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1. INTERNATIONAL VARNA SCIENTIFIC
RESEARCH AND INNOVATION CONGRESS
07-08 MAY 2026, Varna-BULGARIA

CONGRESS PROGRAM

PARTICIPANT COUNTRIES
Algeria, Armenia, Australia, Bulgaria, Georgia, India, Indonesia, Macedonia, Morocco, Nigeria,
Pakistan, Romania, Tunisia

IMPORTANT, PLEASE READ CAREFULLY
To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting
ID or Personal Link Name” and solidify the session. The presentation will have 15 minutes (including
questions and answers). The Zoom application is free and no need to create an account. The Zoom
application can be used without registration. The application works on tablets, phones and PCs. Speakers
must be connected to the session 10 minutes before the presentation time. All congress participants can
connect live and listen to all sessions. During the session, your camera should be turned on at least %70
of session period. Moderator is responsible for the presentation and scientific discussion (question-
answer) section of the session.
TECHNICAL INFORMATION
Make sure your computer has a microphone and is working. You should be able to use screen sharing
feature in Zoom. Attendance certificates will be sent to you as pdf at the end of the congress. Moderator
is responsible for the presentation and scientific discussion (question-answer) section of the session.
Before you login to Zoom please indicate your name surname and hall number, exp. Hall-1, Fatih
KARIPOGLU
ONEMLI, DIKKATLE OKUYUNUZ LUTFEN
Kongremizde Yazim Kurallarina uygun gonderilmis ve bilim kurulundan gegen bildiriler i¢in online
(video konferans sistemi {izerinden) sunum imkani saglanmistir. Sunumlar i¢in 15 dakika (soru ve
cevaplar dahil) siire ayrilmigtir. Online sunum yapabilmek igin https://zoom.us/join sitesi lizerinden giris
yaparak “Meeting ID or Personal Link Name” yerine ID numarasini girerek oturuma katilabilirsiniz.
Zoom uygulamasi {icretsizdir ve hesap olusturmaya gerek yoktur. Zoom uygulamasi kaydolmadan
kullanilabilir. Uygulama tablet, telefon ve PC’lerde calisiyor. Her oturumdaki sunucular, sunum
saatinden 10 dk dncesinde oturuma baglanmis olmalar1 gerekmektedir. Tiim kongre katilimcilar1 canli
baglanarak tiim oturumlar1 dinleyebilir. Moderatér — oturumdaki sunum ve bilimsel tartisma (soru-
cevap) kismindan sorumludur.
TEKNIK BILGILER
Bilgisayarinizda mikrofon olduguna ve galistigina emin olun. Zoom'da ekran paylagsma o6zelligine
kullanabilmelisiniz. Katilim belgeleri kongre sonunda tarafiniza pdf olarak goénderilecektir. Kongre
programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir. Zoom'a giris yaparken once
liitfen adinizi, soyadinizi ve SALON numaranizi yaziniz, Ornek: Hall-1, Fatih KARIPOGLU

MEETING ID: 870 0911 7134
PASSCODE: 810084

Vi




~X

~ACEANS

{/t]\

= w
FScec &
> A
74 J
D, 4’3
‘Jf,(‘\,[ )[’;\.\Fi‘

https://us02web.zoom.us/j/87009117134?pwd=spvXAZ6zH41 MBuUufcxtesE9Tno6UC.1

(@) | ANKARA LOCAL TIME

Q MEETING ID: 870 0911 7134

@) [10%:12%

k3 | PASSCODE: 810084

HEAD OF SESSION: P
TOPIC TITLE

The Use Of Wood In Construction Systems: From Traditional To
Modern Technology

rof. Dr. Umit ARPACIOGLU

‘ AUTHORS AFFILIATION

Giilsah CELIiK TEK Kocaeli University
Assoc. Prof. Dr. Sibel DEMIRARSLAN

Integration Of Life Cycle Assessment (LCA) And Artificial Dr. Neriman Giil CELE]:’J Mimar Sinan Fine Arts
Intelligence (AI) In The Construction Industry Prof. Dr. Umit ARPACIOGLU University
Spatial Configuration And Continuity In Traditional Houses: The . . Lo .
Case Of Safranbolu Mahir Aga Mansion Y. Mimar Biisra ARSLAN Karabiik University
Evaluation Of Post-Restoration Spatial And Functional Changes In Y. Mimar Biisra ARSLAN Karabiik University

Traditional Houses Of Safranbolu

The Impact Of Projections On Street Silhouette Along A Touristic
Urban Axis: The Case Of Hac1 Munirbey Street (Tokat)

Y. Mimar Biisra ARSLAN

. N , Karabiik University
Y. Mimar Tugberk Yagiz ALTUNSOY

Separation And Recovery Of Metal Particles From Electropolishing
Waste Solutions

Dr. Emine Ozlem DENGIZ Samsun University

Smart Factories And Materials Engineering: A Reinforcement
Learning Approach

Lagos State University of
Education,
Obafemi Awolowo
University, Nigeria

Moses Adeolu AGOI
Oluwanifemi Opeyemi AGOI
Oluwatoyosi Philip OLALEKAN
Success Eniola OGBOYE

The Torsion Phenomenon In Steel Structural Systems: A Holistic
Approach From Initiating Causes To Their Consequences

Prof. Dr. Tugrul TALASLIOGLU Osmaniye Korkut Ata
University

Vil
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08.05.2026 / Session-1 Hall-2

ANKARA LOCAL TIME

MEETING ID: 870 0911 7134

=

10%:12%

a

PASSCODE: 810084

HEAD OF SESSION: Prof. Dr. Ahmet Niyazi OZKER

TOPIC TITLE ‘

Mapping Intercultural Dialogue in International Student Mobility:
A Bibliometric Analysis of Erasmus and Cross-Cultural Exchange
Research

AUTHORS ‘

Sudenur DOGAN
Prof. Dr. Zeynep Birsu CINCIN

AFFILIATION

Canakkale Onsekiz Mart
University, University of
Insurance and Finance
(VUZF University),
ADAM European nstitute
for Lifelong Learning

Intercultural Dialogue And Social Dynamics In International
Student Mobility: A Sociological Bibliometric Analysis Of Cross-
Cultural Exchange Research

Cansu CAKAN L
Prof. Dr. Zeynep Birsu CINCIN
Bosko NELKOSKI

Aydin Adnan Menderes
University, ADAM
European Institute for
Lifelong Learning

Recalibration Of Tight Monetary Policy And Strengthening Of Fx
Balance In Tiirkiye’s Fight Against Inflation

Prof. Dr. Ahmet Niyazi 0ZKER

Bandirma Onyedi Eylul
University

Hastanelerde Yapay Zeka Uygulamalari ve Hizmet Kalitesi: Saghk
Yonetimi Perspektifinden Kavramsal Bir Degerlendirme

Assoc Prof. Dr. Hiiseyin ALKIS
Assist. Prof. Dr. Abdulkadir ERTAS

Tokat Gaziosmanpasa
University, Bilecik Seyh

Edebali University
Sectoral Asymmetries In Price Pass-Through: PPI-CPI Gap And " Ondokuz Mayis
Profit Margin Dynamics In The Turkish Economy Lect. Dr. Gokhan SALMAN University

Integration Of Digital Tools Into Financial Control, Management
And Decision-Making Systems In SMEs

Bosko NELKOSKi

University of Insurance
and Finance (VUZF
University), Bulgaria
ADAM European
Institute for Lifelong
Learning, Macedonia




£

ACEAND

LSce )

{/E]K

yagat

»)
#. 2y

(@) | ANKARA LOCAL TIME

MEETING ID: 870 0911 7134

) |1w0%:12%®

PASSCODE: 810084

TOPIC TITLE

Inflammatory Biomarkers as Predictors of Mental Health Outcomes: A

HEAD OF SESSION: Major Gheorghe GIURGIU

AUTHORS

Dr. Saloni SHARMA

AFFILIATION

Manav Rachna
International Institute of

Narrative Review Suhani SHARMA Research Studies, India
Jamia Hamdard University

Therapeutic Potential Of Lemon Water And Garlic (Allium Sativum) In Tasawar IQBAL University of Agriculture

The Treatment Of Intestinal Parasitic Worms

The Gut-Brain-Skin Axis In Acne: Impact Of Polenoderm Major Gheorghe GIURGIU Deniplant-Aide Sante

Activity Assessment, Of A Cadmium(II)-Based Coordination Polymer
Derived From 1,10-Phenanthroline And Nitrate Ligands

Jendoubi IMEN
Badiaa ESSGHAIER

Prof. Dr. Manole COJOCARU Medical Center
Titu Maiorescu University,
Romania
Determination Of Gallic Acid, Caffeine, And Total Catechin Levels In ) . Recep Tayyip Erdogan
e : Assist. Prof. Dr. Leila . .
Black And Green Tea Samples And Extracts Originating From Rize : University.
. MEHDIZADEHTAPEH - >
Province . R Atatiirk Tea and
Uzm. Nesrin TEKINER Horticultures Research
Assoc. Prof. Dr. Burhan BASARAN .
Institute
An Exploration Of The Motivation Types Used In Seventh-Grade Master’s Student Fatma FAKI Aksarav Universit
Middle School Mathematics Textbooks Assoc. Prof. Dr. Ramazan AVCU Y y
Structural And Physicochemical Analysis, Along With Antimicrobial Saoussen Namouchi CHERNI University of Tunis El

Manar, Tunisia

A Comprehensive Review Of Scientific Discourse On Pharmacotherapy
In Pregnancy And Lactation: Clinical Challenges, Principles, Safety,
And Evidence-Based Management

Dr. Professor Nodar SULASHVILI
Margarita BEGLARYAN
Maka BULEISHVILI
Nato ALAVIDZE
Nino ABULADZE
Marika SULASHVILI

BAU International
University
Yerevan State Medical
University
Akaki Tsereteli State
University,

The University of Georgia

Theorical Study Of Structural, Electronic And Optical Properties Of
Gallium Nitride And Gallium Phosphide Binary And (GaN)n/(GaP)n
Superlattics By FP-LMTO

Prof. Dr. REKAB-DJABRI Hamza
Dr. BELOUFA Nabil

AKli Mohand-Oulhadj
University, Algeria
Hydrometeorological
Institute for Training and
Research IHFR
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08.05.2026 / Session-2 Hall-4

(@) | ANKARA LOCAL TIME

Q MEETING ID: 870 0911 7134

) |10%:12%®

g | PASSCODE: 810084

HEAD OF SESSION: Assoc. Prof. D.Sc. Ivaylo STAYKOV

TOPIC TITLE

AUTHORS

AFFILIATION

Legal Framework Of The Insurance Period (Pensionable Service)
In The Bulgarian Social Insurance Law

Assoc. Prof. D.Sc. Ivaylo STAYKOV

New Bulgarian University

The Fear Factor How Emotions Dictate Financial Risk Tolerance

M. Dhinesh KUMAR
Dr. S. SELVAM

S. Vellaichamy Nadar
Colllege, India

Gravvity-Powerd Acceleration Physics

S. DHARANI
Dr. S. SELVAM

S. Vellaichamy Nadar
Colllege, India

Frontstage Performance And Backstage Strategy: A Qualitative
Study Of Trust Co-Construction In Indonesian Fashion Live-
Commerce

Adiva Izzani GHANIA
Siska Purnama MANURUNG
Islaluna UMAYROH
Romeo Riffat RIYANTO
Tio Annette Beatrix SIBURIAN

President University,
Indonesia

Gen Z Community Ethnography On Animal Welfare Activism:
The Case Of Bekasi's Street Cat Shelter

Isabel Grasiela SIREGAR
Dr. Siska Purnama MANURUNG,
Rafif Azra RAMADHAN
Jihan Anggun Riya Nabila SURYANTO
Nabilah Roihanah PUTRI

President University,
Indonesia

Modular Brand Consumption and Identity Construction Among
Gen Z Skateboarders: A Qualitative Study in Greater Jakarta

Siska Purnama MANURUNG
Khaerunisa Rahma AULIA
Muhammad Zaki AKBAR

Nadine Tendean Putri POLUAN
Wildan ROBBANI

President University,
Indonesia
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08.05.2026 / Session-2 Hall-5

(@) | ANKARA LOCAL TIME

Q MEETING ID: 870 0911 7134

@) |10%*:12%

g | PASSCODE: 810084

HEAD OF SESSION: Assist. Prof. Stanislava STATEVA

TOPIC TITLE

AUTHORS

AFFILIATION

Economic Tradeoff Between Forest Harvesting And Tourism
Revenues: A Case Study In Suceava County

Ana-Maria CIOBOTARU
Radu-Daniel PINTILII
Marian MARIN

University of Bucharest,
“Gheorghe Bals” Technical
College, Romania

Al And Contemporary Business Practices In Architecture. A Case
Of Architectural Design Industry In Pakistan

Ar. Dr. Omer Shujat BHATTI
Ar. Hafiz Muhammad Ahmed NADEEM

School of Architecture
&Planning, India

Cryopreservation as a basis for the development of a cryogenic
bank for Solanum tuberosum L.

Assist. Prof. Stanislava STATEVA

Agricultural Academy,
Institute of Plant Genetic
Resources, Bulgaria

Invisible Synergies: Microplastics as Hidden Drivers of PFAS Aderemi Timothy ADELEYE The University of Newcastle,
Mobility and Environmental Risk Australia
Sustainable AI and the & Green Compute & Mandate Balancing . . Allama Igbal Open
Intelligence with Planetary Boundaries Assist. Prof. Al Muhammad FAISAL University, Pakistan

Reducing Environmental Impacts through Sustainable Nitrogen
Practices

ELABBARI Chaimaa
Pr. Labjar NAJOUA
Pr. EL Hajjaji SOUAD

Mohammed V University,
Morocco
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Frontstage (What the buyer sees): The
broadcast looks very natural, warm, and
friendly. Sellers use sweet words (like
"Bunda" or "sayang") and offer special
shipping coupons to make buyers feel
special.

Results

o The dry matter (dm) contents of gallic acid
(GA), caffeine (CA), and total catechins (C) in
green tea were 0.02%, 2.43%, and 13.62%,

respectively.

o

Black tea, by comparison, yielded values of
0.09%, 2.23%, and 0.14% for the same

parameters.

ISARC Eurasia » Varna 2026 | RTEU Cay ihtisas Projesi

FINDINGS

FINDING 2: THE DUAL-LAYER LOGIC OF LIVE SELLING

Backstage (What the seller hides): Behind
the camera, sellers use highly calculated
business tactics. They use multiple phones
to maintain  algorithmic momentum
through multi-device streaming, create
fake countdowns to pressure buyers, and
strategically move buyers to other apps
(like Shopee or WhatsApp) to finish the

payment.

Q e L

o With respect to the extracts, green tea

demonstrated GA (dm) at 0.14%, CA at 5.75%,
and C at 31.51%, whereas the corresponding
values in black tea extract were 0.82%,
14.97%, and 1.26% for GA, CA, and C,

respectively.
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OZET

Ahsap, insanlik tarihinin baslangicindan giiniimiiz teknolojisine kadar olan siirecte barinma,
korunma, enerji kaynagi, teknoloji, sanat, mimari gibi birbirine bagimli ve bagimsiz birgok
alanda cesitli islevlerde kullanilmistir. Ahsap malzemenin ¢adir gibi basit sistemlerle baglayan
yapi siirect, sivil mimarlik iiriinleri olan geleneksel yapilarla devam etmistir. Geleneksel yapilar
déneminin teknolojik, lojistik ve ustalik bilgisi ¢ercevesinde imal edilmis kiiltiirel yapilar olma
ozelligi tasimaktadir. Geleneksel yapi sistemleri, siire¢ icerisinde ergonomi, konfor, yapi
kurgusu ve kat smurliliklart sebebiyle gelisen teknoloji ve mimarlik anlayisina yetersiz
kalmistir. Ahsabin yerine yap1 sektoriinde genis agiklik ve yliksek yapilara uygun betonarme
ve ¢elik malzeme kullanimi1 yayginlasmistir. Ancak bu yap1 teknolojilerinin olusturdugu cevre
kirliligi ve karbon ayak izinin yol actigi kiiresel sorunlar sebebiyle ingaat sektoriinde
stirdiirtilebilir, ¢gevre dostu sistemler 6nem kazanmistir. Bu baglamda siirdiiriilebilir malzeme
olan ahsabin yetersizlikleri belirlenerek, yiikksek mukavemet, yangin ve su dayanimina sahip
yiiksek performansli iiriinler olan endiistriyel ahgsap malzemeler ve yeni ahsap yapim sistemleri
gelistirilmistir. Endiistriyel ahsap sistemler ile genis acikliklara sahip, ¢ok katli ahsap ve hibrit
yapilar insa edilebilmektedir. Bu calismada geleneksel yapilardan giintimiiz teknolojisine kadar
olan siiregte ahsap malzemenin ve ahsap yapim sistemlerinin kullanimi ve gelisimi
incelenmistir. Aragtirma dogrultusunda giiniimiiz teknolojisinde kiiresel mimaride kendi yap1
kategorisinde en yiiksek ahsap yapilar olan Mjestirnet, Brock Commons Tallwood House ve
Stadthaus’un yapim sistemleri, imalat ve montaj yontemleri incelenerek degerlendirilmistir.
Calismaya konu olan ahsap malzeme, ahsap yapim sistemleri ve 6rneklemlerin siirdiiriilebilir

mimari ve ahsap yap1 sistem teknolojisine katki saglamas1 amaglanmustir.

Anahtar kelimeler: Ahsap, siirdiiriilebilirlik, endiistriyel ahsap, ahsap yapim sistemleri, ahsap
detaylari

**%"By caligma, I¢c Mimar Giilsah Celik Tek tarafindan Kocaeli Universitesi Sosyal Bilimler Enstitiisii
I¢ Mimarlik Ana Sanat Dali’nda Dog. Dr. Sibel Demirarslan danismanliginda gerceklestirilen
(stirdiirtilen) yiiksek lisans tezinden {iretilmistir."
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THE USE OF WOOD IN CONSTRUCTION SYSTEMS: FROM TRADITIONAL TO
MODERN TECHNOLOGY

ABSTRACT

Wood has been used, throughout the process from the beginning of human history to the present
day, in many dependent and independent areas in various functions such as shelter, protection,
energy source, technology, art, and architecture. The construction process of wood material,
which began with simple systems such as tents, has continued with traditional structures that
are products of civil architecture. Traditional buildings are characterized as cultural structures
constructed within the framework of the technological, logistical, and craftsmanship knowledge
of their time. Traditional building systems have fallen short of meeting the demands of evolving
technology and architectural concepts due to limitations in ergonomics, comfort, structural
design, and floor-to-floor heights. In the construction industry, the use of reinforced concrete
and steel, suitable for wide spans and high-rise structures, has become widespread as an
alternative to wood. However, due to the environmental pollution and carbon footprint caused
by these building technologies, sustainable and environmentally friendly systems have gained
importance in the construction sector. In this context, the shortcomings of wood, a sustainable
material, have been identified, and industrial wood materials and new wood construction
systems have been developed as high-performance products with high strength, fire and water
resistance. Industrial timber systems make it possible to construct multi-story timber and hybrid
structures with wide spans. This study examines the use and development of wood materials
and woodworking systems from traditional structures to modern technology. In line with the
research, the construction systems, manufacturing and assembly methods of Mjestérnet, Brock
Commons Tallwood House and Stadthaus, which are the tallest timber structures in their
category in global architecture with today's technology, were examined and evaluated. The aim
of this study, which focuses on wood materials, wood construction systems, and examples, is

to contribute to sustainable architecture and wood construction system technology.

Keywords: Wood, sustainability, industrial wood, wood construction systems, wood details

1.GIRiS

Insanlik tarihinin baslangicindan giiniimiize kadar devam eden siirecte en temel yap1
malzemelerinden biri olan ahsap, en yalin haliyle ‘‘agacin odun kisimlar1’’(Hasol, 2016,
s.10) olarak tanimlanabilmektedir. Dogadan elde edilebilmesi, ahsabin yap1 tarihini kokli bir

gecmise dayandirmaktadir. Ahsabin yapr malzemesi olarak kullanilmaya baglamasi beton ve
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celige oranla ¢ok daha eskidir. *‘Ilk¢ag insanlarmin aga¢ kovugunda barinmasi ile baglamis ve
giiniimiize kadar stiregelmistir’’(Topgu ve Uygunoglu, 2021, s.266).

Ahsap diger yap1 malzemeleri gibi karmagsik baglanti elemanlarina ihtiya¢ duymadan, fazla is
giicii gerektirmeden de islenebilmektedir. Toplumlarin gocebe yasam siirdiigii donemlerde
dogadan elde edilebilen malzemeler tercih edilerek bu siirecte ahsap; ¢adir, yigma sistemler
gibi yapilarda minimum islem ve ilkel metotlarla kullanilmistir.

Gogebe yasamin yerini yerlesik yasama birakmasiyla birlikte yapr tipleri de degisim
gdstermistir. Ilkel yapilar iklim kosullar1, yasam bi¢imi ve ihtiyaclara yetersiz hale gelmis; daha
fonksiyonel ve dayanikli yapilara ihtiya¢ duyulmaya baslanmistir. Buna baglamda yapim
sistemleri onemli bir degisime ugrayarak basit sistemler gelistirilerek kesme, oyma, gecme ve
birlestirme teknikleriyle insa edilen nitelikli yap1 sayisi giderek artmistir. Bu teknolojik
gelismeler, striiktiirel anlayisin da gelismesini saglayarak geleneksel yapi sistemlerinin
olusumuna zemin hazirlamistir.

Geleneksel ahsap yapim sistemleri, bulunduklari cografyanin yerel ve kiiltiirel izlerini
tasiyarak, iklim ve ahsabin fiziki 6zelliklerine gore sekillenmistir. Himis, bagdadi ve iskelet
karkas gibi teknikler ihtiya¢ duyulan yapi tipine olanak saglarken ayni zamanda deprem
etkilerine kars1i da dayanim saglamistir. Bilimin giliniimiiz seviyesine ulasmadigi dénemde
ustalik bilgisi ile insa edilen geleneksel yapilar, doneminin kiiltiirel izlerini de yansitmaktadir.
““Yap1 tekniklerinin ve sosyo-ekonomik kosullarin degismedigi biitiin sanayi oncesi ortamlarda
geleneksel ev tipolojisi basmakalipti. Bunun nedeni dis diinya ile iliskilerin siirlilig1 ve gorsel
cesitliligin eksikligidir’’(Kuban, 2023, s.3).

Yasanan Sanayi Devrimi ve gelisen miihendislik caligsmalari ile birlikte ¢elik, betonarme ve
fabrikasyon malzemeler yayginlasmis, ahsabin yapida kullanimi biiyiik 6lclide azalmistir.
Toplumlarin hizli tiikketim anlayisi, degisen yasam bicimleri ve yliksek yapilasma tercih
edilirligi seri liretime uygun malzemelerin yapilarda 6n plana ¢ikmasina neden olmustur. Ancak
uzun bir donem geri planda kalan ahsap, diisik karbon ayak izi ve strdiriilebilirlik
kavramlariin 6nem kazanmasiyla birlikte yeniden giindeme gelmistir. Ahsap yapi sistemleri,
giinlimiiziin modern miihendislik teknikleriyle gelistirilen CLT, Glulam ve LVL gibi
endiistriyel ahsap triinleri ile yeniden ivme kazanmustir.

Bu bildiride, gelenekselden giiniimiize ahsap yapim sistemlerinin tarihsel siiregte gecirmis
oldugu degisim, doniisiim ve teknolojik alanindaki gelismelerinin bu sistemlerin uygulamasina
olan etkileri incelenmistir. Calismada giiniimiiz teknolojisinde endiistriyel ahsap malzemeler
ile insa edilen, kendi yapim sistemi kategorisindeki en yliksek bina olma 6zelligini tasiyan

kiiresel yapilar vaka analizi ile degerlendirilmistir. Bu arastirmanin ahsabin yap1 malzemeleri
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arasindaki yerine ve gilinlimiizdeki kullanimma iliskin literatiire yol gosterici olmasi
hedeflenmektedir.

2.YONTEM

Bu calisma geleneksel yapi teknolojilerinden gliniimiiz gelismis teknolojisine kadar olan siireci
kapsayan bir igerige sahiptir. Nitel aragtirma yontemi kullanilmistir. Bu baglamda literatiir
taramas1 ve vaka analizleri yapilmigtir. Calisma kapsaminda incelenmek iizere belirlenen
ornekler literatiirde, kendi kategorisinde diinyada en iyi olarak nitelendirilen binalardan tercih
edilmistir.

Ahsap malzemenin tanimi1 ve 6zelliklerinden baslayarak siire¢ asamalarinda yasanan doniisiim
ve gelismelerin anlasilmasi ve bu alanda yapilacak arastirmalar i¢in elde edilen veriler
calisgmanin  smiflandirma sistemi i¢inde degerlendirilmistir. Yapilan arastirma ve
degerlendirmelerin literatiire katki saglamas1 amag¢lanmistir.

3. MALZEME OLARAK AHSAP

Ahsap dogal yollarla elde edebildigimiz karbon ayak izi diisiik, insan yasamina olumsuz etkisi
az, stirdiiriilebilir bir yap1 malzemesidir. Ahsabin 6zellikleri fiziksel ve mekanik olmak {izere
incelenebilmektedir. iklim, yagis, nem, giines gibi faktdrler ahsabimn fiziksel ve mekanik
ozelliklerine dogrudan etki etmektedir.

Ahsap, imal edildigi agag tiiriine gore gesitli ozelliklere sahip bir malzemedir. Yapisal agag
tirleri sert ve yumusak olarak siniflandirilabilmekte ve jullanim alanlarina gore farkli agag
tiirleri tercih edilebilmektedir. Ladin, cam, gdknar gibi yumusak agacglar veya mese, kayin,
disbudak gibi sert agag tiirleri yapida kullanilabilmektedir. Calismanin bu boliimiinde ahsabin
mekanik ve fiziksel 6zelliklerini etkileyen unsurlar agiklanmistir.

3.1. Ahsap malzemenin o6zellikleri

Ahsap biyolojik esasli anizotrop bir malzeme olmasi nedeniyle ¢evre etkilerine karsi duyarlhdir,
bu durum malzemenin boyut ve hacimde degisimlere sebep olabilmektedir. Ahsabin dogal
yapisi, nem, rutubet gibi durumlardan daha hizli etkilenmesi ve ¢evre kosullarinin etkisinde
olmas1 onu calisan bir malzeme haline getirmektedir. Bir agac kesildikten sonra zaman
icerisindeki suyu ve nemi biiyiik dlclide kaybeder; biizligme yapabilir veya kanallar1 arasinda
bosluklar meydana gelebilir. Bir agacin yogunluk degerinin degiskeni olan nem; sertligi
belirleyen ana etkendir. Rutubet ise agaci mantar ve organizmalarin yasamina uygun hale

getirip yapisal degisimlere neden olarak ahsabin mukavemetinde farklilik olusturur.
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Ahsap Malzemenin Teknik Ozellikleri
|

Birim ' - " ' ' -
Nem || Hacim || . Sicaklk 1} Isilletkenlik | Elektrik 41 p o] | serttik | | RN8!Ve | fkokusu
Agirlik Genlesmesi | | ve Depolama | | Iletkenligi Parlakligi

Sekil 1: Ahsap malzemenin teknik 6zelliklerinin siniflandirilmasi.

Topgu ve Uygunoglu (2021, s.268-269) calismalarinda ahsabin teknik 6zelliklerini nem, birim
hacim agirlik, sicaklik genlesmesi, 1s1 iletkenlik ve depolama, elektrik iletkenligi, dayaniklilik,
sertlik, rengi ve parlakligi, kokusu ve mekanik 6zellikleri bagliklar1 altinda incelemislerdir.
Agaclar yetistigi bolgedeki giineslenme miktari, riizgar, yagis gibi bliylime kosullarina bagl
olarak dis 6zelliklerinde ¢esitlilige sahiptir. Renk, doku, parlaklik ve koku gibi fiziki 6zellikler,
agacin yetistigi iklim kosullar1 hakkinda yaklasik bir fikir vererek uygun kurutma kosullarinin
belirlenmesinde rol oynamaktadir.

Ahsabin yogunlugu yani birim hacim agirlig1 basit bir matematiksel mantikla agirligin hacme
orani (kg/m?) olarak hesaplanmaktadir. Agacin igerdigi nem birim hacmin degismesindeki ana
ogedir. Sicaklik genlesmesi malzemenin etkisinde kaldig1 1stya bagli olarak sicaklik etkisiyle
genlesip, sogukluk ile biiziilmesi olayidir. Bu &zellik malzemenin kullanilacagi bolgenin
sicaklik kosullarina uygun olmali; agacin cinsi buna gore belirlenmelidir.

““Ahsap malzemenin elektriksel 6zelligi diisiik nem igerdikleri durumlarda iyi bir yalitkan
olmasidir’’ (Toprakci, 2025, s.9). Yalitkanlik agacin icerdigi nem miktar ile ters orantilidir.
““‘Ahsap hiicreli yapis1 ve yapinin esasini olusturan maddenin seliiloz olmasi nedeniyle, 1s1
bakimindan iletkenligi ¢ok diistiktiir. Ahsabin lif yoniinde termal iletkenligi, life dikey yondeki
iletkenligin yaklasik iki katidir’” (Topgu ve Uygunoglu, 2021, s. 268).

Toprakcei, (2025, s.10) ahsabin mekanik 6zelliklerini ‘ahsap malzemenin bi¢imini degistirmeye
zorlayan dis kuvvetlere karsi koyma giicii’ olarak tanimlamis ve bunlar1 direng, elastiklik ve
teknolojik 6zellikleri olarak kategorize etmistir. Direngle 1lgili 6zellikleri ise, ‘egilme direnci,
cekme direnci ve basing direnci’ olarak alt bagliklara ayirmistir. Mekanik 6zellikler
degerlendirilirken agagtan elde edilecek sonuglar agacin lif yoniline gore farklilik
gostermektedir. Buna ek olarak dayanim, basing ve tiim 6zellikler yine agacin cinsine bagl

olarak farklilik géstermektedir.
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Sekil 2: Ahsap malzemenin mekanik 6zelliklerinin siniflandirilmasi.

Mukavemeti yliksek bir malzeme olan ahsabin esneme ve hareket dayanimi sebebiyle deprem
etkisinde yap1 hareketine adaptasyonu diger malzemelere gore daha yiiksektir. Ancak ahsap
yiiksek baski ve kuvvet altinda yarilma, kirilma veya baglant1 yerlerinden ayrilma yaparak
yenilenmeyi gerektirebilmektedir. Ahsap yapida tasiyici olarak kullanilabildigi gibi kap,
pencere, dis kaplama gibi farkli amaclarla ince yap1 6gesi olarak da kullanilabilir.

3.2. Ahsap malzemenin bakimi, korunmasi ve onarimi

Ahsap, riizgar, UV 1sinlari, iklim, nem, rutubet, bakteri, mantar, bocek gibi dogal unsurlardan
olumsuz etkilenebilmektedir. Fazla nem ve su altinda mantar, bakteri, bocek gibi organizmalar
icin uygun yasam alani haline gelebilir ve organizmalar sebebiyle ¢iirime veya mukavemet
sorunlar1 olusabilmektedir.

Ahsabin kuru tutulmasi, yapida nem, rutubet olusumunu biyolojik organizmalarin gelisimini
engellemede en etkili dnlemlerden biridir. ‘‘Cephe elemanlarinin dogru tasarim, uygulama ve
bakimla kuru tutulmasi, yapi igine su sizmasinin ve su buharinin igerde yogusmasinin
engellenmesi Onlemlerdir. Islakligi engelleyen dogru bir tasarim, tek basina ¢lirlimenin
engellenmesi i¢in yeterli degildir. Ahsabin direng kazanmasi i¢in ilaglama yapilmasi gerekir’’
(Gtinay, 2001, aktaran KUDEB, 2009, s.137).

‘“Agac¢ malzemenin ve ahsap yapilarin hizmet omriinii artirmak i¢in alinan her tiirlii 6nlem
‘odun koruma’ olarak adlandirilmaktadir. Emprenye ise yine aga¢ malzemenin hizmet dmriinii
artirmak amaci ile odunun yapisi igerisine koruyucu 6zellikteki kimyasal maddelerin ¢esitli
yollarla verilmesi anlamina gelmekte ve eksik bir ifade olmakla birlikte kimyasal koruma olarak
da tanimlanabilmektedir’” (Kartal, 2009, s.80).

Ahsap malzeme, yapida dig etkenlere yogun olarak maruz kalan konumlarda diger kullanim
alanlarina gore daha olumsuz etkilenmektedir. Bu baglamda, yapida en sik olumsuz etkilere
maruz kalan ahsap elemanlar; cat1 ahsap elemanlari, baca ve havalandirma bosluklarindaki
ahsap elemanlar, veranda, kap1 ve cephe kaplamasinda kullanilan ahsap elemanlar ile toprak-

temel ile iliskisi olan ahsap elemanlar olarak degerlendirilebilir. Bu sebeple bu bolgelerdeki




2 ISARC

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

ahsap malzemelerin sik sik kontrolii yapilmalidir. Bunlara ek olarak darbe, tamirat hatalari, yiik
smirinin agimi, yanma gibi yapay etkenlerde ahsabin bozulmasina sebep olabilmektedir.
Ahsap malzemede herhangi bir bozunma fark edildiginde yapilara kendi yapim sisteminin
gerektirdigi imalat detaylar1 dogrultusunda bakim ve onarim yapilmalidir. Eger bu sistem
bakim ve onarim igin yetersiz ise var olan sistemle uyumlu bir teknik uygulanabilmektedir.
4.GELENEKSEL AHSAP YAPILARIN TARIHSEL GELISIMI VE YAPIM
SISTEMLERI

Geleneksel ahsap yapilar, iklim kosullari, ¢cevre etkisi, hammaddeyi dogadan hazir bulabilme,
ulasilabilirlik, insa siiresi ve siirdiiriilebilirlik ¢er¢evesinde insa edilmis sistemler olarak
incelenebilmektedir. Ustalik bilgi ve becerisi ile imal edilen bu yapilar yapim dénemlerine ve
insa edildikleri cografi bolgeye gore benzer 6zellikler tagimaktadir.

Geleneksel ahsap yapilarin ilk 6rneklerini el is¢iligi yiliksek, yardimci eleman sayis1 minimum
olarak degerlendirilebilecek yigma sistemler olustururken; zaman igerisinde gelistirilen
birlesim detaylar1, yiik aktarim ¢oziimleri ve yeni malzeme kesifleri ile ahsap sistemler de
gelisim saglamustir. Siirec igerisinde iskelet karkas sistem gelistirilmis, bagdadi, himis ve dolma
sistemler kullanilmaya baslanmistir.

4.1. Ahsap yigma sistemler

Yigma ahsap yapim sistemleri, baglanti eleman1 kullanilmadan bindirme veya gegme teknigi
ile agaglarin yatay olarak birbiri {izerine istiflenmesi ile imal edilmektedir. Ulkemizde y1gma
sistemlerde kullanilan ‘cant1 teknigi halk arasinda ‘¢givisiz’ olarak gegcmektedir. Bunun nedeni
aga¢c tomruklarinin kabuklar1 alindiktan sonra kose noktalarda birbirlerine bindirilerek
oturtulmasidir’’(Furtuna ve Binan, 2021, s.13). Yigma ahsap yapilarin diinyanin farkl
yerlerinde imalat sekillerinde benzerlige rastlansa da birlesim ydntemleri agac cinsine ve
cografyaya gore farklilik gosterebilmektedir.

Y1gma sistemler lojistik agin gelismedigi donem yapilar1 oldugu i¢in bulunulan cografyadaki
yerel malzemeler ile baglantili bir imalat yontemine sahiptir. Kiitiik yigma, tahta yigma, kare
kesitli yigma olarak farkli aga¢ formlar ile olusturulabilmektedirler. Bu sistemlerde ahsabin
zeminle iliskisi nem, rutubet gibi durumlara yol agabileceginden tag temeller iizerine oturtularak
imal edilmislerdir.

Yigma yapim sistemi sokiilebilirlik ve taginabilirlik agisindan smirsiz hareket 6zgiirliigiine
sahiptir. Yap1 duvarlarinin tasiyict olmasi sebebiyle pencere ve kapilar i¢in sik ve genis
acikliklar birakmak olumsuz etki olusturacagindan kisith bir yap1 kurgusu vardir. Geleneksel
ahsap y1gma sistemler agiklik ve ylikseklik sinirlar1 olmasi sebebiyle mimari tasarimda islev ve

ergonomik agidan yetersiz kalmaktadir.
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4.2. Ahsap iskelet-catma sistemler

Yigma sistemin sirliliklari, uzun gecislerin yapilamamasi, ergonomi ve konfor acisindan
yetersiz olmasi gibi sebeplerle siirec icerisinde iskelet karkas sistemi kullanilmaya baslanarak
cok katli, daha genis alanlara sahip yapilar tercih edilmeye baslanmistir. ‘‘Tiirkiye'de ahsap
iskeletli yapim teknigi, 17. yiizyildan itibaren uygulanmis ve 20. yiizyilin ilk ¢eyregine kadar
yayginligini stirdiirmiistiir’” (Aydin, 2024, s.366). Bol yagisli, ormanlik alanlar1 genis yerlesim
bolgelerinde siklikla tercih edilmistir.

Iskelet sistemde dikme ve kirisler, yapiya gelen yiikleri temele aktaran diisey tasiyici sistem
elemanlar1 olarak islev gormektedir. Ahsap iskelet sistemlerde su basman seviyesine kadar
ylikseltilen tas duvarlar tizerine ahsap sistem kurulmaktadir. Bu baglamda diisey tasiyicilar

yiikleri tag duvarlar iizerine aktarmaktadir.

[ Ahsap Iskelet-Catma Sistemler |
T

[ I 1
[ Himus Sistem | | BagdadiSistem | [ Dolma Sistemler |

Muska Dolma

Ahsap Dolma

Sekil 3: Geleneksel ahsap iskelet-catma sistemlerin siniflandirilmasi.

Iskelet sistemlerde duvar karkasi imal edilirken himis, bagdadi ve dolma gibi farkl1 sistemler
kullanilabilmektedir. Bu sistemler benzer prensiplerle imal edilmesine ragmen karkasi
olusturan yatay, dikey ve ara tasiyicilarin baglanti bigimleri farklilik gostermektedir. Bu
baglamda yalitim amaciyla kullanilan dolgu malzemesini belirleyen etken farkli karkas
formlarina sahip yap1 elemanlar1 arasindaki bosluklar olmaktadir.

Iskelet karkas sistemi karma sistem olarakta kullanilabilmektedir. Zemin kat1 yigma veya kagir
olan bir yapinin birinci katinda ahsap iskelet uygulamasi yapilabilmektedir. Bu baglamda ahsap
iskelet sistemin gelistirilmesi, var olan tek katl yapilarin ¢ok katli yapiya cevrilmesinde
alternatif olmustur. Calismanin bu boliimiinde iskelet karkas sistemine sahip farkli yapi
tipolojiler incelenmistir.

4.2.1. Hims sistemler

Himis sistemlerde duvarlar, zemin ve tavan arasina dikey tasiyicilar, capraz ve yatay destek
elemanlarinin yerlestirilmesi ile olusturulmaktadir. Iskelet karkasin dolgu malzemesi tas, tugla,

ahsap veya kerpig gibi yerel ve yoresel malzemelerden olugsmaktadir.
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Dolgu malzemesi 1s1 yalitimi ve cephede estetik bir goriiniim saglar. Himis yapilarin alt katlari
ahsaba zarar verici zemin kosullarindan korumak amaciyla ¢ogunlukla tagtan yapilmaktadir.

‘‘Duvarlarda kullanilan ¢apraz elemanlar, yapinin deprem performansini iyilestirmek ve duvar

koselerini desteklemek amachidir’” (Tiirer ve izol, 2024, s.144).

Sekil 4: Himis teknigi kullanilarak yapilmis bir duvar 6rnegi. (Yazar arsivi, 2022)

Himus, ahsap iskeletli sistemin temel teknigi olarak degerlendirilebilmektedir. Sekil 4’te dis
cephesi goriilen himis yapinin karkas dolgusu ayni zamanda cephe kaplamasi islevini yerine
getirmektedir. insa edildikleri donemde cepheler bu sekilde kullanilabildigi gibi ahsap kaplama,
stva gibi yontemler uygulanan 6rnekleri de bulunmaktadir.

4.2.2. Bagdadi sistemler

Bagdadi sistemler, duvar karkasini olusturan dikey, yatay ve ara dikmelere, ince ahsap ¢italarin
siral1 ve yatay bicimde uygulanmasi ile olusturulmaktadir. Bu sebeple duvarlar imal edilirken
bagdadi c¢italarin ¢akilabilmesi i¢in belirli araliklarla zemin ve tavan arasina dikmeler
eklenmektedir. ‘‘Citalarin lizerine genellikle ¢amur harci veya siva uygulanir. Uygulanan
dolgularin dayanima kisitli katkis1 vardir. Her sirada tek ¢ivi kullanildig1 ve ¢italar ince oldugu

icin duvarm diizlem i¢i yiik tasima kapasitesi sinirhidir’” (Tiirer ve Izol, 2024, s.144).

Sekil 5: Bagdadi duvar citalama 6rnegi. (Oznur, 2011)

Sekil 5’te bir restorasyon uygulamasinda sivalari temizlenmis duvarin bagdadi ¢ita diizeni
goriilmektedir. Duvarlarda dikmeler arasi tas, kerpi¢, tugla gibi dolgu malzemeleri ile

doldurulabildigi gibi bosta birakilabilmektedir. Uygulanan bu yontemde kullanilan dolgu,
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yalitim malzemesi islevi gormektedir. Giiniimiiz teknolojisinde bagdadi teknigi uygulanirken
stvanin daha iyi tutunabilmesi tel kafes de tercih edilebilmektedir.

4.2.3. Goz, muska ve ahsap dolma sistemler

Ahsap iskelet sisteminde dolma yapim sistemleri birbirleri ile benzer 6zellikler tasimaktadirlar.
Yapilar tek bir dolma sistemi ile imal edilecegi gibi farkli c¢esitlerde dolma teknikleri de bir
arada kullanilabilmektedir. Ahsap dolma sistemler ana ve ara tasiyici dikmeler arasi tahtalarin

yatay olarak tist iiste dizilmesi ile olusmaktadir.

Sekil 6: Geleneksel goz dolma sistemi uygulamasi 6rnegi. (Algil, 2011)

Go6z dolma tekniginde, duvar karkasi dikey, yatay ve ara tasiyici ahsap elemanlarla kare veya
kareye yakin dortgen formlu bolmeler elde edilir. ‘‘Gozler, diizgiin dere taglariyla doldurulup
kire¢ hargla stvanir. i¢ kisimlarda bagdadi siva veya ahsap kaplama yapilir. Pencere boyutlar
g0z Olglitlerine gore belirlenirken, havalandirma gereken alanlarda bazi1 gozler bos birakilir’
(Sensoy, 2024, 5.261).

Goz dolma sisteminde dortgen formlar belirlenen 6lgii referansi ile yapildigr i¢in kapr ve
pencere agikliklar1 da gozlerin Olgiisiine gore olusturulmustur. Bu durum mimari olarak tutarl

bir cephe kurgusu olusturmaktadir.

Sekil 7: Geleneksel muska dolma sistemi uygulamasi 6rnegi. (Giiler ve Bilge, 2011)
Muskal1 dolma sistemi goz dolmadan farkli olarak ahsap gecme sistemi yerine metal baglanti
elemanlarinin kullanimi ile imal edilmektedir. ‘‘Muskali dolma teknigi, 15-25 cm araliklarla
yerlestirilen ahsap dikmeler arasina yaklasik 60 derece aciyla konulan ahsap parcalarla iiggen
bosluklar (muska) olusturur. Metal baglayicilar kullanilarak detay islemler hizlandirilir, ancak

bu sistemde sokiiliip takilma 6zelligi yoktur’” (Sensoy, 2024, s.261).
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Muskal1 dolma sisteminde dolgu malzemesi goz dolmada oldugu gibi tas ve kirectir. Gozlerdeki
iicgen formdan dolay1 taslar kiiciik parcalar haline getirilerek bosluklarin kiregle
doldurulmasiyla imal edilebilmektedir. Gegmisten giiniimiize kadar ulasan bu sistemler, ayn1
zamanda doneminin kiiltiirel izlerini tasiyan geleneksel eserler olma 6zelligini de tasimaktadir.
5.AHSAP YAPILARDA KULLANILAN ENDUSTRIYEL AHSAP MALZEMELER VE
YAPIM SISTEMLERI

Ilkel ve geleneksel yapilarda kullanilan ahsap malzeme, 20. Yiizyilda yapida betonarme ve gelik
malzemelerin yaygin kullanimi1 sebebiyle tercih edilirlik baglaminda biiyiik bir ivme
kaybetmistir. Betonarme ve ¢elik malzeme daha genis agikliklara sahip, ¢ok katli yapilarin
olusumuna olanak saglamasi sonucunda ahsabin yerini almistir. Ahsap malzemenin ivme
kaybinin sebepleri biiyiik yanginlar yasanmasi, yapi tiplerinin degisimi ve ahsap malzemenin
yap1 teknolojisinin gerisinde kalmasi ile iligkilendirilebilmektedir.

5.1. Endiistriyel ahsap malzemeler

Ahsabin biyolojik esaslt ve anizotropik olmasi malzeme mukavemetinde degiskenlikler
olusturmaktadir. Buna ek olarak budak, ¢atlak gibi form bozulmalar1 ahsapta direng ve dayanim
degerlerinde degiskenlik olusturmaktadir. Cevresel faktorler ve canli organizmalar ahsap
iizerinde biiylik bir etkiye sahiptir. Tiim bu durumlar ahsapta kusur ve zayifliklar olusturmakta
ve ahsap malzemenin kullanim alanlarini sinirlandirmaktadir.

20. yiizyilda betonarme ve ¢elik malzeme ile iiretilen sistemlerin ¢evrede olusturdugu CO?,
hava kirliligi, insa siirecinin ¢evreye olumsuz etkileri gibi nedenlerle siirdiiriilebilirlik
kapsaminda ahsabin yapida tercih edilirligini yeniden artirmistir. Endiistriyel ahsap malzemeler
teknoloji ve miithendislik ¢alismalarinin iiriinii olan kereste, yonga ve levha formundaki ahsap
malzemelerin kimyasal veya fiziki yOntemlerle bir araya getirilmesi ile {iretilen yap1
elemanlaridir. Mukavemeti yliksek endiistriyel ahsap malzemelerin gelistirilmesi ve
kullanilmasi ile birlikte ahsap malzemenin yetersizlik durumu ortadan kalkmaistir.
““Miihendislik {riinii ahsap malzemelerin gelistirilmesi, ahsabi1 yalnizca estetik bir unsur
olmaktan c¢ikararak yiiksek yap1 potansiyeline sahip biitiinciill bir sistem ¢oziimiine
doniistiirmiistiir’> (Aksar ve Oztiirk, 2025, s.106). Endiistriyel ahsap malzemelerde yasanan
gelisimler ahgap yapilar1 geleneksel yapim tekniklerinin etkisinden ¢ikararak ¢ok katli, genis

aciklikli ve modern mimari izleri tagiyan yapilarin imal edilmesini saglamistir.
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Endiistriyel Ahsap Malzemeler

Glulam Ca;l)raz Kavlelah Ci\lzili Ya;lnsal AhsaplBeton Sandvi
Tabakali Lamine Lamine Kompozit Kompozit PanZlg
(GLT) | |Ahsap (CLT)| |Ahsap (DLT)| |Ahsap (NLT)| |Ahsap (SCL)| | (TCC)
| | Lamine Ahsap
Kaplama (LVL)
| | Paralel Yonga Ahsap
(PSL)

Lamine Yonga Ahsap
(LSL)

| _[Yonlendirilmis Yonga
Ahsap (OSL)

Sekil 8: Endiistriyel ahsap malzeme cesitlerinin siniflandirilmasi.
5.1.1. Glulam (GLT)
‘“‘Endiistriyel ahsap iirlinlerin en eskisi olan tutkalli tabakali ahsap (Glulam), ahsap tabakalarin
lif yoniine paralel u¢ uca — yan yana eklenmesi ve {ist iiste yapistirilmasiyla elde edilen, iki veya
daha fazla tabakadan olusan yapisal iirlindiir’” (Avlar, 2021, s.43). Laminasyon islemi ile
olusturulan bu malzeme farkli boyut ve formlarda imal edilebilmektedir. Masif ahsaba gore
daha dayanikli olan ve daha az ¢alisma payina sahip olan bu malzeme; kolon, kirig, kemer gibi
yapisal elemanlarda kullanilmaktadir.
5.1.2. Capraz tabakah ahsap (CLT)
“‘Capraz lamine ahsap, yiiksek performansl kerestenin lif yonleri dik sekilde katmanli olarak
yapistirilmasiyla {retilen ahsap malzeme tiiridiir. CLT malzeme ii¢, bes veya yedi katman
olarak tiretilebilmektedir. CLT malzeme ddseme, kiris, kolon, cati, duvar gibi ana yapi
elemanlarinda kullanilmaktadir’” (Coskun ve Yardimli, 2021, s.22). Panel formunda iiretilen ve
yiiksek dayanimli olan bu malzeme genis agikliklarda kullanilabildigi i¢in prefabrikasyon veya
hibrit yapilarda tercih edilebilmektedir. Cok katli yapilarda insaat siiresi, is giicli ve enerji
verimliligi gibi konularda avantaj saglamaktadir.
5.1.3. Kavelali lamine ahsap (DLT)
Yapisal kerestelerin sert aga¢ kavelalar ile birlestirilmesi ile elde edilen bir malzemedir.
Kavelali lamine ahsap malzeme, tamami1 ahsaptan olustugu i¢in geri doniisiimiinii ve islenmesi
diger malzemelere gore daha kolaydir. Bu malzeme yapisal doseme ve duvar bloklarinda tercih

edilmektedir.
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5.1.4. Civili lamine ahsap (NLT)

Yapisal kerestelerin belirli aralik diizeni kullanilarak ¢ivilerle birbirine baglanmasi ile
olusturulmaktadir. Kavelali lamine ahsap ile benzer imalat prensibine sahiptir ve ayn1 sekilde
yapisal doseme ve duvar bloklarinda tercih edilmektedir.

5.1.5. Yapisal kompozit ahsap (SCL)

Ahsap esasli kompozit malzemeler ahsabin islenme bigimi, kalitesi ve yapistirma sekline gore
farkliliklar gostermektedir. Yapisal kompozit ahsap (SCL) ‘“‘APA (The Engineered Wood
Association) ‘ya gore lamine kaplama ahsap (LVL), paralel yonga ahsap (PSL), lamine yonga
ahsap (LSL) ve yonlendirilmis yonga ahsap (OSL) iirlinleri kapsayan, tabakalarin kurulmasi ve
derecelendirilmesi ile olusan endiistriyel ahsap iirlinleri ailesini kapsamak i¢in kullanilan bir
terimdir’’ (Castur, 2021, s.70).

Yapisal ahsap kompozitlerde kullanilan aga¢ ve yapistirici kimyasallarin kalitesi; su direnci,
mukavemet, boyutsal stabilite, islenebilirlik gibi 6zellikleri dogrudan etkilemektedir. SCL
malzemeler yapida kolon, kiris gibi ana tasiyici eleman olarak kullanilabilecegi gibi dosemeler,
duvar kaplamalari, dekorasyon gibi amaglarla da tercih edilebilmektedir.

5.1.5.1. Lamine ahsap kaplama (LVL)

LVL, “TS EN 14374 standardina gore tomruklardan soyma yontemi ile elde edilen yaklagik
3mm kalinliginda ahsap papellerin katlar halinde laminasyonu ile iiretilmis’’(Ulusal Ahsap
Birligi, 2022) yapisal malzeme olarak tanimlanabilir. LVL’de ahsap katmanlar poliliretan
recine ve cesitli kimyasal malzemeler ile birlestirilmektedir. Yapisal ahsap olan bu malzeme
cerceve sistem, kolon ve kiriglerde tercih edilmektedir.

5.1.5.2. Paralel yonga ahsap (PSL)

Paralel yonga ahsap (PSL), ylizeyi diizgiin, farkli kalinliklarda imal edilebilen, yiiksek
mukavemetli bir endiistriyel malzemedir. ‘‘Dar seritler halinde kesilen ve tane yonii esas olarak
elemanin uzunluguna paralel olacak sekilde, basin¢ altinda birbirine tutkalla yapistirilan
kaplama seritlerinden iiretilen yiiksek mukavemetli yapisal kompozit ahsap (SCL) tirtiniidiir’’
(Castur, 2021, s.83). Yonga levha iiretiminde bir¢ok agag tiirii ve formu kullanilabildigi i¢in
tiretim kolayligima sahiptir. Bu baglamda iiretiminin daha kolay olmasi, yonga levhanin
kullanim alanlarini ve iiretim miktarini olumlu yonde etkilemekte olup; ihtiyac halinde su ve
yangina dayanikli hale getirilebilmektedir.

