TPCC), maruziyet ve kirilganligin kentlerde hizla arttigini, 6zellikle uyum kapasitesi sinirli
yerlesimlerde riskin yogunlastigini vurgulamaktadir (Dodman vd., 2022). Bu nedenle giincel
tartismanin merkezinde riskin hangi mekansal, ekolojik ve kurumsal iliskiler iginde tiretildigi
sorusu yer almaktadir. Bunun yani sira ekolojik ve kurumsal ihtiyaglar ¢ergevesinde kentlerin
direngli hale getirilmesi ihtiyact doga temelli ¢oziimlerin mekansal planlama ve tasarim
yaklagimlarina entegrasyonu konusu ile birlikte siklikla tartigilmaktadir (Maes ve Jacobs, 2017).

Bu baglamda doga temelli ¢oziimler, afet yonetimini merkezi bir miidahale alanina donligmiistiir.
Uluslararast Dogay1 Koruma Birligi (International Union for Conservation of Nature / IUCN)
“doga temelli ¢Oziimleri, dogal ya da degistirilmis ekosistemlerin korunmasi, siirdiiriilebilir
yonetimi ve restorasyonu yoluyla toplumsal sorunlara yanit iiretmeyi amaglayan eylemler” olarak
tanimlamaktadir. [UCN Global Standardinda bu yaklagim, dogrulama, tasarim ve Ol¢ekleme
ilkeleriyle daha da sistematik hale getirilmistir (Cohen-Shacham vd., 2016; IUCN, 2020). Buradaki
kritik nokta, doga temelli ¢oziimlerin yalnizca “yesil” olduklar i¢in degil, baglama duyarl,
uyarlanabilir ve ¢oklu fayda iiretme kapasitesine sahip miidahaleler olduklar1 i¢in 6nem tasidigidir.
Nitekim, Birlesmis Milletler Afet Risk Azaltma Ofisinin (United Nations Office for Disaster Risk
Reducation / UNDRR) ekosistem temelli afet risk azaltimi rehberleri de bu yaklagim
giiclendirerek, doga temelli ¢oziimleri direnglilik igin temel bilgi ve uygulama alanlarindan biri
olarak konumlandirmaktadir (Renaud vd., 2020; UNDRR, 2021).

Ne wvar ki, literatiirin olgunlagsmasi, uygulamadaki belirsizlik ve kopukluklari ortadan
kaldiramamustir. Tam tersine, doga temelli ¢dziimler agisindan kavramsal genisleme ile kurumsal
uygulama arasindaki bosluk daha da artmaktadir. Anderson vd. (2022), kavramlarin yanlis ya da
bilingsiz kullaniminin doga temelli ¢oziimlerin gercek potansiyelini gizledigini agik bigimde
belirtmektedir. Nehren vd. (2023) ise afet risk azaltimi baglaminda doga temelli ¢oziimler icin
sistematik bir genel bakisa ihtiya¢ bulundugunu vurgulayarak, asil eksikligin 6rnek yetersizligi
degil, siniflandirma ve karar destegi eksikligi oldugunu agiklamaktadir. Castelo vd. (2023) daha da
ileri giderek gelecekteki iklim belirsizligi, yerele 6zgii teknik tasarim olgiitleri, yonetigim stratejileri

130



\ Cukurova International
) Congress of Basic and
Applied Sciences

© | INTERNATIONAL
ACADEMIC
PLATFORM

ve etkililik degerlendirmesi alanlarinda belirgin bosluklar bulundugunu ortaya koymaktadir.
Kisacasi, sorun artitk doga temelli ¢oziimlerin bilinmemesi degil, bu bilginin 06gretilebilir,
karsilagtirilabilir,  yerellestirilebilir ve kurumsal olarak siirdiiriilebilir  bir  yapiya
doniistiirilememesidir.

Bu noktada egitim ve is birligi aglari, yalnizca destekleyici araglar olmalarinin 6tesinde dogrudan
kurumsallastiric1 ve kapasite gelistirici mekanizmalar olarak da énem kazanmaktadir. Bununla
birlikte, kapasite gelistirme faaliyetlerinin degerlendirilmesi ve yarattigi etkinin Slglimiine dair
belirsizlikler vardir (Sterling vd., 2022). Ustelik afet yonetimi baglaminda sunulan egitim, sabit
icerik aktarimindan ibaret degildir. Bu agidan, doga temelli ¢oziimlere yonelik egitim aglarinin
basit bir igerik deposu olmaktan ¢ikip, siirekli glincellenen, yerel baglama uyarlanan ve ¢ok aktorli
etkilesimle yasayan bir 6grenme sistemi olarak tasarlanmasi dnemlidir.

Avrupa Birligi (AB) tarafindan desteklenen ve Eskisehir Teknik Universitesi koordinatorliigiinde
yiiriitiilen EPD-Net Projesi bu ihtiyacin giderilmesi anlaminda kritik bir 6neme sahiptir. Proje,
ekolojik planlama ve tasarim i¢in bir 6grenme ag1 vasitasiyla afetlere direngli ve siirdiiriilebilir
kentler i¢in uyarlanabilir bir egitim modiili gelistirmeyi hedeflemektedir.

Bu ¢erceve, tek seferlik egitim mantigindan daha fazlasini hedeflemekte olup modiiler 6grenme,
uluslar Gtesi is birligi, uyarlanabilir icerik ve proje sonrasi siirdiiriilebilirlik bilesenleriyle
giiclendirilmistir. 13 iilkeden 32 ortakli bir konsorsiyum ile yiiriitiilityor olmas1 projenin 6gretim
materyali tiretiminin 6tesinde kurumsal ag olusumuna odaklandiginin da agik gdstergesidir (http-
1). Dolayisiyla, EPD-Net Projesi, afet yonetiminde doga temelli ¢6ziimlerin nasil 6gretilecegi, nasil
paylasilacag1 ve nasil siirdiiriilebilir kilinacagi sorularimi birlikte ele alan kurumsal bir deneyim
alanidir.

Bu nedenle, bu bildiride sunulan ¢alisma, doga temelli ¢oziimleri yeniden tanimlamaktan ziyade
¢ok daha zor bir soruya odaklanmakta, afet yonetiminde doga temelli ¢oziimler i¢in gerekli bilgi
ve beceri altyapisinin nasil bir egitim ve is birligi ag1 icinde kurumsallastirilabilecegine yanit
aramaktadir. Bu kapsamda, bildiride, EPD-Net Projesi, modiiler egitim mimarisi, is birligi katmani
ve yerellestirme mekanizmasi lizerinden degerlendirilmektedir.

Bu kapsamda, bildiride, kavramsal c¢ercevenin kisaca Ozetlenmesinin ardindan, EPD-Net
Projesi’nde ortaya koyulan kurumsal mantik ve isleyisi tartisilmis, son olarak da siirdiiriilebilirlik
ve proje sonrasi stireklilik konusu degerlendirilmistir.

KURAMSAL CERCEVE

Kuramsal ¢ergeve ti¢ eksene dayanmaktadir. Bunlar; doga temelli ¢oziimler, afet risk azaltimi ve
ogrenme aglaridir. Bu {i¢ eksen birbirinden ayri diisiiniilemez. Ciinkii doga temelli ¢oziimler, afet
yonetimi baglaminda ancak belirli bir bilgi ve uygulama altyapisi i¢inde anlam kazanir; 6grenme
aglar ise ancak somut bir miidahale alanina baglandiklarinda kurumsal deger iiretir. Bu nedenle
burada amag, kavramlari tek tek tanitmak degil, aralarindaki yapisal iliskiyi kurmaktir.

Ik eksen doga temelli ¢oziimlerdir. Frantzeskaki (2019,) doga temelli ¢dziimlerin toplumlarin
afetlere kars1 daha direngli, siirdiiriilebilir ve kentsel dayaniklilig1 saglamay1 hedefleyen ayni
zamanda c¢evreyi koruyarak ekolojik siireclerden ilham alan tasarimlar biitiinii oldugunu
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belirtmektedir. IUCN’nin temel ¢ercevesi ve Global Standardi ortak bir anlayis olmadan doganin
toplumsal sorunlara etkili bir miittefik olarak devreye sokulamayacagini agik¢a vurgulamaktadir.
Dolayistyla, doga temelli ¢oziimler i¢in standartlagsma, dogrulama ve dlgekleme ihtiyact daha da
gorliniir hale gelmistir. Bu bildiride doga temelli ¢oziimler, “yesil olan her sey” gibi jenerik ve
belirsiz bir cercevede degil, belirli riskler ve yonetisim baglamlarinda tasarlanmas: gereken
miidahale aileleri olarak ele alinmaktadir. Bu ¢ercevenin neden gerekli oldugu, literatiirdeki
kavramsal dagmiklik tartigmalarinda daha da netlesmektedir. Anderson vd. (2022), doga temelli
¢ozlimlerin gergek potansiyelinin, kavramsal tartigmalar arasinda yitirildigini vurgulayarak dnemli
bir tespit gergeklestirmektedirler. Ciinkii kavramin sinirlar1 belirsiz kaldiginda egitim igerigi de
belirsizlesmekte, kurumlar arasi iletisim zayiflamakta, uygulama rehberleri iliskisel olmaktan
cikmaktadir.

Ikinci eksen afet risk azaltimdir. Doga temelli ¢dziimlerin gevresel politika giindemlerinin bir
pargasi olmasi yeterli degildir; afet risk azaltimi i¢in dogrudan islevsel bir ¢ergeve sunulmasi
gereklidir. UNDRR’nin ekosistem temelli afet risk azaltimi yaklasimi bu gereklilige agik vurgu
yapmakta, ‘“Nature-based Solutions for Disaster Risk Reduction” Rehberi de ihtiyaca gore
Ol¢eklendirme yapmanin gerekliligini 6n plana ¢ikartmaktadir. Bu kapsamda, asil sorunun doga
temelli ¢ozlimlerin nasil yayginlastirilacag: ve nasil kurumsallastirilacagi ekseninde yogunlastigi
daha iyi anlagilmaktadir. Yani afet yonetiminde problem, kavramin yoklugu degil; bilgi ile
uygulama arasindaki kopukluktur. Bu nedenle bu c¢aligmada, doga temelli ¢oziimler, afet
yonetiminin cevresel eklentisi degil, uygulamaya tasinmasi gereken bilgi altyapisi olarak
goriilmektedir.

Afet risk azaltimu literatiiriindeki bir diger kritik gelisme, tipoloji ve sistematiklestirme arayisinin
on plana ¢ikmasidir. Nehren vd. (2023)’nin belirttigi gibi, afet risk azaltimi ig¢in doga temelli
¢oziimlere yonelik sistematik bir bakisa ihtiya¢ vardir. Bahsi gecen sistematik bakis, artik basit
ornekler (iyi uygulama ornekleri) toplamanin 6tesine gecilmesi, karsilastirilabilir ve 6gretilebilir
bilgi liretme asamasmin kritik hale geldigini savunmaktadir. Baska bir ifadeyle, doga temelli
cozlimler afet yonetiminde ancak sistematik bilgiye doniistiiklerinde Ogretilebilir; dgretilebilir
olduklarinda ise yayginlastirilabilir. Bu yiizden EPD-Net Projesinin 6nemi, sadece iyi igerik
iiretmeye odaklanmasinda degil, daginik bilgiyi kurumsal 6grenme formatina ¢evirme yaklagimina
dayanmasindadir.

Kuramsal gergevede iiciincii eksen, 6grenme aglaridir. Literatiir bu konuda kapasite gelistirme
faaliyetlerinin ¢cok yaygin, ama etkilerinin nasil degerlendirildigine dair saglam bilginin sinirl
oldugunu belirtmektedir. Sterling vd. (2022), koruma ve dogal kaynak yonetimi agisindan kapasite
gelistirme ¢aligmalarinin yeterince etkili sekilde degerlendirilemedigini, bu alandaki uygulama ve
yaklasimlarinin yetersiz oldugunu belirtmektedirler. Bu tespit, EPD-Net Projesi igin kritik bir
o6neme sahiptir. Clinkii egitim, ag kurma ve modiiler icerik gelistirme faaliyetleri kendiliginden etki
iiretmez; bunlarin nasil izlendigi, nasil degerlendirildigi ve nasil siirdiiriildiigii asil belirleyici
olandir. Egitim var diye kapasite olusmaz. Ag var diye kurumsal 6grenme gergeklesmez. Bu
nedenle 6grenme aglarinin kuramsal arka plani, yalnizca pedagojik degil, ayn1 zamanda yonetsel
ve degerlendirmeci bir zeminde kurulmalidir.
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Benzer bigimde Porzecanski vd. (2022), kapasite gelistirme i¢in birey odakli ve kisa vadeli egitim
mantiZinin asilmasi gerektigini, kurumsal isleyis, orgiitler arasi etkilesim ve bilgi akisinimn birlikte
ele alinmasinin énemli oldugunu tartigmaktadirlar. Bu tartigma, EPD-Net gibi ¢ok ortakli ve ¢ok
Olcekli girisimler i¢in kritiktir. Ciinkli proje, modiiller ve ¢iktilar iizerinden degerlendirilirse
yalnizca faaliyet listesine doniisiir. Oysa sistem yaklasimiyla okundugunda, 6grenme, bilgi bakimi,
yerellestirme ve kurumlar arasi senkronizasyonu igeren bir kapasite mimarisi olarak goriiniir.
Campagnaro vd. (2022), g¢evresel yonetisim baglaminda karma ve c¢ok katmanli 6grenme
bi¢imlerinin gerekliligini 6n plana ¢ikartmaktadirlar. Bu, doga temelli ¢oziimler gibi disiplinler
arasi bir alan i¢in daha da dnemlidir. Ciinkii burada yalnizca teknik uzmanlik degil, ortak dil,
uygulama rehberi, saha deneyimi, yonetisim farkindaligi ve yerel uyarlama kapasitesi birlikte
gereklidir.

Afet baglaminda egitim gereksiniminin statik olmadig1 da agiktir. Utunen vd. (2024), dogru
zamanda ve uyarlanabilir 6grenme desteginin 6nemine vurgu yapmakta, Malcolm vd. (2022)
TRAIN Learning Network drneginde agik erisimli ¢cevrimigi egitim aglarinin afet ve halk saglig:
acisindan odlgeklenebilir kapasite tiretiminde 6nemli bir yere sahip oldugunu belirtmektedir. Bu
caligmalar, afet yonetiminde egitimin, yalnizca Onceden hazirlanmis igeriklerle ve belirli
takvimlere gore sunulmasinin yeterli olmadigini, ihtiyac aninda devreye girebilen, giincellenebilir
ve paylagilabilir bir bilgi rejimine ihtiya¢ bulundugunu gostermektedir. EPD-Net’in uyarlanabilir
egitim modiilii ve 6grenme ag1 mantigi bu ihtiyaci karsilayan bir anlayisla yapilandirilmistir.

Sonu¢ olarak, doga temelli ¢oziimler alani, tanim ve standart iiretiminde 6nemli ilerleme
kaydetmistir. Afet risk azaltimi literatiirii, bu ¢éziimlerin risk yonetisimi agisindan neden kritik
oldugunu yeterince gostermistir. Ogrenme ve kapasite gelistirme literatiirii ise ok aktorlii, sistem
yaklasimina dayali ve uyarlanabilir 6grenme tasarimlarinin neden gerekli oldugunu ortaya
koymustur. Buna ragmen, bu {i¢ hatt1 ayn1 kurumsal ¢ercevede birlestiren ¢aligmalar sinirlidir. Bu
noktada EPD-Net Projesi, doga temelli ¢oziimler, afet yonetimi ve dgrenme altyapist arasindaki
bagi yalnizca teorik olarak degil, kurumsal olarak da ele almasiyla 6n plana ¢ikmaktadir.

YONTEM

Bu bildiride, AB tarafindan es finansmani saglanan bir Erasmus + projesi olan EPD-Net Projesi
(Filling The Gap: Development of Ecological Planning and Design Learning Network and an
Adaptive Smart Training Module for Disaster Resilient and Sustainable Cities) deneyimleri
aktarilmistir. Proje, afetlere direngli ve siirdiiriilebilir kentler i¢in ekolojik planlama ve tasarim
(EPD) odaginda; ulus &tesi bir 6grenme agi ile bunu besleyen, yapay zeka destekli ve uyarlanabilir
bir “akilli egitim modiilii” (LMS + 6z-degerlendirme bileseni) gelistiren, 13 tilkeden 32 partnerin
yer aldig1 bir girigimdir. Projenin amaci, planlama ve tasarim disiplinlerinin afet yonetimindeki
roliinii gliglendirmek; yesil, dijital ve direnclilik becerilerini birlikte ele alan egitim igerikleriyle
istihdam edilebilirligi ve kurumsal kapasiteyi artirmaktir (http-1).

EPD-Net Projesi, afet yonetimi ile ekolojik planlama ve tasarim arasindaki yapisal boslugu
kapatmaya odaklanmaktadir. Projedeki kurumsal baglam son derece 6nemlidir. Cilinkii EPD-Net,
tek kurumlu ya da tek disiplinli bir egitim faaliyeti olarak tasarlanmamuistir. Yeni beceriler, yeni
miifredatlar ve doniisen toplumsal ihtiyaglara cevap verebilen 6grenme modelleri gelistirmeyi

133



INTERNATIONAL
ACADEMIC
PLATFORM

\ Cukurova International
| Congress of Basic and
Applied Sciences

AKAP

amaclamaktadir. EPD-Net yalnizca ders icerigi liretmekle yetinmeyen; yesil beceriler, dijitallesme
ve afet yonetimi arasinda koprii kurmaya ¢alisan bir tasarim mantigini esas almaktadir.

Projenin tasarim mantig1, iic katmanli ihtiyaca odaklanmaktadir. Bunlar asagida kisaca
acgiklanmustir.

o Bilgi: Afet yonetiminde ekolojik planlama ve tasarim bilgisi mevcuttur, ancak bu bilgi
¢ogu zaman dagmik, disiplinler arasinda parcali ve uygulamaya c¢evrilmesi giic bir
formdadir.

e Beceri: Ekolojik planlama, uzaktan algilama, cografi bilgi sistemleri, yapay zeka ve afet
yonetimi arasindaki iliski, cogu kurumda ortak bir yetkinlik setine doniismemistir.

e Kurumsallasma: EPD-Net, yalnizca farkindalik {iretmeyi degil, afet direngliligi icin
planlama ve tasarim becerilerini gelistirecek bir akilli egitim modiilii ve bu modiilii
tagtyacak bir 6grenme ag1 olusturmay1 amacglamaktadir.

EPD-Net’in tasarim mantiginda uyarlanabilirlik, yani esnek ve senaryo bazli egitim yapisi, 6n plana
cikan diger onemli yaklagimlardan biridir. Ciinkii afet yonetiminde egitim, duragan miifredat
mantigiyla ¢alismaz. Farkli tehlike profilleri, farkli mekansal baglamlar ve farkli kurumsal
kapasiteler, ayni icerigin her yerde ayni bigimde islemesini engeller. Bu siirecte dijital ve yesil
becerilerin kazandirilmasi, cografi bilgi sistemleri, uzaktan algilama ve yapay zeka gibi
teknolojilerin ekolojik planlama siireclerine entegre edilmesi projedeki ¢abalarin odak noktalar
arasindadir.

Buradan hareketle EPD-Net’in kurumsal baglami {i¢ temel &zellik {izerinden Ozetlenebilir.
Birincisi, proje ulusétesi ve ¢ok paydaslidir; bu da yerellestirme ile 6lgeklenebilirlik arasindaki
gerilimi yonetebilmek igin gereklidir. Tkincisi, proje modiiler ve uyarlanabilir egitim mantigina
dayanir; bu da afet yonetimi alanindaki degisken ihtiyaglara daha uygun bir 6grenme modeli sunar.
Ucgiinciisii, proje dgrenme ag1 ile egitim modiiliinii birlikte diisiiniir; yani bilgi iiretimi ile bilgi
dolasimu birbirinden ayrilmaz. Sekil 1’de EPD-Net Projesinin temel yapist zetlenmistir.

<2l EPD-Net: Afet Yonetiminde Yeni
N Nesil Kurumsal Kapasite Insasi
EPD-Net, afet ydnetimi alaninda y sme ve blg irligl birlestiren, doga temelli

gizlmlere odaklanan kurumsal bir kapasite ingas: projesidir. Proje, statik bir e§itimden ziyade,
bigi Uretimi ile dolagimmi entegre eden moddiler ve adaptif bir 6grenme ads sunar.

cB TN VEBLGIONETIM

Ulusétesi ve Gok Doga Temelli Modiiler ve Adaptif Bilgi Uretimi ve Dolagimi
Paydasli Katihm Goziim Odag: Egitim Mantig Entegrasyonu
Yerellegtirme ile dlgeklenebifidik Proje, salt bir editim faaliyeti degil, Afet ydnetimi alanindaki dedigken OGRENME AGI Te egitim
arasindaki dengeyi yGnetmek igin kurumsal kapasiteyi geligtiren ve dinamik ihtiyaglara uygun esnek modilllerini birlestirerek bilginin
ok paydagh bir yap) sunar. genis bir tasanm denemesidir. bir 6grenme modeli sadlar, sUrekll alugini sadjar.

Sekil 1. EPD-Net Projesinin temel 6zellikleri ve yapisi
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Bu yap1, EPD-Net’i salt bir Erasmus+ faaliyeti olmaktan ¢ikarip, doga temelli ¢oziimler alaninda
kurumsal kapasite insasina doniik daha genis bir tasarim denemesi héline getirmektedir.

BULGULAR

EPD-Net Projesi’nin ayirt edici yonii, egitimi is birligi, uygulama ve geri besleme ile birlikte
calisan bir ag modeli olarak kurgulamasidir. Projenin kendi tanittiminda bu yaklasim ag¢ik bigimde
goriilmekte ve web sayfasinda paylasilmaktadir.

Bu boliimde projenin genel yap1 ve hedefleriyle uyum kapsaminda egitim modeli bilesenleri ve
proje siiresi sonunda siirdiiriilebilir bir yapiya kavusturulmasina yonelik ¢abalar kisaca
Ozetlenmistir.

EPD-Net Projesi Egitim Modelinin Bilesenleri

EPD-Net Projesinin ilk bileseni, modiiler egitim mimarisidir. EPD-Net’in uyarlanabilir akilli
egitim modiilii vurgusu, sabit ve tek bi¢imli bir ders yapisindan bilingli bicimde uzaklastigini
gostermektedir. Egitim siirecinde senaryo temelli ve esnek bir sistem tasarlanmaktadir; bu da
egitimin tek bir baglam i¢in degil, farkli tehlike profilleri, farkli kurumsal kapasiteler ve farkli
kullanict gruplari i¢in uyarlanabilir olmas1 gerektigi varsayimina dayanmaktadir. Bu tercih,
literatiirdeki harmanlanmis 6grenme (blended learning) ve ¢ok katmanli kapasite gelistirme
tartigsmalartyla uyumludur.

Ikinci bilesen, is birligi katmanidir. EPD-Net 6grenme agini, profesyonelleri, egitimcileri ve
paydaslar1 bir araya getiren ortak bir platform olarak tanimlamaktadir. Bu ifade, bilginin dogrusal
bigimde iiretildigi ve tek yonlii dagitildig: klasik egitim modelinden 6nemli 6l¢iide ayrilmaktadir.
Burada amag, yalnizca uzman bilgisini sahaya indirmek degildir; farkl aktorlerin deneyim, ihtiyag
ve uygulama bilgisini ayn1 ag i¢inde dolagima sokmaktir. Bu mantik, 6grenme aglarini yalnizca
iletisim kanali degil, bilgi iiretim mekanizmasi olarak gérmektedir. Ilgen vd. (2019), kentler arasi
o0grenmenin dogrudan kopyalama degil; ¢eviri, benimseme, igsellestirme ve yansitma siireglerinden
geetigini  gostermektedir. EPD-Net Projesinin is birligi katmani da benzer bigimde, bilgi
paylasimini ¢ok aktorlii bir doniisiim siireci olarak kurgulamaktadir. Bu yoniiyle proje, mesleki
egitim ile kurumsal 6grenmeyi ayni zeminde birlestirmeye ¢aligmaktadir.

Ugiincii bilesen, yesil ve dijital becerilerin entegrasyonudur. EPD-Net, yesil becerileri teknik
olmayan bir etik soylem olarak degil, dijital icerik, cografi analiz, yapay zeka ve planlama bilgisinin
birlikte caligtig1 hibrit bir yetkinlik alan1 olarak ele almaktadir. Bu tercih, afet yonetiminde doga
temelli ¢oziimleri yalnizca normatif olarak savunmak yerine, uygulanabilir ve 6gretilebilir karar
repertuarina doniistiirme potansiyeli tagir.

Dordiincii bilegen, geri besleme ve giincelleme mantigidir. EPD-Net, esnek ve senaryo bazli egitim
modiilii ve 6grenme agi bir arada kurgulayarak 6nemli bir adim atmaktadir. Béyle bir yapida
egitim modiilleri, yalnizca baglangigta tasarlanip birakilan {irlinler olmanin tesine gecerek sahadan
gelen yeni ihtiyaglar, yeni tehlikeler, yeni araglar ve yeni uygulama deneyimleri dogrultusunda
gozden gegirilir, glincellenir ve gelistirilir.

Besinci bilesen, ¢ok paydaslilik ve 6lgekler arasi dolagimdir. Projenin ¢ok ortakli yapisi yalnizca
niceliksel biiyiiklik degildir; modelin neden ulus o6tesi ve ¢ok aktorlii kurgulandigini da
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aciklamaktadir. Afet yonetimi ve doga temelli ¢6ziimler alaninda bilgi, yalnizca iiniversite i¢inde
ya da yalnizca saha aktdrlerinde toplanmaz. Planlama kurumlari, aragtirma merkezleri, meslek
profesyonelleri, yerel yonetimler ve diger paydaslar farkl: tiir bilgi ve deneyimler iiretirler. EPD-
Net bu dagimik bilgi kiimelerini ortak 6grenme zeminine tagimaya ¢aligan bir yap1 sunmaktadir. Bu
noktada projenin 6grenme agi, farkli 6lgeklerdeki aktorleri birbirine baglayan kurumsal bir
eslestirme mekanizmasi olarak da diisiiniilmelidir. Bu, 6zellikle yerellestirme ve proje sonrasi
siirdiiriilebilirlik agisindan belirleyicidir.

Altincr ve belki en kritik bilesen, proje mantigindan ag mantigina gecistir. Cok sayida egitim
projesi, degerli icerikler iiretmesine ragmen proje sona erdiginde kurumsal hafiza dagilmakta,
dijital araglar giincellenmemekte, modiiller kullanilmamakta ve bilgi kaybedilmektedir. EPD-
Net’in ag modeli bu riski dogrudan asmay1 hedeflemektedir. Ciinkii egitim modiiliinii ve 6grenme
agin1 ayni sistem iginde diisiinmektedir. Egitim ¢iktis1 tek basina siirdiiriilebilirlik {iretmez.
Siirdiiriilebilirlik ancak igerigin bakimi, kullanici toplulugunun devami, kurumlar arasi temasin
stirmesi ve yerele uyumlastirma kapasitesinin korunmasiyla miimkiin olur

Siirdiiriilebilirlik, Yerellestirme ve Proje Sonrasi Siireklilik

EPD-Net Projesi, proje siiresince tiretilen (iiretilmesi hedeflenen) igerik miktarina degil, bu igerigin
proje sonrasinda nasil yasatilacagina odaklanan bir siirdiiriilebilirlik politikasin1 6n plana
cikartmaktadir. Genelde egitim projelerinin en zayif oldugu asama budur. Cogu zaman modiiller
hazirlanir, aglar ilan edilir, pilotlar uygulamalar gergeklestirilir ancak sonrasinda sistemin bakim,
glincelleme ve sahiplenme siiregleri basibos kalir. Bu riske karsilik, projede, 6grenme ag1 ve
uyarlanabilir egitim modiiliinii bir arada ve birbirini tamamlayan bilesenler olarak
tasarlanmaktadir.

Bu noktada siirdiiriilebilirlik, ¢ikti arsivleme yaklasiminin Gtesine gegerek igeriklerin bakimi,
giincellenmesi, gelistirilmesi ve kapasite yenilenmesi olarak tanimlanmaktadir. [UCN Global
Standardi’'nin da vurguladigir gibi doga temelli ¢oziimlerin dogrulanabilir, tasarlanabilir ve
Olceklenebilir miidahale rejimleri olarak benimsenmesi hayati 6neme sahiptir. Bu ise bilgi
dretiminin sabit degil, gilincellenebilir olmas1 gerektigi anlamina gelmektedir. Benzer bigimde
kapasite  gelistirme c¢alismalar1  incelendiginde, Ogrenme faaliyetlerinin  etkilerinin
degerlendirilmesi gerekliliginin tartigildigi, uzun vadeli 6grenme dongiilerinin siklikla yetersiz
kaldigimmin vurgulandigr goriilmektedir. Sterling vd. (2022), bu alandaki eksikligi, kapasite
gelistirme caligmalarina ait saglam temelli ve kapsamli bir degerlendirme yaklasiminin
bulunmadig seklinde ifade ederken, Porzecanski vd. (2022) kapasite gelistirme igin sistemsel bir
yaklasimin 6nemine dikkatleri gekmektedir. Buradan da anlasilacag iizere proje sonrasi siireklilik,
icerigin revizyonu, kullanici toplulugunun devami ve kurumlar arasi bilgi akiginin siirmesiyle
miimkiindiir.

Yerellestirme, siirdiiriilebilirlik mantiginin merkezindedir. Ciinkii doga temelli ¢éziimler alaninda
ayn1 egitim igeriginin, ayni kontrol listesinin ya da ayni uygulama mantiginin her kentte ve her
kurumda ayni etkiyi iiretmesi beklenemez. EPD-Net Projesinde bu yiizden esneklik, pedagojik bir
tercih olmanin 6tesinde, yerel tehlike profilleri ve kurumsal kapasite farklarina verilen yapisal bir
karsilik olarak degerlendirilir. Kentler arasi 6grenme literatiirii de bunu desteklemektedir. EPD-Net
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Projesi baglaminda yerellestirme, igerigi yerel risk rejimi, kurumsal yetkinlik ve uygulama kiiltiiri
icinde yeniden caligabilir hale getirmektir.

Ozet olarak proje sonrast siireklilik i¢in en az dort kurumsal kosul gereklidir. Bunlar asagidaki gibi
Ozetlenebilir.

e Modiillerin ve araglarin diizenli glincellenmesi

e Agin yalnizca proje ortaklarindan ibaret kalmamasi, kullanici topluluguna dontismesi

e igeriklerin farkli iilke ve kurum baglamlarinda uyarlanmasini iistlenecek yerel odaklarin
olusmasi

o Siirdiiriilebilirlik iddiasinin gergekten islemesi i¢in izleme ve degerlendirme mekanizmasi

Burada ¢ok paydasli yap1 avantaj sagladigi kadar riskler de icermektedir. Temel avantaj farkl: bilgi
tiirlerini ve uygulama deneyimlerini bir araya getirme potansiyelinin gii¢lii olusudur. Fakat ayni
yap1, koordinasyon maliyeti, 6nceliklerin belirsizlesmesi ve sahiplenme belirsizligi de yaratabilir.
Topluluk-tiniversite is birligi cergevesinde yapilan caligmalar, ¢ok yillik ve ¢ok dlgekli is
birliklerinin ancak agik roller, karsilikli fayda ve siireklilik mekanizmalari ile ayakta kalabildigini
gostermektedir. Bu nedenle EPD-Net’in proje sonrasi basarisi, web sitesinin agik kalmasindan ¢ok,
O0grenme aginin Orgiitlii bicimde yasamaya devam edip etmemesi ile son derece iliskilidir.

TARTISMA

Doga temelli ¢ozlimler alani tanim, standart ve tipoloji bakimindan 6nemli bir olgunluk diizeyine
ulagmigtir. EPD-Net Projesi bu kapsamda doga temelli ¢dziimlerin yeniden tanimlanmasi yerine
uyarlanabilir akillt bir egitim platformu ve stirekli 6grenme ag1 sayesinde geleneksel yaklasim ve
uygulamalardan farklilik arz eden bir yapi tasarlamay1 hedeflemektedir. Bu tasarim mimarisi, doga
modiiler egitim, ortak O0grenme ve kurumsal is birligini ayni sistem igine entegre etmeye
odaklanmaktadir.

Bununla birlikte, EPD-Net’in saglamasi hedeflenen katkiy1 her seye ¢6ziin sunan mucizevi bir gikt1
olarak gérmemek gerekir. Ciinkii ¢ok ortakli ve ¢ok tilkeli aglar teorik olarak giiclii goriinse de,
pratikte koordinasyon maliyeti, rol belirsizligi ve is sorumlulugu/sahiplenme konusunda isteksizlik
iretme egilimindedir. Hedeflenen agin proje sonrasinda nasil yonetilecegi, kim tarafindan
giincellenecegi, hangi igeriklerin hangi siklikla revize edilecegi ve yerel baglamlara uyarlama
sorumlulugunun nasil paylasilacagi kurumsal basarinin asil smavidir. Egitim ag1 kurmak ile o ag1
yasatmak siliphesiz farkli seylerdir. Bu nedenle EPD-Net’in giiclii yan1 ag kurmasi degil, ag1
stirdiirebilecek yonetisim ve bakim kapasitesini ger¢ekten {iretip iiretemeyecegidir.

Ikinci kritik mesele, yerellestirmedir. Kentler arasi Ogrenme literatiiriiniin bilginin basit
transferlerle islemedigini, ¢eviri, benimseme, i¢sellestirme ve yansitma evrelerinden gectigini 6n
plana ¢ikardig: diisiiniildiigiinde, EPD-Net igeriginin deger iiretmesi i¢in yerel uygulama kiiltiirleri
icinde bilginin igsellestirilmesi gerekecektir. EPD-Net’in proje sonrasindaki giici ve
stirdiiriilebilirlik basaris1 bu ger¢evede dlciilecektir.

Diger tartisma konusu, degerlendirme ve kanit meselesidir. EPD-Net gibi projeler genellikle modiil
sayisi, etkinlik sayisi, ortak sayis1 veya katilimer sayisi lizerinden goriiniirliik olmasina ragmen
bunlar aslinda faaliyet gostergeleridir; kurumsal etki gostergeleri degildir. Eger proje gercekten afet
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yonetiminde doga temelli ¢oziimler icin kalic1 kapasite tiretebilirse, su sorularin da yanitlanmasi
gerekecektir:

e Egitim sonrasinda hangi kurumlarda karar tiretme pratikleri degisti?
e Hangi icerikler yerellestirildi?

e Hangi kullanici topluluklarr aktif kaldi?

e Hangi araglar rutin kullanima dahil oldu?

e Hangi bilgi akislar1 proje sonrasinda da devam etti?

Yesil ve dijital becerilerin entegrasyonu kritik konulardan bir digeri olarak ele alinabilir. EPD-Net
Projesindeki bu hedef, her ne kadar cagdas ve stratejik bir iddia olsa da, baz1 énemli riskleri de
barmdirmaktadir. Oncelikle teknolojik sdylemin proje anlatisiin dniine gegmesi durumunda
ekolojik planlama ve doga temelli ¢dziimler gereginden fazla tekniklestirilir. Ikinci olarak, dijital
araclarin varligi, kurumsal benimseme ve uygulama kalitesinin otomatik olarak ylikselecegi
anlamina gelmez. Bu nedenle EPD-Net Projesindeki dijitallesme iddiasi, pedagojik ve yonetsel
islevler lizerinden degerlendirilmelidir. Asil basari, yapay zeka vurgusunun goriiniir kilinmasindan
ziyade dijital araclarin gercekten ortak Ogrenmeyi, senaryo temelli analizi ve karar destek
kapasitesini gii¢lendirip gii¢lendirmedigidir.

SONUC

Bu bildiride, 32 ortakli bir AB Projesi olarak yiiriitiilmekte olan EPD-Net Projesi, amag¢ ve
hedeflerinin yani sira, sagladig1 6zgiin katkilar, projenin kendi basar riskleri ve stirdiiriilebilirlik
kapsamindaki hedef ve kaygilarla birlikte tartisilarak sunulmustur. Giderek artan afet riskleri ve
yasanan kayiplar goz oniine alindiginda sadece iilkemizde degil diinyanin pek ¢ok bolgesinde
eylem ve sdylem arasinda ciddi bosluklar olustugu kagiilmaz bir gergektir. Iyi niyetlerle baslatilan
girisim ve projelerin 6nemli bir kismi hizli ve siireli bigimde tiiketilmekte, dogru ihtiyaclara
odaklanma konusunda kritik unsurlar1 gézden kagirmakta ve bir siire sonra raf émriinii dolduran
ciktilara donligmektedir. Bu sorunlar da g6z Oniine alinarak EPD-Net Projesinde kullanilan ve
ihtiya¢ duyulan uyarlanabilirlikte bir 6grenme ve uygulama zemini bulmasi beklenen bir 6grenme
platformu, bu platformun tozlu raflarda kalmasin 1 engelleyecek ve siirekli fayda iiretmesi giivence
altina alinacak bir ag yapilanmasi / is birligi modeli bir arada ve entegre bicimde sunulmustur.

EPD-Net Projesi, doga temelli ¢oziimleri bir kez daha teorik olarak savunmaktan ¢ok, onlar1
ogretilebilir, paylasilabilir, yerellestirilebilir ve proje sonrasinda da yasatilabilir bir bilgi rejimine
doniistiirme girisimi olarak okunmalidir. Bu, literatiirdeki bosluga denk diisen anlamli bir ¢abadir.
Ancak burada basar1 iddias1 pesinen verilmemelidir. Proje, kurdugu agin canliligini, iceriklerin
uyarlanabilirligini ve proje sonrasi bakim kapasitesini gosterebildigi Olciide giiglii olacaktir.
Dolayisiyla EPD-Net’in degeri, vaat ettigi seyde degil; vaat ettigi seyi proje sonrasinda kurumsal
rutine doniistiiriip doniigtiremeyeceginde yatmaktadir.

TESEKKUR

Bu ¢aligmada, Avrupa Birligi tarafindan es finansmani saglanan bir Erasmus+ Programi projesi
olan “Filling The Gap: Development of Ecological Planning and Design Learning Network And
An Adaptive Smart Training Module For Disaster Resilient And Sustainable Cities (EPD-Net)”
kapsaminda gelistirilen kuramsal ve uygulamali birikimden yararlanmistir. Yazarlar, proje
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ortaklarmin katkilar1 ve is birligi i¢in tesekkiir eder. Bu yayinda ifade edilen goriisler yalnizca
yazarlara aittir; Avrupa Birligi ve ilgili program otoriteleri bu goriislerden sorumlu tutulamaz.
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DEATHS DUE TO INDOOR AIR POLLUTION: A SYSTEMATIC REVIEW
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ABSTRACT

Indoor (household) air pollution—primarily from burning solid fuels (biomass, coal) and kerosene for
cooking and heating—remains a major global health risk, especially in low- and middle-income
countries. This review synthesizes evidence on mortality attributable to indoor air pollution and its main
causes.

Electronic databases were searched for observational studies, burden-of-disease analyses, and
randomized or quasi-experimental interventions reporting mortality outcomes associated with
indoor/household air pollution. Eligible studies included adults or children with quantified exposure to
indoor combustion sources or household air pollution indicators and reported all-cause or cause-specific
mortality. Data were extracted on study design, population, exposure metrics, outcomes, and effect
estimates. Where appropriate, results were summarized narratively and, when sufficiently
homogeneous, pooled using random-effects meta-analysis.
Across included studies, indoor air pollution was consistently associated with increased mortality.
Household air pollution from solid fuel use was linked to higher all-cause mortality and elevated
cause-specific mortality from:

e Cardiovascular disease (ischemic heart disease, stroke)
¢  Chronic respiratory disease (COPD, chronic bronchitis)
e Acute lower respiratory infections in children under 5

Pooled estimates from multiple studies generally indicated a 10-50% higher risk of major
cardiorespiratory mortality among individuals exposed to household air pollution compared with those
using cleaner fuels. Global burden estimates attribute millions of deaths annually to indoor air pollution,
with the greatest burden in sub-Saharan Africa and South/Southeast Asia. Women and young children,
who spend more time near household combustion sources, were disproportionately affected.

Evidence from observational studies, meta-analyses, and burden-of-disease assessments indicates that
indoor air pollution is a major, preventable cause of premature death worldwide. Transition from solid
fuels to clean household energy (e.g., LPG, electricity, biogas), alongside improved housing and
ventilation, is likely to yield substantial reductions in mortality, particularly from cardiovascular and
respiratory diseases and childhood pneumonia.
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DIiJITAL SIDDET VE KADIN SAGLIGI
DIGITAL VIOLENCE AND WOMEN'S HEALTH
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OZET
Bilgi ve iletisim teknolojilerindeki hizli doniisiimiin bir sonucu olarak ortaya ¢ikan kadina yonelik dijital

siddet olgusunu, ozellikle dijital 1srarli takip ve kadin sagligi iizerindeki biyopsikososyal etkileri
gergevesinde derinlemesine incelemeyi amaglamaktadir. Dijital siddet; anonimlik, kalicilik ve
mekandan bagimsizlik gibi karakteristik yapisal 6zellikleriyle geleneksel siddet tiirlerinden keskin bir
bicimde ayrismakta ve modern diinyada kadin sagligini ¢ok boyutlu bir risk alanina tasimaktadir.
Yapilan kapsamli literatiir analizi sonucunda; siber zorbalik, dijital flort siddeti ve yapay zeka destekli
siber saldirilarin kadinlarda hipotalamus-hipofiz-adrenal (HPA) aksimi kronik olarak aktive ettigi; bu
durumun ise kronik agrilar, mide-bagirsak sistem bozukluklari, siddetli uyku diizensizlikleri ve travma
sonrasi stres belirtileri gibi somut fiziksel ve ruhsal saglik sorunlarina yol agtig1 saptanmustir.

Calismada ayrica, dijital 1srarli takip eylemlerinin kadinlar1 "dijital yalmzhiga" siiriikleyerek mevcut
sosyal destek aglarindan kopardigi ve bu durumun yarattigi agir toplumsal islev kaybi1 nedeniyle
iyilesme siireclerini ciddi diizeyde engelledigi vurgulanmistir. Tiirkiye’de yasal mevzuata eklenen 1srarli
takip sugunun klinik pratikle tam entegrasyonu, siddet dongiisiiniin kirilmasi ve magdurlarin korunmasi
acisindan hayati bir Onem tasimaktadir. Sonug¢ olarak; dijital siddetle miicadelede saglik
profesyonellerinin ilk goézlemci, egitici ve savunucu rollerini klinik ortamda aktif bir sekilde
kullanmalari, saglik sisteminin her basamaginda kanita dayali standart tarama protokollerinin
olusturulmast ve koruyucu teknolojik araglarin yayginlastirilmast Onerilmektedir. Dijital siddetle
miicadele, kadinin yasam hakkini ve insanlik onurunu korumayi hedefleyen, teknolojik gelismeleri

giivenli bir bakim ortamina doniistiiren multidisipliner ve biitiinciil bir strateji olarak ele alinmalidir.

Anahtar Kelimeler: Dijital Siddet, Israrli Takip, Kadin Sagligi, Halk Sagligi, Hemsirelik.

ABSTRACT
It aims to examine in depth the phenomenon of digital violence against women, which has emerged as

a result of the rapid transformation in information and communication technologies, particularly within
the framework of digital stalking and its biopsychosocial effects on women's health. Digital violence
sharply differs from traditional forms of violence due to its characteristic structural features such as
anonymity, permanence, and independence from location, and it poses a multidimensional risk to
women's health in the modern world. As a result of the comprehensive literature review conducted;
cyberbullying, digital dating violence, and Al-assisted cyberattacks chronically activate the
hypothalamic-pituitary-adrenal (HPA) axis in women; and that this condition leads to concrete physical
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and mental health problems such as chronic pain, gastrointestinal disorders, severe sleep disturbances,
and post-traumatic stress symptoms. The study also emphasizes that persistent digital stalking drives
women into "digital isolation," disconnecting them from their existing social support networks and
seriously hindering their recovery processes due to the severe loss of social functioning that this situation
creates. The full integration of the crime of persistent stalking, added to the legal framework in Turkey,
is of vital importance in terms of breaking the cycle of violence and protecting victims. In conclusion,
it is recommended that healthcare professionals actively utilize their roles as initial observers, educators,
and advocates in the clinical setting to combat digital violence, that evidence-based standard screening
protocols be established at every level of the healthcare system, and that protective technological tools
be widely disseminated. Combating digital violence should be approached as a multidisciplinary and
comprehensive strategy that aims to protect women's right to life and human dignity, transforming

technological developments into a safe care environment.

Keywords: Digital Violence, Stalking, Women's Health, Public Health, Nursing.

GIRIS

Bilgi ve iletisim teknolojilerinde yasanan devrim niteligindeki gelismeler, toplumsal etkilesim
bicimlerini kdkten degistirmis ve insan yasaminin her alanini dijital platformlara tasimigtir. Bu dijital
doniisiim bir yandan bilgiye erisim ve kiiresel iletisim imkanlarini artirirken, diger yandan bireylerin
maruz kaldig1 risk ve tehditlerin boyut degistirmesine zemin hazirlamistir (Ozgiir, 2022; Machado ve
ark., 2024). Bu baglamda siddet olgusu, artik sadece fiziksel alanla sinirli kalmayip teknolojik araglar
vasitasiyla sanal ortamlara evrilerek "dijital siddet" kavramini dogurmustur (Kurt, 2021; Turan ve
Akdeniz, 2021). Dijital siddet; internet, sosyal medya, mesajlasma uygulamalar1 ve g¢esitli dijital araclar
kullanilarak bireylerin kontrol edilmesi, tehdit edilmesi, asagilanmasi veya taciz edilmesini kapsayan
¢ok boyutlu bir fenomen olarak tanimlanmaktadir (Zorlu, 2021; Karakus, 2024).

Diinya genelinde dijital siddet her yastan ve her cinsiyetten bireyi etkilese de literatiirdeki veriler bu
siddet tiiriiniin toplumsal cinsiyet temelinde sekillendigini ve kadinlarin orantisiz bir sekilde hedef
alindigim agikga gostermektedir (Akan ve Giirhan, 2020; Henry ve ark., 2020). Kadina y6nelik dijital
siddet, geleneksel siddetin bir uzantis1 olarak karsimiza ¢ikmakta; ancak anonim kalabilmesi, siddetin
mekandan bagimsiz olarak 7/24 devam edebilmesi ve igerigin dijital ortamda hizla yayilmasi gibi
nedenlerle magdur iizerindeki yikict etkisini derinlestirmektedir (Carkct ve Akargay Ulutas, 2025;
Vahedi ve ark., 2024). Ozellikle geng yetiskin kadimlar arasinda dijital flort siddeti ve siber zorbalik
deneyimlerinin artmasi, bu durumun kadmin biyopsikososyal biitiinliigiini tehdit eden evrensel bir
sorun haline geldigini gostermektedir (Kurtulus ve Yildiz, 2023; Ozpiskin ve ark., 2025).

Dijital siddetin son yillarda 6ne ¢ikan alt basliklarindan biri, "Dijital Israrli Takip" (Digital Stalking)
eylemleridir. Israrli takip; magdurun rizasi olmaksizin gevrimigi faaliyetlerinin siirekli gézlenmesi,
sosyal medya lizerinden konumunun ve 6zel yagaminin takip edilmesi, sahte hesaplarla sistematik olarak
taciz edilmesi gibi davranislar biitiiniinii kapsamaktadir (Taskimn, 2023; Imret, 2024). Bu durum,
kadinlarin mahremiyet alanlarii ihlal ederek ciddi bir giivenlik kaygisi yaratmakta ve bireyi "dijital
yalnizliga" siiriikleyerek sosyal hayattan koparmaktadir (Akbas, 2026; Coskun, 2023). Arastirmalar,
wsrarli takip davranislariin sadece bir rahatsizlik degil, kadin sagligin1 derinden sarsan bir travma
kaynag1 oldugunu ortaya koymaktadir (Boydag, 2025; Lekkeberg ve ark., 2024).

Kadin sagligi perspektifinden bakildiginda, dijital siddetin etkileri anlik bir tepkinin ¢ok o&tesine
geemektedir. Literatiirde; dijital siddet ve israrli takibe maruz kalan kadinlarda yiiksek diizeyde
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anksiyete, depresyon, travma sonrasti stres bozuklugu, uyku sorunlar ve ileri vakalarda intihar diisiincesi
gibi agir ruh saghgi tablolarn bildirilmektedir (Chen ve Chan, 2022; Srivastava ve ark., 2023).
Glinlimiizde yapay zeka teknolojilerinin gelismesiyle ortaya ¢ikan sahte (deepfake) igerikler ve dijital
santaj (sextortion) gibi yeni nesil siddet tiirleri, kadinlarda "dijital travma" olarak tamimlanan ve
onarilmasi gii¢ psikolojik hasarlar birakabilen bir boyuta ulasmistir (Umar, 2025; Hong ve ark., 2020).
COVID-19 pandemisi gibi kriz donemlerinde dijital ara¢ kullaniminin zorunlu artisi, bu risk faktorlerini
daha da tetikleyerek ev i¢i siddetin dijital platformlarda goriinmez bir bigimde slirmesine neden olmustur
(Emezue, 2020; Emezue ve Bloom, 2021).

Tim bu gilincel gelismeler, saglik profesyonellerinin dijital siddet olgusuna yaklagimini yeniden
sekillendirmeyi zorunlu kilmaktadir. Kadmlarin saglik sistemine bagvurdugu pek ¢ok noktada dijital
siddet bulgularin1 taniyabilmek, riskli gruplar1 belirlemek ve kanita dayali miidahale stratejileri
gelistirmek biiyiik 5nem arz etmektedir (Huang ve ark., 2022; Oh ve Ahn, 2025). Ozellikle adli ve klinik
vakalarda dijital kanitlarin yonetimi ve magdurlara sunulan psikososyal destek mekanizmalarmin
etkinligi, kadinin iyilik halinin yeniden saglanmasi i¢in énemlidir (Russo ve ark., 2019; Cezlan, 2022).
Bu derleme caligmasi, kadina yonelik dijital siddetin kavramsal ¢ergevesini ¢izmek, 6zellikle dijital
wsrarlt takip davraniglarinin kadin sagligi iizerindeki etkilerini giincel literatiir verileriyle ortaya koymak

ve saglik disiplinleri i¢in ¢dziim Onerileri sunmak amaciyla hazirlanmigtir.

DIJITAL SIDDET KAVRAMI VE TURLERI

Dijital siddet; bilgi ve iletisim teknolojilerinin sagladigi hiz, anonimlik ve siireklilik gibi 6zelliklerin bir
bask1 aracina déniistiiriilmesiyle karakterize edilen karmasik bir olgudur (Kurt, 2021; Ozgiir, 2022;
Turan ve Akdeniz, 2021). Kavramin teorik temeli incelendiginde; fiziksel siddetin dijital bir uzantisi
olmanin 6tesinde, mekandan bagimsiz ve magdura 7/24 ulasabilen kendine 6zgii bir saldirganlik bigimi
oldugu goriilmektedir (Zorlu, 2021; Karakus, 2024; Carkct ve Akargay Ulutas, 2025). Bu siirecte
siddetin tiirleri birbirinden keskin ¢izgilerle ayrilmamakta, aksine siber zorbaliktan dijital flort siddetine,
wsrarli takipten yapay zeka destekli saldirilara kadar genis bir yelpazede i¢ ice gegmektedir (Henry ve
ark., 2020; Secgin ve Tar1 Selguk, 2023; Turan ve Akdeniz, 2021). Ozellikle risk toplumunda siber
zorbalik eylemlerinin, gen¢ yetiskinlerde yalmizlik duygusunu pekistirdigi ve cevresel faktorlerle
birleserek mental saghg ciddi diizeyde bozdugu saptanmaktadir (Phan ve ark., 2022; Ozgiir, 2022;
Karakus, 2021).

Siber zorbalik ve taciz eylemleri, dijital siddetin en yaygin gdriinen yiizii olarak, bireylerin sosyal medya
ve mesajlagma platformlari iizerinden sistematik nefret soylemiyle dislanmasini hedeflemektedir (Kurt,
2021; Phan ve ark., 2022; Ho ve ark., 2025). Ancak bu tacizlerin siddeti, "dijital flort siddeti" olarak
adlandirilan partnerler arasi kontrol mekanizmalariyla birlestiginde daha yikici bir boyuta ulagmaktadir
(Samav Giircii, 2025; Lekkeberg ve ark., 2024; Kurtulus ve Yildiz, 2023). Partnerlerin birbirlerinin
dijital izlerini denetlemesi, sifre paylasimina zorlamasi ve siirekli konum takibi yoluyla ¢evrimigi
hareketlerini kisitlamasi, flort siddetinin sadece duygusal degil goézetim aracina donistiigiinii
gostermektedir (Seggin ve Tar1 Selguk, 2023; Schokkenbroek ve ark., 2022; Machado ve ark., 2024).
Literatiirde, yetiskin kadinlarin maruz kaldigi bu gevrimici psikolojik siddetin, ¢evrimdist siddet
deneyimleriyle paralellik gdsterdigi, magdurun 6zsaygisini derinden sarstig1 ve sosyal geri ¢ekilmeye
yol agtig1 vurgulanmaktadir (Schokkenbroek ve ark., 2022; Samav Giircii, 2025; Leokkeberg ve ark.,
2024). Bu durum literatiirde "dijital 1srarli takip" (digital stalking) ile dogrudan iliskilendirilmekte;
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magduru dijital araglarla rizas1 diginda adim adim izlemesi, TCK 123/A kapsaminda cezai karsiligi olan
hukuki bir sug olarak ele alinmaktadir (Taskin, 2023; imret, 2024; Boydag, 2025).

Teknolojik evrimin giddet iizerindeki en giincel ve tehlikeli yansimasi ise yapay zeka ve "deepfake"
teknolojilerinin kétiiye kullanimidir (Umar, 2025; Karakus Umar, 2020; Ho ve ark., 2025). Magdurun
goriintlisiiniin veya sesinin rizast disinda sahte cinsel igerikli materyallere donistiiriilmesi, kadinin
itibarin1 hedef alan ideolojik bir siddet bigimi olarak literatiirde "dijital travma" basligi altinda
incelenmektedir (Umar, 2025; Sarkar, 2025; Hong ve ark., 2020). Bu eylemler siklikla cinsel santaj
(sextortion) ile birleserek magdurun toplumsal baglarimi koparmayi1 ve onu dijital bir yalmzliga
itmektedir (Srivastava ve ark., 2023; Akbas, 2026; Coskun, 2023). Arastirmalar, bu tiir dijital cinsel
siddet maruziyetinin addlesanlar arasinda intihar riskini anlamli diizeyde artirdigini ve dijital iyi olusu
(digital well-being) kalic1 olarak zedeledigini gostermektedir (Srivastava ve ark., 2023; Ho ve ark.,
2025; Henry ve ark., 2020). Siddetin bu ¢ok boyutlu yapisi; dijital oyunlarin eril diliyle pekismekte ve
profesyonel hayatin bir pargasi olan video miilakatlar gibi alanlara dahi sizarak kadinlarin mahremiyetini
ve giivenligini her platformda tehdit etmektedir (Vatandas, 2021; Karakus Umar, 2020; Ho ve ark.,
2025).

Sonug olarak dijital siddet; tanimi, kapsami ve siirekli evrilen tiirleriyle kadinin fiziksel ve ruhsal
sagligim dogrudan tehdit eden bir halk saglig1 problemidir (Akan ve Giirhan, 2020; Ozgiir, 2022; Citak
ve Yiicel, 2022). Literatiir, dijital istismar deneyimlerinin uyku bozukluklari, anksiyete, depresyon ve
travma sonrasi stres belirtileri gibi somut kadin sagligi sorunlar1 dogurdugunu bildirmektedir
(Lekkeberg ve ark., 2024; Chen ve Chan, 2022; Phan ve ark., 2022). Bu biitiinlesik yapi, dijital siddetle
miicadelede sadece teknik Onlemlerin degil, toplumsal cinsiyet esitligi temelli ve "mor dijital
uygulama'lar gibi teknolojik destekleri de iceren kapsamli kadin sagligi stratejilerinin gelistirilmesini
zorunlu kilmaktadir (Hanikoglu ve Akman, 2024; Oh ve Ahn, 2025; Taskin, 2023).

DIiJITAL ISRARLI TAKIP

Dijital 1srarhi takip; bir bireyin rizas1 olmaksizin, bilgi ve iletisim teknolojileri araciligiyla sistematik bir
bi¢cimde izlenmesi, denetlenmesi ve rahatsiz edilmesini kapsayan agir bir siddet eylemidir (Taskin,
2023; imret, 2024; Boydag, 2025). Literatiirde bu olgu; magdurun sosyal medya hareketlerinin siirekli
kontrol edilmesi, casus yazilimlar (stalkerware) ile cihazlarina sizilmasi, konum verilerinin rizasiz takibi
ve sahte hesaplar iizerinden yiiriitillen tacizleri iceren genis bir saldirganlik yelpazesi olarak
tanimlanmaktadir (Boydag, 2025; Lekkeberg ve ark., 2024; Taskin, 2023). Israrli takip eylemleri,
magdur ilizerinde siirekli bir denetim altinda olma hissi yaratarak bireyin mahremiyet alanini ihlal
etmekte ve ciddi bir giivenlik kaygisina yol agmaktadir (Akbas, 2026; Coskun, 2023; Boydag, 2025).
Ozellikle kadmlar, dijital diinyada bu tiir sistematik takibin birincil hedefi haline gelmis olup, bu durum
bireyin toplumsal hayattan ¢ekilmesine ve dijital yalnizliga siiriiklenmesine neden olmaktadir (Akbas,
2026; Coskun, 2023; Karakus, 2021).

Hukuki boyutuyla ele alindiginda, Tirkiye’de 5237 sayili Tiirk Ceza Kanunu’na eklenen 123/A maddesi
ile "Israrli Takip Sucu", bagimsiz bir sug tipi olarak diizenlenmis ve dijital araglarla gerceklestirilen
takip eylemleri de bu kapsamda cezai miieyyideye baglanmistir (Taskin, 2023; Imret, 2024). Bu yasal
diizenleme; magdurun huzur ve siikinunun bozulmasini, kendisi veya yakinlarmin giivenligine yonelik
ciddi endise duymasini hedefleyen sistematik davranislar1 cezalandirmay1 amaclamaktadir (Imret, 2024;
Tagkin, 2023). Ancak literatiirde, yasal diizenlemelerin varligina ragmen 1srarli takip eylemlerinin dijital
ortamdaki anonimlik ve delil karartma kolaylig1 nedeniyle kanitlanmasinin zor oldugu, bu durumun ise
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magdurlarin adli makamlara bagvuru siirecini olumsuz etkiledigi vurgulanmaktadir (Taskin, 2023;
Imret, 2024; Karakus, 2024).

Dijital 1srarli takibin kadin sagligi tizerindeki etkileri, kronik bir travma silireci olarak
degerlendirilmektedir (Boydag, 2025; Lekkeberg ve ark., 2024). Magdur kadinlarda; siirekli izlenme
korkusuna bagl olarak gelisen yogun anksiyete, panik ataklar, travma sonrasi stres bozuklugu ve derin
depresif belirtiler en sik rastlanan ruh saglig1 sorunlandir (Boydag, 2025; Lekkeberg ve ark., 2024; Chen
ve Chan, 2022). Arastirmalar, 1srarli takip maruziyetinin kadinlarda 6zsaygiy1 azalttigimi, sosyal
izolasyonu tetikledigini ve bireyin gilinlik yasam aktivitelerini siirdiirmesini gliclestirdigini
bildirmektedir (Boydag, 2025; Coskun, 2023; Schokkenbroek ve ark., 2022). Ayrica, bu psikolojik
baskiin somatik yansimalar1 olarak kronik bas agrilari, mide-bagirsak sorunlar1 ve siddetli uyku
bozukluklari1 somut saglik ¢iktilari olarak kaydedilmistir (Boydag, 2025; Lekkeberg ve ark., 2024; Chen
ve Chan, 2022).

DiJITAL SIDDETIN KADIN SAGLIGINA ETKILERIi

Dijital siddet ve 1srarli takip maruziyeti, organizmanin homeostatik dengesini bozan kronik bir stresér
olarak islev gormekte ve kadin sagligimi ¢ok katmanli bir risk alanina hapsetmektedir (Lokkeberg ve
ark., 2024; Chen ve Chan, 2022). Bu siddet tiiriiniin yarattig1 biyolojik stres yaniti; siirekli izlenme, taciz
edilme ve tehdit hissi nedeniyle hipotalamus-hipofiz-adrenal (HPA) aksmin kronik aktivasyonuna yol
acarak kortizol gibi stres hormonlarinin kontrolsiiz salinimini tetiklemektedir (Boydag, 2025;
Lekkeberg ve ark., 2024; Srivastava ve ark., 2023). Literatiirde, dijital siddet magduru kadinlarda bu
fizyolojik bozulmanin somatik yansimasi olarak kronik bas agrilari, ¢arpinti, mide-bagirsak sorunlari ve
yaygin kas agrilart gibi semptomlar geleneksel siddet tiirlerine oranla daha sik ve kalici olarak
kaydedilmektedir (Boydag, 2025; Chen ve Chan, 2022; Russo ve ark., 2019). Ozellikle dijital ortamdaki
wsrarli takip eylemleri sonucu geligen "tetikte olma" (hypervigilance) hali, kadinlarin sirkadiyen ritmini
bozarak uykuya dalma giigliigii, kabuslar ve yetersiz uyku kalitesi gibi kronik uyku bozukluklarina
neden olmaktadir (Lekkeberg ve ark., 2024; Boydag, 2025; Phan ve ark., 2022).

Psikolojik etkiler boyutu incelendiginde, dijital siddetin yarattigi travmanin derinligi; saldirganin
anonimligi, igerigin dijital ayak izi birakarak kalict olmasi ve mekandan bagimsizlik ozellikleri
nedeniyle katlanarak artmaktadir (Umar, 2025; Henry ve ark., 2020; Srivastava ve ark., 2023).
Aragtirmalar, Ozellikle deepfake gibi yapay zeka destekli cinsel igerikli materyallere maruz kalan
kadinlarda, Travma Sonras1 Stres Bozuklugu (TSSB) belirtilerinin geleneksel cinsel saldir
magdurlariyla benzer diizeylerde seyrettigini ortaya koymaktadir (Umar, 2025; Karakus Umar, 2020;
Ho ve ark., 2025). Magdur kadinlarda gelisen yogun anksiyete, panik bozukluklar ve kontrol kaybi hissi;
siklikla &zsayginin yitirilmesi ve kendini suclama egilimleriyle birleserek agir klinik depresyon
tablolarmin olugmasina zemin hazirlamaktadir (Srivastava ve ark., 2023; Chen ve Chan, 2022; Samav
Gircti, 2025). Literatiirde, dijital santaj (sextortion) ve rizasiz cinsel igerik paylasimi gibi eylemlerin
ardindan kadinlarda intihar diisiincesi ve girisimi riskinin anlamli diizeyde yiikseldigi, dijital iyi olusun
(digital well-being) ise telafisi gii¢c sekilde hasar gordiigi vurgulanmaktadir (Srivastava ve ark., 2023;
Ho ve ark., 2025; Henry ve ark., 2020).

Dijital siddetin yarattig1 sosyal yikim, "dijital yalnizlik" ve "sosyal izolasyon" kavramlari etrafinda
kadmin toplumsal varligini tehdit etmektedir (Akbas, 2026; Coskun, 2023; Karakus, 2024). Magdur
kadinlar, sistematik dijital 1srarli takipten ve siber tacizden korunabilmek adina sosyal medya hesaplarini
kapatmakta, dijital diinyadan tamamen g¢ekilmekte ve bu durum bireyin sosyal destek aglarindan
kopmasina neden olan bir izolasyon siireci baslatmaktadir (Akbas, 2026; Coskun, 2023; Karakus, 2024;
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Karakus, 2021). Sosyal izolasyon ve mahremiyet ihlalleri sonucu ortaya ¢ikan "toplumsal damgalanma"
(stigma) korkusu, kadmlarin saglik kuruluslarina veya adli makamlara bagvurmasin engelleyerek maruz
kaldiklar1 saglik sorunlarinin "goériinmez" kalmasina ve kroniklesmesine yol agmaktadir (Akan ve
Giirhan, 2020; Secgin ve Tar1 Selguk, 2023; Ho ve ark., 2025). Ozellikle {iniversite kampiislerinde
teknoloji aracili cinsel saldirilara maruz kalan gen¢ kadinlarda, okul basarisinda disiis, akademik
motivasyon kaybi ve kamplis alanlarinda giivensizlik hissi gibi sosyal fonksiyon bozukluklari somut
bulgular olarak bildirilmektedir (Ho ve ark., 2025; Hernando-Gomez ve ark., 2024; Ozpiskin ve ark.,
2025).

Sonug olarak dijital siddetin kadin saghig: tizerindeki etkileri; biyolojik stres yanitlarindan agir ruh
saglig1 bozukluklarina, somatik sikayetlerden toplumsal islev kaybina kadar uzanan girift bir yelpazede
seyretmektedir (Akan ve Giirhan, 2020; Ozgiir, 2022; Citak ve Yiicel, 2022). Literatiir, addlesan ve geng
yetiskin partner iligkilerindeki dijital istismar deneyimlerinin sadece ruhsal degil, sosyal geri ¢ekilme ve
iligki kalitesinde bozulma gibi uzun vadeli kadin sagligi sorunlart dogurdugunu vurgulamaktadir
(Lokkeberg ve ark., 2024; Chen ve Chan, 2022; Samav Giircii, 2025). Bu biyopsikososyal tablo, kadin
saghgl profesyonellerinin dijital siddeti bir "halk sagligi krizi" olarak ele almasini ve miidahale
stireclerinde kadimin giivenligini, dijital mahremiyetini ve psikososyal biitiinliiglinii kapsayan biitlinciil
(holistik) stratejiler gelistirmesini zorunlu kilmaktadir (Hanikoglu ve Akman, 2024; Oh ve Ahn, 2025;
Tagkin, 2023; Cezlan, 2022).

DIJITAL SIDDETLE MUCADELE VE KORUYUCU YAKLASIMLAR

Dijital siddetle miicadele; hukuki diizenlemeler, teknolojik ¢oziimler ve saglik disiplinlerinin
entegrasyonunu gerektiren ¢ok boyutlu bir siireci kapsamaktadir (Altiok ve ark., 2025; Hanikoglu ve
Akman, 2024; Taskin, 2023). Tiirkiye’de bu miicadelenin yasal zeminini gii¢lendiren 5237 sayili
TCK’nin 123/A maddesi, 1srarli takip eylemlerini cezai miieyyideye baglayarak kadinlar i¢in dnemli bir
koruma kalkani olusturmustur (Taskin, 2023; Imret, 2024; Boydag, 2025). Bu noktada saglik
profesyonelleri, klinik ortamda dijital siddet bulgularini taniyan "ilk gézlemci" ve magdurun adli siirece
erigsimini kolaylastiran "savunucu" rolleriyle bu miicadelenin igerisinde yer almaktadir (Cezlan, 2022;
Huang ve ark., 2022; Russo ve ark., 2019). Literatiirde, bakim verenlerin somatik sikayetlerle bagvuran
kadinlarda dijital siddet riskini sistematik olarak sorgulamasinin ve adli siire¢lerde mahremiyeti gézeten
bir yaklagimla yonlendirme yapmasinin 6nemi vurgulanmaktadir (Tagkin, 2023; Karakus, 2024; Carkci
ve Akargay Ulutas, 2025).

Teknolojik geligsmeler, dijital siddeti besledigi kadar koruyucu saglik girisimleri i¢in de yenilik¢i ¢oziim
yollar1 sunmaktadir (Hanikoglu ve Akman, 2024; Oh ve Ahn, 2025). Ozellikle literatiirde "mor dijital
uygulamalar" olarak adlandirilan ve acil yardim butonu gibi 6zellikler barindiran yazilimlarin kullanimi

" =

konusunda kadinlara rehberlik etmek, modern saglik hizmetlerinin "egitici" fonksiyonunun bir uzantisi
haline gelmistir (Hanikoglu ve Akman, 2024; Taskin, 2023). Saglik profesyonelleri, dijital okuryazarlik
egitimleri araciligryla kadinlarin siber giivenlik stratejilerini gelistirmelerine yardimer olarak koruyucu
saglik hizmetlerine dogrudan katki saglamaktadir (Ozgiir, 2022; Machado ve ark., 2024; Karakus,
2021). Bu teknolojik destek siireci, magdurlarin kriz anlarinda profesyonel birimlere hizli ulagmasini
saglarken, bakim siireclerinde dijital iyi olusu (digital well-being) artirmaya yonelik kanita dayali
miidahalelerin gelistirilmesine olanak tanimaktadir (Hanikoglu ve Akman, 2024; Oh ve Ahn, 2025;
Huang ve ark., 2022).

Sosyal destek mekanizmalariin yonetimi ve "dijital yalmzlik" ile miicadelede profesyonel bakim

stiregleri, multidisipliner bir is birligi icerisinde yiiriitiilmektedir (Altiok ve ark., 2025; Akbas, 2026;
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Coskun, 2023). Magdur kadinlarin yasadig1 toplumsal damgalanma korkusunu agabilmeleri i¢in saglik
disiplinleri; anonim basvuru hatlari, online psikososyal destek aglar1 ve sivil toplum kuruluslari arasinda
stratejik bir koprii vazifesi gérmektedir (Coskun, 2023; Akan ve Giirhan, 2020; Ho ve ark., 2025).
Aragtirmalar, bakim siirecinin merkezinde yer alan empatik yaklagim ve terapotik iletisimin, kadmlarin
dijital travma sonrasi iyilesme siireglerini hizlandirdigini ve siddet dongiisiinden ¢ikma motivasyonlarini
artirdigin1 gostermektedir (Altiok ve ark., 2025; Coskun, 2023; Schokkenbroek ve ark., 2022). Sonug
olarak, dijital siddetle miicadelede yasal mekanizmalarin takibi, teknolojik araglarin etkin kullanimi ve
psikososyal destegin saglanmasi1 gibi biitlinciil (holistik) girisimler, kadin sagliginin yeniden
stirdiiriilebilmesi i¢in vazgecilmez bir parcadir (Hanikoglu ve Akman, 2024; Oh ve Ahn, 2025; Taskin,
2023; Cezlan, 2022).

SONUC

Kadma yonelik dijital siddet ve 1srarli takip olgusu, teknolojinin sagladig1 olanaklarin siddet aracina
doniistiigii gergegini ortaya koymaktadir. Dijital siddetin gelencksel siddetin basit bir uzantist olmaktan
ziyade; anonimlik, kalicilik ve 7/24 ulasilabilirlik gibi yapisal 6zellikleriyle kadinin yasam alanini
tamamen etkileyen 6zgiin bir siddet bi¢cimi oldugu goriilmektedir (Turan ve Akdeniz, 2021; Henry ve
ark., 2020; Zorlu, 2021). Literatiirde yer alan Karakus (2024) ve Carkci ve Akarcay Ulutas (2025)
caligmalari, dijital siddetin mekansal sinirlart ortadan kaldirarak magdurda siirekli bir "gdzetim altinda
olma" hissini yarattig1 saptanmistir. Ozellikle dijital 1srarl takibin, TCK 123/A kapsaminda miistakil bir
sug tipi olarak tanimlanmasi, yasal zeminde 6nemli bir kazanim olsa da (Taskin, 2023; imret, 2024),
adli siireglerdeki ispat gii¢liigii ve bilisim okuryazarligindaki eksiklikler bu kazanimin pratikteki etkisini
simirlamaktadir (Boydag, 2025; Tagkin, 2023).

Dijital siddet sadece bir siber su¢ degil, hipotalamus-hipofiz-adrenal aksi iizerinden kronik somatik
hastaliklara, travma sonrasi stres bozukluguna ve "dijital yalmizlik" olarak tanimlanan derin bir sosyal
izolasyona yol acan biitiinciil bir saglik tehdididir (Lekkeberg ve ark., 2024; Chen ve Chan, 2022;
Srivastava ve ark., 2023). Bu siirecte 6ne ¢ikan en kritik engellerden biri, "dijital yalmizlik" ve sosyal
izolasyonun kadinin iyilesme siirecindeki kisitlayici roliidiir. Tanimlanan bu izolasyon siiregleri, kadinin
destek aglarindan kopmasina ve maruz kaldigi siddetin daha goriinmez hale gelmesine neden olmaktadir
(Coskun, 2023; Akbas, 2026). Magdur kadinlarda goriilen kronik uyku bozukluklar ve tetikte olma
durumunun, kadmnin genel saglik durumunu ve yasam kalitesini geleneksel siddet tiirlerine gore daha
goriinmez bir bi¢imde bozdugu saptanmistir (Boydag, 2025; Lekkeberg ve ark., 2024; Phan ve ark.,
2022). Bununla birlikte, dijital siddet literatiiriinde "dijital travma" ve "sextortion" kaynakli intihar
riskinin daha belirgin bir tehdit olarak 6ne ¢ikmasi goz ardi edilemez bir bulgudur (Srivastava ve ark.,
2023; Ho ve ark., 2025). Gelinen noktada, dijital siddetle miicadelenin sadece failin cezalandirilmasina
odaklanan yasal bir siire¢ten, magdurun giivenligini ve biitiinciil iyilik halini merkeze alan proaktif bir
saglik politikasina evrilmesi zorunluluk arz etmektedir (Tagkin, 2023; Oh ve Ahn, 2025; Cezlan, 2022).
Ayrica saglik profesyonellerinin tarama protokollerini bu yeni nesil risk faktorlerine gore glincellemesi
zorunlu hale gelmektedir (Oh ve Ahn, 2025; Huang ve ark., 2022).

Elde edilen sonuglar 1s18inda, saglik sisteminin tiim basamaklarinda dijital siddet riskini saptayabilecek
standart tarama protokollerinin olusturulmasi ve somatik stres belirtileriyle bagvuran kadinlarda dijital
siddet Gykiisiliniin sistematik olarak sorgulanmasi gereklidir (Huang ve ark., 2022; Oh ve Ahn, 2025).
Saglik profesyonellerinin "egitici" ve "savunucu" rolleri kapsaminda; "mor uygulamalar" gibi teknolojik
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desteklerin ve sosyal hizmet miidahalelerinin bakim siirecine entegre edilmesi kritik éneme sahiptir
(Hanikoglu ve Akman, 2024). Kadmlarin bu koruyucu teknolojileri kullanma becerilerinin artirilmasi
ve dijital okuryazarlik diizeylerinin gii¢lendirilmesi, siddet donglisiiniin kirilmasinda stratejik bir 6neme
sahiptir (Machado ve ark., 2024). Ayrica, TCK 123/A maddesiyle saglanan hukuki kazanimlarin klinik
pratikle entegrasyonu saglanmali; saglik disiplinleri, adli makamlar ve bilisim uzmanlar1 arasinda
magdurun mahremiyetini koruyan giiglii bir koordinasyon ag1 kurulmalidir (Imret, 2024; Boydag, 2025).
Nihayetinde dijital siddetle miicadele, kadinin yasam hakkini ve onurunu korumayi hedefleyen,
teknolojik gelismeleri giivenli bir bakim ortamina doniistliren biitiinciil bir strateji olarak ele alinmalidir
(Akan ve Giirhan, 2020; Tagkin, 2023).
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ABSTRACT

This study evaluates the performance of a greenhouse vegetable dryer integrated with a wind-driven
turbo ventilator, developed to enhance natural convection and improve the drying process through
renewable energy utilization. The design targets small-scale farmers in remote or off-grid areas, where
access to electricity and mechanical drying systems is limited or non-existent. The experimental setup
involved drying freshly harvested leafy vegetables, which had an initial moisture content of
approximately 80%. The test was conducted over a continuous 10-hour period under clear sunlight and
moderate natural wind conditions. Key performance parameters—including internal and ambient
temperatures, relative humidity, and vegetable moisture content—were systematically measured at two-
hour intervals. The results revealed a consistent increase in internal temperature within the dryer,
peaking at 49°C, which significantly exceeded the maximum ambient temperature of 33°C. This thermal
gain was attributed to the greenhouse effect and the enhanced air circulation enabled by the wind-
powered ventilator. Relative humidity within the drying chamber ranged from 55% to 62%, establishing
an optimal environment for moisture evaporation. At the end of the drying cycle, the final moisture
content of the vegetables was reduced to 15%, marking a 65% total reduction. Compared to conventional
passive solar dryers documented in the literature, this system demonstrated improved drying efficiency
while maintaining simplicity and requiring no external power. Its performance aligns well with semi-
passive systems and even rivals some electrically assisted dryers in efficiency. The ventilator played a
key role by preventing internal heat saturation and promoting consistent airflow. Overall, the system
offers a promising, cost-effective, and sustainable approach for post-harvest preservation of perishable
crops in resource-limited settings.
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ABSTRACT

Microplastic and nanoplastic contamination has gained global scientific attention due to its environmental
persistence and bioaccumulation potential. While substantial evidence exists for aquatic ecosystems, data
on terrestrial food-producing animals in low- and middle-income countries remain limited. In Nigeria, rapid
urbanization, poor waste management systems, and widespread plastic use create conditions conducive to
environmental dissemination of plastic particulates. Yet, systematic pathological evaluation of exposed
livestock is scarce. This review synthesizes current evidence on micro- and nanoplastic exposure in cattle,
sheep, goats, and poultry, with emphasis on pathological manifestations relevant to veterinary diagnostic
practice. Experimental and field studies from Europe and Asia demonstrate gastrointestinal mucosal
irritation, altered gut microbiota, oxidative stress—mediated hepatic injury, pulmonary granulomatous
reactions, and potential endocrine disruption. Nanoplastic particles, due to their small size, may translocate
across epithelial barriers, accumulating in liver, kidney, and lymphoid tissues, thus, raising concerns for
food safety and chronic inflammatory sequelae. Within the Nigerian context, abattoir-based surveillance
offers a practical entry point for detection through gross examination, histopathology, and emerging
analytical techniques such as Raman spectroscopy and pyrolysis—GC/MS. However, baseline prevalence
data, tissue distribution patterns, and dose-response relationships in indigenous breeds are unknown. The
absence of harmonized protocols further limits comparability of findings across regions. The paper
highlights critical research gaps and proposes a framework for integrating microplastic assessment into
routine veterinary pathology workflows. The establishment of collaborative networks between veterinary
faculties, environmental scientists, and public health agencies is essential to generate region-specific
evidence. Also, strengthening diagnostic capacity will support food safety policies and align Nigeria with
global efforts to address plastic pollution under initiatives led by bodies such as United Nations
Environment Programme and the World Organisation for Animal Health. Furthermore, advancement of
pathological surveillance of micro- and nanoplastics in livestock is imperative for safeguarding animal
health, protecting consumers, and informing environmental policy in West Africa.

Keywords: microplastics; nanoplastics; veterinary pathology; food safety; Nigeria
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Ephesus O. Fatunmbi', O. E. Omotola®

1'2Department of Mathematics and Statistics, Federal Polytechnic Ilaro, Nigeria.

ABSTRACT

This study investigates magneto-Marangoni convection and radiative heat transfer in a bioconvective
Maxwell nanofluid over a rotating porous disk, motivated by applications in solar collectors and rotating
thermal receivers requiring enhanced energy conversion and cooling performance. The steady flow and
thermal behaviour are analyzed under Marangoni surface effects and nonlinear thermal radiation. The
model incorporates variable thermal conductivity, an inclined magnetic field, Brownian motion,
thermophoretic diffusion, and chemotactic microorganisms. The governing partial differential
equations are transformed into coupled nonlinear ordinary differential equations using similarity
transformations and solved numerically with shooting and Runge-Kutta Felberg scheme. Parametric
results are illustrated graphically to describe variations in velocity and temperature fields. Findings
indicate that velocity decreases with increasing magnetic field inclination, whereas temperature
distributions intensify with stronger linear and nonlinear radiation effects. Heat transfer rates improve
with increasing radiative flux but decline under enhanced Brownian motion and thermophoretic
diffusion. The study provides new insights into the coupled roles of Marangoni convection and
bioconvection in Maxwell nanofluids over rotating porous configurations, an area that remains
insufficiently explored in existing literature.

Keywords: Bioconvection; Maxwell nanofluid; Marangoni convection; Rotating porous disk;
Nonlinear thermal radiation
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ABSTRACT

Over the past 50 years, digitization has gradually taken root in dentistry, starting with computer
tomography in the 1970s. The most disruptive events in digital dentistry were the introduction of digital
workflow and computer-aided manufacturing, which made new procedures and materials available for
dental use. While the conventional lab-based workflow requires light or chemical curing under inconsistent
and suboptimal conditions, computer-aided manufacturing allows for industrial-grade material, ensuring
consistently high material quality. In addition, many other innovative, less disruptive, but relevant
approaches have been developed in digital dentistry. These will have or already impact prevention,
diagnosis, and therapy, thus impacting patients’ oral health and, consequently, their oral health-
related quality of life. Both software and hardware approaches attempt to maintain, restore, or optimize a
patient's perceived oral health. This article outlines innovations in dentistry and their potential impact on
patients’ oral health-related quality of life in prevention and therapy. Furthermore, possible future

developments and their potential implications are characterized.
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INTRODUCTION
Conventional dentistry undoubtedly provides effective preventive and treatment options to maintain,

improve, or restore patients' oral health-related quality of life (OHRQoL).' However, digital

dentistry offers additional tools to achieve this goal.”

Dentists can be more precise in diagnosis, prevention, and therapeutic intervention using digital
technologies.’ In addition, digital workflows can make the treatment process more convenient for patients.
Describing digitalization's potential and actual effects in dentistry would fill at least one book. Therefore,
this paper will focus on the expected benefits of digitization as perceived by the patients on their OHRQoL,
excluding artificial intelligence (Al), and will provide an overview of current imaging tools, software, and
manufacturing equipment with clinical examples in an interdisciplinary setting, without claiming to be

complete.

We will evaluate which effects on OHRQoL are already proven, where there may be potentially unproven
effects, and speculate which outcomes may be coming soon. This paper will assess the impact of digitization
processes in dentistry according to the 4 dimensions of OHRQoL, covering the different dental disciplines.
However, many changes will affect more than 1 dimension or multiple disciplines. Since prevention is
better than cure, we will start by avoiding disruption and thus maintaining OHRQoL unimpaired. Finally,

we will review new developments in digital dentistry that may affect patients’ OHRQoL.

Oral Health-Related Quality of Life

Oral health-related quality of life is a multidimensional construct that includes a subjective assessment of
an individual's oral health, functional well-being, emotional well-being, expectations and satisfaction with
care, and sense of self. It has broad applications in survey and clinical research.* OHRQoL is an integral
part of overall health-related quality of life.”® Due to its subjective nature, OHRQoL dimensions are
assessed using empirically derived questions. Several questionnaires have been developed to collect this

information.

The most commonly used questionnaires are the Oral Health Impact Profile (OHIP), the General

Oral Health Assessment Index in adults and seniors, and the Child Perceptions Questionnaire in children

and adolescents.

To reduce the burden on patients, there has been a tendency in scientific practice to develop subversions

that specialize in specific disorders or diseases, such as temporomandibular disorders or edentulous
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people.'* However, this specialization trend has proven unfavorable due to the need for comparability
between disease impacts and therapeutic effects. The OHIP is the most internationally translated,
scientifically validated, and widely used OHRQoL questionnaire. Fortunately, for this patient-reported
outcome measure, the trend to reduce patient burden could be achieved much more efficiently by reducing

the number of items through short and ultra-short versions.

The ultra-short version with 5 items (OHIP-5) still contains 90 percent of the information of the original
version with 49 items."® Therefore, the OHIP-5 has recently been recommended for general routine use and
scientific application, covering all the relevant dimensions.'® While the original, empirically derived
dimension of the OHRQoL proved to be clinically less meaningful, a long process has been reforming it
based on the available data.'”'® Four major dimensions, clinically relevant aspects of the OHRQoL, have

been derived: oral function, orofacial pain, orofacial aesthetics, and psychosocial impact.

Digital Dentistry
Digital dentistry has already had a significant impact on everyday dentistry since its first concepts in the

1970s.* Initially born as an idea to make chairside dental restorations out of ceramics instead of metal,” a

whole new industry has developed over the last few decades. There were disruptive changes, such as the
introduction of computer-aided design/computer-aided manufacturing (CAD/CAM), causing tremendous
changes in available materials and, therefore, dentists' preferences.”* This makes new materials available
for dental purposes and others obsolete. However, there are also many more or less subtle changes in
dentistry, ranging from introducing software and other medical imaging tools to manufacturing
devices.”” Many will affect workflows, communication between practitioners and patients, the choice of
materials, and clinical outcomes. Most digital technologies start as stand-alone solutions but will be
implemented in more extensive digital networks soon after. While digitalization will increase investment
costs, there must be gains in other areas to offset them. These can be the speed and quality of
communication, reduced time for technical or clinical procedures, improved quality and predictability of
outcomes, and patient comfort. However, we must distinguish between digitalization's effects and Al. Al
is a logical subset of digitization that uses algorithms and machine learning to automate tasks that

traditionally require human intelligence.

Prevention and Diagnosis
The World Health Organization defines prevention as “approaches and activities to reduce the likelihood
that a disease or disorder will affect an individual, interrupting or slowing the disorder's progression or

reducing disability”.”* But how does digitization in dentistry help prevent disease or disorder? The first and
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most obvious point is the intraoral digitization of the dental arches with an intraoral scanner (IOS), now

opening up a wide range of diagnostic options.”’ But how does it help maintain the patients’? The idea is
to take a full-arch scan at the annual dental check-up, which can be superimposed on the previous situation.

Calculation algorithms could detect surface changes (eg, gingival recession, swelling, tooth migration,

tooth wear) before they are visible to the dentist. Some IOS manufacturers already offer internal 3D analysis

software for the superimposition of different scan datasets (eg, OraCheck,Dentsply Sirona, Bensheim,

Germany], Trios Patient Monitoring [3Shape, Copenhagen, Denmark).

This allows early prediction of increased tooth wear rates due to extrinsic or intrinsic erosion, attrition,
and/or abrasion. Initial clinical study results have shown that IOS can already be used to monitor tooth
structure loss on a micrometer level for individual teeth, much earlier than is possible with the naked
eye.”® Also, tooth movement due to periodontal inflammation, lack of antagonists or adjacent teeth, or

relapse after orthodontic treatment can be detected early. Therefore, monitoring with 10S allows patient-

specific dentistry with individual prognosis for tooth wear and movement, thus avoiding repetitive or

invasive treatments that may cause temporary or permanent impairment of the patients’ OHRQoL.”

A novel feature of I0S with color display is that it is also possible to display intraorally stained areas with
plaque accumulation.” This can be helpful in visualization, documenting, and teaching oral hygiene to help

patients and parents improve daily oral hygiene and, therefore, maintain their oral health. Digital

technologies have been used in pediatric dentistry for about ten years.”' The focus has been on digital
impression-taking, a popular alternative to conventional impression-taking that can be uncomfortable for
children. The studies published are mostly case reports regarding feasibility studies for space

maintainers, orthodontic retainers, various splints, and devices for cleft patients.’” The improvement in the

quality of life of children with these more gentle technologies has been hypothesized, but it has yet to be
measured with appropriate instruments. However, it is known that adolescents prefer IOS to conventional
impression-taking.” While traditional impression-taking in very young patients can be potentially life-
threatening due to the risk of airway obstruction and aspiration of impression material, IOS is a fast, safe,

and feasible procedure that can be routinely used even in neonates and infants.***’

A well-known stand-alone digital device for radiation-free caries diagnostic function is the DIAGNCam
(KaVo, Biberach, Germany). However, some IOS have already implemented this technology, eg, Emerald
S (Planmeca Oy, Helsinki, Finland) iTero Element 5D (Align Technology, Or Yehuda, Israel). These
devices use light waves to detect caries. Near-infrared light reflection technology enables early detection

of interproximal caries. Reflected near-infrared light images generated simultaneously with 3D intra-oral
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scanning can be reliably used to detect, screen, and monitor proximal caries, thus potentially minimizing
the traditional use of ionizing radiation and its subsequent consequences.’® A similar but promising
different approach is quantitative light-induced fluorescence.’’* An 10S-integrated version is already
commercially available (Trios 4/5, 3Shape).”” However, there are still some limitations in differentiating
pathological changes from structural anomalies, so their routine use is still a work in progress with the

potential to support reliable monitoring of early caries lesions.

A home-based approach uses mobile applications to promote oral health. Standard program features include
tools for tracking or reminding one to brush teeth and assisting in scheduling dental
appointments.*”*' Others are paired with a device such as “smart” electric toothbrushes with sensors for
tracking things like timing, pressure, and position. Coupled with apps on the phone, this information can

motivate and guide patients to clean their teeth more adequately.*

Other apps are available to digitally assess chewing function in a home setting (eg, ViewGum software,
dHAL Software, Kifissia, Greece).” In contrast, others are currently available as apps for research purposes
only (eg, Mini Dental Assessment, Giessen, Germany).** These chewing function tests were not developed
to replace routine dental examinations but could help to identify the need for dental treatment even for

(dental) laypersons.®

One step further is telemedicine, offering health services at a distance. While some disciplines, such

as maxillofacial surgery, have begun to routinely consult patients by telephone after minor dentoalveolar

surgery,’® dentistry needs digital equipment and software offering more than a video conferencing tool. In
children, telemedicine saves money by reducing unnecessary travel, improving patient and provider
satisfaction, and enabling better patient self-management. However, clinical outcomes have not been
affected by telemedicine services.”” Especially in the care of the very old, this could help to narrow a dental

healthcare gap.*® However, digital literacy is a significant barrier for seniors and the very old.

In orthodontics, mobile/tablet-based applications are available (eg, ClearCorrect Sync, Straumann, Basel,
Switzerland). These can capture, edit, and quickly upload patient case photos. In brief, they fit into the
practice workflow by simplifying the process of patient photo capture. However, data on patients’ OHRQoL
comparing conventional and digital methods is unavailable. The combination of the 3D-intra oral scan,
CBCT, advanced software, use of mobile phones, and individual CAD/CAM-tailored appliances
significantly impacts our patients' treatment experience.””’ The first step is individual software-based
information and education before treatment. With these utilities, the patient and, if applicable, the parents

are involved and prepared for shared decision-making. Linking intra-oral scan with the consultation, a
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simulated 3D outcome of the desired tooth position is vivid. Individualized patient education can be
compiled in a further step, including texts, videos, and pictures (informadent, HeideSoft GmbH & Co. KG,
Soltau, Germany). This data can be shared and accessed via mobile devices for the patient or parents. So,
there is always a source of individualized information available at your fingertips.’' The involvement of the
patient and the parents in the therapeutic process continues when 3D treatment plans and the goal of the

therapy are discussed together, and special requests can be accommodated.>

For oral and maxillofacial surgery, digital planning in connection with an additive manufacturing process
such as 3D printing also enables the production of models for patient information, intraoperative haptic

control, and the visualization of complex anatomical conditions or the reconstruction result.”>*

Digital technologies could support the early detection of caries and periodontitis as well as the health
behavior of patients and thus improve their oral well-being.54, 55, 56, 57, 58 This would prevent
unnecessary treatment, reduce the number of visits patients have to make to the doctor's office or clinic,
and preserve patients' OHRQoL. This probably includes all dimensions. Therefore, preventive approaches

are the most valuable for the patient.

However, there are risks as well as benefits. Known for “beauty filters” in online communication tools,
video platforms, and advertising, the urge to conform to the digital alter ego can become
pathological.”® This can lead to harm from medically unnecessary aesthetically driven treatments such as
highly white “perfect” teeth, permanent damage from veneers or even fixed dentures, or extraction of
healthy teeth. While this may improve perceived oral health in the esthetic dimension in the short term, it
may cause impairment in the other dimensions. For example, impairment in the pain dimension due to

increased tooth sensitivity caused by tooth whitening procedures is a known but reversible side effect.”’

Therapeutic Intervention

Digitization is occurring not only in new devices but also in software. While studies can demonstrate the
general benefit of various therapeutic approaches, we know that the therapeutic success of specific
procedures depends on the skill of the individual clinician.’ With the OHRQoL routine patient quality
assessment, it is possible to automate small surveys—online or combined with an update of the
patient's medical history at check-up visits before and after treatments. Monitoring one's treatment success
from the patients’ perspective enables the clinician to recognize their success from their perspective. It also
provides the basis for value-based oral health care as an additional incentive to provide the best possible
care.”” In addition, new telemedicine infrastructure is accelerating the exchange and availability of medical

data, reducing information loss and unnecessary duplication of testing, potentially leading to faster and
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better treatment decisions. The latest advancement is continuous monitoring of treatment progress through
the patient's own activity.”’ He regularly scans his teeth with the smartphone and a special adapter, and
monitors with support of artificial neural networks the progress of the orthodontic treatment
(www.dentalmonitoring.com, Paris, France). The orthodontist is alerted in case of deviations and can thus
remain in direct contact with the patient and communicate at any time about the progress of the treatment.

¢ 64

With the same quality of treatment, this system requires fewer visits to the orthodontist.” Positive effects

% Other software applications have a direct therapeutic approach.

on oral hygiene have also been reported.
A habit control software (BruxAPP, BruxApp Team, Pontedera, Italy) is dedicated to studying and

managing bruxism and its health consequences, reducing OHRQoL impairment by offering help to change

unfavorable habits.”® Optionally, ambulatory electromyography, and contingent electrical
stimulation devices are available to detect and interfere with bruxism events (Grindcare, Sunstar Suisse SA,

Etoy, Switzerland).®” Both are viable approaches for reducing bruxism-associated pain and subsequent

functional and &sthetic impairment due to tooth damage or muscle hypertrophy.

The use of IOS is not only good for preventive purposes. It also saves time in many situations requiring
precise impressions (immediate chairside quality control of the preparation and local impression
correction). In addition, patients are more comfortable, and sometimes entire sessions can be saved,
resulting in less disruption to the patient's quality of life.***” In addition, overlay with previous scan data
allows for more similar tooth shapes, making functional adaptation to the new prosthesis easier. However,
there is scarce evidence that the digital manufacturing process is superior to the conventional one regarding
patients’ OHRQoL."” A digital impression has shown to be a viable alternative to traditional protocols for
implant-supported crowns and implant-retained full-arch immediate loading prostheses.”":’”> Computer-
aided manufacturing made millable, printable, and laser sinterable materials available for dental purposes,
such as various ceramics, composites, and polymers or complicated designs.’*’* This allows for more tooth-
colored restorations, improves fit and esthetics and provides options for patients with dental material
allergies.”"”” While the traditional lab-based workflow requires light or chemical curing under varying and
suboptimal conditions, CAM allows for industrial-grade material, ensuring consistently high material
quality. Improving movement flexibility and milling strategies and increasing resolution in printing and
sintering processes have already enhanced the trueness and precision of dental medical products.’® This
hopefully results in improved OHRQoL due to better fit, enhanced surface properties, and duration of these
products.”” However, this is not always the case. Milled dentures offer many equal or better properties in

mechanical and surface parameters and fit compared to conventional dentures.”® While patients perceive
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milled dentures to be at least similar to traditional dentures when given a choice, most patients still prefer

conventional dentures to 3D-printed dentures.”’

Nonetheless, digital data storage allows identical copies to be made if a splint, temporary crown, or full
denture is broken or lost. Finally, digital data can be done without physical transportation. Therefore, one-
way delivery is possible in long-distance transport, ie, rural areas, saving time in restoring impaired
OHRQoL. The digitization of patient data continues beyond the 10S. In the design process, the use
of virtual facebow and jaw movement recording data (eg, Zebris, Zebris Medical, Isny, Germany; Tech in

motion, Modjaw, Villeurbanne, France) assists in a dental laboratory setting simulating vertical changes in

the jaw relationship.*’ Merging hinge axis, jaw movement data, and data from 10S of the upper and lower
jaw in virtual articulators may improve simulation and identify colliding teeth in dynamic occlusion during
the virtual design process. However, the clinical relevance of such data is under discussion. Three
dimensional facial scan data is already enabling better esthetic simulation of maxillofacial
surgery,” surgical prosthetic and epithetic outcomes, and orthodontic procedures,*” helping to find the best

approach for the individual, both functionally and esthetically.** Cone beam computed tomography is used

for various clinical indications, including resorption, preoperative assessment of surgical and non-

surgical endodontic retreatment, location of missing canals, and differential diagnosis.** Preventing tooth

loss through proper treatment planning in complex situations avoids loss of function and pain. However,
reconciling all available data (intraoral, extraoral, and radiographic) is still time-consuming, with limited
support, and is not routine. However, computer-aided simulation is helpful for collaborative
interdisciplinary planning of complex surgeries with subsequent prosthetic restoration, orthodontic
treatment, or fabrication of surgical appliances and customized plates, splints, and implants in oral and
maxillofacial surgery.*” This improves positioning accuracy and saves surgical time, which subsequently

reduces postoperative pain and helps to optimize functional, esthetic, and psychosocial aspects by

achieving the desired position.*®

Currently, matching extraoral and intraoral data is routinely available for daily dental practice only in 2
dimensions to assist orthodontic patients in their esthetic decision-making (Smile Design, 3Shape). This is
done by importing the patients’ photos into the software and virtually determining the tooth shape and color.
Soon, matching 3D X-rays, 3D face scans, IOS data, and 3D printed splints will become increasingly

popular for virtual planning, especially in orthognathic surgery.

Some 10S, particularly in aligner technology, offer a simulation of the treatment result in a 3-dimensional

representation of tooth movement. This virtual simulation should be used with caution when
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communicating with the patient. It is important to emphasize that this simulation does not always reflect

the treatment outcome due to the limitations of tooth preparation, tooth movement, and surgical procedures.

This may be because the teeth do not move as predicted or because the simulation overcorrects tooth

movement, assuming that only part of the planned movement will be achieved.

Nevertheless, 3D simulation of orthodontic treatment can significantly improve communication with the
patient, especially when correcting anterior teeth. Some practitioners perform an instant simulation during
the initial consultation to explain the need for orthodontic treatment. With digital workflow, technology has
provided the modern clinician with the ability for visual collaboration of surgical, orthodontic, facial
esthetic, and prosthetic principles. This visual and accurate simulation allows the patient to interact and
connect with the treatment plan. It empowers the patient to try the treatment virtually before committing

and connect emotionally to their desires.

Future Developments
Many additional benefits are possible in future scenarios.Other technologies can be used to evaluate teeth

and surrounding tissues. There is optical coherence tomography, which allows near-surface evaluation of

composite and ceramic restorations.”’*’> Potential software targets may be facilitating diagnosis, eg, of
temporomandibular disorders, or supporting current treatment decisions with the best available
evidence.” There may be a future where IOS replaces a daily routine's manual tooth, plaque, and pocket
evaluation. Therefore, in contrast to today, the focus of the discussion about IOS will not be on whether it
can completely replace the conventional impression but rather on what additional benefits an 10S offers.
Today, the most common IOS offers at least similar precision and accuracy to traditional impression
techniques with less discomfort for the individual patient.” In the future, IOS will open up a whole new
field of dentistry in simulation, predictability, monitoring, and prevention. This will enhance the preventive
aspect and is the key to a lifelong best possible unimpaired OHRQoL. Combined with new materials offered
by digitized processes, therapeutic options will include longer-lasting restorations with less damage to the
patient's oral structures. Better simulation of treatment outcomes will improve shared decision-making and
reduce the risk of decision conflicts.”” In 2023, a unique dental-dedicated Magnetic Resonance Imaging has
been presented, offering new diagnostic options in x-ray-free 3D-diagnostic.”® While today, hard tissues
can be replaced routinely, in the future, 3D printing of soft tissues may become an option. Same with digital
impression taking with I0S. Today, only attached hard and soft tissue can be scanned. However, correct
display of movable oral mucosa is crucial and not feasible today for impression taking in removable
prosthodontics. All this will impact patients' OHRQoL in different ways, not comprehensively imaginable

today. An important consideration seems to be the potential increase in cost and patient burden. Therefore,
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traditional approaches should not be abandoned as long as the benefits associated with digital dentistry can
be proven to outweigh the relevant risks and costs. However, the immense potential impacts on oral health

make it imminent to use a standard metric to measure these impacts (Table 2)."”

Table 1. Benefits of digital dentistry in terms of OHRQoL.

Precision and Accuracy: Digital tools like intraoral scanners and 3D imaging provide more precise
measurements and impressions, leading to better-fitting restorations and reduced discomfort for patients.

Faster Treatment: Digital workflows streamline the treatment process, reducing the time patients spend in the
dental chair. This can improve OHRQoL by minimizing the inconvenience of multiple appointments.

Improved Communication: Digital technologies enable better communication between dental professionals
and patients through visual aids and 3D models, helping patients understand their treatment options and
outcomes.

Customization: Digital dentistry allows for highly customized treatments, ensuring that restorations and
prosthetics fit comfortably and function effectively, enhancing overall quality of life.

Reduced Anxiety: For patients with dental anxiety, digital dentistry can offer a more comfortable and less
intimidating experience, potentially improving their OHRQoL.

Remote Consultations: Tele-dentistry, facilitated by digital tools, allows patients to consult with their dentists
remotely, reducing the need for travel and time off work, thus positively affecting their quality of life.

Digital Records: Digital patient records and treatment histories ensure continuity of care, making it easier for
patients to access their dental information and track their oral health progress.

Proactive Care: Digital technologies enable dentists to detect issues earlier, potentially preventing more
significant problems and the associated impact on OHRQoL.

Patient Engagement: Interactive digital tools can engage patients in their oral health management, motivating
them to maintain good oral hygiene practices and habits.
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Table 2. Current, main research gaps in terms of digital dentistry and OHRQoL.

Long-term Impact: Many studies focus on short-term outcomes. There's a need for more research to assess
the long-term effects of digital dentistry interventions on patients' OHRQoL, especially for prosthetic
restorations and orthodontic treatments.

Patient Perspectives: More research is needed to understand the patient's perspective and experiences with
digital dentistry. Qualitative studies can help uncover patient's preferences by patient-reported outcomes
measures in an comparable manner.

Cost-effectiveness: The cost-effectiveness of various digital dental technologies and their impact on
OHRQoL should be studied comprehensively. This can guide decision-makers and insurers in allocating
resources.

Standardization: There is a lack of standardized protocols and guidelines for incorporating digital dentistry
into OHRQoL assessments. Using current standards would improve the consistency and comparability of
research findings.

Comparative Studies: Comparative studies that directly compare traditional dental techniques with their
digital counterparts in terms of OHRQoL outcomes are limited. Such studies could provide valuable insights.

Diverse Populations: Research often focuses on specific patient groups or demographics. More studies should
include diverse populations to better understand how digital dentistry affects OHRQoL across different
groups.

Psychosocial Impact: While the physical aspects of OHRQoL are often studied, there's a need for more
research on the psychosocial impact of digital dentistry. This could include factors like body image, self-
esteem, and social well-being.

Access and Equity: Research should examine how the adoption of digital dentistry may affect access to care
and equity in oral healthcare delivery, ensuring that advancements benefit all segments of the population.

Education and Training: As digital dentistry continues to evolve, research on the educational and training
needs of dental professionals to effectively utilize these technologies is essential.

CONCLUSIONS AND RECOMMENDATIONS
1.Most potential advantages of digitization could be more proven regarding OHRQoL benefits, but

plausible theoretical thoughts.
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2.Therefore, many research questions open up which can deal with the potential of the described manifold

digital applications in the light of OHRQoL.
3.Much is estimated, but far less proven by data.

4.Patient-reported outcome measures with a low patient burden could help lower the boundaries for more

frequent applications and, therefore, more data.
5.Furthermore, a standard metric would help make research results comparable.

6.1deally, these data could feed a database usable for Al technologies, offering the best evidence for

individualized dental medicine.
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ABSTRACT

Real-time displacement monitoring plays a crucial role in the structural health monitoring (SHM) of
large-span cable-stayed bridges. While GNSS-RTK technology provides continuous and efficient
displacement measurements, the resulting time-series data are often affected by multipath noise and
complex environmental influences, such as thermal effects and wind loading. Classical statistical
approaches, including Kalman filtering and ARIMA models, have been widely applied for displacement
estimation and short-term analysis; however, their ability to support reliable time-series prediction under
nonlinear and non-stationary conditions remains limited. This paper presents a critical review of GNSS-
based time-series displacement prediction methods developed between 2015 and 2025, with emphasis
on the methodological evolution from statistical models to machine learning and hybrid deep learning
approaches. Particular attention is given to hybrid frameworks that integrate signal decomposition
techniques, such as Variational Mode Decomposition (VMD), with recurrent neural networks, including
LSTM-based architectures. Rather than focusing on absolute prediction accuracy, this review examines
the assumptions, strengths, and limitations of different methodological categories under practical
monitoring conditions. Based on the reviewed literature, hybrid deep learning models have shown
promising potential for improving robustness and stability in displacement prediction when
appropriately designed and validated. The findings of this review provide methodological insights to
support future research and practical implementation of GNSS-based displacement prediction for cable-
stayed bridges, particularly in the context of early warning and predictive maintenance for long-span
bridge management.

Keywords: Cable-stayed bridges; GNSS monitoring; Displacement forecasting; Deep Learning; Hybrid
Models; VMD-LSTM,; Structural Health Monitoring (SHM).

1. Introduction
1.1. Background and importance of structural health monitoring for cable-stayed bridges

Long-span cable-stayed bridges play a key role in modern transportation infrastructure, serving as
critical links in major traffic networks. Due to their flexible structural behavior, large span lengths, and
complex cable systems, these bridges are highly sensitive to dynamic loads such as wind, traffic, and
seismic actions, as well as to slowly varying environmental factors, including temperature changes and
solar radiation. Therefore, ensuring operational safety and extending the service life of cable-stayed
bridges through structural health monitoring (SHM) has become an essential component in modern

bridge management and maintenance practices [1-2].

Within SHM systems, displacement monitoring is considered one of the most direct and effective
indicators for evaluating the global stiffness and load-carrying capacity of bridge structures. Abnormal
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changes in vibration amplitude or long-term accumulated displacement trends may serve as early signs

of material degradation, bearing damage, or loss of tension in the cable system [3].
1.2. Role of GNSS-RTK and challenges of displacement time-series data

The development of Global Navigation Satellite Systems (GNSS), particularly real-time kinematic
GNSS (GNSS-RTK) and high-rate receivers operating at frequencies up to 10-20 Hz, has significantly
expanded the capability of displacement monitoring for large-scale bridge structures. Compared with
traditional measurement techniques, such as total stations or accelerometers, GNSS provides continuous
absolute three-dimensional coordinates under all weather conditions without requiring a direct line of
sight between monitoring points [4].

Despite these advantages, GNSS-based displacement time-series data face several challenges. First,
GNSS observations are often contaminated by multipath effects, atmospheric disturbances, and receiver-
related noise, especially in complex environments such as urban areas or regions with high humidity [5—
7]. Second, the structural response of cable-stayed bridges exhibits pronounced nonlinear and non-
stationary behavior. Bridge displacements result from the combined effects of high-frequency vibrations
induced by traffic and wind and low-frequency deformations associated with thermal loading, leading
to time-dependent response patterns that limit the applicability of conventional linear and stationary
analysis methods [8,9].

1.3. Transition from monitoring to prediction

Bridge management strategies are gradually shifting from reactive maintenance toward predictive
maintenance [ 10]. In this context, the analysis of historical monitoring data alone is no longer sufficient.
Bridge operators increasingly require information on the near-future structural condition (t + At) to
support early warning and timely decision-making [10,11].

As a result, research interest has progressively moved beyond displacement estimation and noise
reduction toward time-series displacement prediction. While estimation techniques focus on
reconstructing the current or past structural response from noisy observations, prediction aims to learn
the underlying temporal behavior of the structure and forecast future displacements based on historical
data. This distinction is particularly important in GNSS-based SHM, where high filtering accuracy does
not necessarily imply reliable predictive capability [10—12].

1.4. Research gap and objectives of the paper

Over the past two decades, classical statistical methods such as Kalman filtering and ARIMA models
have been widely applied in structural monitoring studies. Although effective for displacement
estimation and short-term trend analysis, recent studies have shown that these linear models are often
unable to capture the complex and highly nonlinear responses of cable-stayed bridges under variable
environmental and dynamic loading conditions [13,14].

The rapid development of artificial intelligence, particularly deep learning techniques based on recurrent
neural networks such as LSTM and GRU, has introduced new possibilities for displacement analysis
and prediction [6,15]. However, direct application of deep learning models to raw GNSS time-series
data often leads to overfitting or unstable convergence due to strong noise and non-stationary
components. This limitation has motivated increasing interest in hybrid modeling strategies that
integrate signal decomposition techniques, optimization algorithms, and deep neural networks [16,17].
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Although numerous studies have investigated individual prediction methods, a comprehensive and
systematic review that critically examines the transition from classical statistical approaches to modern
hybrid models in the specific context of GNSS-based displacement prediction for cable-stayed bridges
remains limited. The objective of this paper is therefore to review representative methods developed
between 2005 and 2025, assess their applicability and limitations, and provide methodological insights

to support future research and practical implementation under real-world monitoring conditions.

To provide an overview of the methodological landscape, Figure 1 illustrates a taxonomy of GNSS-
based time-series displacement prediction methods reviewed in this paper, highlighting the progression
from classical statistical models to hybrid deep learning approaches.

Forecasting Methods

for SHM
///
.//
///
o

T 2

| |
Statistical Maodels Shallow ML Deep Learning ‘ Hybrid Models

Kalman Filter ARIMA SVR Random Forest ANN RNN LST™M GRU CNN Decompaosition-based Optimization-based

Figure 1. Taxonomy of GNSS-based time-series displacement prediction methods for structural health
monitoring of cable-stayed bridges.

2. Statistical methods and traditional machine learning approaches

Before the widespread adoption of deep learning techniques, displacement prediction in structural health
monitoring was primarily based on classical statistical models and traditional machine learning methods,
often referred to as shallow learning approaches. These methods have been extensively applied to
GNSS-based monitoring data and have contributed to improvements in noise reduction and short-term
trend analysis. However, their applicability becomes increasingly limited when dealing with high-
frequency GNSS time series and the complex, nonlinear response behavior of cable-stayed bridges
under real operating conditions [18].

2.1. Filtering and state estimation methods: the Kalman filtering family

The Kalman Filter (KF) and its variants have long been regarded as standard tools for real-time
processing and estimation of GNSS-based displacement measurements [19]. In structural health
monitoring applications, KF-based methods are primarily used to smooth noisy observations and
estimate the current structural state.

The Kalman Filter is formulated within a state-space framework and requires an assumed state transition
model, which describes the evolution of the system state over time. In practical SHM applications, this
model is often simplified to kinematic or random-walk representations rather than derived from full
structural dynamic equations. Under the assumption that both process noise and measurement noise
follow Gaussian distributions, the KF aims to minimize the mean squared estimation error covariance
[19].

KF-based approaches have been widely applied to GNSS monitoring data for bridge displacement
estimation. For example, Kim and Sohn [20] applied the Kalman Filter to reduce high-frequency noise
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in RTK-GNSS data collected on the Yeongjong Bridge in South Korea, demonstrating that KF can
effectively track structural displacements in real time. To address nonlinear system behavior, extended
variants such as the Extended Kalman Filter (EKF) and the Unscented Kalman Filter (UKF) were
subsequently introduced. These methods attempt to handle nonlinearity through local linearization or

sigma-point approximations.

Despite their practical value, Kalman filtering methods exhibit several limitations when used for
displacement prediction. First, KF-based approaches rely on prior specification of the state transition
model. For cable-stayed bridges subjected to stochastic wind loads and temperature-induced effects,
accurately defining the underlying dynamic equations is highly challenging, which directly affects
estimation and prediction quality [20]. Second, KF-based smoothing and filtering are primarily designed
for state estimation rather than forecasting. In dynamic deformation analysis, KF estimates may exhibit
phase lag relative to the true structural response, which reduces their effectiveness for early warning
purposes. Moreover, predictive use of KF without appropriate model adaptation may lead to divergence
over longer prediction horizons.

2.2. Linear time-series models: ARIMA and related approaches

The Autoregressive Integrated Moving Average (ARIMA) model is one of the most widely used linear
time-series analysis tools in econometrics and has been introduced into engineering surveying and
structural monitoring studies since the early 2010s.

An ARIMA (p, d, g) model represents a time series as a linear combination of its past values and random
error terms, with differencing operations applied to enforce stationarity. Under these assumptions,
ARIMA models are well suited for modeling linear temporal dependencies in stationary or near-
stationary time series [22].

In GNSS-based structural monitoring, ARIMA models have been used to model stochastic components
of displacement time series and reduce background noise, thereby facilitating the extraction of structural
displacement signals. Xin et al. [21] applied ARIMA-based models to GNSS monitoring data to support
short-term deformation analysis in bridge structures.

ARIMA models suffer from several inherent limitations when applied to cable-stayed bridge
displacement prediction. First, ARIMA relies strongly on the assumption of stationarity. GNSS
displacement time series from cable-stayed bridges are often non-stationary due to thermal drift and
time-varying environmental loads, and differencing operations used to enforce stationarity may distort
long-term structural trends [22]. Second, ARIMA models are highly sensitive to the choice of model
order and window length, which limits their robustness in practical applications. Finally, as purely linear
models, ARIMA approaches are unable to capture the nonlinear dynamic behavior commonly observed
under strong wind excitation or seismic loading, reducing their effectiveness for long-term or event-
driven prediction tasks [23].

2.3. Traditional machine learning methods: support vector regression and random forest

To overcome some of the limitations associated with linear statistical models, traditional machine
learning methods were introduced as an intermediate step toward more flexible data-driven modeling
approaches. Among these methods, Support Vector Regression (SVR) and Random Forest (RF) have
been widely applied in structural health monitoring and deformation prediction problems [24].
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SVR employs kernel functions to project input data into high-dimensional feature spaces, enabling the
modeling of nonlinear relationships between input variables and displacement responses. Due to its solid
theoretical foundation and good generalization properties, SVR has demonstrated satisfactory
performance in displacement prediction tasks involving relatively small datasets. In GNSS-based
applications, SVR has been used to model nonlinear relationships between displacement and
environmental variables such as temperature and wind [24].

Despite its advantages, SVR suffers from scalability issues when applied to high-frequency GNSS time
series. The computational complexity of SVR increases rapidly with the number of training samples,
making it impractical for large-scale datasets. For example, GNSS monitoring at sampling rates of 10
Hz can easily generate more than 800,000 observations per day, resulting in excessive computational
cost and memory requirements for SVR-based models [25].

Random Forest models provide improved robustness by aggregating multiple decision trees and are less
sensitive to noise than individual learners. However, both SVR and RF rely heavily on manually
engineered input features, such as temperature, humidity, or wind speed. This feature engineering
process depends strongly on expert knowledge and may fail to capture latent temporal patterns
embedded in raw GNSS displacement time series. In contrast, representation learning approaches aim
to automatically extract hierarchical features directly from data, reducing reliance on subjective feature
selection [26-27].

Based on the above analysis, statistical methods and traditional machine learning approaches exhibit
fundamental limitations when applied to GNSS-based time-series displacement prediction for cable-
stayed bridges. While these methods perform reasonably well for displacement estimation and short-
term analysis under controlled conditions, they struggle to model the nonlinear, non-stationary, and
multi-scale response behavior observed in real-world monitoring environments.

Classical statistical models are primarily suited for state estimation rather than reliable prediction,
whereas traditional machine learning methods offer increased flexibility but remain constrained by
scalability issues and dependence on manual feature engineering. These limitations highlight the need
for more advanced modeling frameworks capable of learning complex temporal dependencies and
extracting meaningful features directly from noisy GNSS time series. This motivation has driven the
increasing adoption of deep learning and hybrid approaches, which are reviewed in the following
section.

3. Deep learning and hybrid models for GNSS-based displacement prediction

The rapid development of deep learning and the increasing availability of computational resources have
significantly promoted data-driven methods in structural health monitoring. Unlike classical statistical
models, deep learning approaches do not require explicit assumptions regarding data distribution or
system linearity, but instead learn complex temporal dependencies and latent representations directly
from observed time-series data, making them suitable for modeling nonlinear and non-stationary
structural responses [27]. In recent years, deep learning and hybrid frameworks have been increasingly
explored for GNSS-based displacement prediction of long-span bridges [28-29].

3.1. Recurrent neural networks for temporal dependency modeling

Time-series displacement prediction requires explicit consideration of temporal dependencies. Feed-
forward neural networks, which process input samples independently, are therefore limited in their
ability to capture sequential information. Recurrent neural networks (RNNs) address this limitation by
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introducing feedback connections that allow information from previous time steps to influence the

current network state.
3.1.1. Long Short-Term Memory (LSTM) networks

Long Short-Term Memory (LSTM) networks were originally proposed to address the vanishing gradient
problem in conventional recurrent neural networks by introducing memory cells and gating mechanisms
that regulate information flow over time [30-31]. In structural health monitoring of cable-stayed bridges,
LSTM models have shown strong capability in capturing delayed structural responses to environmental
loads, such as thermal lag effects in temperature-induced deformations. However, the performance of
LSTM remains sensitive to data quality and model configuration, and direct application to raw GNSS
displacement time series may lead to slow convergence or overfitting due to noise, missing data, and
non-stationarity [32]. 3.1.2. Gated Recurrent Unit (GRU) networks

Gated Recurrent Unit (GRU) networks are a simplified variant of Long Short-Term Memory (LSTM)
networks that merge the forget and input gates into a single update gate and do not maintain a separate
cell state, resulting in fewer parameters and faster training times while retaining the ability to learn

sequence dependencies [33].

In time-series forecasting applications, GRUs have been applied where training data are limited or
computational efficiency is important; however, their relative performance compared to LSTM depends
on the task, with LSTMs often preferred for capturing long-term dependencies in complex sequences
[34].

3.2. Signal decomposition as a preprocessing strategy

Raw GNSS displacement time series typically consist of multiple superimposed components, including
long-term trends, seasonal or temperature-related effects, dynamic structural responses, and
measurement noise [35]. Directly applying deep learning models to such mixed signals often degrades
training efficiency and prediction stability.

To address this issue, signal decomposition techniques have been increasingly incorporated into hybrid
prediction frameworks. The general objective of decomposition is to separate the original signal into
sub-components with distinct frequency characteristics, allowing learning models to focus on simpler
and more interpretable patterns.

3.2.1. Empirical Mode Decomposition and related methods

Empirical Mode Decomposition (EMD) decomposes a signal into a set of intrinsic mode functions
(IMFs) through an adaptive, data-driven process. EMD has been applied to GNSS displacement analysis
to separate noise and structural response components. However, EMD suffers from mode mixing, where
oscillations of different physical origins are incorrectly combined or split across multiple modes,
reducing its reliability for predictive modeling.

Wavelet-based decomposition techniques have also been explored as alternatives. While wavelet
transforms provide good time—frequency localization, their performance depends strongly on the choice
of wavelet basis and decomposition level, which introduces subjectivity into the modeling process.

3.2.2. Variational Mode Decomposition (VMD)
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Variational Mode Decomposition (VMD) has emerged as a more robust alternative to traditional
decomposition methods. Unlike EMD, VMD formulates signal decomposition as a constrained
variational optimization problem, decomposing the signal into a predefined number of band-limited
modes with compact frequency support.

Recent studies have shown that VMD is particularly effective in separating high-frequency GNSS noise,
such as multipath effects, from low-frequency structural displacement components related to
temperature and wind loading. When combined with recurrent neural networks, VMD-based hybrid
models allow each decomposed component to be modeled separately, thereby reducing model
complexity and improving prediction stability. Several comparative studies suggest that VMD-LSTM
frameworks often demonstrate improved robustness compared with EMD-LSTM and wavelet-based
hybrid models, particularly under high-noise GNSS monitoring conditions.

Despite these advantages, VMD requires careful selection of decomposition parameters, such as the
number of modes, which can significantly influence prediction outcomes. Improper parameter selection

may lead to over-decomposition or loss of physically meaningful information.
3.3. Hybrid frameworks with optimization and attention mechanisms

While decomposition-based deep learning models improve robustness, their performance remains
sensitive to hyperparameter selection and temporal relevance of historical data. To further enhance
predictive capability, recent research has focused on optimization strategies and attention mechanisms

within hybrid modeling frameworks.
3.3.1. Optimization-based hybrid models

Hyperparameters such as network depth, number of hidden units, learning rate, and training window
length play a critical role in the performance of deep learning models. Manual tuning of these parameters
is time-consuming and often suboptimal, particularly for long-term GNSS monitoring data.

To address this issue, swarm intelligence and evolutionary optimization algorithms, including Particle
Swarm Optimization (PSO), Grey Wolf Optimization (GWO), and Whale Optimization Algorithm
(WOA), have been introduced to automatically search for optimal hyperparameter configurations. In
GNSS-based displacement prediction, optimization-assisted hybrid models have demonstrated

improved convergence behavior and reduced sensitivity to initial conditions.

However, the incorporation of optimization algorithms significantly increases computational cost, as
multiple candidate models must be trained during the optimization process. This limitation may restrict
the applicability of such frameworks in real-time monitoring systems unless computational efficiency is
carefully considered.

3.3.2. Attention mechanisms and interpretability considerations

Attention mechanisms were originally developed in natural language processing to allow models to
focus selectively on relevant parts of an input sequence. In time-series prediction, attention enables a
model to assign different weights to past observations based on their relative importance for predicting
future values.

In GNSS-based displacement prediction, attention mechanisms have been explored as a means of

emphasizing time periods associated with significant environmental or operational events, such as rapid
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temperature changes or strong wind loading. By selectively weighting historical inputs, attention-based
models may improve prediction stability and provide additional interpretability.

Nevertheless, attention mechanisms introduce additional model parameters and complexity, which may
increase the risk of overfitting when training data are limited or noisy. Moreover, the physical
interpretation of attention weights remains nontrivial, as high attention scores do not necessarily
correspond to causal structural mechanisms. As a result, attention-based extensions should be applied
cautiously and evaluated in conjunction with domain knowledge.

3.4. Comparative assessment of deep learning and hybrid approaches

Based on the reviewed literature, deep learning and hybrid models represent a significant advancement
over classical statistical and traditional machine learning methods for GNSS-based displacement
prediction. Recurrent neural networks offer improved capability for modeling nonlinear temporal
dependencies, while hybrid frameworks that integrate signal decomposition and optimization strategies

further enhance robustness under noisy and non-stationary conditions.

However, reported prediction accuracy varies widely across studies due to differences in datasets,
monitoring durations, displacement components, and evaluation protocols. Consequently, quantitative
performance metrics should be interpreted with caution. Rather than focusing solely on numerical
accuracy, future research should emphasize model robustness, interpretability, and practical feasibility
under real-world monitoring constraints.

Table 1 summarizes representative studies on GNSS-based displacement prediction for bridge
structures, highlighting methodological characteristics and reported limitations rather than providing a

direct quantitative performance comparison.

Table 1. Summary of representative studies on GNSS-based displacement prediction for bridge
structures (2015-2025).