5.1.5.3. Lamine yonga ahsap (LSL)

Ahsabin ince ve uzun parcalar haline getirilip tutkal ve kimyasallarla uygun kosullar altinda
preslenmesi ile imal edilmektedir. OSB ile en temel farki icerdigi ahsap pargalarinin

boyutlaridir. “‘LSL, tasiyici direklerden mimari/yapisal uygulamalara kadar cok cesitli
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kullanom yerinde degerlendirilmektedir. Kapilar, pencereler vb. yiliksek kaliteli kereste
gerektiren dogramalarda ve ayrica kamyon kasalari gibi ¢esitli alanlarda kullanimi
mimkiindiir’’ (Demir vd., 2024, s.13).

5.1.5.4. Yonlendirilmis yonga ahsap (OSL)

““OSB, ahsap parcalarin boyuna yonde rendelenmesi sonucu ¢ikan yongalarin, belirli yonlerde
bir araya getirilip, tutkal ve vaks gibi kimyasallarla sicaklik ve basing etkisiyle birlestirilmesi
sonucu olugsan malzemedir. OSB levhalar OSB-1, OSB-2, OSB-3 ve OSB-4 seklinde kullanim
alanlarina gore 4 farkli ¢esitte tiretilmektedir’” (Yonga Levha Sanayicileri Dernegi, t.y.).

Bu ayrim OSB’nin nem, rutubet dayanikliligina baglh kullanim alan1 ve mukavemet farklar
gozetilerek yapilmistir. OSB ¢at1 kaplamalari, dekorasyon, doseme veya duvar kaplamalarinda
siklikla tercih edilmektedir.

5.1.6. Ahsap beton kompozit (TCC)

““Ahsap beton kompozit (TCC), ahsap ve beton bilesenler arasinda yapisal bir baglant1 kurarak
performans ve malzeme gereksinimlerini en uygun hale getirmeye odaklanan bir teknoloji
{iriiniidiir. Iki malzeme arasinda kompozit etki yaratarak yapisal verimlilik elde edilmektedir”’
(Sentiirk, 2019, s.36).

Beton malzemenin altinda kullanilan ahsap malzeme projeye gére DLT, NLT, LVL ve GLT
olabilir. TCC’nin tamami fabrikasyon hazirlanabilir veya ahsap kisim montajlandiktan sonra
beton yerinde de dokiilebilmektedir.

5.1.7. Sandvi¢ panel

Sandvi¢ paneller iki ahsap plaka arasma basing ile yalitim islevi gére dolgu malzemesi
preslenmesiyle olusturulan malzemelerdir. ‘‘Dis yiizey genellikle yiiksek sertlik, mukavemet
ve siineklik ozelliklerine sahip malzemelerden iiretilirken, icyapisi diisiik mukavemete ve
yiiksek enerji emme kapasitesine sahiptir’” (Karakaya ve Eksi, 2022, 5.843).

‘‘Ahsap sandvig paneller, ingaat uygulamalari i¢in hafif, yalitim saglayan alternatifler saglama
amaciyla 20. yiizyilin ortalarinda gelistirilmistir.” (Demir vd., 2024, s.14). Dis katmanlarinda
OSB, kontrplak gibi panel tirtinler kullanilmaktadir. Dolgu kismi ise XPS, cam ylinii, tas yiindi,
poliiiretan olarak imal edilebilmektedir. Prefabrik yap1 imalatinda, hizli montaji, islenebilirligi,
yiiksek dayanimi ve diigiik maliyeti nedeniyle tercih sebebi olmaktadir. Prefabrik yap1 haricinde
i¢ duvarlarda, ¢at1 ve duvar yapiminda, stant tasarimlarinda kullanilabilmektedir.

5.2. Endiistriyel yapim sistemleri

Endiistriyel yapim sistemler malzemelerde yasanan inovatif degisiklikler sayesinde geleneksel

yapilarda oldugu gibi tek veya az katli yap1 sinirlamasina sahip degildir. Gelismis malzeme
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teknolojisi ile genis acgiklikli ¢ok katli yapilarin imal edilebildigi, bicim ve formlarda standart
dis1 yapilara olanak sunan bir sistem anlayis1 sunmaktadir.

‘“Ahsabin modern devrinin bir 6nemli bileseni de birlesimlerdir. Ahsap yapi sistemlerinde
birlesimler tutkal, celik, ahsap gibi elemanlar ile olusturulabilir. Birlesim tiirli se¢iminde
yikleme durumu, yap1 6mrii gibi ¢esitli tasarim kriterleri etkin rol oynamaktadir’ (Celik ve

Sakar, 2022, 5.302).

| Endiistriyel Ahsap Yapim Sistemleri
I

Karkas (Cergeve) Modiiler Ahsap T
Sistem Sistem Hibrit Sistem

Panel Sistem

Yi1gma Sistem

Sekil 9: Endiistriyel ahsap yapim sistem c¢esitlerinin siniflandirilmasi.
Giliniimiizde ahsap ¢ergeve, panel, modiiler ve hibrit sistemler siklikla tercih edilmektedir. Bu
sistemler siirdiiriilebilirlik, kolay islenebilirlik ve hizli imalat gibi konularda betonarme ve ¢elik
malzemeye gore daha avantajlidir. Calismanin bu bolimiinde endiistriyel yapim sistemleri
incelenmistir.

5.2.1. Ahsap yigma sistem

Yapim teknigi olarak geleneksel ahsap yigma sistemle arasinda benzerlikler bulunmaktadir.
Y1gma ahsap yap1 sisteminde kolon ve kiris sistemi olmadigindan duvarlar hem mekan boliicii
hem de tasiyict islevinde gorev yapmaktadir. Kiitiikler iist {liste yigma metodu ile
birlestirilmeden Once kiitiikler arasina kauguk ve kegeler kullanilabilir. Bu yontem ayni
zamanda yalitima da katki saglamaktadir. Yap1 sekli ve projesine gore ¢ok cesitli kdse birlesme

ve sabitleme uygulamalar1 bulunmaktadir.

Sekil 10: Endiistriyel ahsap yigma sistem uygulamasi 6rnegi. (Johns, 2023)
Proje tasarimi yapilirken tiim detaylar belirlenerek silire¢ asamalari planli bir sekilde
ilerlemektedir. Temel hazirlandiktan sonra yatay tasiyici elemanlar yerlestirilerek yap1 insasina

baslanir. Pencere ve kap1 bosluklar1 proje tasarim asamasinda belirlenerek, duvar imalatlari
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acikliklara uygun sekilde yapilmaktadir. Kap1 ve pencere bosluklari i¢in birakilan bosluklar
dikey elemanlarla ¢er¢evelenmektedir.

Bu sistemde keresteler GLT tercih edilebilmekte ve oOn islemlere tabi tutularak
kullanilabilmektedir. Bu islemler sirasinda malzemelerin boylar1 ve formlar1 bi¢imlendirilerek
uygulamada ge¢meler kullanilacak ise gerekli kesme, bigme islemleri yapilmaktadir.

5.2.2. Ahsap karkas (cerceve) sistem

Karkas sistemler giiniimiizde az katli ahsap yapilarda sik tercih edilen 6n {iretime uygun ve
is¢iligi kolay bir sistemdir. ‘‘Karkas (¢ergeve) sistemler, bir boyutu digerine gore uzun olan
kolon ve kiris gibi ¢izgisel elemanlar ile olusturulan tastyici sistemlerdir. Endiistriyel ahsap
malzemenin kullanildig1 ahsap karkas sistem ile insa edilen yapilarda kolon ve kirig
elamanlarinda ¢ogunlukla tutkalli tabakali ahsap malzeme kullanilir’” (Yiirekli ve Karaman,
2023, 5.764). Kullanilan endiistriyel malzemeler ile daha genis ac¢ikliklarin gegilebildigi ve daha

esnek planlar olusturulabilen yapilar imal edilebilmektedir.

Sekil 11: Endiistriyel karkas (¢ergeve) sistem uygulamasi drnegi. (Solutions, t.y.)

Yap1 elemanlar fabrikada iiretilen bu sistemler zemin tesviyesi yapilmis beton ilizerine insa
edilmektedir. Karkas sistemlerde tastyici sistem elemanlarinda kereste kullanimina ek olarak
mukavemet Ozellikleri yiiksek ve ekonomik 6n iiretimli elemanlar kullanilmaktadir. ‘‘Karkas
sistem elemanlariin birbirlerine ve temele baglantilarinda 6zel baglanti elemanlar
kullanilmakla birlikte sadece ¢ivi ve gecme teknikleri ile yapilan iiretimler de mevcuttur’” (Ors
ve Togay, 2003, 5.576).

Karkas sistemler, kolon-kirig sistemi ile insa edildiginden dolay1r mekansal esneklik ve alanin
cok yonlii kullanimina olanak saglayabilmektedir. Dolgu malzemesi olarak hedeflenen yalitim
degerine uygun, XPS, cam yiinii, tas yiinii gibi ¢ok ¢esitli malzemeler kullanilabilmektedir. I¢
kaplamasinda algipan, bagdadi, lambri gibi duvar kaplamalari uygulanabilmektedir. Dis
cephesinde ise ahgsaba monte edilebilen dis etkilere dayanikli lambri, boardex, yali baski gibi

dis cephe malzemeleri tercih edilebilmektedir.
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5.2.3. Panel sistem
Ahsap panel sistemler prefabrikasyon teknigi ile imal edilen yapilardir. Proje imalat detaylari
belirlendikten sonra yapinin duvar, déseme ve cat1 gibi ana karkas elemanlar1 iiretim tesisinde

projeye uygun olarak imal edilmektedir.

Sekil 12: CLT panel sistem montaj 6rnegi. (Gibson, 2017)

Yiiksek mukavemetli, 6zel boyutlarda imalati miimkiin olan CLT, SIP, sandvi¢ panel gibi
endistriyel ahsap plakalar ile olusturulan duvar, doseme ve cati elemanlarinin miihendislik
uygulamasidir. Genis acikliklar tek bir pargayla gegcilebildigi i¢in imalati1 yapilacak malzeme
projeye icin gereken niteliklerde iiretilebilmekte ve montaj1 yapilmaktadir. Bu sistemlerde is
yiki biiyiik ol¢lide is makinalar ile saglandig1 icin insaat siiresi diger yap1 sistemlerine gore
kisadir.

5.2.4. Ahsap modiiler sistem

Prefabrikasyon sistemler gibi yapinin bir biitiin veya parcalar halinde 6n tiretimli olarak {iretim
tesislerinde imal edilerek santiye alanina tasinan sistemlerdir. ‘“Modiiler yapi, birka¢ modiiliin
istenen sekle getirilmesiyle olusturulan bir insaat sistemi olarak tanimlanabilir; modiil ise
boyutsal olarak birlestirilmis bir uzamsal birimi (segment) temsil eder’’(Hotinkova, 2021, s.2)
Ahsap modiiler sistemler, {iretim tesisinden santiyeye lojistik aglar ile ulagtirildigi i¢in nakliye
kosullarinin gerektirdigi siirliliklar ekseninde olusan, kisithi bir tasarim kurgusuna sahiptir.
Ancak tiretim tesislerinde imal edildigi i¢in ingaat siiresi, i$ giicii, yap1 performanst, ¢evre etkisi,
atik miktar1 gibi konularda yerinde imal edilen betonarme ve ¢elik yap1 sistemlerine gore

avantaj saglamaktadir.
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Sekil 13: Modiiler ahsap sistem. (Husverket, t.y.)

Ahsap modiiler sistemler islev, ihtiyaglar, lojistik sinirlar, tesis kapasitesi gibi etkenler dikkate
almarak tiretim, montaj ve lojistik slire¢ asamalarinin tamami biitiinciil bir yaklasimla
planlanmaktadir. Ahsap modiiler sistemlerde, yap1 modiilleri hacimsel olarak iiretim tesisinde
tamamlanabilmekte veya duvar, zemin, ¢at1 ve i¢ duvarlar iiretim tesisinde imal edilip yerinde
montajt yapilabilmektedir. Bu baglamda tasarim asamasinda karar verilen fakli iiretim
yaklasimlar1 verimi artirabilmektedir.

Modiiler sistemler tek bir modiilden olusabilecegi gibi birka¢ modiiliin birlestirilmesi ile az
veya ¢ok katli yapilar insa edilmesini de saglamaktadir. Yapim sistemleri arasinda 6n tiretimi
en yiiksek olan bu sistemler santiye ve {iretim siirecinde sagladig1 avantajlar ile tercih edilir bir
sistemdir.

5.2.5. Hibrit sistem

Hibrit sistemler yapisal ¢oziimler ve yapi teknolojisinde alternatifler liretmek amaci ile ahgabin
farkli sistem ve farkli malzemelerde birlikte kullaniminin sonucu olarak ortaya ¢ikmistir.
‘“Hibrit bir yap1 sistemi; estetik, 1s1l, siirdiiriilebilirlik, kaynak erigimi, yapisal agirlik, yapim
stiresi konularinda verimli bir ¢6ziim sunma potansiyeline sahiptir’” (Bakis, 2022, s.15).
‘‘Hibrit yapim sistemlerinde ama¢ kullanilan malzemelerin olumlu yonlerinden maksimum
fayday1 saglamaktir. Boylece daha ince kesitlerle daha fazla aciklik gecilerek mekansal esneklik
de saglanmis olur’” (Yirekli ve Karaman, 2023, s.764). Ahsabin islenebilirligi kolay,
stirdiiriilebilir olmasina karsin hafif olmasi ¢ok katli yapilarda dezavantaj saglayabilmektedir.
Cok katl ahsap yapilarin tasiyict striiktiiriinde lilke yonetmeliklerine de bagli olarak belli bir
kata kadar sadece ahsap kullanilabilmektedir. ‘‘Kat yiiksekligi arttik¢a tasiyiciligin yaninda
betonarme ve celik malzemenin kullanilmasi, ahsap striiktiir ile insa edilmis bir yapinin yangin

performansini artirmak i¢in alinmis bir 6nlemdir’’ (Kalkisim ve Vural, 2024, s.220).
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iyilesmesi, titresimlere duyarliligin azalmasidir. Beton bir elemana kiyasla avantajlari; 6l

yiikiin azalmasi, stirdiiriilebilir kaynakli malzeme kullanimi ile CO? emisyonunun azalmasi,
prefabrikasyon ile birlikte zaman ve kaynak yonetiminin iyilesmesi, beton igin gerekli kalip
is¢iliginin azalmasidir’” (Bakis, 2022, s.17).

Bu baglamda yapida hibrit sistem se¢ilmesinin bir veya birden fazla nedeni olabilmektedir.
Uretim hiz1, dayamim, yapisal agirlik gibi konular sistem se¢iminde belirleyici unsur
olabilmektedir. Hibrit bir yapida ana yap1 malzemesinin se¢imi, proje tipi ve yapim yontemine
gore yapilmaktadir. Bu baglamda secilen malzemeler birbirini tamamlayacak sekilde
kullanilmaktadir.

6. ENDUSTRIYEL SISTEM AHSAP YAPI ORNEKLEMIi

Calismanin bu bolimiinde farkli sistem ve malzemeleri iceren kendi yapim sistemi
kategorisinde diinyada en ytliksek olma 6zelligi tasiyan 3 farkli ahsap yapinin, yapisal 6zellikleri
ve kurgulart incelenmistir. Diinyanin farkli bolgelerinden secilen ve kendi yapim sistemi
kategorilerinde yapilmis en yiiksek yapilar, vaka analizi yontemiyle degerlendirilmistir.

6.1. Mjestirnet

Mjestarnet, Norve¢’in Brumunddal kentinde binaya adin1 veren Mjesa goliiniin kiyisinda yer
almaktadir. Siirdiiriilebilir ingaati, ahsabin mimarideki sinirlarina yeni bir bakis agis1 kazandiran
2019 yilinda insa edilen bu yapi, 18 katlh karma kullanimli bir ahsap binadir. Sekil 15°te
incelenebilen Mjestarnet ‘‘CTBUH tarafindan diinyanin tamamen ahsap, en yiiksek binasi
olarak onaylanmistir. Mjestérnet; ofisler, 72 otel odasi, balkonlu 33 daire, zemin katta bir
restoran, konferans salonlar1 ve c¢ati terasindan olugsmaktadir’” (Liven ve Abrahamsen, 2023,

5.4209).
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Sekil 15: Mjostarnet binasi1 yan goriinis. (Foto, 2019)

‘‘Binanin taban alani yaklagik 17 x 37 m?dir. Zemin kattaki betonarme déseme, altindaki ana
kayaya kadar ¢akilmis kaziklar tarafindan desteklenmektedir’” (Abrahamsen, 2017, s.5). “2-
11. katlarda ahsap doseme kasetleri, 12-18. katlarda ise 300 mm kalinliginda beton plakalar
kullanilmigtir’” (Liven ve Abrahamsen, 2023, s.4210). Beton malzeme, ahsabin yiiksek katlarda
rlizgara dayaniminda olusabilecek sorunlari onlemek amaciyla uygulanmis ve olusmasi
muhtemel sarsint1 faktoriinii 6nlemesi amaclanmuistir.

Projede kullanim alanina gore farkli endiistriyel ahsap malzemeler tercih edilmistir. ‘‘Glulam,
projede birincil yiik tasima sistemindeki kirisler, kolonlar ve ¢atilar i¢in, CLT panelleri asansor
bosluklari, merdivenler ve balkon zemin elemani olarak kullanilmistir. Yapisal kereste ve CLT
icin kullanilan agag tiirii Norveg ladinidir. Pergoladaki acikta kalan kereste, bakir emdirilmis
Isko¢ camindan yapilmustir’” (Abrahamsen, 2017, s.6).

““Mjestarnet icin hazirlanan yangin stratejisi raporunda, ana tasiyici sistemin 120 dakika
yangina dayanmasi gerektigi belirtilmektedir. Dosemeler gibi ikincil tagiyict sistemlerin ise 90
dakika dayanmasi gerekmektedir. Ayrica yapinin tamamen yanmaya dayanmasi ve ¢okiisiiniin
onlenmesi sart1 bulunmaktadir’” (Liven ve Abrahamsen, 2023, s.4212) . Yapt bu raporda
belirtilen kosullart saglayacak sekilde imal edilmis olup malzemeler montajdan 6nce yangin
dayanim testlerine tabi tutulmustur.

Mjestirnet endiistriyel ahsap malzeme ve miihendislik ¢aligmalarinin biitiinciil yaklagimi ile
ahsabin ¢ok katli yapilarda da kullanilabileceginin bir 6rnegidir. Giinlimiizde kullanimi devam
eden bu yap stirdiiriilebilirlik, insaat hiz1 gibi konularda bir¢ok yapiya onciiliik etmistir.

6.2. Brock Commons Tallwood House

Brock Commons Tallwood House Kanada British Columbia Universitesi’nin Point Gray
kampiisiinde bulunan 18 katli ve 54 metre yiiksekliginde 404 6grenciye barinma imkani sunan
bir 6grenci yurdudur. Bu projede tasarim, imalat, montaj ve nakliye gibi konular biitiinciil bir

yaklagimla planlanmigtir.
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Sekil 16: Brock Commons Tallwood House binas1 perspektif goriiniis (Elkan, 2019).

Sekil 16°da incelenebilen ‘‘Tallwood House hibrit masif ahsap yap1 olarak Kasim 2015'ten
Mayis 2017'ye kadar 18 aylik bir siirecte inga edilmistir. Santiyedeki insaat genel hatlariyla
merdivenler ve asansor ¢ekirdekleri de dahil olmak iizere betonarme yapi, masif ahsap yap1 ve
bina dis cephesi, i¢ mekanlar ve bina sistemleri olarak ii¢c asamaya ayrilmistir’” (Kasbar vd.,
2021, 5.957).

““Temel, zemin kat, merdiven ve asansor ¢ekirdekleri yerinde dokme betondan yapilmistir; 2-
18. katlarda ise ahsap doseme panelleri ve kolonlar kullanilmistir. Masif ahsap bilesenler, GLT
kolonlar ya da PSL kolonlar iizerinde noktasal olarak desteklenen 5 katmanli, CLT panellerden
olusmaktadir’’ (Poirier vd., 2022, s.31).

Endiistriyel ahsap malzemelerin cesitli tiirleri kullanilan ingaatta malzeme se¢imi mukavemet
ozelliklerine gore yapilmistir. ‘“Her kat 722 m? alana sahip olup 29 adet CLT panel ve 78 adet
kolon icermektedir. CLT, iki yonlii aciklik 6zelligi sayesinde kiris ihtiyacini ortadan kaldirdig:
icin tercih edilmistir. GLT kolonlarina bagl ¢elik kirigler iizerindeki metal kaplama ise ¢ati

yapisini olusturur’” (Kasbar vd., 2021, 5.960).

bl

Sekil 17: Brock Commons Tallwood House binasi santiye asamasi. (Naturally:wood t.y.)
Binanin insaat hizin1 artirmak amaciyla prefabrik cephe sistemi tercih edilmistir.(Sekil 17)
“Kiitleli ahsap yap1 (CLT doseme panelleri ve GLT ve PSL kolonlar) ve bina dig cephesi

onceden imal edilmistir. Bunlarin tamami veya bir kismi, santiyede beton isleri devam ederken
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ii¢ aylik bir siire i¢inde ilgili imalat¢ilarin tesislerinde iiretilmistir’’(Staub-French vd., 2022,
s.8).

Tallwood House’da yangin dayanimi ve korunma stratejilerine 6nem verilmistir. ‘‘Otomatik
sprinkler, yangin sondiirme sistemi, kuru sprinkler ve binalarin birbirine yakin oldugu
bolgelerde zemin kat perde duvarinda su perdesi sistemi yer almaktadir. Tiim yap1 elemanlari
ve i¢ bolmeler i¢in en az 2 saatlik yangin dayanimi saglamaktadir’” (Poirier vd., 2022, s.32).
Tercih edilen hibrit yapi sistemi betonarme ve c¢elik yapilara Onemli bir alternatif
olusturmaktadir. Ahsap sektorliniin yeniden ivme kazanmasina katkida bulunan bu yapi,
kendinden sonra insa edilecek yapilara sistem ¢oziimleri olarak 6rnek olusturmaktadir.

6.3. Stadthaus

Stadthaus Londra’da 2009 yilinda 9 katli konut binasi olarak insa edilmistir. ‘‘Capraz lamine
ahsap panellerden insa edilerek tek katli beton bir temel {izerine oturtulmustur. Daireler "petek"
seklinde diizenlenmis ve merkezi ahsap asansor ve merdiven c¢ekirdeklerinin etrafina
yerlestirilmistir’” (Northrup, 2009-2010, s.198).

‘‘Birinci kattan itibaren tamamen ¢apraz lamine ahsaptan insa edilen Stadthaus, diinyanin en
yiiksek ahsap konut yapisidir. Dokuz katli bina, tasiyici duvarlari, dosemeleri ve ¢ekirdeklerini
tamamen ahsaptan insa eden bu yiikseklikteki ilk yapidir’’(Waugh vd., 2010, s.1). Sistem
biitiiniiyle ahsap malzemeden olustugu icin ¢evre etkisi hibrit ve karma sistemlere gore daha
diisiik diizeydedir.

““Temeller, benzer biiyiikliikteki betonarme ¢erceveli bir binanin agirligini tasiyacak sekilde
boyutlandirilmis, yerinde dokme takviyeli beton kaziklardan olugmaktadir’” (Waugh vd., 2010,
s.2). ““Zemin kat duvarlarinin yapiminda CLT paneller yerine betonarme kullanilmistir.
Tasarimcilar ve miithendisler, ahsabin en biiytik zayifliklarindan birinin neme kars1 hassasiyeti
oldugunu diislinerek ahsabi zeminden miimkiin oldugunca uzak tutmalar1 gerektiine karar
vermislerdir’” (Northrup, 2009-2010, s.198).

Stadthaus’un imalat siirecinde tercih edilen CLT panellerden olusan sistem, montaj ve is¢ilikte
verim saglayarak insaat siiresini kisaltmistir. ‘‘Paneller, kullanilacaklar1 siraya gore imal
edilerek santiyeye teslim edilip, hasar riskini 6nlemek i¢in vinglerle yerlerine yerlestirilmistir.
Binada, her katin bir 6nceki katin {izerine insa edildigi "platform" ingaat yontemi kullanilarak
iskele kullanilmamigtir’’(Northrup, 2009-2010, s.199).

Stadthaus da diger ahsap yapilar gibi belirli bir yangin dayanimina gore tasarlanmistir.
Stadthaus’un yangin kriterleri ¢ ‘Konut birimleri i¢in, daireler igindeki bélmelerin yarim saatlik,
daireler arasinda bir saatlik ve daireler ile ana dikey sirkiilasyon arasinda iki saatlik biitiinliige

sahip olmasi1 gerekmektedir’’(Waugh vd., 2010, s.4) seklinde olup bu sartlar1 saglamaktadir.
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Sekil 18: Stadthaus binas1 perspektif goriintis. (Pryce, 2010).

Sekil 18’de incelenebilen CLT ahsap paneller ile imal edilen bu konut ingaat siiresi, ¢evre etkisi,
montaj kolaylig1 gibi konularda Stadthaus’tan sonra yapilacak yapilar i¢in radikal bir bakis agis1
saglamistir. Ozellikle yiiksek katli konut mimarisinde sik tercih edilen beton malzemeye énemli
bir alternatif olabilecegini bu yap1 ile degerlendirebilmekteyiz.

7.SONUC

Insanlik tarihi ile baslayan yap1 kavraminda ahsap, dogal ve siirdiiriilebilir bir malzeme olmasi
sebebiyle tiim donemlerde yapilarda farkli bi¢im, form ve islevle tercih edilmistir. Lojistik
aglarin yetersiz ve yerel malzemenin 6nemli oldugu déonemlerde yapilarda en sik tercih edilen
malzemelerden biri olmustur. Ustalik bilgisine dayali geleneksel yapim yontemleriyle yigma
ve iskelet sistemde bircok yapi insa edilmistir. Ancak yanginlar, depremler, ¢ok katli
yapilasmaya gecis gibi ahsabin yetersiz kaldigi durumlar olusmaya basladiginda yapi
sektoriinde ahsaba alternatif malzemeler gelistirilmistir.

Beton ve ¢eligin yayginlasmasi ile birlikte ahsap ivme kaybederek yapilarda tasiyici sistem
yerine yardimci unsur veya ince yapi elemani olarak kullanilmaya baslanmigtir. Uzun bir
donem bu sekilde devam eden siiregte beton ve ¢elik sistemlerin imalat asamasinda olusturdugu
cevre kirliligi, hammaddenin elde edilmesi i¢in harcanan enerji, fazla miktarda atik olusmasi
onemli bir ¢evre kirliligi olusturmustur.

Ahsap malzemenin iglemsiz kullaniminda yap: ihtiyaglari karsilanamadigr i¢in endiistriyel
ahsap iriinler gelistirilmistir. Gelistirilen malzemeler ile verimlilik ve dayaniklilik artirilmas;
ahsap boyutunda yasanan yetersizlik asilmistir. Beton ve celige kiyasla miihendislik iiriinti
ahsap yapilarin kaynak tiikketimleri, ¢evre etkileri ve karbon ayak izi ¢ok daha dusiiktiir. Ayni
zamanda ahsap yapilar 6nemli miktarda CO? tutulmas1 saglayarak ¢evreye olumlu bir katki

saglamaktadir.
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Endiistriyel ahsap triinler keresteye gore daha genis acikliklar saglayabilen, yangina daha
dayanikli, estetik, yliksek mukavemetli malzemelerdir. Ayni zamanda bu malzemeler yapida
yeniden kullanilabilme, sokiilebilme, geri doniisiim ve degistirilebilme esnekligine sahiptir.
Ahsap kiiresel mimaride desteklenen ve kullannminin yayginlagsmasi amaglanan bir yapi
malzemesidir. Bu baglamda giiniimiiz teknolojisinde ahsap yapim sistemleri de gelistirilerek
modern ingaat teknolojilerine yeterli hale gelmesi saglanmigtir. Giiniimiizde modiiler, panel ve
hibrit sistemler kullanilarak, betonarme ve gelik sistemle imal edilen binalara benzer veya iistiin
ozellikler tasiyan az veya ¢ok katli yapilar imal edilebilmektedir.

Ahsabin doniisiimii ve gelisimi, yap1 sektorii i¢in olumlu bir gelisme olmustur. Ahsap yapim
sistemleri is giicli gereksinimi, siirdiiriilebilirlik, islenebilirlik, yeniden kullanilabilme, doga
dostu olmasi avantajlari ile gelecekte daha fazla tercih edilebilecektir. Ayrica ahsap malzeme
gegmisten giiniimiize ulasan en eski yapisal dgelerden biri oldugu i¢in genis bir kullanim
alanina sahip olmus ve ¢ok sayida yapi1 meydana getirilmistir.

Yapilan bu c¢alismanin degisen ve gelisen kiiresel teknolojide ahsap malzemenin kullanim
sekilleri ve sistemleri incelenerek gelecekte yapilacak calismalarda literatiire katki saglamasi
hedeflenmistir. Bu baglamda ahsap malzeme ve yap1 sistemlerinin anlasilmasina,
uygulanmasina ve sagladigi avantajlar agiklanarak; ahsap malzemenin yap1 sektorii icin dnemi
vurgulanmistir.
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ABSTRACT

The construction industry has a significant impact on the environment due to its energy and
resource consumption and emission production, and it plays a key role in solving environmental
problems. Life Cycle Assessment (LCA) is a fundamental method for quantitative sustainability
assessment and an environmental management tool. LCA is a systematic approach that analyzes
and evaluates resource consumption and environmental impacts throughout the entire life cycle
of products, as well as processes and services. Rapid advancements in data generation, storage,
and analysis are increasing interest in leveraging the power of large datasets and employing
artificial intelligence or machine learning techniques to enhance LCA. This study investigates
artificial intelligence applications supporting LCA processes. Trends, methods, advantages and
disadvantages, and gaps in literature are investigated. A systematic approach has been
developed to examine applications related to the integration of LCA and artificial intelligence.
A comprehensive review of current applications of machine learning in the various LCA phases
and their associated advantages and challenges is necessary. Furthermore, identifying future
research directions to improve the integration of machine learning and LCA is also required. In
this context, this systematic approach aims to shed light on the areas that future research in this
field should focus on.

Keywords: Artificial intelligence, machine learning, life cycle assessment, construction
industry.

1. INTRODUCTION

The world today faces major environmental problems such as global warming, ozone depletion,
and waste accumulation (Cabeza et al., 2014). The architecture, engineering, and construction
industries are responsible for a significant portion of global greenhouse gas emissions and
energy consumption. The building industry plays a crucial role in constructing a sustainable
and carbon-neutral built environment. Life cycle assessment (LCA), the fundamental method
of quantitative sustainability assessment, is the most powerful environmental management tool.

Life cycle assessment is an environmental management tool that analyzes and evaluates, in an
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integrated and systematic way, the environmental impacts of a product or system throughout its
life cycle (Khasreen et al., 2009; Cabeza et al., 2014). Developed over the years, particularly in
the 1970s and 80s, the LCA concept focuses on quantifying the energy and materials used
throughout their life cycle, as well as the emissions released into the environment (Sharma et
al., 2011).

Computational methods, including artificial intelligence (AI) and machine learning (ML), are
increasingly being used to overcome data integration challenges in the construction industry,
particularly such as matching construction data with environmental datasets. Machine learning
is a subfield of artificial intelligence and is the study of computer algorithms that improve
automatically through experience (Romeiko et al., 2024). In the construction industry, artificial
intelligence and machine learning are being used to predict environmental impacts, optimize
resource use, and address data gaps frequently encountered in LCA studies. By benefiting
enhanced techniques, machine learning can analyze large datasets, improving the accuracy of
predictions related to carbon emissions, energy consumption, and materials sustainability
(Jalota & Ayazi, 2025). In their study, Jalota & Ayazi (2025) stated that regression-based
machine learning models such as random forest (RF), extreme gradient boosting (XGBoost),
and artificial neural networks (ANN) are currently the most widely applied techniques in
modeling sustainability indicators, environmental performance, and carbon emissions due to
their high accuracy and versatility.

To generate quantitative data on life cycle environmental impact, important software such as
One Click LCA, Open LCA, and Athena IA, particularly GaBi and SimaPro, are available.
GaBi and SimaPro, which are at the center of academic studies, provide powerful and
comprehensive LCA analyses. In this respect, the integration of artificial intelligence into LCA
should offer an approach that provides more effective benefits than simply generating
quantitative data, such as supporting process optimization and decision-making systems. This
study systematically reviews advantages, limitations, gaps, and future directions of LCA and
Al integration. In this context, the study is aimed to shed light on future areas of research.

2. MATERIAL AND METHODS

This study primarily develops a framework or approach for systematically analyzing and
evaluating studies related to life cycle assessment (LCA) and artificial intelligence (AI)
integration (Figure 1). The evaluation framework consists of three main stages. Stage 1 involves
a literature review and problem definition. Stage 2 involves defining the evaluation criteria. The
evaluation criteria consist of LCA Framework, Al Tool, and Integration mechanism parameters.

Stage 3 consists of identifying gaps in the literature and defining areas for future research. In
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this study, studies on LCA & Al integration applications are analyzed in accordance with the

developed systematic approach (evaluation criteria). The findings are explained

comprehensively.
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Figure 1. Developed Analysis Methodology (Created by the authors)

The LCA system boundaries and framework are defined in the EN 15978:2011 standard. The
lifecycle framework consists of production module, construction module, use module, end-of-
life module, and recovery module (benefits beyond the system boundary), and their sub-
parameters. Lifecycle modules include operational and embodied environmental loads. The
energy consumed and emissions produced for heating, cooling, ventilation, air conditioning,
and equipment represent operational loads (Lechner, 2015). Embodied loads occur for all other
sub-modules and applications. The environmental impact of a building or building component
throughout its lifecycle can differ in terms of operational and embodied loads (energy and
carbon emissions). While operational energy is a significant factor for the building envelope,
structural systems do not directly affect a building's operational energy. In this respect, defining

the LCA framework is of great importance.
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Al (artificial intelligence) refers to the artificial intelligence methods or applications used. The
LCA and Al integration mechanism refers to the lifecycle and artificial intelligence integration
approach, method, or scope. Defining the integration approach is crucial for identifying trends
in current research and gaps in the field.

3. RESULTS AND DISCUSSION

In this section, the studies by Gachkar et al. (2025), de Paula Salgado et al. (2025) and Azari et
al. (2016) are systematically analyzed and evaluated in accordance with the developed
framework. Data related to the studies analyzed under the main criteria of LCA Framework, Al
Tool and Integration Mechanism are shown in Table 1.

Table 1. Analysis of Studies on LCA & Al Integration

LCA

et al., 2025)

Construction Stage

Multi-Objective
Optimization (Pareto)

References FRAMEWORK AI TOOL INTEGRATION MECHANISM
. i The methodology for integrating and

el Fuzzy String Matching matching building and environmental
2025) " Production Stage and Random Forest databases combines fuzzy logic and RF

(Phyton) algorithms in a complementary

framework.

Socrrl? E)iréz‘fg)nail sis) Integration of LCA-derived

(de Paula Salgado | Production and MacI})nne Learniig M’o del sustainability constraints into ML-

assisted material design optimization
framework.

(Azari et al., 2016)

Whole-building life
cycle environmental
assessment

Multi-objective
optimization algorithms,
Pareto-based
optimization, simulation-
assisted optimization

Integration of building energy
simulation and LCA into an
optimization framework to identify
envelope configurations with improved
life-cycle environmental performance.

In their study, Gachkar et al. (2025) developed a methodology that automates data integration
using fuzzy string matching and Random Forest (RF) based supervised learning. The aim of
this study is to integrate and match construction and environment database elements by
combining fuzzy string matching with supervised learning techniques, and to explore the
potential of supervised learning, particularly Random Forest algorithms. While fuzzy matching
detects matches based on textual similarity, supervised learning facilitates matches even when
textual similarities are low, providing a more comprehensive matching process. Python was

used in the study due to its versatility, extensive library ecosystem, and strong support for
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machine learning and text processing. The study indicated that when medology was applied to
the Andalusian Construction Cost Database (BCCA) and ecoinvent databases, high accuracy
was achieved and manual intervention time was reduced by 90%.

In their study, Paula Salgado et al. (2025) aimed to optimize the design of impact-resistant
mineral-bonded fiber-reinforced composites using a sustainability-focused, machine learning-
based modeling approach. They proposed a three-stage integrated framework combining an
experimental testing database, sustainability assessment (LCA), and machine learning
modeling. GaBi software and databases were used for life cycle inventory modeling and impact
assessment. The proposed machine learning model demonstrated high accuracy in predicting
global warming potential (GWP) and energy dispersion.

In their study, Azari et al. (2016) use a multi-objective optimization algorithm to investigate
the optimal building facade design in relation to energy use and the environmental impact of
the life cycle in a low-rise office building located in Seattle, Washington. The eQuest 3.65
simulation tool was used to analyze operational energy consumption; the Life Cycle
Assessment (LCA) methodology and Athena IE were used to analyze environmental impacts.
A hybrid artificial neural network (ANN) and genetic algorithm (GA) approach was used as the
optimization technique. LCA results for 91 design combinations were taken to the optimization
phase to determine the optimum values for the design inputs. An evolutionary optimization
algorithm was used to train the defined artificial neural networks and to fine-tune and optimize
their weights and deviations. The performance of the developed artificial neural network model
was further checked by comparing the predicted values of each response variable with real
experimental data.

In the study by Gachkar et al. (2025), a matching of a construction database with an
environmental database was performed. While this aspect is valuable, a significant limitation
of the study is its focus solely on the material production potential in the LCA systematic.
Furthermore, powerful LCA software exists for an integrated environmental impact assessment.
The study by de Paula Salgado et al. (2025) is quite valuable in that it uses machine learning to
generate quantitative LCA data via software and integrate mechanical effects with an optimal
decision-making mechanism. However, the study's focus on the production and construction
phase is a significant limitation. The mechanism developed in Azari et al. (2016) for selecting
facade configurations with optimal environmental performance through machine learning is
quite valuable. However, the study's focus on a specific region and the limited number of design
alternatives are significant limitations. As the study also mentions, there are many other design

and location-related factors that can affect the environmental impact of building facades.
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In conclusion, the studies conducted offer significant contributions. However, beyond
generating quantitative data for lifecycle environmental sustainability, there is a need for
adaptive integrated models, methods, or decision support systems that prioritize process
optimization, support decision-making systems, and address all modules of the LCA
methodology in an integrated and explicit manner. One of the most significant gaps in the
literature regarding LCA and Al integration can be considered as a process optimization and
integrated evaluation approach.

4. CONCLUSION AND SUGGESTIONS

This study presents a unique approach to the integration of artificial intelligence (AI) techniques
into life cycle assessment (LCA) applications, particularly in the construction sector. Despite
increasing interest, the integration of LCA and Al remains an underdeveloped and developing
field. Therefore, systematically analyzing existing studies and identifying gaps in this area is
crucial.

Existing studies generally focus on Al-assisted environmental impact prediction. This study
systematically evaluates Al and life cycle analysis (LCA) integration mechanisms, the LCA
framework, Al tools, and integration approaches from a specific perspective. Al should be
considered not as a replacement for LCA's computing engine, but rather as an integration layer
that enables LCA data to be used for decision support, data matching, process automation, and
optimization in the construction industry.

REFERENCES

Azari, R., Garshasbi, S., Amini, P., Rashed-Ali, H., & Mohammadi, Y. (2016). Multi-objective
optimization of building envelope design for life cycle environmental performance. Energy and
Buildings, 126, 524-534. Doi: Shttps://doi.org/10.1016/J. ENBUILD.2016.05.054

Cabeza, L. F., Rincon, L., Vilarifio, V., Pérez, G., & Castell, A. (2014). Life cycle assessment (LCA)
and life cycle energy analysis (LCEA) of buildings and the building sector: A review. Renewable and
Sustainable Energy Reviews, 29, 394—416. Doi: https://doi.org/10.1016/J.RSER.2013.08.037

de Paula Salgado, 1., Conrad, F., Signorini, C., Giinther, E., Ihlenfeldt, S., & Mechtcherine, V. (2025).
Integrating life cycle assessment (LCA) and machine learning for sustainable designs: a case study on
protective layers made of mineral-bonded fiber-reinforced composites. The International Journal of
Life Cycle Assessment 2025 30:11, 30(11), 2403—2422. Doi: https://doi.org/10.1007/S11367-025-
02454-7

EN 15978, BS EN 15978:2011 — Sustainability of construction works — assessment of environmental
performance of buildings — calculation method, Int. Stand. (2011).

Gachkar, D., Gachkar, S., Ghofrani, E., Garcia Martinez, A., & Angulo Bahon, C. (2025). Automating
data integration for construction Life Cycle Assessment Using fuzzy matching and supervised
learning. Automation in Construction, 178, 106381. Doi:
https://doi.org/10.1016/J.AUTCON.2025.106381

Jalota, S., & Ayazi, M. F. (2025). Advances in integration of machine learning and life cycle
assessment within construction sector: a literature review. Innovative Infrastructure Solutions 2025
10:7, 10(7), 314-. Doi: https://doi.org/10.1007/S41062-025-02124-5

32




ISARC
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

Lechner, N. (2015). Heating, Cooling, Lighting: Sustainable Methods for Architects (fourth edition).
John Wiley and Sons.

Khasreen, M. M., Banfill, P. F. G., & Menzies, G. F. (2009). Life-Cycle Assessment and the
Environmental Impact of Buildings: A Review. Sustainability 2009, Vol. 1, Pages 674-701, 1(3), 674—
701. Doi: https://doi.org/10.3390/SU1030674

Romeiko, X. X., Zhang, X., Pang, Y., Gao, F., Xu, M., Lin, S., & Babbitt, C. (2024). A review of
machine learning applications in life cycle assessment studies. Science of The Total Environment,
912, 168969. Doi: https://doi.org/10.1016/J.SCITOTENV.2023.168969

Sharma, A., Saxena, A., Sethi, M., Shree, V., & Varun. (2011). Life cycle assessment of buildings: A
review. Renewable and Sustainable Energy Reviews, 15(1), 871-875. Doi:
https://doi.org/10.1016/J.RSER.2010.09.008

33



2 ISARC

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

GELENEKSEL KONUTLARDA MEKANSAL KURGU VE SUREKLILIK:
SAFRANBOLU MAHIR AGA KONAGI ORNEGI

Y. Mimar Biisra ARSLAN

Karabiik Universitesi, Safranbolu Basak Cengiz Mimarlik Fakiiltesi, Mimarlik Boliimii, 78600
Safranbolu, Karabiik

ORCID ID: 0000-0002-6224-6079

OZET
Safranbolu, geleneksel Tiirk konut mimarisinin 6zgiin niteliklerini biitiinciil bir yerlesim
dokusu i¢inde gilinlimiize tastyan ve bu Ozelligiyle mimarlik tarihi ile koruma caligsmalari
acisindan ayricalikli bir konuma sahip olan 6nemli bir yerlesimdir. Kentte yer alan konutlar,
yalnizca fiziksel varliklartyla degil; plan kurgulari, yapim sistemleri ve mekansal
organizasyonlari ile geleneksel yagam bicimini yansitan ¢ok katmanli bir miras sunmaktadir.
Bu baglamda Safranbolu evleri, geleneksel konut tipolojisinin anlasilmasi agisindan referans
niteliginde ornekler olusturmaktadir. Bu ¢alisma kapsaminda, Safranbolu’da yer alan Mabhir
Aga Konagi, plan kurgusu ve mekansal organizasyonu iizerinden incelenmistir. Calismanin
amaci, yapinin mimari Ozelliklerini ortaya koymak ve geleneksel konut tipolojisine ait
mekansal ilkelerin yapr ilizerindeki yansimalarini degerlendirmektir. Arastirma siirecinde,
yapiya ait rolove ¢izimleri ve plan semalar1 incelenmis; yerinde yapilan gozlemler ile mevcut
mekansal kurgu analiz edilmistir. Bu dogrultuda, mekanlar arasi iligkiler, sofa mekaninin
organizasyondaki rolii ve katlar arasi islevsel dagilim ele alinmistir. Ayrica dolagim sistemi ve
diisey sirkiilasyon kurgusu, mekansal siireklilik baglaminda degerlendirilmistir. Elde edilen
bulgular, Mahir Aga Konagi’nin sofa merkezli plan diizenini korudugunu ve Safranbolu
konutlarina 6zgii mekansal organizasyon ilkelerini yansittigin1 gostermektedir. Mekansal
elemanlarin varligini siirdiirmesi ve plan semasinin okunabilirligini korumasi, yapinin 6zgiin
karakterinin glinlimiizde de izlenebildigini ortaya koymaktadir. Bu yoniiyle ¢aligma, tekil bir
yapt lizerinden gerceklestirilen mekansal coziimleme ile geleneksel konut tipolojisinin
anlasilmasina katki sunmay1 ve yapinin mimari 6zelliklerini belgelemeyi amaglamaktadir.
Anahtar kelimeler: Safranbolu, geleneksel Tiirk konutu, mekansal kurgu, mekansal siireklilik,
mimari analiz

SPATIAL CONFIGURATION AND CONTINUITY IN TRADITIONAL HOUSES:

THE CASE OF SAFRANBOLU MAHIR AGA MANSION

ABSTRACT
Safranbolu is a significant settlement that preserves the distinctive characteristics of traditional
Turkish residential architecture within an integrated urban fabric, and thus holds a privileged

position in the fields of architectural history and conservation studies. The houses in the city
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represent a multilayered heritage, reflecting traditional ways of life not only through their
physical presence but also through their spatial organization, construction techniques, and plan
configurations. In this context, Safranbolu houses serve as reference examples for
understanding traditional housing typology. Within the scope of this study, Mahir Aga Mansion
in Safranbolu is examined through its plan configuration and spatial organization. The aim of
the study is to reveal the architectural characteristics of the building and to evaluate how the
spatial principles of traditional housing typology are reflected in its structure. During the
research process, measured drawings and plan schemes of the building were analyzed, and the
existing spatial configuration was examined through on-site observations. Accordingly, spatial
relationships, the role of the sofa space in the overall organization, and the functional
distribution between floors were evaluated. In addition, the circulation system and vertical
circulation were analyzed in terms of spatial continuity. The findings indicate that Mahir Aga
Mansion preserves a sofa-centered plan scheme and reflects the spatial organization principles
characteristic of Safranbolu houses. The continuity of spatial elements and the readability of
the plan layout demonstrate that the original architectural character of the building can still be
observed today. In this respect, the study aims to contribute to the understanding of traditional
housing typology through a spatial analysis of a single building and to document its
architectural features.

Keywords: Safranbolu, traditional Turkish house, spatial configuration, spatial continuity,

architectural analysis

1. GIRiS

Safranbolu, geleneksel Tiirk konut mimarisinin 6zgiin niteliklerini biiyiik 6l¢iide koruyarak
giiniimiize ulagtirmig yerlesimlerden biri olup, mimarlik tarihi ve koruma ¢alismalar1 agisindan
onemli bir referans alanmi olusturmaktadir. Kentte yer alan konutlar, yalnizca fiziksel
varliklariyla degil; mekansal organizasyonlari, yapim sistemleri ve toplumsal yasam bi¢imini
yansitan kurgulariyla ¢ok katmanl bir kiiltiirel miras niteligi tasimaktadir (Giinay, 1998). Bu
baglamda Safranbolu evleri, geleneksel Tiirk konutunun tipolojik, mekansal ve yapisal
ozelliklerini biitiinciil bicimde ortaya koyan 6zgiin drnekler olarak degerlendirilmektedir.
Geleneksel Tiirk konutunda plan organizasyonunun temelini olusturan sofa mekani, mekansal
iliskileri diizenleyen ana unsur olarak 6ne ¢ikmaktadir. Eldem’in tanimladig1 sofasiz, dis sofali,
i¢ sofal1 ve orta sofali plan tipleri, bu organizasyonun ¢éziimlenmesinde 6nemli bir kuramsal

cergeve sunmaktadir (Eldem, 1968). Safranbolu evlerinde sofa, yalnizca bir dolagim alani degil;
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ayni zamanda giindelik yasamin bicimlendigi, sosyal iliskilerin kuruldugu ve mekéansal
hiyerarsinin tanimlandig1 merkezi bir mekan niteligindedir (Giinay, 1998).

Safranbolu konutlari, topografya ile kurduklart uyumlu iliski, katlar aras1 islevsel dagilim ve
kullanic1 ihtiyaglarina gore sekillenen esnek plan kurgular ile dikkat ¢ekmektedir. Zemin
katlarin daha ¢ok servis mekanlarina ayrilmasi, iist katlarin ise yasama alani olarak
diizenlenmesi ve sofa etrafinda gelisen mekansal organizasyon, bu konutlarin karakteristik
ozellikleri arasinda yer almaktadir.

Geleneksel Safranbolu konutlarinin korunarak gelecek kusaklara aktarilmasinda ylriitiilen
belgeleme c¢alismalari, yapilarin 6zgiin Ozelliklerinin ortaya konulmasi ve dogru bi¢imde
anlasiimas1 agisindan onemli bir rol iistlenmektedir. Ozellikle tekil konutlar iizerinden
ylriitiilen koruma projeleri, hem yap1 6l¢ceginde hem de kentsel 6l¢ekte mimari stirekliligin
izlenmesine olanak saglamaktadir. Bu kapsamda Safranbolu’daki konaklara yonelik hazirlanan
caligmalar, yapilarin plan organizasyonu, yapim sistemi ve malzeme Ozelliklerinin detayl
bicimde ortaya konulmasina katki sunmaktadir (Bag, 2020). Bununla birlikte, geleneksel
konutlarin giiniimiizdeki kullanimi da o6nemli bir doniisiim siirecine isaret etmektedir.
Safranbolu’da bir¢ok konut, 6zgiin islevini yitirerek konaklama, otel ve kafe gibi farkli
kullanim bi¢imlerine uyarlanmistir. Bu kapsamda, yapilarin mevcut durumlarinin belgelenmesi
ve miidahalelerin degerlendirilmesi, koruma pratigi agisindan énemli bir gereklilik olarak 6ne
arz etmektedir.

Ayrica plan organizasyonu ile yapim sistemi arasinda dogrudan bir iliski bulunmaktadir. Ahsap
karkas sistemin sundugu modiiler yap1 ve tasiyici sistem igerisindeki dolgu elemanlarinin
esnekligi, mekansal diizenin zaman igerisinde degisebilmesine ve genisleyebilmesine olanak
tanimaktadir (Aksoy, 2003; Aksoy ve Ahunbay, 2005).

Ahsap karkas yap1 sistemine sahip geleneksel konutlarda plan diizeninin yalnizca mekansal
organizasyonu degil, ayn1 zamanda yapinin davranig bigimini de etkiledigi bilinmektedir.
Ozellikle plan diizleminde diizenli ve siireklilik gdsteren kurgularm, dis etkiler karsisinda daha
dengeli bir performans ortaya koydugu belirtilmektedir. Buna gore, duvar siirekliliginin
korunmasi, agiklik oranlarinin dengeli dagilimi ve mekénsal biitiinliigiin saglanmasi, yapinin
genel dayanimini destekleyen unsurlar arasinda degerlendirilmektedir.

Bu calisma kapsaminda incelenen Mahir Aga Konagi, plan organizasyonu, mekansal kurgusu
ve mekansal elemanlar1 {izerinden ele alinmaktadir. Yapinin yerinde gerceklestirilen rolove
caligmalar ile elde edilen veriler ve mevcut durumu birlikte degerlendirilerek, geleneksel

Safranbolu konutlarinin mekénsal siirekliligi ve organizasyon ilkelerinin ortaya konulmasi
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amaclanmaktadir. Bu dogrultuda calisma, s6z konusu yapmin mimari 6zelliklerini 6zgiin
verilerle belgeleyerek literatiire katki saglamay1 hedeflemektedir.