Author Method Structure & | Key Contribution | Limitation
(Ref.) Data
Xin et al. | Kalman Filter + | Cable-stayed | Combined  noise | Performance = may  be
(2018) [21] | ARIMA + | bridge bridge | filtering and error | limited under strongly
GARCH / GNSS-based | variance modeling | nonlinear structural
monitoring for = GNSS-based | responses; model
data deformation formulation and calibration
analysis. can be relatively complex.
. . L Primarily focused on
Le et al. | Time-series Long-span Quantitative .
i . . explanatory analysis;
(2015) [9] analysis (trend | bridge /| analysis of | limited predictive
+ temperature | GNSS-based | temperature- capability under nonlinear
effects) displacement | induced bridge | and transient loading
. . . . conditions.
time series deformation using
GNSS  time-series
modeling.
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Li et al. | LSTM + EM + | Structural Uses LSTM | Computational complexity
(2024) [36] | GMM (Hybrid) | health integrated with EM | and increased training cost
monitoring and GMM for | may limit application in
data / bridge | dynamic early | real-time systems.
warning of bridge
safety.
Chen et al. | VMD-LSTM | GNSS time | Uses VMD to | Model performance is
(2023) [17] | (Hybrid) series data separate noise and | sensitive to the selection of
trend components, | VMD and LSTM
achieving improved | parameters, which were
prediction manually determined in the
accuracy. study.
Proposed in | VMD- Cable-stayed | Integrates  signal | Requires further
this study Optimization— | bridges in | decomposition and | investigation of robust
LSTM Vietnam / | optimization strategies for  handling
GNSS-RTK strategies tailored to | missing and  irregular
tropical climate | monitoring data.
conditions.

Note: The listed studies are selected to illustrate methodological trends rather than to provide an

exhaustive comparison.

Based on the reviewed literature, a generalized conceptual framework for GNSS-based displacement

time-series prediction is summarized in Figure 2. The framework reflects common modeling

components identified across recent hybrid approaches, including data preprocessing, signal

decomposition, hyperparameter optimization, and deep learning-based prediction. It is intended to

illustrate methodological integration rather than to represent a specific implementation.
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Figure 2. Conceptual framework for GNSS-based displacement time-series prediction derived from

the reviewed hybrid modeling approaches.

4. Limitations and open challenges

Despite the rapid development of GNSS-based displacement prediction methods and the increasing

adoption of deep learning and hybrid frameworks, several fundamental limitations and open challenges
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remain. These issues must be carefully considered to ensure the reliable and practical application of
time-series prediction models in structural health monitoring of cable-stayed bridges.

4.1. Data quality, noise, and missing observations

GNSS displacement time series are inherently affected by multiple sources of uncertainty, including
multipath effects, atmospheric disturbances, receiver instability, and signal obstructions. In long-term
monitoring scenarios, data gaps caused by equipment malfunction, communication failure, or
maintenance activities are common. Such missing observations can significantly degrade the
performance of prediction models, particularly deep learning architectures that rely on continuous
temporal dependencies.

Although recent studies have explored data imputation and noise suppression strategies, including self-
supervised learning and adaptive modeling approaches, no unified solution has yet been established. In
practice, preprocessing choices related to outlier detection, gap filling, and noise filtering can strongly
influence prediction outcomes, introducing uncertainty that is often overlooked in comparative studies.

4.2. Non-stationarity and environmental coupling

A key challenge in GNSS-based displacement prediction lies in the strong non-stationary behavior of
bridge responses. Displacements of cable-stayed bridges are governed by complex interactions between
structural properties and environmental factors such as temperature, wind, and solar radiation. These
interactions vary over time and may change abruptly during extreme events, including heat waves,

typhoons, or seismic excitation.

Most existing prediction models implicitly assume that historical data are representative of future
conditions. However, this assumption may not hold under changing climate patterns or evolving traffic
loads. Even advanced deep learning models may fail to generalize when trained on data that do not
adequately capture rare or extreme loading scenarios. Addressing non-stationarity remains an open
research problem and requires closer integration between data-driven models and physical
understanding of structural behavior.

4.3. Model generalization and transferability

Another major limitation concerns the generalization and transferability of prediction models across
different structures and monitoring environments. Many published studies report favorable prediction
performance based on data from a single bridge or a limited monitoring period. However, models trained
under specific structural configurations, sensor layouts, and environmental conditions may not perform

well when applied to other bridges or regions.

The lack of standardized datasets and benchmarking protocols further complicates objective model
comparison. Differences in sampling rates, displacement components, prediction horizons, and
evaluation metrics make it difficult to assess the true robustness of competing approaches. Developing
transferable models or domain-adaptive learning strategies remains a critical challenge for advancing

GNSS-based displacement prediction beyond case-specific applications.
4.4. Interpretability and physical consistency

While deep learning and hybrid models offer increased flexibility and predictive power, they often
operate as black-box systems with limited interpretability. For safety-critical infrastructure such as long-
span bridges, the inability to clearly relate prediction results to physical mechanisms poses a significant
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barrier to practical adoption. Attention mechanisms and feature attribution techniques have been
proposed to enhance interpretability, but their physical meaning in the context of structural response is

not always clear.

Moreover, purely data-driven models may produce predictions that are mathematically plausible but
physically inconsistent, particularly when extrapolating beyond the range of observed data. Ensuring
physical plausibility and consistency with structural mechanics principles remains an important
challenge and highlights the need for hybrid approaches that combine data-driven learning with physical

constraints.
4.5. Computational cost and real-time implementation

Finally, the computational complexity of deep learning and optimization-based hybrid frameworks
presents challenges for real-time or near-real-time implementation. High-frequency GNSS monitoring
generates large volumes of data, and advanced models often require significant computational resources
for training and inference. Optimization strategies and attention mechanisms further increase
computational demands, which may limit their applicability in resource-constrained monitoring
systems.

Balancing predictive performance with computational efficiency is therefore a key practical
consideration. Future research should place greater emphasis on lightweight model architectures,
efficient training strategies, and incremental learning schemes that can support long-term, real-time

monitoring applications.
5. Conclusion and future research directions

This paper has presented a comprehensive and critical review of GNSS-based time-series displacement
prediction methods for cable-stayed bridges. By systematically examining the evolution from classical
statistical approaches to traditional machine learning techniques and, more recently, hybrid deep
learning frameworks, this review highlights both the progress achieved and the limitations that remain

in current research.

Classical statistical models, such as Kalman filtering and ARIMA, have played an important role in
displacement estimation and short-term trend analysis. However, their predictive capability is
fundamentally constrained by linear assumptions and sensitivity to non-stationary environmental
effects. Traditional machine learning methods offer increased flexibility but remain limited by
scalability issues and reliance on manually engineered features. These limitations reduce their
effectiveness when applied to high-frequency GNSS time series collected under complex and evolving
operational conditions.

Recent advances in deep learning, particularly recurrent neural networks such as LSTM and GRU, have
demonstrated improved capacity to model nonlinear temporal dependencies in GNSS displacement data.
Nevertheless, the direct application of these models to raw monitoring data is often hindered by noise,
missing observations, and limited generalization. Hybrid modeling strategies that integrate signal
decomposition, optimization techniques, and deep learning architectures have therefore emerged as a
promising direction. Rather than offering a universal solution, these hybrid frameworks provide a
flexible means of improving robustness and stability when carefully adapted to data characteristics and
application requirements.
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Despite encouraging results reported in the literature, this review emphasizes that reliable displacement
prediction for cable-stayed bridges remains a challenging task. Key issues related to data quality, non-
stationarity, model interpretability, and transferability across structures have yet to be fully resolved. In
particular, improvements in prediction accuracy do not necessarily guarantee enhanced reliability for
early warning or decision support unless supported by rigorous validation under realistic monitoring
conditions.

Based on the findings of this review, several directions for future research can be identified. First, greater
attention should be given to the integration of data-driven models with physical insights from structural
mechanics to improve interpretability and physical consistency. Second, adaptive and transferable
learning strategies capable of coping with changing environmental conditions and limited training data
are needed to enhance model generalization. Third, the development of standardized benchmarking
datasets and evaluation protocols would facilitate objective comparison of prediction methods and
promote reproducible research. Finally, future studies should consider computational efficiency and
real-time feasibility as primary design objectives, particularly for long-term monitoring systems
deployed in practice.

In summary, GNSS-based time-series displacement prediction for cable-stayed bridges remains an
active and evolving research area. Continued progress will depend not only on methodological
innovation but also on careful problem formulation, transparent evaluation, and close alignment with

the practical needs of structural health monitoring systems.
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ABSTRACT

In the generalization from Riemannian to semi-Riemannian manifolds, the induced metric may be
degenerate (lightlike) therefore there is a natural existence of lightlike submanifolds and for
which the local and global geometry is completely different than non-degenerate case. In lightlike
case, the standard text book definitions do not make sense and one fails to use the theory of non-
degenerate geometry in the usual way. It is well known that the intersection of the normal bundle
and the tangent bundle of a submanifold of a semi-Riemannian manifold may be not trivial, it is
more difficult and interesting to study the geometry of lightlike submanifolds than non-
degenerate submanifolds. Duggal-Bejancu and Kiipeli initiated the geometry of lightlike
submanifolds of semi-Riemannian manifolds. Kiipeli’s approach is intrinsic while Duggal-
Bejancu’s approach is extrinsic. Later, they were studied by many authors. We study totally
umbilical screen generic transversal Cauchy-Riemann lightlike submanifolds of indefinite
Kaehler manifolds. This class generalizes and unifies several existing subclasses, including CR,
radical screen transversal (ST), ST anti-invariant and screen transversal CR-lightlike
submanifolds. We show that there exist no totally umbilical proper screen generic transversal
Cauchy-Riemann lightlike submanifold of an indefinite complex space form M(c),c # 0.
Moreover, we find some necessary and sufficient conditions for minimal totally umbilical screen
generic transversal Cauchy-Riemann lightlike submanifolds and give two examples.

Keywords: Screen generic transversal Cauchy-Riemann Lightlike Submanifold, Indefinite
Kaehler manifold, Lightlike submanifold, Minimal lightlike submanifold
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ABSTRACT

The rapid growth of wearable electronics has created a strong demand for lightweight, flexible,
and high-performance energy storage devices. This study focuses on the development of
graphene-based flexible supercapacitors capable of delivering high power density and
mechanical stability for wearable applications. Graphene is selected due to its exceptional
electrical conductivity, large surface area, and flexibility. The proposed work involves the
synthesis of graphene-based electrode materials followed by fabrication of flexible
supercapacitor devices using polymer gel electrolytes. Structural and -electrochemical
characterization will be carried out using spectroscopic techniques, cyclic voltammetry, and
charge—discharge analysis to evaluate capacitance, energy density, and cycling stability. The
expected outcome is the development of a flexible energy storage device with enhanced
electrochemical performance and mechanical durability suitable for smart textiles and portable
electronics. This research contributes to the advancement of sustainable and flexible energy

technologies supporting next-generation wearable systems.

Keywords: Graphene, Flexible supercapacitors, Wearable electronics, Energy storage,

Conductive nanomaterials
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OZET

Gebelik donemi, fizyolojik ve psikolojik agidan 6nemli degisimlerin yagsandigi bir siiregtir. Riskli gebelikler,
anne ve fetiis sagligi iizerinde morbidite ve mortalite riski olusturarak gebelik siirecinin normal seyrini tehdit
etmektedir. Riskli gebelikler, anne ve fetiis saglig1 lizerinde ciddi morbidite ve mortalite riski olusturarak
gebelik siirecinin normal seyrini tehdit etmektedir. Diinya genelinde 2023 yilinda her giin 700'den fazla
kadmin, hamilelik ve dogumla ilgili 6nlenebilir nedenlerden dolay1 hayatin1 kaybettigi diisiiniildiigiinde,
gebelik siirecinde sagligt gelistirme ve 6z bakim davranislarinin desteklenmesi hayati bir 6neme sahiptir.
Bu derlemenin amaci, riskli gebeliklerde sagligi gelistirme davraniglarini ve 6z bakim uygulamalarini Nola
Pender’in "Saglig1 Gelistirme Modeli" ve Dorothea Orem’in "Oz Bakim Modeli" ¢ercevesinde incelemek;
bu siirecte ebelik ve diger saglik profesyonellerinin {istlendigi rolleri tartigmaktir. Calisma kapsaminda
giincel literatiir 1s181inda; riskli gebeliklerde davranislari etkileyen faktorler, 6z bakim giicii ve
multidisipliner yaklasimlarin etkinligi degerlendirilmigtir. Saglhig1 Gelistirme Modeli, gebelerin saglik
davraniglarim sekillendiren bireysel ve cevresel faktdrlere odaklanirken; Oz Bakim Modeli, bireyin kendi
saglik sorumlulugunu iistlenmesini, 6z bakim giiciinii ve terapotik gereksinimlerini sistematik bir yapida ele
almaktadir. Literatiir riskli gebeliklerde beslenme, diizenli fiziksel aktivite, zararli madde (sigara/alkol)
kullanimryla miicadele ve rutin kontroller gibi saglikli yasam bi¢imi davranislarinin komplikasyonlari
azaltmada temel rol oynadigini ortaya koymaktadir. Saglik profesyonelleri liderligindeki egitim ve
danigmanlik hizmetlerinin, gebelerin 6z bakim diizeyini ve saglik algisini anlamli dl¢lide iyilestirdigi
goriilmektedir. Sonu¢ olarak riskli gebeliklerde sagligi gelistirme davraniglarinin ve 6z bakim
uygulamalarmin desteklenmesi, komplikasyonlarin azaltilmasi ve gebelik sonuglarinin iyilestirilmesi
acisindan kritik oneme sahiptir. Bu dogrultuda, saglik profesyonelleri olan ebelerin bakimmin kadin
merkezli ve giiclendirici yaklagimla yapilandirilmasi; egitim, danigmanlik ve izlem hizmetlerinin kuramsal
modeller temelinde planlanmasi 6nerilmektedir.

Anahtar Kelimeler: Riskli Gebelik, Saglig1 Gelistirme, Oz Bakim, Ebelik.
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ABSTRACT

Pregnancy is a period of significant physiological and psychological changes. High-risk pregnancies
threaten the normal course of pregnancy by posing a risk of morbidity and mortality to both the mother and
the foetus. High-risk pregnancies pose a serious risk of morbidity and mortality for both maternal and foetal
health, threatening the normal course of pregnancy. Given that more than 700 women worldwide die every
day in 2023 from preventable causes related to pregnancy and childbirth, promoting health and supporting
self-care behaviours during pregnancy is of vital importance. The aim of this review is to examine health
promotion behaviours and self-care practices in high-risk pregnancies within the framework of Nola
Pender's ‘Health Promotion Model’ and Dorothea Orem's ‘Self-Care Model’; and to discuss the roles
undertaken by midwives and other health professionals in this process. Within the scope of the study, factors
affecting behaviours in high-risk pregnancies, self-care capacity, and the effectiveness of multidisciplinary
approaches were evaluated in light of the current literature. While the Health Promotion Model focuses on
individual and environmental factors that shape the health behaviours of pregnant women, the Self-Care
Model addresses the individual's assumption of responsibility for their own health, self-care capacity, and
therapeutic needs in a systematic structure. The literature indicates that healthy lifestyle behaviours such as
nutrition, regular physical activity, combating harmful substance use (smoking/alcohol), and routine check-
ups play a fundamental role in reducing complications in high-risk pregnancies. Healthcare professional-led
education and counseling services have been shown to significantly improve pregnant women's self-care
levels and health perceptions. Consequently, supporting health-promoting behaviors and self-care practices
in high-risk pregnancies is critical for reducing complications and improving pregnancy outcomes. In this
context, it is recommended that the care provided by midwives, as healthcare professionals, be structured
with a woman-centered and empowering approach; and that education, counseling, and follow-up services
be planned based on theoretical models..

Keywords: High-risk pregnancy, Health promotion, Self-care, Midwifery.

GIRiS

Gebelik donemi, kadinin yasaminda fizyolojik, psikolojik ve sosyal agidan 6nemli degisimlerin yasandigi
dinamik bir siirectir (Yilmaz & Yar, 2021). Cogunlukla dogal bir yasam olay1 olarak kabul edilmekle
birlikte, bazi durumlarda anne ve fetiis sagligini tehdit eden komplikasyonlarin ortaya ¢ikmasiyla gebelik
riskli hale gelebilmektedir. Riskli gebelikler; gebelik 6ncesinde var olan ya da gebelik siirecinde gelisen
saglik sorunlar1 nedeniyle anne ve fetiis acisindan artmis morbidite ve mortalite riski tasiyan, gebeligin
normal seyrini olumsuz etkileyebilen onemli klinik durumlar arasinda yer almaktadir (Yanik &
Ozcanarslan, 2019; Mirzakhani vd., 2020; Eser Hiink vd., 2025).

Diinya Saglik Orgiitii (World Health Organization-WHO) verilerine gore kiiresel 6lgekte anne dliimlerinin
biiyiik bir kism1 gelismekte olan iilkelerde goriilmekte olup bu 6liimlerin énemli bir boliimii 6nlenebilir
nedenlerden kaynaklanmaktadir. Nitekim diinya genelinde 2023 yilinda her giin 700'den fazla kadinin
gebelik ve dogumla iliskili onlenebilir nedenlerden dolayr yasamini kaybettigi bildirilmektedir (WHO,
2025). Anne Oliimlerinin azaltilmas: yalnizca tibbi miidahalelerin gelistirilmesi ile degil, ayn1 zamanda
gebelik siirecinde sagligi gelistirme davraniglarinin ve 6z bakim uygulamalarinin desteklenmesi ile
miimkiindiir. Gebelik doneminde kadinlarin saglik sorumlulugunu iistlenmeleri, risk faktorlerini tanimalari
ve uygun saglik davranislarini benimsemeleri hem anne hem de fetiis sagliginin korunmasi agisindan biiyiik
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onem tagimaktadir (Celik & Aksoy Derya, 2019; Ding, 2023). Ozellikle riskli gebeliklerde kadinlarin kendi
sagliklarina yonelik farkindaliklarinin artirilmasi ve bakim siireglerine aktif katilim gdstermeleri, olasi
komplikasyonlarin 6nlenmesi ve gebelik sonuclarinin iyilestirilmesi agisindan kritik bir rol oynamaktadir
(Dinger, 2023; Pazarozyurt, 2023). Bu baglamda gebelik siirecinde sagligi gelistirme davraniglari ve 6z
bakim uygulamalari, anne ve fetiisiin yasam Kkalitesini artiran, dogum siirecini kolaylastiran ve
komplikasyon riskini azaltan énemli unsurlar olarak degerlendirilmektedir (Zhang vd., 2023; Pardes Bektas,
2024; Timkaya vd.,2024). Saglikli beslenme, diizenli fiziksel aktivite ve diizenli dogum &ncesi kontroller
gibi saglikli yasam bi¢imi davranislarinin gebeliklerde iyilik halinin siirdiiriilmesinde 6nemli bir rol
oynadig literatiirde vurgulanmaktadir (Goodarzi vd., 2018; Sabuni vd., 2021; Rezaei vd., 2025). Ayrica
saglik profesyonelleri liderliginde yiiriitilen egitim ve danismanlik hizmetlerinin gebelerin 6z bakim
diizeyini ve saglik algisini anlamli bigimde iyilestirdigi bildirilmektedir (Daraie vd., 2025; Khang vd.,2026).
Saglig1 gelistirme ve 0z bakim davramiglarmin anlagilmasinda kuramsal modeller 6nemli bir rehber
sunmaktadir. Bu modellerden Nola Pender tarafindan gelistirilen Saglig1 Gelistirme Modeli, bireyin saglik
davraniglarini etkileyen bireysel ve c¢evresel faktorleri agiklarken (Bahar & Agcil, 2014; Jalili Bahabadi
vd.,2020); Dorothea Orem tarafindan gelistirilen Oz Bakim Modeli bireyin kendi sagligina iliskin
sorumluluk almasini, 6z bakim giiciinii ve terap6tik 6z bakim gereksinimlerini sistematik bir ¢ercevede ele
almaktadir (Celik & Derya, 2019; Berbiglia & Thuy, 2021).

Bu derlemenin amaci, riskli gebeliklerde sagligi gelistirme davraniglarii ve 6z bakim uygulamalarini
Pender’in Saghg1 Gelistirme Modeli ve Orem’in Oz Bakim Modeli gergevesinde incelemek ve bu siirecte
ebelik ile diger saglik profesyonellerinin roliinii literatiir dogrultusunda tartigmaktir.

PENDER'IN SAGLIGI GELiSTIRME TEORISi

Saglig1 Gelistirme Modeli Nola Pender tarafindan gelistirilmis ve 1987 yilinda hayata gegmistir. Pender
sagligin gelistirilmesini, kisinin kendi sagligini gelistirme ve kendi saglig1 {izerindeki kontroliinii arttirma
giiclinii kazanmas1 olarak tanimlanmistir (Pender, 1996). Model temellerini ‘’Beklenti-Deger Modeli
(Norman Feather)’’ ve “’Sosyal Ogrenme Modeli (Albert Bandura)’’nden almaktadir. Beklenti deger
modelinde bireylerin, sonuglarina deger verdikleri hedeflerin gerceklestirilmesi konusunda daha istekli
davrandiklar1 belirtilirken, sosyal biligsel teoride ise; diisiince, davranig ve gevre etkilesimi siirekli devam
etmekte oldugu, bireyin diislincelerinin davraniglarint yonlendirdigi ifade edilmektedir. Pender bireyin
kendini gergeklestirmesi, kendi saglik sorumlulugunu almasi, yeterli fiziksel aktivite yapmasi, beslenmesine
dikkat etmesi, sosyal desteginin bulunmasi ve stres yonetimi saglayabilmesini sagligi gelistirici yagam
bi¢imi davraniglar1 olarak kabul etmektedir. Model ‘bireysel 6zellikler ve deneyimler’, ‘davranisa 6zgii
kavramlar ve etkiler’ ve ‘davranigin ortaya ¢ikisi’ bilesenlerinden olusmaktadir (Resim 1.) (Pender, 1996;
Pender, 2011; Bahar & Acil, 2014; Kaya, Tutar Giiven & Isler Dalgic, 2018; Calik & Kapucu, 2017; Avgin,
2021).

1. Bireysel Ozellikler ve Deneyimler
Bireysel ozellikler, bireyin saglik davranislarini etkileyen ancak degistirilemeyen faktorlerdir. Pender, bu
ozellikleri ti¢ grupta ele alir:
e Biyolojik faktorler: Cinsiyet, yas gibi degiskenler
o Psikolojik faktorler: Benlik saygisi, 6z motivasyon, bireysel yetenek algisi, giidiilenme ve saglik
algisi

187



Q) Cukurova International
H Congress of Basic and
¢ Applied Sciences

© | INTERNATIONAL
ACADEMIC
PLATFORM

o Sosyo-kiiltiirel faktorler: Egitim diizeyi, sosyo-ekonomik durum, kiiltiir, etnik kdken ve sosyal
giivence (Carrol vd.,2018; Ye vd.,2022).
Deneyimler bireyin yeni bir saglik davranigini benimsemesini 6nemli 6l¢iide etkiler. Gegmiste benzer bir
davramgin basarili olmasi, yeni davranisin siirdiiriilmesini kolaylastirir (Ye vd.,2022). Ornegin, yasam tarzi
degisiklikleriyle semptomlari azalan bireylerin bu davraniglar: siirdiirme olasilig1 daha yiiksektir (Wang &
Luo, 2019; Ye vd.,2022).

2. Davramsa Ozgii Kavramlar ve Etkiler
Bu kavramlar; algilanan yararlar, algilanan engeller, 6z-etkililik, duygular, kisilerarasi etkiler ve durumsal
etkilerden olusur (Carrol vd.,2018).

e Algillanan yararlar: Birey, davranisin saghigi iizerindeki olumlu etkilerini fark ettiginde, o
davranis1 baslatma ve siirdiirmede daha istekli olur (Wang & Luo, 2019;0zen, Dalgi¢ & Asik,
2020). Ornegin, kadinlar kafein alimini azaltmanin iiriner inkontinans semptomlarini hafiflettigini
bildiklerinde bu davranisi uygulama egilimindedir (Wang & Luo, 2019).

e Algilanan engeller: Davranisin zor veya imkansiz olduguna dair algilar, degisimi olumsuz etkiler.
Kiltiirel, bireysel veya cevresel engeller davramigin siirdiiriilmesini zorlagtirabilir (Kattini,
Hummelen & Kelly 2020,Zhu vd.,2017).

e Algilanan 6z-etkililik: Bireyin bir davranis1 basarili bir sekilde yapabilecegine dair inanci olarak
tamimlanir. Oz-etkililik diizeyi yiiksek olan bireyler daha kararli olurken, diisiik olanlar anksiyete,
dzgiiven eksikligi ve caresizlik hissedebilir (Ozen, Dalgic & Asik, 2020).

e Duygusal etkiler: Davranisa iliskin olumlu duygular, davranigin siirdiiriilmesini kolaylastirir;
olumsuz duygular ise tekrarlanmasini engelleyebilir (Kattini, Hummelen & Kelly 2020, Ye
vd.,2022,0zen, Dalgig & Asik, 2020).

o Kisilerarasi etkiler: Aile, arkadaslar ve saglik profesyonellerinden alinan sosyal destek, bireyin
davranis degisikligini siirdiirmesinde 6nemli rol oynar (Carrol vd.,2018; Ozen, Dalgic & Asik,
2020). Saglik personeli bilgilendirme ve duygusal destek saglayarak olumlu davranis gelisimini
giiclendirir (Ye vd.,2022).

e Durumsal etkiler: Bireyin g¢evresel kosullari, saglik davranmisinin ortaya ¢ikmasmi dogrudan
etkiler. Cevresel destek ve uygun ortam, saglikli davranislarin siirdiiriilmesini kolaylastirir (Kattini,
Hummelen & Kelly 2020, Wang & Luo, 2019, Ye vd.,2022,0zen, Dalgi¢ & Asik, 2020).

3. Davramsin Ortaya Cikisi

Davranigin ortaya ¢ikisi, bireyin planladigi davranigi uygulamaya koydugu asamadir. Davranisa iligskin plan
yapma, bireyin hedeflerini belirlemesini ve engelleri yonetmesini saglar (Kattini, Hummelen & Kelly 2020;
Ye vd.,2022,0zen, Dalgi¢ & Asik, 2020). Planlanan davranisin uygulanmasi, uygun gevresel kosullarin
saglanmasiyla kolaylasir. Ev, igyeri veya sosyal ortamin davraniga uygun hale getirilmesi, bireyin kontrol
duygusunu artirir (Ye vd.,2022,0zen, Dalgig & Asik, 2020). Giiniimiizde saglik profesyonelleri tarafinda
tercih edilen modelde amag bireyin saglikli davraniglar sergilemesini destelemek, riskli davranislari
belirlemek ve bu davraniglar1 6nlemeye yonelik uygun bakimi saglamaktir (Cevik, 2025).

188



INTERNATIONAL Cukurova International

A I( A P ACADEMIC \ Congress of Basic and
PLATFORM Applied Sciences
Bireysel Ozellikler ve Davranisa Ozgu Biligsel
Deneyimler Stirecler ve Etkileri Davranis Cikusi
Algilanan Yarar i
Onceki Davranislaria lligki i
(Davranisa iliskin &nceki | —| 1 Algilanan Engel Aci
deneyimier) Gereksinimler
Bireysel Ozellikler 4 ve Oncelikler
Biyolojik Es Algilanan Oz-Etkililik
Psikolojik — l v
Sosyo-Kiiltiirel Y
A
Aktiviteye lliskin Duygu il Davranis Sagh@
Durumu Konusunda Geligtirme
Plan Yapma Davranisi
Kisilerarasi Etkiler |
| .
\\ Durumsal Etkiler (Tercihler; _‘
Cevreye Uyum)

Resim 1. Saglig1 gelistirme modeli (Kaya, Tutar Giiven & sler Dalgig, 2018)

RiSKLI GEBELERDE SAGLIGI GELIiSTIRME DAVRANISLARI VE ETKIiLEYEN
FAKTORLER
Riskli gebelik siirecinde bulunan kadinlarin, hem kendi sagliklarini korumalari gelistirebilmeleri hem de

fetiisiin iyilik halini siirdiirebilmeleri i¢in saglikli yasam bi¢imi davraniglarina yani sagligi gelistirme
davranislarina 6zel bir 6nem vermeleri gerekmektedir. Bu davranislar, anne ve fetiis sagligini korumada ve
sorunsuz bir dogum siireci saglamada kritik bir rol oynar (Yilmaz & Karahan, 2019; Ding vd., 2023).
Hamilelik sirasinda uygulanmas1 gereken saglig1 gelistirme davraniglari arasinda sigara, alkol ve diger yasa
dis1 maddelerin kullanimindan kaginmak, yiiksek riskli cinsel davraniglardan kaginmak, enfeksiyonlarin
gelismesini Onlemek, recetesiz satilan ilaglardan kaginmak, kafein alimmi azaltmak, saglikli bir diyet
uygulamak, diizenli olarak fiziksel egzersiz yapmak, yeterli uyku ve dinlenme almak, gerekli takviyeleri
almak ( 6rnegin cesitli vitaminler, demir ve folik asit), agiz hijyenini saglamak, diizenli olarak dogum 6ncesi
bakim ve danigsmanlik seanslarina katilmak ve hamilelik ve dogum hakkinda bilgi edinmek yer almaktadir
(Rezaie vd.,2021; Yilmaz & Karahan, 2019; Ding¢ vd., 2023) Cok boyutlu bir siire¢ olan bu davranislar
gebelerin risk durumlarina gore farklilik gosterebilmektedir (Aksoy, Turfan & Yilmaz, 2017). Ornegin
gestasyonel diyabeti olan gebeler beslenme, fiziksel aktivite ve stresle basa ¢ikma gibi saglikli yagam bigimi
davraniglar1 gelistirirken sigara kullanan gebeler sigarayr birakma saglikli yasam bicimi davranisi
gosterebilir (Caligkan vd., 2025; Halisdemir vd., 2025).
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Saglikli yasam bi¢imi davraniglari risk durumlarina gore farklilik gosterebilecegi gibi gebelerin yas, egitim
diizeyi, sosyoekonomik durum ve stres diizeyleri gibi faktorlerden etkilenebilmektedir (Gokyildiz vd.,
2014; Daglar vd,2019; Cannella, Yarcheski & Mahon, 2018; Oztas & Tas, 2025). Literatiirde, yas ve egitim
diizeyinin saglikli yasam tarzlarinin gelisimini etkiledigini, yas ve egitim diizeyi arttikca gebelerin yiliksek
oranlarda saglikli yasam bicimi davranislar1 gosterdigi belirtilimistir (Y1lmaz & Karahan, 2019; Oztas &
Tas, 2025).

Fiziksel Aktivite

Fiziksel aktivite, egzersize engel teskil eden bir durum olmadig: siirece hamile kadinlar i¢in giivenli ve
faydali kabul edilir. Gebelikte orta ila siddetli fiziksel aktivitenin, hem anne hem de fetiis igin faydali oldugu
kanitlanmistir (Katch, 2017; Lee vd., 2021). Literatiirde gebelik doneminde uygulanan diizenli fiziksel
aktivitenin obezite, preeklampsi, gebelik hipertansiyonu, gebelik diyabeti (GDM), fetal makrozomi, diisiik
dogum agirlig gibi riskleri azaltig1 vurgulanmaktadir (Akbayrak & Kaya, 2012; Evenson vd., 2014; Katch,
2017; Ainscough vd., 2020; Lee vd., 2021).

Diinya Saglik Orgiitii ve giincel kilavuzlar, komplikasyonu olmayan gebelerin haftada en az 150 dakika orta
siddetli fiziksel aktivite (tempolu yiiriiyiis, ylizme, yoga) yapmasini énermektedir (WHO, 2021). Riskli
gebeliklerde (erken dogum riski, plasenta sorunlari vb.) egzersiz hekim onayiyla kisiye ozel
planlanmali; agirhik kaldirma, sigrama ve temas igeren sporlardan kaginilmahidir (Akbayrak & Kaya,
2012). Literatiirde hamilelik Oncesi ve sirasindaki fiziksel aktivitenin anne ve fetiis i¢in ¢esitli saglik
yararlar1 oldugu bilinse de hamile kadinlarin ¢ogu DSO tarafindan onerildigi kadar fiziksel olarak aktif
degildir (Barakat vd.,2018; Dipietro vd.,2018; Sitzberger vd.,2022). Yapilan caligmalar riskli gebe
kategosrisinde yer alan kadinlarin gogunlukla hareketsiz bir yasam tarzina sahip oldugunu ve dizenli fiziksel
aktivitede bulunmadiklarint gostermektedir (Sitzberger vd.,2022; Miranda vd.,2022) Sitzberger ve ark.,
(2022) yardimei iireme teknikleri (YUT) ile gebe kalan kadimlarin gebeliklerinde DSO &nerilerine uyup
uymadigint degerlendirdikleri ¢aligmada kadinlarin fiziksel aktivitelerinde énemli bir azalma oldugunu
bulmustur. YUT ile gebe kalan kadmlarin deneyimlerini inceleyen bir baska calismada kadinlarin genel
olarak daha az fiziksel aktivite yaptiklari, hatta hamilelik sirasinda evde kalmay: tercih ettikleri
bildirilmistir(Huang vd.,2019). Riskin tiiriine gore diizenli fiziksel aktivitenin degisebilecegi diisiiniilse de
hindistanda gestasyonel diyabetli gebelerle yapilan ¢aligmada gebe kadinlarin fiziksel aktivite diizeyleri
yetersiz bulunmustur (Anjana vd.,2016). Hamilelik sirasinda saglik ile ilgili davranislarin benimsenmesini
giiclendirmek i¢in dogum Oncesi bakim sirasinda fiziksel aktiviteyi tesvik edecek cok disiplinli bir
yaklagima ihtiya¢ duyulmaktadir.

Beslenme

Anne beslenmesi, saglikli bir gebeligin O6nemli bir bilesenidir ve dogum Oncesi muayenelerde
vurgulanmalidir. Optimal beslenme, fetiisiin bilylimesi ve gelisimi, gebelik boyunca annenin sagliginin
stirdiiriilmesi i¢in gereklidir ve anne ile bebeginin saglig1 lizerinde uzun vadeli etkileri olabilir. Caligmalar,
gebelik sirasinda asir1 kilo alimimin gestasyonel diyabet, preeklampsi, yiiksek dogum agirligi, sezaryen
dogum ve dogum sonrasi kilo tutma riskini artirdigim gostermistir. Ote yandan, yetersiz gebelik kilo
alimimin da diisiik dogum agirlikli bebek dogumu ve erken dogum riskinin artmasi gibi potansiyel olumsuz
sonuglara yol agabilecegi gosterilmistir. besin agisindan zengin bir diyet, gerektiginde besin takviyesi ve
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diizenli egzersiz iceren saglikli bir yasam tarzini siirdiirmeye veya gelistirmeye odaklanmalar (de Seymour
vd.,2019). Gebelik sirasinda yeterli lif alimimin kadinlarin metabolik saglig1 i¢in 6nemi vurgulanmaktadir.
Sharifat vd., (2024) metabolik sendrom riski tasiyan gebelerle yiiriittiikleri randomize kontrollii ¢aligmada
beslenme danigsmanligi ile yeterli lif aliminin arttirilmasinin gestasyonel diyebet (GDM) riskinde azalmayla
iligkili oldugunu belirlemislerdir. Wang ve arkadaslarmin (2025) c¢alismasinda, yiiksek riskli gebelere
uygulanan bireysellestirilmis beslenme programinin, saglikli gestasyonel kilo artisini destekledigi ve
gebelik sonuglarinda anlamli iyilesmeler sagladig: belirlenmistir.

OZ BAKIM MODELI

Dorothea E. Orem tarafindan gelistirilen Oz Bakim Modeli yasamin devamliligin1 saglamak i¢in neden 6z
bakima ihtiya¢ duyuldugunu acgiklamaktadir ve insan, kendi gereksinimlerini tanilayabilme ve
karsilayabilme giiciine sahip oldugunu savunmaktadir. ‘Oz bakim ajan1’, ‘6z bakim giicii’, ‘terapdtik 6z
bakim gereksinimleri’ ve ‘temel durumsal faktorlerin anlagilmasi’ modelin temel bilesenleridir.

e Oz bakim ajam: Oz bakim ajam ‘6z bakim yetenegini kullanan yani kendi 6z bakimi saglayan
birey’ olarak ifade edilmektedir

e Oz bakim giicii: Oz bakim giicii; bireyin yasamini, saglik ve iyilik halini devam ettirmeye yénelik
eylemleri hayata gegirme konusunda sahip oldugu gii¢ ve yetenektir. Oz bakim giiciiniin ‘kendine
giiven ve saygr’, ‘fiziksel enerjiyi kontrol etme ve baglatma becerisi’, ‘anlama yeterliligi’,
‘motivasyon, ‘6z bakimi hakkinda karar verebilme’, ‘teknik bilgi elde etme ve uygulama becerisi’,
‘algisal, biligsel durumu ve iletisim becerisi’, ‘hedeflerine ulagmak icin 6z bakim davranislarim
diizenleme’ ve ‘0z bakim davranislarini bireysel ve toplumsal yasamina entegre etme becerisi’
seklinde bilesenleri bulunmaktadir.

e Terapotik 6z bakim gereksinimleri: bireyin yasamini, saglik ve iyilik halini siirdiirebilmesi i¢in
gergeklestirmesi gereken tiim 6z bakim uygulama ve davraniglarini, uygun yontemleri kullanarak
belli bir siiregte yerine getirmesidir ve bu gereksinimler bireyin yasami siiresince degisiklik
gosterebilir.

e Temel durumsal faktorler: Cevresel bir kavramdir ve bu faktoreler yas, cinsiyet, gelisimsel
durum, saglik durumu, sosyo-kiiltiirel uyum, saglik sistemi ile ilgili faktorler, aile sistemi ile ilgili
faktorler, bireyin yagsam bigimi, ¢evresel faktorler ve kaynaklarin ulasilabilirligi ve yeterlili seklinde
siralanabilir (Celik & Derya, 2019; Berbiglia &Thuy, 2021; Yurtsever, 2023; Pazarozyurt, 2023).

Riskli Gebelerde Oz Bakim Etkileyen Faktorler

Gebelik donemi kadinin 6z bakiminin etkilendigi, sagligin korunmasi ve bakim gereksinimlerinin
karsilanmasi gereken cesitli yasam dénemlerinden biridir (Celik & Aksoy Derya, 2019; Pazar6zyurt, 2023).
Kadinlarin diger yasam siireglerine gore onemli bir gelisimsel durum olan gebelik fizyolojik bir siireg
olmasina ragmen morbidite ve mortalite riskinin daha fazla oldugu bir donemdir (Tagkin, 2017). Gebelik,
kadnlar1 fiziksel, psikososyal ve ekonomik agidan ¢ok yonlii etkileyen dogal bir siirectir. Bu siireg,
kadinlarin giinliik yasam aktivitelerini siirdiirmelerinde gii¢liik yasamalarina ve 6z bakim uygulamalarinda
azalmaya yol agabilmektedir. Fizyolojik bir siire¢ olan gebelige ek olarak ¢esitli risk faktorlerinin varligi ile
gelisen riskli gebeliklerde ise, gebelerin 6z bakim giicii ve saglik davranislar1 daha da olumsuz
etkilenebilmektedir (Celik & Aksoy Derya, 2019). Gebelikte 6z bakim giicii ve saglik davranislari; bulanti-
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kusma gibi gebelige 6zgii semptomlarin yani sira addlesan gebelik ve istenmeyen gebelik durumu, algilanan
stres diizeyi, egitim ve sosyoekonomik durum, ¢alisma durumu, primigravida ya da multigravida olma, 6z
bakim bilgisi, 6z bakimin algilanan faydalar1 ve sosyal destek yetersizligi gibi ¢ok sayida faktoérden
etkilenebilmektedir (Puspita, Jerayingmongkol & Sanguanprasit, 2015; Ozturk vd., 2019; Calisir & Kogak,
2023).

Riskli Gebeliklerde Oz Bakim Giiciinii Arttiran Uygulamalar

Riskli gebelik siirecinde kadinin 6z bakim kapasitesini maksimize etmek, hem maternal komplikasyonlarin
onlenmesi hem de fetal iyilik halinin siirdiiriilmesi agisindan stratejik bir dSneme sahiptir. Oz bakim giiciinii
artirmaya yonelik temel uygulamalar su odak noktalarinda toplanmaktadir:

o Bireysellestirilmis Egitim ve Damismanhk: Her gebenin risk faktorii, sosyokiiltiirel altyapisi ve
ogrenme gereksinimleri farklidir; bu nedenle egitim programlarinin kisiye 6zel hazirlanmasi, 6z
bakimi giiclendirmede etkili bir yoldur (Celik & Aksoy Derya, 2019; Shahil Feroz, 2022; Rezaie
vd.,2021). Saglik profesyonelleri, 6zellikle de ebeler; dogum Oncesi ziyaretler araciligiyla kadinlar
saglik gozetimi, beslenme diizeni, dinlenme ve aktivite dengesi, tehlikelerden kaginma ve sosyal
etkilesimi siirdiirme gibi temel 6z bakim eylemleri hakkinda egitebilir (Shahil Feroz, 2022; Rezaie
vd., 2021). Nitekim Kili¢ ve Erci’nin (2017) erken dogum riski bulunan gebelerle yaptigi calismada,
Orem’in Oz Bakim Modeli dogrultusunda verilen bakimin, gebelerin 6z bakim giiciinii artirdig
saptanmistir.

e Semptom Yonetimi ve Erken Tam Egitimi: Gebelerin, riskli duruma 6zgii "tehlike isaretlerini"
(vajinal kanama, erken membran riiptiirii, preeklampsi belirtileri vb.) tanimasi saglanmalidir. Bu
egitim, gebenin pasif bir izleyici olmaktan ¢ikip, kendi bakim siirecinde aktif bir karar verici haline
gelmesini destekler.

e Dijital Saghk ve Uzaktan izlem Teknolojileri: Mobil saglik uygulamalari ve tele-izlem sistemleri,
gebenin kan sekeri ve tansiyon gibi gilinliik biyometrik verilerini takip etmesini kolaylagtirarak 6z
bakim disiplini kazanmasina yardimec1 olmaktadir (Shahil Feroz, 2022). Parsa ve arkadaslar1 (2019),
Iran'da preeklamptik kadinlarda 6z bakimi iyilestirmek amaciyla mobil bir uygulama
gelistirmiglerdir. Calisma sonuglari, mobil tabanli egitim uygulamalarinin gebelerin preeklampsi
hakkindaki bilgi diizeyini 6nemli 6l¢iide artirdigimi gostermistir. Bilgi diizeyindeki bu artisin,
kadinlarin semptomlar1 daha erken tanimasini saglayarak durumun erken teshisine, etkin
yonetimine ve olast olumsuz sonuglarin minimize edilmesine katkida bulunabilecegi belirtilmistir
(Parsa vd., 2019).

EBE VE SAGLIK PROFESYONELLERININ ROLU

Riskli gebelikler, fiziksel, psikolojik ve sosyal iyilik halini olumsuz etkileme, maternal ve fetal saglik
iizerinde yliksek morbidite ve mortalite riski yaratma nedeniyle diizenli izlem ve tibbi miidahale
gerektirmektedir (Gabbe vd., 2016; Aydemir & Hazar, 2014). Bu baglamda ebeler ve saglik profesyonelleri
gebe ve fetiisiin sagligini korumak i¢in dogum oncesi siiregte erken tanilama, izlem ve yonlendirme gibi
onemli sorumluluklar iistlenerek danismanlik saglamalidir (Moore & Persaud, 2019; Doganay Giindogdu,
2025). Ayrica, ebelerin riskli gebelik durumundaki gebelerin yasam tarzinda degisiklik, beslenme
aliskinliklarini iyilestirme ve riskli gebeligin getirebilecegi psikolojik sorunlar1 yonetme gibi faktdrleri
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dogru yonetip danismanlik saglayabilmesi i¢in diger saglik profesyonelleri ile multidisipliner ekip anlayisi
ile galigmalidir (Lockwood & Lemons, 2021).
Ebelik, yalnizca dogum eylemini yonetmeyi degil ayni zamanda kadin sagligini gelistirmeyi, kadinin yagam
boyu saglikli davraniglar sergilemesini destekleyen bir disiplindir (ICM, 2024). Bu baglamda ebelerin
saglig gelistirme konusunda riskli gebelere kadinin karar verme siirecine aktif katilimini destekleyen “kadin
merkezli bakim” anlayisin1 benimseyerek;
e Gebelikte saglikli beslenme, fiziksel aktivite ve stres yonetimi konularinda egitim ve danigmanlik
Yyapma,
e Gebenin risk durumuna uygun saglik kontrollerini planlama ve izlemini saglama,
e Anne adayinin 6z yeterliligini giiclendirerek olumlu saglik davranislarina yonlendirme, gorevlerini
{istlenmeleri gerekmektedir (Ozcan vd., 2020; Nagineviciute, Bartuseviciene & Blazeviciene, 2023;
Ding vd.,2023).

Oz Bakimin Desteklenmesi
Gebelik doneminde artan 6z bakim gereksinimleri riskli gebelik durumunda daha fazla artabilmektedir.

Riskli gebeliklerde o6zellikle ilag tedavisi, diyet, dinlenme ve riskin getirebilecegi komplikasyonlar i¢in
belirti takibi gibi konularda gebelerin diizenli egitimlerle bilinglendirilmesi ve desteklenmesi gerekmektedir
(Sezgin, & Aydin Kartal,2021). Arastirmalar, ebe liderligindeki egitim ve danigmanlik girisimlerinin riskli
gebelerde 6z bakim diizeyini ve saglik algisini anlamli bigimde artirdigini géstermektedir (Rezaie vd., 2021;
Houshmandpour vd., 2019). Bu baglamda ebe ve saglik profesyonellerinin gorevleri;

e Gebenin 6z bakim gereksinimlerini belirleme,

e Gebeye 0zel bakim plani gelistirme,

e Gebeye uygun 6z bakim becerilerini kazandirma

e  Gerekli durumlarda aile bireylerini siirece dahil etme seklinde siralanabilir.

Psikososyal Destek ve Kaygi Yonetimi
Riskli gebelikte anne adaylarinin kaygi diizeyi artmakata ve artan kaygi diizeyleri annenin 6z bakim

davraniglarini olumsuz etkileyebilmektedir (Dinger, 2023). Bu nedenle ebe, yalnizca fiziksel bakim degil,
ayni zamanda psikososyal destek saglayarak gebelik siirecinde kadinin giiven duygusunu arttirmalidir.
DSO, ebe ve saglik profesyonellerinin psikososyal destek, stres yonetimi ve duygusal farkindalik
egitimleriyle kadinlarin doguma hazirligin1 ve 6z bakim motivasyonunu artirabilecegini vurgulamaktadir
(WHO,2023).

SONUC
Riskli gebeliklerde saglig1 gelistirme davraniglarinin ve 6z bakim uygulamalarinin desteklenmesi, yalnizca

komplikasyonlari azaltmakla kalmayip, kadinlarin kendi sagliklari iizerinde aktif sorumluluk almalarini da
saglamaktadir. Bu nedenle, ebelik ve hemsirelik bakiminin merkezine kadin merkezli ve giiglendirici
yaklasimlar yerlestirilmeli; egitim, izlem ve danigmanlik hizmetleri Pender ve Orem modelleri ¢ergevesinde
yapilandirilmalidir. Boylelikle riskli gebelik yonetiminde daha giivenli, bilingli ve saglikl1 bir gebelik siireci
olusturulabilir.

193



Q) Cukurova International
Congress of Basic and
Applied Sciences

INTERNATIONAL
ACADEMIC
PLATFORM

AKAP

KAYNAKCA

Ainscough, K. M., O'Brien, E. C., Lindsay, K. L., Kennelly, M. A., O'Sullivan, E. J., O'Brien, O. A.,
McCarthy, M., De Vito, G., ve McAuliffe, F. M. (2020). Nutrition, Behavior Change and Physical Activity
Outcomes From the PEARS RCT-An mHealth-Supported, Lifestyle Intervention Among Pregnant Women
With Overweight and Obesity. Frontiers in endocrinology, 10, 938.
https://doi.org/10.3389/fendo.2019.00938

Akbayrak, T. ve Kaya, S. (2012). Gebelik ve egzersiz (2. bask1). T.C. Saglik Bakanlig1 Yayinlari.

Aksoy, Y. E., Turfan, E. C., & Yilmaz, S. D. (2017). Normal ve riskli gebeliklerde saglikli yagam bigimi
davraniglarinin degerlendirilmesi. Perinatal Journal/Perinatoloji Dergisi, 25(1).

Anjana, R. M., Sudha, V., Lakshmipriya, N., Anitha, C., Unnikrishnan, R., Bhavadharini, B., Mahalakshmi,
M. M., Maheswari, K., Kayal, A., Ram, U., Ranjani, H., Ninov, L., Deepa, M., Pradeepa, R., Pastakia, S.
D., Malanda, B., Belton, A., & Mohan, V. (2016). Physical activity patterns and gestational diabetes
outcomes - The wings project. Diabetes research and clinical practice, 116, 253-262.
https://doi.org/10.1016/j.diabres.2016.04.041

Avgin, E. (2021). Pender’in Saghgi Gelistirme Modeli (Health Promotion Model). In Giincel Hemsirelik
Calismalar: 111 (pp. 113—126). Akademisyen Kitabevi.

Aydemir, H., & Hazar, H. U. (2014). Diisiik riskli, riskli, yiiksek riskli gebelik ve ebenin roli. Giimiishane
Universitesi Saglik Bilimleri Dergisi, 3(2), 815-833.

Bahar, Z., & Acil, D. (2014). Saghg gelistirme modeli: kavramsal yapi. Dokuz Eyliil Universitesi
Hemgirelik Fakiiltesi Elektronik Dergisi, 7(1), 59-67.

Barakat, R.; Franco, E.; Perales, M.; Lopez, C.; Mottola, M.F. Exercise during pregnancy is associated with
a shorter duration of labor. A randomized clinical trial. Eur. J. Obstet. Gynecol. Reprod. Biol. 2018, 224,
33-40

Berbiglia, V. A., & Thuy, L. T. (2021). Dorothea E. Orem: Self-care deficit theory of nursing. Nursing
Theorists and Their Work E-Book: Nursing Theorists and Their Work E-Book, 198.

Cannella, B. L., Yarcheski, A., & Mahon, N. E. (2018). Meta-Analyses of Predictors of Health Practices in
Pregnant Women. Western Jjournal of nursing research, 40(3), 425-446.
https://doi.org/10.1177/0193945916682212

Carroll, X., Liang, X., Zhang, W., Zhang, W., Liu, G., Turner, N., & Leeper-Woodford, S. (2018).
Socioeconomic, environmental and lifestyle factors associated with gestational diabetes mellitus: A matched
case-control study in Beijing, China. Scientific reports, 8(1), 8103. https://doi.org/10.1038/s41598-018-
26412-6

Calik, A. & Kapucu, S. (2017). Diyabetli hastalarda saglikli yasam bi¢imi davranislarin1 gelistirme:
Pender’in saghg gelistirme modeli. Hacettepe Universitesi Hemsirelik Fakiiltesi Dergisi. 4(2): 62-75

194



Cukurova International
Congress of Basic and
Applied Sciences

© | INTERNATIONAL
ACADEMIC
PLATFORM

Calisir, F., & Kogak, D. Y. (2023). Gebelikte bulanti-kusmanin 6z bakim giiciine ve yasam kalitesine
etkisi. Hemsirelikte Arastirma Gelistirme Dergisi, 23(1, 2, 3), 1-16.

Caligkan, L., Colak, H., & Karakoyun Lagin, B. (2025). Gestasyonel Diyabetli Gebelerde Saglikli Yasam
Bicimi Davramslar ve iliskili Faktorler: Bir Kamu Hastanesi Ornegi. Turkish Journal of Diabetes and
Obesity, 9(2), 179-191. https://doi.org/10.25048/tudod.1625814

Celik, A. S., & Derya, Y. A. (2019). Gebelerin 6z bakim giicii ile saglik uygulamalar1 diizeylerinin ve
etkileyen faktorlerin belirlenmesi. Giimiishane Universitesi saglik bilimleri dergisi, 8(1), 111-119.

Cevik, A. (2025). Ebe liderliginde Pender'in sagligi gelistirme modeline dayali verilen egitimin go¢cmen
kadinlarin perinatal mental saghg iizerine etkisi [Yiiksek lisans tezi, Cukurova Universitesi, Saglik
Bilimleri Enstitiisii].

Daglar G, Nur N, BiLgiC D, Aydin Ozkan S. Gebelerin stresle basa ¢ikma tarzlari ile yasam kalitesi
arasindaki iliski. Cukurova Med J. 2019;44(3):953-9.

Daraie, M., Adib-Rad, H., Nasiri-Amiri, F., Faramarzi, M., Gholinia, H., & Darzi, S. (2025). The Effect of
Self-Care Model Counseling Based on Mental Health on Anxiety and Depression of Women With
Gestational Diabetes: A Study Protocol of a Randomized Clinical Trial. Health Science Reports, 8(9),
e71292.

de Seymour, J. V., Beck, K. L., & Conlon, C. A. (2019). Nutrition in pregnancy. Obstetrics, Gynaecology
& Reproductive Medicine, 29(8), 219-224.

Ding, B. N. E., & Bilgin, N. C. Yiiksek riskli gebelerde algilanan stres ile saglikli yasam bi¢imi davraniglari
arasindaki iligki. Saglik Bilimleri Dergisi, 32(2), 277-283.

Dinger, H. (2023). Riskli gebelik tanisi alan ebeveynlere dinletilen fetal kalp sesinin baglanma ve kaygiya
etkisi [Yiiksek lisans tezi, indnii Universitesi, Saglik Bilimleri Enstitiisii].

Dipietro, L.; Evenson, K.R.; Bloodgood, B.; Sprow, K.; Troiano, R.; Piercy, K.L.; Vaux-Bjerke, A.; Powell,
K.E.; 2018 Physical Activity Guidelines Advisory Committee. Benefits of Physical Activity during
Pregnancy and Postpartum: An Umbrella Review. Med. Sci. Sports Exerc. 2019, 51, 1292-1302.

Doganay Giindaogdu, G. (2025). Gebelik Trimesterlerinde Goriilen Riskli Durumlar ve Ebelik Bakimi.
Ozcan, H. Ozkan, H. (Ed). Ebelik Ogrencileri ve Ebeler i¢in Normal ve Riskli Gebelikler.

Eser Hiiniik, H., Biiyiikayaci Duman, N., & Yildirim, F. (2025). Riskli gebelik tanis1 almig kadinlarda risk
algis1 ve yordayan faktorler: tanimlayici arastirma. Turkiye Klinikleri Journal of Nursing Sciences, 17(2).

Evenson, K. R., Mottola, M. F., Owe, K. M., Rousham, E. K., ve Brown, W. J. (2014). Summary of
international guidelines for physical activity following pregnancy. Obstetrical ve Gynecological Survey,
69(7), 407-414.

195



Q) Cukurova International
Congress of Basic and
Applied Sciences

INTERNATIONAL
ACADEMIC
PLATFORM

AKAP

Gabbe SG, Niebyl JR, Simpson JL, Landon MB, Galan HL, Jauniaux ERM, et al. Obstetrics: Normal and
Problem Pregnancies. Obstetrics: Normal and Problem Pregnancies. Elsevier, 2016:1295.

Gokyildiz S, Alan S, Elmas E, Bostanci A, Kucuk E. Health-promoting lifestyle behaviours in pregnant
women in Turkey. Int J Nurs Pract. 2014;20(4):390-7.

Goodarzi-Khoigani, M., Moghadam, M. H. B., Nadjarzadeh, A., Mardanian, F., Fallahzadeh, H., &
Mazloomy-Mahmoodabad, S. (2018). Impact of nutrition education in improving dietary pattern during

pregnancy based on pender's health promotion model: A randomized clinical trial. Iranian journal of nursing
and midwifery research, 23(1), 18-25.

Halisdemir, E., Ozgelik, N., Giirlek, B., & Giimiis, A. (2025). Gebelikte Tiitiin Uriinleri Kullanim1 ve
Farkindalik Arastirmasi. Rize Tip Dergisi, 1(1), 29-42.

Houshmandpour, M., Mahmoodi, Z., Lotfi, R., Tehranizadeh, M., Kabir, K. (2019). Investigating the
effects of midwife-oriented group counseling based on Orem’s model on self-care. Semnan Medical
Journal

Huang, M. Z., Sun, Y. C., Gau, M. L., Puthussery, S., & Kao, C. H. (2019). First-time mothers' experiences
of pregnancy and birth following assisted reproductive technology treatment in Taiwan. Journal of health,
population, and nutrition, 38(1), 10. https://doi.org/10.1186/s41043-019-0167-3

ICM. (2024). International Definition and Scope of Practice of the Midwife. Erigim:
https://internationalmidwives.org/resources/international-definition-of-the-midwife/

Jalili Bahabadi, F., Estebsari, F., Rohani, C., Rahimi Khalifeh Kandi, Z., Sefidkar, R., ve Mostafaei, D.
(2020). Predictors of health-promoting lifestyle in pregnant women based on Pender’s health promotion

model. International journal of women's health, 71-77.

Katch V. Pregnancy And Physical Activity (2017, February, 5). Retrieved from
http://michigantoday.umich.edu/pregnancy-and-physical-activity/.

Kattini, R., Hummelen, R., & Kelly, L. (2020). Early Gestational Diabetes Mellitus Screening With
Glycated Hemoglobin: A Systematic Review. Journal of obstetrics and gynaecology Canada : JOGC =
Journal  d'obstetriqgue et  gynecologie  du Canada o JOGC, 42(11), 1379-1384.
https://doi.org/10.1016/1.jogc.2019.12.015

Kaya, A. Y. L. A, Tutar Giiven, S., & Isler Dalgic, A. (2018). Saghg: Gelistirme Modeline gore verilen
egitimin Tirkiye’deki hemsirelik arastirmalarinda kullanimi. Hemsirelikte Egitim ve Arastirma
Dergisi, 15(3), 195-201.

Khang, Y. H., Kim, Y. M., Kim, J. H., Hong, H., Yu, J., Oh, R., June, K. J., Cho, S. H., Lee, J. Y., ve Cho,
H. J. (2026). Six-Month Outcomes of a Nurse Home Visiting Program in Korea: A Randomized Trial.
Pediatrics, 157(1), €2025073491. https://doi.org/10.1542/peds.2025-073491

196



Cukurova International
Congress of Basic and
Applied Sciences

INTERNATIONAL
ACADEMIC
PLATFORM

AKAP

Lee R, Thain S, Tan LK, Teo T, Tan KH. Asia-Pacific consensus on physical activity and exercise in
pregnancy and the postpartum period. BMJ open sport ve exercise medicine. 2021 May 1;7(2):e000967.

Lockwood CJ, Lemons JA. Creasy and Resnik’s Maternal-Fetal Medicine: Principles and Practice, 9th.
Elsevier; 2021:270-87.

Miranda, L. A., de Moura, A. C. R., Kasawara, K. T., Surita, F. G., Moreira, M. A., & do Nascimento, S. L.
(2022). Exercise and Physical Activity Levels and Associated Factors Among High-Risk Pregnant Women.
Fatores associados com o nivel de atividade fisica e a pratica de exercicio em gestantes de alto risco. Revista

brasileira de ginecologia e obstetricia : revista da Federacao Brasileira das Sociedades de Ginecologia e
Obstetricia, 44(4), 360-368. https://doi.org/10.1055/s-0042-1743099

Mirzakhani, K., Ebadi, A., Faridhosseini, F., & Khadivzadeh, T. (2020). Well-being in high-risk pregnancy:
an integrative review. BMC pregnancy and childbirth, 20(1), 526. https://doi.org/10.1186/s12884-020-
03190-6

Moore K. L., Persaud T.V.N. The Developing Human: Clinically Oriented Embryology. 9th ed. Elsevier
Health Sciences, 2019:92-7

Nagineviciute, M., Bartuseviciene, E., & Blazeviciene, A. (2023). Woman-Centered Care: Standardized
Outcomes Measure. Medicina (Kaunas, Lithuania), 59(9), 1537.
https://doi.org/10.3390/medicina59091537

Ozturk Can, H., Baykal Akmese, Z., Cakir Kocak, Y., Ocalan, D., Alp Dal, N., & Sevil, U. (2019).
Factors affecting perceived stress and self-care agency in pregnant women. Journal of Health, Medicine
and Nursing, 59, 46-55. https://doi.org/10.7176/JHMN

Ozcan, H., Polat, T., Oztiirk, A., Yilmaz, M., & Aydogan, T. (2020). Gebelerde saglikli yasam
davraniglarinin ve etkileyen faktorlerin belirlenmesi. Online Turkish Journal of Health Sciences, 5(3), 482-
492

Ozen, M., Dalgig, N. & Asik Z. (2020) Gebelerin gestasyonel diyabet tarama testine yaklasimlarmin
degerlendirilmesi. The Journal of Turkish Family Physician.11(4):179-90.

Oztas, H. G., & Tas, F. (2025). Stress and healthy lifestyle behaviors in high-risk pregnancies: a correlational
study. BMC pregnancy and childbirth, 25(1), 905. https://doi.org/10.1186/s12884-025-07925-1

Pardes Bektas, B. (2024). Gestasyonel diyabet riski bulunan gebelere Pender'in saglig1 gelistirme modeline
dayali verilen egitim ve danismanligin etkinliginin degerlendirilmesi. Doktora tezi. Saglik Bilimleri
Universitesi, Ankara

Parsa, S., Khajouei, R., Baneshi, M. R., & Aali, B. S. (2019). Improving the knowledge of pregnant women
using a pre-eclampsia app: A controlled before and after study. International journal of medical
informatics, 125, 86-90. https://doi.org/10.1016/.ijmedinf.2019.03.001

197



Q) Cukurova International
Congress of Basic and
Applied Sciences

INTERNATIONAL
ACADEMIC
PLATFORM

AKAP

Pazarozyurt, A. (2023). Gebelerin saglik okuryazarligi ile 6z bakim giicii arasindaki iliskinin
degerlendirilmesi [Yiiksek lisans tezi, Atatiirk Universitesi, Saglik Bilimleri Enstitiisii].

Pender NJ. Health promotion in nursing practice. 3rd Ed. Connecticut: Appleton & Lange Stanford, 1996

Pender NJ. Health promotion model manual. 2011. Erigsim: http://hdl.handle.net/2027.42/85350 Erigim
tarihi: 04.11.2025

Puspita, T., Jerayingmongkol, P., Sanguanprasit, B. (2015). Factors predicting self-care behaviors among
pregnant women in Garut district, West Java Province, Indonesia. 3rd AASIC: Sustainable Development
of Asian Community,107-111.