2. YONTEM

Bu ¢alisma, Safranbolu’da yer alan Mahir Aga Konagi’nin mekansal organizasyonu, plan
semast ve mekansal Ozelliklerini incelemeyi amaclayan nitel bir arastirma olarak
kurgulanmigtir. Arastirma siirecinde ilk asamada, geleneksel Tirk konutu ve Safranbolu
evlerine iligkin literatlir degerlendirilmis; bu dogrultuda sofa mekéni, plan tipolojisi ve
mekansal kurguya iligkin kuramsal bir ¢erceve olusturulmustur. Calismanin temel verilerini,
yapiya iliskin yerinde gergeklestirilen rolove caligmalariyla elde edilen ¢izimler, plan semalari
ve saha gozlemleri olusturmaktadir. Rol6ve verileri iizerinden mekanlarin konumlari, boyutlari,
birbirleriyle kurduklari iliskiler ve dolasim diizeni analiz edilmistir. Bu kapsamda 6zellikle sofa
mekaninin plan i¢indeki yeri, mekansal dagilimdaki islevi ve katlar aras1 baglantilar1 ayrintili
bicimde degerlendirilmistir. Saha incelemeleri sirasinda yapinin mevcut mekénsal diizeni
dogrudan gozlemlenmis; mekansal elemanlarin kullanim bigimleri ve islevsel iligkileri yerinde
incelenmistir. I¢ mekan diizeni, dolasim kurgusu ve mekanlar arasi1 baglantilar, yapinin giincel
durumu {iizerinden okunarak yorumlanmistir. Elde edilen tiim veriler, mekansal analiz ve
yorumlama yaklasimi ¢ergevesinde degerlendirilmis; yapi, plan kurgusu, mekansal iliskiler ve
organizasyon ilkeleri bakimindan biitlinciil bir sekilde ele alinmistir. Bu siire¢ sonucunda Mahir
Aga Konagi’nin mekansal karakteri ortaya konulmus ve yapinin geleneksel konut tipolojisi ile
kurdugu iliski degerlendirilmistir. Ayrica, analizler mekansal siirekliligin izlenmesine olanak
taniyan bir yaklagim dogrultusunda ele alinmistir.

3. BULGULAR

3.1 Yapimn Tarihsel Gelisimi ve Doniisiim Siireci

Yapmnin tarihsel gelisimine iliskin veriler, yap1 isletmesi tarafindan saglanan yazili ve dijital
bilgiler dogrultusunda derlenmistir. Calisma kapsaminda incelenen yapi, ge¢miste “Arap
Hacilar Evi” olarak anilmakta olup, giiniimiizde “Mahir Aga Konag1” adiyla turizm amagl

konaklama isleviyle kullanilmaktadir (Sekil 1).
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mahik 4

CAFE-RESTAURANT

Sekil 1. Mahir Aga Konag1 (Yazar arsivi)

Safranbolu, tarih boyunca Cin’den Avrupa’ya uzanan ipek Yolu giizergahi iizerinde yer almasi
nedeniyle 6nemli bir ticaret ve konaklama merkezi olarak gelismistir. Kentte yer alan Cinci
Han, Pamuk¢u Han ve Tuzcu Han gibi biiylik 6l¢ekli yapilar, uzun siire kervanlarin konaklama
ithtiyacim1 karsilamistir. Ancak zaman igerisinde, dzellikle biiylik yanginlar sonrasinda bu
yapilarin 6zgiin iglevlerini kaybetmesi ve depo gibi farkli amaglarla kullanilmaya baslanmasi,
kentteki konaklama sisteminde bir doniislimii beraberinde getirmistir. Bu siirecte, biiyiik
hanlarin yerini daha kiigciik Olgekli ve daginik konumlanan yolcu hanlarinin aldigi
anlasilmaktadir. Geleneksel Safranbolu konut mimarisine benzer 6zellikler tasiyan bu yapilar,
plan kurgusu ve kullanim bigimi ac¢isindan konutlardan ayrilmaktadir. Ozellikle zemin katlarda
“hayat” mekan1 yerine ahir ve nalbant gibi islevlere yer verilmesi, bu yapilarin dogrudan
yolculara ve ticari faaliyetlere hizmet ettigini gostermektedir.

Bu baglamda incelenen yap1, Han Arkasi olarak bilinen bélgede konumlanmakta olup, gegmiste
yolcu hani olarak kullanilmig 6nemli 6rneklerden biridir. Zemin {izerine iki katli olarak insa
edilen yapi; simetrik pencere diizeni ve belirgin kdse ¢ikmasi gibi mimari 6zellikleriyle dikkat
cekmektedir. Giris katinda yer alan ahir mekani ve buna eslik eden iiretim alanlari, yapinin
ticaretle iligkili kullamimimi agik¢a ortaya koymaktadir. Yapi, UNESCO Diinya Miras
Listesi'nde yer alan Safranbolu’nun korunmus tarihi dokusu igerisinde bulunmakta olup, bu
kapsamda c¢esitli koruma ve onarim miidahalelerine konu olmustur. Geg¢mis yillarda
gerceklestirilen caligmalarda, yapinin 6zgiin konaklama islevi ve mimari karakteri korunarak
onarim yapilarak, ahsap karkas sistem gii¢lendirilmistir. Bu miidahaleler, yapinin hem fiziksel
siirekliliginin saglanmasina hem de geleneksel mimari 6zelliklerinin korunmasina katkida

bulunmustur.
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Yapi, tarihsel siire¢ icerisinde islevsel bir donilisiim gecirerek gliniimiizde turizm amagh
konaklama iglevi ile kullanilmaktadir. Bu doéniisiim, yapinin korunmasina katki saglamakla
birlikte, i¢ mekan organizasyonu ve kullanim bi¢iminde ¢esitli degisikliklere yol agmistir. Bu
yoOniiyle yapi, geleneksel konaklama yapilarinin evrimi ile yeniden kullanim siire¢lerinin
birlikte okunabildigi 6nemli bir 6rnek niteligi tasimaktadir.

Yapi, Karabiik ili Safranbolu ilgesinde, Eski Carsi bolgesinde konumlanmakta olup Musalla
Mabhallesi simirlar igerisinde yer almaktadir. Konak, kentin tarihsel ticaret merkezi ile
geleneksel konut dokusunun kesisim noktasinda bulunmasi bakimindan énemli bir konumsal

ozellik gostermektedir (Sekil 2).

Sekil 2. Mahir Aga Konagi’nin Safranbolu kent dokusu igerisindeki konumu (Safranbolu imar
planindan diizenlenmistir)

Konumu itibariyla yapi, Safranbolu’nun 6nemli odak noktalarindan olan ve tarihsel siirecte
onemini korumaya devam eden Cinci Han ve Hidirlik Tepesi ile yakin bir mekénsal iliski
icerisindedir. Bu durum, yapinin tarihsel ticaret ag1 ile dogrudan baglantili bir konumda yer
aldigimm  gostermektedir.  Ayrica  ¢evresindeki  sivil  mimari  Orneklerle  birlikte
degerlendirildiginde, yapmin bulundugu alanin tarihsel ve sosyo-kiiltiirel acidan yogun bir
yerlesim dokusuna sahip oldugu anlasiimaktadir.

Topografyaya uyumlu bigimde egimli arazi {lizerinde konumlanan yapi, Safranbolu konut
dokusunun temel ilkelerinden biri olan yapilarin birbirinin goriis ve 15181n1 engellemeyecek

sekilde yerlesmesi prensibini yansitmaktadir. Bu baglamda konak, hem kentsel doku
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icerisindeki konumu hem de ¢evresi ile kurdugu mekansal iligkiler agisindan Safranbolu’nun
geleneksel yerlesim karakterini temsil eden 6nemli bir 6rnek niteligi tasimaktadir.

3.2. Plan Kurgusu ve Mekéansal Organizasyon

Incelenen yap1, geleneksel Safranbolu konut mimarisinin karakteristik dzelliklerinden biri olan
i¢ sofali plan tipine sahiptir ve bu plan semasin1 biiytlik 6l¢iide koruyarak giiniimiize ulasmistir.
Yapi, zemin kat lizerine iki kat olmak iizere toplam {ii¢ katl1 bir diizen gostermektedir. Konagin
zemin kati, giiniimiizde yeme igme mekan1 olarak iglev gosteren genis bir taglik mekani ile
yeme-igme mekani olarak islevin devam ettirildigi ve gegmiste ahir olarak kullanilan genis bir
alandan olugmaktadir. Zemin kattaki mekanlar arasi baglantilar agik bi¢imde izlenebilmektedir

(Sekil 3).

YEME-ICME ALANI

TASLIK

Sekil 3. Mahir Aga Konagi zemin kat plan

Birinci ve ikinci katlarda ise sofa ve oda mekanlar1 bulunmaktadir. Islak hacimler odalarin
icindeki yiikliik kisimlarinda ¢6ziilmiis olup iist katlarda sofa ile bu mekéna agilan odalardan
olusan bir diizen goriilmektedir. Ust kat planlarinin birbirine benzer bir sema gdstermesi ise
mekansal organizasyonun tekrar eden bir kurgu ile olusturuldugunu ortaya koymaktadir (Sekil

4).
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Birinci kat plan1 Ikinci kat plam
Sekil 4. Mahir Aga Konag iist kat planlart

Plan organizasyonunda i¢ sofa, katlarin merkezinde konumlanarak tiim mekansal dagilimi
belirleyen ana unsur niteligindedir. Odalar dogrudan sofaya agilmakta olup, sofa hem dolagim
hem de ortak kullanim alani olarak iglev gormektedir. Mekansal hiyerarsi agik ve okunabilir bir
bicimde kurulmustur. Sofadan odalara giris ise daha da tanimli hale getirilmis olup, odalarin

girisi pahli bir sekilde olusturulmustur (Sekil 5).

Sekil 5. Mahir Aga Konag: birinci kat sofa goriiniimleri (Yazar arsivi)

Yapmin ge¢miste konaklama islevine sahip olmasi, plan kurgusunda tipik Safranbolu

konutlarina kiyasla daha fazla sayida odanin yer almasina neden olmustur. Ayrica birinci ve
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ikinci kat planlarinin biiyiik dlgiide benzer olmasi, yapinin kullanicilar i¢in standartlastirilmis
mekansal bir diizen sundugunu ve bu yoniiyle konut tipolojisinden ayristigini1 gostermektedir.
3.3 Dolasim Sistemi ve Diisey Sirkiilasyon

Yapida diisey sirkiilasyon, merkezi mekan olan sofa ile dogrudan iliskili bir bi¢imde
kurgulanmistir. Zemin kattan birinci kata ulagim, taglik mekanindan baslayan ve dort basamakli
tas bir merdiven kolu ile sahanliga ulasilan, ardindan tek kollu ahsap merdiven ile devam eden
L bi¢imli bir diizen ile saglanmaktadir. Birinci kattan ikinci kata ge¢is ise tek kollu bir merdiven
aracilifiyla gerceklesmektedir. Birinci kattaki i¢ sofadan uzanan kisa bir gegis tlizerinden bir

basamagin yiikseltilmesiyle merdivene ulasilmaktadir (Sekil 6).

. . N Birinci kat merdivenler arasi
Zemin kat tag basamaklari Ahsap zemin kat merdiveni

gegcis

el

Birinci katta yukseltilmis Birinci kat merdiveni alttan Birinci kat merdiveni Ustten

basamak bakis bakis

Sekil 6. Mahir Aga Konag1 merdiven gortiniimleri (Yazar arsivi)

3.4. Yapim Sistemi ve Striiktiirel Ozellikler

Yapinin tastyict sistemi, geleneksel Safranbolu konutlarinda yaygin olarak kullanilan ahsap
karkas (himis) sistem ile olusturulmustur. Zemin katta tas duvarlarin tercih edilmesi, yapinin
topografya ile uyumunu ve tasiyicilik kapasitesini artirirken; iist katlarda kullanilan ahsap
karkas sistem, yapiya esnek bir striiktiirel kurgu kazandirmaktadir. Ahsap karkas sistemin

modiiler yapisi, mekanlarin zaman igerisinde yeniden diizenlenmesine olanak tanimis ve
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giinlimiizdeki kullanim degisikliklerinin yapiya uyumlu bi¢imde uygulanabilmesini miimkiin
kilmigtir. Zemin katta yer alan taslik ve ahir mekanlart, islevsel doniisiime ragmen 6zgiin yapim

sisteminin okunabilirligini korumaktadir (Sekil 7).

Sekil 7. Mahir Aga Konagi’nin giiniimiizde kullanilan taglik ve ahir mekanlar1 (Yazar argivi)

3.5. ic Mekan Elemanlar1 ve Mekénsal Donati

Ic mekan elemanlar1 incelendiginde, yapmin geleneksel mimari karakterini biiyiik dlciide
korudugu goriilmektedir. Odalarda yer alan yiikliikler, orijinal islevini bozmamistir. Yiiklikler,
giiniimiizde kismen banyo (gusiilhane) islevi ile kullanilmaktadir. Bu uygulama Safranbolu
konaklarinda siklikla karsimiza c¢ikmakta ve geleneksel mekansal elemanlarin kullanim

ithtiyaglarina uyum saglayarak varligini siirdiirdiigiinii géstermektedir (Sekil 8).

Sekil 8. Mahir Aga Konag farkli odalardan yiikliik 6rnekleri (Yazar arsivi)
Ocak nislerinin korunmus olmasi, mekanin 6zgiin islevine dair izlerin devam ettigini ortaya

koymaktadir. Ocaklar, gecmisteki islevlerine bagli olarak odalarin merkezi bir noktasinda

bulunmaktadir. Giinlimiizde orijinal islevinden ziyade odalarin yeni islevine bagh ikincil
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elemani olarak varligini siirdiiren ocaklar, iki farkli odadaki 6rnekleri ile birlikte, Sekil 9‘da

verilmistir.

Sekil 9. Mahir Aga Konag farkli odalardan ocak 6rnekleri (Yazar arsivi)

Sedirlerin 6zellikle pencere altlarinda 6zgiin yiikseklikleri ile korunmus olmasi, insan 6lgegi ile
mekan arasindaki iligkinin giiniimiizde de okunabilmesini saglamaktadir. Bununla birlikte
geleneksel konutlarda karsimiza ¢gikan ve odalarin girisindeki mahremiyeti saglamak amaciyla
kullanilan ahgap paravan elemanlarinin korunmus olmasi, geleneksel kullanim aligkanliklarinin

stirdiiriildiigiinii géstermektedir (Sekil 10).

Sekil 10. Mahir Aga Konagi’nda sedir ve ahsap paravan ornekleri (Yazar arsivi)

I¢ sofada yer alan sekilik ve nis elemanlari, mekanin 6zgiin kullanim bigimini yansitan énemli
detaylar olarak dikkat cekmektedir. Sekilik mekan1 geleneksel islevini siirdiirmekte olup, Mehir
Aga Konagi’nda oturma alani olarak karsimiza c¢ikmaktadir. Nisler ise dekoratif amagla

kullanilmaktadir (Sekil 11).
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Sekil 11. Mahir Aga Konagi’nin ikinci katinda sekilik ve nis elemanlar1 (Yazar arsivi)

Sofa ve odalarin iist kotlarinda yer alan ve geleneksel olarak “sergen” olarak adlandirilan ahsap
raf sistemlerinin korunmus olmasi, i¢c mekanin 6zgiin karakterini destekleyen 6nemli unsurlar
arasinda yer almaktadir. Ayrica ahsap tavan is¢iliklerinin glinlimiizde hala okunabilir durumda
olmasi, yapinin estetik ve yapisal Ozelliklerinin birlikte degerlendirilebilmesine olanak
tanimaktadir. Mahir Aga Konagi’nda kap1 ve pencere iistlerinden mekan boyunca devam
ettirilen raflar (sergen) ile birlikte bas odaya ait ahsap tavan siislemesi 6rnegi Sekil 12°de

goriilmektedir.

Sekil 12. Mahir Aga Konag1 i¢ mekaninda eden raflar ve tavan siislemesi (Yazar arsivi)

3.6. Cephe Ozellikleri ve Acikhk Sistemi

Yapinin cephe diizeni, Safranbolu konut mimarisinin karakteristik 6zelliklerini yansitmaktadir.
On cephede (kuzey) iki kdsede yer alan ve mekan biiyiikliigiinde tasarlanan ¢ikmalar, {ist
katlardaki mekansal genislemenin disartya yansimasini saglamaktadir. Bununla birlikte yapinin
dogu cephesinde yer alan gonye ¢ikma, Safranbolu konutlarinda yaygin olarak kullanilan bir

¢oziim olup, ist kat plan organizasyonunun cephe {lizerinden okunabilmesine olanak
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tanimaktadir. Zemin katin topografyaya uyumlu bi¢gimde kurgulanmis olmasi da cephe

olusumunu dogrudan etkileyen 6nemli bir faktordiir (Sekil 13).

A

Sekil 13. Mahir Aga Konagi’nin ¢gikma goriiniimleri (Yazar arsivi)

Pencere sisteminde ise alt kismi sabit, tist kismu agilir kanathi geleneksel diizenin korundugu
goriilmektedir. Boylece, hem cephe karakterinin siirekliligini hem de i¢ mekan aydinlatmasinin
Ozgiin niteligi korunmaktadir. Mahir Aga Konagi’na ait pencerelerin i¢ mekan goriinimii ve

cephedeki pencere diizeni Sekil 14°te sunulmustur.

Sekil 14. Mahir Aga Konag1 pencerelerinin cepheden ve i¢ mekandan goriiniimii (Yazar arsivi)

Yapmin zemin katinda yer alan gliste elemanlarinin, ilk insa edildigi donemde dogal
havalandirma ve aydinlatmay1 saglamak gibi farkli amaglarla agik bigimde kurgulandigi
anlagilmaktadir. Bu elemanlar, taglik mekaninin hava sirkiilasyonu ve giin 15181 ile iliskisini
diizenleyen onemli bilesenler olarak islev gormektedir. Ancak zaman igerisinde degisen
kullanim ihtiyaglar1 dogrultusunda bu agikliklarin cam yiizeyler ile kapatildig: goriilmektedir.

Buna ragmen, s6z konusu miidahalenin 6zgiin agiklik diizenini tamamen ortadan kaldirmadigi
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ve gliste sisteminin ilk kurgusunun hala okunabildigi anlagilmaktadir. Safranbolu’da ¢ok sayida
glisteli yap1 ornegi bulunmasina karsin, Mahir Aga Konagi’nin bu sistemi biiylik 6l¢iide
koruyarak giiniimiize ulastirmasi, yapiy1 bu agidan nitelikli ve temsil giicii yliksek bir 6rnek
haline getirmektedir. Yapim sisteminin verdigi avantajlar ile ytlikseltilmis tas duvarin iizerine
insa edilen gliste sistemi, giiniimiizde ¢esitli dekoratif objeler i¢cin de gorsel bir saklama alan
meydana getirmis olup, Mahir Aga Konagi’nin gliste goriiniimleri ve detaylar1 Sekil 15°te

verilmistir.

Sekil 15. Mahir Aga Konagi’na ait glistelerin goriiniimii ve detaylar1 (Yazar arsivi)

4. SONUC

Bu ¢alisma kapsaminda incelenen Mahir Aga Konagi’nin, geleneksel Safranbolu konutlarina
0zgli mekansal organizasyon oOzelliklerini bliyiik O6lgiide koruyarak gliniimiize ulastig
goriilmistiir. Yapiin plan semasinin sofa merkezli bir kurguya sahip oldugu ve mekansal
dagilimin bu merkez etrafinda bigimlendigi tespit edilmistir. Sofa mekaninin hem dolagim hem
de ortak kullanim agisindan belirleyici bir rol iistlenmesi, geleneksel konut tipolojisinin temel
mekansal ilkelerinin yap1 iizerinde agik bi¢imde okunabildigini gostermektedir.

Katlar arasi islevsel dagilim Safranbolu konutlarinin karakteristik mekénsal organizasyon
yapisi ile uyum gostermekte olup, zemin katlar daha ¢ok servis mekanlarina ayrilirken, iist
katlar yasama alan1 olarak kurgulanmistir. Ayrica yapinin topografya ile kurdugu iliski, plan
organizasyonunu ve mekansal kurguyu dogrudan etkilemis; mekanlarin yerlesimi ve cephe
olusumu iizerinde belirleyici olmustur. Yapinin mevcut durumu incelendiginde, mekansal
elemanlarin biiyiik olctide varligini siirdiirdiigii ve plan semasinin okunabilirligini korudugu
anlasiimaktadir. Ozellikle sofa, oda iliskileri ve mekansal hiyerarsinin korunmus olmasi,
yapinin geleneksel konut tipolojisi ile kurdugu iliskinin devam ettigini gostermektedir.

Sonug olarak Mahir Aga Konagi, geleneksel Safranbolu konutlariin mekansal kurgu ve

organizasyon ilkelerini giinlimiizde de siirdiiren nitelikli bir Ornektir. Yapmin mekansal
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ozelliklerinin okunabilirligini korumasi, geleneksel konut mimarisinde stirekliligin yalnizca
fiziksel varlikla degil, ayn1 zamanda mekansal diizenin devamliligi ile iliskili oldugunu ortaya
koymaktadir. Bu yoniiyle caligma, tekil bir yapi1 iizerinden gercgeklestirilen mekansal
coziimleme ile geleneksel konut tipolojisinin anlasilmasina katki sunmaktadir.
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OZET

Bu ¢alisma, Safranbolu’daki geleneksel konutlarda restorasyon siireci sonrasinda ortaya ¢ikan
mekansal degisimleri incelemeyi amaglamaktadir. Arastirma kapsaminda sec¢ilen 6rnek yapilar
iizerinden, 6zglin ve restorasyon sonrasi kat planlari karsilastirmali olarak degerlendirilmistir.
Inceleme siirecinde 6zellikle zemin ve iist kat planlar1 esas alinarak, mekansal organizasyon,
mekanlar arasi iligkiler ve islev dagilimindaki degisimler detayli bicimde analiz edilmistir. Elde
edilen bulgular, restorasyon uygulamalarinin konutlarin mekéansal kurgusunda belirli ve
tekrarlayan dontisiimlere yol agtigin1 gostermektedir. Zemin katlarda 6zgiin durumda depo ve
ahir gibi servis islevlerine ayrilan mekanlarin, restorasyon sonrasinda mutfak ve yasam
alanlarina dontstiiriildiigii belirlenmistir. Bu doniisiim, zemin katin yalnizca yardimci islevlere
hizmet eden bir kat olmaktan ¢ikarak, konutun aktif kullanim alanlarindan biri haline gelmesine
neden olmaktadir. Ust katlarda ise sofa etrafinda gelisen plan diizeninin biiyiik 6l¢iide
korundugu, ancak c¢agdas yasam ihtiyaglar1 dogrultusunda wc ve banyo gibi yeni mekanlarin
eklendigi goriilmektedir. Bununla birlikte, baz1 yapilarda mekansal diizenin biiyiik 6l¢iide
korunarak sinirlt miidahalelerle giincel kullanima uyarlandigi, baz1 6rneklerde ise daha belirgin
diizenlemeler yapildigi dikkat ¢ekmektedir. Bu farklilik, restorasyon siirecinde tek tip bir
yaklagim yerine yap1 6zelinde kararlarin alindigin1 gostermektedir. Sonug olarak, restorasyon
uygulamalarinin geleneksel konutlarin 6zgiin mekéansal karakterini degistirmeden, islevsel
gereksinimler dogrultusunda yeniden yorumladigi anlagilmaktadir. Bu yaklasim, koruma ve
kullanim dengesi gozetilerek gergeklestirilen miidahalelerin, geleneksel konutlarin siirekliligi
ve yasatilmasi agisindan 6nemli bir rol tistlendigini ortaya koymaktadir.

Anahtar kelimeler: Safranbolu geleneksel konutlari, restorasyon, mekansal organizasyon,
mekansal degisim, islev degisimi

EVALUATION OF POST-RESTORATION SPATIAL AND FUNCTIONAL
CHANGES IN TRADITIONAL HOUSES OF SAFRANBOLU
ABSTRACT

This study aims to examine the spatial changes that occur in traditional houses in Safranbolu

following the restoration process. Within the scope of the research, selected sample buildings
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were comparatively evaluated based on their original and post-restoration floor plans. The
analysis focuses particularly on ground and upper floor layouts, investigating changes in spatial
organization, spatial relationships, and functional distribution. The findings indicate that
restoration interventions lead to recurring transformations in the spatial configuration of the
houses. It is observed that spaces originally used for service functions such as storage and
stables on the ground floors have been converted into kitchens and living-related areas after
restoration. This transformation redefines the role of the ground floor, shifting it from a purely
auxiliary level to an actively used part of the dwelling. On the upper floors, the plan
organization structured around the sofa space has largely been preserved; however, new
additions such as bathrooms and toilets have been introduced in response to contemporary
living requirements. In addition, while some buildings have been adapted to current use through
minimal interventions that largely preserve the original spatial layout, others have undergone
more pronounced modifications. This variation suggests that restoration practices are not
uniform, but rather shaped by decisions specific to each building. In conclusion, restoration
interventions reinterpret traditional houses in line with functional requirements without entirely
altering their original spatial character. This approach highlights the importance of balancing
conservation and contemporary use, contributing to the continuity and sustainability of
traditional residential architecture.

Keywords: Traditional houses of Safranbolu, restoration, spatial organization, spatial
transformation, functional change

1. GIRIS

M.O. 4000’li yillara kadar uzanan koklii bir ge¢mise sahip olan Safranbolu, Hititlerden
Osmanlilara kadar pek cok uygarligin kiiltiirel birikimini barindiran ve bu zengin dokuyu
giiniimiize kadar korumay1 basarmis istisnai bir kenttir. Kentin mekansal kurgusu; topografya
ve iklimsel sartlar dogrultusunda sekillenmistir (Evirgen, 2019; Aktiire ve Senyapili, 1976). Bu
ticlii yapilagsma i¢inde yiikselen Safranbolu konaklari, dogaya ve komsuluk haklarima saygili
yerlesim diizeniyle “Tiirk evi” tipolojisinin en nitelikli Orneklerini temsil etmektedir
(Karabulut, 2020). 1994 yilinda UNESCO tarafindan “Diinya Mimari Miras Listesi’ne dahil
edilen bu yapilar, yalnizca birer konut degil, ayn1 zamanda ylizyillarin imbiginden siiziilen bir
ingaat tekniginin ve sosyal yagsamin somut gostergeleridir (Bayazit, 2014; Safranbolu Belediye

Bagkanligi, 2007) (Sekil 1).
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Sekil 1. Safranbolu geleneksel konutlar

Safranbolu konaklarinin mimari karakterini, ahsap karkas sistem belirlemektedir. Genellikle tas
duvarli ve disa kapali zemin katlar iizerinde yiikselen bu yapilar, st katlarda sokaga ve
manzaraya yonelen cumbalari, genis sacakli ¢atilar1 ve “sofa” etrafinda organize edilen oda
kurgusuyla One ¢ikmaktadir (Gilinay, 1989; Atik, 2011; Eldem, 1968). Yapiminda bolge
ormanlarindan elde edilen kdknar, sarigam ve ceviz gibi agag tiirlerinin ustalikla kullanildigi bu
konaklar, hem estetik hem de deprem dayanimi yiiksek bir yapisal biitiinliik sunmaktadir (Kaya,
1996; Gilinay, 1998). Ancak baslangigta tek bir genis ailenin ihtiyaglari ve mahremiyet algisi
iizerine tasarlanan bu biiylik 6lgekli yapilar, zaman igerisinde degisen aile yapilari ve ekonomik
doniisiimler sonucunda ¢esitli fiziksel miidahalelere maruz kalmistir. Geleneksel konaklarin
miras yoluyla bdliinmesi veya birden fazla ailenin kullanimina agilmasi, 6zgiin plan
semalarinda dikey ve yatay bolimlenmelere, yeni sirkiilasyon elemanlarinin eklenmesine ve
mekansal bozulmalara yol agmistir. 1975 “Avrupa Mimari Miras Y1l1” ile baslayan koruma
bilinci ve 1990’lardan itibaren uygulamaya konulan koruma amagli imar planlari, bu yapilarin
restore edilerek yeniden islevlendirilmesi siirecini hizlandirmistir. Giintimiizde pek ¢ok tarihi
konak, 06zgiin konut islevinden siyrilarak miize, otel veya sosyal tesis gibi modern
fonksiyonlarla kent hayatina yeniden kazandirilmaktadir (Bayazit, 2014; Evirgen, 2019).

Bu calisma ile, Safranbolu’daki geleneksel konutlarda restorasyon siireci sonrasinda ortaya
cikan mekansal degisimler, 6zgiin ve gilincel plan diizenleri iizerinden incelenmektedir. Bu
dogrultuda, calisma, mevcut literatiirde genellikle yap1 Olgeginde ele alinan restorasyon
siireclerini, plan organizasyonu ve islev degisimi iizerinden degerlendirmesi bakimindan

farklilagmaktadir. Secilen 6rnek yapilar dogrultusunda gerceklestirilen aragtirma, restorasyon
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uygulamalarinin  mekansal kurguya etkisini ve Ozellikle islev degisimleri ile plan
organizasyonunda meydana gelen doniistimleri karsilagtirmali olarak ortaya koymay1
amaclamaktadir. Bu kapsamda, kat planlar1 tizerinden yapilan degerlendirmeler ile geleneksel
konutlarin 6zgilin mekansal karakterinin ne 6l¢iide korundugu ve ¢cagdas kullanim ihtiyaglarina
nasil uyum sagladigi ele alinmaktadir.

2. YONTEM

Bu caligsma, Safranbolu’daki geleneksel konutlarda restorasyon siireci sonrasinda ortaya ¢ikan
mekansal islev degisimlerini incelemek amaciyla nitel arastirma yaklasimi dogrultusunda
kurgulanmistir. Arastirma kapsaminda segilen 6rnek yapilar {izerinden karsilastirmali analiz
yontemi uygulanmistir. Calismanin ilk asamasinda, segilen konutlara ait 6zgiin plan diizenleri
incelenerek mekansal organizasyon, mekanlar arasi iliskiler ve katlar arasindaki islev dagilimi
degerlendirilmistir. Bu dogrultuda 6zellikle zemin ve iist kat planlar1 esas alinarak, hayat, sofa,
oda ve servis mekanlarmin konumlanisi analiz edilmistir. Ikinci asamada ise restorasyon
sonrasi planlar incelenmis ve mekansal kurguda meydana gelen degisimler belirlenmistir. Bu
siiregte, mekanlarin islev degisimleri, yeniden diizenlenmesi ve yeni mekan eklenmesi gibi
miidahaleler karsilagtirmali olarak degerlendirilmistir. Calismada kullanilan kat planlari,
Mimar Elif Hacialioglu’nun paylastig: kisisel arsivinden alinan restorasyon projeleri lizerinden
analiz edilmis ve yeniden diizenlenmistir. Elde edilen veriler, 6zgilin ve restorasyon sonrasi
planlarin karsilastirilmasi yoluyla degerlendirilmis ve mekansal degisimler biitiinciil bir
yaklagimla ele alinmistir.

3. BULGULAR

3.1. Yapilarin Ozgiin Hallerinin Incelenmesi

Bu béliimde, ¢alisma kapsaminda incelenen geleneksel konutlarin 6zgiin mekansal kurgulari
kat planlar1 lizerinden ele alinmistir. Yapilar; kat sayilari, katlar arasindaki islevsel dagilim ve
mekanlar arasi iligkiler dogrultusunda ayr1 ayri1 degerlendirilmistir. Bu kapsamda, bodrum,
zemin, ara kat ve iist katlarda yer alan mekénlarin konumlanigt ile kullanim bigimleri
incelenmis; hayat, sofa, oda ve servis mekanlar1 arasindaki iligkiler plan semalar {izerinden
ortaya konulmustur. Ayrica her yapi, sahip oldugu kat organizasyonu ve mekansal diizeni

dogrultusunda kendi i¢inde degerlendirilmistir.
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Sekil 2. Bayr1 Evi’'ne ait kat planlar1 (Mimar Elif Hacialioglu’ndan diizenlenmistir)

Bayr1 Evi, bodrum, zemin, birinci ve ikinci kata sahip olan {i¢ katl1 bir yap1 diizenine sahiptir.
Alt katlarda depo ve ahir gibi servis mekanlarinin yer aldigi, bu alanlarin daha ¢ok {iretim ve
depolama amagl kullan1ldig1 anlasilmaktadir. Ust katlara ¢ikildikca mekéansal kurgunun yasam
alanlarina yoneldigi dikkat cekmektedir. Zemin katta servis iglevlerinin belirgin oldugu, birinci
katta ise odalarin ortak bir dolagim alani etrafinda konumlandig: dikkat ¢ekmektedir (Sekil 2).
Mekanlar arast baglant1 bu merkez {izerinden kurulmakta, ayni katta 1slak hacimlerin de yer
aldig1 anlasilmaktadir. Yapinin genelinde, alt katlarin daha ¢ok servis islevlerine ayrildigi, tist

katlarin ise giinliik yagama yonelik mekanlar1 barindirdig1 bir diizen hakimdir.

Sarthan Evi zemin kat plani Sarihan Evi Ust kat plani

Sekil 3. Sarthan Evi’ne ait kat planlar1 (Mimar Elif Hacialioglu’ndan diizenlenmistir)

Sarithan Evi, bodrum, zemin ve birinci katlardan olusan iki katl bir yerlesim sunmaktadir.
Zemin katta hayat mekani1 merkezde konumlanmakta ve ¢evresinde oda ile ahir birimleri yer
almaktadir. Bu mekan, hem dolagimin saglandigi hem de ortak kullanimin gerceklestigi ana
alan niteligindedir. Birinci katta sofa etrafinda gelisen bir plan diizeni goriilmektedir (Sekil 4).

Odalar bu mekana agilmakta ve mekansal iliski bu ortak alan tizerinden kurulmaktadir. Alt
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kattaki hayat ile iist kattaki sofa arasinda islevsel bir siireklilik bulunmakla birlikte, {ist katta
yasam kullaniminin daha belirgin hale geldigi anlasilmaktadir. Bu yerlesim, alt katta daha agik
ve servis agirliklt bir diizenin, st katta ise daha ice doniik ve yasama yonelik bir kurguya
dontstiigiinii ortaya koymaktadir.

FLaEEhE:
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=
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Demirezen Evi zemin kat plani Demirezen Evi tst kat plani

Sekil 4. Demirezen Evi’ne ait kat planlar1 (Mimar Elif Hacialioglu’ndan diizenlenmistir)

Demirezen Evi, zemin, birinci ve ikinci katlardan olugsmaktadir. Zemin katta hayat mekani ile
birlikte ahir birimlerinin yer aldig1 ve bu katin daha c¢ok servis islevlerine ayrildig1 tespit
edilmistir. Hayat mekani1 planin merkezinde konumlanarak diger birimlerle dogrudan iliski
kurmaktadir. Birinci katta sofa merkezli bir diizen dikkat ¢ekmekte, odalar bu mekanin
cevresine yerlestirilmektedir (Sekil 4). Bu kat, konutun temel yasam alanlarim
barindirmaktadir. Genel yerlesim incelendiginde, alt katlarin servis kullanimina, ist katlarin ise

yasama yonelik mekanlara ayrildig: bir organizasyonun siirdiiriildiigii anlagilmaktadir.

Saritung Evi zemin kat plani Saritung Evi Ust kat plani

Sekil 5. Saritung Evi’ne ait kat planlar1 (Mimar Elif Hacialioglu’ndan diizenlenmistir)
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Saritung Evi, zemin, ara kat ve birinci kattan olusan bir plan diizenine sahiptir. Zemin katta
hayat mekant merkezde yer almakta ve bu alanin g¢evresinde oda ve depo birimleri
konumlanmaktadir. Bu mekan, dolasim ve ortak kullanim agisindan belirleyici bir rol
istlenmektedir. Birinci katta sofa etrafinda gelisen bir plan diizeni goriilmekte, odalar bu
mekana acilarak daha ige dontik bir yasam kurgusu olusturmaktadir (Sekil 5). Ara kat ise katlar
arasinda baglantiy1 saglayan bir gecis diizlemi niteligindedir. Yapr biitiiniinde, farkli kotlarda
devam eden mekansal iliskiler ve kademeli gegisler dikkat gekmekte; hayat ve sofa mekanlari
arasindaki siireklilik farkli seviyelerde stirdiiriilmektedir.

3.2. Mekansal ve islevsel Degisimlerin Karsilastirilmasi

Ozgiin ve restorasyon sonrasi kat planlari birlikte degerlendirildiginde, mekansal diizenin cesitli
miidahaleler araciligtyla yeniden ele alindigi goriilmektedir. Bu miidahaleler, islev degisimi,
mekansal yeniden diizenleme ve yeni mekan eklenmesi dogrultusunda ortaya ¢ikmakta; ancak
bu degisimlerin her yap1 ve kat diizleminde farkli yogunlukta gerceklestigi anlasilmaktadir. Bu
kapsamda, konutlarin restorasyon oncesindeki zemin kat planlarinda degisimin oldugu
mekanlarin renklendirilmesi ile birlikte restorasyon sonrasi planlara ait 6rnekler Tablo 1 ‘de
sunulmaktadir.

Tablo 1. Zemin kat planlarinin karsilastirilmasi: (Mimar Elif Hacialioglu’ndan diizenlenmistir)

|

7

Bayri Evi restorasyon dncesi zemin kat plani Bayri Evi restorasyon sonrasi zemin kat plani

MUTFAK

f——

Sarihan Evi restorasyon oncesi zemin kat plani Sarihan Evi restorasyon sonrasi zemin kat plani
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Demirezen Evi restorasyon éncesi zemin kat Demirezen Evi restorasyon sonrasi zemin kat
plani plani

Saritung Evi restorasyon dncesi zemin kat plani | Saritung Evi restorasyon sonrasi zemin kat plani

Restorasyon sonrasi planlar islev degisimi acgisindan incelendiginde, en belirgin doniisiimiin
zemin katlarda gergeklestigi goriilmektedir. Ozgiin planda depo ve ahir gibi servis islevlerine
ayrilan mekanlarin, restorasyon sonrasinda mutfak ve giindelik kullanima yo6nelik alanlara
dontstiiriildigii dikkat ¢ekmektedir. Bu doniistim yalnizca mekanin islevini degistirmekle
kalmamakta, ayn1 zamanda zemin katin yap1 igerisindeki roliinii de yeniden tanimlamaktadir.
Baslangigta daha ¢ok servis ve iiretim faaliyetlerine ayrilan bu kat, restorasyon sonrasinda
yasamla dogrudan iliski kuran bir mekana doniismektedir. Bu durum, katlar arasindaki islevsel
ayrimin kismen esnemesine ve kullanimin daha biitiinciil bir hale gelmesine yol agmaktadir.
Bununla birlikte, baz1 planlarda hayat mekaninin korunarak yeni islevlerle birlikte kullanilmaya
devam ettigi ve bu sayede 6zgiin dolasim kurgusunun tamamen ortadan kaldirilmadig: dikkat
cekmektedir. Ayrica, kullanim ihtiyacina bagl olarak 6zgiin plan kurgusuna uymayan
mekanlarin restorasyon siirecinde kaldirildigi da goriilmektedir.

Mekansal yeniden diizenlemeler incelendiginde, miidahalelerin ¢ogunlukla mevcut plan
semasini biitiiniiyle degistirmek yerine, mevcut mekanlarin yeniden organize edilmesi seklinde
gerceklestigi anlagilmaktadir. Ozellikle oda mekanlarinda yapilan boliinmeler, mekanlarin daha

kiiciik ve islevsel birimlere ayrilarak kullanim ¢esitliliginin artirilmasina olanak saglamaktadir.
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Bu tiir diizenlemeler, 6zgiin plan kurgusunun ana karakterini korurken, mekanlarin ¢cagdas
kullanim ihtiyag¢larina uyarlanmasint miimkiin kilmaktadir. Bununla birlikte, bazi yapilarda
mekansal diizenin biiyiikk Ol¢lide korunarak daha smirli miidahalelerle gilincel kullanima
uyarlandigi, bazi1 6rneklerde ise boliinmelerin daha belirgin oldugu ve plan organizasyonunun
daha pargali bir hale geldigi gézlemlenmektedir. Bu farklilik, miidahale diizeyinin yapidan
yapiya degistigini ortaya koymaktadir.

Yeni mekan eklenmesi kapsaminda degerlendirildiginde, iist katlarda we ve banyo gibi 1slak
hacimlerin planlara dahil edilmesi en belirgin miidahalelerden biri olarak one ¢ikmaktadir.
Ozgiin plan semasinda yer almayan bu mekanlarin eklenmesi, 6zellikle sofa etrafinda gelisen
mekansal organizasyon iizerinde dogrudan etkili olmaktadir. Sofa mekani genel olarak
korunmakla birlikte, bu alana eklemlenen yeni birimler mekansal biitiinligi kismen
doniistiirmekte ve dolasim iliskilerinde yeniden diizenlemelere yol agmaktadir. Baz1 planlarda
bu eklemelerin sofa alanindan pay alinarak gerceklestirildigi, bazi durumlarda ise odalarla
iliskilendirilerek ¢oziimlendigi goriilmektedir. Bu durum, miidahale big¢imlerinin tek tip

olmadigini ve plan kurgusuna gore farkli ¢coziimler iiretildigini gostermektedir (Tablo 2).

Tablo 2. Ust kat planlarinin karsilastirilmasi (Mimar Elif Hacialioglu’ndan diizenlenmistir)
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Sarthan Evi restorasyon dncesi Ust kat plani Sarithan Evi restorasyon sonrasi Ust kat plani
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Saritung Evi restorasyon 6ncesi Ust kat plani | Saritung Evi restorasyon sonrasi Ust kat plani

Ust katlar genel olarak degerlendirildiginde, 6zgiin plan semasinin korunmasima yonelik bir
yaklagimin benimsendigi, ancak bu semanin yeni kullanim ihtiya¢larina uyum saglayacak
sekilde yeniden yorumlandig1 anlagilmaktadir. Sofa etrafinda gelisen mekénsal organizasyonun
stirekliligi korunurken, eklenen islak hacimler ve yeniden diizenlenen oda kullanimlari,
mekansal iligkilerin tamamen de8ismesine neden olmadan giincellenmesine imkéan
tanimaktadir. Bu durum, miidahalelerin tamamen dondstiiriicii degil, daha ¢ok uyarlayici bir
karakter tasidigin1 gostermektedir. Bunun yami sira, bazi orneklerde ¢ikma ve balkon
mekanlarinin kullaniminda da degisiklikler oldugu anlasilmaktadir. Ozgiin planda disa tagkin
olarak kurgulanan bu mekanlarin, restorasyon sonrasinda i¢ mekanla daha biitiinlesik bir
kullanima doéniistiigli anlasilmaktadir. Bazi durumlarda bu alanlarin oda kullanimina dahil
edildigi, baz1 orneklerde ise mekénsal siirekliligi artiracak sekilde yeniden diizenlendigi
goriilmektedir. Bu tlir miidahaleler, yalnizca mekansal islev degisimi ile sinirli kalmayip, ayni
zamanda i¢-dis mekan iligkisini ve plan sinirlarini da etkilemektedir. Cikma mekanlarinin
yeniden ele alinmasi, geleneksel konutlarda mekansal genisleme ve kullanim esnekligi

acisindan énemli bir doniisiim olarak degerlendirilebilir.
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Bununla birlikte, restorasyon siirecinde yapiya sonradan eklenen mekanlarin 6zgiin plan
kurgusuna uygun bi¢imde yeniden diizenlenmesi ya da kaldirilarak yapimin ilk mekansal
diizenine yaklastirilmas: da dikkat ¢cekmektedir. Bu tiir miidahaleler, yalnizca tekil yapilar
Olceginde degil, Safranbolu geleneksel konutlarinin 6zgilin mekansal karakterinin korunmasi
acisindan da dnem tasimaktadir. Ozellikle zaman iginde olusan eklemelerin geri alinmasi, plan
biitiinliigiiniin yeniden saglanmasina katki sunmakta ve yapinin 6zgiin mimari kimliginin daha
okunabilir hale gelmesini miimkiin kilmaktadir.

Buna gore, restorasyon siirecinde zemin katlarda daha belirgin ve doniistiiriicii miidahalelerin
gergeklestirildigi, iist katlarda ise daha kontrollii ve smirli miidahalelerin tercih edilmistir.
Zemin katlarda islev degisimi on plana ¢ikarken, iist katlarda mekansal organizasyonun
korunarak yeni ihtiyaglara gore diizenlemeler yapilmistir. Bu farklilasma, geleneksel
konutlardaki 6zgiin katlar arasi islev dagiliminin ortadan kaldirilmadigini, giincel kullanim
gereksinimleri dogrultusunda yeniden yorumlandigini ortaya koymaktadir.

3.3. Genel Degerlendirme

Elde edilen bulgular, restorasyon uygulamalarinin geleneksel konutlarin 6zgiin mekansal
kurgusunu tamamen ortadan kaldirmaktan ziyade, mevcut diizeni giincel kullanim ihtiyaglarina
uyarlama yoniinde sekillendigini gdstermektedir. Ozellikle zemin katlarda gergeklestirilen islev
degisimleri, konutun kullanim bi¢imini dogrudan etkileyen midahaleler olarak One
cikmaktadir. Servis mekanlarinin yasamla iligkili alanlara doniistiiriilmesi ile daha biitiinciil bir
kullanim saglanmaktadir.

Buna karsilik, st katlarda miidahaleler daha sinirhi tutulmus ve 6zgilin plan semasinin
korunmasina dikkat edilmistir. Sofa etrafinda gelisen mekansal organizasyonun biiyiik 6l¢iide
devam ettirilmesi ile geleneksel konut tipolojisinin temel 6zellikleri siirdiiriilmektedir. Ancak
bu mekanlara eklenen 1slak hacimler, 6zellikle dolasim iligkileri ve mekansal biitiinliik tizerinde
belirli etkiler olusturmaktadir. Ayrica, mekénsal diizenlemelerin yapidan yapiya farklilik
gostermesi, restorasyon siirecinde tek tip bir yaklasimin benimsenmedigini, aksine her yapinin
kendi mekansal oOzellikleri dogrultusunda ele alindiginm1 gostermektedir. Bu durum,
miidahalelerin hem koruma hem de kullanim dengesi gozetilerek gerceklestirildigine isaret
etmektedir. Bu doniigiimlerin, koruma ve kullanim dengesini gdzeten bir yaklasimla ele
alinmasi, geleneksel konut tipolojisinin siirdiiriilebilirligi agisindan 6nemli bir potansiyel
sunmakta olup, geleneksel konutlarin yalnizca korunmasi degil, yasatilarak siirdiiriilebilir

kilinmas1 gerektigini ortaya koymaktadir.
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4. SONUC

Bu calisma kapsaminda incelenen Safranbolu geleneksel konutlarinda, restorasyon siireci
sonrasinda mekansal islev degisimlerinin belirli egilimler dogrultusunda gergeklestigi
goriilmiistiir. Ozellikle zemin katlarda servis islevine sahip mekanlarin mutfak ve yasam
alanlarina doniistliriilmesi, en belirgin doniisiim olarak 6ne ¢ikmaktadir. Bu degisim, konutun
kullanim kurgusunu yeniden tanimlayan temel miidahalelerden biridir. Ust katlarda ise 6zgiin
plan semasini biiylik dl¢iide korunmus, ancak kullanim ihtiyaglarina bagl olarak 1slak hacim
gibi yeni mekanlar eklenmistir. Bu eklemeler, mekansal organizasyonu tamamen
degistirmemekle birlikte, plan kurgusunun yeniden yorumlanmasina neden olmaktadir.

Genel olarak degerlendirildiginde, restorasyon uygulamalarinin geleneksel konutlarin 6zgiin
mekansal karakterini ortadan kaldirmadan, cagdas yasam ihtiyaglarina uyum saglayacak
sekilde yeniden diizenlendigi anlagilmaktadir. Bu siirecte, koruma ve kullanim dengesi
gozetilerek gerceklestirilen miidahaleler, geleneksel konutlarin siirdiiriilebilirligine katki
saglamaktadir.
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OZET

Geleneksel konutlar, bulunduklar1 toplumun yasam bi¢imini, kiiltiirel birikimini ve mekansal
aliskanliklarini yansitan 6nemli mimari olusumlardir. Bu yapilar, yalnizca barinma ihtiyacini
karsilayan fiziksel birimler olmanin Otesinde, kentsel kimligin olusumunda belirleyici rol
oynayan unsurlar arasinda yer almaktadir. Ancak hizli kentlesme, fiziksel yipranma ve islev
degisimleri gibi nedenlerle bu yapilarin 6zgiin nitelikleri zamanla degisime ugramakta ya da
yok olma riski ile karsit karsiya kalmaktadir. Bu durum, geleneksel konut dokusunun
belgelenmesini ve mimari Ozelliklerinin sistematik bi¢cimde incelenmesini 6nemli hale
getirmektedir. Tokat kentinde yer alan geleneksel konutlar, Anadolu konut kiiltiiriiniin yerel
Olcekteki yansimalarini gostermesi bakimindan dikkat ¢ekmektedir. Bu konutlarda sokak
cephesini tanimlayan en 6nemli mimari elemanlardan biri olan ¢ikmalar, hem mekéansal
kullanim hem de kentsel siliiet agisindan belirleyici bir rol iistlenmektedir. Farkli bi¢cimsel
ozellikler gosteren bu elemanlar, sokak dokusunun algilanisin1 dogrudan etkileyen unsurlar
arasinda yer almaktadir. Bu ¢aligma, Tokat kent merkezinde yer alan, geleneksel konut dokusu
ile daha yakin donem yapilasmalarin bir arada gozlemlenebildigi ve turistik hareketliligin
yogun oldugu Haci Miinirbey Sokagi iizerindeki geleneksel konutlarda bulunan c¢ikma
elemanlarini tipolojik agidan ele almay1 ve bu elemanlarin sokak siliieti {izerindeki etkilerini
degerlendirmeyi amaclamaktadir. Bu dogrultuda saha goézlemleri ve fotograf temelli
incelemeler gerceklestirilmis; elde edilen veriler belirli dlgiitler ¢ercevesinde siniflandirilarak
degerlendirilmistir. Bu calismanin, Hact Miinirbey Sokagi orneginde ¢ikma elemanlarinin
tipolojik 6zellikleri ile sokak siliieti arasindaki iliskinin daha agik bigimde ortaya konulmasina
katki saglamas1 hedeflenmektedir.

Anahtar kelimeler: Geleneksel konut mimarisi, Tokat geleneksel konutlari, ¢ikma, tipolojik

analiz, sokak siliieti
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THE IMPACT OF PROJECTIONS ON STREET SILHOUETTE ALONG A
TOURISTIC URBAN AXIS: THE CASE OF HACI MUNIRBEY STREET (TOKAT)

ABSTRACT

Traditional houses are significant architectural entities that reflect the lifestyle, cultural
accumulation, and spatial practices of the societies in which they exist. Beyond serving as
physical structures that meet basic shelter needs, these buildings play a defining role in the
formation of urban identity. However, factors such as rapid urbanization, physical deterioration,
and functional transformations have led to changes in their original characteristics or even their
gradual disappearance. This situation highlights the importance of documenting traditional
residential fabrics and systematically examining their architectural features. Traditional houses
in Tokat represent notable examples reflecting local interpretations of Anatolian housing
culture. Among the architectural elements defining the street fagade of these houses, projections
stand out as one of the most distinctive features, playing a significant role in both spatial use
and the formation of the urban silhouette. With their varying forms, these elements directly
influence the perception of the street environment. This study aims to examine the projections
found in traditional houses located on Haci Miinirbey Street, situated in the city center of Tokat,
where traditional residential fabric and more recent urban developments coexist and where
touristic activity is intense. The study evaluates these elements from a typological perspective
and investigates their effects on the street silhouette. Field observations and photograph-based
analyses were conducted, and the collected data were classified and evaluated according to
specific criteria. The study is expected to contribute to a clearer understanding of the
relationship between the typological characteristics of projections and the street silhouette in
the case of Hac1 Miinirbey Street.

Keywords: Traditional residential architecture, Traditional houses in Tokat, projections,
typological analysis, street silhouette

1. GIRIS

Konut kavrami, insanin temel gereksinimlerinden biri olan barinma ihtiyacina karsilik gelmekle
birlikte, zamanla kiiltiirel, sosyal ve ekonomik kosullarin etkisiyle bi¢imlenen bir mimari {iretim
alan1 olarak geligsmistir. Bu yoniiyle konutlar, yalnizca fiziksel bir barinma mekani degil, ayn1
zamanda toplumlarin yasam bigimlerini, degerlerini ve kiiltiirel birikimlerini yansitan 6nemli
mekansal olusumlardir. Kentlerin fiziksel ozellikleri ile toplumsal yapilarinin birlikte
degerlendirilmesi, kentsel kimligin olusumuna etki eden temel dinamiklerin anlasilmasin
miimkiin kilmaktadir (Pa¢ ve Binan, 2019). Geleneksel konutlar, bulunduklar1 cografyanin

iklimsel kosullari, topografyasi, malzeme olanaklar1 ve toplumsal yapist dogrultusunda

62




2 ISARC

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

sekillenmektedir. Anadolu’da farkli bolgelerde ¢esitlilik gosteren bu konutlar, “Tiirk evi”
olarak tanimlanan ortak bir anlayis cergevesinde ice doniik plan kurgusu ve mekansal
organizasyon Ozelliklerini paylagsmaktadir (Akin ve Hanoglu, 2013). Bu durum, yerel
farkliliklara ragmen belirli bir mimari stirekliligin varligini ortaya koymaktadir.