Rezaei, Z., Yazdanpanahi, Z., Asadollahi, A., Karimi, M., ve Ghahremani, L. (2025). Evaluating the impact
of an educational self-care intervention on the empowerment of primigravida pregnant women covered by
family medicine program in the Estahban City -an application of the Pender's health promotion model. BMC
pregnancy and childbirth, 25(1), 308. https://doi.org/10.1186/s12884-025-07437-y

Rezaie, R., Mohammad-Alizadeh-Charandabi, S., Nemati, F., & Mirghafourvand, M. (2021). The effect of
self-care counseling on health practices of adolescent pregnant women: a randomized controlled trial. BMC
pregnancy and childbirth, 21(1), 726.

Sabuni, M., Kheirkhah, M., Seyedoshohadaee, M., & Haghani, S. (2021). The Effect of Pender’s Health
Promotion Model-based Education on the Physical Activity among Pregnant Women. Indian Journal of
Forensic Medicine & Toxicology, 15(3), 3643-3661.

Sezgin, D., & Aydin Kartal, Y. (2021). Gebelik Doneminde Kanita Dayali Yaklagimlarin Giincel
Rehberler Dogrultusunda Incelenmesi. Ankara Saglik Bilimleri Dergisi, 10(1), 92-107.
https://doi.org/10.46971/ausbid.714416

Shahil Feroz, A. (2022). Strengthening self-care agency in pregnancy: A new approach to improve maternal
health outcomes in low-and middle-income countries. Frontiers in Public Health, 10, 968375.

Sharifat, R., Borazjani, F., Araban, M., Pakpour, A. H., Angali, K. A., & Aiiashi, S. (2024). Nutritional
education on health beliefs, metabolic profiles, and quality of life among high-risk pregnant women for
gestational diabetes mellitus: a randomized controlled trial. Scientific reports, 14(1), 27712.
https://doi.org/10.1038/s41598-024-78447-7

Sitzberger, C., Hansl, J., Felberbaum, R., Brossner, A., Oberhoffer-Fritz, R. ve Wacker-Gussmann, A.
(2022). Yiiksek riskli gebeliklerde fiziksel aktivite. K/inik Tip Dergisi , 11 (3), 703.

Taskin L. (2017). Dogum ve Kadin Sagligi Hemsireligi. 13.basim, Akademisyen Kitabevi.

Timkaya, M. N., Eroglu, K., & Karacam, Z. (2024). The effect of Orem's Self-Care Deficit Theory—based
care during pregnancy and postpartum period on health outcomes: A systematic review and meta-
analysis. International Journal of Nursing Practice, 30(6), €13300.

198



Cukurova International
Congress of Basic and
Applied Sciences

INTERNATIONAL
ACADEMIC
PLATFORM

AKAP

Wang, L., Wang, X., Zhang, R., Sun, W., Zhang, C., Zhang, C., Qin, G., Peng, J., Li, H., Fan, J., Qu, L.,
Ma, L., Chen, L., Wu, J., Hao, Y., Ruan, H., Zheng, T., Wu, D., Li, S., Liu, Y., ... Wu, Y. (2025).
Individualized nutritional intervention compared with routine care for gestational diabetes prevention: a
randomized controlled trial. The American journal of clinical nutrition, 121(5), 1199-12009.
https://doi.org/10.1016/j.ajcnut.2025.03.006

Wang, Y., & Luo, B. (2019). Nan fang yi ke da xue xue bao = Journal of Southern Medical
University, 39(5), 572-578. https://doi.org/10.12122/j.issn.1673-4254.2019.05.12

World Health Organization. (2023). Guide for integration of perinatal mental health in maternal and child
health services. https://www.who.int/publications/i/item/9789240057142

World Health Organization. (WHO). (2021). Physical activity. Erisim: https://www.who.int/europe/news-

room/fact-sheets/item/physical-activity Erigim tarihi: 10.03.2026

World Health Organization. (WHO). (2025). Maternal mortality. Erisim: https://www.who.int/news-
room/fact-sheets/detail/maternal-mortality Erisim tarihi: 10.03.2026

Yanik, D. & Ozcanarslan, F. (2019). Riskli gebelerde algilanan sosyal destek ile stresle basetme diizeyleri
arasindaki iliski. Ebelik ve Saglik Bilimleri Dergisi , 2 (3), 96-104. https://izlik.org/JA63PA99GR

Ye, W., Luo, C., Huang, J., Li, C., Liu, Z., & Liu, F. (2022). Gestational diabetes mellitus and adverse
pregnancy outcomes: systematic review and meta-analysis. BMJ (Clinical research ed.), 377, e067946.
https://doi.org/10.1136/bmj-2021-067946

Yilmaz, E., & Karahan, N. (2019). Gebelikte Saglikli Yasam Davramslar1 Olcegi’nin gelistirilmesi ve
gecerlik giivenirligi. Cukurova Medical Journal, 44, 498-512.

Yilmaz, M., & Yar, D. (2021). Gebelik ve postpartum dénemde kadin ruh sagligi: derleme ¢alismasi. Adnan
Menderes Universitesi Saglik Bilimleri Fakiiltesi Dergisi, 5(1), 93-100.
https://doi.org/10.46237/amusbfd.693233

Yurtsever, 1. (2023). Orem'in 6z bakim yetersizligi teorisine gére verilen bakimin kanserli yetigkinlerin
yasam kalitesi, 6z bakim giicii ve iyilik hali tizerine etkisi: Sistematik derleme ve meta-analiz [ Yiksek lisans

tezi, Sivas Cumhuriyet Universitesi, Saglik Bilimleri Enstitiisii].

Zhang, L., Yuan, X., & Dong, B. (2023). Analysis effects of pender health promotion model education on
health behaviors and maternal and infant of cardiac disease in pregnancy. Biotechnology and Genetic
Engineering Reviews, 39(2), 549-561.

Zhu, W. W., Yang, H. X., Wang, C., Su, R. N., Feng, H., & Kapur, A. (2017). High Prevalence of
Gestational Diabetes Mellitus in Beijing: Effect of Maternal Birth Weight and Other Risk Factors. Chinese
medical journal, 130(9), 1019—1025. https://doi.org/10.4103/0366-6999.204930

199



Q) Cukurova International
H Congress of Basic and
¢ Applied Sciences

© | INTERNATIONAL
ACADEMIC
PLATFORM

INTELLIGENT RISK MANAGEMENT IN PRACTICE: AI AS A CATALYST FOR
SUSTAINABLE TRANSFORMATION IN ACTUARIAL SCIENCE EDUCATION

Dr. Daniel SANUSI
Ulster University (Ireland)

Abstract

This study presents a forward-looking analysis of the relationship between actuarial science, artificial
intelligence (Al), and education. It presents a comprehensive framework for intelligent risk
management and curriculum improvement. As the actuarial sector is under increasing pressure to
manage complex global hazards, climatic uncertainties, technological upheavals, and demographic
shifts, traditional risk models and training approaches are failing. The study presents the Intelligent Risk
Management Framework (IRMF), which combines Al technology with adaptive governance, threat
analysis, and real-time data intelligence. This model leverages the MITRE ATLAS Matrix to anticipate
adversarial risk vectors while incorporating ethical, regulatory, and human-in-the-loop considerations.
Practically, the framework aims to support more precise pricing, reserving, and capital management
within actuarial practice. At the same time, the study discusses how actuarial education should change
to better educate professionals for this Al-enhanced world. Drawing on current digital pedagogy and
systems thinking ideas, it proposes a redesigned curriculum model that incorporates machine learning,
ethics, regulatory knowledge, and multidisciplinary cooperation. A separate part addresses the ethical,
social, and accessibility issues raised by Al in actuarial practice and teaching. Although primarily
theoretical, the paper features practical examples such as Al-driven pricing engines and curriculum
models to demonstrate applied implementation. The study closes with a plea for greater collaboration
among professional actuarial organisations, universities, and Al researchers to provide future-ready,
inclusive, and ethically based actuarial training. This work is useful for researchers and practitioners in
actuarial science, digital education, Al governance, and interdisciplinary curriculum creation. It
proposes a strategic approach for actuarial risk management that is in line with the global digital

revolution of higher education and financial services.

Keywords: Artificial Intelligence (AI), Actuarial Science, Risk Management, AI Governance,
Educational Transformation, Curriculum Innovation, Predictive Analytics, Ethical AI, Machine

Learning, Sustainable Education.
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USING MOLECULAR APPROACHES TO IDENTIFY FLAGELLATED PROTOZOANS IN
DOMESTIC CHICKENS

Farjallah SARRA
University of Tunis El Manar, Tunis 2092, Tunisia

ABSTRACT

Flagellated protozoans of the order Trichomonadida are of veterinary significance, infecting poultry such
as Gallus gallus domesticus and causing diseases that reduce productivity and generate economic losses.
Morphological identification is challenging due to subtle interspecies differences, and molecular data from
North African poultry remain limited. This study provides the first molecular characterization of
Trichomonadida in Tunisian poultry farms using a multilocus approach based on 18S rRNA and a-actinin
1 genes. Analysis of 18S sequences grouped the isolates into four major clades, including Histomonas
meleagridis, detected in both caecal samples and Heterakis gallinarum nematodes across ten regions. This
clade was divided into two genotypes, with Tunisian haplotypes clustering with French isolates within
genotype-2, showing 4% 18S divergence between clusters. Co-infections of H. meleagridis and
Parahistomonas wenrichi were observed in nematodes, and Simplicomonas sp. and Tetratrichomonas
gallinarum were also identified in caecal samples. Phylogenetic analysis confirmed evolutionary
relationships among these species and supported the detection of mixed infections. This study highlights
the genetic diversity of Trichomonadida in Tunisian poultry and demonstrates the utility of molecular tools
for accurate identification and epidemiological surveillance.

Keywords: Trichomonadida, genetic diversity, 18S rRNA, a-actinin 1, mixed infection.
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FOOD, BIOMEDICAL, AND ENVIRONMENTAL SECTORS
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ABSTRACT

Seaweeds constitute a rapidly expanding segment of the global blue bioeconomy, with annual
production exceeding 35 million metric tons worldwide. The global seaweed market is projected to
surpass USD 20 billion within the next decade, driven largely by demand for hydrocolloids, functional
foods, and high value bioactive compounds. Marine macroalgae, categorized into brown, red, and green
seaweeds, synthesize a diverse repertoire of structurally unique primary and secondary metabolites that
exhibit broad biological functionality. These include sulphated polysaccharides such as alginate,
fucoidan, carrageenan, and ulva, alongside phlorotannin, carotenoids including fucoxanthin, sterols,
peptides, and long chain polyunsaturated fatty acids. Polysaccharides represent the dominant bioactive
fraction, accounting for up to 40 to 60 percent of dry biomass in several species. Carrageenan from red
seaweeds remains a cornerstone of the global hydrocolloid industry, with annual production exceeding
60,000 tons, and is increasingly investigated for antiviral and drug delivery applications. Ulvan derived
from green seaweeds has gained attention for its prebiotic potential and immunomodulatory effects. In
food systems, seaweed bioactives function as natural preservatives, texture modifiers, and active
packaging components capable of reducing lipid oxidation and microbial proliferation. In biomedical
contexts, they are explored for wound healing, tissue engineering scaffolds, and controlled release
matrices due to their biocompatibility and tunable physicochemical properties. Additionally, their
application in wastewater treatment and biofilm inhibition highlights their environmental relevance.
With advances in green extraction technologies, biorefinery integration, and molecular characterization,
seaweed derived bioactive compounds play a central role in sustainable, multifunctional material and
health related innovations.

Keywords: Seaweeds, bioactive compounds, applications, polysaccharides, biofilm
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KNOWLEDGE AND PERCEIVED EFFICACY OF FRUITS AND VEGETABLES
CONSUMPTION FOR THE PREVENTION OF BREAST CANCER AMONG FEMALE
UNDERGRADUATE STUDENTS OF UNIVERSITY OF IBADAN, IBADAN

Blessing Adeleke OLUWATIMILEYIN

Department of Health Promotion and Education, Faculty of Public Health, College of Medicine,
University of Ibadan

ABSTRACT

Fruits and vegetables contain various chemical substances that inhibit the growth of cancer which ultimately
reduces the risk of breast cancer. Significant proportion of women and female adolescent consumes less
than 400 g of fruits and vegetables daily and this accounts for around 1.7 million (2.8%) of deaths
worldwide. Despite the vulnerability of female undergraduate students to breast cancer, few Nigerian
studies have specifically examined their knowledge and perceived effectiveness regarding the protective
role of fruits and vegetable against breast cancer. This study aimed to investigate the knowledge, and
perceived efficacy of fruits and vegetable consumption for the prevention of breast cancer among female

undergraduate students.

A cross-sectional study design was adopted; target population were selected using a multi-stage sampling
technique. Data were collected from 336 consenting female undergraduate students using a validated, semi-
structured, self-administered questionnaire comprising five sections: socio demographic characteristics,
knowledge of fruits and vegetable for breast cancer prevention, perceived efficacy of fruits and vegetable
towards the prevention of breast cancer, factors that affects the consumption of fruits and vegetable and
sources of information and sources of information for breast cancer prevention through the consumption of
fruits and vegetables. The level of knowledge of fruits and vegetable for breast cancer prevention was
assessed using a 20-point scale and categorised into 0 -10 as poor and good (>10), while perceived efficacy
was determined using a 12-point scale, classified as poor (0 to 6) and good (>6). Data collected were
analysed using descriptive and inferential statistics; frequencies, mean and percentages were used to
summarize participants’ characteristics, while chi-square tests and binary logistic regression were used to

determine relationships between variables with a significant level at p<0.05

Age of respondents was 19.8+2.4 years. Student’s discipline was shown to have significant relationship
with the knowledge of fruits and vegetable for breast cancer prevention. The majority (80.5%) of the
respondents had poor knowledge of fruits and vegetable for breast cancer prevention. Most (97.3%) of the
respondents had good perception for the efficacy of fruits and vegetable towards the prevention of breast

cancer. Most (86.5) of the respondents agreed that low price of fruits and vegetables will increase their
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consumption, while a majority (79.9%) affirmed that the social media provide information on breast cancer
prevention through the consumption of fruits/vegetables. There was a statistically significant association
between knowledge of fruit and vegetable consumption for the prevention of breast cancer and information
received from health care professional for the prevention of breast cancer. Binary regression showed that
students in science/medical science discipline had greater odds of knowledge (odds ratio = 5.5, confidence

interval= 2.9-10.5).

Respondents had poor level of knowledge but good perception towards the efficacy of fruits and vegetable
in preventing breast cancer. This disconnects between knowledge and perception underscores the need for
structured training and curriculum-based education on breast cancer prevention through the consumption

fruits and vegetable.

Keywords: Fruits and vegetables, breast cancer prevention, perceived efficacy, female undergraduate

students

Word count: 473
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SIGIR ETi YAG ASIiDi KOMPOZiSYONU: BiYOLOJIK MEKANIZMALAR VE
BESLEME SiSTEMLERININ ROLU

BEEF FATTY ACID COMPOSITION: BIOLOGICAL MECHANISMS AND THE ROLE OF
FEEDING SYSTEMS

Dr. Ogr. Uyesi Mustafa Giiclii SUCAK

Adiyaman Universitesi, Kahta MYO Veteriner Boliimii, Bilgi ve Belge Yonetimi Boliimii,
Adiyaman, TURKIYE

ORCID: 0000-0001-6147-470X
Prof. Dr. Serap GONCU
Cukurova Universitesi, Ziraat Fakiiltesi, Zotekni Boliimii
Adana TURKIYE

ORCID: 0002-0360-2723

OZET

Sigir eti yag asidi kompozisyonu, iriiniin besinsel degerini, raf Omriini ve duyusal
karakteristiklerini belirleyen multifaktoriyel bir olgudur. Sigirlarda yag asidi profili, diyetle alinan
lipitlerin riimendeki mikrobiyal topluluklar tarafindan biyohidrojenasyona ugramasi ve ardindan
dokularda gerceklesen endojen metabolik siireglerin bir bileskesidir. Riiminal biyohidrojenasyon,
diyetteki ¢coklu doymamig yag asitlerinin (PUFA) doymus formlara (SFA) doniismesine neden
olurken; bu siirecin ara iiriinleri olan vaksenik asit gibi bilesenler, dokularda Delta 9-desatiiraz
(stearoil-CoA desatiiraz) enzimi araciligryla konjuge linoleik asit (CLA) gibi saglik iizerinde
koruyucu etkisi bulunan biyoaktif yag asitlerine transforme edilmektedir. Besleme sistemleri, bu
biyolojik mekanizmalar1 manipiile etmede en etkin ¢evresel faktor olarak one ¢ikmaktadir. Mera
temelli besleme sistemleri, kaba yemlerin yiiksek alpha-linolenik asit i¢erigi sayesinde etin Omega-
3 ve CLA konsantrasyonunu artirirken, n-6/n-3 oranini insan sagligi i¢in tavsiye edilen seviyelere
¢ekmektedir. Buna karsin, konsantre yem agirlikli besleme sistemleri, enerji yogunlugu araciligiyla
intramiiskiiler yag sentezini ve dolayisiyla lezzet ile iliskili olan oleik asit (C18:1) oranini tegvik
etmektedir. Sonug olarak, sigir eti yag asidi kompozisyonunun optimizasyonu, riiminal ekosistem
ile konak¢inin metabolik yolaklar1 arasindaki etkilesimin besleme stratejileriyle hassas bir sekilde
yonetilmesini gerektirmektedir. Bu derleme, sigir etinde yag asidi kompozisyonunu etkileyen temel
biyolojik ve besleme kaynakli faktorleri degerlendirmeyi, farkli besleme sistemlerinin et lipid
profili {izerindeki etkilerini karsilastirmay1 ve elde edilen bulgular1 besinsel kalite perspektifinde
tartigmay1 amaglamaktadir.

Anahtar Kelimeler: Sigir eti, yag asidi profili, rumen, biyohidrojenasyon, besleme sistemleri
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ABSTRACT

The fatty acid composition of beef is a multifactorial phenomenon that determines the
nutritional value, shelf life, and sensory characteristics of the product. The fatty acid profile
in cattle is a combination of the biohydrogenation of dietary lipids by microbial
communities in the rumen and subsequent endogenous metabolic processes occurring in
the tissues. Ruminal biohydrogenation leads to the conversion of polyunsaturated fatty
acids (PUFAs) in the diet into saturated forms (SFAs); while components such as vaccenic
acid, which are intermediate products of this process, are converted in the tissues into
bioactive fatty acids such as conjugated linoleic acid (CLA), which have a protective effect
on health, via the Delta 9-desaturase (stearoyl-CoA desaturase) enzyme. Feeding systems
stand out as the most effective environmental factor in manipulating these biological
mechanisms. Pasture-based feeding systems increase Omega-3 and CLA concentrations in
meat due to the high alpha-linolenic acid content of roughages, while bringing the n-6/n-3
ratio to levels recommended for human health. In contrast, concentrate-based feeding
systems promote intramuscular fat synthesis through energy density, and thus the oleic acid
(C18:1) ratio, which is associated with flavor. Consequently, optimizing the fatty acid
composition of beef requires the precise management of the interaction between the rumen
ecosystem and the host's metabolic pathways through feeding strategies. This review aims
to evaluate the key biological and feed-related factors affecting fatty acid composition in
beef, compare the effects of different feeding systems on the meat lipid profile, and discuss
the findings from a nutritional quality perspective.

Keywords: Beef, fatty acid profile, rumen, biohydrogenation, feeding systems
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MERA TEMELLI BESLEME SiSTEMLERI; SIGIRCILIKTA VERIMLILiK VE
SURDURULEBILIRLIK ACISINDAN DEGERLENDIRILMESI

GRAZING BASED FEEDING SYSTEMS: AN EVALUATION IN TERMS OF
PRODUCTIVITY AND SUSTAINABILITY IN CATTLE FARMING
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OZET

Mera temelli besleme sistemleri, siit ve et sigir1 tiretiminde hem ekonomik hem de gevresel
sirdiiriilebilirlik agisindan 6nemli bir alternatif iiretim modeli olarak One ¢ikmaktadir. Bu
derlemenin amaci, mera tabanli sistemlerin hayvan performansi, iiriin kalitesi ve stirdiiriilebilirlik
gostergeleri tizerindeki etkilerini biitiinciil bir yaklasimla degerlendirmektir. Literatiir bulgulari,
kaliteli mera bitkileri (6zellikle baklagil iceren karigimlar ve yonca temelli meralar) ile beslenen
siit sigirlarinda siit verimi ve siit yag bilesiminin iyilesebildigini; besi sigirlarinda ise giinliik canl
agirlik artis1 ve mera basina verimliligin artis gosterebildigini ortaya koymaktadir. Mera sistemleri,
yiiksek kaliteli lif ve dogal protein kaynaklar1 sayesinde rumen sagligini desteklemekte ve uygun
yonetim kosullarinda yem maliyetlerini azaltarak isletme karliligina katki saglamaktadir. Ayrica,
baklagil igeren meralar biyolojik azot fiksasyonu yoluyla sentetik giibre ihtiyacini azaltmakta,
toprak sagligini iyilestirmekte ve karbon ayak izinin diisliriilmesine katkida bulunmaktadir.
Bununla birlikte, mera verimliliginin mevsimsel dalgalanmalara bagli olmasi, enerji—protein
dengesinin saglanmasi gerekliligi ve yonetim hatalarina duyarlilik gibi sinirlayict faktorler de
bulunmaktadir. Sonug olarak, mera temelli besleme sistemleri uygun mera yonetimi, dengeli rasyon
planlamasi1 ve hayvan gereksinimlerine uygun stratejilerle entegre edildiginde, siit ve et sigir
iiretiminde verimlilik artis1 ile ¢evresel siirdiiriilebilirligi bir arada saglayabilecek giiclii bir liretim
modeli sunmaktadir.

Anahtar Kelimeler: Mera, Otlatma, ,Sistem, Siit, Et, Sigir, Performans, Kalite,
Stirdiiriilebilirlik
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ABSTRACT

Grazing-based feeding systems stand out as an important alternative production model in dairy and
beef cattle production in terms of both economic and environmental sustainability. The aim of this
review is to evaluate the effects of Grazing -based systems on animal performance, product quality,
and sustainability indicators using a holistic approach. Literature findings indicate that dairy cattle
fed with high-quality pasture plants (especially mixtures containing legumes and clover-based
pastures) can improve milk yield and milk fat composition; in beef cattle, daily live weight gain
and pasture productivity can increase. Grazing systems support rumen health thanks to high-quality
fiber and natural protein sources and contribute to farm profitability by reducing feed costs under
appropriate management conditions. Furthermore, legume-containing pastures reduce the need for
synthetic fertilizers through biological nitrogen fixation, improve soil health, and contribute to
lowering the carbon footprint. However, limiting factors such as the seasonal fluctuations in pasture
productivity, the need to maintain an energy-protein balance, and sensitivity to management errors
also exist. In conclusion, when Grazing -based feeding systems are integrated with appropriate
pasture management, balanced ration planning, and strategies tailored to animal requirements, they
can increase productivity in dairy and beef cattle production while promoting environmental
sustainability.

Keywords: Grazing, Milking, Meat, Carcass Performans, , sustainability
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PRIMER MEMBRANOQOZ NEFROPATI TANILI HASTALARDA NOTROFIL LENFOSIT
ORANIL PLATELET LENFOSIT ORANI VE DIGER PROGNOSTiK PARAMETRELERIN
TEDAVI YANITI VE RENAL SAG KALIM UZERINDEKI ETKIiSININ
DEGERLENDIRILMESIi

EVALUATION OF THE IMPACT OF NEUTROPHIL-LYMPHOCYTE RATIO, PLATELET-
LYMPHOCYTE RATIO AND OTHER PROGNOSTIC PARAMETERS ON TREATMENT
RESPONSE AND RENAL SURVIVAL IN PATIENTS WITH PRIMARY MEMBRANOUS

NEPHROPATHY

Uzm. Dr. Gizem KORKUT
Mus Devlet Hastanesi - Nefroloji
Uzm. Dr. Aykut SASMAZ
Kahramanmaras Necip Fazil Sehir Hastanesi - I¢ Hastaliklar
OZET

AMAC: Membrandz nefropati (MN), diyabetik olmayan yetigskinlerdeki en sik nefrotik sendrom
tanilarindan birisidir. Tan1 sonrasinda sekonder membrandz nefropati (SMN) nedenleri diglanmalidir.
Primer membrandz nefropati (PMN), ortaya ¢ikan komplikasyonlara yonelik destekleyici tedavi ve risk
durumuma goére immiinsupresif tedavi (IST) ile yonetilmektedir. Calismamizin amac1 kilavuzlarda yer alan
klasik prognostik faktor disinda etkili olabilecek notrofil lenfosit orani (NLR), platelet lenfosit orani (PLR),
serum C3, Ferritin ve IgG diizeylerinin ayrica biyopsi bulgularindan C3 ve IgG boyanma varligi ve
siddetinin primer membrandz nefropati tanili hastalarda tedavi yanit1 ve renal sag kalim iizerindeki etkisinin
degerlendirilmesi amaglandi. Ek olarak demografik verilerinin ve diger biyokimyasal verilerinin remisyon
ve renal sag kalim {izerine olan etkisinin incelenmesi amaglanmistir.

GEREC VE YONTEM: Ege Universitesi Tip Fakiiltesi Hastanesi (EUTFH), elektronik hasta dosyasi
kullanilarak hasta veri tabaninda kayitli, 1 Ocak 2016 ve 30 Haziran 2023 tarihleri arasinda membrandz
nefropati tanisi alan 101 hasta belirlenmistir. Diglama kriterleri uygulandiginda kalan 73 hastanin tani an1
amindaki demografik verileri, hemogram ve biyokimya degerleri retrospektif olarak kaydedilmistir. Ugiincii,
altinci ve on ikinci aylarda hastalar tedavi yanitina gore tam remisyon ile parsiyel remisyon seklinde tedavi
yanitt verenler ve tam yanitsiz olarak gruplandirilmistir. Hastalarda serum c3, ferritin, IgG, NLR ve
PLR ’nin tedavi yanit1 iizerindeki etkisi analiz edilmistir. Ol¢iim ortalamalarmin zamana gére degisimi (tan1
ani, 3.ay, 6.ay, 12.ay) Repeated ANOVA test istatistigi ile degerlendirilmistir ve zamana goére anlamli fark
¢ikan Olgliimlerde ise ikili karsilagtirmalar post hoc test Bonferroni ile yapilmistir. Bagimsiz iki grup
arasinda siirekli 6l¢lim ortalamalarinda fark degerlendirmede student’s t test istatistigi kullanilmugtir.
Kategorik degiskenler arasindaki iliskinin degerlendirmesi i¢in ki-kare test istatistigi kullanilmustir.

BULGULAR: Calismamiz i¢in yapilan sistem taramasinda toplam MN tanisi alan 101 hasta saptanmusgtir.
Diglama kriterleri uygulandiginda geriye kalan 73 hasta ¢alismaya dahil edilmistir. Hastalarin yas
ortalamalar1 49.6+15.6 yil olarak saptandi. Hastalarin %54,8’sinin erkek (n=40), %45,2’sinin (n=33) ise
kadin oldugu saptanmistir. Baglangi¢ serum IgG ve ¢3 degerinin VII tedavinin {igiincii, altinct ve on ikinci
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aylardaki tedaviye yanit veren ve yanitsiz hasta gruplardaki degerlerinin ortalama fark degerlendirilmesi
yapildiginda istatistiksel fark saptanmamistir. Bobrek biyopsi bulgularinda c¢3 ve IgG ile boyanmanin
varlig1 ve dereceleri tedavi yanitina gore ayrilan hastalarda anlamli olarak bulunmamistir. Biyopside C3
pozitifligi ve mikroskopik hematiiri varlig1 arasinda anlamli iligki saptandi (p=0.017). Ayrica C3 boyanma
siddetinin artmasi ile hematiirideki eritrosit sayis1 arasinda pozitif korelasyon saptandi (r=398; p=0.001).
Biyopsideki IgG birikim derecesinin artmasi daha yiiksek proteiniiri diizeyleri ile iliskili oldugu saptandi
(p=0.031). 12.ay yanit durumuna gore tani anindaki ferritin diizeyleri, tedavi yanitt olan hastalarda
156.19+111.31 ng/ml, tedavi yaniti olmayan hastalarda ise 332.08+195.78 ng/ml olarak saptandi. Bu
sonuglara gore ferritin degerinin 12.ay tedaviye yanit durumuna gore 6l¢iim ortalamalart arasinda anlamli
fark saptandi (p=0.002). Tan1 aninda bakilan NLR’nin tedavinin zamanina gore 6l¢liim degerleri arasinda
anlamli fark saptandi (pt=0.001). Ortalama olarak {igiincii, altinc1t ve on ikinci aylarda tedavi yanit
vermeyen hastalarda NLR ve PLR’nin ortalama degerleri tedavi yanitsiz grupta daha yiiksek oldugu
goriildii ancak ortalamalar arasinda anlamli bir fark saptanmadi. 12.ayda eGFR<60 ml/dk/1.73m2 olan ve
korunmus eGFR diizeyi olan hastalar karsilagtirildiginda ise NLR, PLR, Ferritin, C3 ve IgG diizeyleri
arasinda istatistiksel olarak anlam saptanmamistir. Bu nedenle tedavi yanit ve renal sag kalimi koti
etkileyecek esik bir deger hesaplanamamustir.

SONUC: MN hastalarinda ferritin yiiksekligi tedaviye yanit agisindan kotii prognostik bir belirtectir.
Biyopsi IgG birikimi daha yiiksek proteiniiri diizeyleri ile iligkili saptandi. Biyopsi C3 pozitifligi ve
hematiiri goriilme arasinda anlamli iliski saptandi. Ayrica C3 birikim siddeti ile idrarda eritrosit sayisi
arasinda pozitif korelasyon saptandi. MN hastalarinda NLR, PLR diizeylerinin prognostik bir deger
tagidiginin anlagilmasi i¢in daha biiyiik hasta popiilasyonu igceren ¢aligmalara ihtiyag vardir.

Anahtar Kelimeler: Membran6z nefropati; prognoz; ferritinler; nétrofil/lenfosit oran

ABSTRACT

OBJECTIVE: Membranous nephropathy is one of the most common diagnoses of nephrotic syndrome in
non-diabetic adults. After diagnosis, secondary causes of membranous nephropathy should be excluded.
Primary membranous nephropathy is managed with supportive therapy for the complications that arise and
immunosuppressive therapy based on the risk status. The aim of our study was to evaluate the impact of
neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), serum C3, ferritin, and IgG levels, in
addition to the classic prognostic factors outlined in guidelines, as well as the presence and intensity of C3
and IgG staining from biopsy findings, on treatment response and renal survival in patients diagnosed with
primary membranous nephropathy. Additionally, the study aimed to examine the impact of demographic
data and other biochemical parameters on remission and renal survival.

METHODS: At Ege University Faculty of Medicine Hospital (EUTFH), 101 patients diagnosed with
membranous nephropathy between January 1, 2016, and June 30, 2023, were identified using the electronic
medical records system. After applying exclusion criteria, the demographic data, hemogram, and
biochemical values of the remaining 73 patients at the time of diagnosis were retrospectively recorded.
Patients in the third, sixth, and twelfth months were grouped based on their treatment response as complete
remission, partial remission, and complete non-response. The impact of serum C3, ferritin, IgG, NLR, and
PLR on treatment response was analyzed. The changes in measurement averages over time (at diagnosis, 3
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months, 6 months, and 12 months) were assessed using repeated measures ANOVA, and pairwise
comparisons for measurements with significant time-related differences were conducted using the post hoc
Bonferroni test. The Student’s t-test was used to evaluate differences in continuous measurement averages
between two independent groups. The chisquare test was used to assess relationships between categorical
variables.

RESULTS: In the system scan conducted for our study, a total of 101 patients diagnosed with membranous
nephropathy (MN) were identified. After applying the exclusion criteria, 73 patients were included in the
study. The mean age of the patients was found to be 49.6+15.6 IX years. Of the patients, 54,8% were male
(n=40) and 45,2% were female (n=33). When evaluating the average differences in the initial serum IgG
and C3 values between the groups with and without treatment response at the third, sixth, and twelfth
months, no statistical differences were observed. The presence and intensity of C3 and IgG staining in
kidney biopsy findings were not significantly related to the treatment response in the categorized patient
groups. A significant relationship was found between C3 positivity in the biopsy and the presence of
microscopic hematuria (p=0.017). Additionally, a positive correlation was found between the increase in
C3 staining intensity and the number of red blood cells in hematuria (r=0.398; p=0.001). It was determined
that an increase in the degree of IgG accumulation in the biopsy was associated with higher levels of
proteinuria (p=0.031). At twelve months, the ferritin levels at diagnosis were found to be 156.19+111.31
ng/ml in patients with treatment response and 332.08+195.78 ng/ml in patients without treatment response.
These results indicated a significant difference in ferritin levels based on treatment response at twelve
months (p=0.002). A significant difference was also observed in the NLR values measured at diagnosis
across different time points of treatment (p=0.001). On average, the NLR and PLR values were higher in
patients without treatment response at the third, sixth, and twelfth months, but no significant differences
were found between the means. The comparison between patients with eGFR < 60 ml/min/1.73m? in the
12th month and those with preserved eGFR levels showed no statistically significant differences in NLR,
PLR, ferritin, C3, and IgG levels. Therefore, an optimal threshold value that would negatively impact
treatment response and renal survival could not be calculated.

CONCLUSION: Elevated ferritin levels in patients with membranous nephropathy (MN) are a poor
prognostic marker for treatment response. Biopsy IgG accumulation was found to be associated with higher
levels of proteinuria. A significant relationship was found between biopsy C3 positivity and the occurrence
of hematuria. Additionally, a positive correlation was found between the intensity of C3 accumulation and
the number of red blood cells in the urine. To understand whether NLR and PLR levels have prognostic
value in MN patients, further studies with larger patient populations are needed.

Key Words: Membranous nephropathy; prognosis; ferritins; neutrophil/lymphocyte ratio
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KIiSTIK FIBROZISLi COCUKLARDA INFLAMATUVAR HEMATOLOJIK INDEKSLERIN
CRP ILE ILiSKiSi: KONTROL GRUPLU ANALIiZ
THE RELATIONSHIP BETWEEN INFLAMMATORY HEMATOLOGICAL INDEXES AND CRP IN
CHILDREN WITH CYSTIC FIBROSIS: A CONTROL GROUP ANALYSIS

Dr. Kamil YILMAZ
Dicle Universitesi, Tip Fakiiltesi, Cocuk Saghgi ve Hastaliklar1 AD, Diyarbakir, TURKIYE

ORCID: 0000-0001-5137-0501

OZET

Amacg: Kistik fibrozis (KF), kronik hava yolu inflamasyonu ve tekrarlayan enfeksiyonlarla karakterize
multi-sistemik bir genetik hastaliktir. Hastaligin progresyonu ve morbidite oranlari, inflamasyonun siddeti
ve kontrolii ile yakindan iliskilidir. Inflamasyonun erken tespiti ve takibi, tedavi stratejilerinin
belirlenmesi ve hastalik alevlenmelerinin yonetimi agisindan kritik 6neme sahiptir. Son yillarda, tam kan
saymmi parametrelerinden tiiretilen notrofil/lenfosit oram1 (NLR), trombosit/lenfosit oran1 (PLR) ve
sistemik immiin-inflamasyon indeksi (SII) gibi belirtecler, subklinik inflamasyonun gostergesi olarak ve
enfeksiyonun siddetini yansitan parametreler olarak 6nem kazanmistir. Bu calismanin amaci, kistik
fibrozisli ¢ocuklarda inflamatuvar hematolojik indekslerin (NLR, PLR, MLR, SII, MPV, RDW) saglikli
kontrol grubuyla karsilagtirilmast ve bu indekslerin C-reaktif protein (CRP) ile olan iligkisinin
incelenmesidir. Ayrica, CRP seviyesine gore enfeksiyon varligi/yoklugu alt gruplarinda bu parametrelerin
ayirict degerinin arastirilmast hedeflenmistir.

Yontem: Calismaya 48 kistik fibrozisli ¢ocuk ve 98 saglikli kontrol grubu ¢ocugu dahil edildi. Tiim
katilimeilardan tam kan sayimi parametreleri ve C-reaktif protein (CRP) diizeyleri elde edildi. KF
grubunda CRP >5 mg/dL (enfeksiyon alevlenmesi) ve <5 mg/dL (stabil donem) olan hastalar arasinda alt
grup analizi yapildi. inflamatuvar indeksler (NLR, PLR, SII) hesaplanarak gruplar arasinda karsilastirildi.

Bulgular: Kistik fibrozis grubunda WBC (13.98+7.55 vs 8.18+2.69 X 10%uL), noétrofil (8.95+£5.27 vs
3.54£1.53 x 10°%/uL), NLR (2.79£2.22 vs 1.26+0.81) ve SII (1,027,470+1,002,445 vs 384.53+235.14)
degerleri kontrol grubuna gore istatistiksel olarak anlamli derecede yiiksekti (p<<0.0001). PLR degerleri ise
gruplar arasinda anlaml fark gostermedi (p=0.9396). KF grubunda CRP >5 mg/dL olan hastalar ile <5
mg/dL  olan hastalar karsilastinldiginda, WBC (18.09£8.97 vs 11.73£5.63, p=0.004) ve SII
(1,446,022+1,428,530 vs 797,943+576,414, p=0.031) degerleri enfeksiyon alevlenmesi doneminde
anlamli derecede yiiksek bulundu. Korelasyon analizi sonucunda, CRP ile NLR (1=0.299, p=0.039), SII
(r=0.295, p=0.041) ve ozellikle MPV (r=0.488, p=0.0004) arasinda pozitif korelasyon saptandi.

Sonu¢: NLR ve SII gibi pratik hematolojik indeksler, KF'li c¢ocuklarda inflamasyonun
degerlendirilmesinde ve klinik takibinde etkili araglar olabilir.

Anahtar Kelimeler: Kistik Fibrozis, CRP, NLR, Inflamasyon, Hematolojik indeks
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ABSTRACT

Objective: Cystic fibrosis (CF) is a multi-systemic genetic disorder characterised by chronic airway
inflammation and recurrent infections. The progression of the disease and morbidity rates are closely
related to the severity and control of inflammation. Early detection and monitoring of inflammation are
critical for determining treatment strategies and managing disease exacerbations. In recent years, markers
derived from complete blood count parameters, such as the neutrophil/lymphocyte ratio (NLR),
platelet/lymphocyte ratio (PLR), and systemic immune-inflammation index (SII), have gained importance
as indicators of subclinical inflammation and parameters reflecting the severity of infection. The aim of
this study is to compare inflammatory haematological indices (NLR, PLR, MLR, SII, MPV, RDW) in
children with cystic fibrosis with a healthy control group and to investigate the relationship between these
indices and C-reactive protein (CRP). Additionally, it aimed to investigate the discriminatory value of
these parameters in subgroups based on the presence/absence of infection according to CRP levels.

Methods: The study included 48 children with cystic fibrosis and 98 healthy control children. Complete
blood count parameters and C-reactive protein (CRP) levels were obtained from all participants. A
subgroup analysis was performed in the CF group between patients with CRP >5 mg/dL (infection
exacerbation) and <5 mg/dL (stable period). Inflammatory indices (NLR, PLR, SII) were calculated and
compared between groups.

Results: In the cystic fibrosis group, WBC (13.98+7.55 vs 8.18+2.69 x 10%/uL), neutrophil (8.95+£5.27 vs
3.5441.53 x 10%/pL), NLR (2.7942.22 vs 1.26+0.81) and SII (1,027,470£1,002,445 vs 384.53+235.14)
values were statistically significantly higher than in the control group (p<0.0001). PLR values did not
show a significant difference between the groups (p=0.9396). When patients with CRP >5 mg/dL were
compared with those with <5 mg/dL in the KF group, WBC (18.09+8.97 vs 11.73+5.63, p=0.004) and SII
(1,446,022+1,428,530 vs 797,943+576,414, p=0.031) values were found to be significantly higher during
the infection flare-up period. Correlation analysis revealed positive correlations between CRP and NLR
(r=0.299, p=0.039), SII (r=0.295, p=0.041) and, particularly, MPV (r=0.488, p=0.0004).

Conclusion: Practical haematological indices such as NLR and SII may be effective tools in assessing
inflammation and clinical follow-up in children with CF.

Keywords: Cystic Fibrosis, CRP, NLR, Inflammation, Haematological index
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BiSTURIDEN ROBOTIGE: CERRAHI TEKNOLOJILERININ TARIHSEL GELISiMi

FROM SCALPELS TO ROBOTICS: THE HISTORICAL DEVELOPMENT OF SURGICAL
TECHNOLOGIES

Dr. Ogretim Uyesi Ahmet ERKEK
Istinye Universitesi Tip Fakiiltesi Genel Cerrahi A.D. Istanbul-TURKIYE
ORCID ID: 0000-0002-9515-0831

OZET

Cerrahi uygulamalar, tip tarihinde en eski tedavi yontemleri arasinda yer almaktadir. Hekimler, yiizyillar
boyunca yalnizca yaralari tedavi etmekle kalmamis, ayn1 zamanda cerrahi uygulamalarin vazgegilmez
unsuru olan tibbi aletlerin gelisimine de katki saglamislardir. Bu baglamda tip pratigi, hekimlik bilgisi
ile teknolojik araclarin biitlinliigli iginde degerlendirilmelidir. Bu ¢alismanin amaci, cerrahi tedavilerde
kullanilan teknolojileri analiz etmek ve bu gelismeleri tip tarihi perspektifinden degerlendirmektir.

Antik donemde en bilinen cerrahi uygulamalardan biri trepanasyondur ve bu islem ilkel araglarla
gerceklestirilmistir. Tas ve kemikten yapilan basit bistiiriler zamanla, madenlerin kesfiyle birlikte demir
ve ¢elik aletlere donilismiistiir. Cerrahideki en 6nemli doniim noktalarindan biri ise asepsi—antisepsi
uygulamalar1 ve anestezinin gelistirilmesi olmus; enfeksiyonlarin azalmasiyla ameliyat giivenligi ve sag
kalim oranlar artmistir. Bu gelismeler yalnizca cerrahi aletlerin yeniden sekillenmesini saglamakla
kalmamis, ayn1 zamanda berber-cerrah anlayisindan modern ve profesyonel bir cerrahi disiplinine gegisi
de beraberinde getirmistir. Gliniimiizde ise cerrahi, ileri biyomedikal teknolojiler, robotik sistemler ve
yapay zeka destekli uygulamalarla yeni bir boyut kazanmistir. Bu siireg, cerrahinin tarih boyunca
teknoloji ile birlikte gelisen ve siirekli doniisen bir tip alan1 oldugunu agikg¢a ortaya koymaktadir.

Sonug olarak, ilkel bistiirilerle yola ¢ikan hekimler glinlimiizde ileri teknolojik cihazlarin destegiyle
cerrahi uygulamalarini gergeklestirmektedir. Bu doniisiim, cerrahinin yalnizca teknik bir uygulama alan
olmadigini; ayni zamanda bilimsel bilgi birikimi, teknolojik yenilikler ve toplumsal ihtiyaglar
dogrultusunda sekillenen dinamik bir disiplin oldugunu gdstermektedir. Nitekim cerrahi uygulamalarin
gelisimi temelde bir gereksinimden dogmustur. Hastasini tedavi etme amaciyla, drnegin kafatasindan
bir parcanin ¢ikarilmasi gibi girisimlere ihtiya¢ duyan hekimler, bu miidahaleleri gerceklestirebilmek
icin ilk cerrahi aletleri gelistirmek zorunda kalmigtir. Bu baglamda; cerrahi teknolojilerin tarihsel
baglamda analizi, gliniimiiz uygulamalarinin daha da anlasilmasina ve gelecekteki uygulamalara 6ngori
saglamasina katki saglayacaktir.

Anahtar Kelimeler: Cerrahi tarihge, minimal invaziv cerrahi, robotik cerrahi, tip tarihi
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ABSTRACT

Surgical procedures are among the oldest treatment methods in medical history. Over the centuries,
physicians have not only treated wounds but also contributed to the development of medical instruments,
which are an indispensable part of surgical procedures. In this context, medical practice should be
evaluated within the integrity of medical knowledge and technological tools. The aim of this study is to
analyze the technologies used in surgical treatments and to evaluate these developments from a medical
history perspective.

One of the most well-known surgical procedures in ancient times was trepanation, which was performed
with primitive tools. Simple scalpels made of stone and bone eventually evolved into iron and steel
instruments with the discovery of metals. One of the most important turning points in surgery was the
development of asepsis—antisepsis practices and anesthesia; with the reduction of infections, surgical
safety and survival rates increased. These developments not only reshaped surgical instruments but also
brought about the transition from the barber-surgeon concept to a modern and professional surgical
discipline. Today, surgery has taken on a new dimension with advanced biomedical technologies, robotic
systems, and artificial intelligence-supported applications. This process clearly demonstrates that
surgery is a field of medicine that has developed and continuously transformed alongside technology
throughout history.

As a result, physicians who began with primitive scalpels now perform surgical procedures with the
support of advanced technological devices. This transformation demonstrates that surgery is not merely
a technical field of practice; it is also a dynamic discipline shaped by scientific knowledge, technological
innovations, and societal needs. Indeed, the development of surgical procedures has fundamentally
stemmed from necessity. Physicians who needed to perform procedures such as removing a piece of the
skull in order to treat their patients had to develop the first surgical instruments to carry out these
interventions. In this context, analyzing surgical technologies in their historical context will contribute
to a better understanding of today's practices and provide insight into future applications.

Keywords: History of surgery, minimally invasive surgery, robotic surgery, history of medicine
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GENEL ANESTEZi SONRASI GORULEN NADIR BiR NOROLOJIiK KOMPLIKASYON
OLARAK AKUT RiTMIK LINGUAL DiSTONi: OLGU SUNUMU

ACUTE RHYTHMIC LINGUAL DYSTONIA AS A RARE NEUROLOGICAL COMPLICATION
AFTER GENERAL ANESTHESIA: CASE REPORT

Dr. Levent OZDEMIR

Mersin Universitesi Tip Fakiiltesi, Anesteziyoloji ve Reanimasyon Anabilim Dali, Mersin, Tiirkiye

OZET

Giris: Akut distonik reaksiyon (ADR) genellikle ilag, norolojik hastalik zemini veya serebral anoksi
gibi tetikleyici bir duruma maruz kaldiktan sonra ortaya ¢ikan, istemsiz kas hareketleriyle karakterize
hareket bozukluklaridir. Etkilenen spesifik kas gruplarina gore distonik reaksiyonun tiirii belirlenir. Bu

olguda, genel anestezi sonrasi nadir goriilen akut lingual distoni vakasinin sunulmasi amaglanmaktadir.

Olgu: Olgunun sunumu igin hastadan bilgilendirilmis yazili onam alindi. 76 yasindaki 73 kg erkek
hastaya genel cerrahi tarafindan kolelithiyazis nedeniyle elektif sartlarda laparoskopik kolesistektomi
cerrahisi planlandi. Hastanin bilinen komorbiditesi olarak sadece hipertansiyon mevcut idi ve diizenli
antihipertansif medikasyon almakta idi. Hasta preoperatif risk degerlendirmesinde ASA 2 fiziksel skor
aldi. Preoperatif vital bulgulart normal smirlarda olan hastaya anestezi indiiksiyonu i¢in propofol
2mg/kg, fentanyl 1 mcg/kg ve rokiironyum 0.6 mg/kg dozunda uygulandi. Balon-maske ile 3 dk
stiresince sorunsuz ventile edilen hasta 8.0 numara kafli endotrakeal tiip ile entiibe edildi. Anestezi
idamesi ise %50 02-%50 N,O ve %6 Desfluran ile saglandi. Toplam cerrahi siire 70 dk siirdii ve
cerrahinin bitiminden 20 dk once hastaya 1 gr parasetamol intravendz infiizyon seklinde uygulandi.
Noromuskiiler blok, spontan solunum eforu goriildiikten sonra atropin (0.015 mg/kg) ve neostigmin
(0.05 mg/kg) ile reverse edildi ve hasta sorunsuz sekilde ekstiibe edildi. Postoperatif derlenme iinitesine
¢ikarilan hastanin vital bulgular stabil ve bilinci agik idi. Derlenme {initesine ¢ikarildiktan birkag¢ dakika
sonra agiz agik, dili disarida ve ritmik sekilde dairesel hareket ettigi gozlendi. Hasta yaptig1 hareketin
bilincinde degildi ve sozIii uyar ile dil hareketini anlik durdurabiliyordu, devaminda ise dilini tekrar
dudaklarina dokunduracak sekilde dairesel hareketler devam etti. Yaklasik 3-4 dk siiresince devam eden
bu akut lingual distonik hareketler sézel miidahaleler disinda herhangi bir farmakolojik miidahale
olmadan spontan sekilde once azaldi ve devaminda ise tamamen kesildi. Hastaya bu hareketi
soruldugunda kendisinin bilerek yapmadigin1 ve olayr da hatirlamadigini ifade etti. Takiplerinde

distonik hareketleri tekrarlamayan hasta postoperatif 2. giin taburcu edildi.

Tartisma ve Sonuc¢: Cerrahiye alinan hastalarda cogunlukla birden fazla genel anestezik ajan

maruziyeti mevcuttur. Bir¢ok raporda, genel anestezik ajanlar kaynakli ADR’ler diger sebeplere gore
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cok daha nadir goriilmektedir. Bu anestezi ajanlara bagli ADR'nin olas1 mekanizmasi teorik olarak,
bazal gangliyon devresindeki dopaminerjik ve kolinerjik ndrotransmisyon arasindaki dengesizlik ile
aciklanmaktadir. Tedavi segenekleri arasinda literatiirde difenhidramin, benztropin ve prosiklidin gibi
antikolinerjikler ile diazepam ve midazolam gibi benzodiazepinler yer almaktadir. Olgumuzda oldugu

gibi, bazt ADR’lerin ise spontan kaybolabilecegi de akilda tutulmalidir.

Anahtar kelimeler: lingual distoni, genel anestezi, nérolojik komplikasyon
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ABSTRACT

Introduction: Acute dystonic reaction (ADR) is a movement disorder characterized by involuntary
muscle movements that typically occur after exposure to a triggering factor such as medication, an
underlying neurological disease, or cerebral anoxia. The type of dystonic reaction is determined by the
specific muscle groups affected. This case aims to present a rare instance of acute lingual dystonia

following general anesthesia.

Case: Written informed consent was obtained from the patient for presentation of the case. A 76-year-
old and 73 kg male patient was scheduled for elective laparoscopic cholecystectomy by general surgeon
for cholelithiasis. The only known comorbidity was hypertension, for which he was taking regular
antihypertensive medication. The patient’s preoperative risk assessment yielded an ASA physical status
score of 2. With preoperative vital signs within normal limits, anesthesia induction was performed with
propofol 2 mg/kg, fentanyl 1 mcg/kg, and rocuronium 0.6 mg/kg. The patient was ventilated without
difficulty by bag-mask for 3 minutes and was intubated with an 8.0 mm internal diameter endotracheal
tube. Anesthesia was maintained with 50% 0,—50% N>O and 6% desflurane. The total surgery time was
70 minutes, and 1 gram of paracetamol was administered to the patient intravenously as an infusion 20
minutes before the end of the surgery. The neuromuscular blockade was reversed with atropine (0.015
mg/kg) and neostigmine (0.05 mg/kg) after the return of spontaneous respiratory efforts, and the patient
was extubated uneventfully. In the postoperative recovery unit, the patient’s vital signs were stable and
he was conscious. A few minutes after arrival to the recovery unit, he was observed with his mouth
open, tongue protruding, performing rhythmic circular movements. The patient was not aware of the
movement and could momentarily stop the tongue movement with verbal prompting, after which the
circular movement resumed, causing the tongue to touch his lips. These acute lingual dystonic
movements continued for approximately 3-4 minutes and then spontaneously diminished and ceased
completely without any pharmacological intervention beyond verbal prompting. When asked, the patient
told that he had not performed the movement intentionally and did not remember the event. The patient
experienced no recurrence of dystonic movements during follow-up and was discharged on

postoperative day 2.

Discussion: Patients undergoing surgery are often exposed to multiple general anesthetic agents. In
many reports, ADRs caused by general anesthetic agents are seen less frequently than those from other
causes. The possible mechanism for ADRs related to these anesthetic agents is theoretically explained
by an imbalance between dopaminergic and cholinergic neurotransmission within the basal ganglia
circuitry. Treatment options reported in the literature include anticholinergics such as diphenhydramine,
benztropine, and procyclidine, as well as benzodiazepines such as diazepam and midazolam. It should

be kept in mind that some ADRs, as in our case, may resolve spontaneously.

Keywords: lingual dystonia, general anesthesia, neurological complication
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IKLiM DEGIiSIiKLiGi BAGLAMINDA KENTSEL DAYANIKLILIK VE KIRILGANLIK
ILiSKiSi: KENTSEL DONUSUM UZERINDEN KURAMSAL BiR DEGERLENDiRME
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OZET

Iklim degisikliginin artan etkileriyle kentler, ¢ok boyutlu risklerle kars1 karstya kalmaktadir. Asirt
hava olaylari, sel, kuraklik, sicaklik artiglar1 gibi iklim afetleri, kentlerin ekonomik, sosyal ve
fiziksel yapilari lizerinde 6nemli etkiler yaratmaktadir. Bu baglamda kentsel dayaniklilik, kentlerin
karsilagtiklar1 soklar/tehlikeler karsisinda islevlerini siirdiirebilme, uyum saglayabilme ve
doniigsebilme kapasitesini ifade eden bir yaklagimdir.

Kentsel dayaniklilik, 1970’li yillarda ekoloji literatiiriinde ortaya ¢ikmig ve zamanla kentsel
caligmalara uyarlanarak ¢ok boyutlu bir kavrama doniigmiistiir. Giiniimiizde kentsel dayaniklilik;
ekonomik, sosyal, fiziksel boyutlar1 kapsayan biitiinciil bir ¢ercevede ele alinmakla birlikte kentsel
dayaniklilig1 etkileyen afet risklerinin olugumunun yalnizca tehlikenin varligi ile degil; maruz
kalma ve kirilganlik kosullarmin etkilesimi ile de iligkili oldugu bilinmektedir. Kentin sundugu
olanaklar ya da kosullar bu etkilesimin derecesini belirlemektedir.

Kentsel politikalar, uzun vadeli etkileri nedeniyle kentlerin iklim degisikligiyle miicadelesinde ve
karar alma siireclerinde kritik bir role sahiptir. Azaltim ve uyum hedeflerine ulasmak ve ayni
zamanda dayaniklilig1 arttirmak {izere mevcut kentsel alanlara miidahale bi¢imlerini tanimlamak
icin kentsel politikalar biiylik onem tasimaktadir. Hizli ve c¢ofu zaman plansiz olarak
gerceklestirilen kentlegme siireci kentlerin iklim degisikligine karsi kirilganligini arttirmaktadir. Bu
durum mevcut kentsel politikalarin iklim degisikligi baglaminda yeniden degerlendirilmesini
gerektirmektedir. Kentsel doniisiim siirecleri bu noktada 6zellikle kirilgan bolgeler i¢in dnemli bir
arag olarak on plana ¢ikmakta; doniisiimiin tek boyutlu olarak ele alinmasi ise yeni kirtlganliklarin
iiretilmesine sebep olmaktadir.
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Bu ¢alismanin amaci, kirilganlik ve dayanikliligin tiimiiyle karsit bir iligskisinin olmadigini, ¢ok
katmanli bir etkilesim igerisinde oldugunu ve kentsel politikalarin bu kirilganliklar1 azaltma,
besleme ve yeni kirilganliklar iretme potansiyelini ortaya koymaktir. Calismada kentsel
dayaniklilik ekonomik, sosyal ve fiziksel boyutlar1 {izerinden agiklanacak ve kentsel doniisiim
uygulamalarinin bu boyutlarla iligkisi ile kentsel dayaniklilifi artirmadaki rolii tartigilacaktir.
Kentsel doniisiimiin, yalnizca fiziksel yenileme odakli miidahalelerle sinirli kalmasinin iklim
afetlerine biitlinclil bir dayaniklilik iiretmekte yetersiz kalacagi vurgulanacak, kentsel doniisiim
stireglerinin iklim degisikligi ile miicadelede nasil etkin ve stratejik bir stire¢/mekanizma olarak
degerlendirilebilecegi ortaya konulacaktir.

Anahtar Kelimeler: Kentsel Dayaniklilik, Iklim Degisikligi, Kentsel Doniisiim, Afet Riski
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ABSTRACT

Climate change has increasingly exposed cities to multidimensional risks in recent years. Climate-
related hazards such as extreme weather events, floods, droughts, and rising temperatures have
significant impacts on the economic, social, and physical structures of cities. In this context, urban
resilience has emerged as an important approach that refers to the capacity of cities to maintain
their functions, adapt, and transform in the face of shocks.

The concept of urban resilience first emerged in the ecological literature in the 1970s and gradually
evolved into a multidimensional concept through its adaptation to urban studies. Today, urban
resilience is addressed within a holistic framework encompassing economic, social, and physical
dimensions. However, the formation of disaster risks in cities is not determined solely by the
presence of hazards; it is also related to the interaction between exposure and vulnerability
conditions. The opportunities and conditions provided by the city determine the positive or negative
degree of this interaction.

Urban policies play a significant role in cities’ struggle with climate change and in decision-making
processes due to their long-term impacts. They are crucial for defining intervention approaches in
existing urban areas in order to achieve mitigation and adaptation goals and to enhance resilience.

Rapid and often unplanned urbanization processes increase the vulnerability of cities to climate
change. This situation necessitates the reconsideration of existing urban policies within the context
of climate change. Urban transformation processes, in this regard, emerge as an important tool,
particularly for vulnerable areas. However, addressing transformation in a one-dimensional manner
may lead to the production of new vulnerabilities rather than serving as a resilience-enhancing tool.
The capacity of urban transformation to generate resilience depends on adopting a holistic
approach.

This study aims to examine the theoretical relationship between urban resilience, vulnerability, and
urban transformation. While these concepts are often treated as opposites in the literature, this study
argues that vulnerability and resilience are not entirely contradictory but rather exist within a
multilayered interaction. Vulnerabilities within different dimensions of urban systems have the
potential to reinforce each other and generate new forms of vulnerability. At the same time,
resilience can be understood as the capacity to reduce these vulnerabilities, adapt to changing
conditions, and enable transformation when necessary.

Within this framework, the study discusses urban resilience through its economic, social, and
physical dimensions and examines the relationship between urban transformation practices and
these dimensions in terms of their potential to produce urban resilience. It emphasizes that limiting
urban transformation solely to physical renewal interventions may be insufficient to generate
holistic resilience against climate-related disasters and therefore evaluates urban transformation
processes from a comprehensive perspective.

Keywords: Urban Resilience, Climate Change, Urban Regeneration, Disaster Risk
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YARATICI SES SENTEZI iCIN DERIN OGRENME: ELEKTRIK GITARIN NEY TINISINA
DONUSTURULMESI
ACUTE RHYTHMIC LINGUAL DYSTONIA AS A RARE NEUROLOGICAL COMPLICATION
AFTER GENERAL ANESTHESIA: CASE REPORT
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Bilgisayar Miihendisligi Boliimii, Bolu Abant izzet Baysal Universitesi, Bolu, TURKIYE
* Sorumlu yazar
Daimi adres: Bilgisayar Miihendisligi Boliimii, Oda: 335, Bolu Abant izzet Baysal Universitesi, Bolu,
TURKIYE
https://orcid.org/0009-0000-0097-4989

OZET

Bu calisma, elektro gitarin sesini ney enstriimaninin akustik 6zelliklerine donistiirmek igin derin
O0grenme tabanli bir yaklasim oOnermektedir. Miizik endiistrisinde {iiretken yapay zekanin hizla
yayilmasiyla birlikte, tin1 aktarim1 ve ses sentezi iizerine yapilan arastirmalar 6nemli 6l¢iide artmistir;
Ancak, mevcut ¢caligmalarda gitar ve ney gibi kiiltiirel ve akustik olarak birbirinden farkli iki enstriiman
arasindaki tini1 doniisiimiine deginilmemistir. Bu bosluktan yola gikarak, U-Net tabanli kosullu iiretken
diisman ag mimarisine, Alt Piksel Evrisimi ve PatchGAN bilesenleri eklenerek bir model tasarladik.
Onerilen model, gitar sinyallerinin zaman-frekans siirekliligini ve perde biitiinliigiinii korurken, ney'e
0zgli spektral yapiyr sentezlemeyi amaglamaktadir. Deneysel sonuglar, modelin karmasik akustik
kaliplar1 etkili bir sekilde yakaladigini ve ney'in tim 6zelliklerini dogru bir sekilde yeniden iirettigini
gostermektedir. Literatiirde ilk kez derin 6grenme ¢ergevesinde gitar-ney tin1 doniisiimiinii tanitan bu
caligma, yaratict miizik iiretimi ve dijital enstriiman tasarimi i¢in yeni bir arastirma yonii sunmaktadir.
Bulgular, kiiltiirel agidan énemli enstriimanlarin dijital olarak yeniden iiretilebilirligini genisletmekte
ve miizik teknolojilerinde ifade cesitliligini artirma potansiyelini vurgulamaktadir.

Anahtar Kelimeler: Ses-ses c¢evirisi, Tim1 aktarimi, Gitar-ney sentezi, Kosullu GAN, Alt piksel
evrigimi

ABSTRACT

This study proposes a deep learning—based approach for transforming the sound of an electric guitar
into the acoustic characteristics of the ney instrument. With the rapid expansion of generative artificial
intelligence in the music industry, research on timbre transfer and sound synthesis has increased
significantly; however, no existing work has addressed timbre transformation between two culturally
and acoustically distinct instruments such as the guitar and the ney. Motivated by this gap, we design a
U-Net-based conditional generative adversarial network architecture enhanced with Sub-Pixel
Convolution and PatchGAN components. The proposed model aims to synthesize the spectral structure
specific to the ney while preserving the time—frequency continuity and pitch integrity of the guitar
signal. Experimental results show that the model effectively captures complex acoustic patterns and
accurately reproduces the timbral characteristics of the ney. By introducing guitar-to-ney timbre
transformation within a deep learning framework for the first time in the literature, this study offers a
new research direction for creative music production and digital instrument design. The findings expand
the digital reproducibility of culturally significant instruments and highlight the potential to increase
expressive diversity in music technologies.

Keywords: Audio-to-audio translation, Timbre transfer, Guitar-to-ney synthesis, Conditional GAN,
Sub-pixel convolution
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YEREL DIiJITAL SOYLEMIN DUYGU VE TEMA ACISINDAN ANALIZi: ARTVIN iLi
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OZET

Sosyal medya ve ¢evrimici yorum platformlari, bireylerin yasadiklari ¢evreye, yerel hizmetlere ve
giindelik yasam deneyimlerine iliskin goriislerini dogal bigimde yansitan 6nemli veri kaynaklaridir.
Bu calisma, Artvin’e iliskin sosyal medya yorumlarinin duygu egilimini ve tematik yapisini ¢ok
platformlu bir veri kiimesi iizerinden incelemeyi amaglamaktadir. Arastirma kapsaminda
Facebook, Twitter, TikTok, Google Maps, Instagram ve YouTube platformlarindan elde edilen
yorumlar analiz edilmigtir. Veri 0n isleme siirecinde anlamsiz, ¢ok kisa ve yinelenen igerikler
temizlenmis; ardindan yorumlar Tiirk¢e metinler i¢in uygun BERT tabanli bir model kullanilarak
negatif, notr ve pozitif olarak siniflandirilmistir. Calismada ayrica duygu dagilimimmin zaman
icindeki goriinlimiinii degerlendirmek amactyla zamansal inceleme yapilmis, yorumlarin igerik
yapisint ortaya koymak igin ise BERTopic temelli konu modelleme yaklasimi kullanilmigtir.
Bulgular, Artvin’e iliskin dijital sdylemde negatif yorumlarin daha baskin oldugunu
gostermektedir. Tematik bulgular, olumsuz iceriklerin ulasim, altyapi, ekonomik sorunlar ve yerel
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hizmetler etrafinda yogunlastigini; olumlu igeriklerin ise dogal giizellikler, memnuniyet ifadeleri
ve iyi dilek sylemleri gevresinde toplandigini ortaya koymaktadir. Sonug olarak ¢alisma, sosyal
medya verilerinin yerel diizeyde kamusal algiyr ve 6ne ¢ikan tartisma alanlarini izlemek icin

anlamh bir kaynak sundugunu gostermektedir.
Anahtar Kelimeler: Artvin, sosyal medya, duygu analizi, konu modelleme, BERTopic, dijital
sOylem

ABSTRACT

Social media and online review platforms are important data sources that naturally reflect
individuals’ opinions about their living environment, local services, and everyday life experiences.
This study aims to examine the sentiment tendency and thematic structure of social media
comments related to Artvin through a multi-platform dataset. Within the scope of the research,
comments obtained from Facebook, Twitter, TikTok, Google Maps, Instagram, and YouTube were
analyzed. During the data preprocessing stage, meaningless, very short, and duplicate contents were
removed. The comments were then classified as negative, neutral, or positive using a BERT-based
model suitable for Turkish texts. In addition, a temporal analysis was conducted to evaluate the
distribution of sentiments over time, and a BERTopic-based topic modeling approach was
employed to reveal the thematic structure of the comments. The findings indicate that negative
comments are more dominant in the digital discourse related to Artvin. The thematic results show
that negative content is concentrated around transportation, infrastructure, economic problems, and
local services, whereas positive content is clustered around natural beauty, expressions of
satisfaction, and goodwill messages. Overall, the study demonstrates that social media data provide
a meaningful resource for monitoring public perception and prominent discussion topics at the local
level.

Keywords: Artvin, social media, sentiment analysis, topic modeling, BERTopic, digital discourse
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DEEP REINFORCEMENT LEARNING FOR AOI MINIMIZATION WITH RELIABLE DATA
COLLECTION IN UAV-ASSISTED 10T NETWORKS

Dr. Bilge Kagan DEDETURK
Erciyes University, Faculty of Engineering, Department of Software Engineering, Kayseri, Tiirkiye

ORCID: 0000-0002-8026-5003

ABSTRACT

In Unmanned Aerial Vehicle (UAV)-assisted IoT networks, minimizing the Age of Information (Aol)
requires jointly optimizing UAV trajectories and visiting schedules across spatially distributed IoT nodes.
Error control methods such as Automatic Repeat Request (ARQ) and Forward Error Correction (FEC)
improve communication reliability but introduce additional delay and energy overhead that directly affect
Aol. Conventional metaheuristic approaches require running the full optimization for each new problem
instance, which limits their applicability in time-critical or dynamic scenarios. To overcome this limitation,
this study proposes an attention-based deep reinforcement learning (DRL) approach for Aol minimization
under reliable communication constraints. The model encodes spatial relationships among IoT nodes and
constructs UAV routes step by step, while accounting for error control overhead and height-dependent
channel conditions during route planning. The training process uses problem instances of varying sizes,
which enables the model to generalize across different network scales without retraining. Unlike
metaheuristic methods that search from scratch for every instance, the trained DRL model generates near-
optimal solutions in a single step that reduces computation time from minutes to milliseconds. This makes
the approach suitable for online trajectory planning where rapid re-routing is needed in response to node
failures, changing channel conditions, or changing network topologies.

Keywords: Age of Information, Unmanned Aerial Vehicle, IoT, Deep Reinforcement Learning, Reliable
Communication
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OZET

Tip 2 diyabet, uzun siireli bakim ve diizenli izlem gerektiren kronik bir hastaliktir. Bu siirecte hemsireler,
bireyin 6z yonetim becerilerini gelistirmede ve es destegini bakim siirecine dahil etmede dnemli bir role
sahiptir. Bu aragtirma, Tip-2 diyabetli bireylerde es destegi ile diyabet 6z yonetimi arasindaki iliskiyi
belirlemek amaciyla yapilmistir. Tanimlayici ve iliski arayici tipteki arastirma, Rize ili lyidere
ilcesindeki bir Aile Sagligi Merkezi’'ne bagvuran Tip-2 diyabet tanili bireylerle yiiriitiilmiistiir.
Aragtirma, 01 Subat 2025-01 Aralik 2025 tarihleri arasinda, etik kurul ve kurum onay1 alindiktan sonra
yiiz yiize goriisme ydntemiyle gerceklestirilmistir. Orneklemi 232 birey olusturmustur. Veriler,
Tammlayic1 Bilgi Formu, Es Destek Olcegi (EDO) ve Diyabet Oz Yo6netim Skalas1 (DOY S) kullanilarak
toplanmistir. Verilerin analizinde SPSS 22.0 programu ile tanimlayic istatistikler, t-testi, ANOVA,
Pearson korelasyon ve dogrusal regresyon analizleri uygulanmistir. Es destegi ile diyabet 6z yonetimi
arasinda pozitif ve anlamli bir iligki bulunmustur (r=0.381; p<0.001). Regresyon analizine gore es
destegi, diyabet 6z ydnetiminin anlamli bir yordayicisidir (R?>=0.141). Tip-2 diyabetli bireylerde es
destegi arttikca diyabet 6z yoOnetimi diizeyi yiikselmektedir. Diyabet bakiminda es katilimim

destekleyen aile temelli egitim ve danismanlik programlar1 onerilmektedir.

Anahtar Kelimeler: Diyabet 6z yonetimi, Es destegi, Hemsirelik, Sosyal destek, Tip-2 diyabet.
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ABSTRACT

Type 2 diabetes is a chronic disease that requires long-term care and regular follow-up. In this process,
nurses play a crucial role in enhancing individuals’ self-management skills and integrating spousal
support into the care process.This study was conducted to determine the relationship between spousal
support and diabetes self-management in individuals with type 2 diabetes.This descriptive and
correlational study was carried out with individuals diagnosed with type 2 diabetes who applied to a
Family Health Center in the Iyidere district of Rize province. The study was conducted between
February 1, 2025, and December 1, 2025, after obtaining ethical committee approval and institutional
permission, using a face-to-face interview method. The sample consisted of 232 individuals. Data were
collected using the Descriptive Information Form, the Spousal Support Scale (SSS), and the Diabetes
Self-Management Scale (DSMS). Data analysis was performed using SPSS version 22.0, and descriptive
statistics, independent samples t-test, one-way analysis of variance (ANOVA), Pearson correlation, and
linear regression analyses were applied.A positive and statistically significant relationship was found
between spousal support and diabetes self-management (r = 0.381; p < 0.001). According to regression
analysis, spousal support was a significant predictor of diabetes self-management (R* = 0.141).The
findings indicate that as spousal support increases, the level of diabetes self-management also increases
in individuals with type 2 diabetes. Family-based education and counseling programs that promote

spousal involvement in diabetes care are recommended.

Keywords: Diabetes self-management, Spousal support, Nursing, Social support, Type 2 diabetes.
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FINDIKTA HiSTOLOJiK AYRIM PERiYODUNUN BELiRLENMESi VE KARANFIL
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HISTOLOGICAL DETERMINATION OF FLOWER BUD DIFFERENTIATION PERIOD
AND FEMALE FLOWER FORMATION IN HAZELNUT
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OZET

Bu caligma, Kara, Palaz ve Tombul findik ¢esitlerinde verim, fizyolojik ve morfolojik gelisim
stirecleri arasindaki iliskileri inceleyerek disi cigek farklilagmasini histolojik olarak analiz
etmektedir. Caligmada, cesitlere bagl olarak 15 Temmuz ile 21 Agustos tarihleri arasinda
gergeklesmis ve toplam tomurcuklarin karanfile doniisiim oraninin %13,18 ile %41,65 araliginda
oldugu belirlenmistir. Toplam c¢otanak sayisinin 21.222 ile 105.000 adet, haziran dokiimii kayip
oraninin ise %14,36 ile %31,92 arasinda degistigi tespit edilmistir. Sonu¢ olarak, karanfil
doneminden oOnce yapilacak mikroskobik c¢aligmalarla verim potansiyelinin erkenden

belirlenebilecegi ortaya konulmustur.
Anahtar Kelimeler: Findik, morfolojik ayrim, karanfil

ABSTRACT

This study histologically analyzes female flower differentiation by examining the relationships
between yield, physiological, and morphological developmental processes in Kara, Palaz, and
Tombul hazelnut cultivars. The differentiation period, depending on the cultivar, occurred between
15 July and 21 August, and the conversion rate of total buds into female flowers ranged from
13.18% to 41.65%. The total number of clusters ranged from 21,222 to 105,000, while the June
drop loss rate ranged from 14.36% to 31.92%. In conclusion, it was demonstrated that the yield
potential can be determined at an early stage through microscopic examinations conducted before
the female flowering stage.

Keywords: Hazelnut, morphological differentiation, female flower
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YABAN DOMUZUNDA (SUS SCROFA) DiLiN ARTERYEL
VASKULARIZASYONUNUN TARAMALI ELEKTRON MiKROSKOBU (SEM) iLE
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SCANNING ELECTRON MICROSCOPY (SEM) INVESTIGATION OF ARTERIAL
VASCULARIZATION OF THE TONGUE IN WILD BOAR (SUS SCROFA)
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Tiirkiye
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OZET

Bu calismada, yaban domuzu (Sus scrofa) dilinin mikrovaskiiler organizasyonunun ve bolgesel
vaskiiler adaptasyonlarinin korozyon kast yontemi ve Taramali Elektron Mikroskobu (SEM)
kullanilarak morfometrik olarak ortaya konulmasi amacglanmigtir. Calismada kullanilan
materyaller, yazarin yaban domuzunda géziin damarlasmasi {izerine yliriittiigli 216S289 numarali
“Yaban Domuzunda Bulbus Oculinin Fonksiyonel Mikrovaskuler Anatomisi: Bir Taramali
Elektron Mikroskobu (SEM) Calismasi1”, adl1 1002 - Hizli Destek Programi tarafindan desteklenen
doktora tezi kapsaminda temin edilen kafalardan elde edilmistir. Elde edilen kafalarda uygun
diseksiyon yontemleri ile arteria carotis communis’ler bulunmus, damar i¢inde kalan kan perfiize
edilmis ve bu damarlardan korozyon kast protokollerinde belirtilen doz ve basingta metilmetakrilat
enjeksiyonu yapilmistir. Diller %10’luk KOH soliisyonunda bekletilerek kast etrafindaki dokularin
erimesi saglanmig, elde edilen kastlar altin ile kaplanarak Sivas Cumhuriyet Universitesi Ileri
Teknoloji Arastirma ve Uygulama Merkezi’nde bulunan MIRA3 TESCAN marka taramali
elektron mikroskobunda incelenmistir. Dilin ii¢ ana bdlgesinde (apex, corpus, radix) spesifik
vaskdiler paternler saptanmistir. Apex linguae bolgesinde damar aginin maksimum yogunlukta, stk
anastomozlu ve kisa terminal ilmeklerden olustugu; kapiller birimlerin ¢aplarinin 6.39um ile
8.02um arasinda degistigi dlciilmiistiir. Corpus linguae'de damarlarin daha dogrusal ve hiyerarsik
bir seyir izledigi, mekanik papillalar1 besleyen damarlarin daha paralel bir dizilim sergiledigi
goriilmistiir. Radix linguae bolgesinde ise en genis ¢apli ana arteriyel govdeler (22.22pum
seviyesinde) ve yutkunma hareketlerine uyum saglayan yiiksek vaskiiler kivrimlilik (tortuosity)
karakterize edilmistir. Yiiksek biiyiitmeli goriintiilerde (2.00kx), damar kastlar1 iizerinde endotel
hiicre g¢ekirdeklerinin biraktigi izler (nuclear impressions) net bir sekilde gézlemlenmistir. Bu
bulgular, yaban domuzu dilindeki vaskiiler organizasyonun bdlgesel mekanik ve duyusal
fonksiyonel ihtiyaglara gore optimize edildigini kanitlamaktadir.

Anahtar Kelimeler: Yaban domuzu, Dil, Vaskiilarizasyon, SEM, Korozyon kast.
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ABSTRACT

This study aimed to morphometrically elucidate the microvascular organization and regional
vascular adaptations of the wild boar (Sus scrofa) tongue using the corrosion cast method and
Scanning Electron Microscopy (SEM). The materials used in this study were obtained from the
skulls acquired as part of the author's doctoral thesis entitled "Functional Microvascular Anatomy
of the Bulbus Oculi in Wild Boar: A Scanning Electron Microscopy (SEM) Study" (Project No.
216S289), supported by the 1002 - Rapid Support Program. In the obtained skulls, the common
carotid arteries were located using appropriate dissection methods, the remaining blood within the
vessels was perfused, and methyl methacrylate was injected into these vessels at the dose and
pressure specified in the corrosion cast protocols. Tongues were immersed in a 10% KOH solution
to dissolve the surrounding tissues, and the resulting tissues were coated with gold and examined
using a MIRA3 TESCAN scanning electron microscope at the Sivas Cumhuriyet University
Advanced Technology Research and Application Center. Specific vascular patterns were identified
in the three main regions of the tongue (apex, corpus, radix). In the apex linguae region, the vascular
network was found to be of maximum density, consisting of frequently anastomosed and short
terminal loops; the diameters of the capillary units were measured to range from 6.39um to 8.02pm.
In the corpus linguae, the vessels followed a more linear and hierarchical course, with the vessels
supplying the mechanical papillae exhibiting a more parallel arrangement. In the radix linguae
region, the largest diameter main arterial trunks (at the level of 22.22um) and high vascular
tortuosity, adapting to swallowing movements, were characterized. In high-magnification images
(2.00kx), nuclear impressions left by endothelial cell nuclei on vascular casts were clearly
observed. These findings demonstrate that the vascular organization in the wild boar tongue is
optimized according to regional mechanical and sensory functional needs.

Keywords: Wild boar, Tongue, Vascularization, SEM, Corrosion cast.
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ABSTRACT

Gastric intestinal metaplasia (GIM) is a critical precancerous lesion in the progression of gastric cancer,
yet its molecular drivers and targeted therapeutic options remain limited. This study aimed to
characterize the molecular signatures of GIM and identify potential repositioned drug candidates
through an integrative transcriptomic and computational approach. Two RNA-sequencing datasets
(GSE191275 and GSE210993) were integrated to identify 418 common differentially expressed genes
(cDEGs). Functional enrichment analysis revealed that these genes are predominantly involved in
metabolic reprogramming, xenobiotic detoxification, and immune modulation. Multi-layered regulatory
networks, including transcription factor—gene, miRNA—-gene, and protein—protein interactions, were
constructed to identify 31 hub elements. Survival analysis validated 21 of these hub elements, such as
LGALS3, DPP4, BPNTI, and RELA, as having significant prognostic value. Principal Component
Analysis (PCA) further demonstrated that these molecular signatures effectively distinguish GIM from
normal gastric tissues. Based on these signatures, drug repositioning analysis was performed using the
L1000CDS? engine, identifying four candidate compounds: pictilisib, vemurafenib, geldanamycin, and
dinaciclib. Molecular docking simulations revealed that pictilisib exhibited the most favorable and
consistent binding energies across multiple hub targets, suggesting strong multi-target inhibitory
potential. These findings highlight novel diagnostic biomarkers and provide a foundation for precision
prevention strategies and early therapeutic intervention in GIM to mitigate the risk of gastric cancer
progression.

Keywords: Transcriptomics, Diagnostic Biomarkers, Intestinal Metaplasia, Drug Repositioning,
Pictilisib
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OZET

Meyve suyu endiistrisi; yikama, temizlik, sogutma gibi iiretim agamalarinda yiiksek su tiikketimi ve
buna bagli olarak yogun kirlilik yiikiine sahip atiksu iiretimiyle one ¢ikan sektorlerin basinda
gelmektedir. Literatiirde 1 L {iriin i¢in 3—4 L su tiiketimi bildirilmekte olup, olusan atiksular seker
kaynakli yiiksek kimyasal ve biyolojik oksijen ihtiyac1 (KOI/BOJ) ile karakterize edilmektedir. Bu
calismada, meyve suyu endiistrisi biyolojik aritma ¢ikis sularinin ileri aritma yontemleriyle geri
kazanilarak isletme igerisinde yeniden kullanimi ve siirdiiriilebilir su yoOnetimi stratejileri
arastirilmistir.

Calisma kapsaminda, DuPont WAVE (v1.82) yazilimi kullanilarak biyolojik aritim ¢ikisindan su
geri kazanimi i¢in membran prosesleri tasarlanmis; isletme kosullarinin su kalitesi, enerji tilketimi
ve maliyet lizerindeki etkileri degerlendirilmistir. Bu dogrultuda 2 farkli senaryo uygulanmistir;
dogrudan Nanofiltrasyon (NF90 ve NF270), ve Ultrafiltrasyon (UF) 6n aritimin takip eden Ters
Osmoz (BW30XFRLE ve Fortilife XC70). Tasarlanan sistemlerde sicaklik (10°C - 30°C) ve su
geri kazanim oranlarinin (%20 - %80), enerji tiiketimi (SEC), aki (flux) ve su kalitesi (TDS, TOC)
iizerindeki etkileri karsilastirilmistir. Konsantre akimlarin uygunlugu ISKI desarj limitleri ile;
permeat kullanim uygunlugu ise sogutma suyu ve CIP suyu kriterleri ile kiyaslanmistir.

Yapilan simiilasyonlar sonucunda artan igletme sicakliginin tiim membran tiirlerinde besleme
basincini ve enerji tiikketimini diisiirdiigii, ancak tiriin suyu kalitesinde (TDS ve TOC gegisinde artis)
diisiise neden oldugu saptanmustir. Fortilife XC70 membrani, en yiiksek TDS giderme verimiyle
sogutma suyu kriterlerini karsilayan tek segcenek olurken, en yiiksek yillik enerji maliyetine sahip
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oldugu belirlenmistir. Temizleme suyu gereksinimleri i¢cin BW30XFRLE, uygun kaliteyi daha
diisiik maliyetle saglayarak ekonomik bir alternatif sunmustur. NF270 diisiik SEC avantaji
saglarken, NF90 yiiksek giderim verimiyle one ¢ikmustir.

Sonug olarak ¢aligsma, meyve suyu endiistrisinde biyolojik aritim sonrasi membran prosesleriyle su
geri kazaniminin gevresel yiikleri ve isletme maliyetlerini azaltabilecegini gostermektedir. Bu
cergevede, suyun hedef kullanimina gore proses kosullarinin belirlenmeli, membran se¢imi
yapilmali ve enerji—maliyet dengesi gozetilerek tasarim netlestirilmelidir.

Anahtar Kelimeler: Meyve suyu endiistrisi, su geri kazanimi, membran prosesleri, nanofiltrasyon,
ters osmoz, ultrafiltrasyon, DuPont WAVE
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ABSTRACT

The fruit juice industry is a major water-consuming sector due to washing, cleaning, and
cooling operations, and it generates wastewater with a high pollution load. The literature
reports 3-4 L of water per 1 L of product, and the wastewater is characterized by high
chemical and biological oxygen demand (COD/BOD) because of its sugar content. This study
investigates the recovery and reuse of biologically treated effluent from the fruit juice
industry using advanced treatment methods and evaluates sustainable water management
strategies.

Membrane processes for water recovery from biological treatment effluent were designed in
DuPont WAVE (v1.82), and the effects of operating conditions on water quality, energy
consumption, and cost were assessed. Two scenarios were applied: direct nanofiltration
(NF90 and NF270) and reverse osmosis after ultrafiltration (UF) pretreatment (BW30XFRLE
and Fortilife XC70). The impacts of temperature (10-30°C) and water recovery (20-80%) on
specific energy consumption (SEC), flux, and permeate quality (TDS, TOC) were compared.
Concentrate streams were evaluated against Istanbul Water and Sewerage Administration
(ISKI) sewer discharge limits, while permeate suitability was assessed using cooling-water
and CIP-water criteria.

Simulations showed that higher operating temperature reduced feed pressure and energy
consumption for all membranes, but deteriorated permeate quality due to increased TDS and
TOC passage. Fortilife XC70 achieved the highest TDS removal and was the only option
meeting cooling-water criteria; however, it had the highest annual energy cost. For CIP water,
BW30XFRLE met quality targets with lower energy cost, making it a more economical option.
NF270 offered a low-SEC advantage, whereas NF90 stood out with higher removal efficiency.

Overall, membrane-based water recovery after biological treatment can reduce
environmental burdens and operating costs in the fruit juice industry. Operating conditions
and membrane selection should be optimized according to the intended reuse while
maintaining an energy-cost balance.

Keywords: Fruit juice industry, water recovery, membrane processes, nanofiltration, reverse
osmosis, ultrafiltration, DuPont WAVE
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SURIYE’DE ENERJi GUVENLIGININ DEGERLENDIRILMESIi: SAVAS ONCESI
KOSULLAR, SAVAS SONRASI ZORLUKLAR VE GELECEGE YONELIK ENERJi
TALEP PROJEKSiYONLARI
ASSESSING ENERGY SECURITY IN SYRIA: PRE-WAR CONDITIONS, POST-WAR
CHALLENGES, AND FUTURE DEMAND PROJECTIONS

Susan VEFAI ZAYAT
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OZET

Suriye enerji sektorii, 2011 yilinda baslayan silahli ¢atismanin ardindan ciddi 6l¢iide kesintiye
ugramig; bu durum enerji altyapisinda genis ¢apl hasara, yakit {iretiminde 6nemli diisiislere ve
uzun siireli elektrik kesintilerine yol agmugtir. Bu c¢aligma, ulusal enerji giivenligi tizerindeki
etkilerini degerlendirmek ve savas sonrasi toparlanma siireci i¢in olasi enerji politikas1 yollarini
ortaya koymak amaciyla Suriye’nin enerji sisteminin catisma oncesi ve sonrasi gelisimini
incelemektedir. Analiz, agirlikli olarak Uluslararasi Enerji Ajans1 (IEA) tarafindan saglanan ikincil
nicel verilere dayanmaktadir. Bu veriler, savas 6ncesi donemden 2023 yilina kadar olan siiregte
yurti¢i enerji iiretimi, toplam enerji arz1 ve kaynaklara gére enerji tiiketimine iliskin gdstergeleri
kapsamaktadir. Analiz sonuglari, yurti¢i enerji iretiminde belirgin bir daralma oldugunu
gostermektedir. Toplam enerji iiretimi 2010 yilinda yaklagik 1.158.623 TJ seviyesindeyken, 2023
yilinda yaklasik 206.193 TJ seviyesine diismiis olup bu durum %80’den fazla bir azalmaya kargilik
gelmektedir. Fosil yakitlar—ozellikle petrol ve dogal gaz—ulusal enerji karmasinda héalen baskin
konumunu korurken, Suriye’nin 6nemli giines ve riizgar potansiyeline ragmen yenilenebilir enerji
kaynaklarinin payr sinirhi kalmaktadir. Savas sonrasi toparlanma kosullarinda gelecekteki enerji
gereksinimlerini degerlendirmek amaciyla, kisi basina enerji tiiketimi ve niifus artig1 verilerine
dayali bir enerji talep projeksiyon modeli gelistirilmistir. Projeksiyon c¢ercevesi, catisma
doneminde gozlenen bastirilmis enerji tiiketimini dikkate alan kalibre edilmis bir toparlanma
egrisini icermektedir. Analiz sonuglari, ekonomik faaliyetlerin yeniden canlanmasi, altyapi
yatirimlarinin artmasi ve niifus biiylimesinin etkisiyle onlimiizdeki on yillarda ulusal enerji
talebinin 6nemli Ol¢lide artabilecegini gostermektedir. Bu degerlendirme, Suriye’nin enerji
portfoyliniin ¢esitlendirilmesi ve yenilenebilir enerji kaynaklarinin yeniden insa stratejilerine
entegre edilmesinin gerekliligini ortaya koymaktadir. Fosil yakit arzinin istikrara kavusturulmasi
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ile yenilenebilir enerji kullanimmin genisletilmesini birlikte iceren dengeli bir doniisiim, savas
sonrast Suriye’de uzun vadeli enerji glivenliginin giiclendirilmesi agisindan kritik bir yol olarak
degerlendirilmektedir.

Anahtar Kelimeler: Enerji giivenligi, catisma sonrasi enetji sistemleri, Suriye enerji sektorti,
enerji talep projeksiyonu, yenilenebilir enerji doniistimii

ABSTRACT

The Syrian energy sector has experienced severe disruption since the outbreak of the armed conflict
in 2011, resulting in extensive infrastructure damage, declining fuel production, and prolonged
electricity shortages. This study examines the evolution of Syria’s energy system before and after
the conflict in order to evaluate its implications for national energy security and to develop potential
pathways for post-war recovery. The analysis relies on secondary quantitative data obtained
primarily from the International Energy Agency (IEA), covering indicators of domestic energy
production, total energy supply, and energy consumption by source from the pre-war period
through 2023. The results reveal a sharp contraction in domestic energy production, which declined
from approximately 1,158,623 TJ in 2010 to about 206,193 TJ in 2023, representing a reduction of
more than 80%. Fossil fuels—particularly oil and natural gas—continue to dominate the national
energy mix, while renewable energy sources remain marginal despite Syria’s significant solar and
wind potential. To evaluate future energy requirements under post-conflict recovery conditions, a
demand projection model based on per-capita energy consumption and population growth was
developed. The projection framework incorporates a calibrated recovery trajectory that accounts
for the suppressed energy consumption observed during the conflict period. Results suggest that
national energy demand could increase substantially over the coming decades as economic activity,
infrastructure reconstruction, and population growth gradually restore underlying consumption
levels. The findings highlight the necessity of diversifying Syria’s energy portfolio and integrating
renewable energy sources into reconstruction strategies. A balanced transition combining fossil-
fuel stabilization with expanded renewable deployment is identified as a critical pathway for
strengthening long-term energy security in post-war Syria.
Keywords: Energy security, post-conflict energy systems, Syria energy sector, energy demand
projection, renewable energy transition
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HARSH-ENVIRONMENT SENSORS

Dr. Selim UNAL

Kastamonu University, Faculty of Engineering and Architecture, Department of Metallurgical
and Materials Engineering, Kastamonu, Tiirkiye
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ABSTRACT

Gas sensors designed for harsh environments must provide high sensitivity, selectivity, and
structural integrity under extreme conditions. These conditions include high temperatures, high
humidity, and exposure to chemically reactive gases. Traditional electronic sensors might fail in
such conditions owing to material degradation or electrical interference. Surface plasmon
resonance (SPR) offers a robust alternative, where an optical transduction mechanism, SPR enables
real-time, label-free detection while remaining resistant to electromagnetic noise. In this study, we
present a surface plasmon-based gas sensor that utilizes a porous thin-film architecture for high-
temperature operation. The sensing layer consists of yttria-stabilized zirconia (YSZ) as an insulator.
YSZ was chosen for its exceptional thermal stability and chemical resistance at temperatures
reaching 400 °C. To excite the surface plasmon modes, we integrated YSZ films onto a plasmonic
gold (Au) layer. The porous nature of YSZ is critical, as it provides a high surface-area-to-volume
ratio, which maximizes analyte—surface interactions and facilitates rapid gas diffusion throughout
the sensing medium. The resulting device demonstrates significant potential for industrial
monitoring and aerospace applications. The combination of the high-temperature resilience of YSZ
and the precise optical sensitivity of SPR creates a stable platform for detecting reactive gases in
environments that were previously considered too hostile for standard sensor technology. This
research provides a pathway for developing next-generation durable, high-performance sensing
devices.

Keywords: Surface Plasmon Resonance (SPR), Harsh-Environment Sensing, Porous Materials,
Thin Films, Yttria-stabilized zirconia (YSZ)
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COMMUNICATION
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OZET

Giiniimiizde ¢evresel sorunlar ve iklim degisikligi iizerine yiiriitlilen tartismalar genis bir sdylem
yelpazesinde ilerlemektedir. Bir ucta yaklasan kiiresel felaket senaryolarint vurgulayan alarmei
anlatilar yer alirken, diger ugta bu risklerin abartildigini savunan elestirel yaklagimlar
bulunmaktadir. Bu iki u¢ arasinda olusan iletisim ortami, kamuoyunun ¢evre sorunlarimi saglikli
bicimde anlamasini zorlastirabilmektedir. Felaket sdylemlerinin yogun bi¢cimde kullanilmasi, kisa
vadede dikkat ¢ekse de uzun vadede umutsuzluk, duyarsizlagsma veya inkar gibi psikolojik ve
toplumsal sonuglar dogurabilmektedir. Ozellikle gengler arasinda giderek daha fazla tartisilan
“iklim kaygis1” bu iletisim bi¢iminin énemli yan etkilerinden biri olarak degerlendirilmektedir.

Tiirkiye Ulusal Ajansi tarafindan yiiriitillen Erasmus+ Programi kapsaminda Avrupa Birligi
tarafindan finanse edilen Dogamn Enerjileri Bizimle: Geng¢ Liderler Cevresel Iletisim ve
Medya Ag baslikli proje kapsaminda hazirlanan bu bildiri, ¢evre iletisiminde felaket anlatisinin
sinirlarini tartigmakta ve daha dengeli bir iletisim modelinin gerekliligini ele almaktadir. Nitel
dokiiman analizi yontemine dayanan c¢alisma, g¢evresel risklerin varligim1 inkar etmeden, bu
risklerin dramatize edilmesinin kamuoyunda yanlis algilar tiretebilecegini savunmaktadir. Medya
ve kamusal tartigmalar ¢ogu zaman dramatik olaylara odaklanmakta; bu durum ise uzun dénemli
verilerin ve ¢ozlim odakli yaklagimlarin arka planda kalmasina yol acabilmektedir. Bu baglamda
cevre iletisiminde veri temelli, elestirel ve ¢oziim odakli bir yaklagimin gelistirilmesi énem
kazanmaktadir.

Bu ¢ergevede e-NetCoM, ¢evre iletisiminde korku merkezli s6ylemler yerine bilimsel veriye dayali
bir yaklasimi tesvik etmeyi amaclamaktadir. Proje; cevre tartismalarinin sloganlar yerine
dogrulanabilir veriler, bilimsel gostergeler ve elestirel diigslinme yontemleri {izerinden
yiriitiilmesini desteklemektedir. Ayrica gevre iletisiminin yalnizca akademik gevrelerde degil,
genis toplum kesimlerinde de anlagilabilir ve erigilebilir bi¢cimde yayginlastirilmasini
hedeflemektedir. Proje kapsaminda farkindalik caligmalari, egitim faaliyetleri ve yerel katilim
mekanizmalari araciligiyla ¢evre sorunlarinin daha rasyonel ve ¢ok boyutlu bigimde ele alinmasi

238



Cukurova International
Congress of Basic and
/ Applied Sciences

© | INTERNATIONAL
ACADEMIC
PLATFORM

tesvik edilmektedir. Calismada, ¢evre iletisiminde felaket anlatisina dayali tek yonlii sdylemlerin
yerine; bilimsel veri, seffaflik, elestirel diisiinme ve ¢6zliim odakli yaklagimlarin 6ne ¢ikarilmasi
gerektigini savunan e-NetCoM c¢iktilarinin s6z konusu nitelikleri haiz oldugu bulgulanmustir.

Anahtar Kelimeler: Erasmus+, e-NetCoM, Cevresel Siirdiiriilebilirlik, Cevre Iletisimi,
Gengler

ABSTRACT

Today, discussions on environmental problems and climate change proceed within a wide spectrum
of discourse. At one end, there are alarmist narratives emphasizing approaching global disaster
scenarios, while at the other end there are critical approaches arguing that these risks are
exaggerated. The communication environment formed between these two extremes may make it
difficult for the public to understand environmental problems in a healthy manner. Although the
intensive use of disaster narratives may attract attention in the short term, in the long term it can
produce psychological and social consequences such as hopelessness, desensitization, or denial.
“Climate anxiety,” which has increasingly been discussed especially among young people, is
considered one of the important side effects of this form of communication.

This paper, prepared within the scope of the project titled Nature's Energies are with Us: Young
Leaders Environmental Communication and Media Network, financed by the European Union
under the Erasmus+ Programme carried out by the Turkish National Agency, discusses the limits
of disaster narratives in environmental communication and addresses the necessity of a more
balanced communication model. Based on the qualitative document analysis method, the study
argues that without denying the existence of environmental risks, dramatizing these risks may
produce misperceptions among the public. Media and public debates often focus on dramatic
events; this situation may lead long-term data and solution-oriented approaches to remain in the
background. In this context, developing a data-based, critical, and solution-oriented approach in
environmental communication becomes important.

Within this framework, e-NetCoM aims to encourage a science-based approach in environmental
communication instead of fear-centered discourses. The project supports conducting environmental
debates through verifiable data, scientific indicators, and critical thinking methods rather than
slogans. It also aims to disseminate environmental communication in an understandable and
accessible manner not only within academic circles but also among broader segments of society.
Within the scope of the project, awareness activities, educational programs, and local participation
mechanisms encourage environmental issues to be addressed in a more rational and
multidimensional way. The study finds that the outputs of e-NetCoM possess these qualities,
advocating that instead of one-sided discourses based on disaster narratives in environmental
communication, scientific data, transparency, critical thinking, and solution-oriented approaches
should be emphasized.

Keywords: Erasmus+, e-NetCoM, Environmental Sustainability, Environmental Communication,
Youth
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PEROVSKITE SOLAR CELL MATERIALS FOR HIGH-EFFICIENCY RENEWABLE
ENERGY CONVERSION

J Prathesha, Preethi L, Raga Surya Harshini D, Rakshita D, Dr. M. Meena

R.M.K. Engineering College, Thiruvallur District, Tamil Nadu, India

ABSTRACT

The increasing need for sustainable energy solutions has accelerated research into advanced
photovoltaic materials with high efficiency and low fabrication cost. This work focuses on the synthesis
and performance evaluation of perovskite-based materials for next-generation solar cells. Perovskite
materials exhibit excellent light absorption, tuneable band gaps, and high charge carrier mobility,
making them promising candidates for efficient solar energy conversion. The proposed study involves
preparation of perovskite thin films using solution-based techniques followed by structural, optical, and
electrical characterization. Device fabrication and photovoltaic performance evaluation will be carried
out to determine power conversion efficiency, stability, and environmental durability. Challenges such
as moisture sensitivity and material degradation will also be addressed through material modification
strategies. The expected outcome is the development of improved perovskite solar cell materials with
enhanced efficiency and stability, contributing to affordable renewable energy technologies and

supporting global sustainability goals.

Keywords: Perovskite Solar Cells, Photovoltaic Materials, Renewable Energy, Thin Films, Energy

Conversion
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ORCHID BIODIVERSITY
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ABSTRACT

Although Ecuador is a quite small country in South America that takes less than 1.5% of the total area of
the continent, it is profoundly blessed with orchid species and diversity. So far in Ecuador are found and
reported over 4400 species of orchids, which places it at the second place of the richest in orchid
biodiversity countries in the world. Only the north neighbor Colombia has slightly more orchid species —
over 4500, but has 4.4 times larger territory. Therefore, Ecuador is considered by many authors as “the
orchid capital of the world”. However, despite this praise and title Ecuador has one of the highest rates of
deforestation destruction of habitats in South America. Such powerful anthropogenic pressure and influence
can be very detrimental and catastrophic for the unique and vulnerable orchid species and populations many

of which are epiphytes dwelling only on the trees.

Ecuador being small country with unstable economy and growing human population struggles to provide
good life standard to its citizens. Such situation affects the ability and willingness of the national and local

authorities and institutions to diverge resources for the protection of the orchid biodiversity.

Among the possible approaches and solutions to such problems was the conception of the private nature
reserves and its first real life implementation for the protection of the orchid biodiversity. Through such
approach was established the first private Orchid Nature Reserve in Ecuador - “El Pahuma”. Where are

protected over 300 orchid species.

In this work are explored and analyzed the success of the “El Pahuma” Orchid Nature Reserve and is
evaluated the feasibility and applicability of such approaches for the protection of orchid biodiversity in

other parts of the country.

Key words: El Pahuma, Ecuador, South America,Orchids, Orchid biodiversity, Orchidaceae,

Bioconservation,.
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ABSTRACT

Drawing on Halliday’s linguistic- stylistics (Halliday, 1964; Halliday, 2002) and more specifically on the
functional structural approach, also called systemic functional linguistics (Halliday & Matthiessen, 2004;
Eggins, 1994/2004, Bloor & Bloor, 2004); Koussouhon, 2013), the current paper scrutinizes the grammar
of experiential meaning, one of the three metafunctions which contribute to the functions of the clause. It
aims precisely to describe the differences between the process types and the associated differences in
functional participant roles in the Ghanaian Amma Darko’ s and the Nigerian Sefi Att ’s prose fictions
Faceless (2003) and Everything Good Will Come (2006). In that perspective, a comparative transitivity
analysis of the clauses which encode the two selected extracts under investigation, has been carried out to
reveal how the context can greatly influence the process types identification and the interpretation of the

literary discourse (Amoussou, 2014b).

Key words: context, experiential meaning, functional structuralism, process, transitivity.

RESUME

Se fondant sur la linguistique stylistique de Halliday (Halliday, 1964; Halliday, 2002), et plus précisément
sur I’approche fonctionnelle structurelle, encore appelée linguistique systémique fonctionnelle (Halliday &
Matthiessen, 2004; Eggins, 1994/2004, Bloor & Bloor, 2004); Koussouhon, 2013), la présente étude
examine la grammaire du sens expérientiel, I’une des trois méta-fonctions qui contribuent aux fonctions de
la phrase. Elle vise essentiellement a décrire les différences entre les types de procés et les différences
afférentes des roles fonctionnels des participants dans les ceuvres de fiction Faceless (2003) de la
Ghanéenne Amma Darko et Everything Good Will Come (2006) de la Nigériane Sefi Atta. Dans cette
perspective, une analyse comparative de la transitivité des phrases que comportent les deux extraits a
analyser, est réalisée et a révélé comment le contexte peut, de fagon notoire, influencer 1’identification des

types de proces et I’interprétation du discours littéraire (Amoussou, 2014b).

Mots-clés : contexte, sens expérientiel, structuralisme fonctionnel, procés, transitivité.
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1. Introduction
The current paper takes its direction from ‘linguistic stylistics’ which has applied techniques and concepts
of modern linguistics to the study of literature and thus explores the relationship between linguistic
structures and socially constructed meaning in a literary text. Drawing on Halliday’s transitivity framework,
it attempts to reveal, through a comparative analysis, how process types which are part of the ideational
function, realize the meanings conveyed in the novels under investigation. It also contends that the
identification of process types and the interpretation of the literary discourse can deeply be influenced by

context (Amoussou, 2014b).

2. THEORETICAL PREREQUISITES

2.1 Linguistic stylistics & Functional structuralism

Citing Leech and Short (2007) in his paper on persuasive style and its realization through transitivity
analysis, Darani (2014) writes that examining the language of a
literary text can lead to a fuller understanding of the text and thus appreciation of the writer’s artistic a
chievement (p.179) (Our italics and our boldings). It follows from the foregoing that to approach a literary
text, one has to look into the style of the writer. Style in this case is regarded as the set of features peculiar
to, or characteristic of an author: his or her language habits or idiolect (Wales, 1989: 435, cited in Jaafar,
2014: 239). In order to develop a full scientific understanding of the style as evidenced in the text or
discourse in general, it is necessary to refer to stylistics viewed as “the science of literary style” (Jaafar,
Ibid), or “the study of literary discourse from a linguistic orientation (Widdowson, 1975: 4). Indeed,
although literature has traditionally been the province of literary critics and the academic discipline of
literary study (Bloor & Bloor, 2004: 226), some scholars call for the cooperation between linguistics and
literary criticism, in the light of the mutual benefit between them. In that respect, Halliday (1964; 2002:5)
argues that “it is part of the task of linguistics to describe texts; and all texts, including those prose and
verse, which fall within any definition of ‘literature’ are accessible to analysis by existing methods of
linguistics”. Such linguistic study of literary texts known as linguistic stylistics, is defined as “the
description of literary texts, by methods derived from general linguistic theory, using the categories of the
description of the language as a whole; and the comparison of each text with others, by the same and by

different authors, in the same and in different genres” (Halliday, 2002: 6).
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Among the linguistic approaches developed for linguistic analyses of literary texts, lies structuralism which
is concerned with the study of structure, the codes and processes involved in the production of meaning.
Stucturalists claim that there must be a structure in every text, which explains why it is easier for
experienced readers to interpret a text. They are more concerned with how language is composed. In that
perspective, Culler, in his foreword to Ginette (1980, cited in Amoussou, 2011: 50) stresses that “the
structuralist study of literature... sought not to interpret literature but to investigate its structures and
devices...” (p.8). From the foregoing claim, Koussouhon (2013: 95) rightly infers that the structuralist
approach, a priori, was not concerned with meanings and interpretation as such, but rather with an analysis
of the structures and devices of narrative. Consequently, it is important, for a more comprehensive
understanding of language, to include language function (i.e. what language is used for) to language
structure. In that regard, Halliday (2002) elucidates: “by a functional theory of language, I mean one which
attempts to explain linguistic structure, and linguistic phenomena, by reference to the notion that language
plays a certain part in our lives, that it is required to serve certain universal types of demand (p.89). This
entails that the purely structure-oriented or structuralist descriptivist approach to language should be
replaced by a functional structuralist one fo show how and why a text means what it does (Cummings and
Simmons, 1983: x; cited in Amoussou, Ibid). That ‘functional structuralist approach’ is later known under
the name of “Systemic Functional Linguistics’ in the Hallidayan framework (Halliday & Matthiessen, 2004;

Eggins, 1994/2004; Bloor & Bloor, 2004; Fontaine, 2013).

2.2 Systemic Functional Linguistics (SFL)

Systemic Functional Linguistics (SFL) is a potent framework for describing and modeling language as a
resource for making meaning and choice. It is identified with the linguists of London School, especially
Halliday, whose immediate goal in stylistic analysis is, as noted above, to show why and how the text means
what it does. This framework approaches language beyond its formal structures and gives a paramount
importance to the context of culture and the context of situation in language use (Halliday & Mathiessen,
2004; Eggins, 1994/2004; Bloor & Bloor, 2004). To show how the text means what it does, figure 1
illustrates that meaning is determined by (1) context of culture, (2) context of situation, and (3)

metafunctions.
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Figure 1. Metafunctions in relation to register and genre

Genre or context of culture is viewed by Martin (1992; cited in Martin, 2002: 56) as a staged, goal-oriented
social process. It is the general context that gives meaning to culturally recognized activity. Eggins (1994:
32) assumes that the context of culture “can be thought of as the general framework that gives purpose to
interactions of particular types, adaptable to the many specific context of situation that they get used in”.
As for register or context of situation, it is, in Hasan’s words, “what meanings in text are supposed to
instantiate” (Hasan, 2009: 177). In simpler terms, the context of situation is “the immediate environment in
which a text is actually functioning” (Halliday & Hasan, 1985/1989: 46). According to Halliday (1994;
cited in Cunanan (2011), context of situation can be realized by (a) mode, which is the organization of the
message (Darani, 2014: 181); (b) field, which is concerned with systems of activity, including descriptions
of the participants, process and circumstances these activities involve (Martin, 2009: 159), and (c) tenor,
which has to do with social relations as these are enacted through the dimensions of power and solidarity
(Martin, 2002: 56).

Within the systemic functional model, language has three types of meanings known as metafunctions (i.e.
“semantic functions” in Eggins; 1994: 227’s terms). The three metafunctions reflected in a huge system
network of meaning potentials are (a) textual, which provides links between language and the features of
the situation in which it is used (Cunanan, Ibid: 72); (b) ideational, serves for the expression of ‘content’ or

the speaker’s experience of the real world, including the inner world of his own consciousness’ (Darani,
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Ibid), and (c) interpersonal, plays the role of setting up and maintaining social relations, and indicates the

roles of the participants in communication (Halliday, 2002; cited in Feng & Liu, 2010: 825).

Halliday & Hasan (1985/1989) state that there is a correlation between the categories of the situation and
those of the semantic system. Thus, the field is reflected in the experiential metafunction, the tenor in the
interpersonal metafunction, and mode in the textual metafunction. Also is there a relationship between the
situational and linguistic categories, such that, field determines the transitivity patterns, tenor determines
the mood patterns, and mode determines the textual patterns.

2.3 Transitivity, Process types and Participants

As stated above, the experiential strand of meaning is realized through the Transitivity patterns of the
grammar. In fact, the description of the experiential meaning involves one major system, that of transitivity
(process type), with the choice of process implicating associated participant roles and configurations
(Eggins, 1994/2004). Halliday and Hasan (1985/1989:36) argue that transitivity patterns of the clause are
concerned with “Who does what to whom/what, where, when, how and why” (p.36). As for Simpson
(1993:82), transitivity shows how speakers encode in language their mental picture of reality and how they

account for their experience of the world around them.

Transitivity analysis, as it has been proven, provides means for discovering how certain linguistic structures
of a text encode the particular worldview or ideological stance of a writer/speaker. In that perspective,
Fowler (1986) writes:

Linguistic codes do not reflect reality neutrally; they interpret, organize, and classify the

subjects of discourse. They embody theories of how the world is arranged: world-views or
ideologies (p.27)

Considering how to carry out a transitivity analysis, Eggins (2004) contends that in analyzing transitivity
structure in a clause, we are concerned with describing three aspects of the clause: (i) the selection of a
process; (ii) the selection of participants, (iii) the selection of circumstances (Eggins, 2004: 214). It follows
from this that carrying out a transitivity analysis amounts to determining the process type, participants and
circumstances. Patpong (2009: 212) claims in that sense that the transitivity system embodies two parts:
nuclear transitivity (i.e., the transitivity of processes and participants) and circumstantial transitivity (i.e.,
the transitivity of circumstances). The current paper, as can be guessed from its heading, will focus on the
first type, i.e. the nuclear transitivity. In that respect, systemic scholars classify processes into six categories,
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viz. material, Mental, behavioural, Verbal, Existential, and Relational. Note that the term process is to be

understood as all phenomena or anything that is expressed by a verb. As for participants, they are
functionally labeled according to process types (Eggins, 1994/2004). Actually, Hasan (1985: 37) classifies
participants into two main categories which she terms (a) ER-ROLE which refers to Actor, Senser, Behaver,
Sayer, Carrier, Token, Possessor, Agent; and (b) ED-ROLE which includes Goal, Range, Phenomenon,
Attribute, Possessed, etc. Those two labelings are respectively known as Major participants and Minor
participants in Cunanan (2011)’s terminology. The process types and their related participants are

summarized in the following figure:

Mental Process
Senser-
Phenomenon

Behavioural

Material Process
Processs Behaver-
Actor- Goal- Behaviour-
Range- Phenomenon
Beneficiary Representa

Verbal

Process
Sayer-

Receiver-
Verbiage

tion
lational of
Relationa Experience
Process

1)

Existential

Process
Existent

(1) Attributive Process: Carrier- Attribute; Identifying Process/ Circumstantial Process: Token-Value;

Possessive Process: Possessor- Possessed; Causative Process: Agent- Token-Value-Carrier-Attribute-

Figure 2: Process types and Participants (based on Fontaine, 2013: 77; Eggins, 1994/2004; Halliday &
Matthiessen, 2004)

3. PRACTICAL COMPARATIVE TRANSITIVITY ANALYSIS AND DISCUSSION OF THE
FINDINGS

To begin with, it is worth signaling that for reason of convenience, we label the extract from Faceless T1
and the one drawn from Everything Good Will Come T2. Also does the notation C,, stand for clausel. And
given that the first task of the transitivity analyst is to identify the different process types (Koussouhon,

2009: 130), that participants are the only obligatory components inherent in the process (Halliday and

247



9\ Cukurova International
i H Congress of Basic and

R Applied Sciences

Q I< Q P® INTERNATIONAL
ACADEMIC
PLATFORM

Matthiessen, 2004: 175), the current analysis will broach those two clausal functional constituents, before

looking into each process type with its corresponding participants in details.

3.1 Synopsis process and participant analysis in the extracts

From a segmentation of the clauses as recommended by systemicists (Fontaine, 2013; Eggins, 1994/2004,
etc.), and drawing on the analytical approach adopted by Koussouhon, Koutchade & Amoussou (2016), we
identified the process types and the participants in the extracts, counted them and tabularized the findings

as can be noticed in the table which follows:

Tablel. Processes and participants distribution in the extracts

Category of Frequency Major participants Minor participants
Process Tl T2 Tl T2 Tl T2
# % # %
Material 116 45.13% 83 36.72% 71 54 42 57
Mental 29 11.28% 27 11.94% 25 23 15 21
Behabioural 28 10.89% 24 10.61% 17 19 8 10
Verbal 33 12.84% 51 22.56% 16 46 22 31
Existential 0 0% 1 0.44% 0 1 0 0
Relational 53 20.62% 40 17.69% 50 38 42 31
TOTAL 257 100% 226 100% 179 181 129 150

Tablel above displays the processes and participants distribution in the two extracts. Whereas all the six
processes are identified in T2, T1 doesn’t contain any existential process at all. In both texts, material
processes are predominant (116/257=45.13% in T1, against 83/226=36.72% in T2). They are followed in
T1 by relation processes which rank second with a rate of 20.62%. Then come respectively verbal processes
(12.84%), mental processes (11.28%) and behavioural processes (10.89%). In T2 by contrast, the order of
occurrence in terms of proportion is verbal processes (22.56%), relational processes (17.69%), mental

processes (11.94%), behavioural processes (10.61%), and existential process (0.44%).

As for participants, we notice in all 179 and 181 major participants respectively in T1 and T2, while minor
participants are 129 and 150 correspondingly. The high number of major participants over minor ones in
most cases denotes that the authors often make use of the processes and their associated major participants
alone; meaning that minor participants are not sometimes necessary or useful to convey meanings. In the

next subsection, the study of each process type and its participants will be most revealing.

3.2 Descriptive transitivity analysis of the process types and their actual
Participants
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“In stylistics we have both to count things and to look at them one by one” (Halliday, 2002: 106) (author’s

emphasis). After giving a general picture or a broad view of how the transitivity properties operate in the
texts under investigation, it is expedient, in order to meet the objectives assigned to the current research
project, to look at such patterns separately. However, for reason of pertinence related to the comparative
aspect of the study, the analysis of the transitivity patterns will be conducted likewise in both texts since “it
is impossible to compare one text with another unless both have been described in the same way (Halliday,
1970: 68). In addition, due to its neglectful or nil proportion in both texts, existential process will be left

unanalyzed.

3.2.1 Material process

Table 2. Participants distribution in material processes

Text Total Process Actor Goal Range Beneficiary Total Participants
T1 116 71 32 3 7 113
T2 83 54 46 9 2 111

As shown in table2 above, of the 116 material processes in T1, there are 71 major participants (Actors), 32
Goal, 3 Range, and 7 Beneficiary, all of which are considered minor participants. Likewise, we notice that

the 83 material processes in T2 are made of 54 Actor, 46 Goal, 9 Range, and 2 Beneficiary.

The majority of actions undertaken in T1 are carried out by participants such as MaaTsuru, Fofo, Poison,
Baby-T, or Maami Broni, who play any of the four roles assigned to processes of such category. This can
be seen in the following examples:

Emai: Maa Tsuru (A) raised (MaP) and pegged (MaP) one corner of the curtain (G) onto the line. (c3)
Ema2: After all that (G) he (A) did (MaP) to Baby T (B)? (c20)

Emaz:Her mother (A) was still not making (MaP) complete sense (R)
Emas: She (A) came (MaP) to me last week? (csi1)

In Ema1 “Maa Tsuru’ is the performer (A) of the described actions (raised, pegged), while ‘one corner of the
curtain’ is the one the actions are directed to (G). In Emaz, Poison (anaphorically referred to as ‘he’) is the
doer of the action (did); ‘Baby-T’ is the one that benefits from the process, i.e., the Beneficiary; and ‘all
that’ is the participant that is affected by the process, viz. the Goal. Ema; et Emas present respectively Maa
Tsuru and Maami Broni (both represented by ‘she’) as the active participants who perform the actions

(Actors), with ‘complete sense’ acting as Range in the penultimate example.
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On the other hand, the participants around which the actions narrated in T2 are centered are Enitan, Sheri,

Mike, Peter Mukoro, the regime (military government), the citizen (the people), my father. The examples
below display some of their occurrences in the text:
Emas: We (A) no longer had to succumb (MaP) to black market rates (G). (Ce3ii)

Ewmas: My father (A) handed (MaP) the check (G) to her (B). (cis1)
Ema7: They (A) were making (MaP) plans (R) (ce1i)

‘We’ (standing for the people or Nigerians) is playing the Actor role in Emas, ‘black market rates’ is the
Goal of the action ‘had to succumb to’. In Emas ‘my father’ (standing for Enitan’s father) is the major
participant who gave (‘handed’) ‘Sheri’ (anaphorically referred to as ‘she’-the Beneficiary) ‘the ‘check
(acting here as Goal). The last example of the list (Ema7) puts on display ‘they’ (which stands for the military

government) as the Actor engaged in making ‘plans’, which serves as Range for the verb.

To sum up, Actor roles are mostly played in both texts by animate participants, while minor roles (Goal,
Range, Beneficiary) are carried out by both human beings and inanimate participants. Moreover, nearly all

the actions undertaken in the texts are actually effective exerted movements.

3.2.2 Mental process

Table 2. Participants distribution in mental processes

Text Total Process Senser ~ Phenomenon  Total Participants
T1 29 25 15 40
T2 27 23 21 45

Mental processes disclose of the 29 process types in T1, 25 Senser and 15 Phenomenon, while 23 Senser
and 21 Phenomenon are counted among the 27 processes identified in T2. A scrutiny of the processes used
in T1 helps realize that they are made of verbs of cognition (think, know, knew, felt, did...remind, etc.), of
perception (don’t see, heard, can find) and of one verb of affection (wanted) as can be noticed in the

examples below:

Ement: I (S) don’t know (MeP). (Coy)
Ewmen2: What (Ph) she (S) wanted (MeP) to do... (Cesi)
Emens: when he (S) heard (MeP) of Maami Broni’s visit to me (Ph) (Ci42i)

Cozreveals through Eneni the personal pronoun ‘I’ (referring to Fofo) as Senser or major participant realizing
the cognitive action of not knowing (don’t know). In Emen2 ‘what’ is that which is ‘wanted’ by the same

person (Fofo still referred to as she-Senser). That lexical item (‘what’) plays in this case the role of minor
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participant called Phenomenon. The verb ‘heard’ encodes in Emens the meaning of perception by Poison

(represented by ‘he’) who acts as Senser, and ‘Maami Broni’s visit to me’ which is Phenomenon.

Similarly, it is noticed in T2 that all the three sub-categories of mental processes identified by systemic
scholars, say cognition, affection, perception, are used by the writer and are unveiled through verbs such as
‘expected, realized, envisioned, thought, thinks’, ‘loved, to like’, ‘saw, heard, found, will find’, etc. Here

are some illustrative instances

Ewmensa: but soon I (S) realized (MeP) that they shared nothing in common (Ph) (Cssii)

Emens: He (S) loved (MeP) his voice (Ph) (Ca).

Emene: 1 (S) saw (MeP) her (Ph) to the door (Ciss)

The cognitive action ‘realized’ used in Ewens is performed by the Senser ‘I’ which designates the narrator
Enitan. The minor participant or Phenomenon, i.e. what is realized, is a whole clause (the constituents of
which are normally attributed specific labels in the transitivity analysis). Emens on the other hand, displays
an inanimate participant as Phenomenon (‘his voice’), corresponding to the voice of the Senser ‘he’
(meaning Peter Mukoro) who did the affective action expressed therein (‘loved’). The last example contains

the perception verb ‘saw’ which the Senser ‘I’ (referring to Enitan) used to state that it is Sheri

(anaphorically referred to as ‘her’) who is seen.

All in all, whether in T1 or T2, all the major participants in mental process are conscious human beings as
propounded by systemicists (Eggins, 1994/2004; Bloor & Bloor, 2004; etc.) Alternatively put, the Sensers
are “always endorsed with consciousness” (Halliday & Matthiessen, 2004: 212), and can in this sense be
called “sentient being[s]” as termed by Bloor & Bloor (2004, p.118). Meanwhile minor participants are
either animate or inanimate. The processes are, on their part, encoded in “minding, sensing and feeling

verbs” as suggested by Hasan (1985: 36).

3.2.3 Behavioural process

Table 3. Participants distribution in behavioural processes

Text Total Process Behaver Phenomenon  Total Participants
Tl 28 17 8 25
T2 24 19 10 29

As can be seen in the table above, of the 28 behavioural processes in T1, there are no less than 17 Behaver
and 8 Phenomenon, whereas 19 Behaviour and 10 Phenomenon are counted among the 24 behavioural

processes of T2. A great range of verbs (winced, looked, to weep, coughed, frowned, sat, laid, nodded,

251




Q) Cukurova International
H Congress of Basic and
¢ Applied Sciences

© | INTERNATIONAL
AI( AP ACADEMIC
PLATFORM

velled, cried, etc.) serve to realize behavioural process in T1. Some of them and their associated participants

are exemplified in the clauses below:

Egc1: Fofo (Be) frowned (BeP). (Ci21)

Ege2: Maa Tsuru (Be) chocked on saliva (Ph). (Ciosi)

Eges: Look at (BeP) them (Ph). (Cioe)

The major and only one participant in the first example is ‘Fofo’ who expressed through the verb ‘frowned’
her displeasure at her mother, Maa Tsuru’s news that Maami Broni came because she was upset. In Ege, by
contrast, there are two participants. Maa Tsuru (the Behaver) got rid of (‘chocked on’) the saliva
(Phenomenon) she kept in her mouth and finally “coughed [it] violently” in the next clause. Like Egci, Eges
is visibly and a priori made of only one participant (‘them’); but here the participant is assigned an ED-role
(that of Phenomenon). As a matter of fact, this is a situation of an imperative sentence (expressing the
speech function of command) where the shared behaver- ‘you’ standing for Maa Tsuru— is asked to ‘look
at’ the children, designated by the personal pronoun ‘them’.

As is the case in T1, T2 is composed of a variety of verbs encoding behavioural process. Some of them are

edged, sat, stood up, smell, nodded, laughed, could snatch, look at, looked, peered, whispered, raised. Here

are two instances underlining them:

Eges: 1 (Be) edged (BeP) toward Mike. (Cas)
Egcs: She (Be) raised (BeP) her hand (Ph). (Ci92)

In Eges the narrator Enitan (acting here as Behaviour) made a gesture (‘edged’) to avoid the smoke of the
cigarette of Peter Mukoro. The verb ‘raised’ is used in Eges to indicate the gesture Sheri (referred to as
‘she’) made with ‘her hand’ (playing the minor role) to express her disapproval at Enitan’s calling the artist

Aburo’s name.

From the foregoing discussion, we clearly observe that the actions performed through the behavioural
processes of/in both texts are experienced by conscious beings. Besides, a careful examination of such
actions helps discover the close relationship of such actions with both material and mental processes. It
follows then to infer that the findings validate the claims by functional systemic scholars that behavioural
processes are “half-way-house” between mental and material processes on the one hand, and processes of

physiological and psychological behaviour on the other (Eggins, 2004: 233)

3.2.4 Verbal process
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Table 4. Participants distribution in verbal processes

Text Total Process Sayer  Receiver Verbiage Total Participants
T1 33 16 13 9 38
T2 51 46 14 17 77

The statistical distribution of verbal process reveals that no fewer than 16 Sayer, 13 Receiver and 9
Verbiage appear from the 33 processes identified in T1, while such figures are respectively 46, 14, and 17
when we refer to the 51 processes of T2. The great number of verbal process or verbalization (Simpson,
1993: 84) in T1 as shown by its position (3™ out of the 6 processes) is made possible by such verbs as
attempted, to say, asked, did not speak, talk, said, didn’t respond, tell, to address, to inform, etc. Below

are some occurrences drawn from the text for illustration:

Eve1: “Where is he, mother?” she (Sy) asked (VeP) Maa Tsuru (Rv) (Ci2)
Eve2: He (Sy) told (VeP) me (Rv) he would find you (Vb) (Ciesi)

As Eyc1 shows, ‘she’ (representing Fofo) is the performer/Sayer of the action expressed by the verb ‘asked’,
directed to Maa Tsuru (functioning as Receiver). In fact, what is addressed to Fofo’s mother is retrievable
in the previous clause: Fofo wanted to know where he (Poison) is. In Eyc;, Maa Tsuru is simply reporting
what ‘he’ (the Sayer) ‘told’ her (corresponding to ‘me’-Receiver, in the direct speech). The whole clause
“he would find you” represents the thing Poison said, and functions thus as the Verbiage. These two
examples correspond to what Halliday calls projection and are given the labels quoting in the case of Ec
and reporting as far as E,., is concerned (Halliday & Matthiessen, 2004: 253; Eggins, 1994: 247).