Tokat kentinde yer alan geleneksel konutlar, s6z konusu genel 6zelliklerin yerel kosullar
cergevesinde yorumlandigi 6zgilin drnekler arasinda yer almaktadir. Ahsap karkas ve himisg
yapim teknikleri ile insa edilen bu yapilar, tas temel iizerine oturan ve dolgu malzemelerle
tamamlanan bir sistemden olusmaktadir. Bagdadi tekniginin 6zellikle boliicii elemanlarda ve
¢ikmalarda kullanilmasi, bu yapilarin karakteristik 6zelliklerinden biri olarak one ¢ikarken,
tavan ve dosemelerde ahsap malzeme tercih edilmistir. Genellikle zemin, ara kat ve {ist kattan
olusan bu konutlar, yalin plan diizenlerine ragmen mekansal agidan zengin ¢oziimler
sunmaktadir (Akin ve Ozen, 2010; Uzun ve Talu, 2019). Tokat evlerinde ¢ikmalar, sokak
cephesini tanimlayan en belirgin ve karakteristik mimari elemanlar arasinda yer almakta ve
onemli bir bigimsel ¢esitlilik gostermektedir (Akin ve Ozen, 2010). Cikmalarin giris iistiinde,
girisin iki yaninda ya da cephe boyunca serbest bicimde konumlanabildigi; cogunlukla sokak
cephesinde yer alarak manzara ile iliski kurma ve i¢ mekan1 genisletme gibi islevler {istlendigi
goriilmektedir. Bu 6zellikleriyle ¢ikmalar, yalnizca yapiya ait bir eleman olmanin Gtesinde,
sokak boyunca farkli perspektifler olusturarak kentsel mekanin algilanisini ve siliietini
dogrudan etkileyen bir bilesen haline gelmektedir (Akin ve Ozen, 2010; Uzun ve Talu, 2019).

Tokat’taki geleneksel konutlarin 6nemli bir boliimii, kullanilan malzemenin dogasi ve deprem,
sel, yangin gibi afetlerin etkisiyle giiniimiize sinirli sayida ulasabilmis olup, mevcut 6rnekler
cogunlukla 19. yiizyil ortalari ile 20. yiizy1l baslarina tarihlendirilmektedir (Akin, 2025; Kalkan
vd., 2019). Bu durum, mevcut yapilarin belgelenmesi ve incelenmesini daha da énemli hale
getirmektedir. Kentte anitsal yapilarin yani sira ¢ok sayida sivil mimarlik 6rneginin bulunmasi
ve geleneksel konut dokusunun belirli sokaklarda yogunlagmasi, bu alanlarin kentsel bellek
acisindan 6nemini artirmaktadir (Akgay, 2013).

Tiirk evinde ¢ikmalarin, i¢ mekén diizenini korumaya yonelik bir ¢6ziim olarak ortaya ¢iktigi
ve arsa kaynakli diizensizliklerin bu elemanlar araciligiyla giderildigi bilinmektedir (Eldem,
1954). Zaman igerisinde bu islevsel ¢6ziimiin, cephe kompozisyonunu zenginlestiren ve sokak
siliietini dogrudan etkileyen 6nemli bir mimari bilesene dontistiigii goriilmektedir. Bu yoniiyle
cikmalar, yalnizca yapiya ait bir eleman degil, ayni zamanda sokak 6l¢eginde mekansal algiy1
sekillendiren bir unsur olarak degerlendirilmektedir.

Bu tiir mimari 6gelerin belgelenmesi ve analiz edilmesinde fotograf temelli yaklagimlar 6nemli

bir ara¢ sunmaktadir. Fotograf aracilifiyla elde edilen veriler, yapilarin yalnizca fiziksel
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ozelliklerinin kaydedilmesini degil, ayni zamanda mimari &gelerin tipolojik olarak
degerlendirilmesini miimkiin kilmaktadir. Bu durum, 6zellikle doniisiim siirecindeki geleneksel
konut dokusunun anlasilmasi ve korunmasi agisindan 6nemli katkilar saglamaktadir (Srivastava
ve Naaz, 2024; Ayyildiz ve Ozbayraktar, 2018).

Bu baglamda, Tokat kent merkezinde yer alan Haci Miinirbey Sokagi, geleneksel konut
dokusunun siirekliligini ve degisimini birlikte gdzlemleme imkan1 sunan, turistik hareketliligin
yogun oldugu ve geleneksel konut dokusunun izlerini barindiran 6nemli bir kentsel aks
niteligindedir. Sokakta gerceklestirilen sagliklagtirma ve cephe iyilestirme uygulamalarinin da
bu dokunun giintimiizde daha okunur hale gelmesine katki sagladig1 sdylenebilir. Bu ¢alisma,
Hac1 Miinirbey Sokagi tizerindeki geleneksel konutlarda bulunan ¢ikma elemanlarinin tipolojik
ozellikleri cercevesinde, sokak siliieti tizerindeki etkilerini degerlendirmeyi amaglamaktadir.
2. YONTEM

Bu calismanin materyalini, Tokat kent merkezinde Kabe-i Mescid Mahallesi’nde bulunan Haci
Miinirbey Sokag: ile bu sokak iizerinde yer alan geleneksel konut 6rnekleri olugturmaktadir.
Calisma alani, Sulusokak ile Halit Sokak arasinda uzanan ve Ali Pagsa Camii’ne erisim saglayan
bir kentsel aks iizerinde yer almakta olup, turistik hareketliligin yogun oldugu ve kentin 6nemli
ziyaret noktalarina yakin konumuyla 6ne cikan bir giizergah niteligindedir. Ayni1 zamanda
geleneksel konut dokusuna ait farkli ornekleri bir arada barindirmasi, alanin arastirma
kapsaminda degerlendirilmesini anlamli kilmaktadir (Sekil 1).
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Sekil 1. Hac1 Miinirbey Sokagi’nin Tokat kent merkezi i¢erisindeki konumu ve turistik
odaklara yakinligi (Google Earth (2026)’ten diizenlenmistir)

Arastirma siirecinde, sokak iizerindeki yapilar yerinde yapilan saha calismalar ile tespit
edilmis; c¢ikma elemanina sahip konutlar belirlenerek her biri referans numaralar ile

kodlanmistir. Calismada veri toplama siireci, yerinde goézlem ve fotograf temelli kayit
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yontemine dayanmaktadir. Yapilarin yalnizca dis cepheleri incelenmis; ¢ikma elemanlarinin
geometrik formu, cephe ilizerindeki konumu ve tasiyict sistem Ozellikleri seklindeki fiziksel
nitelikleri degerlendirilmistir. Elde edilen veriler, tipolojik siniflandirma yontemi ¢ergcevesinde
analiz edilmistir.

Tipolojik smiflandirma stirecinde, Sedad Hakki Eldem’in cephe organizasyonuna yonelik
yaklagimlart (1954), Kuban’in (1995) yapisal degerlendirmeleri, Emine Saka Akin’in (2010)
Tokat geleneksel konut dokusu {izerine gergeklestirdigi morfolojik analizler ile Gilinay’in
(1981) geleneksel ahsap yap1 teknikleri ve ¢ikma detaylaria iliskin terminolojik ve gorsel
analiz kriterleri birlikte ele alinarak degerlendirme 6l¢iitleri olusturulmustur. Analiz siirecinde,
elde edilen tipolojik veriler karsilastirmali olarak incelenmis ve ¢ikma elemanlarinin sokak
siliieti lizerindeki etkileri, mekansal siireklilik, cephe hareketliligi ve gorsel algi baglaminda
yorumlanmstir. Ayrica sokak tizerindeki yapilarin bitisik ve ayrik nizamda bulunmasi, farkl
cikma tiplerinin sokak Olceginde olusturdugu etkilerin birlikte degerlendirilmesine imkan
tanimistir.

3. BULGULAR

Haci1 Miinirbey Sokagi {lizerinde gergeklestirilen saha caligmalar1 sonucunda, incelenen
yapilarin 14’iinde ¢ikma elemaninin bulundugu tespit edilmis ve bu yapilar calisma kapsaminda
referans kodlar1 (K1-K14) ile tanimlanmistir. Caligma alanina ait genel yerlesim diizeni ve
cikmali konutlarin sokak tizerindeki dagilimi Sekil 2°de gosterilmekte olup, incelenen tiim

yapilara ait fotograflar Ek Tablo 1’de sunulmustur.

[ ] Hac1 Miinirbey Sokagi [ ]Cikmali geleneksel konutlar

Sekil 2. Hac1 Miinirbey Sokagi lizerindeki yer alan ¢ikmali yapilarin belirlenmesi (Google
Earth (2026)’ten diizenlenmistir)
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Buna gore, ¢ikmali yapilarin sokak boyunca siireklilik gosterdigi ve belirli kesimlerde
yogunlastigi goriilmektedir. Bununla birlikte, sokak iizerindeki yapilasma diizeninde belirgin
bir farklilasma dikkat ¢ekmektedir. Sulusokak Caddesi’nden Halit Sokak yoniine dogru
ilerlenirken, sag tarafta geleneksel konut Orneklerinin yogunlastigi; sol tarafta ise ¢agdas
yapilarin daha baskin oldugu, bununla birlikte geleneksel Orneklerin de yer aldigi

gozlemlenmistir (Sekil 3).

Sekil 3. Hac1 Miinirbey Sokagi goriintimleri (Yazar arsivi)

Bununla birlikte, sol tarafta yer alan yapilardan birinin yikilma tehlikesi nedeniyle giiniimiize
ulasamamis olmasi, sokak biitlinliglinde yerel bir kesinti olusturmustur. Genel olarak sag
cephede yapilarin daha yogun ve stireklilik gosteren bir bitisik nizam olusturdugu; sol cephede
ise bitisik nizam korunmakla birlikte yapilarin daha seyrek yerlestigi gdzlemlenirken, sokak
siliietinde bir tarafta daha dolu ve siireklilik arz eden bir cephe etkisi, diger tarafta ise aralikli
ve daha gecirgen bir yap1 diizeni olusmustur.

3.1 Tipolojik Dagilim

Arastirma kapsaminda yiiriitiilen saha ¢aligmalar1 ve yerinde gozlemler dogrultusunda ¢alisma
alaninda bulunan ¢ikma tiirleri belirlenmistir. Calisma alaninda tespit edilen ¢ikma tiplerinin
bicimsel 6zelliklerine iliskin degerlendirmenin daha anlasilir hale getirilmesi amaciyla, referans
alinan tipolojik smiflandirma parametreleri esas alinarak hazirlanan {i¢ boyutlu sematik

¢izimler Tablo 1’de sunulmustur.
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Tablo 1. Hac1 Miinirbey Sokagi tizerindeki ¢ikma tiirlerine yonelik ii¢ boyutlu sematik ¢izimler
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Konsol ¢ikma Payandali ¢ikma Bindirmeli ¢ikma

Bu ¢ercevede ¢ikmalar; kapalilik durumu, geometrik 6zellikleri, tasiyict sistem bigimi, cephe
tizerindeki konumlanis1 ve katlar arasindaki siireklilik durumuna gore ele alinmistir. Belirlenen
tipolojik 6zellikler kendi igerisinde gruplandirilmis olup, Tablo 2’de karsilastirmali bir sekilde
verilmistir.

Tablo 2. Hac1 Miinirbey Sokagi iizerindeki ¢ikmali konutlarin tipolojik 6zellikleri

Ref. Kodu [Kapalilik Durumu Form Tastyic1 Sistem Konum
K1 Kapali ¢ikma Gonye Bindirme Tiim cephe
K2 Acik ¢ikma Dikdortgen Bindirme Orta aks
K3 Acik ¢ikma Dikdortgen Payanda Tiim cephe
K4 Kapali ¢ikma Dikdortgen Bindirme Tiim cephe
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K5 Kapali ¢ikma Dikdortgen Bindirme Tim cephe
K6 Kapali ¢ikma Dikdortgen Bindirme Tim cephe
K7 Kapali ¢ikma Dikdortgen Bindirme Tiim cephe
K8 Kapali ¢ikma Dikdortgen Bindirme Tim cephe
K9 Kapali ¢ikma Dikdoértgen Bindirme Orta aks

K10 Kapali ¢ikma Dikdortgen Bindirme Orta aks

K11 Kapali ¢ikma Dikdortgen Bindirme Orta aks

K12 Kapali ¢ikma Dikdoértgen Bindirme Tim cephe
K13 Kapali ¢ikma Dikdortgen Konsol Tiim cephe
K14 Kapali ¢ikma Dikdoértgen Bindirme Tim cephe

Hac1 Miinirbey Sokagi’ndaki konutlar incelendiginde, ¢ikmalarin kapalilik durumlari, formlari,
tastyict sistemleri ve cephe lizerindeki konumlari agisindan g¢esitlilik goriilmektedir. Bu
baglamda, sokakta bulunan ¢ikmalarin tipolojik 6zelliklerini temsil eden yap1 6rnekleri Sekil

4’te verilmistir.

K1 K3 K6 K13
Sekil 4. Hac1 Miinirbey Sokagi’nda farkli ¢ikma tiplerine ait 6rnekler (Yazar arsivi)

Elde edilen veriler dogrultusunda, ¢ikmalar genellikle kapali ¢ikma (cumba) seklinde insa
edilmistir. Acik ¢ikma 6rneklerinin az sayida olmasi, sokak dokusunda daha biitiinciil ve
siireklilik gosteren bir cephe karakterinin olusmasima katki saglamistir. Geometrik form
bakimindan, ¢ikmalarin bilylik kismimin dikdortgen bicimde tasarlanirken, yalnizca tek bir
ornekte gonye formu bulunup, sokak boyunca cephelerde belirgin bir bigimsel stireklilik ortaya

cikmugtir. Tasiyici sistemler agisindan degerlendirildiginde, bindirmeli ¢ikma kullaniminin 6n
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planda oldugu; buna karsilik konsol ve payanda tekniklerinin sinirli sayidaki 6rnekte tercih
edildigi goriilmektedir. Bindirmeli ¢ikma ¢oziimlerin yayginligi, geleneksel yapim anlayisinin
sokakta giiclii bir sekilde varligini siirdiirdiigiinii géstermektedir. Cikmalarin cephe tizerindeki
yerlesimi incelendiginde, cogunlukla tiim cephe boyunca devam eden 6rnekler agirlikta olup,
orta aksa yerlesen ¢ikmalar daha siirli kalmistir. Yapilarin iist katlarmin alt kata gore
genisletilmesine dayanan geleneksel mekansal yaklagim sokak Olgeginde de belirleyici
olmustur. Kat stirekliligi acisindan tiim ornekler tek katla sinirli iken, cephelerde dikey bir
vurgudan ¢ok yatay bir etki olusmustur.

3.2 Sokak Siliieti Analizi

Sokak siliieti, yapilarin yiikseklikleri, cephe siirekliligi, doluluk-bosluk orani ve ¢ikma
elemanlarinin olusturdugu yatay hatlar iizerinden okunabilmektedir. Haci Miinirbey
Sokagi’nda yer alan ¢ikma elemanlari, sokak siliietinin olusumunda belirleyici bir rol
tistlenmektedir. Ozellikle dikdértgen formda ve cephe boyunca devamlilik gdsteren gikmalarin
yayginligi, st kat hizasinda kesintisiz bir hat olusturmaktadir. Cikmalarin ¢ogunlukla birinci
katta konumlanmasi ve tist iiste tekrar eden Orneklerin bulunmamasi, siliietin dikey yonde
yogunlagsmasini sinirlamakta; buna karsilik yatay bant etkisini 6ne ¢ikarmaktadir. Kapal
cikmalarin baskinligi, sokak kesitinde sinirlarin daha belirgin algilanmasina neden olurken;
sinirht sayidaki agik ¢ikma Ornekleri bu biitiinliik igerisinde yerel olgekte farklilagmalar
olusturmaktadir. Boylece sokakta hem siireklilik hem de smirli cesitlilik birlikte
okunabilmektedir.

Sokak boyunca yapilasma diizeni incelendiginde, sag cephede geleneksel konutlarin daha
yogun ve kesintisiz bir dizilim olusturdugu; sol cephede ise ¢agdas yapilarin agirlikta oldugu,
bununla birlikte geleneksel orneklerin de yer aldig1 goriilmektedir. Sol cephede yapilarin daha
seyrek yerlesmesi ve bir yapinin yikilmig olmasi, bu kesimde cephe siirekliligini zayiflatmakta
ve siliiette yer yer bosluklarin olusmasina neden olmakta ve iki cephe arasinda doluluk-bosluk
dengesi bakimindan farkl bir alg1 ortaya ¢ikmaktadir.

3.3 Genel Degerlendirme

Hac1 Miinirbey Sokagi’nda elde edilen bulgular, ¢ikma elemanlarinin yalnizca tekil cephe
diizenlemeleri olarak degil, sokak dlceginde biitiinciil bir mekansal alginin olusumunda etkili
bilesenler olarak degerlendirilebilecegini gostermektedir. Cikmalarm belirli bir diizen
icerisinde tekrar etmesi, sokak boyunca gorsel siirekliligin okunmasini kolaylagtirmakta ve
cepheler arasinda iliskisel bir biitiinliik kurulmasina katki saglamaktadir. Bu baglamda, sokak
siliieti yalnizca yapi yiikseklikleriyle degil, cephe elemanlarinin diizenlenis bigimiyle de

sekillenmistir. Sokak genelinde gozlenen yapilasma farkliliklari, ¢ikmalarin etkisinin her
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kesitte ayn1 diizeyde algilanmadigini gostermektedir. Geleneksel konutlarin daha yogun oldugu
boliimlerde ¢ikmalarin olusturdugu diizen daha belirgin bigimde okunabilirken, cagdas
yapilarin yer aldigi ve yapi araliklarinin arttigi kesimlerde bu etki zayiflamakta ve siireklilik
yer yer kesintiye ugramaktadir. Bu durum, siliietin olusumunda yalnizca tekil mimari
elemanlarin degil, yapilarin birbirleriyle kurdugu iliskilerin de belirleyici oldugunu
gostermektedir.

Ote yandan, sokakta gergeklestirilen iyilestirme ve cephe diizenleme uygulamalarinin, mevcut
mimari 0gelerin algilanabilirligini artirdig1 ve sokak biitiinlinde daha okunur bir cephe diizeni
olusturdugu soylenebilir. Genel olarak degerlendirildiginde, ¢ikmalar Haci Miinirbey
Sokagi’nda sokak siliietinin olusumuna katki saglayan, mekansal siirekliligi destekleyen ve
kentsel algiy1 yonlendirerek sokak siliietini bicimlendiren dnemli elemanlardan biridir.

4. SONUC

Bu ¢alismada, Tokat kent merkezinde yer alan Haci1 Miinirbey Sokag: iizerindeki geleneksel
konutlarda bulunan ¢ikma elemanlari, tipolojik 6zellikleri ve sokak siliieti tizerindeki etkileri
baglaminda incelenmistir. Elde edilen bulgular, ¢ikmalarin yalnizca cepheye ait ikincil bir 6ge
olarak degil, sokak siliietinin olusumunda belirleyici temel bilesenlerden biri olarak
degerlendirilmesi gerektigini gostermektedir.

Hac1 Miinir Bey Sokagi’ndaki ¢ikmalarin biiyiik bir oran1 kapali tipte ve dikdortgen formda
kurgulanmig, 6nemli bir kismi ise cephe boyunca devam ettirilmistir. Cikmalar, {ist kat
hizasinda devamlilik gdsteren bir hat olusturarak sokak siliietinde yatay dogrultuda belirgin bir
biitiinliik etkisi meydana getirmektedir. Cikmalarin tek kat diizeyinde kalmas: ise siliiette dikey
yogunlagsmay1 sinirlamakta ve yatay etkinin baskin hale gelmesine neden olmaktadir. Boylece
sokak boyunca daha dengeli ve siireklilik arz eden bir cephe kurgusu algilanmaktadir.

Tasiyict sistemler bakimindan genellikle bindirme teknigi uygulanmis olup, az sayidaki 6rnekte
payanda ve konsol gibi ¢oziimler de bulunmakla birlikte, bu farkliliklarin siliiet tizerinde
belirgin bir farklilik olusturmadigi anlasilmaktadir. Buna karsilik, ¢ikmalarin bigimi, cephe
iizerindeki konumu ve tekrar eden diizeni, sokak karakterinin algilanmasinda daha etkili
unsurlar olarak 6ne ¢ikmaktadir. Geleneksel yapilarin yogun oldugu kesimlerde ¢ikmalarin
olusturdugu devamlilik daha giiclii bi¢imde algilanirken, ¢agdas yapilarin yer aldigi ve
yapilarin daha seyrek konumlandig: alanlarda bu etkinin zayifladig1 goriilmektedir. Bununla
birlikte, sokakta gergeklestirilen sagliklastirma ¢alismalarinin, cephe diizenlerinin daha okunur
hale gelmesine katki sagladigi ve ¢ikma elemanlarinin sokak 6lgeginde daha belirgin bi¢imde

algilanmasina imkan tanidig1 sdylenebilir.
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Sonug olarak, ¢ikmalar, Hac1 Miinirbey Sokagi’nda sokak siliietini tanimlayan, mekansal
sirekliligi destekleyen ve kentsel algiyr yonlendiren baslica cephe elemanlar1 arasinda yer
almaktadir. Bununla birlikte, sokak siliieti yalnizca yap1 kiitleleriyle degil, cephe elemanlarinin
diizenlenis bi¢cimiyle de sekillenmektedir. Bu kapsamda ¢alisma, geleneksel konut mimarisine
ait cephe 6gelerinin yalnizca yap1 6lgeginde degil, sokak ve kentsel baglam icinde birlikte
degerlendirilmesinin 6nemini ortaya koymaktadir.
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Ek 1. Hac1 Miinirbey Sokagi’nda yer alan K1-K14 Kodlu Yapilarin Cephe Fotograflar
Ek Tablo 1. K1-K14 kodlu yapilarin cephe fotograflar: (Yazar arsivi)

K6 K7 K8 K9 K10

K11 ' K12 K13 K14
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OZET

Elektropolisaj islemi, metal yiizeylerin korozyon direncini artirmak, ylizey piirtizliliglni
azaltmak ve estetik 6zelliklerini iyilestirmek amaciyla yaygin olarak kullanilan bir yiizey isleme
yontemidir. Ancak bu islem sirasinda kullanilan yiiksek asidik ¢ozeltiler zamanla metal
partikiiller ve diger kirleticiler ile yiiklenerek atik haline gelmekte ve hem c¢evresel hem de
ekonomik agidan 6nemli sorunlar olusturmaktadir. Bu ¢alismada, elektropolisaj islemi sonrasi
olusan atik karisim igerisindeki metal partikiillerin ayristirilmast ve geri kazanimi
amaglanmistir. Calisma kapsaminda, Oncelikle yiiksek asidik karaktere sahip (pH =~ 0,8)
elektropolisaj atig1 giivenli ¢alisma kosullar1 saglamak amaciyla bazik bir ¢ozelti (karbonat)
kullanilarak nétralize edilmistir. Notralizasyon islemi sonrasinda heterojen yapidaki karigimin
kat1 ve siv1 fazlan fiziksel yontemlerle ayristirilmistir. Viskozitenin azaltilmasi ve filtrasyon
veriminin artirtlmasi amaciyla ¢ozeltiye su ilavesi yapilmis, ardindan kagit filtre kullanilarak
stizdiirme islemi gerceklestirilmistir. Elde edilen kat1 faz etiivde kurutularak analizlere hazir
hale getirilmistir. Kurutulan kati numune, bilyali degirmende ogiitiilerek homojen hale
getirilmis ve X-151m1 floresans (XRF) analizi ile elementel bilesimi belirlenmistir. Analiz
sonuglarina gore, geri kazanilan metal tozlarinin biiylik oranda demir (%68), krom (%17,1) ve
nikel (%9,31) icerdigi tespit edilmistir. Bunun yaninda mangan, molibden, silisyum ve bakir
gibi elementlerin daha diisiik oranlarda bulundugu belirlenmistir. Ayrica bazi oksit ve stilfat
bilesiklerinin de yapida yer aldigi gozlemlenmistir. Elde edilen bulgular, elektropolisaj
atiklariin 6nemli miktarda geri kazanilabilir metal icerdigini ortaya koymaktadir. Bu metal
tozlarinin; manyetik uygulamalar, metalurjik tiretim siirecleri, kaplama teknolojileri, pil tiretimi
ve kaynak uygulamalar1 gibi ¢esitli endiistriyel alanlarda yeniden degerlendirilebilecegi
ongoriilmektedir. Boylece hem atik ydnetim maliyetlerinin azaltilmasi hem de ikincil
hammadde kaynag1 olusturulmas1 miimkiin olmaktadir. Sonug olarak, bu ¢alisma elektropolisaj
atiklariin ¢evreye zarar vermeden yonetilmesine katki saglarken, ayni zamanda dongiisel
ekonomi yaklasimi kapsaminda atiklarin katma degerli iiriinlere doniistiiriilebilecegini

gostermektedir. Gelistirilen yontem, sanayi uygulamalarina entegre edilebilirlii agisindan
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umut verici olup, benzer proses atiklarinin geri kazanimina yonelik ¢alismalar i¢in referans
niteligi tagimaktadir.
Anahtar kelimeler: Elektropolisaj, toz metaliirjisi, ayristirma islemi, geri kazanim

SEPARATION AND RECOVERY OF METAL PARTICLES FROM
ELECTROPOLISHING WASTE SOLUTIONS

ABSTRACT

Electropolishing is a widely used surface finishing process aimed at improving corrosion
resistance, reducing surface roughness, and enhancing the aesthetic properties of metallic
materials. However, the highly acidic solutions used in this process gradually become
contaminated with metal particles and other impurities, eventually turning into hazardous waste
that poses both environmental and economic challenges. In this study, it is aimed to separate
and recover metal particles from waste generated after the electropolishing process. Within the
scope of the study, the electropolishing waste, characterized by a highly acidic nature (pH =
0.8), was first neutralized using a basic solution (carbonate) in order to ensure safe handling
conditions. Following the neutralization step, the heterogeneous mixture was subjected to
physical separation processes to isolate solid and liquid phases. To reduce viscosity and
improve filtration efficiency, water was added to the solution, and the mixture was subsequently
filtered using filter paper. The obtained solid phase was dried in an oven and prepared for further
analysis. The dried solid samples were ground using a ball mill to achieve homogeneity and
analyzed using X-ray fluorescence (XRF) spectroscopy to determine their elemental
composition. The analysis results revealed that the recovered metal powders mainly consisted
of iron (68%), chromium (17.1%), and nickel (9.31%). In addition, smaller amounts of
manganese, molybdenum, silicon, and copper were detected. The presence of certain oxide and
sulfate compounds was also observed. The findings demonstrate that electropolishing waste
contains a significant amount of recoverable metals. These recovered metal powders have the
potential to be reused in various industrial applications such as magnetic materials,
metallurgical processes, coating technologies, battery production, and welding applications.
Therefore, both the reduction of waste management costs and the generation of secondary raw
material sources can be achieved. In conclusion, this study contributes to the environmentally
responsible management of electropolishing waste while demonstrating the potential for
converting such waste into value-added materials within the framework of a circular economy.
The proposed method shows promise for industrial integration and can serve as a reference for
future studies on the recovery of similar industrial process wastes.

Keywords: Electropolishing, powder metallurgy, separation process, recovery
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1. GIRIS

Elektropolisaj, metalik malzemelerin yiizey kalitesini iyilestirmek, korozyon direncini
artirmak, yiizey purizliliglini azaltmak ve estetik gdriiniim kazandirmak amaciyla yaygin
olarak kullanilan elektrokimyasal bir yiizey isleme yontemidir. Ozellikle paslanmaz ¢elik
malzemelerin islendigi medikal, gida, kimya ve hassas imalat sektorlerinde yaygin olarak tercih
edilmektedir. Bu yontem ile malzeme yiizeyinde mikroskobik seviyede kontrollii ¢ézliinme
meydana gelmekte, yiizeydeki diizensizlikler giderilmekte ve daha homojen bir yiizey yapisi
elde edilmektedir. Elektropolisaj islemi sonucunda malzemeler yalnizca daha parlak bir
goriiniime kavusmamakta, ayni zamanda sterilizasyon kabiliyeti ve ylizey pasivasyonu da
iyilesmektedir. Bu nedenle 6zellikle cerrahi ekipman iiretiminde Onemli bir proses olarak
degerlendirilmektedir (Mohan vd, 2001; Lyczkowska-Widtak vd, 2020; Yang vd, 2017)
Elektropolisaj islemi genellikle siilfiirik asit ve fosforik asit esasli yiiksek asidik elektrolit
¢ozeltiler kullanilarak gerceklestirilmektedir. Islem sirasinda anot olarak baglanan metal
ylizeyden mikron ve alt1 boyutlarda metal partikiiller ayrilmakta ve zamanla elektrolit banyosu
icerisinde birikmektedir. Siirekli kullanim sonucunda ¢ozeltideki metal iyonu ve partikiil
konsantrasyonu artmakta, bu durum elektrolitin performansini olumsuz yonde etkilemekte ve
belirli bir siire sonra ¢ozeltinin kullanim dis1 kalmasina neden olmaktadir.

Kullanom Omriinii tamamlayan elektropolisaj banyolar1, yiiksek asidik karakterleri ve
icerdikleri metalik kirleticiler nedeniyle c¢evresel acidan dikkatli yoOnetilmesi gereken
endiistriyel atik sinifinda degerlendirilmektedir. Sanayi kuruluglar1 bu tiir atiklar1 genellikle
notralizasyon islemine tabi tuttuktan sonra lisansli bertaraf tesislerine gondermektedir. Ancak
bu yaklasim hem ek isletme maliyetleri olusturmakta hem de atik igerisinde bulunan potansiyel
olarak geri kazanilabilir metalik bilesenlerin kaybedilmesine yol agmaktadir (Lyczkowska vd,
2019; Davis, 2000; Revie, 2011).

Son yillarda siirdiiriilebilir iretim anlayisinin  yayginlagsmasi, ¢evresel diizenlemelerin
sikilagmas1 ve ikincil hammadde kaynaklarina yonelik artan ihtiyag, endiistriyel atiklardan
metal geri kazanimi konusuna olan ilgiyi artirmistir. Talas atiklari, galvanik c¢amurlar,
metalurjik ciiruflar ve benzeri endiistriyel atiklarin geri kazanimina yonelik ¢esitli ¢aligmalar
literatiirde yer almaktadir. Buna karsin elektropolisaj kaynakli atiklardan metal partikiillerin
ayristirilmast ve yeniden degerlendirilmesine yonelik ¢alismalar olduk¢a sinirlidir (Cui vd,
2003; Binnemans vd, 2013; Graedel vd, 2011; European Commission, 2020)

Paslanmaz ¢elik malzemelerin elektropolisaj isleminden kaynaklanan atiklar; demir, krom,
nikel, molibden ve mangan gibi ekonomik degere sahip alagim elementlerini icerebilmektedir.

Bu nedenle s6z konusu atiklarin uygun fiziksel ve kimyasal yontemlerle islenmesi sonucunda
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metalce zengin kat1 fraksiyonlarin elde edilmesi miimkiin olabilmektedir. Bu yaklasim hem atik
bertaraf yiikiinii azaltma hem de ikincil metal kaynagi olusturma agisindan 6nemli bir
potansiyel tasimaktadir.

Bu calismada, paslanmaz celik yiizey islemleri sonucunda olusan atik elektropolisaj karisimi
icerisindeki metal partikiillerin ayristirilmasi ve geri kazanim potansiyelinin deneysel olarak
degerlendirilmesi amaglanmistir. Bu kapsamda atik karisim noétralizasyon, kati-sivi faz ayrima,
kurutma ve 6gilitme islemlerine tabi tutulmus; elde edilen kat1 fazin elementel bilesimi X-1g1n1
floresans (XRF) analizi ile belirlenmistir. Elde edilen bulgular dogrultusunda geri kazanilan
metalik fraksiyonun yeniden kullanim potansiyeli degerlendirilmistir.

2. MATERYAL VE YONTEM

2.1. Atik numunenin temini

Bu calismada kullanilan atik elektropolisaj karisimi, paslanmaz gelik cerrahi ekipman tiretimi
gergeklestiren bir firmadan temin edilmistir. Numune, firmanin iiretim proseslerinde kullanilan
ve kullanim Omriinii tamamlamig elektropolisaj banyosundan alimmistir (Sekil 1a).
Elektropolisaj isleminde siilfiirik asit ve fosforik asit esasli elektrolit ¢ozeltiler kullanilmakta
olup, proses sirasinda paslanmaz celik ylizeylerden ayrisan metal partikiilleri zamanla ¢ozeltide
birikmektedir (Sekil 1b-c).

Deneysel calismalarda toplam 2 litre atik elektropolisaj karisimi kullanilmistir. Numunenin

baslangi¢ pH degeri dijital pH metre yardimiyla dlgiilmiis ve 0,8 olarak belirlenmistir. Elde

edilen bu deger, numunenin yiiksek asidik karakterini ortaya koymaktadir.
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Sekil 1. a-b) Elektropolisaj tanki, c-d) elektropolisaj ¢cokeltisi

2.2. Nétralizasyon islemi

Yiiksek asidik 6zellik gosteren atik karisimin giivenli sekilde islenebilmesi amaciyla 6ncelikle
notralizasyon islemi uygulanmistir. Bu amagcla atik karisima kontrollii sekilde karbonat ilavesi
gerceklestirilmistir. Ilave sirasinda ortamda meydana gelen reaksiyon kontrollii olarak takip
edilmis ve karigimin pH degeri notr bolgeye yaklastiriimastir.

Notralizasyon islemi sirasinda asidik ortamin etkisinin azaltilmasi ile birlikte ¢ozeltide
¢oziinmiis halde bulunan baz1 metal tiirlerinin ¢okelmesi saglanmis, boylece sonraki kati-sivi
ayirma islemi i¢in uygun kosullar olusturulmustur.

2.3. Kati-siv1 faz ayristirma

Notralizasyon isleminin ardindan karistmin viskozitesini azaltmak ve filtrasyon verimini
artirmak amaciyla belirli miktarda saf su ilavesi yapilmistir. Hazirlanan karigim, laboratuvar
tipi filtre diizeneginde yer¢ekimi filtrasyonu yontemi kullanilarak stiziilmiistiir (Sekil 2).
Filtrasyon islemi sonucunda siv1 faz ve kat1 faz birbirinden ayrilmistir. Filtre iizerinde biriken

kati1 faz dikkatlice toplanarak kurutma islemine alinmistir.
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Sekil 2. a-b) Filtreleme islemi diizenegi, c-d-e) Filtreleme sonras1 kat1 malzeme kalintisi
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2.4. Kurutma ve 6giitme islemleri

Filtrasyon sonrasinda elde edilen kat1 faz, biinyesindeki nemin uzaklastirilmasi1 amaciyla 50 °C
sicaklikta etiivde kurutulmustur. Kurutma iglemi sonrasinda kati fazin toplam kiitlesi hassas
terazi ile Ol¢lilmiis ve 128 g olarak belirlenmistir.

Kurutulan numunede gozlenen aglomerasyonlarin giderilmesi ve homojen partikiil boyutu
dagilimi elde edilmesi amaciyla numune seramik bilyal1 ¢giitlicii yardimiyla 6giitiilmiistiir.
Ogiitme islemi sonrasinda ince toz formuna getirilen numuneler kimyasal analiz i¢in hazir hale
getirilmistir.

2.5. XRF analizi

Elde edilen toz numunelerin elementel bilesiminin belirlenmesi amaciyla X-1sin1 floresans
spektroskopisi (XRF) analizi gerceklestirilmistir. Analizler Ondokuz Mayis Universitesi
Merkezi Arastirma Laboratuvar: biinyesinde bulunan XRF analiz cihazi kullanilarak
gerceklestirilmistir.

XRF analizi sonucunda numune igerisinde bulunan baslica metalik bilesenlerin kiitlece
ylizdeleri belirlenmis ve geri kazamilan kati fazin yeniden kullanim potansiyeli
degerlendirilmistir.

3. BULGULAR VE TARTISMA

3.1. Atik elektropolisaj karisiminin baslangic 6zellikleri

Deneysel calismalarda kullanilan atik elektropolisaj karistminin baslangi¢c pH degeri 0,8 olarak
Ol¢lilmiistiir. Bu deger, numunenin yiiksek derecede asidik karakter gosterdigini ortaya
koymaktadir. Elektropolisaj banyolarinda yaygin olarak kullanilan siilfiirik asit ve fosforik asit
esasht elektrolitlerin zaman igerisinde metal iyonlar1 ve metal partikiilleri ile yiiklenmesi
sonucunda ¢ozeltinin kimyasal yapisi degismekte, ancak yiiksek asidik karakterini
korumaktadir.

Yiiksek asidik 6zellik, atigin dogrudan bertarafini ¢evresel acgidan riskli hale getirmekte ve
kontrollii noétralizasyon islemini zorunlu kilmaktadir. Bu nedenle gergeklestirilen notralizasyon
islemi yalnizca giivenli laboratuvar kosullarinin saglanmasi acisindan degil, ayn1 zamanda
cozeltide ¢Ozlinmiis halde bulunan metal tiirlerinin ¢okeltilerek geri kazanim veriminin
artirtlmasi agisindan da kritik bir islem basamagidir.

3.2. Kati-s1vi faz ayrimi ve geri kazanilan kat1 fraksiyon miktar:

Notralizasyon ve yercekimi filtrasyonu sonrasinda toplam 2 litre atik karisgimdan 128 g
kurutulmus kat1 faz elde edilmistir. Bu sonug, birim hacim basma yaklasik 64 g/L geri

kazanilabilir kat1 fraksiyon bulundugunu gdstermektedir.
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Elde edilen kat1 miktari, kullanim omriinii tamamlamis elektropolisaj banyolarin dikkate
deger diizeyde metalik ve inorganik kati igerdigini ortaya koymaktadir. Endiistriyel dlgekte
degerlendirildiginde bu miktar, yiiksek hacimlerde calisan iiretim tesisleri ac¢isindan 6nemli
diizeyde ikincil hammadde potansiyeline isaret etmektedir.

Kat1 fazin kurutma sonrasinda topaklanmis yapi sergiledigi gozlenmistir. Bu durum, ¢ozeltiden
ayrilan partikiillerin bir kisminin ince boyutlu olmasi ve kuruma sirasinda aglomerasyon egilimi
gostermesi ile iliskilendirilebilir. Bu nedenle numune, homojen yap1 elde edilmesi amaciyla
ogiitme islemine tabi tutulmustur.

3.3. XRF analiz sonuclari

Geri kazanilan kat1 fazin elementel bilesimini belirlemek amaciyla gerceklestirilen XRF analiz
sonuclar1 Tablo 1°de verilmistir.

Tablo 1. Geri kazanilan kat1 fazin elementel bilesimi

Element Agirlik¢a Oran (%)
Fe 68,00

Cr 17,10

Ni 9,31

Mo 1,80

Si 1,20

C 0,90

Mn 0,92

Cu 0,30

Analiz sonuclari, geri kazanilan kati fazin biiylikk oranda demir esashi oldugunu
gostermektedir. Bununla birlikte 6nemli miktarda krom ve nikel icermesi, s6z konusu
partikiillerin paslanmaz ¢elik alagimlarindan kaynaklandigin1 dogrulamaktadir.

Bilindigi iizere paslanmaz ¢eliklerde yiiksek krom igerigi korozyon direncini saglayan temel
unsur iken, nikel ise dstenitik yapinin kararliligini artirmaktadir. Numunede tespit edilen krom
ve nikel oranlari, elektropolisaj islemine tabi tutulan paslanmaz celik ylizeylerden kontrolli

cozlinme ile ayrisan partikiillerin atik faz igerisinde biriktigini gostermektedir.
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Molibden varlig1 6zellikle 316L tipi paslanmaz celik islenmis olabilecegine isaret etmektedir.
Bu durum, atigin farkli paslanmaz gelik kalitelerinden gelen karma alagim bilesenlerini
icerdigini diistindiirmektedir.
3.4. Bulgularin degerlendirilmesi
Elde edilen sonuglar, atik elektropolisaj karisiminin yalnizca bertaraf edilmesi gereken bir
kimyasal atik olmadigini, ayn1 zamanda ekonomik degere sahip metalik bilesenler igeren
potansiyel bir ikincil hammadde kaynag1 oldugunu ortaya koymaktadir.
Kat1 fazin yiliksek oranda Fe-Cr-Ni esasli bilesim goOstermesi, geri kazanilan fraksiyonun
asagidaki alanlarda degerlendirilebilecegini gostermektedir:

e Toz metalurjisi uygulamalarinda 6n hammadde

e Metalik dolgu katki malzemesi

e Abrasif sistemlerde katki faz1

e Yeniden ergitme proseslerinde sekonder metal girdisi
Ancak mevcut ¢aligma kapsaminda geri kazanilan kati fazin mekanik, mikroyapisal veya faz
analizlerine yonelik ileri karakterizasyon calismalar1 gerceklestirilmemistir. Bu nedenle s6z
konusu kullanim alanlar1 potansiyel degerlendirme niteligindedir.
3.5. Cevresel ve ekonomik degerlendirme
Geleneksel yaklagimlarda kullanim Omriinii tamamlamis elektropolisaj banyolar1 ndtralize
edilerek bertaraf edilmekte, icerdigi metalik bilesenler ise geri kazanilamadan
kaybedilmektedir. Bu durum hem ¢evresel ylik hem de ekonomik kayip olusturmaktadir.
Bu calismada uygulanan yontem, nispeten basit laboratuvar ekipmanlar1 kullanilarak atik
icerisindeki metalce zengin kati fraksiyonun ayristirilabilecegini gostermistir. Islem
basamaklarinin diisiik enerji gereksinimi ve uygulanabilirligi dikkate alindiginda, prosesin daha
ileri optimizasyon c¢aligmalar1 ile endistriyel oOlgekte degerlendirilmesi miimkiin
goriinmektedir.
4. SONUCLAR
Bu caligmada, kullanim omriinii tamamlamis atik elektropolisaj karisimi igerisindeki metal
partikiillerin ayrigtirilmasi ve geri kazanim potansiyeli deneysel olarak degerlendirilmistir. Elde
edilen bulgular dogrultusunda asagidaki sonuglara ulagilmaistir:

1. Deneysel caligmalarda kullanilan atik elektropolisaj karisiminin baslangic pH degeri 0,8

olarak 6l¢iilmiis olup, numunenin yiiksek asidik karakter gosterdigi belirlenmistir.
2. Karbonat ile gerceklestirilen nétralizasyon islemi, atigin giivenli sekilde islenmesini

saglamis ve kati-s1v1 faz ayrimi i¢in uygun kosullar olusturmustur.
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3. Uygulanan yer¢ekimi filtrasyonu, kurutma ve 6glitme islemleri sonucunda toplam 2 litre
atik karisimdan 128 g kurutulmus kati faz elde edilmistir.

4. XRF analiz sonuglar1 geri kazanilan kat1 fazin agirlikli olarak Fe (%68,0), Cr (%17,1)
ve Ni (%9,31) igerdigini gostermistir. Bunun yaninda Mo, Mn, Si ve Cu gibi alagim
elementleri de tespit edilmistir.

5. Elde edilen elementel bilesim, geri kazanilan kat1 fazin paslanmaz ¢elik ylizeylerden
ayrisan metalik partikiillerden olustugunu ve metalce zengin bir yapiya sahip oldugunu
ortaya koymustur.

6. Calisma sonucunda atik elektropolisaj karisimlarinin yalnizca bertaraf edilmesi gereken
kimyasal atiklar olmadigi, ayni zamanda ikincil hammadde kaynagi olarak
degerlendirilebilecegi gosterilmistir.

7. Uygulanan yontemin basit laboratuvar ekipmanlar ile gergeklestirilebilir olmasi, daha
ileri proses optimizasyonlari ile endiistriyel dlgekte uygulanabilirliginin arastirilmaya
deger oldugunu gostermektedir.

Gelecekte yapilacak caligmalarda geri kazanilan kati fazin SEM/EDS, XRD ve mekanik
performans analizleri ile detayli karakterizasyonunun gerceklestirilmesi, ayrica farkl
ayristirma yontemlerinin karsilastirmali olarak incelenmesi dnerilmektedir.
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ABSTRACT

Smart factories, representing the pinnacle of Industry 4.0 and the transition toward Industry 5.0,
integrate advanced digital technologies such as the Industrial Internet of Things (IloT), cyber-
physical systems (CPS), cloud and edge computing, big data analytics, and artificial intelligence
to create highly connected, adaptive, and autonomous production ecosystems. These intelligent
environments enable real-time data exchange between machines, sensors, and control systems,
allowing manufacturing processes to self-monitor, self-optimize, and, increasingly, self-
configure. Within this technological landscape, Reinforcement Learning (RL) and its deep
learning-enhanced variants (Deep Reinforcement Learning, DRL) are emerging as powerful
tools for managing complex, stochastic, and high-dimensional decision problems inherent in
modern production systems. Unlike rule-based automation, RL systems learn optimal control
policies through continuous interaction with dynamic environments, making them particularly
suitable for adaptive scheduling, robotic coordination, predictive maintenance, and materials
process optimization. This paper synthesizes contemporary research on RL applications across
smart factory design, operational management, materials engineering, and adaptive control
architectures. Drawing on a systematic review of peer-reviewed studies, it highlights major
trends, including the rise of multi-agent RL for distributed manufacturing and the integration
of RL with digital twins for simulation-based training. Findings indicate that RL enhances
process efficiency, production agility, and material quality by enabling real-time decision-
making and dynamic resource allocation. However, large-scale industrial implementation
remains constrained by safety verification challenges, high data demands, model
interpretability concerns, and integration complexities. Future research should therefore

emphasize scalable and explainable RL frameworks, human-Al collaboration models, and
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robust real-world validation strategies to fully unlock the transformative potential of smart
factories.

Keywords: Deep Reinforcement Learning; Materials Engineering Optimization;
Reinforcement Learning; Smart Manufacturing.

INTRODUCTION

Smart factories are adaptive, interconnected, and data-driven manufacturing ecosystems
designed to enhance production flexibility,
responsiveness, and efficiency in increasingly volatile
global markets. Unlike conventional automated
factories that rely on pre-programmed logic and
centralized control, smart factories operate through

distributed intelligence, continuous data exchange,

= . ~ Ed ond self-optimizing mechanisms. These systems
integrate digital technologies such as cyber-physical systems (CPS), the Industrial Internet of
Things (IlIoT), cloud and edge computing, digital twins, robotics, and advanced analytics to
enable seamless coordination between physical production assets and computational
intelligence. As part of the broader Industry 4.0 transformation, smart factories leverage sensor
networks and embedded systems to collect real-time data across the production lifecycle, from
raw material handling to final product inspection. This interconnected infrastructure enables
predictive maintenance, dynamic scheduling, quality monitoring, and autonomous adaptation
to disturbances such as machine breakdowns or demand fluctuations (Bahrpeyma & Reichelt,
2022). At the core of this transformation lies artificial intelligence (Al), which provides the
cognitive capabilities necessary for intelligent decision-making. Among Al methodologies,
Reinforcement Learning (RL) has emerged as a particularly powerful approach for managing
the complexity and uncertainty inherent in modern manufacturing systems. RL is a machine
learning paradigm in which an agent learns optimal actions through iterative interaction with
an environment. Rather than being trained on labelled datasets, as in supervised learning, an
RL agent receives feedback in the form of rewards or penalties based on its actions and
gradually refines its decision policy to maximize cumulative long-term rewards. This trial-and-
error learning mechanism makes RL highly suitable for environments characterized by dynamic
changes, stochastic variables, and multi-objective optimization challenges, conditions typical
of smart manufacturing settings (Alginahi et al., 2025). Traditional manufacturing control
systems often depend on rule-based heuristics or static optimization models. While effective in

stable environments, such approaches struggle to adapt to disruptions, supply chain variability,
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or customization demands. In contrast, RL-based systems continuously learn from operational
feedback, enabling them to adjust control strategies in real time. For example, in adaptive
scheduling, an RL agent can dynamically reassign tasks when unexpected events occur,
minimizing downtime and maintaining throughput. In robotic assembly lines, RL enables
robots to learn optimal motion trajectories that improve speed, precision, and energy efficiency.
In materials engineering processes such as additive manufacturing or heat treatment, RL can
optimize parameter settings (e.g., temperature, feed rate, pressure) to enhance material quality
and reduce defects. Research increasingly recognizes RL as a critical enabler for autonomous
operations and intelligent control within smart factories. Alginahi et al. (2025) note that RL
applications in industrial automation are expanding rapidly, particularly in adaptive control,
predictive maintenance, and scheduling optimization. The ability of RL agents to interact
directly with complex systems and improve policies over time aligns closely with the goals of
Industry 4.0, which emphasizes decentralization, interoperability, and intelligent autonomy.
Furthermore, RL supports continuous improvement frameworks by enabling systems to refine
decision strategies as more data become available, thereby fostering operational resilience. The
emergence of Deep Reinforcement Learning (DRL) has further accelerated adoption in
manufacturing contexts. DRL combines RL algorithms with deep neural networks to
approximate value functions or policies in high-dimensional state spaces. Modern
manufacturing systems generate vast quantities of heterogeneous data from sensors, cameras,
and enterprise systems. These data streams create high-dimensional input spaces that are
difficult to manage using classical RL methods. By leveraging deep neural networks, DRL can
process complex patterns, nonlinear relationships, and multi-variable dependencies, enabling
more accurate and scalable decision-making (L1 et al., 2023). This advancement is particularly
valuable in applications such as vision-based quality inspection, autonomous material handling,
and real-time production scheduling, where the state space is both large and continuously
evolving. In scheduling and job sequencing, DRL has demonstrated superior performance
compared to traditional dispatching rules and heuristic algorithms. Manufacturing scheduling
problems are often NP-hard, involving combinatorial optimization under constraints such as
machine availability, due dates, and processing times. DRL agents can learn adaptive
scheduling policies that respond to disturbances such as urgent orders or equipment failures.
Over time, these agents develop strategies that minimize tardiness, reduce setup times, and
optimize resource utilization. Because DRL policies are learned through simulation or digital
twin environments, they can be pre-trained in virtual spaces before deployment in physical

systems, reducing operational risks. Robotics control represents another significant domain of
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RL application within smart factories. Industrial robots traditionally rely on pre-programmed
motion paths and deterministic control algorithms. However, modern production environments
demand greater flexibility, especially in collaborative robotics (cobots) and customized
manufacturing. RL allows robots to learn optimal control policies for grasping, assembly, and
manipulation tasks through exploration and reward feedback. By continuously refining motor
commands, RL-enhanced robots can adapt to variations in object shapes, positions, or
environmental conditions. This capability supports mass customization and reduces reliance on
manual reprogramming. In materials engineering, RL offers transformative potential for
process optimization and materials discovery. Manufacturing processes such as casting,
forging, welding, and additive manufacturing involve complex thermomechanical interactions
and nonlinear parameter dependencies. Traditional optimization approaches often rely on
extensive trial-and-error experimentation or computationally expensive simulations. RL
provides a data-driven alternative by enabling agents to explore parameter spaces and identify
optimal combinations that improve mechanical properties, reduce defects, or enhance
microstructural consistency. Li et al. (2023) emphasize that DRL is particularly effective in
managing multi-objective optimization problems where trade-offs exist between quality, cost,
and energy consumption. Moreover, RL contributes to predictive maintenance and fault
detection within smart factories. Equipment downtime remains a significant challenge in
manufacturing. By integrating RL with sensor-based monitoring systems, factories can develop
intelligent maintenance policies that balance preventive actions with production continuity. RL
agents learn when to perform maintenance based on predicted failure probabilities and
associated costs, optimizing maintenance schedules to reduce unplanned outages while
minimizing unnecessary interventions. The integration of RL into smart factories also aligns
with broader sustainability objectives. Manufacturing industries face increasing pressure to
reduce energy consumption, material waste, and carbon emissions. RL-based control systems
can optimize energy usage across production lines by dynamically adjusting machine
operations, power loads, and processing sequences. For example, RL agents can schedule
energy-intensive tasks during periods of lower demand or renewable energy availability,
contributing to greener manufacturing practices. In materials processing, RL-driven parameter
tuning can reduce scrap rates and improve yield efficiency, directly supporting resource
conservation. Despite its promise, the implementation of RL in real-world manufacturing
remains accompanied by technical and organizational challenges. Training RL agents often
requires large datasets and substantial computational resources. Simulation environments or

digital twins are frequently used to accelerate learning; however, transferring policies from
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simulated to real environments (the sim-to-real gap) can introduce performance degradation.
Safety considerations are particularly critical in industrial contexts, where erroneous decisions
may result in equipment damage or worker injury. Therefore, robust validation, safe exploration
mechanisms, and explainable RL models are necessary before large-scale deployment.
Additionally, integrating RL systems with legacy manufacturing infrastructure presents
interoperability challenges. Many factories operate with heterogeneous equipment and
proprietary communication protocols. Achieving seamless RL integration requires standardized
data interfaces and middleware solutions that enable real-time data flow between physical assets
and Al control modules. Organizational readiness and workforce training are equally important,
as engineers and operators must understand and trust RL-driven decision systems. Nevertheless,
the trajectory of research suggests that RL will play an increasingly central role in shaping next-
generation manufacturing ecosystems. By enabling machines and production lines to learn from
experience, adapt to uncertainty, and optimize complex processes autonomously, RL enhances
both operational resilience and competitive advantage. In volatile markets characterized by
fluctuating demand and supply chain disruptions, the ability to dynamically reconfigure
production strategies provides significant strategic value. In conclusion, smart factories
represent an evolution toward intelligent, self-optimizing manufacturing systems, and
Reinforcement Learning serves as a foundational technology in achieving this vision. Through
adaptive scheduling, robotic control, materials optimization, predictive maintenance, and
energy management, RL empowers manufacturing environments with real-time learning
capabilities. Deep Reinforcement Learning further extends these capabilities to high-
dimensional and nonlinear decision spaces, addressing the complexity of modern industrial
operations (Bahrpeyma & Reichelt, 2022; Alginahi et al., 2025; Li et al., 2023). As research
advances in safe, explainable, and scalable RL architectures, the convergence of Al and
manufacturing promises to redefine production paradigms, fostering agility, sustainability, and
long-term industrial competitiveness.

LITERATURE REVIEW

Reinforcement Learning in Smart Factories

Reinforcement Learning’s (RL) role in smart factory automation is now widely recognized as
a major driver of intelligent and adaptive manufacturing. A recent bibliometric review by
Alginahi, Sabri, and Said (2025) mapped 672 peer-reviewed RL and Deep Reinforcement
Learning (DRL) studies published between 2017 and 2026, revealing critical insights into how
RL research is evolving in the context of industrial automation (Alginahi et al., 2025).

According to this analysis, 42% of the reviewed studies employed DRL techniques, which
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integrate reinforcement learning with deep neural networks to manage high-dimensional and
nonlinear decision spaces that are typical of real-world smart production environments. In
contrast, 27% focused on Multi-Agent RL (MARL), useful for distributed decision making
across multiple robotic or process units, and 31% relied on classical RL models such as Q-
Learning for more discrete control tasks (e.g., simple process control or elementary machine
sequencing) (Alginahi et al., 2025). Importantly, the review demonstrated that RL research in
industrial automation is not evenly distributed across theoretical and applied work. While DRL
has become the dominant approach, only about 22% of the studies reported implementations in
real-world or pilot industrial settings, with the majority remaining at the simulation or
laboratory scale. This discrepancy highlights a significant maturity gap between academic
exploration and industrial adoption, as real factory environments introduce complexities, such
as noisy sensor data, hardware variability, and stringent safety requirements that are not fully
captured in simulated research platforms (Alginahi et al., 2025).The concentration of RL
applications also reflects practical industry priorities. Among implemented studies, robotic
control accounted for around 33% of deployments, where RL agents are trained to optimize
motion planning, coordinated task execution, or adaptive grasping in collaborative robot (cobot)
environments. Process optimization represented 28% of applications, with RL being used to
adjust process parameters such as machine speeds, tool paths, or energy consumption in
response to real-time feedback. Additionally, predictive maintenance comprised 19% of use
cases, where RL assists in choosing maintenance actions that balance downtime, cost, and
production continuity (Alginahi et al., 2025). Despite this momentum, the transition from
scholarly research to fully operational smart factory systems faces enduring challenges.
Scalability remains a major barrier, as RL algorithms trained in controlled environments often
struggle when scaled to complex factory floors with millions of state inputs and multi-agent
interactions. Scaling up requires not only larger computational resources but also robust
learning architectures that avoid the “curse of dimensionality” while preserving performance
(Alginahi et al., 2025; Khadivi et al., 2023). Safety validation is another critical issue:
autonomous RL policies sometimes explore unsafe actions during learning, which is
unacceptable for safety-critical manufacturing settings where improper moves could damage
equipment or endanger workers (Haj Yahmed et al., 2023). Researchers are responding with
“safe RL” frameworks and the integration of simulation-based digital twins to enable risk-free
experimentation, yet these methods are still maturing and have not been widely standardized
(Alginahi et al., 2025; Haj Yahmed et al., 2023). Moreover, interpretability remains a persistent

constraint for industrial adoption. Deep learning models, especially DRL agents, often function
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as “black boxes,” making it difficult for engineers and regulators to understand decision logic
or justify actions in safety-sensitive operations. This opacity can slow down certification,
reduce operator trust, and complicate regulatory compliance when deploying autonomous
systems in real factories (Alginahi et al., 2025). In summary, while bibliometric evidence shows
a strong and growing body of RL research targeting smart automation, the relatively low
percentage of real-world implementations highlights key maturity gaps. Addressing scalability,
safety, interpretability, and deployment readiness remains essential for translating academic
breakthroughs into fully operational smart factory solutions that drive resilient, autonomous
production in Industry 4.0 and beyond.

Multi-Agent RL and Real-Time Control

Reinforcement Learning (RL) methods are increasingly recognized as highly effective in
decentralized and multi-agent environments, a characteristic that aligns well with the
architecture of modern smart factories. In contrast to centralized control systems where a single
decision maker manages all production elements, decentralized systems distribute decision
authority across multiple autonomous units such as machines, robotic cells, automated guided
vehicles (AGVs), transport conveyors, and quality inspection stations. Each of these units
operates within a dynamic environment with distinct state information, objectives, and
constraints. In such contexts, Multi-Agent Reinforcement Learning (MARL) extends the
capabilities of traditional single-agent RL by enabling coordinated learning and policy
optimization across multiple interacting agents, allowing them to learn not only from their
individual experiences but also through interactions with other agents in the system. Bahrpeyma
and Reichelt’s (2022) review highlights how MARL approaches are particularly well suited to
smart factories, where distributed intelligence and autonomy are essential. Smart factory
ecosystems are characterized by self-organizing components that must make real-time
decisions under uncertainty, such as rerouting production when a machine is temporarily out of
service, reallocating tasks to maintain throughput, or synchronizing robot actions in
collaborative assembly tasks (Bahrpeyma & Reichelt, 2022). In these scenarios, MARL agents
can learn policies that balance local objectives (e.g., minimizing individual machine idle time)
with global system goals (e.g., maximizing overall production efficiency), thereby achieving
coordinated behaviour that would be difficult to implement through rule-based control alone.
Importantly, MARL is capable of addressing challenges of scalability and complexity that arise
in large production ecosystems. In traditional RL, increasing the number of decision variables
can lead to an exponential growth in state and action spaces, making it difficult for a single

agent to learn effective strategies. By distributing the decision problem among multiple agents,
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MARL reduces the computational complexity for each agent while leveraging interaction
dynamics to achieve collective optimization. This is particularly relevant for production
scheduling problems involving multiple machines and tasks, where MARL has been shown to
outperform centralized heuristics by learning adaptive scheduling policies that respond to
dynamic demand and machine availability (Zhang et al., 2023). MARL also facilitates
coordination in collaborative robotics. In smart factories where multiple robotic systems work
in tandem, such as in assembly lines or flexible manufacturing cells, agents trained through
MARL can develop cooperative strategies that minimize task conflicts and prevent deadlocks.
For instance, agents can learn to sequence actions in ways that reduce congestion or avoid
simultaneous access to shared workspace regions. A study by Nguyen et al. (2021)
demonstrated that MARL can significantly improve throughput and reduce collision rates in
multi-robot systems compared to independent learning models, enhancing both safety and
productivity. Another advantage of MARL lies in its capacity for distributed fault tolerance.
Smart manufacturing systems are susceptible to disruptions such as machine failures, network
latency, or sudden changes in production orders. In a MARL setting, agents that encounter
disruptions can adapt their policies locally, while information sharing among agents helps the
rest of the system adjust, promoting resilience without the need for human intervention.
Empirical research shows that MARL systems can maintain operational performance under
partial system degradation, whereas centralized systems often collapse when key decision nodes
fail (Mnih et al., 2024). However, deploying MARL in real industrial environments introduces
challenges related to credit assignment, non-stationarity, and communication overhead. The
credit assignment problem arises when it is unclear which agent’s actions contribute most too
system-level success, complicating the learning of effective reward structures. Non-stationarity,
caused by concurrently learning agents that modify the environment, can destabilize learning
processes if not properly managed through techniques such as centralized critic architectures or
experience replay buffers. Communication overhead, while useful for coordination, must be
balanced against network bandwidth limitations and real-time performance requirements in
industrial settings (Zhang et al., 2023). Despite these challenges, the application of MARL in
decentralized smart factory systems continues to grow, driven by advances in scalable learning
algorithms, efficient communication protocols, and hybrid human-AlI coordination frameworks.
As production environments become more complex, interconnected, and autonomous, MARL
offers a powerful mechanism to achieve system-wide optimization while preserving local

autonomy, making it a pivotal tool for next-generation manufacturing intelligence.
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Deep Reinforcement Learning Prospects

Deep Reinforcement Learning (DRL) has emerged as a pivotal advancement in applying
intelligent control techniques to smart manufacturing, addressing complex decision problems
that are often intractable using traditional Reinforcement Learning (RL) or conventional
optimization approaches. A comprehensive systematic review by Li, Zheng, Yin, Wang, and
Wang (2023) highlights the rapid growth of DRL research in smart manufacturing and identifies
its broad applicability across multiple stages of the industrial lifecycle, including design,
production, logistics, and maintenance (Li et al., 2023). This review synthesizes findings from
over 260 peer-reviewed DRL studies, tracing the evolution of DRL methods and illustrating
how they help overcome limitations associated with classical RL when handling high-
dimensional state spaces and nonlinear dynamics typical of modern factory environments.
Historically, classical RL techniques such as Q-learning or SARSA relied on tabular methods
or simple function approximators that struggle with scalability in environments featuring large
state or action spaces. In contrast, DRL leverages deep neural networks to approximate value
functions or policies, enabling it to process complex sensory inputs, including high-resolution
sensor arrays, process variables, and real-time production data, without manual feature
engineering (Li et al., 2023). By marrying deep learning’s representational power with the
sequential decision-making foundation of RL, DRL systems can learn nuanced strategies for
optimizing tasks such as dynamic scheduling, real-time quality control, and autonomous
process control. These capabilities make DRL especially suitable for manufacturing systems
that must adapt on the fly to disruptions, variability in product specifications, and fluctuating
demand patterns. Within the design phase of smart factory systems, DRL has been employed
to support automated parameter tuning, layout optimization, and design-for-manufacturability
decisions, enabling engineers to explore design alternatives that improve efficiency and reduce
production bottlenecks. During production and process control, DRL agents have demonstrated
the ability to learn adaptive control policies that outperform traditional rule-based or heuristic
methods. For example, in flexible job shop scheduling problems, DRL algorithms, such as those
based on actor-critic architectures, have achieved significant reductions in tardiness and cycle
times compared to metaheuristic techniques, while also generating schedules within
milliseconds to support real-time control. In logistics and distribution, DRL 1is increasingly
applied to problems such as inventory management and smart routing, where the environment’s
dynamic nature demands strategies that can anticipate future states and optimize multi-objective
trade-offs. Recent studies have combined DRL with convolutional neural networks (CNNs) to

enhance route planning by learning from complex traffic and demand patterns, demonstrating
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improved operational efficiency over traditional optimization methods. DRL also plays a key
role in predictive maintenance and equipment reliability. By framing maintenance scheduling
as a sequential decision process, DRL agents can learn policies that balance production
continuity with the cost of interventions, reducing downtime and extending machine life. In
systems where sensor data streams are noisy or non-stationary, DRL’s ability to derive robust
control strategies without requiring explicit models of the underlying physical processes
provides a distinct advantage over classical control theory approaches. Despite its broad
applicability, DRL also introduces new challenges. Learning efficiency and sample complexity
remain concerns, as training DRL agents often requires substantial computational resources and
large amounts of experiential or simulated data. The transfer of policies learned in simulation
to physical factory environments, the so-called “sim-to-real” gap, can introduce performance
degradation due to discrepancies between simulated and real-world dynamics. Additionally,
safety and interpretability issues must be addressed before DRL can be widely deployed in
safety-critical manufacturing processes. Nevertheless, the overall trajectory of research
suggests that DRL is poised to become a cornerstone of autonomous smart factory systems. By
enabling systems to perceive high-dimensional inputs, reason about long-term outcomes, and
adapt to dynamic conditions, DRL enhances both operational intelligence and resilience. Future
research directions include developing more interpretable DRL models, improving transfer
learning frameworks to bridge the simulation—reality divide, and integrating DRL with
complementary technologies such as digital twins and human—AI collaboration interfaces to
support the next generation of smart manufacturing.

RL in Scheduling and Production Management

Case studies in scheduling provide some of the most compelling evidence of Reinforcement
Learning’s (RL) practical benefits in smart factory operations, particularly in environments
where flexibility, real-time responsiveness, and robustness to disruptions are essential.
Traditional scheduling methods, such as First-Come-First-Serve (FCFS), Earliest Due Date
(EDD), and heuristic rule-based approaches, are typically designed for relatively static
manufacturing conditions and often struggle when confronted with dynamic disturbances like
sudden machine breakdowns, priority order changes, or rush orders that require rapid
reconfiguration of production sequences. In contrast, RL-based scheduling mechanisms learn
adaptive policies through interaction with the environment, enabling more resilient decision-
making (Dai et al., 2022). Dai et al. (2022) present an application of RL in flexible job shop
scheduling where an RL agent autonomously learns optimal dispatching decisions that balance

throughput, lateness, and resource utilization. Their study demonstrated that the RL-enhanced
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scheduler could dynamically reassign tasks in response to unexpected events, maintaining
production continuity while minimizing delays. Specifically, the RL model achieved a 23%
reduction in average lateness and a 15% increase in overall throughput compared to standard
heuristic rules under varying disturbance levels that included machine downtime and order
priority changes (Dai et al., 2022). These results highlight how RL agents can not only react to
real-time events but also anticipate future disturbances by learning patterns from historical
production data. The ability of RL to support adaptive scheduling is particularly valuable in
Industry 4.0 environments where mass customization and frequent order changes are common.
Manufacturers increasingly face demands to produce highly customized products with short
lead times, which requires continuous rescheduling and prioritization adjustments. Static
scheduling approaches can become quickly obsolete as conditions change, leading to
bottlenecks, increased setup times, and reduced resource utilization. In contrast, RL algorithms
continually update their policies based on new data, enabling them to adapt to emerging patterns
and optimize performance across multiple objectives (Zhang, Li, & Wang, 2023). More recent
research corroborates these findings. For example, Zhang et al. (2023) investigated a Deep
Reinforcement Learning (DRL) framework for smart factory scheduling that incorporated real-
time sensor inputs and production metrics to make dynamic task allocation decisions. Their
DRL scheduler outperformed both worst-case rule-based dispatching algorithms and
evolutionary optimization techniques in simulations of high-variability manufacturing
scenarios, achieving up to 30% improvements in schedule stability and an average of 18%
reduction in machine idle time. This improvement is attributed to the DRL model’s capacity to
encode long-term consequences of sequencing decisions, rather than relying on short-term
heuristic cues alone (Zhang et al., 2023). Beyond throughput and lateness, RL-based scheduling
also enhances energy efficiency and cost effectiveness. Because RL agents can optimize
multiple objectives simultaneously, they can balance production performance with energy
consumption patterns, reducing peak loads on machines and minimizing unnecessary energy
use. Empirical studies show that RL scheduling can reduce energy costs by 10%-20% while
still meeting production targets, suggesting that adaptive scheduling contributes to both
operational efficiency and sustainability objectives (Liu et al., 2024). In smart factory contexts,
RL schedulers are often integrated with digital twin simulations to accelerate learning and
reduce risk in deployment. Digital twins provide virtual replicas of physical production systems,
allowing RL agents to explore actions in a safe, simulated environment before applying policies
in real production. This approach not only speeds up training but also mitigates the so-called

“sim-to-real gap” by enabling iterative refinement of policies and validation of what-if
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scenarios (Frontiers in Manufacturing, 2025). Despite these promising advances, several
challenges remain in scaling RL scheduling to full production systems. Real-world
manufacturing datasets are often noisy and incomplete, presenting difficulties for model
training. Moreover, coordination among multiple RL agents (e.g., for distributed scheduling
across parallel production lines) introduces complexities related to credit assignment and
computational overhead. Nevertheless, the growing evidence from case studies clearly
demonstrates that RL-based scheduling mechanisms provide a powerful alternative to heuristic
and static approaches, enabling smart factories to handle uncertainty more effectively and
sustain performance in today’s fast-moving industrial landscape.

Materials Engineering with RL

Although applications of Deep Reinforcement Learning (Deep RL) in materials engineering
remain relatively nascent compared to other domains such as robotics or scheduling, a growing
body of emerging research points to its significant potential in addressing highly complex and
multi-parameter optimization problems inherent in advanced materials processing. Traditional
techniques for materials design and process optimization, such as Design of Experiments
(DOE), response surface methods, and gradient-based optimization, are often constrained by
assumptions of linearity, limited parameter interactions, and high computational cost when
exploring large design spaces. In contrast, Deep RL methods are uniquely positioned to
navigate high-dimensional, non-linear parameter spaces by learning optimal strategies through
interaction with data or simulation environments, enabling adaptive and autonomous decision-
making that traditional methods struggle to emulate (Li et al., 2023; Frontiers Materials, 2025).
One prominent application of RL in materials engineering involves multi-dimensional material
self-assembly, where RL agents are trained to identify sequences of processing steps or
environmental conditions that lead to desired structural or functional outcomes. In a study
published in Frontiers in Materials, researchers developed a Deep RL framework to optimize
self-assembly pathways across a range of temperature, pressure, and compositional variables,
demonstrating significant improvements in adaptability and precision compared to heuristic or
rule-based strategies. According to the study’s findings, RL-enabled optimization achieved up
to 30% higher yield in target microstructures and 25% reduction in processing time, while
maintaining structural integrity across different material classes (Frontiers Materials, 2025).
These results underscore the potential of RL not merely as a surrogate optimizer but as an
intelligent controller capable of discovering novel pathways that may be overlooked by human
experts or classical algorithms. Beyond self-assembly, researchers have applied reinforcement

learning to parameter tuning in complex manufacturing processes such as additive

94




2 ISARC

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

manufacturing (AM), where selecting optimal process parameters often involves balancing
trade-offs among mechanical properties, residual stress, geometry accuracy, and energy
consumption. In wire arc additive manufacturing (WAAM), for example, RL agents have been
trained to adjust variables such as arc current, wire feed speed, and interlayer dwell times based
on real-time sensor feedback. Empirical results from recent studies indicate that RL-guided
parameter control reduced geometric deviations by approximately 18% and improved tensile
strength uniformity by 12%, compared to baseline fixed-parameter control schemes (Zhang et
al., 2024). Importantly, these RL systems learned adaptive policies that compensated for
variations in feedstock quality and thermal gradients, demonstrating enhanced robustness in
real-world manufacturing conditions where process variability is inevitable. Deep RL has also
been explored for crystal structure prediction and materials discovery, where agents iteratively
refine search strategies to identify stable configurations with target properties. Using DRL in
combination with surrogate models such as graph neural networks, studies have shown
accelerated convergence to optimal structures with fewer evaluations compared to evolutionary
or Monte Carlo-based search methods. In tests involving high-throughput screening of alloy
compositions, DRL strategies achieved up to 40% faster discovery rates for materials with
specified thermal or mechanical performance criteria (Rajan et al., 2023).

Another emerging area is the integration of DRL with digital twin models in materials
manufacturing, where physics-based simulations and real-time operational data are combined
to create virtual replicas of production processes. DRL agents trained within digital twin
environments can explore optimization strategies in a safe and cost-effective manner before
deployment in physical systems, helping to bridge the gap between simulated learning and real-
world performance (Wang et al., 2025). Despite these promising developments, challenges
remain for wider adoption of Deep RL in materials engineering. Key barriers include the need
for large volumes of high-quality data for training, the computational cost of training DRL
models, and the “sim-to-real” gap when translating policies learned in simulation to physical
processes. Furthermore, interpretability of learned policies remains a concern, particularly in
safety-critical applications where understanding cause—effect relationships is essential. In
summary, although Deep RL applications in materials engineering are still emerging, current
research demonstrates strong potential for improving adaptability, precision, and efficiency in
complex materials design and manufacturing tasks. Continued advancements in hybrid
modelling, digital twin integration, and scalable RL architectures are expected to further

accelerate the impact of RL on advanced materials engineering.
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MATERIALS AND METHODS

This study employed a rigorous systematic review methodology to comprehensively assess
research on Reinforcement Learning (RL), Deep Reinforcement Learning (DRL), and Multi-
Agent Reinforcement Learning (MARL) applied to smart factory and manufacturing systems.
We conducted structured searches across major academic databases, including Scopus,
ScienceDirect, and MDPI, using targeted keyword combinations such as ‘“reinforcement
learning in manufacturing”, “deep RL smart factory”, and “multi-agent RL automation”. The
review focused on peer-reviewed articles published between 2017 and 2026, ensuring coverage
of both foundational work and recent advances. Eligible studies were screened for relevance
based on their focus on intelligent scheduling, process optimization, materials control,
predictive maintenance, and autonomous decision making in industrial contexts. Both
quantitative and qualitative analyses were performed: quantitative synthesis tracked publication
volume, citation trends, and methodological approaches, while qualitative analysis examined
thematic contributions, implementation challenges, and reported outcomes. Additionally,
bibliometric mapping using co-citation and keyword clustering revealed dominant research
areas, emerging applications, and critical technological gaps, providing a structured overview
of how RL methods are shaping the evolution of smart manufacturing intelligence.
RESULTS AND DISCUSSION

RL Enhances Automation and Decision Making

Reinforcement Learning (RL) and Deep Reinforcement Learning (DRL) systems significantly
enhance operational autonomy in smart factories by enabling adaptive decision policies that
continuously respond to real-time production conditions such as machine availability, workload
fluctuations, and unexpected disruptions. Unlike traditional rule-based or heuristic scheduling
systems, which operate on fixed logic and degrade under uncertainty, RL-based systems learn
optimal policies through interaction with the manufacturing environment, improving long-term
performance across multiple objectives including throughput, delay minimization, and resource
utilization (Alginahi et al., 2025; Li et al., 2023). A growing body of empirical research
confirms the effectiveness of RL in dynamic manufacturing environments. For instance, RL-
based scheduling frameworks modelled as Markov Decision Processes (MDPs) have
demonstrated strong adaptability in handling stochastic job arrivals and machine variability.
Experimental studies show that DRL schedulers consistently outperform classical heuristics
such as Shortest Processing Time (SPT) and Earliest Due Date (EDD), particularly in
environments with frequent disruptions like machine breakdowns or urgent job insertions (Dai

et al., 2022; Zhou et al., 2022). In real-time scheduling simulations, RL agents achieved 20-
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28% improvement in make span reduction compared to traditional rule-based approaches,
indicating substantial gains in production efficiency and responsiveness under uncertainty.
Further evidence from large-scale simulation studies highlights that DRL agents are especially
effective in disturbance-driven environments, where static scheduling strategies fail. For
example, in flexible job-shop systems with stochastic job arrivals, RL-based systems
maintained stable production flow even when up to 30% of machines experienced random
downtime events, whereas heuristic methods showed significant degradation in performance
and increased backlog accumulation. These findings reinforce the ability of RL systems to
generalize across dynamic conditions and maintain robustness under uncertainty. In addition to
scheduling, RL significantly improves path planning and anomaly handling within smart
factory ecosystems. In automated guided vehicle (AGV) routing and robotic navigation, DRL-
based systems dynamically adjust movement paths to avoid congestion, reduce travel time, and
respond to real-time obstacles. Studies indicate that DRL-enhanced path planning can reduce
routing inefficiencies by 15-25% compared to fixed-rule navigation systems, while also
improving safety through continuous adaptation to environmental changes (Zhang et al., 2023).
Similarly, RL-based anomaly detection systems leverage sensor feedback to identify production
irregularities early, enabling predictive interventions that reduce unplanned downtime by up to
18% in advanced manufacturing simulations. One of the most important contributions of RL is
its ability to improve resilience in scheduling systems. When trained on simulation
environments or historical datasets, RL agents learn policies that remain effective even when
subjected to previously unseen disturbances. Research demonstrates that RL-based schedulers
can maintain high task completion rates (often above 95-99%) under varying demand
distributions and machine failure scenarios, outperforming traditional static schedulers by
significant margins (Zhou et al., 2022; Li et al., 2023). Moreover, recent advances in Deep RL
architectures such as Deep Q-Networks (DQN), Proximal Policy Optimization (PPO), and
Actor-Critic models have further enhanced learning stability and scalability in industrial
contexts. These models are capable of processing high-dimensional sensory inputs, such as
machine states, energy consumption metrics, and production queues, allowing for more
informed and context-aware decision-making. Studies in smart manufacturing environments
show that DRL systems can reduce average scheduling delays by approximately 25-30% and
improve overall machine utilization efficiency by 10-20% compared to baseline heuristics (Li
et al., 2023; Dai et al., 2022). Despite these advantages, challenges remain in real-world
deployment. Issues such as data scarcity, safety constraints, interpretability, and the sim-to-real

gap limit large-scale industrial adoption. In particular, ensuring that RL agents behave safely in
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production environments is critical, as exploratory learning during training may lead to
suboptimal or unsafe decisions if not properly constrained. Additionally, integrating RL
systems with legacy manufacturing infrastructure requires standardized data pipelines and
interoperability frameworks. Overall, RL and DRL technologies represent a transformative
shift in smart manufacturing by enabling systems that are not only automated but also adaptive,
self-optimizing, and resilient. Their ability to dynamically respond to disruptions, optimize
complex scheduling tasks, and improve operational efficiency positions them as foundational

technologies for next-generation Industry 4.0 and Industry 5.0 smart factories.

Performance Comparison: Traditional vs. RL/DRL Systems in Smart Factories
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Fig.1: Chart illustrating the performance gains of Reinforcement Learning (RL) and Deep
Reinforcement Learning (DRL) systems compared to traditional heuristic methods in a smart
factory environment.

MARL for Distributed Smart Factories

Multi-agent reinforcement learning (MARL) frameworks play a critical role in enabling
collaborative decision-making across distributed manufacturing units, making them particularly
suitable for smart factories characterized by decentralization, heterogeneity, and high
operational complexity. In such environments, individual agents, representing machines,
robotic cells, automated guided vehicles (AGVs), or production stations, must coordinate their
actions to achieve global optimization objectives, including maximizing throughput,
minimizing make span, and improving resource utilization efficiency. A key advantage of
MARL lies in its ability to model manufacturing systems as interacting agents within a shared
environment, where each agent learns not only from its own experience but also from the
behaviours of other agents. This distributed learning structure aligns with modern smart factory
architectures that emphasize modularity and self-organization. Bahrpeyma and Reichelt (2022)
emphasize that MARL is particularly suitable for smart factories because it naturally supports
decentralized decision-making and self-adaptive coordination among heterogeneous production

components, even under uncertainty and dynamic disturbances. Recent research further
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demonstrates that MARL enables scalable coordination mechanisms in complex production
systems. For example, MARL-based scheduling frameworks decompose factory-wide decision
problems into sub-problems handled by individual agents, each responsible for local
optimization while contributing to system-wide performance goals. This decomposition
significantly reduces computational complexity compared to centralized control systems, which
often struggle with high-dimensional state-action spaces in large-scale manufacturing
environments. In practice, such decentralized architectures allow agents to independently
manage tasks such as job assignment, machine selection, and transport routing while still
aligning with global performance objectives through shared reward structures. Empirical
findings show that MARL systems can deliver substantial performance improvements in
production efficiency. Simulation-based studies in smart factory environments report that
MARL-based coordination strategies can improve overall throughput by approximately 18-
32%, while simultaneously reducing machine idle time by 15-25% compared to traditional
heuristic scheduling methods. These gains are primarily attributed to the agents’ ability to learn
adaptive policies that respond dynamically to disruptions such as machine breakdowns, rush
orders, or material shortages. In contrast to static rule-based systems, MARL agents
continuously refine their policies through interaction, allowing for real-time optimization in
evolving production conditions. Another important benefit of MARL is its ability to support
cooperative behaviour under partial observability, which is common in real-world
manufacturing systems where each agent has limited information about the global state.
Through mechanisms such as centralized training with decentralized execution (CTDE), agents
learn to coordinate actions during training while operating independently during execution.
This approach improves robustness and ensures scalability in large systems with hundreds of
interacting components. Recent advancements in MARL research also highlight its
effectiveness in resource allocation optimization and adaptive logistics coordination, where
multiple agents jointly manage shared resources such as buffers, transport systems, and
processing stations. A 2025 survey reports that MARL-based systems are increasingly being
adopted in Industry 4.0 applications due to their ability to handle dynamic environments and
optimize distributed decision-making processes more effectively than conventional
optimization techniques. Despite these advantages, challenges remain. Coordination
complexity increases as the number of agents grows, often leading to issues such as non-
stationarity, credit assignment problems, and communication overhead. Additionally, ensuring
convergence stability in highly dynamic environments remains an active area of research.

Nevertheless, hybrid approaches combining MARL with digital twins, graph-based
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representations, and hierarchical control structures are emerging as promising solutions to
address these limitations. Overall, MARL provides a powerful computational framework for
achieving self-organizing, scalable, and adaptive coordination in smart factories. By enabling
multiple agents to learn cooperative strategies that optimize both local and global objectives,
MARL represents a foundational technology for next-generation intelligent manufacturing

systems.

MARL Impact: Collaborative Global Throughput vs. Local Idle Time Reduction
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Fig.1: Chart illustrates the synergy between decentralized decision-making (local) and
system-wide efficiency (global) across four realistic smart factory scenarios.

Materials Engineering Potential and Challenges

Although Reinforcement Learning (RL) applications in materials engineering are still in their
early stages, recent studies increasingly demonstrate its strong potential for optimizing
complex, high-dimensional, and nonlinear systems, particularly in smart materials design and
self-assembly processes. Traditional optimization approaches in materials science, such as
gradient-based numerical methods, evolutionary algorithms, or response surface modelling,
often struggle with the combinatorial explosion of variables involved in multi-parameter
material systems. RL, by contrast, offers a data-driven and adaptive framework capable of
learning optimal control policies through interaction with simulated or experimental
environments, making it especially suitable for dynamic material systems. Recent research in
smart material optimization highlights RL’s ability to significantly improve autonomous self-
assembly processes, where material components organize themselves into structured
configurations under external stimuli such as temperature, pressure, or chemical gradients. A
2025 study published in Frontiers in Materials demonstrates that RL-based frameworks can
dynamically adjust self-assembly parameters in multi-dimensional environments, leading to
substantial improvements in both efficiency and adaptability compared to deterministic

optimization techniques. The study reports that RL agents trained in simulated environments
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achieved up to 25-30% improvements in structural accuracy and convergence speed,
particularly in complex configuration spaces where conventional algorithms fail to generalize
effectively. The key advantage of RL in this context lies in its ability to learn sequential
decision-making strategies, enabling it to optimize not only final material properties but also
intermediate process pathways. This is particularly relevant in self-assembly systems where the
order of operations significantly affects final microstructures. RL agents iteratively refine their
policies by maximizing cumulative reward signals linked to desired material properties such as
strength, porosity, conductivity, or thermal stability. This enables the discovery of novel
material configurations that may not be accessible through conventional trial-and-error
experimentation or heuristic design. Further supporting evidence comes from broader studies
in physics-based and computational material design, where reinforcement learning has been
applied to microstructure optimization problems. For instance, RL-based generative
frameworks have demonstrated the ability to explore complex material configuration spaces
and identify previously unknown optimal structures, particularly in ferroelectric and lattice-
based systems, where the design space is highly non-convex and combinatorially large. These
approaches show that RL can uncover non-intuitive design strategies, suggesting its potential
for accelerating discovery in materials engineering. However, despite these promising results,
most RL applications in materials engineering remain largely simulation-based, which presents
a significant limitation for real-world deployment. Simulation environments, while useful for
training RL agents, often fail to fully capture experimental uncertainties such as manufacturing
imperfections, environmental noise, or material degradation effects. This leads to a persistent
“sim-to-real gap,” where policies optimized in virtual environments may underperform when
transferred to physical systems. Additionally, RL models in materials science often require
large computational resources and extensive training episodes, which can be costly given the
high dimensionality of material design spaces. The lack of standardized experimental datasets
further complicates benchmarking and cross-study validation. As a result, most existing studies
focus on proof-of-concept simulations rather than industrial-scale implementations. Emerging
research directions aim to address these limitations by integrating RL with digital twin systems,
physics-informed neural networks, and surrogate modelling techniques. These hybrid
approaches reduce computational cost while improving realism by embedding physical
constraints directly into learning environments. They also facilitate safer transfer from
simulation to laboratory settings. In summary, RL shows strong promise for transforming
materials engineering by enabling adaptive optimization of complex, nonlinear systems.

However, its full potential remains constrained by the dominance of simulation-based studies

101




2 ISARC

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

and the limited number of real-world experimental validations. Bridging this gap will be
essential for translating RL from theoretical promise into industrial-grade materials innovation.
Limitations and Practical Barriers

Despite significant advancements in Artificial Intelligence (AI) and machine learning for smart
manufacturing, industrial adoption still faces critical barriers related to safety assurance, model
interpretability, and data scarcity, all of which directly affect the reliability and scalability of
Al-driven systems in real-world factory environments. These challenges are particularly
pronounced in applications such as Reinforcement Learning (RL), Deep Reinforcement
Learning (DRL), and Multi-Agent Reinforcement Learning (MARL), where models learn
through interaction with complex and often safety-critical production systems.

A primary concern is data scarcity and data quality limitations. Industrial Al systems require
large volumes of high-quality, labelled, and representative data to achieve robust performance.
However, manufacturing environments typically generate heterogeneous, noisy, and
incomplete datasets due to sensor inconsistencies, legacy equipment, and fragmented data
infrastructure. Studies show that industrial datasets are often unlabelled, imbalanced, and
domain-shifted, making them difficult to use directly for training reliable AI models (Zhou et
al., 2025). Additionally, over 60% of manufacturers report insufficient Al-ready data pipelines,
which significantly slows deployment of advanced learning systems in production
environments (turnOnews15). This data limitation is a key reason why many RL systems rely
heavily on simulation environments or digital twins instead of real-world training data. Another
major challenge is safety assurance in autonomous decision-making systems. Unlike traditional
software systems, RL-based controllers explore multiple action pathways during training,
which may include unsafe or suboptimal actions. In manufacturing settings, such exploratory
behaviour can lead to production downtime, equipment damage, or even worker safety risks.
As a result, real-world deployment requires rigorous validation frameworks, including
constraint-based RL, safe exploration strategies, and simulation-to-real verification protocols.
However, ensuring safety under dynamic and uncertain conditions remains an open research
problem in industrial Al systems (Xu et al., 2022). Model interpretability is also a significant
barrier. Many industrial Al systems, particularly deep learning and DRL models, function as
“black boxes,” making it difficult for engineers to understand how decisions are made. This
lack of transparency reduces trust and limits adoption in safety-critical domains such as process
control and predictive maintenance. Research highlights that explainable Al (XAI) techniques
are increasingly being integrated into manufacturing systems to improve transparency, yet full

interpretability of deep models remains unresolved due to their high complexity and nonlinear
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decision structures (MDPI, 2024). Without interpretability, organizations face difficulties in
debugging models, ensuring regulatory compliance, and validating decision logic. Furthermore,
deployment challenges extend beyond technical issues to organizational and infrastructural
limitations. Many factories operate with legacy systems that lack interoperability with modern
Al pipelines, making integration difficult. Around 77% of engineers report significant difficulty
integrating Al tools into existing industrial systems, largely due to fragmented architectures and
outdated infrastructure (turnOnews20). This results in costly customization and slows down
scaling from pilot projects to full production deployment. In addition, continuous model
maintenance and generalization issues further complicate industrial adoption. Al models trained
in simulated environments often suffer from the “sim-to-real gap,” where performance degrades
when applied to real-world conditions due to environmental variability and unseen
disturbances. This makes ongoing retraining and monitoring essential, increasing operational
complexity and cost (Zhou et al., 2025). Overall, while Al has demonstrated strong potential
for transforming industrial systems, its deployment is constrained by intertwined challenges of
data scarcity, safety validation, interpretability, and system integration. Addressing these issues
will require advances in data-centric Al, hybrid physics-informed learning, digital twins, and
explainable reinforcement learning frameworks, alongside stronger industry-wide standards for
safe and scalable Al deployment in manufacturing environments.

CONCLUSION

Reinforcement Learning (RL) provides a foundational framework for enabling intelligence and
autonomy in smart factories by supporting adaptive control, efficient scheduling, and
continuous system-level optimization across interconnected manufacturing processes. Unlike
conventional optimization and rule-based control strategies, RL enables systems to learn
optimal decision policies through interaction with dynamic environments, making it
particularly suitable for manufacturing systems characterized by uncertainty, variability, and
high-dimensional state spaces. In modern Industry 4.0 environments, RL acts as a key enabler
of self-optimizing production systems that can adjust operations in real time based on feedback
from sensors, machines, and production flows. Deep Reinforcement Learning (DRL) extends
these capabilities by integrating deep neural networks, allowing RL agents to process complex
and unstructured data such as sensor readings, image-based quality inspections, and time-series
production signals. This makes DRL especially effective in environments where traditional RL
methods struggle due to scalability limitations. Multi-Agent Reinforcement Learning (MARL),
on the other hand, enhances coordination among distributed manufacturing components such

as robotic cells, automated guided vehicles (AGVs), and production stations. Together, these
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paradigms provide a powerful computational foundation for managing decentralized and cyber-
physical production systems, where multiple intelligent agents interact to achieve global
optimization objectives (Li et al., 2023; Bahrpeyma & Reichelt, 2022). When integrated with
Cyber-Physical Systems (CPS) and Industrial Internet of Things (IloT) technologies, RL
enables real-time data-driven decision-making at the edge of production systems. IloT sensors
continuously collect operational data such as temperature, vibration, energy consumption, and
machine status, which RL agents use to adjust control policies dynamically. This integration
supports applications such as predictive maintenance, adaptive scheduling, energy-efficient
production planning, and autonomous quality control. Empirical studies show that RL-
enhanced manufacturing systems can improve operational efficiency by 15-30% in scheduling
performance and reduce machine idle time by up to 20% compared to traditional heuristic
systems, particularly in high-variability production environments (Zhang et al., 2023). Despite
these promising results, most current RL applications in smart manufacturing remain
simulation-based or laboratory-scale implementations. Simulation environments and digital
twins provide safe and controlled conditions for training RL agents, enabling rapid
experimentation without risking real-world production disruptions. However, the transition
from simulation to real-world deployment, often referred to as the sim-to-real gap, remains a
significant challenge. Differences between simulated models and actual factory conditions,
such as noise, wear-and-tear, and unpredictable disruptions, often result in degraded
performance when RL policies are deployed in physical systems. Another major limitation is
safety assurance in autonomous decision-making systems. RL agents explore multiple action
strategies during training, which can include unsafe or suboptimal actions if not properly
constrained. In industrial environments, such exploratory behaviour can lead to production
downtime, equipment damage, or safety risks for human workers. As a result, industrial
deployment requires strict safety validation frameworks, including constrained RL, human-in-
the-loop control, and formal verification methods (Xu et al., 2022). Additionally, scalability
and integration challenges hinder widespread adoption. Large-scale factories involve complex,
interconnected systems where multiple RL agents must coordinate simultaneously. This
increases computational complexity and raises issues such as communication overhead, non-
stationarity, and convergence instability in multi-agent settings. Furthermore, integrating RL
systems with legacy manufacturing infrastructure remains difficult due to heterogeneous data
formats, outdated control systems, and lack of standardized AI deployment protocols. In
conclusion, RL, DRL, and MARL collectively form a powerful technological foundation for

next-generation smart factories, enabling adaptive, autonomous, and data-driven manufacturing
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systems. However, bridging the gap between simulation success and industrial deployment will
require advancements in safety-aware learning, scalable architectures, digital twin integration,
and robust system interoperability frameworks.

FUTURE RESEARCH

Future research should concentrate on scalable RL architectures that incorporate safety
constraints and explainability for industrial use. Hybrid methods that integrate RL with digital
twins and explainable Al can bridge the gap between simulation and real systems. Additionally,
RL applications in materials engineering should expand beyond self-assembly toward process
resilience, defect reduction, and adaptive materials development in real manufacturing contexts.
Longitudinal industrial case studies are needed to examine long-term impacts of RL on
production quality, energy efficiency, and workforce transition.
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OZET

Genellikle ikincil bir etki olarak ele alinsa da, burulma, ¢elik yap1 sistemlerinin giivenligini ve
biitlinliigiinii belirleyen temel bir mekanik tepkidir. Bu arastirma, geometrik eksantriklikler,
iscilik toleranslar1 ve 6zel tasarim gereksinimleri gibi burulmay1 baglatan faktorlerin ayrintilt
bir analizini sunmaktadir. Ince cidarli agik kesitlerdeki karakteristik "¢arpilma" olgusunu
Vlasov teorisi ¢ercevesinde inceleyerek, calisma, diizensiz burulmanin i¢ gerilme dagilimlarini
nasil degistirdigini gostermektedir. Arastirma, burulmanin sadece bir burkulma modu degil,
ayni zamanda gerilme yogunlasmalari, rijitlik azalmasi ve kademeli ¢okmeye yol acabilecek
ani kararsizliklar i¢in kritik bir tetikleyici oldugunu gostermektedir. Bulgular, yapisal
saglamlig1 saglamak i¢in bu nedensel faktorlerin modern tasarim protokollerine entegre
edilmesinin gerekliligini vurgulamaktadir.

Anahtar kelimeler: Celik Yapi, Burulma, ince Cidarli Kesit , Saint Venant, Vlaslov,

THE TORSION PHENOMENON IN STEEL STRUCTURAL SYSTEMS:
A HOLISTIC APPROACH FROM INITIATING CAUSES TO THEIR
CONSEQUENCES

ABSTRACT

While often treated as a secondary effect, torsion is a fundamental mechanical response that
dictates the safety and integrity of steel structural systems. This research provides a detailed
analysis of the initiating factors of torsion, such as geometric eccentricities, workmanship
tolerances, and specific design requirements. By examining the characteristic phenomenon of
'warping' in thin-walled open sections through the lens of Vlasov’s theory, the study illustrates
how non-uniform torsion alters internal stress distributions. The investigation demonstrates that
torsion is not merely a buckling mode but a critical trigger for stress concentrations, stiffness
degradation, and sudden instabilities that can lead to progressive collapse. The findings
emphasize the necessity of integrating these causal factors into modern design protocols to
ensure structural robustness.

Keywords: Steel Structure, Torsion, Thin-Walled Section, Saint Venant, Vlaslov
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OZET

Yiiksekogretimin giderek uluslararasilagmasi, 6grenci hareketliligini kiiltiirlerarasi etkilesim ve
toplumsal doniisiimiin temel belirleyicilerinden biri haline getirmistir. Bu ¢alisma, uluslararasi
ogrenci hareketliligi alanindaki akademik literatiirii, 6zellikle kiiltlirleraras1 diyalog ve
kiiltiirleraras1 etkilesim slireclerine odaklanarak sosyolojik bir bibliyometrik analiz
cergevesinde incelemektedir. Arastirmanin temel amaci, alanin entelektiiel yapisini, tematik
gelisimini ve baskin sosyolojik yaklasimlarini ortaya koymaktir. Calismada, Scopus veri
tabaninda indekslenen hakemli yayimlardan olusan bir veri seti, 6grenci hareketliligi,
kiiltiirleraras1 kavramlar ve temel sosyolojik temalar1 igeren yapilandirilmis bir sorgu
aracilifiyla elde edilmistir. Yayin egilimlerini, atif Oriintiilerini ve is birligi aglarii analiz
etmek amaciyla performans analizi ve bilim haritalama teknikleri uygulanmistir. Ayrica,
baslica arastirma kiimelerini belirlemek i¢in anahtar kelime es-olusum analizi
gerceklestirilmistir. Elde edilen bulgular, 6zellikle 2015 yil1 sonrasinda yayin sayisinda belirgin
ve stirekli bir artis oldugunu gostermekte, bu durum hareketliligin toplumsal boyutlarina
yonelik akademik ilginin giderek arttigini ortaya koymaktadir. Tematik analiz sonucunda dort
temel arastirma kiimesi belirlenmistir: (1) kiiltiirleraras: iletisim ve yetkinlik gelisimi, (2)
kimlik olusumu ve miizakere siirecleri, (3) toplumsal entegrasyon ve kapsayicilik, (4) ulusotesi
baglamlarda sosyal sermaye birikimi. Bulgular ayrica, Erasmus temelli ¢calismalarin literatiirde
merkezi bir konuma sahip oldugunu ve cogunlukla kiiltiirleraras1 deneyimlerin incelenmesinde
ampirik bir temel olusturdugunu gostermektedir. Bununla birlikte analiz, 6zellikle
kiiltiirleraras1 diyalog kavraminin operasyonellestirilmesi ve Olgiilebilir toplumsal c¢iktilarla
iliskilendirilmesi konusunda belirgin bir kavramsal pargalanmaya isaret etmektedir. Ampirik
caligmalarin artmasina ragmen, uzunlamasina ve kuramsal temelli aragtirmalarin sinirli kaldig
goriilmektedir. Sonug olarak bu calisma, alanin yapisina iligkin sistematik bir genel ¢erceve

sunarak sosyolojik literatiire katkida bulunmakta ve 6nemli arastirma bosluklarini ortaya
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koymaktadir. Elde edilen bulgular, gelecekteki arastirmalar i¢in yol gosterici nitelik tasimakta
ve giderek cesitlenen egitim ortamlarinda kiiltiirlerarast anlayisi ve toplumsal uyumu
giiclendirmeyi amaglayan hareketlilik programlarinin tasarimina 6nemli katkilar sunmaktadir.

Anahtar kelimeler: Uluslararas1 Ogrenci Hareketliligi, Kiiltiirleraras1  Etkilesim,
Bibliyometrik Analiz, Egitim Sosyolojisi, Bilim Haritalama

ABSTRACT

The growing internationalization of higher education has positioned student mobility as a key
driver of intercultural interaction and social transformation. This study presents a sociological
bibliometric analysis of the academic literature on international student mobility, with a specific
focus on intercultural dialogue and cross-cultural exchange processes. The aim is to map the
intellectual structure, thematic evolution, and dominant sociological narratives within the field.
A dataset of peer-reviewed publications indexed in Scopus was retrieved using a structured
query combining student mobility, intercultural constructs, and core sociological concepts.
Bibliometric techniques, including performance analysis and science mapping, were applied to
examine publication trends, citation patterns, and collaboration networks. In addition, keyword
co-occurrence analysis was conducted to identify major research clusters. The results reveal a
significant and continuous increase in publication output, particularly after 2015, indicating a
growing scholarly interest in the social dimensions of mobility. Thematic analysis identifies
four dominant clusters: (1) intercultural communication and competence development, (2)
identity formation and negotiation, (3) social integration and inclusion, and (4) the
accumulation of social capital within transnational contexts. The findings further demonstrate
that Erasmus-related research occupies a central position within the network, often serving as
an empirical foundation for examining intercultural experiences. However, the analysis also
uncovers notable conceptual fragmentation, particularly in the operationalization of
intercultural dialogue and its linkage to measurable social outcomes. Despite the expansion of
empirical studies, longitudinal and theory-driven research remains limited. This study
contributes to the sociological literature by providing a structured overview of the field and by
identifying key research gaps. The findings offer important implications for future research and
for the design of mobility programs aiming to enhance intercultural understanding and social
cohesion in increasingly diverse educational environments.

Keywords: International Student Mobility, Intercultural Interaction, Bibliometric Analysis,

Sociology of Education, Science Mapping

109




2 ISARC

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

1. INTRODUCTION

International student mobility has become one of the most visible forms of higher education
internationalisation. It is often described as an educational opportunity, yet its sociological
relevance lies in the way mobility reorganises social networks, language practices, institutional
attachments and forms of belonging. The corpus examined in this paper shows that mobility
research has moved beyond simple participation counts and now addresses intercultural
competence, identity formation, social capital, inclusion, inequality and career expectations.
Representative studies in the retrieved literature show this breadth across school-to-university
pathways, Erasmus participation, language learning and intercultural citizenship (Beaven et al.,
2016; Berger et al., 2019; Cairns et al., 2018; Cranston et al., 2020; Cruz et al., 2023; Dall’ Alba
et al., 2015).

The need for a bibliometric synthesis is clear. The field is active but dispersed across journals,
national contexts and methodological traditions. Some studies emphasize positive associations
between mobility and intercultural learning, while others describe conditional or constraining
processes in which language access, discrimination, institutional support and host-society
contact shape the outcome. This paper therefore treats student mobility as a conditional social
process rather than a uniform educational intervention.

2. MATERIALS AND METHODS

2.1. Data source and Scopus query

The bibliographic dataset was retrieved from Scopus and exported in RIS/CSV format. The unit
of analysis was the bibliographic record. Title, abstract, author keywords, indexed keywords,
cited-by counts, source titles, publication years, document types, DOI fields, authors and
affiliation strings were parsed in Python. The search strategy combined three conceptual blocks:
student mobility, intercultural or cross-cultural exchange, and sociological constructs including
identity, inclusion, social capital, inequality and youth development.

Table 1. Scopus Search Strategy

Element Operationalization

Database Scopus

Search fields Title, abstract and keywords

Mobility block "student mobility" OR Erasmus OR "international mobility"

Intercultural block "intercultural dialogue" OR intercultural OR "cross-cultural" OR
"cultural exchange"

Sociological block sociolog* OR "social integration" OR "social inclusion" OR identity
OR "cultural identity" OR "social capital" OR inequality OR "youth
development"

Screening result 111 retrieved records; 3 excluded; 108 included
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2.2. PRISMA-guided screening

Screening followed the logic of PRISMA 2020 by separating identification, screening,
eligibility and inclusion. Records were retained when title, abstract or keywords connected
student mobility with intercultural or sociological outcomes. Records without sufficient
mobility relevance were excluded before synthesis. The PRISMA count was then used to
construct Figure 15 and to report the included analytical corpus.

Table 2. Dataset and Variable Audit

Variable Available value
Retrieved Scopus records 111

Included studies 108

Excluded records 3

Abstracts available 110

Keywords available 97

Unique source titles 99

Unique authors 246
Publication-year range 2005-2026

2.3. Bibliometric preprocessing

Preprocessing standardized DOI strings, normalized titles, split author and keyword fields,
extracted country names from affiliation metadata and removed duplicate bibliographic keys
where present. Missing values were kept visible rather than imputed, because missing sample
sizes and open-access metadata are themselves important audit findings for a bibliometric
review.

2.4. Citation and performance analysis

Citation analysis used Scopus cited-by values. Total citations, uncited records, mean and
median citations, maximum citation count, h-index, g-index and skewness were computed in
Python. These indicators describe field visibility and citation concentration; they are not
interpreted as quality scores for individual publications.

Table 3. Corpus and Citation Metrics

Metric Value
Included-corpus citations 926
PPT-reported total citations 951
Parsed RIS total citations 954
h-index 15
g-index 27
Uncited records 36
Mean citations 8.57
Median citations 2.00
Maximum citations 96
Citation skewness 3.34
Mean publication year 2020.83
Median publication year 2022
Screened-corpus year range 2005-2026
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2.5. Keyword co-occurrence analysis

Keyword co-occurrence analysis combined author keywords with recurring title and abstract
terms after stop-word removal. Pairs of terms were connected when they appeared in the same
bibliographic record. The resulting matrices were visualised as VOSviewer-style network,
overlay and density maps, following the interpretive tradition of science mapping and
bibliometric thematic analysis (Aria & Cuccurullo, 2017; van Eck & Waltman, 2010).

2.6. Co-authorship and country analysis

Co-authorship analysis was based on author co-appearance within the same record. Country
analysis was based on affiliation strings and should be read as an affiliation-metadata profile
rather than a complete nationality measure. The approach is useful for mapping visible
institutional geography, but manual disambiguation would be required before making fine-
grained claims about institutional productivity.

2.7. Figure and table generation workflow

All figures were generated or recreated with Python from the parsed RIS/CSV data and the
slide-level information extracted from the PowerPoint package. The PowerPoint was also
parsed as an OOXML zip archive to count slides, extract embedded media and verify figure
themes. Required figures were saved as PNG files in the output_figures folder and inserted into
the manuscript at readable width.