When we turn to examine T2, we also discover that the lexical verbs encoding verbalization in that extract
are, like is the case with T1, of various types. Some of them include claimed, said, was saying, have to say,

continued to speak, can call, tell, delivered, can’t be talking, etc. Two examples are given below:

Eve3: “Yes” (VD), she (Sy) said (VeP) (Cs))
Eves: I (Sy) delivered (VeP) the message (Vb) to her (Rv) word for word (Css)

E..3 contains just one participant -playing the ER-role-: ‘she’ (meaning Sheri) who replied to Enitan’s prior
question, by simply saying ‘yes’, considered as the Verbiage of the clause. In E,cs I (i.e. Enitan) is the major
participant who ‘delivered’ to ‘her’ (Sheri) Peter Mukoro’s message that they “need more rice and beer”

(Csi82).
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As disclosed in the examples above, verbal processes can contain at most three participants: the person who
produces the utterance (Sayer), the representation of the words actually spoken (Verbiage) and the person
to whom the verbalization is addressed (Receiver). Viewed as processes of saying (Simpson, 1993: 83;
Halliday & Matthiessen, 2004: 252), and based on their lexico-grammatical function in the two novels,
verbal processes can be thought of by the present researchers to contribute to the creation and maintenance

of dialogic passages in the literary artifacts at stake.

3.2.5 Relational process

Unlike the processes studied so far, this category is not concerned with actions or events of any kind, but
has to do with “the process of being in the world of abstract relations” (Thompson, 2004; cited in Kondowe,
2014: 176). In the texts at hand, we identify the two main types of relational processes, say, attributive and
identifying (Fontaine, 2013: 76) and other common sub-types of relations, viz. possessive, causative and

circumstantial (Eggins, 1994/2004) as can be captured in the forthcoming table:

Table 5. Participants distribution in relational processes

Text  Total Attributive  Identifying  Causative Possessive  Circumstantial Total
Process Particip
T1 53 30 33 9 13 2 87
T2 40 42 20 4 2 2 70

Table 5 above exudes in T1 30 Attributive participants, 33 Identifying participants, 9 Causative, 13
Possessive and just 2 Circumstance out of the 53 being processes. In T2 on the other hand, these figures
correspond in that order to 42, 20, 4, 2 and 2 out of the 40 relational processes. Because of their tiny number
in the two extracts, circumstantial processes, like existential ones, will not undergo any analysis. Some

instances of relational clauses picked from the texts are typified in table 6 below:

Table 6: Examples of relational processes in the extracts

mother (V) (Caosiii)

& i o o
= & = 7
2 g g 8

= s 5 = 2

-5} = % < =)

i < — Q -9

T1 Eirea: I (Cr) am | Ejger: It (T) ’s | Eirec: It (Ag) doesn | Eirep: But the little
(ReP-At) poor (At) | (ReP-Id) Baby | °t make (ReP-Ca) | (Pd)I (Pr) have (R
(Cao7i) T(V). (C74) me (T) less your | e-Po) on me, too.

(Cis6i)
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T2 E2rea: Our people | Eorer: I (T) ’m | Ezrec: Let (ReP- | Exrep: His family
(Cr) are (ReP-At) | (ReP-1d) an | Ca) me (Sy) | (Pr) didn’t have
undisciplined (At) African man (V) | introduce (VeP) | (ReP-Po) enough
(Cy) (Css) you to Sheri (Rv) | class (Pd) .(Cissii)

(Ca7)

It comes out from the preceding table, when we consider attributive clauses, that an
attribute/quality/descriptive epithet (‘poor’ and ‘undisciplined’) is ascribed to the participants ‘I’ and ‘our
people’ (Carriers) in Eirea and Eorea. Identifying clauses in Eirerand Exrer, by contrast, construe experiences
from which ‘Baby T’ and ‘an African man’ serve to define the identities of the personal pronouns ‘it’ and
‘I” functioning as Token (or Identifier in Halliday & Matthiessen’s terminology). As far as causative
processes are concerned, they are introduced by the verbs make and /et in Eirec and Eorec. In the first case,
the Agent (‘it’) causes the Token (‘me’, referring to Maa Tsuru) to have an identity (‘less your mother’),
while in Esrec, the unspecified, but assumed agent —you- causes the Sayer (‘me’, standing for Enitan)
‘introduce’ Peter Mukoro to ‘Sheri’. Finally, possessive clauses encode through the verb have (‘have’,
‘didn’t have’) meaning of ownership/possession between ‘I’ and ‘his family’ the object possessed of which

are respectively ‘the little’ and ‘enough class’.

4. AUTHORIAL IDEOLOGY IN THE EXTRACTS

The transitivity analysis of a fictional text explores how authorial ideology is encoded therein (Koussouhon
& Dossoumou, 2015). In other words, the authorial ideology frames an authentic product of social
interaction or a fictional or narrative text. Based on this assumption, we cogently believe that the current
study will be incomplete if, after the analysis carried out so far, we don’t undertake to discover Amma
Darko’s and Sefi Atta’s world-views in the studied texts so as to decode the meanings conveyed in their

respective fictions.

As a matter of fact, when we look at the preponderant number of material processes in the extracts (45.13%
in T1, and 36.72% in T2), we infer that the two female writers draw on such category of process to encode
concrete, real and tangible actions directed to motions or movements. In fact, while the Ghanaian novelist
uses those processes to depict the loathsome deeds of such participants as Maa Tsuru, Maami Broni, and
Poison to “ruin” Fofo’s life (as she is transformed into a thief, a prostitute girl and finally beaten to death),

the Nigerian writer describes, through Sheri, Enitan, Peter Mukoro, Mike Obi, the plans the military
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government is making “to devaluate our currency” (p.xx), Mike’s love to Enitan, and the narrator’s father’s

advice to his daughter.

The analysis reveals that both authors make use of relational processes (20.62% in T1, and 17.69% in T2)
“to characterize and to identify” (Halliday and Matthiessen, 2004: 210) the actions depicted. Actually,
relational clauses serve to set up: (i) a relationship of being between the obnoxious act Maa Tsuru involves
her daughter in in T1, (ii) what the latter becomes (‘both a child and an adult’-Ce7;), (iii) the justification
Maa Tsuru gives Fofo to account for her deed (her hands are tied-Ci91, she’s poor-Ci9), (iv) Maa Tsuru’s
unchanged status (it doesn’t make her less Fofo’s mother-Caoii, Baby T’s mother-Ciss) and (v) Maami
Broni’s and Poison’s feelings (she is afraid-Ciai, he gets upset-Ciss, Ciai. In T2 on the other hand,
relational clauses contribute to giving an attribute or an identity to (a) the ruling of the military regime and
its people (the worst form of indiscipline-Cs, undisciplined-Cs, a man’s man-Ci, not a child-Cizs), (b) the
interlocutors’ feelings (glad-Cio;, it’s been a pleasure-Cigs, 0ld-fashioned-Ci77ii), etc. In fact, while Darko
resorts to relational processes to portray the “submissive, culturally handicapped, ...subservient”
(Oluwayomi, 2013: 369) character ascribed to the female gender in “a society regulated by cultural norms
and traditional values” (Fonchingong, 2006: 137), Atta refers to being processes to describe the “glaring
lack of responsibility on the part of the government” (Anate, 2014: 35) to find adequate solutions “to step
in and regulate” (ibid: 37) life for gender equality. As Darko puts it, “it is the government who had the

power to make people do or stop doing certain things” (Darko, 2003: 79) in society.

Unlike some previous studies on transitivity (Amoussou, 2014; Hasan, 1985), verbal processes rank an
important position in the excerpts (3" and 2™ in T1 and T2 respectively). This could be accounted for by
the fact that both texts are dialogic ones and also by the internal point of view or mind-style adopted by the
two authors. By making Fofo verbally assertive, the Ghanaian female writer decides to overtly criticize the
“African women’s vulnerable status” (Koussouhon & Dossoumou, 2015: 132) allotted to them by
patriarchal society. She also resolves, as she clearly states in an interview with Raymond Ayinne, “ .. fo be
angry, ... to react.” (Adjei, 2009: 49). Meanwhile, Darko wants to shed light on “the social structure in a
male-dominated environment” (Koussouhon & Dossoumou, ibid) when she makes Maa Tsuru declare her
inability to change the situation. On her part, the Nigerian novelist engages Enitan, Sheri, Mike, Peter
Mukoro in a frank and friendly discussion to indicate that both men and women should join hands to decide

the measures to take for a fair society where gender equality prevails.
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Mental processes are used by Darko to cast a call to men to think about the impact of women’s subjugation

on African development, whereas Atta uses those processes to ask both men and women to ponder over the
ways and means they should adopt for a gender-balance society where the female sex benefits by the same

social, psychological, and affective regards like its male counterpart.

The behavioural processes used in the texts are suggestive of the psychological and physiological needs

women feel to get rid of the moral and social predicaments they continuously live in.

5. CONCLUSION

This comparative analysis has unveiled that five out of the six processes identified by systemic scholars in
the English transitivity system are discovered in significant proportions in the two extracts (see tablel).
These are material, mental, behavioural, verbal and relational processes. An in-depth analysis of each of
them and their associated participants has helped uncover on the one hand, the role Amma Darko and Sefi
Atta ascribe to their participants, and the ideological stances adopted by the two African female writers. As
a matter of fact, the study brings to limelight how, through the transitivity patterns, the Nigerian and the
Ghanaian novelists express in their respective artifacts feminist dimensions for a redefinition or a re-

evaluation of women’s image in the society.
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APPENDIX

Key:

P=Process, MaP=Material, MeP=Mental, BeP= Behavioural, VeP=Verbal, ExP=Existential, ReP-
At=Attributive, ReP-Id= Identified, ReP-Ci=Circumstantial, ReP-Po=Possessive, ReP-Ca=Causative.
A=Actor, G=Goal, B=Beneficiary, R=Range. S=Senser, Ph=Phenomenon.S=Sayer, Rv=Receiver,
Vb=Verbiage.B=Behaviour, Ph=Phenomenon. X=Existent. T=Token, V=Value, Cr=Carrier, At=Attribute.
P=Possessor, Pd=Possessed Ag=Agent. C=Circumstance, Cl=location, Cx=extent, Cm=manner, Cc=cause,
Ca=accompaniment, Ct=matter, Co=role

N.B : all the processes in the extracts are in bold and the participants underlined.
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Text 1: (from Amma Darko’s Faceless, p.21-25)

1.The room (G) was partitioned (MaP) with an old translucent curtain (Cm). 2i.Fofo’s four-year-old other
half brother (Cr) was (ReP-At) asleep (At) on a mat on the floor in the space in front of the curtain (CI)
2ii.which (Cr) served (ReP-At) as the living room (Co). 3i.Maa Tsuru (A) raised (MaP) 3ii.and pegged
(MaP) one corner of the curtain (G) onto the line (CI) 3iii.and entered (MaP) the inner space (Cl),
3iv.which (T) was (ReP-1d) the bedroom (V). 4i.She (A) slumped (MaP) onto the bed (Cl)4ii.and waited
(MaP). 5i.Fofo (S) hesitated (MeP), 5ii.then moved (MaP) 5Siii.and sat down (BeP) carefully (Cm) at the
farthest point from her mother (CI). 6.Life on the streets (Ag) made (ReP-Ca) mixed up persons (Cr) out
of children (At). 7.She (Be) looked (BeP) about the room and back at Maa Tsuru(Ph). 8.Something (Cr)
did not quite fit (ReP-At). 9i.Then it (A) dawned (MaP) on her (Cl) 9ii.something (Cr) was (ReP-At)
wrong (At). 10. Something (A) was missing (MaP).

11.“Where (Cl) is (ReP-At) he (Cr), mother?” 12.she (Sy) asked (VeP) Maa Tsuru (Rv).

13.Maa Tsuru (Be) winced (BeP). 14i.She (Sy) attempted to say (VeP) something (Vb) 14ii.but her voice
(A) failed (MaP) her (G). 15i.She (A) paused (MaP), 15ii.swallowed (BeP) saliva (Ph) 15iii.and tried
(MaP) again (Cx).

16.“He(A) left (MaP),” 17.she (Sy)said (VeP) simply(Cm).

18.“He (A) left (MaP)?” 19.1t (T) was (ReP-Id) a wail of pain (V). 20.“After all that (G) he (A) did (MaP)
to Baby T (B)? 21.To us all (B)? 22.He (A) left (MaP)? 23i.And you (Be) stood by (BeP) 23ii.and just
allowed (MaP) this smallish man (G) 23iii.to leave (MaP)? 24.Just like that (Cm)?”

25.Tears (A)welled up (MaP)in Maa Tsuru’s eyes (Cl). 26.She (Sy)did not speak (VeP). 27.She (Sy)
couldn’t (VeP).

28.“What (Ag) made (ReP-Ca) him (A) leave (MaP), mother?” 29.Fofo (Sy) howled on (VeP), 30i.“and
before he (A) left (MaP), 30ii.did you (S) remind (MeP) him (Ph)of 30iii.what (G) you (A) did (MaP)
for his sake (Cc)? 31.What (G) you (A) sacrificed (MaP)? 32.Did (MeP)you (S)?”

33.Maa Tsuru (Be) began to weep (BeP).

34.“T (Sy) asked (VeP) you, mother (Rv). 35.Did (MeP) you (S)?”

36.Maa Tsuru (A) began to cry (BeP). 37.“Go away (MaP), Fofo,” 38.she (A) managed (MaP) between
tears (Cm). 39.“Go (MaP)!”

40.Fofo’s face (A) clouded (MaP) fiercely (Cm). 41.“Is history (A) repeating (MaP) itself (G) here (Cl)?
42.Are you (A) sacking (MaP) me (G), mother? 43.Because of him (Cc)?”

44 “No! 45.No! 46.1 (A) am not sacking (MaP) you (G) from here (Cl). 47.Not from this room (Cl). 48.Not
from this house (Cl). 49i.1 (S) mean (MeP) to say (VeP), 49ii.go away (MaP). 50.From Accra (Cl), if
possible, fofo. 51.Go away (MaP), 52.Go (MaP) somewhere (Cl) [[far away from here where(Cl) he
(S)can never (Cl) find (MeP) you (Ph)]].”

53.“What are you (A) talking (MaP) about(Ct) , mother? 54.Is (ReP-Id) it (T) Poison (V)? 55.What (Ph)
does he (S) want (MeP)with me(Ca)?”

56.“Oh, child, go away (MaP)!” 57.Maa Tsuru (Be) sobbed (BeP), 58.“Go (MaP).”

59.“Why (Cc)mother? 60.Why (Cc)?”

61.“Because they (T) are (ReP-Id) animals (V). 62.They (S) know (MeP) no mercy (Ph). 63.And my
hands (Cr) are (ReP-At) tied (At). 64.Please. 65.Go (MaP).”

66i.A part of Fofo (Cr) was (ReP-At) 66ii.and would always (Cl) remain (ReP-At) the fourteen year-old
[[that (V) she (T) was (ReP-Id)]] (At); 66iii.but the harshness of life on the streets (Ag) had also made
(ReP-Ca) a premature adult of part of her (V). 67i.She (Cr) was (ReP-At) both a child and an adult (At)
67ii.and could act (MaP) like both (Cm), 67iii.talk (VeP) like both (Cm), 67iv.think (MeP) like both
(Cm) 67v.and feel (MeP) like both (Cm). 68i.What (Ph) she (S) wanted (MeP) to do (MaP) 68ii.was
(ReP-At) to say (VeP) a whole lot of things (Vb) 68iii.to hurt (MeP) Maa Tsuru (Ph), 68iv.and cause
(MaP) her (B) pain (G). 69.But she (A) held back (MaP). 70.Her mother (A) was still (Cx) not making
(MaP)complete sense (R).

71.“Why (Cc) should I (A) go away (MaP), mother? 72.Who (V) are (ReP-1d) they (T)?”

73i.Maa Tsuru (Be) wiped away (BeP) her tears (Ph) with the back of her hand (Ca) 73ii.and blew (MaP)
her nose (G) into her cover cloth (Cl). 74.“It (T) ‘s (ReP-1d) Baby T (V),” 75.she (Sy) said (VeP) eventually
(C).

76.“Baby T (V)?”

77.“Yes. 78.Maami Broni...”

79.“The fat fair woman (Ca) she (A) lives (MaP) with?”

80.“Yes. 81.She (A) came (MaP) to me (CI) last week (Cl1).”

82.So? 83.Doesn’t she (A) sometimes (CI) come (MaP) to ...”
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84.“I (S) know (MeP) Fofo. 85.1 (S) know (MeP). 86.0h God!”

87.“Don’t bring in (MaP)God’s name (G), mother. 88i.You (S) knew (MeP) 88ii.what (G) you (A)were
doing (MaP)88iii.when (Cl) you (A) chose (MaP) him (G) over...”

89.“It (Cr) was (ReP-At) for their sake (Cc),” 90.she (Be) pointed at (BeP) the baby and the sleeping
boy(Ph). 91.“What (G) should I (A) have done (MaP)?”

92.“T (S) don’t know (MeP). 93.But you (A) should never (Cl) have fed (MaP) him and his sons (G)at
Baby T’s expense (Cm). 94.You (S) don’t see (MeP) her (Ph). 95.1 (S) don’t see (MeP) her (Ph). 961.We
(S) don’t know (MeP) 96ii. how (Cm) she (A) has grown (MaP) to look like (ReP-At). 97.All for what
(Cc), mother? 98.For what(Cc)?”

99.Maa Tsuru (Sy) didn’t respond (VeP). 100i.She (Be) wiped away (BeP) fresh tears (Ph) from her
face(Cl) 100ii.and resumed (BeP) [[from where(Cl) she (A) had left off (MaP)]]. 101.“Something (A)
happened (MaP), Fofo.”

102.“Something (A) is always (Cl) happening (MaP), no? 103.Always (Cl). 104i.And had I (Pr) not
gotten (ReP-Po) the good sense (Pd) to leave (MaP) home (Cl), [[who (S) knows(MeP),]] 104ii.he (Ag)
probably would have made (ReP-Ca) 104iii.you (A) send (MaP) me (G) away too 104iv.to work (MaP)
for some woman (Cc)[[to make (MaP) money (R) for you four(Cc) to live on (MaP)]]. 105.No?”
106i.Maa Tsuru (Be) chocked on (BeP) saliva (Ph) 106ii.and coughed (BeP) violently (Cm). 107.T (Pr)
don’t have (ReP-Po) the strength (Pd) to fight (MaP) you (G) with words (Cm) Fofo,” 108.she (Sy) said
(VeP)slowly (Cl1), 109i.“and even if I (Pr) did (ReP-Po), 109ii.I (A) wouldn’t do (MaP) it (G).”
110.Fofo (Sy) said (VeP) nothing (Vb).

111.Maa Tsuru (A) went on (MaP); 112.“Last week (Cl) a body (Ph) was found (MeP) behind a blue rasta
hairdressing kiosk salon at Agbogbloshie (Cl). 113.Did you (S) hear (MeP) about it (Ct)?”

114.“Aren’t bodies (Ph) always (Cl) being found (MeP) there (Cl) like the aborted fetuses (Cm) at Sodom
and Gomorrah (C1)? 115.Is (ReP-Id) that (T) news (V)? 116i.Well, maybe, for people like you (Cc) [[living
(MaP) in proper homes (Cl) like here (Cm),]] 116ii.it (T) is (ReP-Id). 117.No?”

118i.Maa Tsuru (S) ignored (MeP) the sarcasm (Ph) 118ii.to aveid (MaP) the bait of another round of war
(G) with words (Cm), 118iii.for what (Vb) she (Sy) was about to say (VeP) 118iv.was (ReP-At) in itself
(Cl), war (At) enough (Cx). 119.“Maami Broni (A) didn’t come (MaP) to give (MaP) me (B) money (G),
Fofo. 120i.She (A) came (MaP) 120ii.because she (Cr) was (ReP-At) afraid (At).”

121.Fofo (Be) frowned (BeP). 122 .Her unasked question (Cr) was (ReP-At) obvious (At).

123.Maa Tsuru (A) went on (MaP). 124i.“Since she (T) was (ReP-Id) the one [[I (A) entrusted (MaP)
Baby T (G) to]] (V), 124ii.she...”

125.“What (Vb) are you (Sy) trying to say (VeP), mother?”

126.“She (A) came (MaP) to tell (VeP) me (Rv).”

127.“Tell (VeP) you (Rv) what (Vb)?”

128.“That the body behind the hairdressing salon ...” 129.fresh tears (A) choked (MaP) the rest of her
words (G).

130.Fofo’s eyes (A) widened (MaP). 131.“Baby T?”

132.Maa Tsuru (Be) began to shake (BeP).

133i.Fofo (Be) just sat (BeP) there (Cl) 133ii.and stared at (BeP) her (Ph). 134.She (S) felt (MeP) no
immediate pain (Ph). 135.Even the anger and mixed feelings (Cr) lay (ReP-At) low (At).136i. In her mind’s
eye (Cl) was (ReP-At) a recollection of the last time (Cr)136ii.she (Be) laid (BeP) eyes (Ph) on her sister
(CD): 1371.Baby T’s reddish and swollen eyes from too much crying (Cl), with her belongings (Ca) tied up
(At) in an old headscarf (Cl) 137ii.and held (At) loosely (Cm) in her right hand (Cl) 137iii.as she (T)
followed (ReP-Ci) Maamo Broni (V) out of the compound house (Cl).

138i.Her calmness (T), 138ii.when she (Be) opened (BeP) her lips (Ph) again (Cx) 138iii.to address (VeP)
Maa Tsuru (Rv), surprised (ReP-Id) her own self (V). 139.“Mother, what (A) is happening (MaP)?
140.Where (CI) do I (Cr) fit (ReP-At) into all this (Cl) ? 141.What (G) has all this (A) got to do with
(MaP) Poison (Ct)?”

142i.“He (Cr) got (ReP-At) upset (At) 142ii.when (CI) he (S) heard (MeP) of Maami Broni’s visit to me
(Ph). 143i.He (S) knew (MeP) 143ii.she (A) had come (MaP) to tell (VeP) me (Rv).”

144.“Tell (VeP) you (Rv) what (Vb)? 1451.Are you (Sy) saying (VeP) 145ii.Baby T (Cr) is (ReP-At) dead
(A)?”

146.Maa Tsuru (Be) nodded (BeP).

147i.Fofo (S) didn’t know (MeP) 147ii.what (Ph) to think (MeP). 148.“So Baby T (Cr) is (Rep-At)dead
(At)?”

149.Maa Tsuru (Be) nodded (BeP) again (Cx).
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150.Fofo (G) was scared (MaP) and confused (MaP) and in great emotional pain (Cm) all at once (Cl).
151.“My sister (A) was staying (MaP) with Maami Broni (Ca). 152.Then she (A) dies (MaP). 153i.So
Maami Broni (A) comes (MaP) 153ii.to inform (VeP) you (Rv) about it (Ct). 154.You, who (T) are (ReP-
Id) her mother (V). 155.And because of that (Cc) , Poison (Cr) gets (ReP-At) upset (At)? 156.For which
reason (Cc) he (A) tries to rape (MaP) me (G)? 157.1t (T) doesn’t make (ReP-Id) sense (V) to me (Cc).
158.What (V) does it all (T) mean (ReP-I1d)?

159.“He (A) came (MaP) to me (Cl), Fofo. 160.He (A) came (MaP) here (Cl).”

161.“What?”

162i1.“He (A) came (MaP) here (Cl) 162ii.and turned (ReP-At) me (At) into a leper (Cm).”

1631.“So that (T) was (ReP-Id) 163ii. why (Cc) the woman in the third room (Sy) didn’t respond (VeP)
to Odarley’s greeting (Vb)?”

164.“Yes. 165.And why (Cl) you (A) should also go away (MaP) from here (Cl); 166i.he (Sy) told (VeP)
me (Rv)166ii.he (S) would find (MeP) you (Ph).”

167.“Me (Ph)?”

168.“Yes. 169i.And he (Sy) swore (VeP) 169ii.to replace (MaP) Baby T (G) with you (Ca) 169ii.if we
(Ag) made (ReP-Ca) him (Cr) angry (At).”

170.“Replace (MaP)? 171.Make (ReP-Ca) him (Cr) angry (At) ? 172.What (Vb) are you (Sy)
saying(VeP) mother? 173.What (V) is (ReP-Id) all this roundabout talk (T)?”

174.“Look (BeP), Fofo, 175.please, go away (MaP).”

176.The sleeping anger in Fofo (A) awakened (MaP) . 177.“It (Cr) ’s (ReP-At) all (V) you (Sy) keep
telling (VeP) me (Rv). 178.Go away (MaP); 179.go away (MaP)!” 180.Fofo (Be) yelled (BeP). 181.“How
(Cm) do I (A) just go away (MaP) somewhere (Cl), mother? 182.Where (Cl) should I (A) go (MaP)? 183.1
(Pr) have (ReP-Po) nothing (Pd) on me (Ca). 184.1 (Pr) got (ReP-Po) a job (Pd) at the vegetables market
(C1) justa few days ago (Cl). 185.1 (A) tried to stop (MaP) stealing (MaP). 186i.But the little (Pd) I (Pr)
had (ReP-Po) on me (Ca) t0o,186ii. I (A) just lost (MaP) to Macho (B). 187.So tell (VeP) me (Rv)
something (Vb) better (At).

188i.“I (Pr) have (ReP-Po) nothing (Pd) better (At) to tell (VeP) you (Rv), child, 188ii.and no money (Pd)
to give (MaP) you (B), t00.189.” Maa Tsuru (BeP) cried (BeP). 190i.T (Be) looked on (BeP) 190ii.and
allowed (MaP) something (G) to happen (MaP) 190iii.that (A) shouldn’t have happened (MaP). 191.My
hands (G) are tied (MaP). 192.1 (A) have (MaP) my finger (G) between his teeth (Cl). 193i.If I (A) hit
(MaP) him (G) on the head (Cl), 193ii.I (Ag) ‘Il make (ReP-Ca) him (A) chew off (MaP) my own finger
(G) too inside his mouth (Cl). 194.Then what (A) would happen (MaP) to them (G)? 195i.“She (Sy) asked
(VeP) 195ii.and paused (MaP), 195iii.pointing (MaP) again (Cx) at her sons (QG),

196.“Look at (BeP) them (Ph),” 197i.she (A) went on (MaP), 197ii.no longer crying (BeP) 197iii.but
clearly (Cm) hurting (VeP).

198.“What (G) have they (A) done (MaP)? 199i.Their only crime (T) is (ReP-Id) 199ii.that they (A) came
(MaP) into the world (Cl) through me (Cm).”

200.Rage (A) gripped (MaP) Fofo (G). 201.“Is (ReP-Id) their father (T) still (Cx)your husband (V)?
202.You (Sy) said (VeP) he (A) left (MaP), no?

203.Maa Tsuru (A) broke down (MaP). 204.She (Be) began to cry (BeP) again (Cx). 205.“Don’t talk
(VeP) to me (Rv) like that (Cm), Fofo,” 206.she (BeP) sniffed. 2071.“Just because I (A) made (MaP) a lot
of mistakes (R) in life (Cl) 207ii.and I (Cr) am (ReP-At) poor (At), 207iii.it (Ag) doesn’t make (ReP-Ca)
me (T) less your mother (V). 208.So don’t talk (VeP) to me (Rv) that way (Cm).”

Text 2 (extracted from Everything Good Will Come, pp. 126-130)

1.I (A) hurried back (MaP). 2.Peter Mukoro (A) had arrived (MaP) in my absence (Cl). 3.A huge man
[[with a thick black mustache (Ca)]], he (A) was already holding (MaP) court (R).

41.“Our last regime (Sy) claimed (VeP) 4ii.they (S) wanted (MeP) to wage (MaP) war (R) against
indiscipline (Cc), 4iii.and yet they (A) couldn’t fight (MaP) it (G) among themselves (Cl). 5.Military coups
(T) are (ReP-Id) the worst form of indiscipline (V). 6.No respect for the constitution. 7.No respect for
those in power (Cc)...”

8.“Our people (Cr) are (ReP-At) undisciplined (At),” 9.Uncle Fatia (Sy) said (VeP).

10.“How (Cm)?” 11i.Peter Mukoro (Sy) asked (VeP), 11ii.stroking (BeP) his mustache (Ph).

12i.“You (A)’re driving (MaP) 12ii.and someone (A) tries to run (MaP) you (G) off the road (CI).”
13.“Trying to aveid (MaP) potholes (G),” 14.Peter Mukoro (Sy) said (VeP).

15.“Speeding (MaP)through traffic stops (CI)?”
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16.“Running (MaP) from armed robbers (Cl).”

17.“Teachers (A) are not showing up (MaP) for class (Cc)?”

18.“Can’t afford (MaP) transportation (G).”

19.“Hospital staff (A) selling (MaP) supplies (G) on the black market (C1)?”

20.“Benefits in kind.”

21.“Bribery?”

22 “Tripping (VeP)23.Peter Mukoro (Sy) said (VeP).

24i.He (Sy) continued to speak (VeP) 24ii.as though he (A) were making (MaP) a toast (R) 24iii.and

twirled (MaP) his cigarette (G). 25.1 (Be) edged (BeP) toward Mike (Cl) . 26.“Come (MaP), 27.let ReP-

Ca)me (Sy) introduce (VeP) you (Vb) to Sheri (Rv). 28.This man (Sy) won’t stop talking (VeP). 29.He

(S) loved (MeP) his voice (Ph).”

30.“T (A)’ve already met (MaP) her (G),” 31.he (Sy) said (VeP).

32.“When (C)?”

331.“She (A) came in (MaP) here (Cl) 33ii.when (CI) you (Cr) were (ReP-At) away (CI).”

34.1 (Be) sat (BeP) on the arm of the chair (CI). 35.“What (Ph) did you (S) think (MeP)?”

36.“She (Cr) seems (ReP-At)... reserved (At).”

37.“Sheri?”

38.“To me, she (Cr) was (ReP-At).”

39.1 (Be) stood up (BeP).40.” Excuse (MaP) me (G), 41.1 (A) have to check on (MaP) the food (G).”

42i.Inside the kitchen (Cl), I (S) found (MeP) Sheri (Ph) 42ii.pouring (MaP) curry (G) into a big ceramic

bowl (Cl). 43i.Her waiter (A) was standing by (MaP) 43ii.to take (MaP) it (G) into the living room (Cl).

44.1 (Be) could smell (BeP) the coconut rice and sweet ginger of the pineapple bake (Ph) in the oven (Cl).

45.“Is (ReP-At) everything (Cr) ready (At)?” 46.1 (Sy) asked (VeP).

47.She (Be) nodded BeP). 48.“You (Sy) can call (VeP) them (Rv) in now (CI).”

49.1 (Be) paused (BeP) by the door (CI). 50.“You (A) met (MaP) Mike (G)?”

51.“Yes (Vb), 52.° she (Sy) said (VeP).

53.“What (Ph) did you (S) think (MeP) of him (Ct)?”

54.“He (Cr) ’s (ReP-At) nice (At).”

55.Throughout the evening (Cx), they (A) showed (MaP) nothing but courtesy (G) for each other (B). 56i.1

(S)’d expected (MeP) some interest, some camaraderie (Ph) even, 56ii.but soon (Cl) I (S) realized (MeP)

56iii.that they (A) shared (MaP) nothing (R) in common (Cm). 57.Mike (S) would find (MeP) Sheri (Ph)

too old (At).58. She (S) would find (MeP) Mike (Ph) far too young (At).

59.Peter Mukoro (A) continued to dominate (MaP) the conversation (G) meanwhile (CI). 60.He (S) was

predicting (MeP) the demise of our country (Ph) under the new military government (CI). 61i.They (A)

were making (MaP) plans (R) 6lii.to devaluate (MaP) our currency (G), 6liii.and to scrap (MaP)

foreign currency regulations (G). 62.Most of us [[who (A) needed (MaP) foreign currency (G) for business

or travel (Cc)]] (Sy) welcomed (VeP) this (Vb). 63i.We (S) envisioned (MeP) a time (Ph) 63ii.we (A) no

longer had to succumb (MaP) to black market rates (G). 64i.There were (ExP) places (X) in Lagos (Cl)

64ii.you (A) went (MaP) to buy (MaP) US dollars and pounds sterling (G), from hawkers (Cl) [[who (A)

loitered (MaP) like drug dealers (Cm)]]. 65i.You (Cr) had to be (ReP-At) sure (At) 65ii.you (A) were

buying (MaP) the real thing (G).

66.“We (Cr) ’re (ReP-At) finished (At),” 67.Peter Mukoro (Sy) was saying (VeP). 68.“The naira (Cr) will

be (ReP-At) like toilet paper (At) now (CI). 69i.And if we (A) take (MaP) the IMF loan (R) 69ii.we (Sy)

can kiss (VeP) our independence goodbye (Vb).”

70i.My father (Cr) seemed (ReP-At) to be enjoying (MeP) his tirade (Ph), 70ii.rocking back and forth

(MaP). 71.1 (A) refilled (MaP) his wined glass (G). 72.“Fill (MaP) my friend’s (G) as well,” 731i.he (Sy)

said (VeP), 73ii.pointing to (MaP) Peter Mukoro’s (G).

74 Reluctantly (Cm) I (A) did (MaP).

75.Peter Mukoro (A) tapped (MaP) my arm (G). 761.“1 (Sy) was calling (VeP) that lady, that yellow lady

(Rv) in the kitchen (Cl), 76ii.but she (S) ignored (MeP) me (Ph). 77i.Tell (VeP) her (Rv) 77ii.we (A)

need (MaP) more rice (G). 78.Please.”

79.“Her name (T) is (ReP-Id) Sheri (V).”

80.“Yes. 81i.Tell (VeP) her (Rv) 8lii.we (A) need (MaP) more rice (G). 82.And beer (G). 83.Wine (Cr)

is (ReP-At) like water (At) to me. 84.1 (T) m (ReP-Id) an African man (V).”

85.1 (Sy) delivered (VeP) the message (Vb) to her (Rv) word for word (Cm).

86.“He (Sy) can’t be talking (VeP) to me (Rv),” 87.she (Sy) said (VeP).

88.“Who (Sy) then?” 89.1 (Sy) asked (VeP).

90.“He (Sy) must be talking (VeP)to his mother (Rv).”
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91.1 (Be) laughed (BeP). 92i.Titus (A) had already annoyed (MaP) her (G), 92ii.asking (VeP) her (Rv)
to serve (MaP) guests (G) from the left and not from the right (Cl). 93i.Sheri (A) wore (MaP) her head tie
urban style (G) 93ii.and it (A) dropped (MaP) over her eye brows (Cl). 94.Her profile (Cr) was (ReP-At)
hysterical (At). 95i.She (A) was taking (MaP) her word (R) too seriously (Cm),95ii. I (S) thought (MeP).
96i.1 (Be) could snatch (BeP) the head tie (Ph) 96ii.and make (ReP-Ca) her (A) run (MaP) after me (CI).
97.1(A) carried (MaP) a bowl of rice (G) back to the dining room (Cl) with a cold bottle of beer (Ca).
98.“Ah thanks (Vb),” 99.Peter Mukoro (Sy) said (VeP). 100.“Brother Sunny, you (Sy) must ask for (VeP)
a hefty dowry (VD) for your daughter (Cc). 101.Look at (BeP) her (Ph), good hostess, lawyer, and all that.”
1021.“T (Cr) would be (ReP-At) glad (At),” 103.my father (Sy) said (VeP), 102ii.“if someone (A) would
take (MaP) her (G) off my hands (Cl) for free (Cc).”

104i.They (Be) laughed (BeP) hyuh- hyuh- hyuh (Cm), 104ii.as only men (Be) [[with too much money
(Ca)]] should (BeP). 105i.1 (S) ignored (MeP) them (Ph) 105ii.and returned (MaP) to the verranda (Cl).
106.“Something (Cr) wrong (At)?”” 107.Mike (Sy) asked (VeP).

108.“Peter Mukoro (Vb),” 109.1 (Sy) said (VeP). 110.“Every single time (CI) he (Be) opens (BeP) his
mouth (Ph)”.

111.Mike (Be) smiled (BeP). 112.“He (T) ’s (ReP-Id) a man’s man (V). 113.Your father (Cr) seems (ReP-
At) to like (MeP) him (Ph).”

114.We (Be) looked (BeP) toward the dining room (Cl). 115i.Sheri (A) had come (MaP) out of the kitchen
(Cl) 115ii.and was leaning (BeP) over my father (Cl).

116.“He (Cr) seems (ReP-At) to like (MeP) Sheri (Ph), too,” 117.he (Sy) said (VeP). 118.“Unlike me
(Cm).”

119.“Close (MaP) your mouth (G),” 120.1 (Sy) said (VeP).

121.By the end of the evening (Cl), my head (Cr) was (ReP-At) full of wine (At). 122i.I (Cr) was (ReP-
At) Mike off (At) 122ii.and he (Be) kissed (BeP) me (Ph) so hard (Cm) 122iii.he (Be) pulled (BeP) me
(Ph) through his car window (Cl). 123.We (Sy) spoke (VeP) against each other’s teeth (Cm).

124.“Come back (MaP) with me (Ca).”

125.“My father (A)will kill (MaP) me (G).”

126.“You (T) ’re not (ReP-Id) a child (V).”

127.“1 (T) am (ReP-Id), to him (Cc).”

128.“Nonsense.”

129.“Hmm. 130.Where (Cl) are (ReP-At) your sisters (Cr)?”

140.Locked up (MaP) at home (Cl), where they (Pr) belong (ReP-Po).”

141.The road (Cr) was (ReP-At) empty (At), except for a few parked cars (Cc). 142i.Before he (A) drove
off (MaP), 142ii.I (A) did (MaP) a strip-tease (G). 1431.I (S) flashed (MeP) a breast (Ph), 143ii.turned
(MaP) to wriggle (MaP), 143iii.only to find (MeP) Peter Mukoro (Ph) [[standing (MaP) by the gates
(CD]].

144.“Ah-ah (Vb)?” 145.he (Sy) said (VeP). 146.“Are we (G) invited (MaP)? 147.0r is (ReP-Id) this (T)
a private reception (V)?”

148i.He (Be) laughed (BeP) 148ii.as I (A) hurried past (MaP).

149i.1 (A) smoothed (MaP) the creases (G) from my dress (Cl) 149ii.before 1 (A) walked (MaP) into the
house (Cl) 149iii.and kept (ReP-At) my face (Cr) as straight as a newscaster’s (At). 150i.Sheri and my
father (Cr) were (ReP-At) in the living room (CI). 151.My father (A) was writing (MaP) a check (G).
152.“That young man (Vb),” 153.he (Sy) said (VeP). 154i.“What (VD) did you (Sy) say (VeP) 154ii.his
name (T) was (ReP-1d)?”

155.“Mike (V).”

156.Count (MaP) one (G) against him (Cm): 157.his name (Cr) wasn’t (ReP-At) Nigerian (At). 158i.This
(T) could mean (ReP-Id) 158ii.his family (Pr) didn’t have (ReP-Po) enough class (Pd) to uphold (MaP)
our traditions (G).

159.40bi,” 160.1 (Sy) said (VeP).

1611.1 (S) expected (MeP) his next question (Ph) 161ii. to be (ReP-Id) which Obi (V).

162.“An artist (Vb), you (Sy) say (VeP)?”’163. he (Sy) asked (VeP).

164.“Yes.” 165.Count (MaP) two (G).

166.“And he (A) ’s given up (MaP) architecture (G)?”

167.Count (MaP) three (G).168. I (S) hesitated (MeP). 169.“Not really.”

170.My father (Be) peered (BeP) over his glasses (Cl). 171.That Cr)’s (ReP-At) no good (At).”
172.“Why (Cc)?” 173.1 (Sy) asked (VeP).

174 He (A) turned (MaP)to Sheri (G). 175.“Tell (VeP) her (Rv). 176.Please. 177i. If I (Sy) say (VeP)
anything (Vb) to her (Rv), 177ii.she (S) thinks (MeP) 177iii.I (Cr) m (ReP-At) old-fashioned (At).”
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178.Sheri (Be) laughed (BeP). 179.“You (Sy) have to admit (VeP), Enithan. 180.An artist in Lagos?”
181.My father (A) handed (MaP) the check (G) to her (B).

182.“Thank you (Vb),” 183.he (Sy) said (VeP). 184.It (T) ’s been (ReP-1d) a pleasure (V).”

185.1(S) saw (MeP) her (Ph) to the door (Cl).

186.“Well done,” 187.1 (Be) whispered (BeP). 188.“Now I (A) won’t rest (MaP) in this house (Cl).
189.Why (Cc) did you (Sy) have to say (VeP) that (Vb)?”

190.“4buro, the artist (A) has jujued (MaP) you (G)?”

1911.“T (S) think (MeP) 191ii.I (A) ’ve outgrown (MaP) that name (G) by now (Cl).”

192.She (Be) raised (BeP) her hand (Ph). 193i.“T (A) won’t use (MaP) it (G) 193ii.if you (S) don’t like
(MeP) it (Ph).”

194.“Thanks”

195.“Bye (VeP) yourself (Rv),” 196.she (Sy) said (VeP), cheerfully (Cm).

1971.1 (A) shut (MaP) the door (G) gently (Cm) 197ii.and face (MaP) my father (G). 198i.He (A) removed
(MaP) his glasses (G), 198ii.which (T) usually meant (ReP-Id) 198iii.he (A) was about to give (MaP) a
lecture (R). 199.1 (A) braced (MaP) myself (G).

200.“You (S) know (MeP),” 201.1 (Sy) said (VeP). 202i.“1 (S) may not know (MeP) much (Ph)about
youngsters (Ct) today (Cl), 202ii.but I (S) know (MeP) a few things (Ph) 202iii.and I (S) don’t think
(MeP) 202iv.you (Ag) should be making (ReP-Ca) yourself (Cr) so available to a man (At) [[you (A) *ve
just met (MaP)]].”

203.1 (A) crossed (MaP) my arms (G). 204.“In what way (Cm)?”

205.“Your demeanour. 206.A woman (A) should have (MaP) more...comportment (R). 207.And you (T)
can stop following (ReP-Ci) him (V) outside (Cl) unchaperoned (At), for a start.”

208.“Yes (Vb),” 209.he (Sy) said (VeP). 210i“He (S) might think (MeP) 210ii.you (Cr) ’re (ReP-At)
easy (At). 211.Cheap (At). 212.1 (Sy)’m telling (VeP) you (Rv) for your own good (Cc).”

213.1(A) walked away (MaP). 214.Unchaperoned (At) indeed. 215.Look at (BeP) him (Ph). 216.Just look
at (BeP) him, and that Sheri (Ph), [[calling (VeP) herself (Rv) my sister (Vb)]]. 217.“This (T) is (ReP-Id)
modern Lagos (V),” 218.1 (Sy) said (VeP) over my shoulder (CI). 219.“Not Victorian London (V).”
220.“This (T) is (ReP-Id) my house (V),” 221.1 (S) heard (MeP) him (Ph) say (VeP). 222.“Don’t be
(ReP-At) rude (At).”
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REMOVAL OF HEAVY METAL FROM WASTE WATER USING POLYMERIC AND
WASTE MATERIALS — A REVIEW

Dr. Rajeev ARORA

Dr. Rajeev Arora, M. Tech Energy Management, Ph.D. IFTM University Moradabad, India,

ABSTRACT

Many researchers have utilised polymeric and waste materials as adsorbents to remove water-soluble

heavy metal pollutants by modifying their properties to enhance dispersibility, charge density, and

reactivity. For heavy metal removal, polymer-based adsorbents derived from agricultural and

industrial waste are potential alternatives to conventional technologies. The present study reviewed

past and current technologies in comparison to existing conventional technologies. The present study

critically reviews the available literature on the potential of polymeric, agricultural, and industrial

waste materials for removing heavy metals from contaminated sites, along with the challenges

involved. The study will support readers in choosing suitable polymeric, agricultural, and industrial

waste materials and in undertaking further research on heavy metal removal using these materials at a

lower cost.

Keywords: Conducting Polymer, Waste Materials, Agriculture waste, Heavy metal,
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RADIOLOGICAL-MORPHOMETRIC EVALUATION OF FACIAL SKELETAL
ASYMMETRY USING MODERN IMAGING TECHNIQUES

Sabina A. Aliyeva, PhD
Department of Human Anatomy and Medical Terminology, Azerbaijan Medical University
Baku, Azerbaijan
ABSTRACT

Introduction: Facial skeletal asymmetry is an important anatomical and clinical condition
influencing maxillofacial surgery, orthodontic treatment planning, and reconstructive procedures.
Accurate morphometric evaluation requires imaging modalities capable of providing objective,
reproducible, and high-resolution measurements. Advances in radiological imaging technologies
have significantly enhanced the diagnostic precision of craniofacial structural assessment.

Aim: The aim of this study was to comparatively evaluate the diagnostic effectiveness of
conventional radiography, magnetic resonance imaging (MRI), and computed tomography (CT)
in the morphometric assessment of facial skeletal asymmetry.

Materials and Methods: Morphometric analysis of craniofacial structures was conducted using
radiographic examination, MRI, and CT imaging. Conventional radiographs were obtained in
standard projections. CT imaging provided high-resolution multiplanar visualization, enabling
precise identification of anatomical landmarks and bilateral linear measurements. Morphometric
parameters were statistically analyzed using MS Excel and SPSS software. The comparative
evaluation focused on measurement reliability, spatial resolution, and reproducibility of each
imaging modality.

Results: Conventional radiography demonstrated limited diagnostic accuracy due to structural
superimposition and two-dimensional representation. MRI showed diagnostic value for soft tissue
evaluation but limited precision in linear morphometric measurements of bony structures.
Computed tomography provided superior spatial resolution, multiplanar reconstruction capability,
and reliable identification of craniometric landmarks. CT-based morphometric measurements
enabled objective bilateral comparison and statistically validated detection of facial skeletal
asymmetry.

Conclusion: Computed tomography represents the most reliable imaging modality for
quantitative morphometric assessment of facial skeletal asymmetry. Its high spatial resolution and
multiplanar analytical capability support accurate anatomical evaluation and evidence-based
clinical decision-making.

Keywords: facial skeletal asymmetry; craniofacial morphometry; computed tomography;
radiological assessment; quantitative analysis
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SAHARAN ACTINOMYCETES FROM TAMANRASSET AS PROMISING BIOCONTROL
AGENTS AGAINST PHYTOPATHOGENS

Fedwa BEGHDADI* 1 and El-Hadj DRICHE1

Laboratory of Molecular Biology, Genomics and Bioinformatics (LBMGB), Faculty of Natural
Sciences and

Life (SNV), Hassiba Benbouali University of Chlef, Hay Salem, 02000 Chlef, Algeria.

ABSTRACT

The hyper-arid soils of Tamanrasset constitute a unique ecological niche characterized by extreme
temperatures, low organic matter, and intense environmental stress. These harsh conditions create strong
selective pressures that shape specialized microbial communities with enhanced adaptive traits. This
study explores the microbial diversity of Saharan soils with a particular focus on actinomycetes and their
potential application in phytopathogen biocontrol.

Using selective isolation techniques that included heat pretreatment and calcium carbonate (CaCOs)
enrichment, forty morphologically distinct actinomycete strains were recovered. Physiological
observations revealed that these isolates possess strong ecological resilience, likely linked to their ability
to produce stable secondary metabolites under stress conditions.

In vitro antagonistic assays demonstrated remarkable antifungal activity against major crop pathogens,
particularly Alternaria and Fusarium species. Some isolates produced inhibition zones reaching 40 mm,
indicating a high level of bioactivity. Such strong antagonism suggests the presence of potent antifungal
compounds that may result from long-term adaptation to competitive desert ecosystems.

The findings highlight the potential of Saharan actinomycetes as sustainable alternatives to synthetic
fungicides. By valorizing microbial biodiversity from extreme environments, this research contributes
to the development of eco-friendly strategies for crop protection and supports the transition toward more
sustainable agricultural practices.

Keywords: Saharan actinomycetes; Tamanrasset soils; Antifungal activity; Biological control;
Sustainable agriculture
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DESERT MICROBIAL BIODIVERSITY AS A SOURCE OF INNOVATIVE CROP
PROTECTION SOLUTIONS

Fedwa BEGHDADI* 1 and El-Hadj DRICHE1

Laboratory of Molecular Biology, Genomics and Bioinformatics (LBMGB), Faculty of Natural
Sciences and

Life (SNV), Hassiba Benbouali University of Chlef, Hay Salem, 02000 Chlef, Algeria.
ABSTRACT

Arid environments are increasingly recognized as reservoirs of metabolically versatile microorganisms
with significant biotechnological value. This investigation examines the microbial diversity of
Tamanrasset’s desert soils and evaluates the biocontrol potential of isolated actinomycetes against
economically important phytopathogens.

Selective isolation methods, including soil heat treatment and CaCOs supplementation, enabled the
recovery of forty distinct actinomycete strains. These isolates demonstrated notable ecological
adaptability, reflecting their survival in nutrient-poor and highly stressful desert conditions. Such
adaptation is often associated with the production of bioactive secondary metabolites that enhance
microbial competitiveness.

Antagonistic screening assays revealed substantial inhibitory effects against Fusarium and Alternaria,
two major fungal pathogens responsible for significant agricultural losses. Inhibition zones of up to 40
mm were recorded for the most active strains, underscoring their strong antifungal capacity.

The results suggest that the selective pressures of the Saharan ecosystem have favored microorganisms
capable of synthesizing powerful antimicrobial compounds. These findings position Saharan
actinomycetes as promising candidates for the development of environmentally friendly biofungicides,
offering an effective and sustainable alternative to chemical-based disease control methods.

Keywords: Desert microbiology; Phytopathogen suppression; Secondary metabolites; Biopesticides;
Microbial diversity
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ECOLOGICAL ADAPTATION AND ANTAGONISTIC POTENTIAL OF SAHARAN
ACTINOBACTERIA

Fedwa BEGHDADI* 1 and El-Hadj DRICHE1

Laboratory of Molecular Biology, Genomics and Bioinformatics (LBMGB), Faculty of Natural
Sciences and

Life (SNV), Hassiba Benbouali University of Chlef, Hay Salem, 02000 Chlef, Algeria.

ABSTRACT

The exploration of extreme ecosystems has become a strategic approach for discovering novel
microorganisms with enhanced metabolic capabilities. In this study, the arid soils of Tamanrasset were
investigated as a source of actinomycetes with potential applications in plant disease management. Forty
strains were isolated through selective techniques involving heat pretreatment and calcium carbonate
enrichment.

The isolates exhibited morphological diversity and strong adaptation to environmental stress. Their
survival under extreme desert conditions suggests the presence of efficient physiological and
biochemical mechanisms, including the synthesis of stable secondary metabolites.

In vitro antagonism assays confirmed significant inhibitory activity against major fungal pathogens such
as Alternaria and Fusarium. Certain strains produced inhibition zones measuring up to 40 mm,
demonstrating exceptional antifungal effectiveness. This high level of activity may reflect evolutionary
adaptation to intense microbial competition in desert habitats.

The study highlights the importance of Saharan microbial resources in developing sustainable
agricultural technologies. By exploiting naturally occurring antagonistic microorganisms, it is possible
to reduce reliance on synthetic fungicides and promote environmentally responsible crop protection
strategies.

Keywords: Actinobacteria; Desert adaptation; Antifungal screening; Tamanrasset; Sustainable
biocontrol
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HARNESSING SAHARAN SOIL MICROORGANISMS FOR SUSTAINABLE
PHYTOPATHOGEN MANAGEMENT

Fedwa BEGHDADI* 1 and El-Hadj DRICHE1

Laboratory of Molecular Biology, Genomics and Bioinformatics (LBMGB), Faculty of Natural
Sciences and

Life (SNV), Hassiba Benbouali University of Chlef, Hay Salem, 02000 Chlef, Algeria.

ABSTRACT

Saharan ecosystems, particularly the hyper-arid region of Tamanrasset, represent an underexplored
frontier for microbial discovery. The extreme climatic conditions of these soils favor the selection of
resilient microorganisms with specialized metabolic traits. This study investigates the potential of
Saharan actinomycetes as biological control agents against destructive crop pathogens.

Through heat pretreatment and CaCO; enrichment, forty distinct actinomycete isolates were
successfully obtained. Their ecological robustness reflects long-term adaptation to environmental
stressors such as high temperature and limited nutrients. These adaptations are closely linked to the
production of stable and potent secondary metabolites.

Antifungal assays demonstrated remarkable antagonistic activity against Fusarium and Alternaria, with
some isolates producing inhibition zones up to 40 mm in diameter. Such performance suggests the
presence of highly active antimicrobial compounds with strong potential for agricultural application.

Overall, this research underscores the strategic value of Saharan microbial biodiversity for the
development of innovative and sustainable plant disease management solutions. The exploitation of
desert-derived actinomycetes may significantly contribute to reducing chemical inputs in agriculture
while maintaining effective pathogen control.

Keywords: Saharan biodiversity; Biological control; Desert soils; Microbial antagonism; Eco-friendly
agriculture
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SUSTAINABLE REMOVAL OF METHYLENE BLUE USING DATE-PIT DERIVED
ACTIVATED CARBON: INTEGRATED EXPERIMENTAL ASSESSMENT AND
MOLECULAR-LEVEL INSIGHTS
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Mohamed Tahiri , Omar Tanane

(1) Laboratory of Physical Chemistry, Materials and Catalysis, Faculty of Sciences Ben M’Sik,
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(2) Laboratory of Engineering Materials and Sustainable Energy, Faculty of Science, Abdelmalek
Essaadi University, Tetouan, Morocco.
(3) Laboratory of Analytical and Molecular Chemistry, Faculty of Sciences Ben M’Sik, Hassan 11
University of Casablanca, Casablanca, Morocco.
(4) Laboratory of Organic Synthesis, Extraction and Valorisation (SOEV), Ain Chock Faculty of
Sciences, Hassan II University - Casablanca, Morocco.

(5)
ABSTRACT
The development of cost-effective and sustainable adsorbents for dye-contaminated wastewater remains
a major environmental challenge. In this study, a bio-based activated carbon (AC) was synthesized from
date-pit agricultural waste through phosphoric acid (HsPOs4) chemical activation and evaluated for the
removal of methylene blue (MB) from aqueous solutions. The effects of activation conditions were
systematically investigated, and optimal carbonization was achieved at 600 °C for 2 h, leading to a

material with enhanced surface characteristics and high carbonization yield.

Batch adsorption experiments were performed to assess the influence of key operational parameters,
including solution pH, contact time, adsorbent dosage, and initial dye concentration. Under optimal
conditions, the prepared AC exhibited outstanding adsorption performance, achieving a maximum
removal efficiency of 99.71%. Structural characterization using X-ray diffraction (XRD) confirmed the
predominantly amorphous and porous nature of the synthesized carbon, which is favorable for

adsorption applications.

To gain deeper insight into the adsorption mechanism at the molecular level, density functional theory
(DFT) calculations and molecular dynamics (MD) simulations were conducted. The computational
results demonstrated strong interactions between MB molecules and the carbon surface, primarily
governed by electrostatic attractions and n—m stacking interactions. The theoretical findings were in good

agreement with the experimental observations, confirming the reliability of the integrated approach.

Overall, this combined experimental-computational investigation highlights the high potential of date-
pit derived activated carbon as a sustainable and efficient adsorbent for wastewater treatment,

contributing to circular economy strategies through the valorization of agricultural residues.

Keywords: Methylene blue; Activated carbon; Date pits; Adsorption; Density functional theory;

Molecular dynamics; Sustainable wastewater treatment.
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DUNYA SAGLIK ORGUTU KILAVUZU ISIGINDA PERINATAL RUH SAGLIGI
HiZMETLERININ ANNE VE COCUK SAGLIGI SiSTEMINE ENTEGRASYONU
INTEGRATION OF PERINATAL MENTAL HEALTH SERVICES INTO THE MATERNAL AND
CHILD HEALTH SYSTEM IN LIGHT OF THE WORLD HEALTH ORGANIZATION GUIDELINES
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OZET

Perinatal donem gebelikten dogum sonrasi ilk bir yila kadar uzanan, kadinlarin biyolojik, psikolojik ve
sosyal agidan yogun degisimler yasadig: kritik bir yasam evresidir. Bu siirecte ortaya ¢ikan ruh sagligi
sorunlar1 annenin psikososyal sagligint bozmanin o&tesinde; diizensiz beslenme, madde kullanimu,
hipertansiyon ve gestasyonel diyabet gibi fiziksel riskleri artirarak gebelik sonuglarini olumsuz
etkileyebilmektedir. Bu durum; erken dogum, diisik dogum agirligi, operatif dogum ve anne-bebek
baglanmasinda giicliikler gibi maternal ve neonatal sagligi tehdit eden komplikasyonlara yol acabilmektedir.
Diinya Saglik Orgiitii’niin 2022 yilinda yayimladig1 ve perinatal ruh saglhigi (PRS) hizmetlerinin anne ve
cocuk sagligi (ACS) hizmetlerine entegrasyonuna iligkin kanita dayali Oneriler sunan kilavuzu
dogrultusunda hazirlanan bu derleme galismasi, PRS hizmetlerinin ACS hizmetlerine entegrasyonunun ve
siirdiiriilebilirliginin saglanmasia yonelik stratejileri incelemeyi amaglamaktadir. Inceleme sonucunda
DSO’ niin, saglik ile ilgili kisitl kaynaklarm verimli kullanim1 ve PRS alanindaki tedavi agiginin azaltilmasi
amaciyla “kademeli bakim yaklasimint” onerdigi tespit edilmistir. Bu yaklasim, perinatal ruh sagliginin
tesviki ve saygili, kadin merkezli bakimin saglanmasi (1), risk altindaki kadinlara yonelik Onleyici
miidahaleler (2), hafif semptomlarda kanita dayali psikososyal desteklerin sunulmasi (3) ve orta ve siddetli
vakalarda uzman degerlendirmesi, ileri tedavi ve uygun sevk mekanizmalarinin isletilmesini (4) kapsayan
dort basamakli bir yapidan olugsmaktadir. Elde edilen diger bulgular basta ebeler olmak tizere ACS
calisanlarinin perinatal ruh sagligi konusunda egitilmesi, gorev paylasimi uygulamalari ve toplum temelli
miidahalelerin hizmet kapasitesini artiran temel stratejiler oldugu, hizmetlerin etkinligi icin kiiltiirel
uyarlamanin saglanmasi, sosyal belirleyicilerin dikkate alinmasi ve aile ile toplum liderlerinin siirece aktif
katilimina bagl oldugu seklindedir. Ayrica kalite gostergelerine dayali izleme-degerlendirme sistemlerinin
kurulmas: siirdiiriilebilirlik agisindan temel bir gereklilik oldugu vurgulanmaktadir. Sonug olarak, PRS
hizmetlerinin ACS hizmetlerine entegrasyonu anne ve bebek sagliginin iyilestirilmesi ve uzun vadeli toplum
sagligi kazanimlarinin desteklenmesi agisindan kritik bir stratejidir. Basarili entegrasyon igin yerel

272



)\ Cukurova International
Congress of Basic and
Applied Sciences

© | INTERNATIONAL
ACADEMIC
PLATFORM

ihtiyaglara duyarli planlama, personel kapasitesinin gii¢lendirilmesi ve siirdiiriilebilir izleme
mekanizmalarinin olusturulmas: gerekmektedir.

Anahtar Kelimeler: Ana —Cocuk, Saglik Hizmetleri, Ruh saghigi, Ebelik, Diinya Saglik Orgiitii

ABSTRACT

The perinatal period, extending from pregnancy to the first year postpartum, is a critical stage in women's
lives during which they experience intense biological, psychological, and social changes. Mental health
problems arising during this period can not only impair the mother's psychosocial health but also negatively
impact pregnancy outcomes by increasing physical risks such as irregular eating habits, substance abuse,
hypertension, and gestational diabetes. This can lead to complications that threaten maternal and neonatal
health, such as premature birth, low birth weight, operative delivery, and difficulties in mother-infant
bonding. This review, prepared in line with the WHO's 2022 guidelines providing evidence-based
recommendations on the integration of perinatal mental health (PRS) services into maternal and child health
(MCH) services, aims to examine strategies for ensuring the integration and sustainability of PRS services
within MCH services. As a result of the review, it was determined that the WHO recommends a "tiered care
approach" to ensure the efficient use of limited health resources and to reduce the treatment gap in the PRS
field. This approach consists of a four-step structure encompassing the promotion of perinatal mental health
and the provision of respectful, woman-centered care (1), preventive interventions for women at risk (2),
the provision of evidence-based psychosocial support for mild symptoms (3), and the operation of expert
assessment, further treatment, and appropriate referral mechanisms for moderate and severe cases (4). Other
findings indicate that training of primary care staff, especially midwives, on perinatal mental health, task-
sharing practices, and community-based interventions are key strategies for increasing service capacity; that
cultural adaptation, consideration of social determinants, and active participation of family and community
leaders in the process are crucial for the effectiveness of services; and that establishing monitoring and
evaluation systems based on quality indicators is a fundamental requirement for sustainability. In
conclusion, the integration of PRS services into primary care services is a critical strategy for improving
maternal and infant health and supporting long-term community health gains. Successful integration
requires planning sensitive to local needs, strengthening staff capacity, and establishing sustainable
monitoring mechanisms.