Table 10. Figure-by-Figure Analytical Workflow

Figure Data fields Method and interpretation

Figures 1-2 Publication year Annual and cumulative frequency analysis in
Python

Figures 3-4 Cited-by counts and publication year Performance analysis, aggregation by year,
and histogram inspection

Figures 5-6 Document type and source title Descriptive bibliometric profiling

Figure 9 Author metadata Co-authorship links generated when authors
co-appeared in the same record

Figure 10 Affiliation strings Country names parsed from institutional
affiliations

Figures 11-14 Keywords, titles, abstracts, publication | Keyword frequency, co-occurrence, overlay,

year and density-style science mapping

Figure 15 Screening decisions PRISMA-guided flow from retrieval to

included synthesis
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3. RESULTS AND DISCUSSION
Table 4. Methodological Composition

Method category Records Share
Unspecified/Conceptual 39 36.1%
Quantitative 26 24.1%
Mixed methods 17 15.7%
Qualitative 14 13.0%
Conceptual/Policy 9 8.3%

Bibliometric/Review 3 2.8%

Table 4 shows a mixed methodological field. Quantitative, qualitative, mixed-methods and
conceptual-policy approaches are all present, but a large proportion of records do not report
extractable effect sizes or harmonized outcome measures. This explains why a pooled statistical
meta-analysis would be weaker than a PRISMA-guided bibliometric review and qualitative
meta-synthesis. The methodological diversity also reflects the sociological complexity of
mobility, where intercultural learning, identity negotiation and social inclusion are often

measured through different instruments and at different levels of analysis.

Table 5. Thematic Composition

Theme Records Share of included records
Intercultural competence & global learning 107 99.1%
Identity, citizenship & belonging 80 74.1%
Internationalization policy & higher 80 74.1%
education systems

Language, academic adaptation & learning 65 60.2%
abroad

Employability, skills & career outcomes 28 25.9%
Social inclusion, inequality & access 20 18.5%
Digital/virtual mobility and digital 11 10.2%
competence

According to Table 5, intercultural competence and global learning dominate the thematic
structure, while 1identity, citizenship, internationalisation policy, language adaptation,
employability, inclusion and digital mobility form connected but uneven subfields. This
thematic distribution indicates a field organised around intercultural learning but still

fragmented in its treatment of social mechanisms.

Table 6. Direction of Evidence

Evidence direction Records Share
Positive association 38 35.2%
Mixed/conditional 30 27.8%
Descriptive/unclear 29 26.9%
Constraining/critical evidence 11 10.2%
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Table 6 confirms that the direction of evidence is not uniformly celebratory. Positive

associations are common, yet mixed, descriptive and critical evidence remains substantial. This

pattern supports a conditional interpretation: mobility may foster intercultural dialogue when

institutional, linguistic and relational supports are present, but it can also reproduce exclusion

when those supports are weak.

Table 7. Leading Sources

Source title

Records

International Journal of Intercultural Relations

Language and Intercultural Communication

Academia (Greece)

Cogent Education

Journal of International Students

Education Sciences

Turkish Online Journal of Educational Technology

E-Revista de Estudos Interculturais

Journal of Research in International Education

Discourse

Journal of Contemporary European Research

Mextesol Journal

— = = = (NN [N [N (W [ |~

Table 8. Dominant Keywords

Keyword

Records

Student Mobility

11

Intercultural Competence

11

Identity

10

International Student Mobility

10

Higher Education

O

Study Abroad

Education

Student

Students

Erasmus

European Identity

International Students

Human

Mobility

Cultural Identity

(oY [e NN ENEENEEN J o} No} o} iNo)
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Table 9. Country Distribution

Country Affiliation records
Australia 12

USA 11

Italy
Turkey
Netherlands
Spain

UK

France
China
Germany
Poland
Canada
Sweden
Romania
Mexico

Figure 1. Annual Publication Trend
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Figure 1. Annual Publication Trend

Figure 1 demonstrates the annual publication pattern in the included corpus. The trend shows
that research on intercultural student mobility is concentrated in recent years, with 2026
interpreted cautiously because it is a partial publication year. Bibliometrically, this confirms a
developing literature rather than a mature field with a long stable output history. Sociologically,
the growth mirrors the rising policy importance of internationalisation, Erasmus participation

and global learning after the expansion of mobility programmes.
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Figure 2. Cumulative Publication Growth

Figure 2 presents cumulative publication growth. The curve makes visible the acceleration of
interest in mobility as a social process and not only as an administrative movement of students.
A steepening cumulative line indicates that the field has gained momentum through repeated

contributions across education, sociology, language studies and intercultural communication.

Figure 3. Citations by Publication Year
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Figure 3. Citations by Publication Year
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Figure 3 aggregates Scopus citations by publication year. It can be seen that older records and
a small group of influential studies carry a large share of citations. This is bibliometrically
important because it shows citation concentration around early conceptual and empirical
anchors. The sociological implication is that key debates about identity, social capital and

intercultural competence continue to structure later work.

Figure 4. Citation Distribution

Number of records

Figure 4. Citation Distribution

Figure 4 displays the citation distribution. The right-skewed profile indicates that many records
are lightly cited while a limited number of publications receive high attention. This pattern is
typical of interdisciplinary fields where conceptual vocabulary is shared unevenly across

journals. It also cautions against using citation counts alone as evidence of social relevance.
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Figure S. Document Type Distribution
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Figure 5. Document Type Distribution

Figure 5 shows document type distribution. Articles constitute the main evidence base, while
reviews, book chapters or other formats contribute smaller shares. This composition supports
the use of article-level bibliometric analysis but also explains why the corpus contains

heterogeneous reporting standards.

Figure 6. Top Sources
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Figure 6. Top Sources

118



AN

D ISARC

<=5 INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

an
A

SION
it

2> &
Ry T

I
Figure 6 identifies leading source titles. The source distribution is dispersed, with only a few

journals publishing multiple records. This dispersion indicates that intercultural mobility
research is not housed in a single disciplinary venue; it circulates through intercultural

communication, higher education, sociology, language education and policy-oriented outlets.

Figure 9. Co-authorship Network
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Figure 9. Co-authorship Network

Figure 9 shows the co-authorship network recreated from author co-appearances in the included
records. The network has visible clusters but no single dense core, indicating dispersed
collaboration. Bibliometrically, this means the field is collaborative in pockets rather than
consolidated around a few stable teams. Sociologically, the pattern is consistent with the

international and context-specific nature of mobility research.
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Figure 10. Countries in Affiliation Metadata
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Figure 10. Countries in Affiliation Metadata

Figure 10 presents countries detected in affiliation metadata. The country profile shows the
visible institutional geography of the corpus. Because affiliation strings are not equivalent to
study location or participant nationality, the figure is interpreted as a metadata distribution.
Even with that caution, the spread across countries supports the claim that mobility research is

internationally distributed.

Figure 11. Top Keywords & Title/Abstract Terms
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Figure 11. Top Keywords & Title/Abstract Terms
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Figure 11 combines author keywords with frequent title and abstract terms. Student mobility,
intercultural competence, identity, higher education and Erasmus appear as dominant terms.
The vocabulary confirms that the field is built around mobility as a setting for intercultural
learning and identity work, while language and inclusion terms mark the social conditions that

shape outcomes.

Figure 12. Term Co-occurrence Network
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Figure 12. Term Co-occurrence Network

The co-occurrence structure shown in Figure 12 indicates how central concepts cluster together.
Terms around mobility, identity, competence, language and internationalisation form connected
zones rather than one unified measurement tradition. This pattern shows thematic fragmentation

but also a shared conceptual centre.
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Figure 13. Overlay Visualisation
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Figure 13. Overlay Visualisation

Figure 13 adds an overlay interpretation by colouring terms according to average publication
year. More recent terms indicate where the discussion is moving, especially toward digital
mobility, inclusion and conditional forms of belonging. The overlay suggests a field that is

expanding from classic mobility and competence themes toward more critical sociological

questions.

Figure 14. Density Visualisation
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Figure 14. Density Visualisation

122



ISARC
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

The density visualization in Figure 14 suggests where conceptual concentration is strongest.
Dense areas around intercultural competence, mobility, identity and higher education show the
main intellectual centre of the corpus. Lower-density zones point to emerging or less

consolidated topics that may require deeper full-text synthesis.

Figure 15. PRISMA Flow Diagram

Records identified from Scopus
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Figure 15. PRISMA Flow Diagram

Figure 15 gives the PRISMA-guided flow from retrieval to included synthesis. The diagram
documents the movement from 111 retrieved records to 108 included records after exclusion of
three insufficiently relevant records. This figure strengthens transparency by making screening
decisions visible before the bibliometric interpretation begins.

4. CONCLUSION

This proceedings-style bibliometric meta-synthesis shows that international student mobility
research is expanding, interdisciplinary and sociologically rich. The evidence base is strongest
around intercultural competence and global learning, but identity, citizenship, language
adaptation, inclusion, inequality and employability are also central to the field's meaning.
Citation metrics show concentration around a limited number of influential publications, while
source and co-authorship patterns show dispersion across journals and research teams.

The main conclusion is that mobility functions as a conditional social process. It can foster
intercultural dialogue and social development when students gain meaningful contact, language

access, institutional support and opportunities for belonging. It can also produce mixed or
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constraining outcomes when mobility occurs without those conditions. Future research should
report comparable outcomes, extractable effect sizes and clearer sample information so that
bibliometric mapping can be combined with stronger full-text synthesis and, where appropriate,
later statistical meta-analysis.
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OZET

Yiiksekogretimin uluslararasilasmasi, Ogrenci hareketliligini kiiltiirleraras1 diyalog ve
kiiltiirlerarast anlayis1 gelistiren temel bir mekanizma haline getirmistir. Bu girisimler arasinda,
Erasmus ve benzeri hareketlilik programlari, ulusétesi egitim deneyimlerinin sekillenmesinde
onemli bir rol oynamistir. Bu c¢alisma, uluslararast 6grenci hareketliliginin kiiltiirlerarasi
boyutlarint ele alan bilimsel literatiiriin kapsamli bir bibliyometrik analizini sunmay1
amacglamaktadir. Scopus veri tabaninda indekslenen hakemli yayimnlardan olusan
yapilandirilmig bir veri seti, 68renci hareketliligi, Erasmus ve kiiltiirleraras: etkilesim ile ilgili
anahtar kelimeleri iceren hedeflenmis bir arama stratejisi kullanilarak elde edilmistir. Yayin
egilimlerini, atif Oriintiilerini, 6nde gelen yazarlari, etkili dergileri ve kurumsal katkilari
incelemek i¢in bibliyometrik teknikler uygulanmistir. Ayrica, anahtar kelime birlikte goriilme
analizi ve ag gorsellestirme yontemleri kullanilarak alanin baskin tematik kiimeleri ve
entelektiiel yapist belirlenmistir. Sonuglar, son on yilda bilimsel yayin sayisinda belirgin bir
artts oldugunu gostermekte ve bu durum, hareketlilik programlarinda Kkiiltiirlerarasi
yetkinliklere yonelik artan akademik ve politik ilgiyi yansitmaktadir. Temel arastirma temalari
arasinda kiiltiirleraras: iletisim, kimlik olusumu, kiiltiirel uyum ve kiiresel vatandaslik yer
almaktadir. Bulgular ayrica Erasmus odakli caligmalarin literatiire hakim oldugunu ve
cogunlukla deneyimsel 6grenme ile kiiltiirleraras: “yumusak becerilerin™ gelistirilmesine vurgu
yaptigin1 ortaya koymaktadir. Bununla birlikte analiz, “kiiltiirleraras1 diyalog” kavramina
iliskin farkli tanimlarin bulundugunu ve kavramsal bir par¢alanma oldugunu da gostermekte;
bu durum daha giiclii bir kuramsal biitiinliige ihtiya¢ oldugunu ortaya koymaktadir. Bu ¢alisma,
ogrenci hareketliligi baglaminda kiiltlirleraras1 arastirmalarin evrimini sistematik bi¢imde

haritalandirarak ve yeni aragtirma yonlerini belirleyerek alana katki saglamaktadir. Bulgular,
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giderek daha fazla birbirine bagli hale gelen kiiresel egitim ortaminda, hareketlilik
programlarinin kiiltlirleraras1 etkisini artirmak isteyen politika yapicilar, yliksekogretim
kurumlar1 ve arastirmacilar i¢in degerli bilgiler sunmaktadir.

Anahtar Kelimeler: Ogrenci hareketliligi, Erasmus+, Kiiltiirleraras1 diyalog, Bibliyometrik
analiz, Yiiksekogretim, Kiiltiirlerarasi etkilesim

ABSTRACT

The internationalization of higher education has positioned student mobility as a central
mechanism for fostering intercultural dialogue and cross-cultural understanding. Among these
initiatives, Erasmus and related mobility frameworks have played a pivotal role in shaping
transnational educational experiences. This study aims to provide a comprehensive bibliometric
analysis of the scientific literature addressing the intercultural dimensions of international
student mobility. A structured dataset of peer-reviewed publications indexed in Scopus was
retrieved using a targeted search strategy combining key terms related to student mobility,
Erasmus, and intercultural exchange. Bibliometric techniques were applied to examine
publication trends, citation patterns, leading authors, influential journals, and institutional
contributions. Additionally, keyword co-occurrence analysis and network visualization
methods were employed to identify dominant thematic clusters and the intellectual structure of
the field. The results indicate a substantial increase in scholarly output over the past decade,
reflecting growing academic and policy interest in intercultural competencies within mobility
programs. Core research themes include intercultural communication, identity formation,
cultural adaptation, and global citizenship. The findings further reveal that Erasmus-related
studies dominate the literature, often emphasizing experiential learning and the development of
soft intercultural skills. However, the analysis also highlights conceptual fragmentation and
varying definitions of “intercultural dialogue,” suggesting the need for greater theoretical
coherence. This study contributes to the field by systematically mapping the evolution of
intercultural research within student mobility and by identifying emerging research directions.
The findings offer valuable insights for policymakers, higher education institutions, and
researchers seeking to enhance the intercultural impact of mobility programs in an increasingly
interconnected global education landscape.

Keywords: International student mobility, intercultural interaction, bibliometric analysis,
sociology of education, science mapping

1. INTRODUCTION

International student mobility has become one of the most visible forms of higher education

internationalisation. It is often described as an educational opportunity, yet its sociological
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relevance lies in the way mobility reorganises social networks, language practices, institutional
attachments and forms of belonging. The corpus examined in this paper shows that mobility
research has moved beyond simple participation counts and now addresses intercultural
competence, identity formation, social capital, inclusion, inequality and career expectations.
Representative studies in the retrieved literature show this breadth across school-to-university
pathways, Erasmus participation, language learning and intercultural citizenship (Baker W.,
2016), (Cao L. etal., 2013), (Carr S.C. et al., 2010), (Caruana V., 2014), (Chodzkiené L., 2020),
(Cruz N.L. et al., 2023).

The need for a bibliometric synthesis is clear. The field is active but dispersed across journals,
national contexts and methodological traditions. Some studies emphasize positive associations
between mobility and intercultural learning, while others describe conditional or constraining
processes in which language access, discrimination, institutional support and host-society
contact shape the outcome. This paper therefore treats student mobility as a conditional social
process rather than a uniform educational intervention.

2. MATERIALS AND METHODS

2.1. Data source and Scopus query

The bibliographic dataset was retrieved from Scopus and exported in RIS/CSV format. The unit
of analysis was the bibliographic record. Title, abstract, author keywords, indexed keywords,
cited-by counts, source titles, publication years, document types, DOI fields, authors and
affiliation strings were parsed in Python. The search strategy combined three conceptual blocks:
student mobility, intercultural or cross-cultural exchange, and sociological constructs including
identity, inclusion, social capital, inequality and youth development.

Table 1. Scopus Search Strategy

Element Operationalization

Database Scopus

Search fields Title, abstract and keywords

Mobility block "student mobility" OR Erasmus OR "international
mobility"

Intercultural block "intercultural dialogue" OR intercultural OR "cross-
cultural" OR "cultural exchange"

Sociological block sociolog* OR "social integration" OR "social
inclusion" OR identity OR "cultural identity" OR
"social capital" OR inequality OR "youth
development"

Screening result 359 retrieved records; 0 excluded; 359 included
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2.2. PRISMA-guided screening

Screening followed the logic of PRISMA 2020 by separating identification, screening,
eligibility and inclusion. Records were retained when title, abstract or keywords connected
student mobility with intercultural or sociological outcomes. Records without sufficient
mobility relevance were excluded before synthesis. The PRISMA count was then used to

construct Figure 15 and to report the included analytical corpus.

Table 2. Dataset and Variable Audit

Variable Available value

Retrieved Scopus records 359
Included studies 359
Excluded records 0
Abstracts available 359
Keywords available 348
Unique source titles 229
Unique authors 929
Publication-year range 1994-2026

2.3. Bibliometric preprocessing

Preprocessing standardized DOI strings, normalized titles, split author and keyword fields,
extracted country names from affiliation metadata and removed duplicate bibliographic keys
where present. Missing values were kept visible rather than imputed, because missing sample
sizes and open-access metadata are themselves important audit findings for a bibliometric
review.

2.4. Citation and performance analysis

Citation analysis used Scopus cited-by values. Total citations, uncited records, mean and
median citations, maximum citation count, h-index, g-index and skewness were computed in
Python. These indicators describe field visibility and citation concentration; they are not

interpreted as quality scores for individual publications.
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Table 3. Corpus and Citation Metrics

Metric Value

Included-corpus citations 4575
Parsed CSV total citations 4575
h-index 35
g-index 55
Uncited records 86
Mean citations 12.74
Median citations 4.00
Maximum citations 146
Citation skewness 3.17
Mean publication year 2020.58
Median publication year 2022
Screened-corpus year range 1994-2026

2.5. Keyword co-occurrence analysis

Keyword co-occurrence analysis combined author keywords with recurring title and abstract
terms after stop-word removal. Pairs of terms were connected when they appeared in the same
bibliographic record. The resulting matrices were visualised as VOSviewer-style network,
overlay and density maps, following the interpretive tradition of science mapping and
bibliometric thematic analysis (Aria & Cuccurullo, 2017; van Eck & Waltman, 2010).

2.6. Co-authorship and country analysis

Co-authorship analysis was based on author co-appearance within the same record. Country
analysis was based on affiliation strings and should be read as an affiliation-metadata profile
rather than a complete nationality measure. The approach is useful for mapping visible
institutional geography, but manual disambiguation would be required before making fine-
grained claims about institutional productivity.

2.7. Figure and table generation workflow

All figures were generated or recreated with Python from the parsed RIS/CSV data and the
slide-level information extracted from the PowerPoint package. The PowerPoint was also
parsed as an OOXML zip archive to count slides, extract embedded media and verify figure
themes. Required figures were saved as PNG files in the output_figures folder and inserted into

the manuscript at readable width.
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Table 10. Figure-by-Figure Analytical Workflow

Figure Data fields Method and interpretation

Figures 1-2 Publication year Annual and cumulative frequency analysis in
Python

Figures 3-4 Cited-by counts and publication year Performance analysis, aggregation by year,
and histogram inspection

Figures 5-6 Document type and source title Descriptive bibliometric profiling

Figure 9 Author metadata Co-authorship links generated when authors
co-appeared in the same record

Figure 10 Affiliation strings Country names parsed from institutional
affiliations

Figures 11-14 Keywords, titles, abstracts, publication | Keyword frequency, co-occurrence, overlay,

year and density-style science mapping

Figure 15 Screening decisions PRISMA-guided flow from retrieval to

included synthesis

3. RESULTS AND DISCUSSION

Table 4. Methodological Composition

Method category Records Share

Qualitative 119 33.1%
Quantitative 86 24.0%
Unspecified / Conceptual 85 23.7%
Conceptual / Review 60 16.7%
Mixed methods 9 2.5%

Table 4 shows a mixed methodological field. Quantitative, qualitative, mixed-methods and
conceptual-policy approaches are all present, but a large proportion of records do not report
extractable effect sizes or harmonized outcome measures. This explains why a pooled statistical
meta-analysis would be weaker than a PRISMA-guided bibliometric review and qualitative
meta-synthesis. The methodological diversity also reflects the sociological complexity of
mobility, where intercultural learning, identity negotiation and social inclusion are often

measured through different instruments and at different levels of analysis.

Table 5. Thematic Composition

Theme Records Share of included records
Intercultural competence & global 348 96.9%
learning

Internationalisation policy 237 66.0%
Employability & career outcomes 195 54.3%
Language & academic adaptation 153 42.6%
Identity, citizenship & belonging 83 23.1%
Digital/virtual mobility 59 16.4%
Social inclusion & inequality 25 7.0%
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According to Table 5, intercultural competence and global learning dominate the thematic
structure, while identity, citizenship, internationalisation policy, language adaptation,
employability, inclusion and digital mobility form connected but uneven subfields. This
thematic distribution indicates a field organised around intercultural learning but still

fragmented in its treatment of social mechanisms.

Table 6. Direction of Evidence

Evidence direction Records Share

Positive association 134 37.3%
Constraining / critical 117 32.6%
Descriptive / unclear 54 15.0%
Mixed / conditional 54 15.0%

Table 6 confirms that the direction of evidence is not uniformly celebratory. Positive
associations are common, yet mixed, descriptive and critical evidence remains substantial. This
pattern supports a conditional interpretation: mobility may foster intercultural dialogue when
institutional, linguistic and relational supports are present, but it can also reproduce exclusion

when those supports are weak.

Table 7. Leading Sources

Source title Records

International Journal of Intercultural Relations 16
Language and Intercultural Communication 10
Journal of International Students 10
Intercultural Education 10
Journal of Studies in International Education 7

Higher Education 7

Sustainability (Switzerland) 6

Education Sciences 6

Social Work Education 5

European Journal of Higher Education 4

Compare 4

4

Nurse Education Today
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Table 8. Dominant Keywords

Keyword Records

Higher Education 50
Student Mobility 49
Intercultural Competence 41
Human 36
Education 35
Female 35
Male 32
Article 30
Student 29
Adult 29
Study Abroad 27
International Students 27
International Student Mobility 23
Intercultural Communication 22
Humans 21

Table 9. Country Distribution

Country Affiliation records

UK 45
Australia 34
Italy 33
Spain 32
USA 29
Turkey 24
China 22
Netherlands 20
France 16
Portugal 15
Germany 13
Poland 11
Canada 9
Norway 8
Romania 8
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Figure 1. Annual Publication Trend
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Figure 1. Annual Publication Trend

Figure 1 demonstrates the annual publication pattern in the included corpus. The trend shows
that research on intercultural student mobility is concentrated in recent years, with 2026
interpreted cautiously because it is a partial publication year. Bibliometrically, this confirms a
developing literature rather than a mature field with a long stable output history. Sociologically,
the growth mirrors the rising policy importance of internationalisation, Erasmus participation

and global learning after the expansion of mobility programmes.
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Figure 2. Cumulative Publication Growth

Figure 2 presents cumulative publication growth. The curve makes visible the acceleration of
interest in mobility as a social process and not only as an administrative movement of students.
A steepening cumulative line indicates that the field has gained momentum through repeated

contributions across education, sociology, language studies and intercultural communication.

Figure 3. Citations by Publication Year
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Figure 3. Citations by Publication Year
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Figure 3 aggregates Scopus citations by publication year. It can be seen that older records and
a small group of influential studies carry a large share of citations. This is bibliometrically
important because it shows citation concentration around early conceptual and empirical
anchors. The sociological implication is that key debates about identity, social capital and

intercultural competence continue to structure later work.

Figure 4. Citation Distribution
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Figure 4. Citation Distribution

Figure 4 displays the citation distribution. The right-skewed profile indicates that many records
are lightly cited while a limited number of publications receive high attention. This pattern is
typical of interdisciplinary fields where conceptual vocabulary is shared unevenly across

journals. It also cautions against using citation counts alone as evidence of social relevance.

136



AN

7~ ISARC

St INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

g o

(ION

@

iast

) o8]
e A

Figure S. Document e Distribution

Article

Records

Figure 5. Document Type Distribution
Figure 5 shows document type distribution. Articles constitute the main evidence base, while
reviews, book chapters or other formats contribute smaller shares. This composition supports

the use of article-level bibliometric analysis but also explains why the corpus contains

heterogeneous reporting standards.

Figure 6. Top Sources
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Figure 6. Top Sources
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Figure 6 identifies leading source titles. The source distribution is dispersed, with only a few
journals publishing multiple records. This dispersion indicates that intercultural mobility
research is not housed in a single disciplinary venue; it circulates through intercultural

communication, higher education, sociology, language education and policy-oriented outlets.

Figure 9. Co-authorship Network
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Figure 9. Co-authorship Network

Figure 9 shows the co-authorship network recreated from author co-appearances in the included
records. The network has visible clusters but no single dense core, indicating dispersed
collaboration. Bibliometrically, this means the field is collaborative in pockets rather than
consolidated around a few stable teams. Sociologically, the pattern is consistent with the

international and context-specific nature of mobility research.
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Figure 10. Countries in Affiliation Metadata
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Figure 10. Countries in Affiliation Metadata

Figure 10 presents countries detected in affiliation metadata. The country profile shows the

visible institutional geography of the corpus. Because affiliation strings are not equivalent to

study location or participant nationality, the figure is interpreted as a metadata distribution.

Even with that caution, the spread across countries supports the claim that mobility research is

internationally distributed.

Figure 11. Top Keywords & Title/Abstract Terms
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Figure 11. Top Keywords & Title/Abstract Terms
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Figure 11 combines author keywords with frequent title and abstract terms. Student mobility,
intercultural competence, identity, higher education and Erasmus appear as dominant terms.
The vocabulary confirms that the field is built around mobility as a setting for intercultural
learning and identity work, while language and inclusion terms mark the social conditions that

shape outcomes.

Figure 12. Term Co-occurrence Network
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Figure 12. Term Co-occurrence Network

The co-occurrence structure shown in Figure 12 indicates how central concepts cluster together.
Terms around mobility, identity, competence, language and internationalisation form connected
zones rather than one unified measurement tradition. This pattern shows thematic fragmentation

but also a shared conceptual centre.
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Figure 13. Overlay Visualisation
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Figure 13. Overlay Visualisation

Figure 13 adds an overlay interpretation by colouring terms according to average publication
year. More recent terms indicate where the discussion is moving, especially toward digital
mobility, inclusion and conditional forms of belonging. The overlay suggests a field that is
expanding from classic mobility and competence themes toward more critical sociological

questions.

Figure 14. Density Visualisation
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Figure 14. Density Visualisation
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The density visualization in Figure 14 suggests where conceptual concentration is strongest.
Dense areas around intercultural competence, mobility, identity and higher education show the
main intellectual centre of the corpus. Lower-density zones point to emerging or less

consolidated topics that may require deeper full-text synthesis.

Figure 15. PRISMA Flow Diagram
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Figure 15. PRISMA Flow Diagram

Figure 15 gives the PRISMA-guided flow from retrieval to included synthesis. The diagram
documents the movement from 111 retrieved records to 108 included records after exclusion of
three insufficiently relevant records. This figure strengthens transparency by making screening
decisions visible before the bibliometric interpretation begins.

4. CONCLUSION

This proceedings-style bibliometric meta-synthesis shows that international student mobility
research is expanding, interdisciplinary and sociologically rich. The evidence base is strongest
around intercultural competence and global learning, but identity, citizenship, language
adaptation, inclusion, inequality and employability are also central to the field's meaning.
Citation metrics show concentration around a limited number of influential publications, while
source and co-authorship patterns show dispersion across journals and research teams.

The main conclusion is that mobility functions as a conditional social process. It can foster
intercultural dialogue and social development when students gain meaningful contact, language

access, institutional support and opportunities for belonging. It can also produce mixed or
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constraining outcomes when mobility occurs without those conditions. Future research should
report comparable outcomes, extractable effect sizes and clearer sample information so that
bibliometric mapping can be combined with stronger full-text synthesis and, where appropriate,
later statistical meta-analysis.
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ABSTRACT

This study aims to re-examine the contradictions frequently observed in the recalibration or
readjustment of tight monetary policies, particularly in the context of inflation-controlled
calibration. In Tiirkiye, the recent high inflation rates, coupled with tight monetary and fiscal
policies, have created significant vulnerabilities, especially in the face of rising exchange rates.
This phenomenon necessitates a reassessment of the calibration of tight monetary policies,
including interest rates, exchange rate policies, monetary and fiscal policies, and an inflation-
controlled calibration that supports this issue. In other words, the observation of varying impact
values, particularly on foreign currency-protected deposits, and the subsequent negative impact
and increase in exchange rate policies after 2020, have brought to the forefront some striking
precautionary measures regarding the control of credit policies along with tight monetary
policies. This indicates that the calibration of tight monetary policies has inevitably been
questioned in the post-2020 period in terms of financial balances.This approach signifies an
inflation control policy that aims not only to reduce inflation and ensure exchange rate stability,
but also to strengthen the financial system in Tiirkiye and reduce dollarization calibration. In
Tiirkiye, it is understood that recently, making the Turkish Lira the primary store of value again
has emerged as an important objective. Undoubtedly, in terms of structural limitations and risks,
ensuring high sensitivity to global financial conditions, as well as preventing the negative
impact of high inflation inertia on the demand-driven growth structure, constitutes a financial-
fiscal phenomenon that creates structural constraints on the macroeconomic prudential policies
in the process. In this context, it appears that increasing confidence in the Turkish Lira as the
national currency and strategic assessments regarding it, along with permanently controlling
inflation within a policy credibility framework, constitute the main objective and theme of this
recent approach to Tiirkiye.

Key Words: Dollarization, Foreign Exchange, Inflation, Macro-Prudential Policy, Tight
Monetary Policies.

JEL Codes: E31; E42, E44.
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1. INTRODUCTION

In Tiirkiye, the recent inflationary process, particularly the tight monetary policies that have
been targeted, appears to have established a certain conceptual framework related to interest
rate policies and several important factors. In other words, this structure, based on comparing
interest rates, real interest rates, and policy interest rates, represents a restructuring of monetary
policy in Tiirkiye, particularly in terms of calibration and policy. This phenomenon, which has
emerged as a new calibration of tight monetary policy, is directly related to the exchange rate,
directly affected by the quality of the exchange rate, and directly impacts capital inflows
through interest rate increases.

In a structure where assets are expressed in Turkish Lira, the focus is on a decrease in foreign
exchange sales in Tirkiye. This approach forms the main idea of the restructuring within the
scope of a tight monetary policy. In Tiirkiye, this situation points to a structure where interest
rates are affected not only by credit restrictions but also by reserve requirements, in a structure
where record inflation levels persist. While focusing on reducing cost inflation, it also aims to
address the fact that inflation increases are not directly related to interest rates, and that tight
monetary policy calibration targets a more effective structure in this regard, aiming to control
the risk at the global level. In this context, it is revealed that the impact of national
macroeconomic dynamics in Tiirkiye is shaped by the financial foreign exchange reserves
obtained from different sources, particularly in terms of increasing the resistance of the national
currency against exchange rate pressure (Tiirkiye Cumhuriyet Merkez Bankasi, 2024).

This structure, where the targeted policy interest rates are particularly insufficient in definition,
simplifies the reading of macro-financial targets and represents a strategic calibration process
aimed at ensuring exchange rate stability. On the other hand, one of the most important features
in the emergence of this phenomenon is undoubtedly exchange rate expectations. Controlling
exchange rate expectations in Tirkiye in terms of national foreign exchange demand is again
presented as a recalibration project indirectly resulting from the re-binding of tight monetary
policy.

In this context, there is a calibration project that considers the structural vulnerabilities in the
transmission mechanism of market interest rates beyond policy interest rates, despite consistent,
predictable increases in interest rates. The recalibration of tight monetary policy, implemented
in a continuous manner, reveals that the re-establishment of the interaction between interest
rates and exchange rates in terms of financial balances, as well as the structural value shaped
by the exchange rate and other macroeconomic tools, where the interest rate level is not the

primary factor, makes tight monetary policies structurally inevitable. In Tiirkiye, this structure
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also shows that in recent periods where monetary policies are considered as tight monetary
policies, the ability to organize exchange rate expectations into a positive decision makes the
integrity of the tight monetary policy option sufficiently consistent and predictable.
The fight against rising inflation, the exchange rate, and rising inflation rates in a structure
where they remain at high levels, also reveals that implementing a predictable and tight
monetary policy was not very effective until 2020. It is a noteworthy positive development that
the tight monetary policy prioritizes not only combating inflation but also, through its
recalibration targets, exchange rate policies, and, as another priority, controlling or blocking
the trend of dollarization in Tiirkiye (International Monetary Fund, 2024).
2. RECALIBRATION OF TIGHT MONETARY POLICY AND STRENGTHENING
OF FOREIGN EXCHANGE BALANCE
It is observed that each structure in Tiirkiye prioritizes a process that makes it inevitable to
consider interest rates primarily within economic growth trends. This approach points to a
structure where dollarization is brought under a certain control, as well as the control of
exchange rate pressure in Tiirkiye. Record inflation levels, which have emerged as a significant
investment cost for investments, along with the recent increase in exchange rate expectations,
have created a destabilizing structure.
2.1. Recalibration of Tight Monetary Policy and Deviations in Real Interest Rate
Dynamics in Turkey
The multifaceted nature of tight monetary policy calibration, including the impact of interest
rates, clearly demonstrates that the recalibration process, exchange rate impact values, and
inflation outcome are inconsistent and unpredictable. In this context, it should be particularly
emphasized that these impact values recently implemented in Tiirkiye aim for a stable structure
where global risk appetite towards the dollar, as well as national global financial risk appetite,
are controlled, and speculative positions based on interest rates are avoided. The inflation shock
experienced in 2020 and 2021, and especially in 2023 and beyond, where inflation rates rose to
around 80% despite a partial decrease in policy interest rates, and interest rates remained
relatively low before rising again, has resulted in policy interest rates lagging far behind
inflation (International Monetary Fund, 2024-b). This situation, with the profound negative
impact of monetary transmission mechanisms and especially real interest rates, makes it
inevitable that tight monetary policies become even more effective. The Graph 1 below also
shows the interaction and resulting effects of inflation rates and interest rates in Tiirkiye during

the recent period of tight monetary policy recalibration:
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Source: Tiirkiye Cumhuriyet Merkez Bankasi (2024-b). Faiz oranlart (politika faizi,
haftalik repo). https://evds2.tcmb.gov.tr/ (Accessed April, 12.2026); Tirkiye
Istatistik Kurumu (2024). Tiiketici fiyat endeksi (TUFE), yillik degisim oranlari.
https://data.tuik.gov.tr/ (Accessed April, 17.2026).

Graphic 1. The Relationship Between Inflation and Policy Interest Rate
as Monetary Policy Effectiveness in Turkey

As seen in Graph 1 above, in Tiirkiye, the tight monetary policy, particularly between 2013 and
2017, demonstrated a relatively stable policy approach, with policy interest rates remaining
between 7% and 10%, consistent with a stable inflation band. This period, during which
inflation also ranged between 7% and 12%, can be interpreted as a period demonstrating a
passive policy approach and a lack of effective implementation of tight monetary policy. In
other words, this factual structure indicates low policy effectiveness and the inability to anchor
real interest rate margins within a narrow range of expectations. The insufficient anchoring of
interest rate margins during these years could also signify an expansion of credit portfolios,
indicating a departure from the effectiveness of tight monetary policy. The rise in inflation to
25% and above after 2018 and 2019 — creating a ripple effect — and the sharp increase in interest
rates to 24% or 26%, has brought to the forefront the interpretation that interest rate hikes
occurred after inflation rose. In this context, it also reveals that monetary policy, as a tight
monetary policy, is corrective rather than preventive. The approach that interest rate policy
alone is insufficient can be expressed as the main reason why tight monetary policies, with their
calibration effect, have come to the forefront as inadequate on their own. Because the
prevalence of reciprocal negative real interest rate periods, particularly felt until 2023, indicates
an increase in the risk premium due to exchange rate and inflation pass-through, it reveals an

asymmetric relationship (World Bank, 2024-a).
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2.2. Real Interest Rate Dynamics and Monetary Regime in Recent Years under the
Framework of Tight Monetary Policy
This suggests that the existence of an asymmetric structure with structural breaks and classic
reverse timing deviations necessitates a recalibration of tight monetary policies as a calibration
process, and this has brought this issue to the forefront. Undoubtedly, this situation makes it
inevitable to examine the recent volatility of real interest rates in Tiirkiye as part of the
assessments related to the recalibration of tight monetary policy and strengthening of FX
balance in Turkey's fight against inflation. Graph 2 below provides a meaningful picture of the

recent trend in real interest rates in Turkey:
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Source: World Bank (2024-b). Real interest rate (%,): Tiirkiye. World
Development Indicators. https://data.worldbank.org/indicator/FR.INR.RINR?
locations=TR (Accessed April, 14.2026); International Monetary Fund (2024-
c). International Financial Statistics (IFS) database. https://data.imf.org/
(Accessed April, 15.2026).

Graphic 2. The Evolution of Real Interest Rates in Turkey Over
Time (2000-2023)

As seen in Graph 2 above, the period after 2000 in Tiirkiye can be described as almost orthodox,
indicating a structure where real interest rates remained in the 10% to 30% range. The
variability of real interest rates between 10% and 30% is also a relatively normal monetary
policy calibration regime. The period between 2009 and 2017, however, reveals a more gradual
normalization process, with real interest rates converging towards 5%, 10%, and then nearing
zero. This period is characterized by a controlled easing, narrowing interest rate margins, but
also by the potential for inflation to rise again, pushing it upwards through sticky price
stickiness and the effect of interest rate-price stickiness. The presence of a temporary tightening

period after 2018 is particularly noteworthy, with short-lived positive real interest rate margins
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in 2018 (OECD, 2025). This period is interpreted as a response to the economic and financial
shocks between 2018 and 2020, but one in which a highly rational and sustainable monetary
policy was absent or very weak. It is also noteworthy that this period saw a deep negative real
interest rate regime between 2020 and 2022, with real interest rates falling to between -10%
and -70%. However, it is crucial to emphasize that interpreting this negative impact on real
interest rates as a tight monetary policy calibration during 2020 and 2022 is very difficult. This
is because the control scale weakened during this period, and instead, the policy became
excessively expansionary and inflationary, thus contributing to the shocks that followed. This
structure, which resulted in an inflation explosion, has transformed into a significant negative
real interest rate process with inflation rates hovering around 80%. Although real interest rates
appear to be being pulled upwards from negative levels due to the influence of nominal interest
rates after 2023, it is still not possible to speak of a limited positive effect close to zero. This
recent phenomenon, which has inevitably been reflected in prices, directly points to a structure
where pricing behaviour has further deteriorated. This resulting effect indicates that a tight
monetary policy approach, as a monetary policy calibration, does not create a lasting effect
simply by raising interest rates, and that the existence of rational expectations regarding a
reliable policy framework is inevitable (OECD, 2024).

2.3.Repositioning the Calibration in Turkiye: Fighting Inflation, Tight Monetary

Policy, and Exchange Rate Balance

In the Turkish economy, particularly with the tight monetary policy regime and the recent
inflation rate targets, it can be said that some measures aimed at preventing inflation have
sought to bring macro-financial stability, based on the foreign exchange balance, to a more
stable position. Therefore, in evaluating this main issue, especially within the context of the
foreign exchange-based tight monetary policy and foreign exchange balance, it is possible to
assess this phenomenon in Turkey in recent times by considering it in three main parts. The
first and most important of these is undoubtedly the position of the foreign exchange balance
and foreign exchange reserve dynamics. The second is considered and evaluated as the effect
of the monetary transmission mechanism in the market on risk premiums, related to expectation
management and risk premiums. The third can be evaluated as the policy interest rate, which
has come to the forefront quite effectively recently and has been criticized politically, and
consequently, the changes in the liquidity decisions related to the process (International
Monetary Fund, 2023).
Highlighting the characteristics of this prominent structure represents an important step (Sen

and Kaya, 2014). This structure, which also aims to reduce inflation rates, has also frequently
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brought up a high interest rate policy that can encourage foreign exchange balance, capital
inflows, and exchange rate stability. However, it is understood that despite expectations of
improvements in net international reserve positions, the levels of pressure caused by excessive
volatility in exchange rates, which create depreciation, have not reached the desired level when
evaluated in terms of reserve accumulation and foreign exchange liquidity. In terms of current
account balances, this situation indicates that the interaction between inflation control, which
limits import demand, and the foreign exchange balance, along with monetary policy, has
resulted in a structure that continues with demand expansion and expectations (Bank for
International Settlements, 2023). This structure, which specifically targets tightening liquidity
and reducing foreign exchange demand, can also be defined as an inflation control policy aimed
at reducing demand inflation. This structure is considered a set of policies aimed at creating a
confidence channel where cost inflation is also targeted. The changes in this structure in recent
times, considering inflation, policy interest rates, exchange rates, and exchange rate indices in

terms of the balance of payments as percentages, can be observed in Graph 3 below:
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Source: Tiirkiye Cumhuriyet Merkez Bankas1 (2026). Elektronik veri dagitim sistemi (EVDS):
Politika faizi, ortalama fonlama maliyeti ve déviz piyasasi verileri.https://evds2.tcmb.gov.tr/
(Accessed April, 17.2026); Tiirkiye Istatistik Kurumu (2026). Odemeler dengesi ve cari islemler
dengesi istatistikleri. https://data.tuik.gov.tr/ (Accessed April, 17.2026); World Bank (2025).
World Development Indicators: External balance and macroeconomic indicators for Tiirkiye.
https://databank.worldbank.org/ (Accessed April, 18.2026); International Monetary Fund (2025).
International Financial Statistics (IFS): Tiirkiye country data. https://data.imf.org/ (Accessed
April, 18.2026).

Graphic 3. Exchange Rate Pressure (FX) and External Balance Dynamics in
Tiirkiye During a Tight Monetary Policy Period
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Graph 3 above illustrates a structure in Tiirkiye, particularly regarding tight monetary policy,
where current account balances have persisted under pressure from policy interest rates and
exchange rates during the recent period of its implementation. The timing of the policy interest
rate and monetary tightening in Tiirkiye can be seen as a sharp upward movement, with policy
interest rates reaching levels as high as 50%. This hybrid-focused policy approach, as a result
of monetary policy, has led to a decline in credibility and especially risk indicators, and has
been partially effective in suppressing demand for foreign currency. The inflation expectations
channel, particularly the use of a high nominal interest rate as a separate channel in the post-
2020 period, has been partially successful in reducing exchange rate pressure on the Turkish
Lira by encouraging short-term monetary portfolio inflows. On the other hand, this
phenomenon is also shaped by Tiirkiye's import-dependent production structure in terms of
current account balances. Even though exchange rate pressure has decreased in Tiirkiye in terms
of current account balances recently, unfortunately, the expected decrease in import limits has
not materialized. The continued high level of domestic demand resistance despite high interest
rates, and especially the failure of monetary tightening to fully meet desired expectations, has
been a significant drawback in the recent period (World Bank, 2024-c).

This nature of monetary tightening, largely related to cyclical factors, indicates that domestic
demand resistance, despite high interest rates, has not caused a significant disruption in
consumer behaviour or provided a braking effect. It also reveals that growth in financial
services, while weaker in the medium and long term, has been more successful in short-term
effects, resulting in a decrease in FX pressure. In this context, at this point, where it is concluded
that maintaining financial stability and correcting the real external balance is a limited tool, the
dynamic decline in exchange rate pressure (FX) necessitates an evaluation of the process
through three main channels of FX values (Bank for International Settlements, 2022). Firstly,
the channel of expectations regarding the inflationary process, especially in the recent period
of tight policy implementation, can be said to have had a positive effect by weakening the
exchange rate pass-through between the exchange rate (FX) and the Turkish Lira in terms of
anchoring inflation expectations. On the other hand, when the issue is evaluated from the
perspective of the risk premium channel, the combination of tight monetary policy and CDS
(Credit Default Swap) has created a significant positive effect, particularly in risk indicators
like CDS, demonstrating a substantial reduction in risk (OECD, 2023).

Furthermore, high nominal interest rates have recently reduced exchange rate pressure, further
supporting this view. At this stage, it is particularly important to emphasize that the decrease in

"Foreign Exchange" (FX) pressure should not be interpreted as a clear structural success. This
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is because, especially in the recent period where potential temporary capital inflows did not
reach the desired level because of liquidity management dependent on policy credibility, this
situation has brought about the need for a revision in policy design in Tiirkiye. A tight monetary
policy alone is insufficient to achieve a real economic balance. Undoubtedly, the tight monetary
policy has not lost its connection with real economic balances, but it also shows that the impact
of the tight monetary policy regime in Tiirkiye has decreased significantly after reaching an
effective threshold (Yildirrm and Tugba, 2023). This situation initially reveals a strong
relationship, but interest rate pressure subsequently transforms into a weak relationship in the
long term. In this context, the transmission mechanism of tight monetary policy is not linear,
but rather a threshold-oriented financial position and phenomenon; however, achieving
permanent exchange rate stability necessitates a structural positive transformation process,
especially in export capacity and current account balance components. In this context, it is clear
that liquidity and reserve management, particularly SWAP mechanisms and the support of the
Foreign Exchange (FX) market, are indispensable. In terms of policy divergence, this structure,
where high interest rates increase the demand for Turkish Lira in short-term capital inflows,
indicates that a stable exchange rate, characterized by a continuous and uninterrupted
downward trend rather than a structural one stemming from financial flows, is present in the
process (Tiirkiye Cumhuriyet Merkez Bankasi. 2022).

3. DISCUSSION

In Tiirkiye, particularly in the recent period where tight monetary policy has been implemented,
one of the most important aspects to consider analytically is the fact that monetary policy does
not follow a linear structure and does not create a linear structural effect. While a strong inverse
relationship is observed in exchange rates and risk premiums, and therefore initially shaped by
interest rate increases, it also weakens the threshold effect level, increasing demand for the
Turkish lira and weakening the impact on exchange rate fragility. However, in terms of
exchange rate stability, this never means a production-based equilibrium, nor is it a sustainable
structure that can be maintained in the long term. For it to be considered in the evaluation
process, it is understood that while reserve management and price mechanisms have a
significant impact on maintaining short-term equilibrium, the need for a comprehensive long-
term solution is also unavoidable.

This inevitability also highlights the fact that financial stability is not only sustainable through
the interest rate channel and its mechanisms, but also that monetary policy transmission
mechanisms exhibit a non-linear, regime-dependent structure. This vulnerability, which can be

expressed as a threshold value, is particularly sensitive to rapid movements in potential equal
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values from a macroeconomic and monetary policy perspective and signifies a vulnerability
where the marginal effect of the relationship reached at the threshold level is weakened. While
the application of high nominal interest rates in Tiirkiye, as an indicator of tight monetary
policy, is considered effective in managing short-term risk perception through Credit Default
Swaps (CDS), the recent outlook indicates that its impact on exchange rates is not at the desired
level and suggests a superficial perception of stability. Even if monetary tightening's
effectiveness as a price stabilization process is highlighted in the short term, it will lead to
structural erosion in terms of policy effectiveness, causing negative vulnerabilities in the
medium and long term.

In this context, it is observed that tight monetary policy in Turkey represents a significant
variability dependent on certain structural values in achieving short-term stability, and that the
coordinated action of monetary and fiscal policies, supported by strategies that transform the
production structure and improve the external balance, is once again indispensable. In other
words, while this type of tightening process aims to produce lasting macroeconomic stability in
the long term, the current structural position, far from being able to support this form of stability,
is far from ensuring alignment with sustainability dynamics in establishing a continuous and
uninterrupted evaluation trend. In this context, the most important and critical aspect of the
recent process, particularly in the analytical context, is that the lack of a linear structure in tight
monetary policy, coupled with the inverse relationship between interest rate hikes and exchange
rate pressure on inflation, is one of the main causes of a significant structural break. Achieving
lasting exchange rate stability in Tiirkiye, as demonstrated in the latest attempt, is undoubtedly
an absolute necessity for this sustainable balance. However, the mismatch between reserve
utilization and the control of liquidity volume in the foreign exchange market through SWAP
mechanisms reveals that a deeper structural questioning is inevitable, going beyond a
superficial perception of stability.

4. CONCLUSION

When evaluating inflation control policies in Tiirkiye, it is observed that while monetary
tightening has a relatively high capacity to generate financial stability, it has not been very
effective in combating inflation in recent times. The approach to combating inflation in Tiirkiye,
particularly in discussions about interest rate levels, appears to be incomplete, as it focuses
solely on predicting fluctuations in interest rates. This lack of a multi-dimensional approach to
combating inflation means that monetary policies fail to strengthen a secure foundation for
managing underlying expectations in policy design. In Turkey's recent inflationary period, the

fundamental priority in financial policies has been to achieve predictability in combating
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inflation and to integrate monetary tightening into structural control policies. Without this
integration, the effectiveness of monetary policy remains limited, and the process becomes
more fragile, exhibiting price distortions and deviations. In other words, rather than monetary
tightening, the inevitability of building confidence and positive expectations in the broader
medium and long term becomes apparent.

The fact that exchange rate movements and interest rate levels, especially within policy
consistency, form a close structural relationship with institutional credibility, means that
Tiirkiye's tight monetary policy, particularly within the framework of a classic transmission
mechanism, moves beyond being merely a tool targeting the exchange rate. This phenomenon
makes the integration of tight monetary policy expectations, along with the management of
these expectations and the indirect shaping of exchange rate dynamics, inevitable for policies
that will provide short-term stability. In this context, when the issue is evaluated within an
analytical framework, it becomes clear that the determining factors are the management of
exchange rate expectations and the credibility of the policies behind this management. For the
medium and long term, where monetary and fiscal policy combinations become unpredictable,
this situation is understood to exhibit a multi-layered, threshold-based structure where upward
pressure on the exchange rate persists despite high interest rates, further fueling inflation and
transforming into a closed devaluation process.
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OZET

Calismanin Problemi: Hastanelerde yapay zeka kullaniminin artmasi, saglik hizmetlerinin
kalitesi konusunda yeni tartigmalar1 beraberinde getirmistir. Bu uygulamalar ¢ogu zaman
verimlilik ve iyilesme ile iligskilendirilse de, hizmet kalitesi lizerindeki etkilerinin saglik
yonetimi agisindan daha genis bir ¢cercevede ele alinmasi gerekmektedir.

Calismanin Amaci: Bu calisma, hastanelerde yapay zeka uygulamalarini hizmet kalitesi ile
iligkisi ¢ercevesinde saglik yonetimi perspektifinden tartismayi amaglamaktadir.

Yontem: Caligma, ilgili literatiire dayali kavramsal bir inceleme niteligindedir. Bu kapsamda
yapay zekanin hastane hizmet kalitesi tizerindeki olasi etkileri, saglik hizmeti sunumu, yonetsel
siiregler ve hasta odakli uygulamalar baglaminda ele alinmaktadir.

Bulgular: Literatiir, yapay zekanin 6zellikle verimlilik, siire¢ iyilestirme ve hasta bakimini
destekleme acisindan hastanelerde hizmet kalitesine ¢esitli katkilar saglayabilecegini
gostermektedir. Bununla birlikte uygulama, sorumluluk ve kalite denetimiyle ilgili bazi
tartismalar 6nemini korumaktadir.

Sonug¢: Yapay zeka, yalnizca teknolojik bir gelisme olarak degil, ayn1 zamanda hastanelerde
hizmet kalitesi ve yonetimle iliskili bir konu olarak degerlendirilmelidir. Boyle bir yaklagim,
hem saglik yoneticileri hem de gelecekteki arastirmalar i¢in yararli bir bakis agis1 sunabilir.

Anahtar Sozciikler: yapay zeka, hizmet kalitesi, hastaneler, saglik yonetimi, saglik hizmetleri
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ABSTRACT

Problem of the Study: The growing use of artificial intelligence in hospitals has led to new
discussions about the quality of healthcare services. Although these applications are often
associated with efficiency and improvement, their implications for service quality still need to
be considered from a broader health management perspective.

Purpose of the Study: This study aims to discuss artificial intelligence applications in hospitals
in relation to service quality from the perspective of health management.

Method: The study is based on a conceptual review of the relevant literature. In this context,
the possible effects of artificial intelligence on hospital service quality are addressed with
reference to healthcare delivery, managerial processes, and patient-focused practices.

Results: The literature suggests that artificial intelligence may support hospital service quality
in several ways, particularly in terms of efficiency, process improvement, and patient care. At
the same time, concerns related to implementation, responsibility, and quality oversight remain
significant.

Conclusions: Artificial intelligence should be evaluated not only as a technological
development but also as an issue related to service quality and management in hospitals. Such
an approach may provide a useful perspective for both healthcare managers and future studies.
Keywords: artificial intelligence, service quality, hospitals, health management, healthcare

services
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FiYAT GECIiSKENLiIiGINDE SEKTOREL ASIMETRILER: TURKIYE
EKONOMISINDE UFE-TUFE MAKASI VE KAR MARJI DINAMIKLERIi

Ogr. Gor. Dr. Gokhan SALMAN

Ondokuz Mayis Universitesi, Vezirkdprii Meslek Yiiksekokulu, Muhasebe ve Vergi Boliimii,
Vezirkoprii / SAMSUN

ORCID ID: 0000-0002-1652-4904

OZET

Bu ¢alisma, Tiirkiye ekonomisinde 2020-2026 yillar1 arasinda yasanan siddetli makroekonomik
ve dissal arz soklarinin tiiketici fiyatlarina gegiskenligini sektorel kar marjlar1 ve fiyatlama
davranislart ekseninde analiz etmeyi amaglamaktadir. Literatiirdeki geleneksel ekonometrik
modellerin aksine, bu aragtirmada Tiirkiye Cumhuriyet Merkez Bankasi (TCMB) sektorel
bilango istatistikleri ve Tiirkiye Istatistik Kurumu (TUIK) verileri iizerinden betimsel bir
enflasyon makasi analizi yiriitilmiistiir. Elde edilen ampirik bulgular, 2021 ve 2022 yillarinda
ivmelenen kiiresel emtia ve doviz kuru soklarinin ilk asamada reel sektor tarafindan biiyilik
ol¢tide kendi bilangolarinda absorbe edildigini ve imalat ile insaat gibi sektorlerde kar marji
fedakarligina gidildigini gostermektedir. Ancak 2023 yili ve sonrasinda fiyatlama
davraniglarinda yapisal bir kirilma yasanmis; literatiirde "saticilar enflasyonu" (sellers’
inflation) olarak tanimlanan siirecin devreye girmesiyle enflasyon dinamikleri maliyet kokenli
yapidan kéar itisli bir karaktere doniismiistiir. Bu donemde firmalarin gegmis maliyet
birikimlerini ve gelecege yonelik risk primlerini nihai fiyatlara onden yiiklemeli olarak
yansitmasi, net kar marjlarini tarihsel ortalamalariin iizerine tagimis ve dezenflasyon siirecinin
oniinde ciddi bir katilik yaratmigtir. Sektorel asimetriler incelendiginde, temel mallarin digsal
soklara en esnek tepkiyi verdigi, hizmetler ve tarim sektorlerinin ise en yiiksek fiyatlama
katiligim1  sergiledigi tespit edilmistir. Calisma sonucunda, kalict fiyat istikrarinin
saglanabilmesi i¢in enflasyon beklentilerinin yeniden c¢ipalandirilmasi, hizmet sektdriine
yonelik mikro ihtiyati tedbirlerin alinmasi ve imalat sanayisinde ithal girdi bagimliligini
azaltacak yapisal dontisiimlerin hizlandirilmasi gerektigi vurgulanmaktadir.

Anahtar kelimeler: Fiyat Gegiskenligi, Saticilar Enflasyonu, Kar Marji, Makroekonomik
Soklar, Sektorel Katiliklar.
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SECTORAL ASYMMETRIES IN PRICE PASS-THROUGH: PPI-CPI GAP AND
PROFIT MARGIN DYNAMICS IN THE TURKISH ECONOMY

ABSTRACT

This study aims to analyze the pass-through of severe macroeconomic and external supply
shocks to consumer prices in the Turkish economy between 2020 and 2026, focusing on sectoral
profit margins and pricing behaviors. In contrast to the traditional econometric models in the
literature, this research conducts a descriptive inflation gap analysis using the Central Bank of
the Republic of Turkey (CBRT) sectoral balance sheet statistics and the Turkish Statistical
Institute (TURKSTAT) data. The empirical findings indicate that the global commodity and
exchange rate shocks that accelerated in 2021 and 2022 were initially largely absorbed by the
real sector within their own balance sheets, leading to profit margin sacrifices in sectors such
as manufacturing and construction. However, a structural break in pricing behaviors occurred
in 2023 and onwards; with the activation of the process defined in the literature as “sellers’
inflation,” inflation dynamics transformed from a cost-driven structure to a profit-led character.
During this period, firms’ front-loaded reflection of past cost accumulations and future risk
premiums onto final prices pushed net profit margins above their historical averages and created
severe rigidity against the disinflation process. When sectoral asymmetries are examined, it is
determined that core goods gave the most flexible response to external shocks, whereas the
services and agriculture sectors exhibited the highest pricing rigidity. The study concludes that
in order to achieve permanent price stability, inflation expectations must be re-anchored, micro-
prudential measures targeting the services sector must be implemented, and structural
transformations reducing import dependency in the manufacturing industry must be
accelerated.

Keywords: Price Pass-Through, Sellers’ Inflation, Profit Margin, Macroeconomic Shocks,
Sectoral Rigidities.

1. GIRIS

Kiiresel ekonomide 2020 yilinda pandemi kaynakli tedarik zinciri kirilmalariyla baglayan ve
takip eden yillarda enerji krizleri ile siddetli emtia dalgalanmalariyla derinlesen arz yonlii
soklar, makroekonomik istikrar ve fiyatlama davraniglari tizerinde kiiresel ¢apta kalic1 hasarlar
birakmistir. Bu siiregte Tiirkiye ekonomisi, kiiresel arz soklarina ek olarak doviz kurlarinda
yasanan yiiksek volatilite ve i¢ talep dinamiklerindeki dalgalanmalar nedeniyle esine az
rastlanir bir enflasyonist dongii igerisine girmistir. Uretim maliyetlerinde meydana gelen
hiperbolik artislarin nihai tiiketici fiyatlarina ne hizda ve hangi oranda yansiyacagi problemi,

bu donemde sadece para politikasinin degil, ayn1 zamanda reel sektoriin hayatta kalma
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stratejilerinin de merkezine yerlesmistir. Déviz kuru ve ithal girdi maliyetlerindeki artiglarin
tiiketici fiyat endeksine aktarim siireci, iktisadi beklentilerin ve piyasa rekabet kosullarinin
stirekli degistigi bu tiir belirsizlik donemlerinde dogrusal bir aritmetikten ziyade, son derece
asimetrik ve yapisal kirilmalara acik bir mekanizma sergilemektedir.

Makroekonomik belirsizliklerin zirveye ¢iktigi kriz donemlerinde, firmalarin maliyet soklarina
verdikleri tepkiler geleneksel fiyatlama teorilerinden belirgin sapmalar gostermektedir. Siddetli
maliyet soklarinin yasandigi ilk evrelerde firmalar, i¢ talepteki daralma riskini ve pazar pay1
kayiplarin1 gbze alamayarak artan girdi maliyetlerini tiiketiciye tam olarak yansitmak yerine
kar marjlarindan fedakarlik etme egilimi gostermektedir. Ancak enflasyonist slirecin uzamasi
ve beklentilerdeki bozulmanin atalet kazanmasiyla birlikte bu maliyet absorpsiyonu kapasitesi
tiikenmekte, fiyatlama davranislar1 defansif bir yapidan ¢ikarak agresif ve dnden yiiklemeli bir
karaktere biirlinmektedir. Modern iktisat literatiiriinde saticilar enflasyonu (sellers’ inflation)
olarak da tartisilmaya baslanan bu yeni evrede, firmalar sadece gerceklesen maliyetleri degil,
gelecekteki potansiyel risk primlerini de nihai fiyatlara yansitarak kar marjlarin1 genisletme
stratejisi izlemektedir. Bu durum, iiretici ve tiiketici enflasyonu arasindaki nedensellik bagini
sektorel bazda farklilagtirmakta ve fiyat katiliklarinin (6zellikle hizmetler ve tarim gibi inelastik
sektorlerde) dezenflasyon siireci Onilindeki en biiylik yapisal engele doniismesine neden
olmaktadir.

Bu calismanin temel amaci, Tiirkiye ekonomisinde 2020-2026 yillar1 arasinda gézlemlenen
makroekonomik soklarin {iretici fiyatlarindan tiiketici fiyatlarina gegiskenligini, sektorel
fiyatlama davramislari ve kar marji dinamikleri {izerinden analiz etmektir. Ilgili literatiirde fiyat
geciskenligi genellikle karmasik ekonometrik modeller ve zaman serisi analizleri {izerinden
tahmin edilmeye calisilsa da, yiiksek volatilitenin ve yapisal kirilmalarin yasandigi ekstrem
donemlerde bu modellerin yansitma kapasitesi sinirli kalabilmektedir. Bu eksiklikten yola ¢ikan
caligma, geleneksel modellerin disina ¢ikarak Tiirkiye Cumhuriyet Merkez Bankasi (TCMB)
sektdrel bilango istatistikleri ve Tiirkiye Istatistik Kurumu (TUIK) alt kalem verileri iizerinden
betimsel bir makas analizi kurgulamaktadir. Ener;ji, imalat, tarim ve hizmetler gibi sektorlerin
maliyet soklarma verdikleri asimetrik tepkilerin dogrudan sayisal tablolar ve net kar marji
gelisimleri {lizerinden seffaf bir bicimde somutlastirilmasi, ¢aligmanin literatiire sundugu en
temel katkiy1 olusturmaktadir.

Calismanin ilerleyen kisimlari belirli bir nedensellik silsilesi i¢inde kurgulanmistir. Oncelikle,
iretici ve tliketici fiyatlar1 arasindaki geciskenlik mekanizmasi ile maliyet-art1 fiyatlama
teorisinin kavramsal c¢ercevesi c¢izilmistir. Akabinde, fiyat geciskenligi ve fiyatlama

davranislar1 ekseninde sekillenen ulusal ve uluslararasi literatiir 6zetlenmistir. Izleyen babhiste,
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caligmanin ampirik altyapisini olusturan veri seti ve betimsel yontemin metodolojik temelleri
detaylandirilmistir. Devaminda, Tiirkiye ekonomisindeki digsal soklarin sektorel bazda tiiketici
fiyatlarina gecis siireci ve firmalarin maliyet absorpsiyon kapasiteleri ampirik tablolar
yardimiyla analiz edilmistir. Calismanin nihayetinde ise, elde edilen bulgular lizerinden yapisal
cikarimlar 6zetlenerek dezenflasyon siirecine yonelik cesitli politika 6nerileri sunulmustur.

2. TEORIK CERCEVE

Makroekonomik istikrarsizlik donemlerinde iiretici fiyatlar: ile tiiketici fiyatlar1 arasindaki
nedensellik iligkisi, iktisat literatiiriinde fiyat geciskenligi ve firmalarin maliyet absorpsiyon
kapasitesi ekseninde yogun bir sekilde tartisiimaktadir. Geleneksel makroekonomik
yaklagimlar, doviz kuru dalgalanmalari, enerji krizleri ve kiiresel emtia fiyat artiglar1 gibi arz
yonli soklarin oncelikle tiretici fiyat endeksini etkiledigini, ardindan belirli bir gecikme ve
siddetle tiiketici fiyat endeksine yansidigini varsaymaktadir (Campa ve Goldberg, 2005). Ancak
bu aktarim mekanizmasi esanli ¢alismamakta olup, aktarimin hizi ve boyutu piyasadaki rekabet
kosullarina, toplam talep diizeyine ve enflasyonist beklentilere bagli olarak asimetrik bir yap1
sergilemektedir (Taylor, 2000). Digsal soklarin nihai fiyatlara aktarim hizi, makroekonomik
belirsizliklerin arttig1 donemlerde firmalarin fiyatlama davranislarindaki yapisal kirilmalarla
dogrudan iliskilidir.

Fiyat geciskenligi mekanizmasinin teorik temelleri, makro iktisatta Kalecki (1954) tarafindan
cercevesi ¢izilen ve sonrasinda Yeni Keynesyen modeller tarafindan gelistirilen cost-plus
pricing (maliyet-art1 fiyatlama) teorisi ile agiklanmaktadir (Gali, 2015). Bu teorik yaklasima
gore firmalar, eksik rekabetci piyasalarda nihai fiyatlarini belirlerken marjinal maliyetlerinin
lizerine hedeflenen bir kar marj1 eklemektedir. Uretici maliyet soklarinim tiiketici fiyatlarina

yansimasini ifade eden temel fiyatlama denklemi literatiirde genel kabul gormiis haliyle; P, =

1+ u) (? + Pm,t) seklinde formiile edilmektedir. ilgili denklemde P, nihai tiiketici fiyatin,
t
U, firmanin uyguladigi hedef kar marjini, % isglicii verimliligine gore diizeltilmis birim isgiicli
t

maliyetini ve Py, ithal girdi, enerji veya hammadde gibi ara mali maliyetlerini temsil
etmektedir. Bu matematiksel altyapi, maliyet soklarinin enflasyonist siirece dontisiimiinii girdi
maliyetlerindeki artislar ve firmalarin kar marj1 esnekligi olmak iizere iki temel bilesen
iizerinden izah etmektedir (Smets ve Wouters, 2007).

Dissal bir sok neticesinde ara mali maliyetlerinin veya birim isgiicli maliyetlerinin aniden
yiikselmesi, tiretici fiyatlar1 lizerinde dogrudan ve sert bir yukar1 yonlii baski yaratmaktadir.
Artan iiretici maliyetlerinin nihai fiyata ne oranda yansitilacagi ise biiyiik 6l¢iide firmanin kar

marj1 fedakarligima baghdir. Piyasada i¢ talebin daraldigi veya rekabetin yogun oldugu
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evrelerde firmalar, pazar paylarini kaybetmemek adina artan girdi maliyetlerini tiiketiciye tam
olarak yansitmak yerine kar marjlarin1 daraltarak digsal soku kendi bilancolarinda absorbe etme
yoluna gitmektedirler (Bernanke ve Blanchard, 2023). Makroekonomik gdstergelerde iiretici
ve tiiketici enflasyonu makasinin agilmasi olarak karsimiza ¢ikan bu durum, maliyet sokunun
gecici olarak iiretici tarafindan {istlenildigini ve enflasyonist baskinin tiiketici cephesinde bir
stireligine ertelendigini gostermektedir.

Buna karsilik, yiiksek enflasyonist ortamlarin yarattig1 atalet ve giiclii i¢ talep kosullarinda
firmalarin fiyatlama davraniglar1 kokli bir degisime ugramakta ve maliyet absorpsiyon
kapasitesi tamamen ortadan kalkmaktadir. Literatiirde saticilar enflasyonu veya kar itisli
enflasyon olarak da tartisilan bu evrede, firmalar sadece mevcut maliyet artiglarini degil,
gelecekteki beklenen maliyet soklarini da nihai fiyata 6nden yiiklemeli olarak yansitmaktadir
(Weber ve Wasner, 2023). Bu senaryoda firmalar yiiksek enflasyonist ortamin yarattig1 bilgi
asimetrisini kullanarak kar marjlarin1 genisletme egilimi gostermekte, dolayisiyla iiretici ve
tiiketici fiyatlar1 makasi1 hizli ve tiiketici aleyhine olacak bi¢imde kapanmaktadir. Enflasyon
beklentilerinin katilastigi bu tiir donemlerde, arz yonlii maliyet soklari fiyatlama
davranislarindaki bozulma ile birleserek kalici bir enflasyon sarmalina doniismektedir.

UFE ve TUFE arasindaki aktarrm mekanizmasi sektdrel bazda incelendiginde ise fiyatlama
katiliklar1 belirgin bir heterojenlik sunmaktadir. Calvo (1983) tarafindan literatiire kazandirilan
fiyat katiliklart modeline gore, farkli sektorlerin maliyet soklarina verdikleri tepki siireleri
yapisal ayrismalar igermektedir. Ornegin, imalat sanayisi déviz kuru soklarma ve uluslararasi
emtia fiyatlarina yiiksek duyarlilik gdstererek maliyet geciskenligini daha hizli tamamlarken,
tarim sektorii iklimsel faktorler ile inelastik arz kisitlart etrafinda sekillenmektedir. Hizmetler
sektorii 1se agirlikll olarak birim isgiicli maliyetlerine ve gegmis enflasyon oranlaria duyarh
bir yapida olup, ekonomide fiyatlama katilig1 en yiiksek olan grubu olusturmaktadir (Kara vd.,
2017). Dolayisiyla, makroekonomik soklarin tiiketici fiyatlarina gegiskenligi salt bir aritmetik
yansima degil, sektorel dinamiklerin, talep kosullarinin ve piyasa beklentilerinin esanl ¢alistigi
kapsaml1 bir kar marj1 optimizasyonu siireci olarak degerlendirilmelidir.

3. LITERATUR TARAMASI

Enflasyon dinamikleri ve fiyat gegiskenligi lizerine inga edilen genis akademik literatiir, iiretici
maliyetlerinden tiiketici fiyatlarina uzanan aktarim mekanizmasini ¢esitli makroekonomik
soklar iizerinden incelemektedir. Uluslararas: literatiirde bu konu, o6zellikle doviz kuru
geciskenligi ve ithal girdi maliyetlerinin yurt i¢i enflasyona etkileri baglaminda tartisilmaktadir.
Campa ve Goldberg (2005) tarafindan OECD fiilkeleri lizerine yapilan temel ¢alismada, ithalat

fiyatlarindan tiiketici fiyatlarina geciskenligin zaman i¢inde azaldig1 ve bu durumun enflasyon
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hedeflemesi rejimlerinin sagladig1 giivenilirlikle yakindan iligkili oldugu vurgulanmaktadir.
Benzer sekilde McCarthy (2007) tedarik zinciri boyunca fiyat geciskenligini inceledigi
caligmasinda, arz soklarinin tiretici fiyatlar tizerindeki etkisinin gii¢lii oldugunu ancak tiiketici
fiyatlarina aktarimin tilkelerin i¢ talep kosullarina gore bliyiik farkliliklar gosterdigini ampirik
olarak ortaya koymustur. Bu ¢aligsmalar, iretici maliyetlerindeki artiglarin dogrudan tiiketiciye
yansimadigini, firmalarin piyasa kosullarma gore bir maliyet absorpsiyonu mekanizmasi
islettigini kanitlamaktadir.

Son yillarda ise kiiresel pandeminin yarattigi arz soklar1 ve tedarik zinciri kirilmalari,
literatiirdeki fiyatlama davranisi tartismalarini geleneksel maliyet-artt modellerinden kar itisli
enflasyon (profit-led inflation) ve saticilar enflasyonu kavramlarina dogru kaydirmistir. Weber
ve Wasner (2023) caligmalarinda, firmalarin acil durumlari ve sistemik arz soklarini bir firsat
bilerek maliyet artiglarinin ¢ok 6tesinde kar marj1 fiyatlamalar1 yaptigini, bunun da enflasyonu
yapisal olarak kalic1 hale getirdigini iddia etmektedir. Bernanke ve Blanchard (2023) ise
pandemi sonrasi kiiresel enflasyon sokunu analiz ettikleri modellerinde, enflasyonun ilk
asamada emtia ve enerji kaynakl digsal arz soklartyla basladigini, ancak isgiicii piyasasindaki
sikilik ve sektorel kar marjlarindaki katiliklar nedeniyle ¢ekirdek enflasyona doniiserek atalet
kazandigini belirtmislerdir. Bu baglamda modern literatiir, firmalarin sadece ge¢gmis maliyetleri
degil, beklenen maliyetleri de fiyatlara yedirerek UFE-TUFE makasin1 kendi lehlerine
kullandiklar1 asimetrik bir fiyatlama evresine dikkat ¢cekmektedir.

Tiirkiye ekonomisi 6zelinde fiyat gegiskenligi ve sektorel fiyatlama davranislari tizerine yapilan
caligmalar, iilkenin yapisal 6zellikleri ve yliksek dolarizasyon egilimi nedeniyle doviz kuru
soklarma odaklanmaktadir. Kara, Ogiing ve Sarikaya (2017) Tiirkiye’de doviz kuru ve ithalat
fiyatlarinin enflasyona geciskenligini inceledikleri ¢caligmalarinda, imalat sanayi gibi ticarete
konu olan sektorlerde maliyet soklarinin tiiketici fiyatlarina yansimasiin ¢ok hizli ve ytiksek
oranda gerceklestigini, hizmetler sektoriinde ise temel belirleyicinin i¢ talep ve gecmis
enflasyon oranlar1 oldugunu tespit etmislerdir. Ozmen ve Topaloglu (2017) tarafindan yapilan
sektor bazli analizlerde ise, lretici ve tiiketici enflasyonu arasindaki makasin acildigi
donemlerde firmalarin kar marjlarinin ciddi sekilde daraldigi, ancak i¢ talebin desteklendigi
parasal genisleme evrelerinde bu maliyetlerin tliketiciye gecikmeli fakat ¢ok daha sert bir
sekilde yansitildigi ortaya konulmustur. TCMB (2024) Enflasyon Raporu analizleri de,
fiyatlama davranislarindaki bozulmanin 6zellikle 2021 sonras1 donemde hizmet ve temel mal
gruplarinda siddetlendigini ampirik verilerle desteklemektedir.

Mevcut literatlir genel olarak ekonometrik modeller kullanarak geciskenlik katsayilarini

hesaplamaya odaklansa da, Tirkiye ekonomisinde 2020 ile 2026 yillar1 arasinda yasanan
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makroekonomik soklarin sektorel kar marjlarina yansimasin1 betimsel ve donemsel tablolar
iizerinden esanli olarak analiz eden galismalar kisithidir. Bu ¢alisma, sektorel fiyat endeksleri
ve firma bilangolar1 lizerinden dogrudan iiretilen makas analizlerini kullanarak literatiirdeki
betimsel analiz eksikligini doldurmay1 amaglamaktadir. Uretici maliyetlerinin niteligine (tarim,
enerji, imalat) gore ayristirilmasi ve soklarin tiiketici fiyatlarima geg¢is hizinin sektorel kar
marjlar1 diizleminde sayisal olarak somutlastirilmasi, literatiire sunulan en temel katki olacaktir.
4. VERI SETi VE YONTEM

Calismanin  ampirik altyapisi, Tirkiye ekonomisinde 2020-2026 yillar1 arasindaki
makroekonomik dongiileri ve fiyatlama davraniglarin1 temsil eden ikincil veriler iizerine insa
edilmistir. Analiz donemi olarak bu spesifik zaman araliginin se¢ilmesinin temelinde, ilgili
kesitin kiiresel arz soklarinin baslangicindan makroekonomik istikrarin tesisine kadar uzanan
tam bir fiyatlama dongiisiinti barindirmasi yatmaktadir. 2020 yilinda pandemi kaynakli tedarik
zinciri kirilmalariyla baglayan, 2021 ve 2022 yillarinda kiiresel emtia krizi ve siddetli kur
oynakliklariyla tarihi zirvelere ulagan maliyet soklarinin, 2024 sonrasindaki dezenflasyon ve
normallesme evrelerinde nasil soniimlendigi bu zaman araliginda biitiinciil bir sekilde
gozlemlenebilmektedir. Bu donemsel tercih, reel sektoriin maliyet-art1 fiyatlama
davranislarindaki asimetrik tepkilerin hem kriz hem de toparlanma konjonktiirlerinde test
edilmesine metodolojik bir zemin sunmaktadir. Analiz slirecinde kullanilan temel veri setleri
TUIK tarafindan yayimlanan Tiiketici Fiyat Endeksi ile Yurt I¢i Uretici Fiyat Endeksi ana ve
alt harcama gruplarindan derlenmistir (TUIK, 2026). Ayrica digsal soklarin maliyet kanalmi
temsilen Amerikan Dolar1 doviz satis kurlar1 yillik ortalama degisimleri ve firmalarin maliyet
absorpsiyon kapasitelerini incelemek amaciyla TCMB Sektorel Bilango Istatistikleri veri
tabanindan faydalanilmistir (TCMB, 2026). Ekonometrik modelleme yerine betimsel
istatistikler ve sektorel makas analizlerinin tercih edilmesinin temel nedeni, fiyatlama
davraniglarindaki yapisal kirilmalarin ve sektorel asimetrilerin sayisal tablolar iizerinden daha
seffaf gozlemlenebilmesidir.

Analiz kapsaminda incelenen sektorler ve degiskenler, literatiirdeki maliyet-art1 fiyatlama
teorisini ve geg¢iskenlik mekanizmalarini en iyi temsil eden kanallar arasindan bilingli bir
filtreleme siireciyle secilmistir. Uretici fiyatlar1 cephesinde analiz; enerji, imalat sanayi ve tarim
sektorleri lizerine odaklandirilmistir. Enerji sektorii, kiiresel arz soklarinin yurt i¢i iiretim
maliyetlerine ilk giris kapisi olmasi nedeniyle; imalat sanayi, doviz kuru ve ithal girdi
maliyetlerine en duyarli alan olmasi sebebiyle; tarim sektorii ise gida enflasyonunun inelastik
arz yonlii kdkenlerini temsil etmesi bakimindan secilmistir (Campa ve Goldberg, 2005). Kamu

tarafindan regiile edilen veya fiyat olusumu rekabetgi piyasa kosullarindan ziyade idari
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kararlara bagli olan sektorler, serbest piyasadaki kar marj1 optimizasyonlarini ve dogal
fiyatlama egilimlerini maskelememesi adina metodolojik olarak analiz kapsami disinda
tutulmustur.

Tiiketici fiyatlar1 tarafinda ise temel mallar, gida ve hizmetler ayrimi {izerinden bir degisken
seti kurgulanmistir. Temel mallar grubu, ticarete konu olan tiriinlerin kur geciskenligini 6lgmek
icin kritik bir referans noktasi sunarken; gida grubu, hanehalk: biitcesindeki inelastik yiiksek
payt ve digsal arz soklarma duyarliligi nedeniyle dahil edilmistir. Hizmetler sektorii ise
fiyatlama katilig1 en yiiksek olan grup olmasi ve birim isgilicii maliyetlerindeki artiglarin kar
marjlan iizerindeki yapisal etkisini en net yansitan alan olmasi sebebiyle analizin merkezine
yerlestirilmistir (Kara vd., 2017). Sektorel net kar marj1 hesaplamalarinda ise reel sektoriin
fiyatlama stratejilerini en seffaf sekilde yansitan imalat, ticaret ve ingaat sektorleri temsilci
olarak belirlenmistir. Finansal sektoriin karlilik mekanizmalarinin reel iiretim maliyetlerinden
ziyade dogrudan faiz ve kur marjlarina dayanmasi, bu sektoriin analiz dist1 birakilmasindaki
temel metodolojik gerekg¢eyi olusturmaktadir. Bu se¢im stratejisi sayesinde ¢alisma, okuyucuyu
karmagik ve yonlendirici olmayan veri yiginlari arasinda bogmadan dogrudan doviz kuru
soklari, fiyat istikrar1 ve maliyet aktarimi problematigine odaklanan analitik bir cergeve
sunmaktadir.

5. AMPIRIK BULGULAR VE SEKTOREL ANALIZ

Tiirkiye ekonomisinde 2020-2026 yillar1 arasinda gézlemlenen asimetrik fiyatlama davranislar
ve enflasyon dinamikleri, doviz kuru dalgalanmalar1 ve kiiresel arz soklarinin yurt i¢i maliyet
kanallar1 tizerindeki etkileri lizerinden analiz edilmektedir. Bu boliimde, doviz kurundaki deger
kayiplarinin ve kiiresel tedarik zincirlerindeki daralmanin iiretici fiyatlarinda yarattigi maliyet
soklarinin tiiketici fiyatlarina geciskenligi donemsel veriler 15181inda incelenmektedir. Girdi
maliyetlerindeki siddetli artiglarin nihai tiiketici fiyatlarina yansima siireci, firmalarin sektorel
kar marj1 esneklikleri baglaminda Tablo 1 iizerinden aritmetik makas analiziyle

degerlendirilmektedir.
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Tablo 1. D6viz Kuru, Yurt I¢i Uretici ve Tiiketici Fiyat Endeksleri ile Enflasyon Makas1

(Y1illik % Degisim)
Yillar USD/TRY Degisim (%) Yi-UFE (%) | TUFE (%) UFE-TUFE Makas1 (Puan)
2020 24,8 25,1 14,6 10,5
2021 71,4 79,8 36 43,8
2022 84,2 97,7 64,2 33,5
2023 52,1 44,2 64,7 -20,5
2024 41,5 32,4 44,5 -12,1
2025 28,4 24,1 26,8 -2,7
2026 19,2 18,5 19,2 -0,7
Kaynak: TUIK ve TCMB (2026) verilerinden faydalanilarak yazar tarafindan derlenmistir.

Tablo 1 verileri incelendiginde, Dolar / Tiirk Liras1 kurundaki degisim oranlan ile iiretici
fiyatlar1 arasindaki dogrusal ve son derece giiclii iliski agik¢a gdze ¢arpmaktadir. Ozellikle 2021
ve 2022 yillarinda déviz kurunda yasanan sirasiyla %71,4 ve %84,2 oranindaki siddetli deger
kayiplarinin, ithal ara mali bagimlilig1 yiliksek olan Tiirkiye imalat sanayisinde iiretici fiyatlarini
tarihi zirvelere tasidig1 ve iretici ile tiiketici fiyatlar1 arasindaki makasin 43,8 puana kadar
acildig1 goriilmektedir. Bu derin makas, doviz kuru kaynakli ani maliyet soklarinin i¢ talep
kosullar1 gozetilerek tiiketiciye aninda yansitilamadigini ve firmalarin bu soku belirli bir siire
kendi bilangolarinda absorbe etmek durumunda kaldigini ampirik olarak kanitlamaktadir
(Ozmen ve Topaloglu, 2017). Ancak 2023 yilindan itibaren kur artis hizinin ivme
kaybetmesiyle iiretici fiyatlarinda gézlemlenen baz etkili diislislere ragmen tiiketici fiyatlarinin
yliksek katilik gostermesi, makasin negatif bolgeye gegcmesine zemin hazirlamistir. Bu kirilma,
gecikmeli gecgiskenlik etkisinin devreye girdigini ve firmalarin ge¢mis donemde tstlendikleri
kur maliyetlerini giiclii i¢ talep ve bozulan enflasyon beklentileri ortaminda nihai fiyatlara ¢ok
daha sert bir bi¢gimde yansittigin1 gostermektedir (TCMB, 2026). Dezenflasyon siirecinin
belirginlestigi ve makroekonomik istikrarin tesisi yoniinde adimlarin atildigr 2025 ve 2026
yillarinda ise kur volatilitesinin azalmasiyla makasin kademeli olarak kapanarak tarihsel denge
seviyelerine yaklastig1 tespit edilmektedir. Uretici fiyatlarindaki bu sert dalgalanmanin sektérel
kokenlerini ve dissal soklarin dogasini daha net tespit edebilmek amaciyla {iretici maliyetlerinin

alt kalemlerindeki degisimler Tablo 2 kapsaminda ayristirilmistir.
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Tablo 2. Uretici Maliyet Soklarmin Sektdrel Ayrisimi (Yillik % Degisim)

Yillar Tarim Sektorii UFE imalat Sanayi UFE Enerji Sektorii UFE
2020 213 272 14.8

2021 36,4 71,5 122,4

2022 118,3 89,4 142,6

2023 65,2 53,8 21,5

2024 48,6 38,2 18,4

2025 32,5 25,6 12,1

2026 24,8 19,4 9,8

Kaynak: TUIK (2026) Yurt I¢i Uretici Fiyat Endeksi alt veri gruplarindan derlenmistir.

Uretici maliyetlerinin alt kirtlimlarina bakildiginda, 2021 ve 2022 yillarindaki hiperbolik
yiikselisin ana motorunun siiphesiz enerji sektorii oldugu izlenmektedir. Déviz kurundaki
siddetli yiikselisin, kiiresel pandemi sonrasi daralan uluslararasi enerji piyasalarindaki agresif
fiyatlamalarla esanli gergeklesmesi, enerji yogun endiistriyel liretimin maliyet yapisinda kalici
hasarlar birakmistir (Bernanke ve Blanchard, 2023). Eszamanli olarak imalat sanayisinde
gozlemlenen keskin yiikselisler, sektoriin dogrudan uluslararasi emtia fiyatlarina ve ithal ara
mallarina olan yapisal bagimliliginin dogal bir tezahiiriidiir. Tarim sektoriinde 2022 yilinda
%]118,3 seviyesine ulasan maliyet artiglar1 ise kiiresel giibre, ithal zirai ilag ve yem
fiyatlarindaki ralli ile dogrudan iligkilidir. 2024 yil1 sonrasinda kur oynakliginin azalmasi,
kiiresel emtia dongiisiiniin sakinlesmesi ve tedarik zincirlerinin normallesmesiyle enerji ve
imalat maliyetlerindeki soklar hizla sonliimlenmis, ancak tarim sektoriindeki katilik iklimsel
faktdrler ve yapisal verimsizlikler nedeniyle ¢ok daha direncli bir seyir izlemistir. Uretici
cephesinde yasanan bu asimetrik arz soklarinin nihai tiiketici sepetine aktarim hizim1 ve

siddetini 6l¢mek i¢in sektorel tliketici fiyatlar1 Tablo 3 {izerinden degerlendirilmistir.
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Tablo 3. Tiiketici Fiyatlarina Gegiskenlik Hiz1 ve Sektorel Katiliklar (Yillik % Degisim)

Yillar | Temel Mallar TUFE Gida ve Alkolsiiz Icecekler Hizmetler Sektérii TUFE
2020 16,2 20,6 11,8
2021 42,5 43,8 22,4
2022 72,6 77,9 55,5
2023 52,4 72 89,7
2024 36,8 58,4 74,2
2025 22,4 35,6 45,8
2026 17,5 242 32,4
Kaynak: TUIK (2026) Tiiketici Fiyat Endeksi alt veri gruplarindan derlenmistir.

Sektorel tiiketici enflasyonu verileri, doviz kuru ve maliyet soklarinin nihai fiyatlara
aktariminda Calvo (1983) tarafindan teorik cercevesi ¢izilen fiyatlama katiliklarinin Tiirkiye
ekonomisinde ¢ok giiclii bir asimetri ile calisngm belgelemektedir. Ithal girdi oranmin ve
ticarete konu edilebilirligin en yiiksek oldugu temel mallar grubu (dayanikli tiiketim mallari,
giyim, elektronik), kur soklarina aninda tepki vererek 2021 ve 2022 yillarinda hizla ivmelenmis,
takip eden siirecte liretici maliyet sokunun soniimlenmesiyle en hizli normallesen grup
olmustur. Gida enflasyonu ise dogrudan tarimsal iiretici fiyatlarindaki katiliklar ve inelastik
talep kosullarina paralel olarak yiiksek seyrini uzun siire korumustur. Analizin en carpici
bulgusu ise maliyet gec¢iskenliginin en sorunlu yasandigi hizmetler sektorii tlizerinde
yogunlagmaktadir. Emek yogun bir yapiya sahip olan, dis ticarete konu olmayan ve biiyiik
Olclide canli i¢ talebe dayanan hizmetler sektorii (lokanta, otel, egitim, kira), kur soklarina
baslangicta olduke¢a gecikmeli ve zayif bir tepki vermis, ancak 2023 ve 2024 yillarinda atalet
kazanarak genel enflasyonun ana siiriikleyicisi konumuna yerlesmistir. Bu durum, hizmet
enflasyonunun ge¢mis soklarin birikimli etkisini, bozulan beklentileri ve asgari iicret gibi birim
isglici maliyetlerindeki artislar1 nihai fiyatlara endeksleme konusundaki direncini
kanitlamaktadir (Kara vd., 2017). Yasanan tiim bu agresif fiyatlama dongiilerinin reel sektor
bilancolarinda yarattig1 maliyet absorpsiyonu ve kar marj1 optimizasyonlar1 ise son olarak

Tablo 4 kapsaminda sayisal bir zemine oturtulmaktadir.
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Tablo 4. Sektorel Net Kar Marj1 Dinamikleri ve Maliyet Absorpsiyon Oranlari (%)

Yillar Imalat Sanay'i Net Kar Ticaret Sektiil:ii Net Kar Ingaat Sektﬁr'ﬁ Net Kar
Marj Marjx Mariji

2020 7.4 52 48

2021 8,6 6.4 42

2022 6,2 5.8 24

2023 9.8 8,5 3.8

2024 8,5 72 45

2025 72 6 5.1

2026 75 5.8 5.5

Kaynak: TCMB (2026) Sektérel Bilanco Istatistikleri veri tabanindan derlenmistir.

Firmalarin kar marj1 gelisimleri incelendiginde, Kalecki (1954) tarafindan 6ne siiriilen maliyet-
art1 fiyatlama teorisinin 6ngordiigli absorpsiyon mekanizmasinin dénemsel olarak net bir
sekilde calistig1 goriilmektedir. Doviz kurunun ve tiretici fiyatlarinin rekor kirdigi 2022 yilinda
imalat sanayi net kar marj1 bir 6nceki yila gore daralarak %8,6 seviyesinden %6,2 seviyesine
sert bir diisiis yasamistir. Bu veriler, reel sektoriin s6z konusu makroekonomik soku dogrudan
tilketiciye tam yansitmak yerine, pazar paymni korumak adina kar marjlarindan taviz vererek
fiyat gegiskenligini ilk agamada yavaslattigin1 géstermektedir. Insaat sektoriinde kar marjlarinin
aynt donemde %?2,4 seviyesine kadar erimesi, demir ve ¢imento gibi ithal hammadde
maliyetlerindeki asir1 artisin, projelerin uzun vadeli ve sabit fiyath yapisi nedeniyle nihai konut
fiyatlarina esanli yansitilamamasindan kaynaklanmaktadir. Ancak 2023 yilina gelindiginde,
uluslararas1 literatiirde saticilar enflasyonu olarak da adlandirilan bir davrams degisikligi
gozlemlenmis; imalat ve ticaret sektorlerinde kar marjlar sirasiyla %9,8 ve %8,5 seviyelerine
¢ikarak tarihsel ortalamalarinin ¢ok iizerine firlamistir (Weber ve Wasner, 2023). I¢ talebin
desteklendigi bu evrede firmalar, ertelenmis kur maliyetlerini ve gelecege yonelik enflasyon
risk primlerini {iriin fiyatlarina 6nden yiiklemeli olarak yansitmis ve daralan kar marjlarim
agresif bir sekilde yeniden yapilandirmislardir. Bu tablo, iiretici ve tiiketici enflasyonu
arasindaki makasin neden tiiketici aleyhine negatif bolgeye gectigini ve dezenflasyon siirecinin
ozellikle hizmetler ve ticaret sektdrii ayaginda ne derece zorlu bir beklenti yonetimi

gerektirdigini betimsel olarak ispatlamaktadir.
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6. SONUC VE POLITIKA ONERILERI

Tiirkiye ekonomisinde 2020-2026 donemini kapsayan bu ¢alisma, makroekonomik soklarin
fiyatlama davranislari iizerindeki asimetrik etkilerini sektorel diizeyde incelemistir. Calismadan
elde edilen ampirik bulgular, dissal maliyet soklarinin enflasyona geciskenliginin mekanik ve
anlik bir aritmetik silire¢ olmadigini, aksine piyasa rekabeti, talep kosullar1 ve beklenti yonetimi
gibi ¢ok boyutlu faktorler etrafinda sekillendigini ortaya koymaktadir. 2021 ve 2022 yillarinda
ivmelenen kiiresel emtia fiyatlart ve doviz kuru dalgalanmalari, {iretici fiyatlarinda esine az
rastlanir bir maliyet baskis1 yaratmasina ragmen, bu sokun tiiketici fiyatlarina aktarimi ilk
asamada gecikmeli olarak gerceklesmistir. Analiz sonuglari, 6zellikle imalat sanayi ve insaat
gibi sektorlerde faaliyet gosteren firmalarin, piyasa paylarini korumak ve talep belirsizliklerini
yonetmek amaciyla maliyet artiglarini biiyiik 6l¢lide kendi bilangolarinda absorbe ettiklerini
gostermektedir. Bu donemde kar marjlarinda yasanan daralma ve iiretici-tiiketici enflasyonu
makasinin tarihi seviyelerde acilmasi, geleneksel makroekonomik teorilerin 6ngérdiigii maliyet
yansitma reflekslerinin kriz konjonktiirlerinde eksik calistigini ve firmalarin ciddi bir kar marji
fedakarligina yoneldigini kanitlamaktadir.

Bununla birlikte, ¢alismanin temel eksenini olusturan en kritik ¢ikarim, 2023 y1l1 ve sonrasinda
fiyatlama davramislarinda gdzlemlenen yapisal kirilmadir. Uretici maliyetlerindeki artis hizmin
kiiresel normallegsmeyle birlikte ivme kaybetmesine ragmen, firmalarin fiyatlama stratejilerinde
radikal bir degisim yasanmustir. I¢ talebin canliligim korudugu ve enflasyonist beklentilerin
atalet kazandigi bu evrede, literatiirde saticilar enflasyonu olarak kavramsallastirilan
mekanizma devreye girmis; firmalar, bilgi asimetrisini kullanarak ge¢mis maliyet birikimlerini
ve gelecege yonelik risk primlerini nihai fiyatlara 6nden yiiklemeli olarak yansitma yoluna
gitmistir. Imalat ve ticaret sektdrlerindeki net kar marjlarmin tarihsel ortalamalarinin ¢ok
iizerine ¢ikmasi, enflasyon dinamiklerinin bu dénemde maliyet kdkenli bir yapidan kar itisli bir
karaktere doOniistiiglinlin en somut gostergesidir. Sektorel asimetriler baglaminda
incelendiginde ise, ticarete konu olan temel mallar grubunun digsal soklara ve maliyet
diisiislerine en esnek tepkiyi verdigi; buna karsin, inelastik arz kisitlariyla miicadele eden tarim-
gida sektorii ile dogrudan birim isgiicii maliyetlerine endeksli olan hizmetler sektoriiniin
dezenflasyon siirecine kars1 en yiiksek direnci sergiledigi tespit edilmistir. Ozellikle hizmet
enflasyonunda gozlemlenen bu geriye doniik endeksleme davranisi ve katilik, fiyatlama
pratiklerindeki bozulmanin ne derece yapisal bir hal aldigini teyit etmektedir.

Elde edilen betimsel analizler ve sektorel makas verileri 1s181nda, ekonomide tesis edilmeye
baslanan dezenflasyon siirecinin kalict bir fiyat istikrarina doniigebilmesi i¢in kapsamli ve

esgidiimlii bir politika seti elzem goriinmektedir. Fiyatlama davraniglarinda gozlemlenen
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onden yiiklemeli kar marj1 optimizasyonunun ve firsat¢1 fiyatlama egilimlerinin kirilabilmesi,
her seyden Once piyasadaki enflasyon beklentilerinin rasyonel bir zeminde yeniden
c¢ipalandirilmasia baghdir. Bu dogrultuda, makroekonomik ongoriilebilirligi artiran, iletisim
kanallar1 giliclii ve kural bazli politikalarin tavizsiz bir sekilde siirdiiriilmesi, firmalarin
fiyatlama stratejilerindeki asir1 risk primlerini zamanla ortadan kaldiracaktir. Ote yandan,
hizmetler sektoriindeki yapisal katiliklarin  salt makroekonomik talep yonetimiyle
astlamayacagi gerceginden hareketle piyasa aksakliklarini giderici, rekabet kosullarini
tyilestirici ve sektorel seffafligi destekleyici mikro ihtiyati adimlarin devreye alinmasi
gerekmektedir. Uzun vadeli perspektifte ise, tarim sektdriinde girdi maliyetlerini dengeleyecek
teknoloji odakli arz giivenligi stratejilerinin hayata gegirilmesi ve imalat sanayisinde ithal ara
mali bagimliligin1 asgariye indirecek yapisal doniigiimiin hizlandirilmas: biiyilk Snem
tasimaktadir. Ekonominin iiretim altyapisini giiclendirecek bu tarz yapisal doniisiimler, Tiirkiye
ekonomisinin digsal arz soklarina kars1 kurumsal direncini artiracak ve siirdiiriilebilir biiytime
ile fiyat istikrar1 arasindaki dengeyi kalici olarak tahkim edecektir.
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ABSTRACT

In this study, the integration of digital tools into financial control, management and decision-
making systems in small and medium-sized enterprises was examined. The study focused on
the relationship between digital financial technologies and managerial performance indicators
such as reporting accuracy, decision speed, cost efficiency and risk visibility. According to the
analysis results, cloud accounting, ERP systems, business intelligence dashboards, artificial
intelligence analytics, automation and cybersecurity controls function as complementary
components of an integrated SME financial intelligence architecture. The findings show that
digital integration strengthens financial control and improves strategic decision-making
capacity; however, budget constraints, skills shortages, legacy systems and cybersecurity
concerns continue to limit implementation. The study concludes that SME digital
transformation should be evaluated as a strategic governance process rather than a narrow
software adoption issue.

Keywords: SMEs, digital transformation, financial control, artificial intelligence, cloud
accounting, business intelligence, decision-making

1. INTRODUCTION

Small and medium-sized enterprises constitute the operational backbone of most economies,
yet many continue to manage finance through fragmented systems, manual reporting routines
and delayed decision cycles. In this study, this condition was evaluated as a strategic
management problem. In markets shaped by data velocity and algorithmic competition,
financial control increasingly depends on real-time visibility, integrated platforms and
predictive analytics (OECD, 2023). Therefore, the central issue is not only whether SMEs use
digital technologies, but whether these technologies operate as a coherent financial intelligence
system.

When accounting, payroll, operations and customer systems remain separated, data
inconsistency, duplicated work and weak cross-functional visibility become persistent

managerial problems. As a result, executives may be forced to make strategic decisions with
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retrospective, incomplete or contradictory information. For this reason, digital integration is
analysed in this paper as a mechanism that connects operational data with financial
interpretation, managerial control and executive decision-making.

2. MATERIALS AND METHODS

2.1. Research design

The research was designed as an applied mixed-method study. The quantitative dimension was
based on structured survey data collected from more than 180 SMEs in North Macedonia,
Serbia and the wider Western Balkan region. Likert-scale instruments were used to measure
digital tool adoption, perceived financial efficiency and decision quality. The qualitative
dimension consisted of 24 semi-structured interviews with SME executives, CFOs and digital
transformation managers. This design was selected because digital transformation can be
measured through performance indicators, but its adoption barriers must also be interpreted
through managerial experience.

2.2. Data collection and study context

The study examined SMEs operating in emerging European markets where resource
constraints, fragmented systems and uneven digital skills affect the pace of technological
adoption. Data collection focused on digital tool categories used in SME finance, including
ERP systems, CRM platforms, cloud accounting, artificial intelligence analytics, business
intelligence dashboards, blockchain applications and automation. The collected indicators were
evaluated in relation to financial control, operational efficiency, decision quality and financial
resilience.

2.3. Analytical framework

The analytical framework treats SME performance as the outcome of integrated digital
capability. ERP, CRM, cloud accounting, Al analytics, business intelligence, blockchain,
automation and cybersecurity are interpreted as linked components. The methodological logic
follows applied mixed-method business research, where quantitative indicators are interpreted
alongside managerial accounts of adoption barriers and organisational change (Creswell &
Plano Clark, 2018).

2.4. Data analysis and visualisation procedure

The quantitative indicators were interpreted through descriptive comparison, before-and-after
performance assessment and regression-based evidence reported in the study. The qualitative
findings were organised around implementation barriers, managerial implications and policy

recommendations. Visual outputs were used to present the conceptual model, digital tool
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categories, performance indicators and barrier structure in a form suitable for proceedings-style
academic reporting.

Table 1. Research Design Overview

Component Description

Research type Applied mixed-method study

Research context SME:s operating in North Macedonia, Serbia and the
wider Western Balkan region

Main focus Digital tools in financial control, management and
executive decision-making

Analytical orientation Performance indicators interpreted together with
managerial implementation barriers

Table 2. Rescarch Aim and Questions

Component Extracted content

Aim Examine how digital tools enhance financial
management efficiency, operational control and
strategic decision-making in SMEs

RQ1 How do integrated digital tools improve financial
control and reporting accuracy?

RQ2 Which tool categories deliver the highest return on
digital investment?

RQ3 Which barriers limit transformation in emerging
European SME contexts?

RQ4 How does Al affect decision precision and
timeliness?

Table 3. Hypotheses

Hypothesis Expected relationship

Hl Digital financial tools improve operational efficiency

H2 Al-supported analytics improve financial decision-
making quality

H3 Fully integrated systems strengthen SME financial
resilience

Table 4. Mixed-Method Design

Strand Evidence base

Quantitative Structured surveys across 180+ SMEs; regression,
correlation and ANOVA in SPSS

Qualitative 24 semi-structured interviews with SME executives,
CFOs and transformation managers

Synthesis Comparative case analysis and framework
development
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Tool category

Function

ERP systems

Unified finance, HR and operations integration

CRM platforms

Revenue pipeline and forecasting connection

Cloud accounting

Real-time ledger and reconciliation

Al analytics

Predictive cash flow, anomaly detection and risk
scoring

BI dashboards Executive KPI visualization

Blockchain Audit trails, smart contracts and payment
transparency

Automation/RPA Routine financial process automation

3. RESULTS AND DISCUSSION

Table 6. Key Performance Indicators

Indicator Analysis result
Faster reporting 3.2x
Decision confidence/accuracy 87%
Cost-centre visibility 62%
Reduced manual errors 40%

Regression model

p<0.01;R*=0.74

Hypothesis support

H1, H2 and H3 supported at 99% confidence

Table 7. Before and After Digital Integration

Metric Before After
Reporting accuracy 61% 94%
Decision speed 48 82
Cost efficiency 52 79
Risk visibility 39% 85%
Table 8. Main Barriers
Barrier Interpretation
Budget and capital constraints High implementation and change-management costs
Digital literacy gap Shortage of digitally skilled finance professionals

Legacy lock-in

Difficulty integrating older platforms

Cybersecurity concerns

Financial data protection and governance risks

Change resistance

Managerial and cultural hesitation

Table 9. Strategic and Policy Recommendations

Recommendation

Purpose

Government co-investment

Reduce the capital barrier to adoption

Digital finance literacy

Build internal SME capability

Shared infrastructure

Make cloud, BI and cybersecurity support accessible

Regional partnerships

Connect academic, public and SME innovation actors
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Table 10. Analytical Interpretation Framework

Visual output Analytical purpose

Figures 1-2 To define the digitalisation problem and the
managerial need for integrated control

Figures 3-6 To explain the conceptual model, method and digital
finance tool categories

Figures 7-8 To interpret performance indicators before and after
digital integration

Figures 9-10 To connect adoption barriers with strategic and
policy-level recommendations

Figure 1. SME Digital Imperative

SME share of businesses 90%

SME share of employment 70%

60%

Manual reporting dependence

Productivity advantage 26%

Figure 1. SME Digital Imperative

Figure 1 demonstrates the strategic pressure behind SME digitalisation. The high share of SMEs
in business activity and employment explains why financial digital transformation is not only a
firm-level issue but also a policy and competitiveness issue. The figure also shows the contrast
between dependence on manual reporting and the productivity gains associated with digital

maturity.
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Figure 2. Fragmented Systems and Delayed Decisions

0 Fragmented finance, o Manual reporting and ° Data silos and
payroll and operations data-entry errors retrospective visibility
systems

° Delayed executive
decisions

Figure 2. Fragmented Systems and Delayed Decisions

Figure 2 summarizes the research problem. Fragmented platforms create data inconsistencies,
manual reporting increases delay and error risk, and siloed data weakens strategic visibility.
The managerial significance is that digital transformation should begin from process

integration, not from isolated software purchases.

Figure 3. Integration Model From Data to Performance

Cybersecurity Automation

VN

BI dashboards /SME \ ERP systems
\perfo fmance /

N~

Al analytics Cloud accounting

Figure 3. Integration Model From Data to Performance
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Figure 3 presents the integration model. SME performance is placed at the centre because the
value of digital tools depends on how well they feed decision-making. ERP, cloud accounting,
Al analytics, BI dashboards, automation and cybersecurity create a governance architecture in

which data is converted into control and strategic action.

Figure 4. Mixed-Method Analytical Pipeline

o Survey design and o Primary SME surveys ° Data cleaning and coding
validation and interviews

° Statistical and thematic ° Framework synthesis
analysis

Figure 4. Mixed-Method Analytical Pipeline

Figure 4 shows the mixed-method analytical pipeline followed in the study. Survey design, data
collection, cleaning, statistical analysis and framework synthesis create a clear route from
empirical observation to managerial recommendation. This structure shows that the results were
not evaluated only as technical indicators, but as evidence connected with organisational

practice.
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Figure 5. Seven Pillars of SME Digital Finance Tooling

Blockchain

] [ Automation ]
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Figure 5. Seven Pillars of SME Digital Finance Tooling

Figure 5 classifies the seven main pillars of SME digital finance tooling. The classification
indicates that digital transformation is multi-systemic: accounting tools alone cannot produce
strategic intelligence unless connected to customer data, dashboards, automation, audit trails

and risk controls.

Figure 6. Real-Time Financial Control System

° Real-time monitoring ° Al risk detection o Fraud prevention

° Automated audit trails o Executive alerts

Figure 6. Real-Time Financial Control System
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Figure 6 interprets financial control as real-time intelligence. Monitoring, risk detection, fraud
prevention and executive alerts shift the finance function from retrospective compliance to
proactive governance. This is especially important for SMEs with limited managerial

bandwidth.

Figure 7. KPI and Dashboard Outcomes

Faster reporting . 32

Decision confidence

O
O -

Reduced errors

Figure 7. KPI and Dashboard Outcomes

Figure 7 presents the KPI outcomes obtained from the analysis. Faster reporting, higher
decision confidence, better cost visibility and reduced errors show how dashboard systems
translate technical integration into managerial performance. According to these results,
business intelligence and cloud-based systems provide measurable benefits for financial

monitoring and executive decision-making.
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Figure 8. Before and After Digital Integration
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After 94%
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After
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After
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After
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Figure 8. Before and After Digital Integration

Figure 8 compares before and after digital integration values. The largest movement appears in
risk visibility and reporting accuracy, suggesting that integrated systems first improve what
managers can see and then improve how quickly they can decide. This supports the claim that

digital tools strengthen control before they transform strategy.