Keywords: Maternal-Child, Health Services, Mental health, Midwifery, World Health Organization

GIRIS

Perinatal donem gebelik ve dogum sonu ilk bir yillik siireci ifade etmektedir. Birgok kadin perinatal
donemde ruh sagliginda degisiklikler yasamaktadir. K&tii ruh sagligi, kadilarin sagligini, bebeklerinin ve
ailelerinin refahim1 olumsuz etkileyebilir. Aym sekilde, kadinlarin, bebeklerinin ve ailelerinin
yasamlarindaki kotii saglik veya zor kosullar da kadinlarin ruh sagligini olumsuz yonde etkileyebilir (WHO,
2022; Cevik, 2024; National Healht Service, t.y.).

Perinatal donemde anne ve ¢ocuk sagligi (ACS) hizmetleri, hizmet saglayicilarin kadinlarla baglanti
kurmas1 ve destek saglamasi icin essiz bir firsat sunmaktadir. Iyi ruh saghginin desteklenmesi saglik
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sonuglarini iyilestirebilir ve damgalanmadan, saygili ve 6zenli bir ortamda kadinlarin yasadiklar1 zorluklar
tartismak icin kendilerini giivende hissettikleri bir ortam yaratarak tiim kadimnlar icin ACS hizmetlerinin
kalitesi iyilestirilebilir (WHO, 2022).

Diinya Saglik Orgiitii’niin 2022 yilinda yayimladigi ve PRS hizmetlerinin anne ve ¢ocuk saglhigi ACS
hizmetlerine entegrasyonuna iliskin kanita dayali 6neriler sunan kilavuzu dogrultusunda hazirlanan bu
derleme c¢aligmasi, PRS hizmetlerinin ACS hizmetlerine entegrasyonunun ve siirdiiriilebilirliginin
saglanmasina yonelik stratejileri incelemeyi amaglamaktadir.

PERINATAL RUH SAGLIGI

Perinatal donem (gebelik ve dogum sonrasi ilk bir yil), kadinlarin ruh sagliginda belirgin degisimlerin
yasandig1 kritik bir siirectir. Her bes kadindan birinde goriilen bu ruhsal degisimlerde, kadinlarin biiyiik bir
cogunlugu temel psikososyal destege ihtiya¢ duymaktadir. Tiim kadinlarin iyi bir ruh sagligina ve uygun
tedaviye erisim hakki bulunmaktadir; bu baglamda saglik hizmetlerinin saygili ve her tiirli
istismardan uzak sunulmasi esastir. Ruh sagligi, bireyin genel esenliginden giinliik miicadelelere
ve daha ciddi klinik tablolara kadar uzanan bir yelpaze olarak tanimlanmaktadir (WHO, 2022;
National Healht Service, t.y.).

Perinatal Ruh Saghgi Sorunlarinin Yayginhg ve Riskleri
Gebelik, dogum ve erken ebeveynlik siirecleri; kadinlarin kimligini, fiziksel sagligini ve ekonomik
statiisiinii dogrudan etkileyen stresli donemlerdir. Perinatal anksiyete ve depresyonun yayginligi;
yiiksek gelirli tilkelerde her 10 kadindan birini, diisiik ve orta gelirli {ilkelerde ise her 5 kadindan
birini etkileyecek diizeydedir. Kotii ruh sagligi, anne ve bebek iizerinde su olumsuz sonuglarla
iligkilendirilmektedir:
e Obstetrik Komplikasyonlar: Preeklampsi, kanama, erken dogum ve 6lii dogum riskinde artis.
e intihar Riski: Perinatal dsnemdeki anne 6liimlerinin 6nemli bir nedeni olan artmus intihar egilimi.
¢ Dogum Sonuglari: Diisiik bebek agirligi ve ¢ocukluk doneminde fiziksel, duygusal ve davranigsal
zorluklar.
e Bakim Zorluklari: Bebeklerin beslenmesinde giicliik ve ebeveyn-bebek baglanmasinda yasanan
yetersizlikler (WHO, 2022; Murat Oztiirk, 2023; Cevik, 2024; Zivin vd., 2025).

Klinik Belirtiler ve Tanilama
Perinatal dénemde ruh saglig1 sorunlari, genel ve spesifik semptomlar aracilifiyla kendini gosterebilir

(WHO, 2016; WHO,2022).

Yaygin Belirtiler:
o  Siirekli lizgiin hissetmek, motivasyon ve enerji eksikligi.
e Daha dnce keyif alinan aktivitelerden zevk alamama (anhedoni).
¢ Konsantrasyon giicliigii, karar vermede zorlanma ve degersizlik hissi.
e Uyku ve istah diizeninde belirgin degisiklikler.
e Kendine zarar verme veya intihar diislinceleri.
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Spesifik Belirtiler:

e Bebek i¢in asir1 ve durdurulamayan endise hali.

e Bebege bakamama hissi veya bebege yonelik olumsuz diisiinceler.
Agir vakalarda haliisinasyonlar, psikoz veya siddetli depresyon goriilebilir; bu durumlar acil ve yogun
midahale gerektirir. Klinik degerlendirmede semptomlarin siddeti, siiresi ve kadmin giinliik islevselligi
iizerindeki etkisi sorgulanmalidir.

BAKIMIN SAGLANMASI

Kademeli Bakim Yaklasimi
Kademeli bakim (Stepped Care), ruh saglig1 hizmetlerinin sunumunda ACS saglayicilarinin ve meveut
kaynaklarin en verimli sekilde kullanilmasini saglar. Bu yontem, bireyin ihtiyag¢ diizeyine gore kaynak
tahsisini optimize eder:

¢ Diisiik risk/ihtiyac: Temel kanita dayali miidahaleler ve bilgilendirme.

o Yiiksek risk/ihtiyac: Daha yogun kaynak ve uzmanlik gerektiren klinik miidahaleler.
Bu yaklasim; ruh saghiginin gelistirilmesi, sorunlarin 6nlenmesi, erken teshis ve tedavi siireclerini kapsar.
Tedavi hizmetleri dogrudan ACS biinyesinde sunulabilecegi gibi, gerekli durumlarda uzmanlagmis
birimlere sevk yoluyla da gerceklestirilebilir (Ho vd., 2016; WHO,2022).

Destekleyici Ortamlarin Olusturulmasi
PRS bakiminin basarisi; kadinlarin kendilerini glivende hissettigi, saygi gordiigli ve yargilanmadig bir
hizmet ortamina baglidir.

¢ Damgalanma (Stigma) ile Miicadele: Ruh saglig1 sorunlar1 yasayan kadinlar, birgok kiiltiirde
"yetersiz ebeveyn" olarak algilanma korkusuyla durumlarini gizleyebilirler. PRS hizmetlerinin rutin
saglik kontrollerine entegre edilmesi, bu durumun normallesmesini ve damgalanmanin azalmasini
saglar (Sambrook Smith vd.,2019; WHO, 2022).

e Saygih Bakim: Kadinlarin mahremiyet, haysiyet ve 6zerklik haklarimi giivence altina alan bir
yaklasimi ifade eder. Saglik calisanlarinin fiziksel istismar, sozlii taciz veya riza dis1 bakim gibi
olumsuz davranislardan kaginmasi esastir. Hizmet saglayicilar bu konuda egitilmeli ve kadinlar,
kotli muameleyi anonim olarak bildirebilecekleri mekanizmalar hakkinda bilgilendirilmelidir
(Afulani vd.,2019; WHO, 2022).

Ruh Saghgim Tesvik ve Koruma

Ruh saglig1 kosullarinin hem tesvik edilmesi hem de 6nlenmesi, fiziksel ve psikolojik sikintilar1 azaltabilir
ve bireyler, aileler, saglik sistemi ve otesi i¢in insani ve mali kaynaklari koruyabilir (Kending vd.,2017).
Ruh sagligimin tesviki, insanlarin kigisel becerilerini veya basa ¢ikma stratejilerini gelistirmelerinde ve
halihazirda sahip olduklar becerileri giiglendirmelerinde (6rn. koruyucu faktorler) desteklenmelerini igerir.
Tesvik ayn1 zamanda ruhsal esenligi destekleyecek ortamlarin yaratilmasini da icerir. Bunlar arasinda
istihdam yaratmaya yonelik sosyal politikalar ve stratejiler, siddetin 6nlenmesi ve azaltilmasi, kadinlarin ve
kiz ¢ocuklarinin egitiminin desteklenmesi ve ayrimcilik karsiti girisimler yer almaktadir (Ng’oma vd.,
2020). Perinatal donemde ruh sagliginin gelistirilmesi, kadinlarin toplum tyeleri, bakicilar ve ¢aliganlar
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olarak faaliyetlerini destekleyebilir ve kaynaklarmi (6rnegin gelir, sosyal baglantilar, varliklar) ve ruhsal
esenliklerini gliclendirmeye yardimci olabilir.

Onleme, erken miidahaleyi saglamak icin ruh sagligi kosullarinin belirtileri ve erken uyari isaretleri
hakkinda farkindalik olusturur. Amag, ruh saghigi kosullariyla iligkili semptomlarin gelismesini veya
kétiillesmesini durdurmaktir (Compton & Shim, 2020).

Kadinlarin bu hizmetlerle bircok temasi oldugundan, ACS hizmetleri perinatal donemde kadinlar i¢in ruh
sagligiin hem gelistirilmesinde hem de dnlenmesinde hayati bir rol oynayabilir. Tesvik ve dnleme, bakim
yolunun bir pargasi olabilecek gayri resmi destek hizmetleri tarafindan toplumda da saglanabilir. Cogu ACS
hizmet saglayicist tiirli, ebeler, toplum sagligi ¢aliganlar1 ve akranlar dahil olmak iizere PRS kosullarini
tesvik etmek ve onlemek i¢in egitilebilir ve desteklenebilir. ACS hizmet saglayicilari, bekleme odasi
goriismeleri, topluluk sosyal yardimlari, perinatal ve g¢ocuk sagligi kampanyalarinin bir pargas: olarak
zihinsel saglig1 gelistirme ve dnleme miidahaleleri saglayabilir (WHO,2022).

o Psikoegitim: Psikoegitim, zihinsel saglik kosullar1 ve zihinsel refahi desteklemenin yollari
hakkinda bilgi paylagimini igerir (Park vd., 2020). Kadinlara semptomlar1 tanimalarini ve gerekirse
yardim almalarini saglar. Ruh sagligi sorunlari olan kadinlarin “tembel” veya “kotii” ebeveyn veya
es olduklar inanci da dahil olmak iizere damgalamanin ele alinmasini igerir. Ayrica kadinlara,
saglikli atilganlik, yasamlarinin her alaninda saygili davranilma haklarini anlama ve cinsiyete dayali
kisitlamalarin zararli oldugunu anlama dahil olmak tizere psikolojik zarara karsi koyma becerileri
saglar. Oz bakim ve bas etme stratejileri, mevcut tedavi segenekleri, faydalar1 ve olasi yan etkileri
hakkinda bilgi paylasilir. Bir kadin tarafindan izin verilirse, psikoegitim esini ve yakin ailesini
icerebilir ve icermelidir. Aile iiyeleri i¢in psikoegitim, perinatal déonemde bir kadin1 destekleme
hakkinda bilgi icermelidir (WHO,2022).

e Stres yonetimi: Yiiksek diizeyde stres veya siirekli stresli kosullarda yasamak ziksel ve zihinsel
saghgi etkileyebilir. Insanlar dogal olarak stresle basa ¢tkmanin yollarin gelistirir; Bununla birlikte,
bazi insanlar bu stratejilerin ne zaman yararli oldugunu (6rnegin, giivenilir bir arkadasla konusmak,
dogada veya meditasyonda veya duada sessiz vakit ge¢irmek, yaratici aktiviteler, egzersiz yapmak)
ve ne zaman yararsiz olduklarini (6rnegin alkol veya uyusturucu kullanmak) fark etmeyebilir..
Farkindalik pratigi, rahatlama ve nefes egzersizleri yardimeci olabilir. Perinatal donemde stres
yonetimi egzersizleri, destek gruplari, ebeveyn kuliipleri veya dogum 6ncesi siniflari mevcutsa ve
kolaylastiricilar bunlar1 uygulamak icin egitilmisse, bunlara kolayca entegre edilebilir. DSO'niin
stres yonetimi yayini, SH+ (Self-Help Plus) programinin bir pargasi olan Stres Zamanlarinda
Onemli Olan1 Yapmak da stres ydnetimi igin kadinlara faydali olabilir (WHO,2021; WHO, 2022)

o Sosyal destegin giiclendirilmesi: Sosyal destek, duygusal destek (6rnegin, kisinin sorunlarini veya
duygularii paylagsmak, bagkalarindan nezaket ve saygi duymak) veya arkadaglardan, aileden veya
topluluk tiyelerinden pratik destek (6rnegin, gocuk bakimi, yemek saglama) olabilir. Zihinsel saglik
sorunlar1 yasayan kadinlar sosyal destegi kullanmakta zorlanabilirler. Kendilerini ¢ok yorgun,
degersiz hissedebilir veya destegin faydali olmayacagindan veya verilmeyeceginden korkabilirler.
Bu, zihinsel sagliklarini kotiilestirebilecek daha fazla izolasyona neden olabilir. ACS hizmet
saglayicilari, kadinlarin ¢evrelerindeki destek isteyebilecekleri kisileri belirlemelerine ve onlarla
baglanti kurmalarina yardimci olmada 6nemli bir rol oynayabilir (Edward vd., 2015; WHO,2022).
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o Isleyis ve yasam becerilerinin gelistirilmesi: PRS problemleri olan kadinlar giinliik yasamlarinda
kendilerine ve bebeklerine bakmak i¢in zorlanabilirler. ACS hizmetleri, kadinlara bu gorevlerinde
yardimer olmak ic¢in yasam becerilerinin (ebeveynlik davraniglari, problem ¢ézme ve iletisim
becerileri, duygu yonetimi gibi) Ogretilmesi veya gelistirilmesinin desteklenmesi ve sosyal
faaliyetlere katilim (ihtiyaci olan diger insanlara destek olmak, toplum projelerine katilmak, inang
temelli faaliyetler, 6z bakim) gibi bir dizi faaliyet diizenleyebilir (WHO,2022).

e Ruh saghg problemlerini tammmak: Ruh sagligi sorunlarmin taninmasi veya tespiti, PRS
bakiminin hayati bir yoniidiir. Ancak onlar1 tanimak zor olabilir. Kadinlar, zihinsel saglik
kosullarinin damgalanmasi nedeniyle zorluklar1 hakkinda konusmaktan utanabilir veya tereddiit
edebilir. Ayrica semptomlarimin normal oldugunu, zihinsel bir saglik durumuna atfedilebilecegini
veya yardim edilemeyecegini hissedebilirler. Saglik hizmeti sunuculari, kadinlara ruh sagligi
sorunlart hakkinda soru sorma konusunda giiven eksikligi yasayabilir, hangi destegin mevcut
oldugu konusunda emin olmayabilir veya bu tiir sorunlarla basa ¢ikmanin ¢ok fazla zaman ve enerji
alacagindan endise edebilir. Olagan bakimin bir pargasi olarak, ACS hizmeti saglayicilari kadinlarin
iyi olma halini, hayatlarindaki stres faktorlerini ve depresif semptomlar: sormalidir (WHO,2022).

e Tarama araclarim kullanma: Ruh saglhigi taramasi, kadinlara zihinsel bir saglik sorunu
olasiliklarinin olup olmadiginmi belirlemek icin bir dizi standartlastirilmis soru sormayi igerir .
Tarama, egitimli bir toplum saglig1 calisani, ebe veya baska bir ACS hizmeti saglayicisi tarafindan
yapilabilir. Okuryazar olan kadinlar bir tarama aracini kendi baglarina tamamlayabilirler. Kullanilan
herhangi bir tarama araci yerel baglama ve kiiltiire uyarlanmali ve perinatal donemde kadinlarin
gergeklerini yansitmalidir. Hasta Sagligi Anketi, Edinburgh Dogum Sonras1 Depresyon Olgegi ve
Whooley sorular1 uluslararasi tarama araglarma drnektir (Ali vd, 2016; Howard vd., 2018) . Olasi
zihinsel saglik sorunlart i¢in puanlama sinirlart farkli ortamlarda farklilik gosterebilir. Miimkiin
oldugunda, yerelde (veya benzeri) gelistirilmis, uyarlanmis, ¢evrilmis veya test edilmis bir arag
secilmelidir. Tarama sonucu zihinsel saglik problemi ¢ikmasi klinik bir tan1 degil kadinin zihinsel
bir saglik problemi yasama sansinin yiiksek oldugunu gosterir. Zihinsel saglik problemi yasama
sansinin yiiksek olan kadinlar, tan1 konusunda egitilmis bir psikiyatrist veya baska bir ruh saglig:
uzmani (6rnegin, klinik psikolog, psikiyatri hemsiresi) tarafindan tanisal bir degerlendirmeye
alinmalidir (WHO,2022).

o Zayif PRS icin risk faktorlerinin belirlenmesi: Sosyal belirleyiciler ve diger faktorler, kotii ruh
saglig1 i¢in artan risklerle baglantilidir. Kadinlarla goriismeler sirasinda siddet, madde kullanima,
yoksulluk, zayif sosyal destek ve diger risk faktorlerini belirlemeye yonelik sorular1 dahil etmek
faydal olabilir (WHO,2022).

TEDAVI

Farmakolojik tedavi icermeyen psikolojik miidahalelerin amaci, bir kiginin ruh sagligi problemini azaltmak
veya yonetmektir. Psikolojik miidahalelerin ACS hizmetlerine katilan kadinlar tizerindeki olumlu etkisine
dair kanitlar giderek artmaktadir (Singla vd., 2017; Abbas-Dick vd., 2019). Gec¢miste psikolojik
miidahaleler bircok seansta sadece ruh sagligi uzmanlar tarafindan saglantyordu. Fakat artik, genel saglik
hizmeti saglayicilari, toplum sagligi ¢alisanlar: ve hatta akran egitimcileri de dahil olmak iizere diger birgok
hizmet saglayici, bu miidahaleleri (bir ruh sagligi uzmaninin gézetiminde) birkag seansta uygulamak iizere
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egitilmektedir. DSO mhGAP (Mental Health Gap Action Programme - Ruh Saglhg Boslugu Eylem
Programi) miidahale kilavuzu (WHO, 2016) ve ilgili egitim ve operasyon kilavuzlari, uzman olmayan
ortamlarda ruh sagligi hizmetlerinin sunulmasina iligkin ayrintili bilgi saglamaktadir (WHO,2022).
Zihinsel saglik problemi varligindan siiphelenilen veya teshis edilen tiim kadinlara psikoegitim, stresi
azaltmanin ve sosyal destegi giiclendirmenin yollar1 hakkinda bilgi ve zihinsel refahlarini destekleyecek
giinliik aktivitelere katilmaya tesvik verilmelidir. Ozel ruh sagligi problemlerini hedef alan miidahaleler,
miimkiin oldugunda ACS hizmetleri i¢inde veya uygun sekilde yonlendirmeler yoluyla disaridan
saglanmalidir (WHO,2022).

Hafif semptomlar1 olan problemler: Depresyon veya anksiyete gibi yaygin zihinsel saglik sorunlarindan
siiphelenilen perinatal dénemde kadinlara yonelik kisa psikolojik miidahaleler , egitimli ACS hizmet
saglayicilari tarafindan saglanabilir. DSO, bu konuda kanita dayali miidahalelerin kullanimina iliskin

kilavuzlar yaymlamistir. Bu kilavuzlar;

e Saglikl Diistinmek (Thinking healthy, 2015) (perinatal depresyon)
e Sorun Yonetimi + (PM+, 2016) (depresyon, anksiyete ve stres)

o Kisilerarast Grup Terapi (IPT, 2020) (depresyon)

o Kendi Kendine Yardim + (SP+, 2021) (stres) seklindedir.

Orta ila siddetli semptomlar1 olan problemler: Agir ruh saglhig sorunlar1 arasinda psikoz, bipolar
bozukluk, intihar egilimi ve siddetli depresyon bulunmaktadir ve diislinme sorunlari ve davranis
bozukluklar ile karakterizedir. Orta ila siddetli akil saglig1 sorunlari olan kadinlar, en az 2 hafta boyunca
¢ogu zaman giinliik faaliyetlerini (bebeklerinin bakimi da dahil olmak tizere) gergeklestirme becerilerini
onemli olciide etkileyen gesitli ruh sagligi sorunlari belirtilerine sahiptir. Bu sorunlar genellikle ruh sagligi
uzmanlarn tarafindan verilen veya denetlenen daha yogun miidahaleler gerektirir (Tablo 1)

Tablo 1. Ruh saglig1 kosullarinin tedavisi i¢in kanita dayali miidahaleler (WHO,2022)

Ruh

saghgi Miidahale Tanim
sorunu
Mevcut diisiik ruh haline ragmen, gérev odakl ve eskiden keyif alinan
Davranigsal harekete faaliyetlere yeniden katilim saglayarak ruh halini iyilestirmeye yonelik
gecgirme psikolojik tedavi. Tek basina bir tedavi olarak kullanilabilecegi gibi

biligsel davranis terapisinin (BDT) de bir bilesenidir

Rahatlama olusturmak i¢in nefes egzersizleri gibi teknikler konusunda

Depresyon Gevseme egitimi cgitim,

Depresif belirtiler ile kisileraras1 sorunlar, 6zellikle de yas,
anlagmazliklar, yasam degisiklikleri ve sosyal izolasyonu igeren
sorunlar arasinda baglanti kurarak uygulanan psikolojik tedavidir.
“Kisilerarasi psikoterapi” olarak da bilinir.

Kisileraras: terapi

Bakim verme davranmisini degistirmeye ve etkili bakim verme
stratejilerini kullanma konusunda giiveni giiclendirmeye yonelik bir
grup tedavi programidir. Cocuk ve ergenlerin davranig ve islevlerini
iyilestirmek i¢in bakimverene duygusal iletisim, olumlu bakici-gocuk
etkilesim becerileri ve olumlu pekistirme yontemlerinin 6gretilmesini
icerir.

Depresyon

Anksiyete Ebeveynlik becerileri egitimi

278



AKAP

INTERNATIONAL
ACADEMIC

Cukurova International

PLATFORM

Congress of Basic and
/ Applied Sciences

Depresyon
Kendine i .. Birkag seanslik sistematik problem tanimlama ve problem ¢6zme
zarar Problem ¢6zme tedavisi A . .. o
tekniklerini iceren psikolojik tedavidir.
verme
Intihar
Depresyon
Madde
kullannzl Biligsel bilesenleri (6rnegin, ger¢ek¢i olmayan olumsuz diistinceleri
bozuklugu o -
. - . tanimlayarak ve bunlara meydan okuyarak farkli diigiinmek icin) ve
Psikozlar Biligsel davranis¢ terapi . . e
davranigsal bilesenleri (farkli seyler yapmak, 6rnegin bir kiginin daha
Travma (BDT) T L . . . ..
. odiillendirici faaliyetler yapmasina yardimci olmak) i¢eren psikolojik
Kendine 1
tedavidir.
zarar
verme
Intihar

Acil durum yonetimi terapisi

Tedaviye katilma ve zararli madde kullanimindan kaginma gibi belirli
istenen davraniglar1 ddiillendirmeye yonelik yapilandirilmis bir
yontemdir. Istenen davranisa yonelik ddiiller, dogal ddiiller yerlestikge

Madde zaman i¢inde azaltilir.
kullanim Yapilandirilmig terapi (dort seans). Degisimi motive etme yaklagimi,
bozuklugu Motivasvon gelistirme motivasyonel goriismedir, yani insanlari algilanan faydalar ve zararlar,
t}e]ra igsi 3 degerler dahil olmak iizere madde kullanimlar1 hakkinda bir tartismaya
p dahil etmek, direnis varsa tartismadan kaginmak ve insanlar
hedeflerine kendileri karar vermeye tesvik etmektir.
. Danismanlik genellikle aylar boyunca altidan fazla planlanmisg
Psikozlar, B . . . . .
. N oturumda verilir. Bireysel ailelere veya aile gruplarina verilmeli ve
Madde Aile danismanlig1 veya L . . 1 .
.. miimkiinse ruh saglig1 sorunu olan kisiyi de icermelidir. Destekleyici
kullanim terapisi o . S . . i
- ve egitici veya tedavi edici islevleri vardir. Genellikle miizakere
bozuklugu oo - T
edilmis problem ¢6zme veya kriz yonetimini igerir.
Travma Bu terapi, olumsuz diisiince, duygu ve davranislarin islenmemis
G0z hareketleriyle travmatik anilarm bir sonucu oldugu fikrine dayanir. Tedavi,
sonrasi . " . L 8
stres duyarsizlagtirma ve yeniden | tekrarlanan géz hareketleri seklinde iki tarafli uyarim saglarken travma
< isleme sonrast  stres  bozuklugu ¢agrisimlarma  odaklanmak  igin
bozuklugu

standartlastirilmig prosediirleri igerir.

PROGRAMLARIN ENTEGRASYONU

Perinatal Ruh Saglig1 (PRS) miidahalelerinin mevcut Anne ve Cocuk Sagligi (ACS) sistemine entegrasyonu;

statik bir aktarim degil, dinamik ve dongiisel bir yonetim siirecidir. Bu siire¢; planlama, hazirlik, uygulama

ve siirekli denetim basamaklarindan olusan bir ekosistem olarak ele alinmalidir (WHO,2022).

Entegrasyon Dongiisii ve Yonetim Siirecleri

PRS hizmetlerinin siirdiiriilebilirligi, Sekil 1’de sunulan dort temel agsamanin disiplinler arasi bir yaklagimla

isletilmesine baglidir:

e Planlama (Stratejik Analiz): Entegrasyonun ilk adimi, finansman kaynaklarinin belirlenmesi ve

mevcut ruh sagligi destek mekanizmalarinin analizidir. Bu asamada, hangi hizmetin hangi diizeyde

sunulacagina dair biitgelendirilmis bir yol haritasi olusturulur.

e Hazirlama (Kapasite Gelistirme ve Adaptasyon): Miidahalelerin yerel kiiltiire ve sosyal baglama

uyarlanmasi basarinin anahtaridir. Saglik ¢alisanlarinin egitimi, sevk protokollerinin olusturulmasi

ve "Saygili Bakim" ilkelerinin hizmet i¢i egitimlere dahil edilmesi bu asamada gergeklesir.
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e Saglama (Uygulama): Kademeli bakim yaklasimiyla, her kadinin ihtiyacina uygun destege
(tesvikten tedaviye kadar) erisimi saglanir. Toplum temelli farkindalik ¢alismalartyla ruh saglig:

sorunlarinin taninmasi desteklenir.

e Monitér ve Degerlendirme (Kalite Yonetimi): Hedeflere yonelik ilerleme diizenli olarak

Olciilmelidir.

) Congress of Basic and
/" Applied Sciences

Hizmet saglayicilardan ve Kkadmlardan alinan geri bildirimler, programin

performansini iyilestirmek ve sistemdeki bosluklar1 belirlemek i¢in kullanilir.

J

Monitor ve

degerlendirmek

- Finansman, hizmet sunumu ve alim igin dnemli olanlar:
dahil ctme,
- Hangi rub saghg d

in gerekli oldug ve hali

B

hazirda nelerin meveut oldugunn anlama
- Hangi destegin saglanacaiina karar verme.

- Biitce hazirlama

\ |/ \
N L /\
// | /// \
dral
e \
000 |
5% |

- Bakim sekli ve sevk

. o / stratejileri gelistirmek i¢in ilgihi
1 ,/ saghk ve toplum
/ saglayicilanyla birlikte ¢alizima
- Destegi yerel baglama ve
kiiltiire uyarlama

K ~ Saygili bakimi tesvik etme
\~\ - - Ruh saliliffs destefii sunacak
- Tom kadinlarin ihtiyack gbre uyarlanmg rub saghg B hizmet saglayicilar belirleme
destegi almasini saglamsk (kademeli bakim yaklagimi). - Hizmet saglayicilarim cgitme

- Tim kadmnlara iyl ruh sagl@mi teyvik eden destedi

saglama,

- Rub sagh@e sorunlarmmn kadinlar, ailelers ve hizmet
) o PR

- Ruh saghg lari olan kadinl daviye erigimini
saglama.

ve denetim yapilar kurma
- Ruh saglig: sorunlarinin

damgalanmasin ele alma

Resim 1. PRS’yi anneye entegre etme adimlar1 ve ¢cocuk sagligi hizmetleri (WHO,2022)

Paydas Katihmi ve Katihmer Tasarim

Saha deneyimleri (Orn: Kenya ve Mozambik vakalar1), miidahalelerin sadece klinik bir gercevede degil,
sosyal bir baglamda tasarlanmasi1 gerektigini gostermektedir. Ergen anneler gibi hassas gruplara yonelik
midahalelerde; esler, aileler, dini liderler ve toplum onderlerinin siirece dahil edilmesi, miidahalenin

kiiltiirel kabul edilebilirligini artirmaktadir (Taylor Salisbury vd., 2021; WHO,2022).
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Ancak paydas katilim siirecinde giic dinamikleri (yas, cinsiyet, statii) dikkatle yonetilmelidir. Ozellikle
dezavantajli gruplarin seslerini duyurabilmesi i¢gin giivenli alanlar olusturulmali ve paydaslar arasindaki
olas1 gerilimlerin ifade 6zgiirliigiinii kisitlamasina izin verilmemelidir (WHO,2022).

Is Giicii Kapasitesinin Giiglendirilmesi ve Egitim

Entegrasyonun en kritik bileseni, birinci basamak saglik ¢alisanlarinin yetkinlik kazanmasidir. Nijerya
orneginde gorildigi tizere, "Egiticilerin Egitimi" (ToT) modeliyle ruh sagligi farkindaliginin artirilmasi
miimkiindiir (Makanjuola vd, 2012).

o Egitim Ciktilari: Yapilandirilmis egitim programlari, saglik personelinin ruh saglig
konusundaki bilgi diizeyini (6rn: %60'tan %74'e yiikselis) artirmakta ve olumsuz
tutumlari/damgalamay1 azaltmaktadir.

e Siirdiiriilebilirlik Zorluklari: Sosyo-kiiltiirel inanglar ve kemiklesmis damgalamalarla
miicadele, kisa stireli egitimlerin 6tesinde, siirekli denetim (silipervizyon) ve uzun vadeli
takip mekanizmalar1 gerektirmektedir (WHO, 2022).

SONUC VE ONERILER

Perinatal Ruh Sagligi hizmetlerinin ACS siireglerine entegrasyonu, giincel halk sagligi yaklasimlarinin
temel bir bileseni olarak 6ne ¢ikmaktadir. Bu ¢alisma kapsaminda ele alinan miidahale modelleri ve saha
uygulamalari, etkili bir entegrasyonun ii¢ temel bilesen iizerine insa edilmesi gerektigini gostermektedir.
Oncelikle, kademeli bakim (stepped care) modeli, kaynaklarim etkin kullanimini saglayan temel bir yaklagim
olarak benimsenmelidir. Bu model kapsaminda, diisiik riskli vakalara yonelik temel psikososyal destek
hizmetleri sunulurken, orta ve yiiksek riskli vakalarda daha yogun ve uzmanlagsmis miidahalelere
yonlendirme yapilmas1 gerekmektedir. Ikinci olarak, kiiltiirel uyarlanabilirlik ve saygili bakim yaklagimi,
hizmet sunumunun merkezinde yer almalidir. Miidahalelerin, toplumun degerleri, inang sistemleri ve
sosyokiiltiirel 6zellikleri dikkate alinarak planlanmasi; damgalanmanin azaltilmasina, hizmete erisimin
artmasina ve kadimnlarin bakim siireclerine daha aktif katilmina katki saglayacaktir. Ugiincii olarak,
multisektorel paydas katilimi, perinatal ruh sagligi hizmetlerinin siirdiiriilebilirligi agisindan kritik 6neme
sahiptir. Saglik profesyonellerinin yani sira yerel yoneticiler, sivil toplum kurulusglari, aileler ve toplum
liderlerinin siirece dahil edilmesi, miidahalelerin toplumsal kabuliinii giiclendirmekte ve hizmetlerin
etkinligini artirmaktadir.

Diinya Saglik Orgiitii, PRS hizmetlerinin ACS sistemine entegrasyonunu “ayrilmaz ve dogal bir bilesen”
olarak tanimlamakta ve bu yaklasimi birinci basamak saglik hizmetlerinin giliglendirilmesinde temel bir
strateji olarak oOnermektedir. Bu dogrultuda, saglik personelinin siirekli egitimlerle desteklenmesi
(egiticilerin egitimi modeli), kiiltiirel duyarlilig: yliksek ve kapsayict bakim protokollerinin gelistirilmesi ve
anne-bebek ikilisine yonelik koruyucu miidahalelerin rutin hizmetler i¢ine entegre edilmesi gerekmektedir.
Sonug olarak, perinatal ruh sagliginin etkin yonetimi yalnizca anne saglhigimi degil, ¢ocuk gelisimini ve
toplumun genel saglik diizeyini dogrudan etkilemektedir. Bu nedenle PRS hizmetlerinin ACS siire¢lerine
stratejik entegrasyonu, hem maliyet-etkin hem de siirdiiriilebilir bir halk sagligi yaklasimi olarak
degerlendirilmelidir
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OZET

Ahsap yapilar; gegmisin mimari, sanatsal ve kiiltiirel etkilerini barindiran, toplumlarin yasam bigimleri
ile tarihsel kimligini yansitan ve ge¢misin izlerini glinlimiize tasiyan énemli kiiltlirel miras ogeleridir.
Organik ve higroskopik bir malzeme olan ahsap, ¢evresindeki bagil nem degisimlerine dogrudan tepki
vererek boyutsal degisiklige ugramaktadir. Ozellikle seliiloz ve hemiseliiloz bilesenlerinde bulunan
hidroksil (OH-) gruplarindaki azalma, her y1l ger¢eklesen adsorpsiyon-desorpsiyon siirecleriyle devam
etmekte ve malzemenin su tutma kapasitesi azalmaktadir. Yapilan bu ¢alismada, Trabzon ve Ordu
illerinde bulunan toplam 21 adet ahsap yapidan (10 adet Ladin, 11 adet Kestane) 6rnekler alinmstir.
Yaslar1 yaklagik olarak bilinen bu yapilardan alinan 6rneklerin tam kuru yogunluk ve denge rutubet
miktarlari, ilgili standartlara (TS 2472 ve TS 2471) gore tespit edilmistir. Sonug olarak, kullanim émrii
uzun olan yapilardan alinan ahsap drneklerinin denge rutubet miktarlarinda ve tam kuru yogunluklarinda
azalmalar oldugu belirlenmistir.

Anahtar Kelimeler: Ahsap Yapilar, Kiiltiirel Miras, Denge Rutubet Miktari, Tam Kuru Yogunluk,
Yaslanmig Ahsap.

ABSTRACT

Wooden structures are significant cultural heritage elements that harbor the architectural, artistic, and
cultural textures of the past, reflect the lifestyles and historical identities of societies, and carry the traces
of the past to the present. As an organic and hygroscopic material, wood directly reacts to changes in
relative humidity in its environment, undergoing dimensional changes. In particular, the decrease in
hydroxyl (OH-) groups found in the cellulose and hemicellulose components continues through annual
adsorption-desorption processes, which consequently reduces the water-holding capacity of the
material. In this study, samples were collected from a total of 21 wooden structures (10 Spruce, 11
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Chestnut) located in the provinces of Trabzon and Ordu. The ages of these structures are approximately
known. The oven-dry density and equilibrium moisture content of the collected samples were
determined in accordance with the relevant standards (TS 2472 and TS 2471). As a result, it was
determined that both the equilibrium moisture content and the oven-dry density of the samples taken
from structures with a long service life decreased.

Keywords: Wooden Structures, Cultural Heritage, Equilibrium Moisture Content, Oven-Dry Density,
Aged Wood.

1. GIRIS Ahsap malzeme geleneksel mimarinin vazgecilmez bir pargasi olarak, yiiksek mukavemeti,
estetik gdriiniimil ve islenme kolaylig1 gibi sahip oldugu iistiin 6zellikleri sayesinde yiizyillar boyunca
yap1 malzemesi olarak kullanilmistir. Tarihi yapilarda siklikla kullanilan ahsap malzemeler kullanim
omrii boyunca ortam degiskenlerinin etkisine maruz kalmaktadir. Ahsap organik ve higroskopik bir
materyal oldugu icin ¢evresindeki bagil nem ve sicaklik degisimlerine, ortamla denge rutubetine ulagana
kadar nem alip vererek (adsorpsiyon-desorpsiyon) tepki gdstermesine neden olmaktadir. Ortam ile
hetkilesim halinde bulunan ahgap malzemelerin fiziksel ve mekanik 6zelliklerinin belirlenmesi 6zellikle
uzun siireli kullanim Omriine sahip olan ve restorasyon ihtiyaglar1 bulunan yapilarin restorasyon
siireclerinde 6nem arz etmektedir. (Ors & Keskin, 2001; Topaloglu ve ark., 2021; Sabuncu 2022).

Ahsap malzemede kullanim dmrii boyunca meydana gelen rutubet degisimleri ve ortam degiskenlerinin
etkisi ile hiicre ¢eperinde yer alan temel bilesenlerde (6zellikle hemiseliiloz ve seliilloz) zamanla
bozunmalar meydana gelir. Siire¢ boyunca devam eden bu dongiisel bozulmalar malzemenin polimer
zincirlerinde kirilmalar ve suyu baglayan hidroksil (OH-) gruplarindaki azalmalar ile ahsabin
higroskopik kapasitesinde azalmalara neden olmaktadir. Ahgap malzemede olusan bu kismi bozunmalar
ve ortam degiskenlerinin etkisi ile maruz kalinan nem aligverisi dongiileri, malzemede hiicre yapisinda
bozulmalara ve bununla birlikte tam kuru yogunlugunda azalmalara yol a¢maktadir. Literatiirdeki
caligmalar, bu gevresel etkilerin ve uzun siireli kullanimin malzemenin fiziksel 6zelliklerinde zamanla
farklilagmalara sebep oldugunu dogrulamaktadir ((Kollmann & Coté, 1968; Vurdu, Kesik, Kurtulus, &
Ozkan, 2013; Nocetti 2024; Ertenli ve Koseoglu 2024; Cavalli ve ark., 2016; Siiriicii & Balaban 2025).

Bu ¢alismada Trabzon ve Ordu illerinde bulunan yaslar1 yaklasik olarak bilinen bu yapilardan alinan
orneklerin tam kuru yogunluk ve denge rutubet miktarlarindaki degisimleri incelenerek, ahsabin dogal
yaslanma siirecinin fiziksel 6zelliklere etkisi incelenmistir.

2. MATERYAL VE YONTEM

Bu c¢aligmada Karadeniz Bolgesinde yer alan, farkli yaslardaki toplam 21 adet tarihi ahsap yapidan
ornekler alinmistir. Bu 6rneklerin 10 adedi Dogu Ladini (Picea orientalis L.), 11 adedi ise Anadolu
Kestanesi (Castanea sativa Mill.) odunundan iiretilmis yap1 elemanlarindan olugmaktadir.Elde edilen
numunelerin fiziksel testleri ilgili standartlara uygun olarak gergeklestirilmistir. Ahsap malzemelerin
denge rutubet miktarlarinin belirlenmesinde TS ISO 13061-1, tam kuru yogunluklarinin belirlenmesinde
ise TS ISO 13061-2 standartlarindan faydalanilmistir. Her bir yapiya ait ahsap 6rneklerden 15'er adet
(N=15) deney numunesi hazirlanmigtir. Elde edilen veriler istatistik paket programi kullanilarak analiz
edilmistir. Denge rutubet miktar1 i¢in agag tiirli ve yapinin yaginin (kullanim 6mrii) etkilerini belirlemek
amaciyla Cok Yonlii Varyans Analizi (ANOVA) uygulanmis, gruplar arasi farkliliklarin tespiti igin
Duncan Coklu Karsilastirma Testi (p <0,05) kullanilmastir.
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3. BULGULAR VE TARTISMA
3.1. Denge Rutubet Miktarna Iliskin Bulgular

Deneylerde kullanilan Ladin ve Kestane odunu 6rneklerine ait denge rutubet miktar1 (DRM) testlerinden
elde edilen sonuglar ve istatistiksel veriler Tablo 1'de sunulmustur.

Tablo 1. Denge Rutubet Miktarina (DRM) Iliskin Betimsel Istatistikler

Aga . -

Tiigriicl N Ort. St. Sapma Agac Tiirii / N Ort. St. Sapma

Ornek Ornek
Ladin 1 15 0,0597 0,0030 Kestane 1 15 0,0671 0,0028
Ladin 2 15 0,0585 0,0010 Kestane 2 15 0,0610 0,0024
Ladin 3 15 0,0623 0,0015 Kestane 3 15 0,0654 0,0017
Ladin 4 15 0,0629 0,0021 Kestane 4 15 0,0699 0,0022
Ladin 5 15 0,0604 0,0012 Kestane 5 15 0,0681 0,0022
Ladin 6 15 0,0613 0,0015 Kestane 6 15 0,0635 0,0051
Ladin 7 15 0,0674 0,0233 Kestane 7 15 0,0537 0,0012
Ladin 8 15 0,0651 0,0015 Kestane 8 15 0,0569 0,0014
Ladin 9 15 0,0639 0,0021 Kestane 9 15 0,0703 0,0020
Ladin 10 15 0,0639 0,0016 Kestane 10 15 0,0659 0,0050

Kestane 11 15 0,0607 0,0015

Kestane odunu 6rneklerinde ortalama denge rutubet miktarinin 0,0537 (Kestane 7) ile 0,0703 (Kestane
9) arasinda degistigi; Ladin odunu 6rneklerinde ise bu degerin 0,0585 (Ladin 2) ile 0,0674 (Ladin 7)
arasinda oldugu goriilmektedir.

Agag tiirli ve yapilarin yaginin (kullanim 6mrii) DRM tizerindeki etkisini degerlendirmek i¢in uygulanan
Cok Yonlii Varyans Analizi (ANOVA) sonuglar1 Tablo 2'de verilmistir.

Tablo 2. Denge Rutubet Miktarma Iliskin Cok Yénlii Varyans Analizi (ANOVA) Sonuglari

Varyasyon Kaynag Kareler Serbestlik Kareler F Anlamhhik (Sig./p)
Toplam Derecesi (df) Ortalamasi Degeri
Agac Tiirii 0,000 1 0,000 6,210 0,013
Yil (Kullanim Omrii) 0,002 10 0,000 5,630 0,000
Agac Tiirii * Y1l 0,003 9 0,000 11,961 0,000

Yapilan analiz sonuglarina gore; agag tiiriiniin DRM {izerindeki temel etkisi istatistiksel olarak anlaml
oldugu goriilmektedir. Ayni sekilde p < 0,05 anlam diizeyine gore malzemenin kullanim émriiniin (y1l)
degiskenin de anlamli oldugu, ikili etkilesim olarak Agag¢ Tiirii * Y1l etkilesiminin de anlamli oldugu
goriilmektedir. Farkliliklarin hangi 6rnek gruplari arasimda oldugunu belirlemek amaciyla yapilan
Duncan Coklu Karsilastirma Testi sonuglar1 Tablo 3'te sunulmustur.

Tablo 3. Denge Rutubet Miktar1 Duncan Coklu Karsilastirma Testi Sonuglari

Ornek Kodu N Ort. Duncan Ornek Kodu N Ort. Duncan
Sinifi Simifi
Kestane 7 15 0,0537 A Ladin 9 15 0,0639 DEFGHI
Kestane 8 15 0,0569 AB Ladin 10 15 0,0639 DEFGHI
Ladin 2 15 0,0585 BC Ladin 8 15 0,0651 EFGHI
Ladin 1 15 0,0597 BCD Kestane 3 15 0,0654 FGHIJ
Ladin 5 15 0,0604 BCDE Kestane 10 15 0,0659 GHIJK
Kestane 11 15 0,0607 BCDEF Kestane 1 15 0,0671 HIJK
Kestane 2 15 0,0610 BCDEF Ladin 7 15 0,0674 HIJK
Ladin 6 15 0,0613 BCDEFG Kestane 5 15 0,0681 1JK
Ladin 3 15 0,0623 CDEFG Kestane 4 15 0,0699 JK
Ladin 4 15 0,0629 CDEFGH Kestane 9 15 0,0703 K
Kestane 6 15 0,0635 DEFGHI
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Tabloda goriildiigii lizere Ornekler, "A" ile "K" arasinda degisen 11 farkli homojenlik grubuna
ayrilmistir. Bu genis dagilim, aynmi agac tiirli olsa dahi farkli yapilardan alinan ahsaplarin higroskopik
davraniglarinda dnemli farkliliklar oldugunu gdstermektedir.

3.2. Tam Kuru Yogunluga Iliskin Bulgular

Calisma kapsaminda incelenen yap1 Orneklerine ait tam kuru yogunluk ortalama ve standart sapma
degerleri Tablo 4'te verilmistir.

Tablo 4. Tam Kuru Yogunluga Iliskin Betimsel Istatistikler

Agac Tiirii N Ort. (g/cm®) St. Sapma Agac Tiirii N Ort. (g/cm®) St. Sapma
/ Ornek / Ornek
Ladin 1 15 0,3833 0,0202 Kestane 1 15 0,4403 0,0195
Ladin 2 15 0,4796 0,0380 Kestane 2 15 0,5973 0,0421
Ladin 3 15 0,4157 0,0253 Kestane 3 15 0,5025 0,0388
Ladin 4 15 0,3649 0,0216 Kestane 4 15 0,5089 0,0398
Ladin 5§ 15 0,4393 0,0285 Kestane 5 15 0,4925 0,0364
Ladin 6 15 0,3611 0,0234 Kestane 6 15 0,5160 0,0413
Ladin 7 15 0,4727 0,0318 Kestane 7 15 0,5457 0,0459
Ladin 8 15 0,4446 0,0298 Kestane 8 15 0,5952 0,0483
Ladin 9 15 0,4572 0,0341 Kestane 9 15 0,5000 0,0380
Ladin 10 15 0,3899 0,0277 Kestane 10 15 0,4616 0,0349
Kestane 11 15 0,4602 0,0341

Tam kuru yogunluk degerleri incelendiginde; Kestane drneklerinin tam kuru yogunluklarmin ortalama
0,4403 ile 0,5973 (g/cm?) araliginda, Ladin 6rneklerinin ise 0,3611 ile 0,4796 (g/cm?) araliginda degerler
aldig1 goriilmektedir. Bu degerler incelendiginde, 6rnekler arasinda belirgin farkliliklar oldugu ve uzun
kullanim dmriiniin malzemenin yogunlugu {izerinde diislis yoniinde bir etki yarattig1 anlagilmaktadir.

4. SONUC

Yapilan ¢aligmadan elde edilen veriler ve istatistiksel sonuglar incelediginde; Ahsap malzemenin
fiziksel o6zelliklerinin kullanim 6mrii boyunca maruz kaldigi ortam sartlarina bagli olarak degisime
ugradiginm1 gostermektedir. Elde edilen bulgular, Ladin ve Kestane orneklerinin alindigi yapilarin
kullanim 6mrii uzadik¢a denge rutubet miktarlarinda ve tam kuru yogunluklarmda kullanim &mriine
paralel olarak azalmalar oldugunu gostermistir.

Bu azalmalarin temel nedeni olarak ahsabin yapisinda bulunan ve suyu baglama 6zelligi gosteren seliiloz
ile hemiseliiloz molekiillerindeki hidroksil (OH-) gruplarinin zamanla azalmasi gosterilebilir. Kullanim
omrii arttik¢ca, malzemenin higroskopik kapasitesinde ayn1 sekilde azalmaktadir.

Ahsabin hiicre ¢eperindeki hidroksil (OH-) gruplarmin kullanim siiresine paralel olarak zamanla
azalmasi su tutma kapasitesini diistiriirken, kimyasal bilesenlerdeki yapisal bozulmalar malzemenin tam
kuru yogunlugunda kiitle kayiplaria yol a¢tig1 goriilmiistiir. Bu nedenlerle tarihi yapilarin restorasyon
ve konservasyon uygulamalarinda; asirlik orijinal ahsap elemanlarin higroskopik davranislarmin
(calisma, daralma, denge rutubeti) giincel ahsap malzemelerden farkli olacagi gbz Oniinde
bulundurulmalidir.

Bilgilendirme: Bu calisma, Ozkan BAL tarafindan Prof. Dr. Seref KURT damsmanlhiginda
Karabiik Universitesinde tamamlanan "Ahsap Malzemelerin Kullamim Omriiniin Hesaplanmasinda
Yeni Yontem Gelistirilmesi; Dogu Karadeniz Evlerinin Incelenmesi" (Ocak 2026) baslikl yiiksek lisans
tezinden faydalanilmis olup, tezin temel verilerine ilave olarak yeni bulgular, istatistiksel analiz ve
sonuglar esliginde akademik yayin formatinda yeniden kurgulanmigtir.
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OZET

Safranbolu, UNESCO Diinya Miras Listesi’nde yer alan kiiltiirel ve tarihi 6neme sahip bir ilgemizdir. Tarihi
Safranbolu evleri ise, ana tasiyici sistemlerinde ve yapi elemanlarinda ahsap malzemenin siklikla kullanildig:
mimarisi ile 6n plana ¢ikmaktadir. Tiim tarihi ahsap yapilarda oldugu gibi Safranbolu evleri hizmet dmiirleri
boyunca cevresel ve biyotik faktdrlerin etkisi altinda kalmaktadir. Bu yipratici siire¢ boyunca 6zellikle ahsap
elemanlarda meydana gelen fiziksel ve mekanik degisimlerin belirlenmesi, siirdiiriilebilirlik, koruma ve resto-
rasyon caligmalar1 agisindan hayati dneme sahiptir. Bu ¢aligmada, restorasyon agamasindaki bes farkli tarihi
yapidan elde edilen yaklagik 100 ile 150 yil (100, 110, 120, 135 ve 150 yil) hizmet émriine sahip sarigam
(Pinus sylvestris L.) numunelerinin fiziksel ve mekanik 6zellikleri incelenmistir. Tarihi yapilardan alman &r-
nekler ve ayni bélgeden temin edilen kontrol 6rnekleri; egilme direnci, egilmede elastikiyet modiilii ve dinamik
egilme direnci testlerine tabii tutulmustur. Deney sonugclari istatistiksel olarak degerlendirilmistir. Ahsabin
kullanim siiresinin artigina bagli olarak tiim mekanik 6zelliklerde, kontrol 6rneklerine kiyasla anlamli derecede
azalmalar tespit edilmistir. Elde edilen bulgular, tarihi yapilardaki ahsap malzemelerin mukavemet degisimle-
rini ortaya koyarak, ahsap malzemelerin ve restorasyon siire¢lerinin analizi, degerlendirilmesi, planlamasi ve
koruma stratejilerinin belirlenmesine katki sunacaktir

Anahtar Kelimeler: Agac malzeme, Fiziksel 6zellikler, Mekanik 6zellikler, Safranbolu evleri, Restorasyon

ABSTRACT

Safranbolu is a district of cultural and historical importance included in the UNESCO World Heritage List.
The historical Safranbolu houses stand out with their architecture, which frequently uses wood in their main
load-bearing systems and structural elements. Like all historical wooden structures, Safranbolu houses are
subject to environmental and biotic factors throughout their service life. Determining the physical and mecha-
nical changes occurring in the wooden elements during this deteriorating process is vital for sustainability,
conservation, and restoration efforts. In this study, the physical and mechanical properties of Scots pine (Pinus
sylvestris L.) samples with approximately 100 to 150 years (100, 110, 120, 135, and 150 years) obtained from
five different historical buildings undergoing restoration were examined. Samples taken from the historical
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buildings and control samples obtained from the same region were subjected to bending strength, modulus of
elasticity in bending, and dynamic bending strength tests. The experimental results were statistically evaluated.
Significant decreases in all mechanical properties were detected in the wood as its lifespan increased, compared
to control samples. These findings will contribute to the analysis, evaluation, planning, and determination of
conservation strategies for wood materials and restoration processes by revealing the changes in strength of
wood materials in historical structures.

Keywords: Wood material, Physical properties, Mechanical properties, Safranbolu houses, Restoration

1. GIRIS

Ahsap, kaynag1 yenilenebilir, kolay ulasilabilir ve islenebilir bir yap1 malzemesi olmasi nedeniyle insanoglu
tarafindan eski caglardan beri yapilarda kullanmilmistir. Ahsap malzemenin agirligina kiyasla yiiksek tagima
giicline sahip olmasi, dogal ve dayanikli olmasi gibi {istiin 6zellikleri malzemenin tercih edilmesinde etkili
olmustur. Ahsap malzeme Anadolu’da kolay erisim ve zengin ¢esitliligi nedeniyle farkli amaglarla siklikla
kullanilan ilk yap1 malzemelerindendir. Anadolu’da bozulmadan ayakta duran ve M.O 740 tarihlerine kadar
uzanan ahsap malzeme ile yapilmig mezar odalariin varlig bilinmektedir. Anadolu’da tarihi yapilarda ahsap

malzeme yapinin tamaminda veya farkli kisimlarinda bilingli olarak siklikla kullanilmistir. (Biggs ve ark.,
2016; Siiriicii, 2024).

Yapilarda kullanilan ahsap malzeme cevresel, fiziksel ve mekanik etkilere maruz kalmaktadir. Bu dogal
kullanim siireci malzemenin fiziksel ve mekanik Ozelliklerinde bazi degisikliklere neden olmaktadir.
Malzemede olusan kayiplarin belirlenmesi restorasyon ve mekanin giivenli kullanima devam edebilmesi
acisindan hayati oneme sahiptir. Bu nedenle tarihi yapilarda kullanilan ahsap malzemelerin fiziksel ve mekanik
6zelliklerinin belirlenmesi mekanin giivenli kullanim1 ve restorasyon ihtiyaglarinin belirlenebilmesi i¢in bir
zorunluluk haline gelmistir. (Aktiirk 2020; Topaloglu ve ark., 2021; Sabuncu 2022; Siiriicii & Balaban 2025).

Tarihi ahsap yapilarda kullanilan ahsap malzemelerin fiziksel ve mekanik 6zelliklerinin belirlenmesi i¢in
tahribatli yontemler siklikla kullanilmasina ragmen son yillarda tahribatsiz yontemlerin kullanildigt
calismalarda goriilmektedir. Tahribatli yontem ile yapilardan kiiciik kesitlerde 6rnekler alinarak test edilmekte,
bu sayede yapidaki ahsabin mukavemet 6zellikleri belirlenmekte ve bu degerler ile ayn1 bolgedeki benzer
yapilardaki diger ahsaplarin mukavemet Ozellikleri karsilastirilabilmektedir (Nocetti 2024; Ertenli ve
Koseoglu 2024),

Yapilarda kullanilan ahsap malzemelerin degerlendirme siirecinde, yapinin bulundugu cografi konum, yapinin
tasidig1 yiik durumu, yapida kullanilan ahsap malzeme tiirli ve maruz kaldig1 ¢evresel etkiler, gibi birgok faktor
malzemelerin degerlendirilmesinde etkilidir. (Cavalli ve ark., 2016). Odun yogunlugu, nem orani, lif yond,
cevresel etki altinda kalma stiresi gibi parametreler tarihi yapilardaki mekanik 6zelliklerin belirlenmesinde
etkili olmaktadir. (Caliskan ve ark.,2019). Bununla birlikte ahsap; mantarlar, bakteriler ve bocekler gibi ahsab1
tahrip eden ve ayristiran unsurlar tarafindan zayiflatilabilir. Ahsap iklim sartlari, fiziksel ve biyolojik bozucu
etkilerden korundugu takdirde uzun yillar kullanilabilir. (Matsuo ve ark., 2011).

Tarihi ahsap yapilarm mekanik dzelliklerinin belirlenmesi ile ilgili farkli calismalar yapilmistir. Ornegin
Trabzon ilindeki tarihi yapilardan alinan ahsap 6rnekler tizerinde yapilan bir ¢alismada dinamik egilme, basing
ve egilmede elastikiyet modiilii degerleri incelenmis, yillara bagli olarak degerlerde azalmalar tespit edilmistir
(Kaba 2012). Giresun ilindeki benzer bir calismada ise yiiz yillik yapilardan alinan 6rnekler incelenmis, egilme
mukavemeti degerlerinde azalmalar ve yogunluk degerlerinde %20 ye varan diisiisler belirlenmistir (Topaloglu
ve ark., 2021). Bunula birlikte tarihi yapilarda kullanilan ahsabin maruz kaldigi ¢evresel etkiler sonucu yiizey
tabakalarinda bozundugu, ahsap ylizeyinde ¢izgili ve gri renk degisimlerine neden oldugu goriilmektedir.
(Unger ve ark., 2001).
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Tarihi ve kiiltiirel zenginlikleri ile 6ne ¢ikan {ilkemizde, ahsap yapilarin korunmasi ve onarimi biiyiik bir

gereklilik olarak karsimiza ¢ikmaktadir. Bu yapilarin yagatilmasi, kiiltiirel ve ekonomik degeri bulunan ve
stirdiiriilebilir bir malzeme olan ahsabin yeniden kullanimma da olanak tanmimaktadir. Ahsap malzemede
meydana gelen bozulmalar, mekanik 6zelliklerde azalmaya neden olmakla birlikte restorasyon siireclerinde
onemli sorunlar dogurmaktadir. Bu siireglerin saglikli bicimde yiiriitiilmesi igin bilimsel temelli kapsamli
aragtirmalara ihtiya¢ duyulmaktadir.

Geleneksel Tiirk ahsap mimari 6rneklerinin bulundugu 1994 yilindan itibaren UNESCO Diinya miras
Listesi’nde yer alan ve tiim yapilar1 koruma altinda bulunan Safranbolu evleri yoreye 6zgii mimari 6zellikleri
ve kiiltiir varliklar1 ile tarihi 6zelliklerini gelecek nesillere aktarmasi agisindan 6nem tagimaktadir. Bu
calismada Tarihi 6neme sahip Safranbolu evlerinde kullanilan ahsap malzemelerin yillara bagli olarak
mukavemet 6zelliklerindeki degisiklikler belirlenerek tarihi ve kiiltiirel yapilarin korunmasi ve restorasyonuna
katkida bulunmak amagclanmistir. Kullanilan deney o6rneklerinin restorasyonu yapilan gergek yapilardan
alimmis olmasi laboratuvar sartlarinda yaslandirilarak yapilan deneylere kiyasla daha gergekgi veriler elde
edilmesini saglayacak ve tarihi ahsap yapilarin korunmasi agisindan énemli bir veri kaynagi olusturacaktir.

2. MATERYAL VE YONTEM

Arastirma materyali olarak segilen sarigam 6rnekleri, UNESCO Diinya Miras Listesi'nde yer alan Karabiik ili
Safranbolu ilgesindeki tarihi yapilardan saglanmistir. Deney numuneleri binalarm kat kirislerinden elde
edilirken, kiyaslama amaciyla olusturulan kontrol grubu da ayni cografi bolgeden tedarik edilmistir. Temin
edilen kirislerin dig atmosfer kosullarindan etkilenmemesine 6zen gosterilmistir. Calisma kapsaminda, yaslari
tapu kayitlar ve yerel kaynaklarca dogrulanan 100, 110, 120, 135 ve 150 yillik bes farkl: tarihi yapidan, her
bir test grubu igin 15’er adet sarigam (Pinus sylvestris L.) 6rnegi hazirlanmis ve enine kesit zzimparalama islemi
uygulanmistir. Statik egilme direnci, elastikiyet modiilii degeri ve dinamik egilme direnci (s0k) testlerinde
kullanilmak tizere; TS 2474 (1976) ve TS 2477 (1976) standartlarina uygun olarak 20x20x320 +1 mm
ebatlarinda, her test grubu i¢in 15 adet olacak sekilde deney numuneleri hazirlanmistir

2.1. Yogunluk Tayini

Tam kuru yogunluk analizleri, 20x20x20 mm ebatlarindaki kiip numuneler iizerinde TS 2472 standardinin
yonergeleri esas alinarak gerceklestirilmistir. Bu kapsamda (50) degerini tespit etmek amaciyla, 6rnekler 103
+ 2 °C sicakliga ayarli etiivde sabit agirliga erisinceye kadar kurutma islemine tabi tutulmustur. Kurutma isle-
minin ardindan numunelerin boyutlar1 £0,01 mm hassasiyetli dijital kumpas yardimiyla 6l¢iiliip hacimleri be-
lirlenmis; akabinde tam kuru agirlik (M) ve hacim (V) verileri kullanilarak tam kuru yogunluk (6) asagidaki
esitlik tizerinden hesaplanmustir.

5= @.1)

M
14

Hava kurusu yogunluk tespitinde 20x20x20 mm boyutlu 6rnekler kullanilmistir. Rutubet tayini i¢in TS 2471,
yogunluk hesaplamalar i¢in ise TS 2472 standartlar1 izlenmistir. Deney numuneleri, 20 + 2 °C sicaklik ve
%65 * 3 bagil nem kosullarinin saglandigi iklimlendirme kabininde yaklasik 5-6 ay boyunca kondisyonlanarak
denge rutubetine ve boyutsal kararliliga ulastirilmistir. Sabit agirhiga gelen 6rnekler 0,001 g hassasiyetli ana-
litik terazide tartilmis ve £0,01 mm duyarliliktaki kumpasla 6l¢iilmiistiir. Elde edilen hava kurusu agirlik
(M12) ve hacim (V12) verileriyle, hava kurusu yogunluk (612) formiil 2.2 kullanilarak hesaplanmustir.

M
6(12) — (12) (22)
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2.2. Egilme Direnci

Aga¢ malzemenin statik yiiklere kars1 gosterdigi mukavemeti ifade eden egilme direnci testleri, malzemenin
dayanim ozelliklerinin belirlenmesinde kullanilir. Liflere dik yonde uygulanan egilme direnci deneyleri TS
2474 standardina gore yiiriitiilmiistiir. Test dncesinde hava kurusu nem dengesine getirilen numunelerin en,
boy ve yiikseklik ol¢iileri 0,01 mm hassasiyetli dijital kumpasla kaydedilmistir. Test diizenegindeki silindirik
mesnet agikligi, standart geregi numune kalinligimin 13 kat1 (13 x 20 mm = 260 mm) olacak bi¢cimde standar-
dize edilmistir.

Yiikleme islemi, numune yiizeyine sabit bir hizla ve tiniform sekilde uygulanmais; test hizi, kirilmanin baglan-
gictan itibaren 90 + 30 saniye iginde gergeklesecegi sekilde uygulanmistir. Kirtlma anindaki kuvvet (Fmax)
okunup egilme direnci (oe) asagidaki formiile (2.3) gore hesaplanmigtir. Deney 6rnekleri 20x20x320 =1 mm
olarak hazirlanmigtir. Kirllma aninda 6l¢iilen kuvvet (Fmax) igin liflere dik egilme direnci (oe); asagidaki
formdilii ile hesaplanmistir. Bu formiilde:

Fmax= Numunenin kirtlma noktasindaki azami kuvvet degerini (N)
1 = Mesnet eksenleri arasindaki a¢ikligi (mm)
b = Kesit genigligini (mm), h = kesit yiiksekligini (mm) ifade etmektedir.

__ (3. Fmax.l)

2
oe ="— 3 (N/mm°?) (2.3)

2.3. Egilmede Elastikiyet Modiiliiniin Belirlenmesi

Elastikiyet modiilii analizlerinde TS 2478 standard1 referans alinmustir. 20 + 2 °C sicaklik ve %65 + 5 bagil
nem igeren iklimlendirme odasinda sabit agirliga erisene kadar bekletilen numunelerin, elastik deformasyon
sinirlart igerisindeki sehim miktarlar 6l¢lilmiistiir. Elastik bolgedeki sehim (egilme) miktari, 0,01 mm duyar-
liliga sahip dijital kumpas ile tespit edilmis ve elastikiyet modiilii (E) asagidaki formiil kullanilarak elde edil-
mistir. Bu formiilde:

F1 = Birinci yiik, F2 = Ikinci yiik, Af = Sehim farki (mm), b = Ornek genisligi (mm),
h = Ornek kalinlig1 (mm), Ls = Mesnet agiklig1 (mm) ifade etmektedir

1 (F2-F1).Ls3
=T d (N/mm?) (2.4)

2.4. Dinamik Egilme (Sok) Direnci

Malzemenin ani darbelere kars1 direncini ifade eden sok (dinamik egilme) testleri, TS 2477 esaslarinca 10 kgm kapasiteli
sarkacl ¢ekic cihazi kullanilarak yapilmistirTest prensibi, belirli bir yiikseklikten serbest birakilan ¢ekicin sahip oldugu
potansiyel enerjinin, numuneyi kirarken harcanan kisminin belirlenmesine dayanir. Cekicin ilk birakildig: yiikseklik ile
numuneyi kirdiktan sonra ¢iktig1 yiikseklik arasindaki fark, kirilma i¢in sarf edilen is miktarini verir. Dinamik egilme

direnci (opp) asagidaki esitlik ile hesaplanmistir. Bu formiilde:

W: Kirllma aninda harcanan is (kgm), h: Ornegin kalinlig1 (cm), b: Ornegin genisligi (cm) ifade etmektedir.
(opp) =7 (kgm/em?) 2.5)

2.5. Verilerin Istatistiksel Olarak Degerlendirilmesi

Elde edilen verilerin istatistiksel degerlendirmesi, SPSS paket programi araciligiyla gerceklestirilmistir. So-
nuglarin istatistiksel acidan anlamlilik diizeyini ve gruplarini saptamak maksadiyla varyans analizi ve Duncan
coklu karsilastirma testi kullanilmistir. Bunlara ek olarak, analiz ve ortalamalar1 sunmak adina tanimlayici
istatistiksel yontemlerden yararlanilmistir.
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3. BULGULAR

3.1. Tam Kuru Yogunluklar

Tarihi yapilardaki ahsap malzemenin zamanla ugradigi mukavemet degisimlerini ortaya koymak amaciyla,
bolgeden temin edilen kontrol grubu ile tarihi yapi elemanlarindan alinan numunelerin tam kuru yogunluk
ortalamalari grafik 1°de sunulmustur.

Grafik 1. Tam kuru yogunluklarina iliskin ortalama sonuglar (gr/cm?).

Tam kuru yogunluk ortalamalari (gr/cm?)

0,5
0,45
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05
0 Kontrol 100 Y1l 110 Y1l 120 Y1l 135 Y1l 150 Y1l
m Ortalama 0,46 0,41 0,42 0,41 0,39 0,34

Ahsap numunelerin tam kuru yogunluk verileri analiz edildiginde; en yiiksek yogunluk ortalamasmin 0,42
gr/cm? ile 110 yillik yap1 elemanlarinda oldugu goriilmiistiir. Buna karsilik, en diisiik yogunluk degeri ise 0,34
gr/cm? ile 150 yillik kullanim émriine sahip numunelerde kaydedilmistir.

3.2. Hava Kurusu Yogunluk

Ahsap yap1 elemanlarinda yillara bagli mukavemet 6zelliklerini tespit edilebilmesi ve degerlendirilmesi i¢in
kullanilan numunelerin ve kontrol gruplarmin hava kurusu yogunluk ortalamalar1 grafik 2’de verilmistir.

Grafik 1. Hava kurusu yogunluklarina iliskin ortalama sonuglar (gr/cm®).

Hava kurusu yogunluklarina iligkin istatistiksel sonuglar (gr/cm?).

0,47
0,46
0,45
0,44
0,43
0,42
0,41 I l
04 Kontrol 100 Yil 110 Y1l 120 Yil 135 Y1l 150 Yil
mOrtalama 046 0,45 0,44 0,43 0,42 0,42

Ahsap malzemelerin hava kurusu yogunluk degerleri incelendiginde; 100 yillik 6rneklerin 0,45 gr/cm? ile en
yiiksek yogunluga sahip oldugu belirlenmistir. Diger taraftan, 135 ve 150 yillik numunelerin her ikisinde de
0,42 gr/cm? dlgiilerek en diisiik yogunluk degerleri elde edilmistir.
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3.3. Mekanik Ozelliklere iliskin Bulgular

Tarihi ahsap yapilarda zaman igerisinde gelisen mukavemet degisimlerini analiz etmek amaciyla ayni bolgede
yetismis ahsap malzemelerden olusturulan kontrol grubu ile tarihi yapilardan elde edilen numunelerin egilme
direncleri kiyaslanmig ve yaslanma faktoriiniin dayanim tizerindeki etkileri somut verilerle ortaya konmustur.

3.4. Egilme Direncine Ait Bulgular

Tarihi ahsap yapilardan alinan drneklerdeki mukavemet degisimlerini belirleme amaciyla yapilan egilme di-
renci testlerine iliskin ortalama degerler grafik 3’te verilmistir.

Grafik 3. Egilme direnglerine iliskin ortalama degerler (N/mm?).

Egilme direnglerine iliskin ortalama degerler (N/mm?).
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Deney sonuglarina gore, egilme direnci agisindan en yliksek performans 72,85 N/mm? ortalama deger ile 100
yillik kullanim émriine sahip numunelerde gézlemlenmistir. Buna mukabil, 150 yillik ahsap 6rnekleri 60,67
N/mm? ile en diigilk mukavemet degerini sergilemistir

3.5. Egilmede Elastikiyet Modiiliine Ait Bulgular

Tarihi yapilardan alinan 6rneklerdeki zamana bagli mukavemet degisimlerini belirleme amaciyla yapilan egil-
mede elastikiyet modiilii testlerine iliskin ortalama degerler ve istatistiksel veriler grafik 4’de verilmistir.

Grafik 4.Egilmede elastikiyet modiillerine iliskin ortalama degerler (N/mm?).
Egilmede elastikiyet modiillerine iligkin ortalama degerler (N/mm?)
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Kontrol 100 Y1l 110 Y1l 120 Y1l 135 Y1l 150 Yil
m Ortalama 9750,3 5333,52 5749,6 5174,85 5320,93 4728,28

[w]

Elastikiyet modiilii verileri degerlendirildiginde; en yiiksek ortalama degerin 110 yillik numunelerde (5749,60
N/mm?), en diisiik degerin ise 150 yillik numunelerde (4728,28 N/mm?) gergeklestigi saptanmigtir
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3.6. Dinamik Egilme Direncine Ait Bulgular

Deney 6rneklerine ait dinamik egilme direnci degerler ile bazi istatistiki veriler grafik 5’te verilmistir.

Grafik 5. Dinamik egilme direncine iliskin ortalama degerler (kgm/cm?).

Dinamik egilme direncine iliskin ortalama degerler (kgm/cm?).
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Dinamik egilme (sok) direnci test sonuglarina bakildiginda; 100 yillik kullanim 6émriine sahip malzemeler 0,49
kgm/cm? ile en yiiksek direnci gosterirken, 150 yillik malzemeler 0,26 kgm/cm? ile en diisiik direng degerini
sergilemistir,

4. SONUCLAR

Tarihi Safranbolu evlerinden elde edilen 6rneklerin tam kuru yogunluk verileri incelendiginde; kontrol gru-
buna kiyasla 100 ve 120 yillik ahsaplarda %10, 110 yillik olanlarda %9, 135 yillik olanlarda %14 ve 150 yillik
en eski yapilardaki malzemelerde %26 oraninda yogunluk kaybi oldugu tespit edilmistir. Bu degerler Bektas
ve ark. (2003) yaptiklart 120 yil ve iizeri yapilardan segilen ve ¢ati kirisi olarak kullanilan sarigamin, hava
kurusu ve tam kuru yogunluklarindaki tespit ettikleri yaklasik %10 ve %8 azalmalar ile uyum gostermektedir.
Ayrica Chai et al. (2000) yaptiklar1 caligmada; bir depoda 90 yildir kiris olarak kullanilan gliney ¢am agacinin,
hava kurusu yogunlugunda yaklasik %35 bir azalma oldugunu tespiti ile benzer sonuglar ortaya koymaktadir.

Tam kuru yogunluk analiz sonuglar1 degerlendirildiginde; kontrol grubuna gore 100 ve 120 yasindaki ahsap-
larda %10, 110 yasindakilerde %9, 135 yasindakilerde %14 ve 150 yillik en eski yap1 elemanlarinda %26
diizeyinde yogunluk azalmas1 meydana geldigi saptanmustir.

Egilmede elastikiyet modiilii bulgular1 incelendiginde ise kullanim 6mriine bagl diisiisler kaydedilmistir. Buna
gore; 100 yillik ahsap malzemede %45, 110 yillik malzemede %41, 120 yillikk malzemede %46, 135 yillik
malzemede %45 ve 150 yillik malzemede %351 oraninda elastikiyet kaybi oldugu belirlenmistir.

Safranbolu yoresinden temin edilen numunelerin dinamik egilme (sok) direnci performanslar1 analiz edildi-
ginde; kullanim yasina paralel olarak belirgin mukavemet kayiplari oldugu goriilmiistiir. Buna gore, 100 yillik
ahsaplarda %2 gibi simirli bir diisiis yasanirken, 110 yillik malzemede bu oran %22'ye yiikselmistir. ilerleyen
yasla birlikte kayiplar artmig; 120 yillik yapilarda %44, 135 yillik yapilarda %46 ve 150 yillik en eski yapilarda
ise %48 oraninda direng azalmasi tespit edilmistir

Egilme direnci, odun yogunlugu ve rutubet miktar ile dogrudan iligkilidir; yogunluk artig1 mukavemeti pozitif
etkiler. Ancak zamanla ger¢eklesen yaslanma siireci, hiicre ¢eperleri arasindaki bosluklarin degismesine ve
dolayisiyla yogunlugun diismesine neden olmaktadir. Bu yogunluk kaybi, kaginilmaz olarak egilme direncinde
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de azalmay1 beraberinde getirmektedir. Ahsap, malzemelerin kullanim siiresi arttik¢a ve yaslandik¢a kirilgan-
lik 6zelliklilerinin arttig1 egilme testlerinde absorbe edilen enerjide azalmalar oldugu birgok calismada vurgu-
lanmistir. (Attar-Hassan, 1976; Schulz ve ark., 1984; Yokoyama ve ark., 2009).

Yapilan calismalarin genelinde dogal ortamda bozunmadan yaslanmis ahsap 6rnegini bulmanin zor olmasi
nedeniyle genellikle yapay yaslandirma ile ahsap numuneler hazirlanarak mekanik testler yapilmaktadir. Bu
nedenle yaklagsik veriler elde edilmektedir. Calismamizda dogal ortamda yaslanmis ahsap malzemelerin kulla-
nilmasi ile elde edilen bu veriler ve sonuglar daha dogru referanslar olusturmaktadir

Elde edilen sonuglar, tarihi ahsap yapilarin kullanim 6mriine paralel olarak fiziksel ve mekanik kayiplar ile kars1
karsiya kaldigini bu nedenle yapilarin korunmasi gerektigi, onleyici koruma yaklagiminin benimsenmesinin 6ne-
mini ortaya koymaktadir. Yapilarin kullanim islevini yitirmeden 6nce belirli periyotlarda koruyucu ve dnleyici
bakimlarin yapilmasi, malzemelerin kullanim 6émriinii ve yapisal 6zelliklerini daha uzun siire korumasina neden
olacagi icin planli bir sekilde yapilmalidir.

UNESCO mirast olan Tarihi Safranbolu evlerinin yapisal biitiinliigiinii siirdiirebilmesi ve kiiltiirel mirasin korun-
mast i¢in yapilan bu ¢alisma, mevcut yapilarin teknik analizi agisindan 6nem arz etmektedir. Elde edilen veriler
ve sonuglar, tarihi kentte zamanin, iklim kosullarinin ve ¢evresel faktorlerin yapilardaki deformasyonlara olan
etkilerini gostermektedir. Bununla birlikte tarihi yapilardaki dogal yollarla yaslanan ahsap malzemelerin fiziksel
ve mekanik 6zellik degisimlerini, i¢ ve dig ortamlarda simiile etmek amaciyla yapay modeller gelistirmistir.
(Chang ve Chang, 2001; Follrich ve ark., 2010).

Ileride yapilacak ahsap malzemelerin yaslanma, bozulma, fiziksel ve mekanik 6zelliklerinin belirlenmesinde ya-
pilmas1 muhtemel disiplinler arasi ¢alismalarda, yapay zeka destekli analizler ve makine 6grenmeleri gibi ¢alig-
malarda kaynak olacak veriler elde edilmistir. Bu bakimdan Safranbolu ve diger tarihi yapilarda kullanilan farkl
ahsap tiirleri lizerinde analizler birlestirilerek tilkemizdeki tarihi yapilara ait koruma ve restorasyon ¢alismala-
rinda siire¢ ve planlama analizleri yapilabilir. Tahribatsiz ve yapay zeka destekli haritalama ve gelecege yonelik
planlama ve stratejiler belirlenebilir., statik modellemelerin dogrulanmasi ve siirdiiriilebilir koruma stratejilerinin
olusturulmasi igin temel teskil edecektir. Gelecekte tarihi yapilarin korunmasinda yapay zeka destekli ve disip-
linlinler aras1 ¢oklu parametrelerin kullanildig: analiz yontemleri ile planlama ve koruma stratejileri daha etkin
bir seviyede uygulanabilecektir.

Bilgilendirme: Bu calisma, Siimeyye KABA tarafindan Prof. Dr. Seref KURT danmismanhginda Karabiik Uni-
versitesi Fen Bilimleri Enstitiisii'nde tamamlanan "Tarihi Yapilarin Test Yontemleriyle Dayaniklilik Testleri-
nin Yapimast" (2012) bashkh yiiksek lisans tezinden faydalanilmig olup, tezin temel verilerine ilave olarak
literatiir, igerik ve sonug kismi giincel calismalar 1518inda tamamen yenilenmis ve akademik yayin formatinda
yeniden kurgulanmigtir.
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ABSTRACT

This experimental study was conducted to determine the effect of waste banana peel and waste marble
powder, a natural biomaterial, on the before and after freeze-thaw strength values of cohesionless soils.
Cohesionless soils, known as problematic soils, are defined as soils that need improvement and even
strengthening in engineering applications. From this perspective, mixtures prepared by adding marble
dust at rates of 5%, 10%, 15%, and 20%, and dried and ground waste banana peel at rates of 1%, 2%,
3%, 4%, and 5% to cohesionless soil were compacted at optimum water content and Standard Proctor
energy. The changes in before and after freeze-thaw strength values were determined using a unconfined
compression strength device. It was observed that the combined use of both additives improved the
strength of the cohesionless soil and relatively reduced brittle fracture. The mixture containing 10%
marble powder and 2% dried and ground waste banana peel added to the cohesionless soil provided the
most optimal performance. The data obtained also reveal that the combined use of waste and natural
materials can be used and developed as an economical, sustainable, and environmentally friendly
method of ground improvement.

Keywords: Sand, marble dust, banana peel, strength, freeze-thaw

INTRODUCTION

In foundation engineering applications, cohesionless soils (gravelly, sandy materials) play a critical role
in terms of bearing capacity, fill stability, and hydraulic properties. Cohesionless soils are characterized
by a high intergranular void ratio and are difficult to compact (Yetimoglu and Salbas, 2003). Therefore,
due to their poor binding properties, they exhibit low strength and sudden fracture behavior in foundation
engineering applications. Because of these characteristics, their direct use in engineering applications
often creates problems, necessitating improvement and strengthening studies with the addition of
supplementary materials.

Various studies are being conducted on alternative additive materials that both improve the mechanical
properties of soils forming the basis of engineering structures and ensure economic and environmental
sustainability. These studies may include various chemicals, natural or synthetic materials, natural rocks
and minerals, and biopolymers. Examples from similar studies conducted in the last five years are given
below. Quartzite (Shah Syed Husnain Ali et al., 2020), waste scrap rubber (Mistry, et al., 2021),
polyester (Nguyen et al., 2024), sisal fiber (Chen et al., 2025), coir fiber (Guantam et al., 2024), fibers
(Zhang et al., 2022), sheep wool (Yarbasi, 2022), goat wool (Jankowska et al. 2019), human hair fibers
(Yarbas1 2020), biopolymer (Bozyigit et al., 2023; Ghazavi and Afrakoti, 2025).

In recent times, the use of waste or natural materials in ground improvement/strengthening works has
become significantly widespread due to environmental impact, sustainability, and economic advantages.

The increasing demand for geotechnical applications has led to the investigation of industrial and

298



R\ Cukurova International
Congress of Basic and
Applied Sciences

© | INTERNATIONAL
ACADEMIC
PLATFORM

agricultural wastes as alternative ground conditioners. In this context, the effects of industrial wastes as
well as natural agricultural fibers on soils with poor geotechnical properties have caused researchers
working in this field to focus their attention in this direction. In particular, in our country, waste/residual
marble fragments and dust released from natural stone mining cause serious environmental pollution
problems (Yarbasi and Kalkan, 2016; Ror et al., 2022).

The use of natural fiber materials in soil improvement has emerged in recent years as an alternative to
industrial synthetic fibers. Natural fibers offer significant potential in sustainable engineering
applications due to their biodegradability, availability with low energy requirements, and limited
environmental impact (Yarbasi 2020; Yu et al., 2025; Jastrzgbska, 2025).

Waste marble dust and natural fibers have historically been widely used separately for improving or
strengthening cohesionless soils. However, studies on the combined use of these two materials are quite
limited. Today, the combined use of these two additives has become an accepted practice. Specifically,
marble dust, acting as fine grains, fills the voids in cohesionless soils, increasing their compressibility;
while bio-minerals create bridges between the grains, increasing ductility and reducing brittle behavior.
Therefore, it is predicted that the combined use of these two additives will provide complementary soil
improvement or strengthening in terms of rigidity and ductility in cohesionless soils (Arasan and
Yetimoglu, 2008; Ram and Pareek, 2018).

The main objective of this experimental study is to investigate the changes in before and after freeze-
thaw strength of cohesionless soils by adding different ratios of marble powder and dried and ground
banana peels. It is anticipated that the results will contribute to the development of a low-cost,
sustainable, and environmentally friendly soil improvement or strengthening method by facilitating the
use of waste/residual materials.

2. MATERIALS AND METHODS

2.1 Materials

2.1.1 Sandy Soil (SP)

The cohesionless soil material used in this study was obtained from the Polat sand quarry, located
approximately 6 km from the Erzurum-Cat (Eastern Turkey) highway. It was dried in an oven at 105 +
5 °C for 24 hours before being used in experimental studies. The cohesionless soil was defined as poorly
graded sandy soil (SP) according to the Unified Soil Classification (USCS). An example of SP is shown
in Figure 1, and its granulometric curve is shown in Figure 2.

2.1.2 Marble Dust (MD)

In this study, the marble dust (MD) with CaCO3 component, used as an additional additive, was obtained
from the waste/residues resulting from the production of natural marble rocks in the Afyon region
(Aegean region - western Turkey). A sample of the MD is shown in Figure 1, and its granulometric
curve is shown in Figure 2.

2.1.3 Banana Peel (BP)

The second additive material used in the study is recycled banana peels (BP), a lignocellulosic
biomaterial. It was obtained by collecting, drying, and grinding the peels of dwarf Cavendish bananas
(wikipedia, 2026) grown along the Mersin-Antalya (Mediterranean Region, Southern Turkey) coastline
and known as Anamur bananas. A sample of BP is shown in Figure 1, and its granulometric curve is

shown in Figure 2.
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Figure 2. Granulometry curves of the mixture samples
2.2 Methods
In the first stage of experimental studies on samples obtained by adding MD and BP to SP, which is
defined as poorly graded sandy soil, SP+MD mixtures were obtained by adding MD at rates of 5%
(MIX2), 10% (MIX3), 15% (MIX4), and 20% (MIXS5) to the dry weight of SP (MIX1). After 28 days
of curing, SP+10%MD-+BP mixture samples were created by adding BP at rates of 1% (MIX6), 2%
(MIX7), 3% (MIX8), 4% (MIX9), and 5% (MIX10) to the SP+10%MD mixture, which yielded the
highest strength values.
Consistency limits were determined according to ASTM D4318-10 (2010), optimum water content
(Wopt) and max. dry unit weight (ykmax) according to ASTM D698-07 (2007), and compaction testing
was performed according to ASTM D698-07 (2007). Unconfined compressive strength testing was
performed according to ASTM D2166/D2166M-16 (2016) to determine the strength of the MD and BP
reinforced SP. Freeze-thaw testing was performed according to ASTM D560/D560M-16 (2016) at -21
°C and +21 °C for 24 hours and 10 cycles.
3. EXPERIMENTAL RESULTS
3.1 Unconfined compressive strength (UCS)
Experimental findings show that MD and BP additives have different but complementary effects on
strength values. Thanks to the fine-grained filler structure of MD, the void ratio of SP decreased and
intergranular contact increased. Especially in mixtures containing 10% marble dust, the strengthening
of intergranular bonds is clearly observed in the strength values in the unconfined compressive strength
graphs given in Figure 3. According to the obtained values, the highest strength values after 28 days of
curing are; MIX 3, 225 kPa, MIX 2, 170 kPa, MIX 4, 149 kPa, MIX 5, 127 kPa and MIX 1, 92 kPa.
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Figure 3. Graphical representation of UCS values of SP+MD mixture samples

In the second phase of the study, considering the results obtained in the first phase, strength values were
determined by adding 1%, 2%, 3%, 4%, and 5% BP to the SP+10%MD mixture, which yielded the
highest strength values (Figure 4). The highest strength values after 28 days of curing were observed in
the following mixtures: MIX 7, 361 kPa; MIX 8, 273 kPa; MIX 9, 235 kPa; MIX 10, 174 kPa and MIX
1 92 kPa.

SP+10%MD+BP
400

350 = EMIX1

nMIX 6

= MIX 7
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MIX 8
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= MIX 10

7 14 28

Cure time (day)

Figure 4. Graphical representation of UCS values of SP+MD-+BP mixture samples

In the third stage of the study, based on the 28-day curing period, during which the highest strength
values were obtained, the strength values of MIX 3, MIX 7, and the base material MIX 1 were compared
before and after F-T.Accordingly, the strength values before F-T were 92 kPa for MIX 1, 225 kPa for
MIX 3, and 361 kPa for MIX 7. After F-T, the strength values were 57 kPa for MIX 1, 200 kPa for MIX
3, and 344 kPa for MIX 7. When these values are examined, the lowest strength loss was observed in
the MIX 7 mixture with 4.71%, followed by the MIX 3 mixture with 11% and the MIX 1 base material
with 38% (Figure 5).
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Figure 5. Graphical representation of UCS values before and after F-T for the SP+MD+BP mixture

3.2 Fracture patterns of samples before and after freeze-thaw (F-T) cycles

The fracture patterns of the mixture samples under unconfined compression are shown in Figure 6 before
F-T (MIX 1-1, MIX 3-1, MIX 7-1) and in Figure 7 after F-T (MIX 1-2, MIX 3-2, MIX 7-2). As expected,
the analysis of the fracture patterns revealed that the MIX 1 soil exhibited brittle fracture both before
(MIX 1-1) and after F-T (MIX 1-2).

The addition of 10% MD to the MIX 3-1 sample resulted in a decrease in the size of the fracture
openings, parallel to the increase in pre-F-T strength values. After F-T, the decrease in fracture
dimensions was even more pronounced in the MIX 3-2 mixture samples (Figures 6, 7).

The MIX 7 mixture, modified with MD-+BP, exhibited a different fracture pattern than the MIX 1 and
MIX 3 mixtures. In MIX 1, MD added to the soil increased the strength of the mixture by filling the
voids in the pores, while the other added BP acted as a bridging agent, preserving stress transfer and
contributing to the increase in strength values. This situation was clearly observed in MIX 7-1 before F-
T and in MIX 7-2 after F-T (Figures 6, 7) (Yu et al., 2025).

Figure 6. Before F-T fracture patterns
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Figure 7. After F-T fracture patterns

CONCLUSION AND DISCUSSION

This study investigated the changes in strength properties of SP+MD+BP mixtures obtained by adding
different ratios of MD and BP before and after F-T.

Poorly graded SP soils are problematic soils with low compaction and strength. MD, a fine-grained
material used in the improvement of such soils, contributes to the formation of a more compact soil
structure by reducing the void ratio. In this study, it was determined that 10% by weight of MD additive
provided the most optimal performance.

BP fibers, a biomineral added to the SP+MD mixture, contributed to an increase in strength by creating
a bridging effect between fracture surfaces and preventing a sudden drop in strength. In this study, it
was determined that 2% BP additive provided the most optimal performance.

According to the 28-day curing results, which yielded the highest strength values, a comparison of the
pre- and post-F-T strength values of MIX 1, MIX 3, and MIX 7 mixtures showed the lowest strength
loss at 4.71% in MIX 7, followed by MIX 3 at 11% and MIX 1 base material at 38%.

In conclusion, it was determined that the SP material containing 10% MD and 2% BP additives provided
the most optimal performance in terms of pre- and post-F-T strength values. The findings reveal that the
combined use of waste and biomineral materials can be considered a low-cost, sustainable, and

environmentally friendly soil improvement method.
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OZET

Kiiresel 6l¢ekte artan niifus ve buna bagl olarak yiikselen arag¢ sahipligi oranlari, kentsel ulagim aglarinda
trafik yogunlugunu artirmakta ve ozellikle kavsak noktalarinda 6nemli gecikmelere neden olmaktadir.
Kavsak performansinin artirilmasi ve bu gecikmelerin minimize edilmesi noktasinda, giincel optimizasyon
yontemlerinin kullanilmasi ve trafik talebine uygun dogru sinyal zamanlamasi ile faz planlarinin
belirlenmesi kritik bir rol oynamaktadir. Bu ¢aligmada, her bir yaklasim kolu 500 metre uzunlugunda olan
dort kollu izole bir sinyalize kavsaktaki degisken trafik akimlar dikkate alinarak yesil siirelerinin ve faz
planlarinin giincel bir meta-sezgisel algoritma olan Harris Hawks Optimizasyonu (HHO) yontemiyle
tyilestirilmesi hedeflenmistir. Tasarimda ti¢ farkli faz plani ve dort farkl trafik talep diizeyi (100, 400, 600
ve 800 arag/saat/kol) dikkate alinmistir. Boylece, algoritmanin diisiikten yiiksege farkli doygunluk
seviyelerinde sergiledigi performansin karsilagtirilabilir bigimde incelenmesi amaglanmistir. Gergek
hayattaki trafik durumunu yansitmak i¢in her senaryo ii¢ farkli rassal tohum (seed) degeri ile tekrar
edilmistir ve bu tekrarlar, rassalliktan kaynaklanan degiskenligi azaltarak sonuglarin giivenilirligini
giiclendirmeyi hedeflemistir. HHO algoritmasi calistirilirken her senaryoda 50 ajan kullanilarak 500
iterasyon yapilmistir. Elde edilen bulgular, HHO algoritmasinin temel duruma kiyasla zaman kaybi
degerlerinde dikkate deger bir azalma sagladigini ve dogru faz plani se¢ciminin optimizasyon performansini
dogrudan etkiledigini gostermektedir. Sonug olarak, farkli talep senaryolar1 birlikte degerlendirilerek, en
diisiik gecikme ve en yliksek performans istikrar1 sunan optimal faz plani belirlenmistir.

Anahtar Kelimeler: Sinyalizasyon Optimizasyonu, Harris Hawks Optimizasyonu (HHO), Trafik
Simiilasyonu, Faz Plan1 Tasarimi
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ABSTRACT

The increasing global population and the subsequent rise in vehicle ownership rates escalate traffic
congestion within urban transport networks, leading to significant delays, particularly at intersections. To
enhance intersection performance and minimize these delays, applying contemporary optimization methods
and determining accurate signal timings and phase plans suited to traffic demand play a critical role. This
study aims to optimize green durations and phase plans using Harris Hawks Optimization (HHO), a current
meta-heuristic algorithm, by considering variable traffic flows at a four-legged isolated signalized
intersection where each approach arm is 500 meters long. The experimental design incorporates three
different phase plans and four distinct traffic demand levels (100, 400, 600, and 800 veh/hr/arm). Thus, it is
aimed to comparatively analyze the algorithm's performance across different saturation levels, ranging from
low to high. To reflect real-world traffic conditions, each scenario was replicated using three different
random seed values; these replications aimed to strengthen the reliability of the results by reducing the
variability caused by randomness. During the execution of the HHO algorithm, 50 agents and 500 iterations
were used for each scenario. The findings indicate that the HHO algorithm achieves a notable reduction in
time loss values compared to the baseline condition and demonstrate that the correct phase plan selection
directly impacts optimization performance. Consequently, by evaluating various demand scenarios
collectively, the optimal phase plan providing the lowest delay and the highest performance consistency has
been identified.

Keywords: Traffic Signal Optimization, Harris Hawks Optimization (HHO), Traffic Simulation, Phase Plan
Design

GIRIS

Kent i¢i ulagim sistemlerinde artan niifus, motorlu tasit sahipligindeki yiikselis ve mevcut yol alaninin sinirlt
kalmasi, ozellikle kavsak bolgelerinde gecikme, kuyruklanma ve kapasite yetersizligi sorunlarin1 daha
gorilinlir hale getirmektedir. Bu nedenle sinyalize kavsaklarda c¢evrim siiresi, faz dizisi ve yesil siire
dagiliminin dogru belirlenmesi; ortalama gecikmenin azaltilmasi, kapasitenin etkin kullanilmasi ve isletme
performansinin iyilestirilmesi agisindan kritik O6neme sahiptir. Literatiirde trafik sinyal kontroliiniin
gecikme, kapasite, kuyruk uzunlugu ve gevresel performans gostergeleri iizerinde belirleyici etkiler
olusturdugu vurgulanmaktadir (Foy et al., 1992; Liang et al., 2020; Zhang et al., 2022).

Ancak geleneksel sabit zamanli veya kural tabanli yontemler, talebin zamana baglh degistigi ve akimlarin
dogrusal olmayan bir yapr sergiledigi durumlarda ¢ogu kez sinirli kalmaktadir. Buna karsilik meta-sezgisel
algoritmalar, genis ¢6ziim uzaylarimi etkin bigimde tarayabilmeleri, yerel minimumlara takilma riskini
azaltmalar1 ve ¢ok sayida kisit1 ayn1 anda ele alabilmeleri nedeniyle trafik sinyal optimizasyonunda giiclii
alternatifler sunmaktadir. Genetik algoritma, karinca kolonisi optimizasyonu ve ¢ok amagli evrimsel
yaklagimlar bu alanda yaygin bigimde kullanilmistir (He & Hou, 2012; Zhang et al., 2022). Harris Hawks
Optimizasyonu (HHO) ise kesif ve somiirii mekanizmalar1 arasindaki dengeyi dinamik olarak kurabilmesi
nedeniyle son yillarda dikkat ¢geken yontemlerden biri haline gelmistir (Heidari et al., 2019).

Bu ¢aligmanin amaci, SUMO mikroskobik benzetim ortaminda modellenen dort kollu izole bir sinyalize
kavsakta, ti¢ farkli faz plan1 ve dort farkl trafik talep diizeyi altinda yesil siireleri HHO ile optimize etmek
ve en uygun faz planimi karsilastirmali olarak belirlemektir. Calisma, yalnizca siire optimizasyonuna
odaklanmamakta; ayn1 zamanda faz plani yapisinin, farkli doygunluk seviyelerinde elde edilen zaman kaybi
performansi lizerindeki etkisini de sistematik bi¢imde incelemektedir.
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KURAMSAL CERCEVE / LITERATUR OZETi

Trafik mithendisliginde sinyal siirelerinin optimizasyonu, klasik olarak gecikmenin azaltilmasi, kuyruklarin
dengelenmesi ve kapasite kullaniminin iyilestirilmesi hedefleri dogrultusunda ele alinmaktadir. Bu
dogrultuda erken ve etkili Orneklerden biri, genetik algoritmalarin kavsak sinyal zamanlamasina
uygulanmasii gosteren Foy et al. (1992) calismasidir. izleyen yillarda karmnca kolonisi optimizasyonu,
diferansiyel evrim ve ¢ok amagli evrimsel algoritmalar gibi yontemlerle gecikme minimizasyonu ve ¢ok
oOlciitlii performans iyilestirmesi hedeflenmistir (He & Hou, 2012; Jamal et al., 2020; Zhang et al., 2022).
Dolayisiyla sinyal zamanlamasi probleminin dogrusal olmayan, kisith ve yiiksek etkilesimli yapisi, meta-
sezgisel yontemlerin bu alanda giiclii bir arastirma ekseni olusturmasina yol agmustir (Jamal et al., 2020;
Zhang et al., 2022).

Benzetim tabanli ¢aligmalar agisindan SUMO, agik kaynakli, mikroskobik, ¢ok modlu ve zaman ayrik bir
trafik simiilasyon platformu olarak 6ne ¢ikmaktadir. Ag iiretimi, talep tanimlama, rota olusturma ve trafik
15181 denetiminin test edilmesine yonelik kapsamli araglar icermesi, SUMO’yu sinyal kontrol
algoritmalarinin sinanmasinda gii¢lii bir laboratuvar ortamina doniistiirmektedir (Behrisch et al., 2011;
Krajzewicz et al., 2012). Ayrica tek bir kavsaktan daha biiylik kentsel aglara kadar uygulanabilmesi, farkl
kontrol stratejilerinin ayn1 modelleme altyapisi iizerinde karsilastirilmasini kolaylastirmaktadir (Krajzewicz
et al., 2012).

Siirii temelli meta-sezgisel algoritmalar i¢inde Harris Hawks Optimizasyonu, Harris sahinlerinin is birlik¢i
avlanma davranigini matematiksel olarak modelleyen yeni nesil bir optimizasyon yaklagimidir. Yontem;
kesif, kesiften somiirliye ge¢is ve somiirli agsamalarmi tek bir dinamik enerji parametresi lizerinden
yonetmekte ve bu sayede karmasik, cok modlu ve kisitli optimizasyon problemlerinde rekabetci sonuglar
verebilmektedir (Heidari et al., 2019). Bu yoniiyle HHO, sabit alt-iist sinirlar altinda ve ¢evrim kisitiyla
optimize edilen yesil siire probleminde ¢6ziim uzayinin etkin bicimde taranmasina olanak veren uygun bir
yontem olarak degerlendirilmistir.

Bu calismanin literatiirdeki 6zgiin katkisi, ayn1 kavsak geometrisi, ayni trafik talep seviyeleri, ayni rassal
tohum seti ve ayn1 algoritma parametreleri altinda ti¢ farkli faz planin1 dogrudan karsilastirmasidir. Boylece
stire optimizasyonu ile faz plani se¢imi birlikte ele alinmis; yalnizca en iyi yesil siirelerin degil, aym
zamanda hangi faz yapisinin hangi doygunluk kosullarinda daha elverisli sonug verdiginin de gosterilmesi
amaclanmastir.

YONTEM

Bu calismada, dort kollu izole bir sinyalize kavsakta yesil siirelerin ve uygun faz planinin belirlenmesi
amactyla simiilasyon tabanli bir optimizasyon yaklasimi uygulanmustir. incelenen ag, her bir yaklasim kolu
500 m uzunlugunda olan dort kollu izole bir sinyalize kavsagi temsil etmektedir. Trafik talebi her yaklasim
icin 100, 400, 600 ve 800 arag/saat/kol diizeylerinde tanimlanmis; her talep seviyesinde sola ve saga doniis
oranlart %12 olarak sabit tutulmustur. Sonuglarin rassalliktan etkilenmesini azaltmak amaciyla her plan-
talep kombinasyonu ii¢ farkli rassal tohum (137, 378 ve 924) i¢in ayr1 ayr1 ¢alistirtlmis, bulgular bolimiinde
sunulan degerler bu ii¢ kosunun ortalamasi tizerinden degerlendirilmistir. HHO algoritmasi her kosuda 50
arama ajani ve 500 iterasyon ile yiiriitilmiistiir.

Referans alman temel durum, biitiin optimize edilen yesil fazlarin esit siireli tanimlandig1 sabit zamanlh
sinyalizasyon diizenidir. Bu temel durum kurgusunda Faz Plan1 1 ve Faz Plan1 2 i¢in yesil siire vektorii [25,
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25, 25, 25] ve toplam ¢evrim siiresi 116 s; Faz Plan1 3 igin ise [25, 25, 25, 25, 25, 25] ve toplam ¢evrim
stiresi 170 s’dir. Optimizasyon siirecinde sar1 siireler 3 saniye, tiim kirmizi siireler 1 saniye olarak sabit
tutulmus ve yalnizca yesil faz siireleri karar degiskeni olarak ele alinmigtur. Performans 6lgiitii olarak, her
aday ¢oziim i¢cin SUMO istatistik ¢ikt1 dosyasinda yer alan “ara¢ seyahat istatistikleri” bileseni i¢indeki
zaman kaybi (time loss) degeri kullanilmugtir.

Bu bildiride degerlendirilen faz planlar agagida tanimlanmis ve ilgili sekillerle sunulmustur:

Faz Plam 1 (Yaklasim Kolu Bazh Ayrik Faz): Kavsaga bagli her bir yaklasim kolu, diger kollardan
tamamen bagimsiz olacak sekilde sirayla yesil siire almaktadir.

e
e
o e
o

Sekil 1. Faz Plan1 1 (Yaklagim Kolu Bazli Ayrik Faz)
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Faz Plam1 2 (Karsilikli Diiz ve Sola Doniislii Faz): Zit yonlerden gelen trafik akimlari es zamanl bi¢cimde
isletilmekte; dnce diiz ve sag hareketler, ardindan korumali sola doniisler hizmet almaktadir.

i T -
i
-
i -

Sekil 2. Faz Plan1 2 (Karsilikli Diiz ve Sola Doniislii Faz)
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Faz Plam 3 (Karma Akimh ve Déniis Oncelikli Faz): Zit yonlii akimlarin ayni faz grubu icinde eritildigi,
diiz ve doniis hareketlerinin kavsak kapasitesini maksimum seviyede kullanacak sekilde esnek bir

siralamayla isletildigi yapidir.

————
————
————
————
———

Sekil 3. Faz Plam1 3 (Karma Akiml1 ve Doniis Oncelikli Faz)

Karar degiskenlerine iliskin alt ve iist sinirlar sirastyla 8 s ve 75 s olarak belirlenmis, ¢evrim siiresi i¢in ise
200 s’lik bir list sinir tanimlanmigtir. HHO her iterasyonda aday yesil siire vektorleri iiretmekte; bu vektorler
once smir ve gevrim kisitlarina goére onarilmakta, ardindan ilgili plan ve trafik talebi icin SUMO ortaminda
calistirllarak degerlendirilmektedir. Amag fonksiyonu dogrudan zaman kaybmin en kiigliklenmesine
dayalidir; ancak arag 1s1nlanmasi olusturan ¢éziimleri diglamak ve gergekei olmayan planlari cezalandirmak

amaciyla ceza terimi de eklenmistir.
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Amag fonksiyonu, kisitlar ve HHO nun temel giincelleme denklemleri asagidaki bicimde ifade edilebilir.
Es. (4)~(9)’da verilen HHO giincelleme denklemleri Heidari et al. (2019)’dan uyarlanmistir:

Burada g karar degiskeni vektoriind, g; i’nci yesil faz siiresini, F ilgili sinyal denetleyicisindeki sabit gecis
stireleri toplamimi ve Gy optimize edilen yesil fazlar kiimesini gostermektedir. Kodda kullanilan ceza
katsayis1 A = 10.000 olarak alinmis; boylece teleport olusan ¢éziimler amag fonksiyonunda giiglii bigimde
baskilanmigtir. Cevrim kisit1, her bir denetleyici i¢in sabit gecis siireleri ile optimize edilen yesil siireler
toplaminin 200 s’yi agmamasi esasina dayanmaktadir.

HHO algoritmasinin matematiksel yapisi, kesif, kesiften somiiriiye gegis ve somiirii asamalarini tek bir
enerji parametresi iizerinden yonetmektedir. Avin kagis enerjisi E = 2Eo (1 - t/T) ile tanimlanmakta; |E| > 1
durumunda kesif, |E| < 1 durumunda ise somiirii mekanizmasi devreye girmektedir. Kesif agsamasinda
¢ozlimler rassal bir sahinin veya popiilasyon ortalamasimnin konumuna gore giincellenirken, somiirii
asamasinda sert kusatma, yumusak kusatma ve hizli dalis davranislart kullanilmaktadir (Heidari et al.,
2019).

Burada Eo € [-1, 1], t mevcut iterasyonu, T toplam iterasyon sayisini, LB ve UB alt-iist sinirlari, J sigrama
kuvvetini, LF(D) Lévy ugusu terimini ve S rassal vektoriinii gostermektedir. Ozellikle Y ve Z denklemleri,
HHO’nun yerel minimumlardan kag¢inmasini saglayan hizli dalis/Lévy ucusu mekanizmasimi temsil
etmektedir (Heidari et al., 2019). Bu ¢alisma kapsaminda kullanilan yapi, standart HHO formiilasyonunu
SUMO tabanli benzetim ¢iktilariyla birlestirerek her aday ¢6ziimii dogrudan trafik isletim performansi
tizerinden degerlendirmektedir.

Sonug olarak yontem, faz plani yapisi sabitken yesil siirelerin HHO ile aranmasi ve her aday ¢6ziimiin
SUMO’dan elde edilen zaman kaybi degeriyle sinanmasi esasina dayanmaktadir. Bdylece algoritma
yalnizca en iyi yesil siire biyiikliiklerini degil, farkli doygunluk diizeylerinde en uygun siire dagilimini ve
en basarili faz planini da karsilagtirmali olarak belirleyebilmektedir.

min F(g) = timeLoss(g) + 4 - Teleports(g) (1)
8<gi<75 (2)

Ci=Fi+Ziecr g <200 €)
E=2Ey(1—1T) (4)

Xiv1 = Xeand — 71} Xrand — 212 X (5)

Xi+1= (Xrabbit = Xmean) = 73(LB + r4(UB — LB)) (6)
Xi+1 = Xeavbit — E|Xravbit — X (7

Y = Xavbit — EJ Xrabbit — X ®)
Z=Y+S LF(D) 9)
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Harris Hawks Optimizasyonu’nun bu ¢alisma kapsamindaki uygulanisi, literatiirde tanimlanan standart
kesif-somiirii dengesini korurken, SUMO ¢iktilartyla biitiinlesik bir degerlendirme dongiisii i¢inde
caligmaktadir (Heidari et al., 2019). Boylece her aday ¢6ziim dogrudan benzetim ortaminda sinanmakta ve
amag fonksiyonu degeri gercek trafik isletim ¢iktilari izerinden hesaplanmaktadir.

BULGULAR
Bulgular, Excel sonug tablosundaki ii¢ rassal tohum degerinin ortalamalari esas alinarak degerlendirilmistir.

Oncelikle temel durumdaki sabit yesil siireler ve ¢evrim siireleri Tablo 1’de sunulmaktadir.

Tablo 1. Temel durum sinyal parametreleri

Faz plani Temel durum yesil siireleri (s) Temel durum ¢evrim siiresi C (s)
Plan 1 [25, 25, 25, 25] 116
Plan 2 [25, 25, 25, 25] 116
Plan 3 [25, 25, 25, 25, 25, 25] 170

Tablo 2°de, her talep diizeyi ve her faz plani i¢in temel durum zaman kaybi, optimum zaman kaybi, ortalama
optimum yesil siire dagilimi, ortalama ¢evrim siiresi ve iyilesme orani birlikte gosterilmektedir. Bulgular,
trafik talebi arttikga HHO’nun yesil siireleri esit dagitmaktan uzaklastigint ve baskin akimlara dogru daha
segici bir siire tahsisine yoneldigini ortaya koymaktadir.

Tablo 2. Rassal tohum ortalamalarina gore temel durum-optimizasyon karsilastirmasi

Ortalama Temel .
Optimum

Talep Ortalama optimum optimum durum Tyilesme
Plan o . zaman
(arag/saat/kol) yesil stireler (s) gevrim zaman kayb1 (5) (%)
stiresi C (s) kaybu1 (s)

100 Plan 1 [8.3, 8, 8, 8] 48.33 44.69 24.44 45.32
100 Plan 2 [9.7, 8, 8.7, 8] 50.33 45.00 24.75 44.99
100 Plan 3 [8,8.3,8,8,8, 8] 68.33 57.94 26.93 53.52
400 Plan 1 [22,22.3, 22, 22] 104.33 53.71 52.58 2.10
400 Plan 2 [16.7, 8,17, 8] 65.67 54.53 30.86 43.42
400 Plan 3 [8,8.3,8,8,8.7,8.3]  69.33 63.02 30.61 51.43
600 Plan 1 [48,51.7,43,41.3] | 200.00 494.29 418.43 15.35
600 Plan 2 [31.7,8,31.3, 8] 95.00 504.26 40.26 92.02
600 Plan 3 [1111'77’ 117?77’ 1121] 7 102.33 79.65 45.51 42.87
800 Plan 1 [44.3,47,44.3,42.3] | 194.00 544.57 506.98 6.90
800 Plan 2 [72.3,11,72.3, 11] 182.67 556.19 119.42 78.53
800 Plan 3 [17,63, 18,8, 63.3, 200.00 244.46 179.89 26.41

10.7]

100 arag/saat/kol talebinde algoritma biitiin planlarda yesil siireleri alt sinira yakin degerlere ¢ekmis ve
¢evrim siiresini belirgin bigimde azaltmigtir. Mutlak olarak en diisiik optimum zaman kayb1 degeri 24.44 s
ile Faz Plan1 1’de elde edilmistir. Buna karsin goreli iyilesme orani en yiiksek plan Faz Plani 3’tiir; ancak
Faz Plan1 3’{in optimize edilmis mutlak gecikmesi yine de Faz Plan1 1 ve Faz Plani 2’nin tizerinde kalmstir.
Bu durum, diisiik doygunluk kosullarinda daha kisa ve yalin ¢evrimlerin yeterli oldugunu gostermektedir.
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400 arag/saat/kol talebinde Faz Plan1 1 neredeyse temel durum diizeyinde kalmis ve yalnizca %2.10 iyilesme
saglamistir. Buna karsilik Faz Plan1 2 ve Faz Plan1 3 yaklasik yar1 yariya iyilesme tiretmis; en diisiik
optimum zaman kaybi degeri 30.61 s ile Faz Plan1 3’te goriilmistiir. Bununla birlikte Faz Plan1 2 nin 30.86
s ile ¢cok yakin bir performans sergilemesi, orta doygunluk kosullarinda karsilikli akimlari birlikte isleten
yapilarin belirgin bir iistiinliik sagladigini gostermektedir.

600 arag/saat/kol senaryosu, faz yapisinin etkisini en agik bicimde ortaya koymaktadir. Faz Plan1 1, ¢evrim
stiresi {ist sinir1 olan 200 s’ye ulagsmasina ragmen 418.43 s’lik yiiksek zaman kaybi tiretmistir. Faz Plani 2
ise yesil siireleri yaklagik [31.7, 8, 31.3, 8] bi¢ciminde paylastirarak ortalama 40.26 s’ye kadar diismiis ve
temel duruma gore %92.02 iyilesme saglamistir. Faz Plan1 3’te de anlamli bir diigiis vardir; ancak 45.51 s
ile Faz Plan1 2’nin gerisinde kalmistir. Bu sonug, artan doygunluk altinda karsilikli ana akimlarin birlikte
isletilmesinin kapasite kullanimini belirgin bigimde artirdigini1 gostermektedir.

800 arag/saat/kol diizeyinde yiiksek doygunluk altinda en basarili yap1 yine Faz Plan1 2 olmustur. Bu plan,
baskin iki akima yaklasik 72 s diizeyinde yesil verip doniis fazlarint 11 s civarinda tutarak 119.42 s’lik
ortalama optimum zaman kaybi liretmistir. Ayni1 talepte Faz Plani 1’in 506.98 s diizeyinde kalmasi, yaklagim
kolu bazli ayrik servis mantiginin agir talepte verimsizlestigini gostermektedir. Faz Plani1 3 ise iki baskin
faza yaklagik 63 s diizeyinde yesil atayarak 179.89 s’ye inmis, ancak Faz Plani1 2 kadar basarili olamamustir.
Genel egilim, trafik talebi arttikga HHO’ nun yesil siireleri esit dagitmaktan uzaklastigini ve baskin akimlara
yonlendirdigini gostermektedir. Tiim senaryolarin ortalama optimum zaman kaybi degerleri birlikte
degerlendirildiginde Faz Plani1 2, ii¢ plan arasinda en diisiik genel ortalamay1 iiretmistir. Ayrica rassal tohum
bazl1 kararlilik bakimindan 6zellikle 600 ve 800 arag/saat/kol diizeylerinde Faz Plan1 2 nin daha istikrarl
sonuglar verdigi, Faz Plani 3’{in ise yiiksek talepte daha oynak sonuclar iirettigi goriilmiistiir.

TARTISMA

Elde edilen bulgular, HHO algoritmasinin yalnizca daha kisa ya da daha uzun ¢evrim aramadigini; talep
yapisina bagl olarak ¢evrim siiresi ile faz i¢i yesil paylarini birlikte dengeleyen bir atama stratejisi
kurdugunu gostermektedir. Diisiik talepte hemen tiim planlarda yesiller alt sinira yaklasmis, boylece
gereksiz bekleme azaltilmistir. Orta ve yliksek talepte ise algoritma, baskin yonlere daha fazla yesil stire
aktarirken ikincil fazlari minimuma yakin tutmustur. Bu davranig, 6zellikle ana akimin agik bigimde
baskinlastigi 600 ve 800 arag/saat/kol diizeylerinde daha belirgin hale gelmistir.

Faz plani se¢iminin optimizasyon basarisini dogrudan etkilemesinin temel nedeni, ayni toplam yesil
biitgesinin farkli servis mantiklariyla dagitilmasidir. Faz Plani 1°de her yaklasim kolunun bagimsiz
isletilmesi, yiiksek doygunlukta ¢evrim icindeki kayip zamanlar1 artirmakta ve etkin yesil kullanimim
azaltmaktadir. Bu nedenle algoritma ¢evrim siiresini yiikseltse bile zaman kaybimi yeterince
diisiirememektedir. Faz Plan1 2°de ise karsilikli akimlarin birlikte servis edilmesi, ana dogrultularda daha
yogun yesil konsantrasyonuna izin vermis ve ozellikle 600 ile 800 arag/saat/kol diizeylerinde kapasite
kullanimini belirgin bigimde iyilestirmistir.

Faz Plan1 3’iin esnek yapist kuramsal olarak avantajli gériinmekle birlikte, artan serbestlik derecesi her
zaman daha iyi sonug iiretmemistir. Orta doygunlukta rekabetci sonuglar vermesine ragmen, yiiksek talepte
alt1 yesil fazin dagitimi daha karmagik hale gelmis; algoritma belirli yonlerde iyilesme saglasa da toplam
performansta ve kararlilikta Faz Plani 2 seviyesine ulasamamistir. Bu durum, daha esnek faz kurgularinin
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her zaman daha iyi sonu¢ vermedigini; faz yapisinin trafik akimi bilesimiyle uyumlu olmasinin belirleyici
oldugunu gostermektedir.

Iyilesme oranlart HHO’nun basarisini agik bigimde ortaya koymaktadir. Ozellikle Faz Plam 2 igin 600
arag/saat/kol diizeyinde yaklasik %92 ve 800 arag/saat/kol diizeyinde yaklasik %79 azalma saglanmasi,
temel durumdaki esit siireli planin yiiksek doygunluk altinda yetersiz kaldigini géstermektedir. Bununla
birlikte 100 arag/saat/kol diizeyinde Faz Plani 1’in en diigiik mutlak zaman kaybi degerini vermesi ve 400
arag/saat/kol diizeyinde Faz Plani 3’iin ¢ok sinirli bir farkla en iyi sonucu iiretmesi, tek bir faz planinin her
talep diizeyinde otomatik olarak en iyi olmayacagini da ortaya koymaktadir. Dolayisiyla bu ¢aligmanin
temel ¢iktilarindan biri, sinyal optimizasyonu probleminin yalnizca siire optimizasyonu degil, ayn1 zamanda
faz yapis1 se¢imi problemi oldugudur.

SONUC

Bu ¢aligmada, SUMO benzetim ortaminda tanimlanan dort kollu izole bir sinyalize kavsakta ii¢ farkl faz
plani ve dort farkl: trafik talep diizeyi icin yesil siireler Harris Hawks Optimizasyonu ile optimize edilmis
ve sonuclar temel durumdaki esit siireli sinyalizasyon diizeniyle karsilastirilmistir. Bulgular, HHO nun tiim
talep seviyelerinde zaman kaybimi azaltabildigini, ancak iyilesmenin biiyiikligiiniin dogrudan faz plani
yapisina bagl oldugunu gostermistir. Diislik talepte kisa ¢cevrimli ve yalin ¢oziimler yeterli olurken, orta
talepte Faz Plani 2 ile Faz Plan1 3 benzer bicimde 6ne ¢ikmus; yiiksek talepte ise karsilikli akimlar: birlikte
igleten Faz Plan1 2 en basarili ve en istikrarli yap1 olarak belirlenmistir. Pratik agidan bu sonug, sinyalize
kavsak iyilestirmelerinde yalnizca yesil siire revizyonuna odaklanmanin yeterli olmadigini; faz plam
mimarisinin de optimizasyon siirecine dahil edilmesi gerektigini ortaya koymaktadir. Gelecek ¢aligmalarda
amag fonksiyonuna kuyruk uzunlugu, dur-kalk sayisi, emisyon ve yaya gecikmesi gibi ek olgiitlerin dahil
edilmesi; HHO’nun SMA, PSO ve GA gibi yontemlerle ayni deney seti iizerinde karsilagtirilmast; ayrica
farkli kavsak tipleri ve koordineli kavsak koridorlarinda benzer analizlerin yapilmasi 6nerilmektedir.
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ABSTRACT

Parasitic infections affecting the gastrointestinal tract and blood continue to be major contributors to illness
and mortality across the globe, particularly in tropical and subtropical regions where these infections are
endemic. Conventional diagnostic methods, such as microscopic examination, serological testing, and
molecular assays, have long been the cornerstone of detecting these parasites. However, these approaches
often face significant limitations, including subjective interpretation, high costs, reliance on specialized
laboratory infrastructure, and reduced sensitivity in cases of low parasite load. In recent years, advances in
artificial intelligence (Al), particularly through machine learning (ML) and deep learning (DL) techniques,
have opened new avenues for enhancing diagnostic accuracy and efficiency. Al-driven approaches offer
the ability to analyze complex datasets, identify subtle patterns, and perform predictive modeling that can
support early detection and precise characterization of parasitic infections. This review provides a detailed
exploration of Al-enabled diagnostic strategies for gastrointestinal and blood parasites, examining the
diverse types of data used, the computational models implemented, and their applications in both clinical
and environmental contexts. Additionally, it discusses the advantages these Al tools offer, such as increased
speed, reproducibility, and scalability, alongside existing challenges like data quality, interpretability, and
integration into routine healthcare workflows. Finally, this review highlights future directions for research,
emphasizing the potential for Al to transform parasite diagnostics and improve global health outcomes

through more timely and accurate detection

Keywords: Artificial intelligence, machine learning, predictive modeling, biomarkers, parasitic infections,

gastrointestinal parasites, hematological parasites.
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ABSTRACT

This research investigated the impact of different concentrations of antimony trichloride (SbCls) on the
optical characteristics of copper antimony sulfide (CuSbS:) thin films in their as-deposited state. These
films were synthesized using the Chemical Bath Deposition (CBD) method, with precursors including
CuClz-2H:0, SbCls, Na.S:0s-5H-0, and thiourea (NH2CSNHz). Triethanolamine (TEA) and acetone served
as complexing agents, while an NH3/NH4Cl solution acted as the buffer. The resulting films were
characterized using X-ray Diffraction (XRD), Energy Dispersive X-ray Fluorescence (EDXRF), and UV-
Vis Spectroscopy. Findings revealed that increasing the SbCls concentration altered the bandgap of the
CuSbS: films, with the highest bandgap of 1.92 eV recorded at a concentration of 1.8 M. The films showed
strong absorption in both the UV and visible ranges, suggesting their suitability for applications in
photodetectors and solar cell absorber layers.

Keywords: Solar cells, CuSbS; as-deposited, Precursors, Bandgap, Thin films
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INNOVATION IN AGRICULTURE IN ARID REGIONS: CHALLENGES AND PROSPECTS

THE CASE OF BISKRA, ALGERIA
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ABSTRACT

Agriculture in arid regions is confronted with major environmental and socio-economic challenges,
particularly water scarcity, soil salinity, desertification, and increasing climate variability. In this
context, agricultural innovation has become a key driver for improving productivity, ensuring food
security, and achieving sustainable rural development. This paper examines the role of innovation in
agricultural development in arid areas, with a particular focus on the province of Biskra, Algeria, which
represents one of the most dynamic agricultural regions in the Sahara.

The study adopts a descriptive and analytical approach based on the analysis of agricultural development
programs, the expansion of irrigated areas, and the introduction of modern farming techniques. In
Biskra, several innovative practices have contributed to the transformation of the agricultural sector,
including drip irrigation systems, greenhouse cultivation, the use of solar energy for water pumping, the
expansion of date palm plantations, and the integration of high-value crops. These innovations have
significantly increased agricultural productivity and enhanced the region’s role in national food supply,
particularly in the production of dates and early-season vegetables.

However, despite these positive outcomes, the study identifies several constraints that limit the
sustainability of these innovations, such as overexploitation of groundwater resources, rising production
costs, limited access to agricultural finance, and the need for stronger technical support and training for
farmers.

The paper concludes that the experience of Biskra demonstrates the importance of combining
technological innovation with effective resource management and institutional support. Promoting
sustainable agricultural innovation in arid regions requires integrated policies, rational water use,
capacity building, and the encouragement of investment in climate-smart agriculture.

Keywords:Arid regions, agricultural innovation, Biskra, sustainable agriculture, drip irrigation,
greenhouse farming, date palm cultivation.
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ABSTRACT

Agricultural biomass constitutes a significant renewable energy resource that can be harnessed through
various conversion technologies, particularly anaerobic digestion for biogas production. Biogas offers a
clean and sustainable alternative capable of partially or fully substituting conventional fossil fuels currently
in use. This study presents the design and development of a 0.5 m? fixed-dome plastic biogas digester,
together with a manually operated biogas compressor, for the generation and storage of biogas derived from
domestic biodegradable wastes, including dry leaves, kitchen residues, and freshly cut grass. A total of 120
kg of organic waste was mixed with 300 kg of water and fed into the digester. Three batch experiments
were conducted over three consecutive months. The first two trials were unsuccessful in producing
combustible gas. However, during the third month, stable biogas production was achieved within an
ambient temperature range of 34-35°C, yielding approximately 1 kg of biogas. An initial negative pressure
was observed, indicating a short aerobic phase prior to the onset of anaerobic digestion. The peak internal
pressure recorded was 7172.75 Pa on the ninth day, corresponding to a gas yield of 0.15 kg. Combustible
gas production commenced after 20 days of retention, and the gas generated over a 30-day period was
successfully compressed into a cylinder for improved portability. The successful operation of the system
demonstrates the feasibility of small-scale plastic digesters for household energy generation. Wider
adoption of this technology could contribute meaningfully to diversifying the national energy mix and
addressing prevailing energy supply challenges.

Keywords: Biogas; Anaerobic digestion; Plastic digester; Renewable energy; Biomass conversion.
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ABSTRACT

In this study, a water manometer was designed and applied to monitor the biogas production of a plastic
digester over a 15-day period. The manometer was specifically tailored to measure pressure changes within
the digester, providing real-time data on gas accumulation and system performance. The biogas digester,
constructed from low-cost materials, was employed to convert organic waste into biogas through anaerobic
digestion. Over the course of the experiment, pressure readings were collected, analyzed, and correlated
with biogas yield. The results demonstrated that the water manometer was an effective tool for tracking
biogas production, offering a reliable and accessible method for small-scale biogas systems. This
application provided insights into the efficiency of biogas generation and highlighted the potential of the

water manometer for further use in similar renewable energy projects.
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