Figure 9. Barriers to Digital Transformation

Budget constraints 88%

Digital skills gap 78%

Legacy system lock-in

66%

Cybersecurity concerns 61%

Change resistance 58%

Figure 9. Barriers to Digital Transformation
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Figure 9 identifies the main barriers to transformation. Budget constraints, skills gaps, legacy
systems, cybersecurity concerns and change resistance explain why adoption remains uneven.
These barriers show that digital transformation is organisational and financial, not merely

technical.

Figure 10. Policy Framework for Digital SME Transition

o Co-investment o Digital finance literacy ° Shared cloud and BI
programmes curricula infrastructure

° Cybersecurity support Regional innovation
partnerships

Figure 10. Policy Framework for Digital SME Transition

Figure 10 translates the findings into policy recommendations. Co-investment, literacy, shared
infrastructure and regional partnerships address the same barriers identified in the analysis. The
implication is that SME digitalisation requires coordinated support from firms, educational
institutions and public policy actors.

4. CONCLUSION

According to the analysis results, digital integration is a strategic condition for SME financial
control and decision quality. Integrated systems improve reporting accuracy, decision speed,
cost efficiency and risk visibility by connecting finance, operations, customer information and
executive dashboards. Al analytics and automation add predictive and operational capacity,
while cloud platforms make enterprise-grade tools more accessible to smaller firms.

The findings also indicate that adoption depends on organisational readiness. SMEs face capital
constraints, skills shortages, legacy system lock-in, cybersecurity concerns and resistance to
change. For this reason, the most effective digital transformation strategy is not a single tool

purchase but a staged governance framework combining interoperable systems, staff capability,
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cybersecurity discipline and policy support. Future research should test the proposed model
with larger cross-country samples and sector-level comparisons.
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Background:

Mental health disorders, particularly depression and anxiety, are increasingly recognized as
systemic conditions influenced by underlying biological mechanisms. Among these, chronic
low-grade inflammation has emerged as a key contributor, linking peripheral immune responses
with central nervous system alterations. Easily measurable inflammatory biomarkers such as
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and systemic
immune-inflammation index (SII) have gained attention for their potential role in psychiatric
evaluation.

Objective:

This review aims to synthesize current evidence on the association between inflammatory
biomarkers and mental health outcomes, with a focus on their predictive value in depression,
anxiety, and quality of life.

Methods:

A comprehensive literature search was conducted across electronic databases including
PubMed, Scopus, and Google Scholar. Relevant studies published in recent years were screened
and analyzed to evaluate the relationship between systemic inflammatory markers (NLR, PLR,
SIT) and mental health parameters. Both clinical and population-based studies were included to
provide a broad perspective.

Results:

The majority of studies indicate a significant association between elevated inflammatory
biomarkers and increased severity of depressive and anxiety symptoms. NLR and SII, in
particular, demonstrate consistent correlations with psychological distress and reduced quality
of life. These findings support the hypothesis that systemic inflammation contributes to
neuroinflammatory processes, neurotransmitter imbalance, and altered stress responses.
However, variability in study design and population heterogeneity limits direct comparability

across studies.
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Conclusion:

Inflammatory biomarkers hold promise as cost-effective, non-invasive tools for predicting
mental health outcomes and monitoring disease progression. Their integration into clinical
practice may enhance early identification and personalized management of psychiatric
conditions. Further large-scale, longitudinal studies are required to establish causality and
standardize their clinical application.

Keywords: Inflammation, NLR, PLR, SII, Depression.
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THERAPEUTIC POTENTIAL OF LEMON WATER AND GARLIC (ALLIUM
SATIVUM) IN THE TREATMENT OF INTESTINAL PARASITIC WORMS
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ABSTRACT

Intestinal parasitic worm infections remain a significant public health concern, particularly in
developing regions where sanitation and access to healthcare are limited. Conventional
anthelmintic drugs are effective but may be associated with side effects, resistance, and limited
accessibility. Therefore, there is increasing interest in exploring natural, affordable, and safe
alternatives. This abstract evaluates the therapeutic potential of lemon water combined with
garlic as a natural remedy for the management of intestinal parasitic worms. Lemon (Citrus
limon) is rich in vitamin C, flavonoids, and organic acids, which contribute to its antimicrobial
and immune-boosting properties. Garlic (Allium sativum), on the other hand, contains bioactive
compounds such as allicin, known for its potent Antiparasitic, antibacterial, and antifungal
effects. The synergistic action of lemon water and garlic may help create an unfavorable
environment for parasitic survival in the gastrointestinal tract while enhancing host immunity.
Garlic is believed to directly inhibit parasite metabolism and motility, whereas lemon supports
digestive health and detoxification. Preliminary evidence from traditional medicine and
experimental studies suggests that regular consumption of lemon water with crushed garlic may
reduce parasite load and improve gut health. Despite promising findings, clinical validation
through controlled trials is necessary to confirm efficacy, optimal dosage, and safety. This
natural combination may serve as a complementary or preventive approach, especially in
resource-limited settings. Future research should focus on pharmacological mechanisms,
formulation standardization, and long-term effects. Overall, lemon water and garlic represent a
simple, cost-effective, and accessible strategy for managing intestinal parasitic infections.
Keywords: Lemon Water, Garlic, Intestinal Parasites, Anthelmintic Activity, Natural

Remedies, Gastrointestinal Health
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THE GUT-BRAIN-SKIN AXIS IN ACNE: IMPACT OF POLENODERM
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Background: It is increasingly believed that the interaction between skin microbes and host
immunity plays an important role in acne. Acne also has close connections with the
gastrointestinal tract, and many argue that the gut microbiota could be involved in the
pathogenic process of acne. The emotions of stress, have been hypothesized to aggravate acne
by altering the gut microbiota. The presence of a gut-brain-skin axis that connects gut microbes,
oral probiotics, and diet, currently an area of intense scrutiny, to acne severity. This study
concentrates on the skin and gut microbes in acne, the role that the gut-brain-skin axis plays in
the immunobiology of acne, and newly emerging microbiome-based therapies that can be
applied to treat acne.

Obiective: The purpose of this study was to compare the diversity of the skin microbiota in
acne patients before and after taking Polenoderm.

Materials and methods: A longitudinal cohort study was performed on 20 participants with
moderate to severe facial acne with no recent use of oral and topical antibiotics/retinoids.
Results: Hence, it is crucial to understand Polenoderm impact on the acne skin microbiota
which is thought to be perturbed, our study provides insight into the skin microbiota in acne
and how it is modulated by Polenoderm and diet.

Conclusion: Acne also has close connections with the gastrointestinal tract, and many argue
that the gut microbiota could be involved in the pathogenic process of acne. As understanding
of the microbiome in healthy skin and the pathophysiology of acne continues to develop, new
therapeutic targets are arising.

Keywords: acne, gut-brain-skin axis microbiota, Polenoderm, diet
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OZET

Gallik asit, kafein ve katesin tiirevleri caym antioksidan kapasitesi ve duyusal ozellikleri
iizerinde belirleyici roller oynamaktadirlar. Bu ¢alismada, Rize ili Caykur Cumhuriyet Cay
Fabrikasinda {iretilen yesil ve siyah ¢ay o6rneklerinde ve ekstraktlarinda, gallik asit, kafein ve
katesin tiirevlerinin diizeyleri ISO14502:2 standard: talimatlar: takip edilerek HPLC yontemi
ile analiz edilmistir. Ekstraksiyon ve analizler Caykur Atatirk Cay ve Bahge Kiiltiirleri
Arastirma Enstitiisii Midiirliigii Kromatografi Laboratuvari ve Ekstraksiyon Birimi’nde
gerceklestirilmistir. Elde edilen bulgulara gore, gallik asit (GA), kafein (CA) ve toplam katesin
(C) oranlar (kuru madde, km) yesil cayda %0,02, %2,43 ve %13,62 olarak tespit edilirken;
siyah ¢ayda ise %0,09, %2,23 ve %0,14 olarak bulunmustur. Yesil ¢cay ekstraktinda, GA (km),
%0,14, CA, %5,75 ve C ise %31,51 ol¢iilmiistiir. Siyah cay ekstraktinda ise, GA (km), %0,82,
CA, %14,97 ve C ise %]1,26 olarak tayin edilmistir. Buna gore, GA oran siyah ¢ayda 4,5 kat1
artarken, C orani1 ise 97,2 kat1 azalmistir. Orneklerin ekstraktlarinda, GA ve CA, siyah ¢ayda
5,8 kat ve 2,6 kat1 yliksekken, C diizeyinin 25 kat azaldig1 goriilmiistiir. Sonug olarak, GA, CA
ve C seviyelerinin cayin tiirline ve igleme yontemine bagl olarak farkliliklar gosterdigi
anlasilmstir.

Anahtar kelimeler: Cay, Camellia sinensis, gallik asit, kafein, katesin

DETERMINATION OF GALLIC ACID, CAFFEINE, AND TOTAL CATECHIN
LEVELS IN BLACK AND GREEN TEA SAMPLES AND EXTRACTS
ORIGINATING FROM RiZE PROVINCE
ABSTRACT

Gallic acid, caffeine, and catechin derivatives are among the most critical compounds

influencing both the antioxidant potential and sensory attributes of tea. The present study aimed
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to determine the levels of these constituents in green and black tea samples, as well as their
respective extracts, sourced from the Caykur Cumhuriyet Tea Factory in Rize Province. All
analyses were conducted using the HPLC method in accordance with ISO 14502:2 standard
guidelines, while extraction and analytical procedures were carried out at the Chromatography
Laboratory and Extraction Unit of the Caykur Atatiirk Tea and Horticultural Research Institute.
The analytical results indicated that the dry matter (dm) contents of gallic acid (GA), caffeine
(CA), and total catechins (C) in green tea were 0.02%, 2.43%, and 13.62%, respectively. Black
tea, by comparison, yielded values of 0.09%, 2.23%, and 0.14% for the same parameters. With
respect to the extracts, green tea demonstrated GA (dm) at 0.14%, CA at 5.75%, and C at
31.51%, whereas the corresponding values in black tea extract were 0.82%, 14.97%, and 1.26%
for GA, CA, and C, respectively. A comparative evaluation between the two tea types revealed
that the GA content in black tea by 4.5-fold, while the C content experienced a substantial
reduction of 97.2-fold. Similarly, in the extracted fractions, GA and CA levels were 5.8 and 2.6
times greater in black tea than in green tea, whereas the C concentration was approximately 25
times lower. Overall, our findings confirm that the contents of GA, CA, and total catechins are
considerably affected by both the category of tea and the manufacturing processes employed.

Keywords: Tea, Camellia sinensis, gallic acid, caffeine, catechin

*Bu arastirma, Recep Tayyip Erdogan Universitesi BAP Koordinatorliigii Cay ihtisas Projesi
Birimi tarafindan desteklenmistir [Proje No: CiP-2025-2189, Hepatosit Karsinomu ve Cay Katesin

Tiirevlerinin Etkilesimlerinin In siliko ve In vitro Arastirilmasi].
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OZET

Motivasyon, 6gretim siirecinin niteligini etkileyen temel unsurlardan biridir ve 6grencilerin
derse katilimi i¢in saglam bir zemin olusturur. Motivasyon dgelerinin baslica tasiyicilarindan
biri, temel 6gretim materyalleri arasinda yer alan matematik ders kitaplaridir. Bu aragtirmada,
ortaokul yedinci sinif matematik ders kitaplarinda kullanilan motivasyon tiirlerinin incelenmesi
amaglanmistir. Arastirma, birinci yazarin yiiksek lisans tezinden iiretilmistir. Arastirmada tek
analiz birimli ¢oklu durum deseni kullanilmustir. Incelenen ders kitaplarinin kiinyesi su
sekildedir: (1) Giiler, S., Yiicelyigit, S. ve Kurt, V. (2014). [lkogretim matematik 7 ders kitab.
Ada Matbaacilik. (2) Bagei, O. (2015). Ortaokul matematik 7 ders kitabi. Tutku Yayincilik. (3)
Keskin Ogan, A. ve Oztiirk, S. (2019). Ortaokul ve imam hatip ortaokulu matematik 7 ders
kitabi. Milli Egitim Bakanligi. Bu ders kitaplar1 sirasiyla 2009, 2013 ve 2018 ortaokul
matematik 6gretim programlarina gore hazirlanmistir. Arastirmada ders kitaplarinda yer alan
motivasyon tiirlerini kodlayabilmek i¢in su kategorilerden olusan bir kavramsal g¢ergeve
gelistirilmistir: (1) gorsel dgeler, (2) drneklemeler, (3) iliskilendirmeler, (4) acik uglu sorular,
(5) tarihsel notlar, (6) meslek veya kariyer yonlendirmesi, (7) mizah, (8) oyunlar ve (9)
matematikgilerin veya bilim insanlarinin biyografileri. Ders kitaplar1 dncelikle bireysel olarak
analiz edilmis, daha sonra Yin’in (2014) karsilastirmali durum sentezi teknigi kullanilarak
kitaplar aras1 karsilastirilmalar yapilmistir. Arastirmanin bulgulari, 2009 ve 2013 matematik
ogretim programlarina gore hazirlanmis ders kitaplarinda motivasyon dgelerine yeterince yer
verilmedigini ve bu dgelerin 6grenme alanlaria dengeli bir sekilde dagilmadigini gostermistir.
2018 matematik 6gretim programina gore hazirlanan ders kitabinda ise motivasyon gelerinin
kullanim sikliginda belirgin bir artis goriilmiistiir. Ancak bu kitapta da motivasyon dgelerinin
ogrenme alanlaria dengeli dagilmadigi; 6zellikle sayilar ve islemler 6grenme alaninda, daha

belirgin olarak da “tam sayilar” ve “rasyonel sayilar” konularinda yogunlastigi belirlenmistir.
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Bulgularin, matematik ders kitab1 yazarlar1 ile matematik O6gretmenlerinin motivasyon
kavramina yonelik farkindaliklarini artiracagi diistiniilmektedir.

Anahtar kelimeler: motivasyon tiirleri, ortaokul matematik ders kitaplari, yaymevi tiirleri,
ortaokul matematik 6gretim programlari

AN EXPLORATION OF THE MOTIVATION TYPES USED IN SEVENTH-GRADE
MIDDLE SCHOOL MATHEMATICS TEXTBOOKS

ABSTRACT

Motivation is one of the key factors influencing the quality of the instructional process and
provides a solid foundation for students’ engagement in lessons. One of the primary carriers of
motivational elements is mathematics textbooks, which are among the fundamental
instructional materials. This study aimed to examine the motivation types used in seventh-grade
middle school mathematics textbooks. The study was derived from the first author’s master’s
thesis. A multiple-case study design with a single unit of analysis was employed. The textbooks
examined in the study were as follows: (1) Giiler, S., Yiicelyigit, S., and Kurt, V. (2014).
Primary mathematics textbook: Grade 7. Ada Matbaacilik. (2) Bagci, O. (2015). Middle school
mathematics textbook: Grade 7. Tutku Yaymcilik. (3) Keskin Ogan, A., and Oztiirk, S. (2019).
Middle school and imam hatip middle school mathematics textbook: Grade 7. Ministry of
National Education. These textbooks were prepared in accordance with the 2009, 2013, and
2018 middle school mathematics curricula, respectively. In the study, a conceptual framework
was developed to analyze the motivation types included in the textbooks. This framework
consisted of the following categories: (1) visual elements, (2) exemplifications, (3) connections,
(4) open-ended questions, (5) historical notes, (6) career info, (7) humor, (8) games, and (9)
mathematician or scientist biographies. The textbooks were first analyzed individually and then
compared using Yin’s (2014) cross-case synthesis technique. The findings showed that the
textbooks prepared according to the 2009 and 2013 mathematics curricula included insufficient
motivational elements, which were unevenly distributed across the four learning domains:
Numbers and Operations, Algebra, Geometry and Measurement, and Data Analysis. In contrast,
the textbook prepared according to the 2018 curriculum showed a notable increase in
motivational elements. However, as in the earlier textbooks, these elements were unevenly
distributed, appearing predominantly in the Numbers and Operations domain, especially in
integers and rational numbers. The findings are expected to raise awareness among mathematics
textbook authors and teachers regarding motivation.

Keywords: motivation types, middle school mathematics textbooks, publisher types, middle

school mathematics curricula

193




ISARC
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

STRUCTURAL AND PHYSICOCHEMICAL ANALYSIS, ALONG WITH
ANTIMICROBIAL ACTIVITY ASSESSMENT, OF A CADMIUM(I)-BASED
COORDINATION POLYMER DERIVED FROM 1,10-PHENANTHROLINE AND
NITRATE LIGANDS

Saoussen Namouchi CHERNI

Laboratory of Materials, Crystallochemistry and Applied Thermodynamics LR15ESO01, Department of
Chemistry, Faculty of Sciences, University of Tunis El Manar, 2092, Tunisia

Jendoubi IMEN

Laboratory of Materials, Crystallochemistry and Applied Thermodynamics LR15ES01, Department of
Chemistry, Faculty of Sciences, University of Tunis El Manar, 2092, Tunisia

Badiaa ESSGHAIER

Laboratory of Biochemistry and Biotechnology LRO1ESOS, Department of Biology, Faculty of
Sciences of Tunis, University of Tunis El Manar, 2092, Tunisia

ABSTRACT

Cadmium complexes incorporating 1,10-phenanthroline ligands represent an important
focus in coordination chemistry because of their distinctive structural, photophysical, and
biological characteristics. These systems display a wide range of geometries, commonly
adopting tetrahedral, octahedral, or distorted coordination environments around the cadmium
center.

Such complexes have been investigated for multiple applications, including luminescent
materials, catalysis, and the study of DNA interactions, owing to their notable affinity for
biomolecules. At the same time, the inherent toxicity of cadmium as a heavy metal highlights
the need to better understand the reactivity and potential environmental and biological effects
of these compounds. Their photoluminescent behavior makes them attractive for sensing
applications, while their structural adaptability plays a crucial role in materials science and
supramolecular chemistry [1].

In this context we have focused our work on the synthesis of a cadmium complex
[CA(NO3)2(C12HsN2)(H20)]n. This compound crystallizes in the monoclinic P21/c space group
with a=7.257(5) A,b=9.451(4) A, ¢ =20.834(8) A and B= 93.16(5)°. The resolution of the
structure leads after several cycles of refinement to reliability factors R (F) = 3.35% and wR
(F?)=10.97%. Each Cd" ion is surrounded by two N atoms from a 1,10- phenanthroline ligand,
and five O atoms from a water molecule and three nitrate anions, with two in bridging mode
and one in chelating mode, forming a seven-coordinate CdOSN2 environment. Each
cadmium(II) center is bridged to two others by two nitrate anions to produce a zigzag chain
structure along the [010] direction. O—H--O hydrogen bonding interactions link adjacent

chains into a two-dimensional network parallel to (001).
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The cadmium complex was characterized using various
techniques, including IR spectroscopy and thermogravimetric
analysis. It exhibited notable antifungal activity against Candida
species, specifically Candida albicans and Candida tropicalis,
with inhibition zones ranging from 42 to 45 mm at higher
concentrations (50 mg/ml) and from 32 to 35 mm at 1/16 dilutions.

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

Figure 1: Asymmetric unit of
[CA(NO3)2(C12HsN2)(H20)]n

Key words: Cadmium complex, structural study, TG analysis, biological activity.
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ABSTRACT

The safe and effective use of pharmacotherapy during pregnancy and lactation represents a
highly complex and multidimensional clinical challenge, requiring careful consideration of
maternal benefits, fetal risks, and dynamic physiological adaptations. This study provides a
comprehensive and evidence-informed synthesis of prescribing principles, pharmacokinetic
alterations, and therapeutic strategies applicable to common acute and chronic conditions
encountered during pregnancy and breastfeeding. Emphasis is placed on optimizing maternal
health outcomes while minimizing teratogenicity, neonatal toxicity, and long-term
developmental complications. Pregnancy induces profound physiological changes that
significantly alter drug pharmacokinetics, including increased plasma volume, enhanced renal
clearance, reduced plasma protein binding, delayed gastric emptying, and altered hepatic
metabolism. These changes may necessitate dose adjustments and careful therapeutic

monitoring to maintain efficacy while avoiding subtherapeutic exposure or toxicity. The critical
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period of organogenesis (weeks 2-9 of gestation) is identified as the phase of highest
teratogenic vulnerability; however, adverse drug effects may occur throughout gestation
depending on timing, dose, and genetic susceptibility. A risk—benefit assessment framework
underpins all prescribing decisions, recognizing that uncontrolled maternal disease—such as
asthma, epilepsy, hypertension, or diabetes—often poses greater risks to fetal outcomes than
appropriately selected pharmacotherapy. The study highlights the importance of prioritizing
monotherapy, utilizing well-established medications with robust safety data, and minimizing
unnecessary drug exposure. Management strategies for common pregnancy-related
conditions—including nausea and vomiting, pain, heartburn, constipation, infections, and
dermatological disorders—are critically evaluated. First-line therapies favor non-
pharmacological interventions where feasible, followed by pharmacological agents with
established safety profiles, such as paracetamol for pain and certain antihistamines for allergic
conditions. The avoidance of high-risk agents, including non-steroidal anti-inflammatory drugs
in late pregnancy and teratogenic antihypertensives such as ACE inhibitors, is emphasized.nln
the context of breastfeeding, drug safety is evaluated based on transfer into breast milk, oral
bioavailability in the infant, and potential pharmacodynamic effects. Most commonly used
antibiotics, topical agents, and selected systemic therapies are considered compatible with
breastfeeding, although vigilance is required to monitor for adverse neonatal effects such as
gastrointestinal disturbances or hypersensitivity reactions. Chronic disease management during
pregnancy is addressed as a critical determinant of maternal—fetal outcomes. Evidence-based
recommendations support the continued use of essential medications—such as inhaled
corticosteroids in asthma, insulin or metformin in diabetes, and selected antiepileptic drugs—
while avoiding high-risk agents like valproate when possible. Preventive strategies, including
folic acid supplementation and low-dose aspirin in high-risk hypertensive patients, are also
discussed.The study underscores the importance of utilizing specialized evidence resources,
including teratology information services and pharmacovigilance databases, to inform clinical
decision-making in scenarios with limited randomized controlled trial data. The rational
pharmacotherapy in pregnancy and lactation requires an individualized, evidence-based, and
multidisciplinary approach that integrates pharmacokinetic knowledge, clinical judgment, and
patient-centered care  principles. Advancing clinical awareness, strengthening
pharmacovigilance systems, and expanding high-quality research in this field remain essential

to improving maternal and neonatal health outcomes globally.
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Introduction

The administration of pharmacological agents during pregnancy and lactation represents one of
the most intricate and ethically sensitive domains within clinical medicine, pharmacotherapy,
and public health. The dual responsibility of safeguarding maternal health while ensuring fetal
and neonatal safety necessitates a nuanced, evidence-based, and highly individualized approach
to prescribing practices. Unlike most clinical scenarios where therapeutic decisions are
primarily patient-centered, pregnancy introduces a unique dyadic context in which both the
mother and the developing fetus must be considered simultaneously. This complexity is further
compounded by physiological, biochemical, and pharmacokinetic alterations that evolve
throughout gestation and extend into the postpartum and lactation periods.

Globally, it is estimated that a significant proportion of pregnant women are exposed to at least
one medication during pregnancy, whether prescribed, over-the-counter, or herbal in nature.
The prevalence of medication use in pregnancy has increased over recent decades due to
improved disease recognition, delayed childbearing associated with higher comorbidity burden,
and expanded therapeutic options. Despite this widespread use, the evidence base supporting
drug safety in pregnancy remains limited, largely due to ethical constraints that preclude
randomized controlled trials in pregnant populations. Consequently, clinical decision-making
often relies on observational studies, pharmacovigilance data, case reports, animal studies, and
retrospective analyses, all of which introduce varying degrees of uncertainty.

A fundamental concept underpinning pharmacotherapy in pregnancy is the recognition that no
drug can be considered completely safe. Even medications traditionally regarded as low risk
must be evaluated within the context of dose, duration, timing of exposure, maternal condition,
and genetic susceptibility. The baseline risk of congenital anomalies in the general population
is approximately 2—3%, and pharmacological exposure may modify this risk depending on
multiple interacting factors. Therefore, the principle of risk—benefit assessment remains central
to all prescribing decisions, emphasizing that untreated or poorly controlled maternal disease
frequently poses a greater threat to fetal outcomes than appropriately selected pharmacotherapy.
One of the most critical determinants of drug-related fetal risk is the timing of exposure during
pregnancy. The embryonic period, particularly between the second and ninth weeks of
gestation, represents the phase of organogenesis and is associated with the highest susceptibility
to structural teratogenic effects. Exposure to teratogenic agents during this window may result

in major congenital malformations, including neural tube defects, cardiac anomalies, and
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craniofacial abnormalities. In contrast, drug exposure during the fetal period (beyond the first
trimester) is more likely to affect growth, functional development, and organ maturation rather
than causing gross structural defects. However, certain drugs may exert harmful effects at any
stage of pregnancy, underscoring the importance of continuous vigilance throughout gestation.
Physiological adaptations during pregnancy profoundly influence drug pharmacokinetics and
pharmacodynamics. These changes include increased plasma volume, reduced plasma protein
binding, enhanced renal blood flow and glomerular filtration rate, altered hepatic enzyme
activity, delayed gastric emptying, and increased gastric pH. Collectively, these factors can lead
to decreased plasma drug concentrations, altered drug distribution, and variable therapeutic
responses. For example, increased volume of distribution may dilute hydrophilic drugs, while
enhanced renal clearance may necessitate higher or more frequent dosing to maintain
therapeutic levels. Conversely, reduced protein binding may increase the free fraction of certain
drugs, potentially enhancing pharmacological effects or toxicity.

Another key consideration is placental transfer, which determines the extent to which drugs
reach the fetal circulation. The placenta is not an absolute barrier but rather a semi-permeable
interface that allows the passage of many substances via passive diffusion, facilitated transport,
or active transport mechanisms. Factors influencing placental drug transfer include molecular
weight, lipophilicity, protein binding, ionization, and maternal—fetal concentration gradients.
Lipophilic, low molecular weight, and non-ionized drugs are more likely to cross the placenta
readily. Understanding these principles is essential for predicting fetal exposure and potential
risk.

In addition to pharmacokinetics, pharmacogenetics plays an increasingly recognized role in
modulating drug response and toxicity during pregnancy. Genetic polymorphisms affecting
drug-metabolizing enzymes, transporters, and receptors may influence both maternal and fetal
susceptibility to adverse effects. For instance, variations in cytochrome P450 enzymes can alter
drug metabolism rates, while genetic differences in folate metabolism may modify the risk of
neural tube defects in the presence of certain medications. These insights highlight the emerging
importance of personalized medicine approaches in optimizing pharmacotherapy for pregnant
patients.

The management of common conditions during pregnancy requires careful selection of
therapeutic interventions that balance efficacy with safety. Conditions such as nausea and
vomiting, pain, gastroesophageal reflux, constipation, infections, and dermatological disorders
are frequently encountered and often necessitate treatment. Non-pharmacological strategies are

typically recommended as first-line interventions, including dietary modifications, lifestyle
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adjustments, and physical therapies. When pharmacological treatment is required, agents with
established safety profiles and extensive clinical experience are preferred. For example,
paracetamol remains the analgesic of choice, while certain antihistamines and antiemetics are
considered relatively safe when used appropriately.

Conversely, several drug classes are contraindicated or require extreme caution during
pregnancy due to well-documented teratogenic or fetotoxic effects. These include angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers, certain antiepileptic drugs such as
valproate, retinoids, and some non-steroidal anti-inflammatory drugs, particularly in the third
trimester. The adverse outcomes associated with these agents may include fetal renal
impairment, premature closure of the ductus arteriosus, neurodevelopmental abnormalities, and
structural malformations. Therefore, preconception counseling and medication review are
critical components of care for women of childbearing age.

Chronic disease management during pregnancy represents a particularly important aspect of
maternal—fetal health. Conditions such as asthma, diabetes mellitus, hypertension, and epilepsy
require ongoing pharmacological treatment to prevent disease exacerbation and associated
complications. Evidence suggests that well-controlled maternal disease is associated with
improved pregnancy outcomes, whereas poor disease control can lead to adverse events such
as preterm birth, intrauterine growth restriction, pre-eclampsia, and fetal hypoxia.
Consequently, discontinuation of essential medications without appropriate alternatives is
strongly discouraged.

In asthma management, for instance, the continuation of inhaled corticosteroids and
bronchodilators is recommended to maintain optimal respiratory function. In diabetes, tight
glycemic control is crucial to reduce the risk of congenital anomalies and neonatal
complications, often necessitating insulin therapy. Similarly, in epilepsy, the selection of
antiepileptic drugs with lower teratogenic risk and the use of monotherapy at the lowest
effective dose are key strategies. The importance of folic acid supplementation in reducing
neural tube defects in women taking antiepileptic drugs is well established and represents a
cornerstone of preventive care.

The postpartum period introduces additional considerations related to breastfeeding and drug
safety. Lactation is widely recognized for its significant benefits to both mother and infant,
including nutritional, immunological, and psychological advantages. However, the transfer of
drugs into breast milk raises concerns regarding potential neonatal exposure and toxicity. The
extent of drug excretion into breast milk depends on factors such as molecular size,

lipophilicity, protein binding, and maternal plasma concentration. Additionally, the oral
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bioavailability of the drug in the infant and the maturity of neonatal metabolic pathways
influence the clinical significance of exposure.

Most medications are compatible with breastfeeding when used appropriately, and the benefits
of continued breastfeeding often outweigh the potential risks of drug exposure. Nevertheless,
certain drugs may require avoidance or careful monitoring due to potential adverse effects on
the infant. For example, drugs that affect the central nervous system, alter gastrointestinal flora,
or interfere with metabolic processes may pose risks. Healthcare professionals must therefore
evaluate each medication individually and provide evidence-based guidance to breastfeeding
mothers.

Pharmacovigilance and the availability of reliable information resources are essential
components of safe prescribing in pregnancy and lactation. Specialized databases, teratology
information services, and clinical guidelines provide valuable insights into drug safety profiles,
although data gaps remain a significant challenge. Continuous monitoring of drug safety
through registries and post-marketing surveillance contributes to the accumulation of evidence
and supports informed decision-making.

In recent years, there has been growing emphasis on multidisciplinary collaboration in the
management of pharmacotherapy during pregnancy and lactation. Clinicians, pharmacists,
obstetricians, and other healthcare professionals must work together to ensure comprehensive
care that addresses both medical and psychosocial aspects. Patient education and shared
decision-making are equally important, empowering women to make informed choices about
their treatment options.

The advances in pharmacological research, including physiologically based pharmacokinetic
modeling and real-world evidence generation, are expected to enhance our understanding of
drug behavior in pregnancy and improve therapeutic precision. These innovations hold promise
for addressing current knowledge gaps and facilitating safer and more effective
pharmacotherapy.

The use of medications during pregnancy and breastfeeding is characterized by a delicate
balance between therapeutic necessity and potential risk. A thorough understanding of
physiological changes, pharmacokinetic principles, teratogenic mechanisms, and clinical
guidelines is essential for optimizing maternal and neonatal outcomes. Continued research,
improved pharmacovigilance, and interdisciplinary collaboration are critical to advancing this
field and ensuring that pregnant and breastfeeding women receive safe, effective, and evidence-

based care.
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An additional layer of complexity in pharmacotherapy during pregnancy arises from the
heterogeneity of clinical scenarios and the variability in maternal physiology across different
populations. Maternal age, body composition, comorbidities, nutritional status, environmental
exposures, and socio-economic determinants all influence both disease patterns and
pharmacological responses. Advanced maternal age, for instance, is increasingly prevalent in
modern healthcare systems and is associated with a higher incidence of chronic conditions such
as hypertension, diabetes mellitus, and autoimmune disorders. These comorbidities often
necessitate long-term pharmacotherapy, thereby increasing cumulative fetal drug exposure and
amplifying the need for meticulous therapeutic planning.

Moreover, obesity, which has reached epidemic proportions globally, introduces additional
pharmacokinetic and pharmacodynamic considerations. Increased adipose tissue alters drug
distribution, particularly for lipophilic agents, while associated metabolic disturbances may
influence hepatic enzyme activity and renal function. Obesity during pregnancy is also linked
to an elevated risk of gestational diabetes, thromboembolic events, and pre-eclampsia, often
requiring pharmacological intervention. Consequently, individualized dosing strategies and
close clinical monitoring are essential to ensure optimal therapeutic outcomes in this subgroup.
The role of the placenta as a dynamic and metabolically active organ is increasingly recognized
as central to drug disposition in pregnancy. Beyond serving as a passive conduit, the placenta
expresses a range of drug-metabolizing enzymes and transport proteins, including members of
the cytochrome P450 family, P-glycoprotein, and organic anion transporters. These systems can
modulate the transfer of xenobiotics between maternal and fetal compartments, potentially
acting as protective mechanisms or, conversely, facilitating fetal exposure. Placental function
itself may be altered in pathological conditions such as pre-eclampsia, intrauterine growth
restriction, and gestational diabetes, further complicating predictions of drug transfer and fetal
risk.

In parallel, the fetal capacity for drug metabolism must also be considered. The fetal liver
possesses limited enzymatic activity compared to adults, and renal excretion mechanisms are
immature, leading to prolonged drug half-lives and increased susceptibility to accumulation.
Additionally, the developing fetal brain is particularly vulnerable to pharmacological insults
due to incomplete blood—brain barrier formation. These factors underscore the importance of
cautious drug selection and dosing, particularly for agents with central nervous system activity
or narrow therapeutic indices.

The issue of polypharmacy, which is becoming increasingly common due to the rising

prevalence of multimorbidity in pregnant populations. Polypharmacy introduces the potential
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for drug—drug interactions, altered pharmacokinetics, and cumulative toxicity. Interactions may
occur at multiple levels, including absorption, distribution, metabolism, and excretion, as well
as at the pharmacodynamic level. For example, concomitant use of enzyme-inducing
antiepileptic drugs may reduce the efficacy of other medications, while additive central nervous
system depressant effects may increase the risk of neonatal respiratory depression. Therefore,
rational prescribing strategies emphasize minimizing the number of medications whenever
possible and prioritizing agents with well-characterized interaction profiles.

The concept of teratogenicity extends beyond structural malformations to include functional
and developmental outcomes that may manifest later in life. Increasing evidence suggests that
in utero exposure to certain drugs may influence neurodevelopmental trajectories, immune
function, and metabolic programming. This paradigm aligns with the developmental origins of
health and disease (DOHaD) hypothesis, which posits that early-life exposures can have long-
term effects on health and disease susceptibility. For instance, prenatal exposure to
glucocorticoids, antiepileptic drugs, or certain psychotropic medications has been associated
with potential neurobehavioral and cognitive effects, although causality remains complex and
multifactorial.

In this context, the evaluation of drug safety must incorporate both short-term and long-term
outcomes, necessitating longitudinal studies and robust pharmacovigilance systems. Registries
that track pregnancy exposures and outcomes play a vital role in generating real-world
evidence, particularly for newer medications with limited pre-marketing data. However,
underreporting, selection bias, and confounding variables remain challenges in interpreting
these data, highlighting the need for methodological rigor and advanced analytical approaches.
The ethical considerations surrounding pharmacotherapy in pregnancy are profound and
multifaceted. Historically, pregnant women have been excluded from clinical trials, leading to
significant gaps in evidence and reliance on extrapolated data. While this approach aims to
protect the fetus from potential harm, it paradoxically results in uncertainty that may
compromise clinical care. There is a growing consensus that ethically designed research
involving pregnant populations is necessary to improve evidence-based practice. Adaptive trial
designs, enhanced safety monitoring, and informed consent processes are being explored as
means to address these challenges while maintaining ethical integrity.

Patient-centered care is a cornerstone of modern clinical practice and is particularly relevant in
the context of pregnancy and lactation. Women must be actively involved in decision-making
processes, with clear communication regarding the potential risks and benefits of treatment

options. Misconceptions about drug safety may lead to non-adherence or abrupt discontinuation
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of essential medications, which can have serious consequences. Healthcare providers must
therefore ensure that counseling is evidence-based, culturally sensitive, and tailored to
individual patient needs.

In addition to conventional pharmacotherapy, the use of complementary and alternative
medicines (CAM), including herbal remedies and dietary supplements, is widespread among
pregnant women. These products are often perceived as “natural” and therefore safe; however,
many lack rigorous safety data and may contain bioactive compounds with potential teratogenic
or toxic effects. Furthermore, the quality and composition of such products can vary
significantly, raising concerns about contamination and inconsistent dosing. Clinicians must
proactively inquire about CAM use and provide appropriate guidance to mitigate potential risks.
Infectious diseases during pregnancy represent another area of critical importance, as both the
infection itself and the pharmacological treatment may impact maternal and fetal outcomes.
Urinary tract infections, respiratory infections, and dermatological infections are commonly
encountered and generally manageable with appropriate antimicrobial therapy. However, the
selection of antibiotics must consider both efficacy and safety, with preference given to agents
with established safety profiles. Certain infections, such as viral illnesses or parasitic diseases,
may require specialized treatment approaches and multidisciplinary management.

The emergence of antimicrobial resistance further complicates the management of infections in
pregnancy, limiting therapeutic options and necessitating the judicious use of antibiotics. This
underscores the importance of antimicrobial stewardship programs that incorporate pregnancy-
specific considerations. In addition, vaccination during pregnancy has gained increasing
recognition as a preventive strategy for both maternal and neonatal health. Vaccines such as
those against influenza and pertussis are recommended in many settings and have demonstrated
safety and efficacy in reducing disease burden.

The management of mental health conditions during pregnancy is another critical and often
underrecognized aspect of care. Depression, anxiety, and other psychiatric disorders are
prevalent among pregnant women and can have significant implications for both maternal and
fetal well-being. Untreated mental health conditions are associated with poor prenatal care,
substance use, preterm birth, and impaired mother—infant bonding. Pharmacotherapy, including
antidepressants and anxiolytics, may be necessary in moderate to severe cases, and treatment
decisions must balance the risks of medication exposure against the consequences of untreated
illness. Selective serotonin reuptake inhibitors (SSRIs) are among the most commonly used

agents, with a relatively favorable safety profile, although potential risks such as neonatal
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adaptation syndrome and persistent pulmonary hypertension of the newborn have been
reported.

Pain management during pregnancy also presents unique challenges, particularly in the context
of chronic pain conditions or acute surgical interventions. While paracetamol remains the first-
line analgesic, its long-term use and potential associations with developmental outcomes have
been the subject of ongoing research and debate. Opioids may be required in certain
circumstances but carry risks of neonatal withdrawal syndrome and respiratory depression.
Non-pharmacological approaches, including physiotherapy, cognitive behavioral therapy, and
complementary modalities, play an important role in comprehensive pain management
strategies.

Endocrine disorders beyond diabetes, such as thyroid disease, require careful monitoring and
treatment during pregnancy. Thyroid hormones are essential for fetal neurodevelopment,
particularly in early gestation when the fetus is dependent on maternal thyroid function. Both
hypothyroidism and hyperthyroidism can have adverse effects if inadequately managed, and
pharmacotherapy must be adjusted to maintain euthyroid status. Similarly, disorders of calcium
metabolism, adrenal function, and other endocrine pathways may necessitate specialized
therapeutic approaches.

Emerging area of interest is the impact of environmental and occupational exposures on
pregnancy outcomes. Exposure to chemicals, pollutants, and endocrine-disrupting compounds
may interact with pharmacological agents, influencing both efficacy and toxicity. This
highlights the importance of a holistic approach to maternal health that considers not only
prescribed medications but also broader environmental determinants.

Technological advancements are increasingly shaping the landscape of pharmacotherapy in
pregnancy. Digital health tools, electronic prescribing systems, and clinical decision support
platforms can enhance medication safety by providing real-time access to evidence-based
guidelines and drug safety data. Telemedicine has also expanded access to specialist care,
particularly in underserved regions, facilitating timely consultation and management of
complex cases.

Education and training of healthcare professionals are critical to ensuring safe and effective
prescribing practices. Given the evolving evidence base and the complexity of this field,
continuous professional development is essential. Interdisciplinary education that integrates
pharmacology, obstetrics, pediatrics, and clinical pharmacy can enhance competency and

improve patient outcomes.
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From a public health perspective, the optimization of pharmacotherapy during pregnancy and
lactation has far-reaching implications. Maternal and neonatal morbidity and mortality remain
significant challenges in many parts of the world, and access to safe and effective medications
is a key determinant of health outcomes. Health systems must prioritize the availability of
essential medicines, the development of context-specific guidelines, and the integration of
pharmacovigilance systems to monitor and improve medication safety.

Regulatory frameworks play a pivotal role in guiding drug use during pregnancy. Drug labeling
systems that categorize risk have evolved over time, with increasing emphasis on narrative
descriptions of evidence rather than simplistic classification schemes. This approach provides
clinicians with more nuanced information to support individualized decision-making. However,
the interpretation of such data requires a high level of expertise and clinical judgment.

The integration of real-world evidence, big data analytics, and artificial intelligence holds
promise for advancing knowledge in this domain. Large-scale databases and machine learning
algorithms can identify patterns, predict risks, and generate insights that may not be apparent
through traditional research methods. These tools have the potential to transform
pharmacovigilance and support precision medicine approaches in pregnancy.
Pharmacotherapy during pregnancy and breastfeeding is characterized by a complex interplay
of physiological, pharmacological, ethical, and socio-economic factors. The need for
individualized, evidence-based, and patient-centered approaches is paramount. Continued
advancements in research, technology, and clinical practice are essential to address existing
knowledge gaps and to ensure that pregnant and breastfeeding women receive optimal care.
Strengthening multidisciplinary collaboration, enhancing pharmacovigilance systems, and
promoting informed decision-making will be critical in achieving these goals and improving
maternal and neonatal health outcomes on a global scale.

Aim of the Study

The aim of this study is to comprehensively evaluate the principles, safety considerations, and
clinical implications of pharmacotherapy during pregnancy and lactation, with a focus on
optimizing maternal-fetal outcomes through evidence-based prescribing, risk—benefit
assessment, and individualized therapeutic strategies, while addressing pharmacokinetic
alterations, teratogenic risks, and the management of common and chronic conditions.
Methodology

This study employs a comprehensive, integrative narrative review design to systematically
evaluate the principles and clinical applications of pharmacotherapy during pregnancy and

lactation. The methodological framework is structured to synthesize evidence from diverse,
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high-quality sources, enabling a multidimensional analysis of drug safety, pharmacokinetics,
and therapeutic decision-making in maternal—fetal medicine.

A structured literature search was conducted across major biomedical databases, including
PubMed/MEDLINE, Scopus, Web of Science, and Cochrane Library, covering publications
from the last 10—15 years to ensure contemporary relevance. Additional authoritative resources
were incorporated, such as clinical guidelines, pharmacopoeias, and specialized teratology
information services, including UK Teratology Information Service and Specialist Pharmacy
Service. Reference texts and databases such as Drugs in Pregnancy and Lactation: A Reference
Guide to Fetal and Neonatal Risk and LactMed were also utilized to ensure accuracy in drug
safety profiling.

Data extraction was performed using a standardized framework to capture key variables,
including drug class, mechanism of action, pharmacokinetic changes during pregnancy,
placental transfer characteristics, teratogenic risk profiles, and clinical outcomes. Evidence was
critically appraised based on study design, sample size, bias risk, and consistency of findings.
Where randomized controlled trial data were unavailable, emphasis was placed on high-quality
observational studies and pharmacovigilance data.

A thematic analytical approach was adopted to organize findings into key domains: (1)
physiological and pharmacokinetic alterations in pregnancy, (2) teratogenic risk assessment and
timing of exposure, (3) management of common acute conditions, (4) pharmacological
management of chronic diseases, and (5) safety considerations during lactation. Comparative
analysis was conducted to evaluate the relative safety and efficacy of therapeutic options, with
particular attention to first-line and alternative treatment strategies.

The study also incorporates an expert-informed interpretative component, aligning
pharmacological evidence with clinical practice considerations such as risk—benefit assessment,
patient-centered care, and individualized treatment planning. Ethical considerations were
addressed by ensuring that all data sources were publicly available and properly attributed, with
no involvement of human or animal subjects in primary data collection.

Overall, this methodology facilitates a robust, evidence-based synthesis of current knowledge,
supporting the development of clinically relevant insights into safe and effective
pharmacotherapy during pregnancy and breastfeeding.

Results and Discussion

Pharmacotherapy during pregnancy and breastfeeding is both highly prevalent and clinically
indispensable. Across multiple observational datasets and pharmacoepidemiological analyses,

it is consistently reported that over eighty percent of pregnant women are exposed to at least
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one medication during gestation, excluding vitamins and mineral supplements. This high
prevalence underscores the necessity of robust, evidence-based frameworks to guide safe
prescribing practices. The results indicate that the majority of pharmacological exposures occur
during the first trimester, often before pregnancy recognition, thereby increasing the potential
risk of unintended teratogenic exposure. Furthermore, a significant proportion of medication
use is associated with the management of pre-existing chronic conditions such as asthma,
epilepsy, hypertension, and diabetes mellitus, as well as acute pregnancy-related conditions
including nausea and vomiting, infections, and gastrointestinal disturbances. Importantly, the
findings highlight a persistent gap between clinical necessity and available safety data. Many
drugs lack high-quality human data, particularly randomized controlled trials, due to ethical
constraints. Consequently, clinical decision-making relies heavily on post-marketing
surveillance, observational studies, and pharmacovigilance systems. This evidentiary limitation
reinforces the importance of conservative prescribing strategies and individualized risk-benefit
assessments.

The analysis confirms that pregnancy induces profound and clinically significant alterations in
pharmacokinetics, which directly impact drug efficacy and safety. Increased plasma volume,
often by up to fifty percent, results in hemodilution and reduced peak plasma concentrations of
hydrophilic drugs. Concurrently, decreased plasma albumin levels lead to reduced protein
binding, thereby increasing the free (active) fraction of certain medications. Enhanced renal
clearance, driven by increased glomerular filtration rate, accelerates the elimination of renally
excreted drugs such as certain antibiotics and antiepileptic agents. Similarly, hepatic enzyme
activity may be either induced or inhibited depending on the specific cytochrome P450
isoenzymes involved, leading to variable drug metabolism rates. These findings emphasize the
need for dynamic dose adjustments and therapeutic drug monitoring, particularly for drugs with
narrow therapeutic indices. From a clinical standpoint, these pharmacokinetic changes may
result in subtherapeutic drug levels if standard dosing regimens are applied. For example,
reduced plasma concentrations of antiepileptic drugs such as lamotrigine during pregnancy
have been associated with increased seizure frequency, highlighting the necessity for dose
optimization. Conversely, increased free drug fractions may elevate the risk of toxicity,
necessitating careful clinical monitoring.

A central finding of this analysis is the critical importance of timing in determining teratogenic
risk. The organogenesis period, weeks two to nine of gestation, represents the window of
highest vulnerability to structural malformations. Exposure to teratogenic agents during this

phase has been strongly associated with congenital anomalies affecting the cardiovascular,
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central nervous, and musculoskeletal systems. The results further indicate that drug-induced
teratogenicity is influenced by dose, duration, genetic susceptibility, and maternal health status.
Notably, certain drugs exhibit dose-dependent teratogenic effects, while others may pose risks
even at low exposure levels. Beyond structural defects, exposure during later stages of
pregnancy may result in functional impairments, including neurodevelopmental abnormalities,
endocrine disruption, and growth restriction. The baseline risk of congenital anomalies in the
general population, approximately two to three percent, serves as a critical reference point in
clinical counseling. The data suggest that many medications previously considered high-risk
may, in fact, confer relatively modest increases in absolute risk, reinforcing the importance of
contextualizing risk in clinical decision-making.

The findings confirm that nausea and vomiting affect approximately fifty to eighty percent of
pregnant women, with onset typically occurring between six and eight weeks of gestation. Non-
pharmacological interventions, including dietary modifications and behavioral strategies, are
effective for mild cases. Pharmacological management is reserved for moderate to severe
symptoms, with first-line agents including antihistamines and dopamine antagonists. The
analysis highlights the importance of avoiding certain medications, such as ondansetron during
the first trimester, due to potential associations with congenital anomalies. However, the
evidence remains mixed, and clinical decisions should be individualized based on severity and
response to treatment. Pain management in pregnancy requires a cautious and stratified
approach. Paracetamol remains the first-line analgesic due to its established safety profile. The
use of opioids is generally limited to short-term management of moderate to severe pain, with
careful consideration of risks such as neonatal respiratory depression and withdrawal syndrome.
Non-steroidal anti-inflammatory drugs are generally contraindicated in the third trimester due
to the risk of premature closure of the ductus arteriosus and neonatal renal impairment. The
results emphasize the importance of integrating non-pharmacological therapies, including
physiotherapy and supportive measures, into pain management strategies. Gastrointestinal
conditions, including heartburn and constipation, are highly prevalent during pregnancy. The
results support the use of lifestyle modifications as first-line interventions, followed by
pharmacological treatments such as antacids and proton pump inhibitors where necessary.
Omeprazole, for instance, demonstrates a favorable safety profile based on available evidence.
Constipation management prioritizes bulk-forming agents and osmotic laxatives, while
stimulant laxatives are generally avoided in late pregnancy. These findings highlight the
importance of preventive strategies, particularly in patients receiving iron supplementation or

opioid therapy.
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The analysis demonstrates that infections during pregnancy are common and require prompt
and appropriate management to prevent maternal and fetal complications. Antibiotics such as
penicillins and certain macrolides are widely considered safe, while others require caution due
to potential adverse effects. The emergence of antimicrobial resistance represents a significant
challenge, limiting therapeutic options and necessitating judicious antibiotic use. The results
underscore the importance of culture-guided therapy and adherence to clinical guidelines to
optimize outcomes. The evidence strongly supports the continuation of asthma medications
during pregnancy, as uncontrolled asthma is associated with significant maternal and fetal risks.
Inhaled corticosteroids and bronchodilators are considered safe and effective, with minimal
systemic exposure. Hypertensive disorders of pregnancy are a major cause of maternal and
neonatal morbidity. The findings indicate that medications such as labetalol and nifedipine are
effective first-line treatments, while ACE inhibitors and angiotensin receptor blockers are
contraindicated due to teratogenic risks. Optimal glycemic control is critical in reducing adverse
pregnancy outcomes. Insulin remains the gold standard for management, although metformin
is increasingly used in selected cases. The results highlight the dynamic nature of insulin
requirements during pregnancy and the need for close monitoring. The management of epilepsy
during pregnancy requires balancing seizure control with teratogenic risk. The analysis
confirms that certain antiepileptic drugs, such as valproate, are associated with a significantly
increased risk of congenital anomalies and should be avoided where possible. Monotherapy and
dose optimization are key strategies in minimizing risk.

The findings indicate that most medications are compatible with breastfeeding, although careful
assessment of drug transfer into breast milk is essential. Factors such as molecular weight,
lipophilicity, and protein binding influence drug excretion into milk. Clinical evidence suggests
that commonly used antibiotics, analgesics, and topical agents are generally safe, with minimal
risk to the infant. However, monitoring for adverse effects such as gastrointestinal disturbances
or allergic reactions is recommended. A recurring theme across the analysis is the central role
of risk-benefit assessment in guiding pharmacotherapy. The results emphasize that the risks of
untreated maternal disease often outweigh the potential risks associated with medication
exposure. Effective clinical decision-making requires integration of pharmacological
knowledge, clinical guidelines, and patient-specific factors. Shared decision-making and
patient education are critical in ensuring adherence and optimizing outcomes. The study
highlights significant gaps in the evidence base, particularly for newer medications.
Pharmacovigilance systems and pregnancy registries play a crucial role in generating real-world

data and improving drug safety profiles. The integration of advanced analytical tools, including
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big data and artificial intelligence, offers promising avenues for enhancing pharmacovigilance
and supporting evidence-based practice.

The results underscore the need for enhanced research involving pregnant populations,
improved clinical guidelines and decision-support tools, greater emphasis on personalized
medicine, and strengthened interdisciplinary collaboration. Future research should focus on
long-term outcomes, pharmacogenetics, and innovative therapeutic approaches to further
optimize maternal and neonatal health. In summary, the findings demonstrate that
pharmacotherapy during pregnancy and lactation is a complex but manageable aspect of clinical
care when guided by evidence-based principles. A thorough wunderstanding of
pharmacokinetics, teratogenic risk, and clinical context is essential for optimizing outcomes.
Continued advancements in research, pharmacovigilance, and clinical practice will be critical
in addressing existing challenges and improving the safety and efficacy of drug therapy in this
vulnerable population.

The evaluation of dermatological conditions during pregnancy reveals a high prevalence of both
physiological and pathological skin changes, many of which require pharmacological
intervention. Conditions such as atopic eczema, contact dermatitis, fungal infections, and
pruritic disorders are commonly encountered and may significantly affect maternal quality of
life. The results demonstrate that topical therapies remain the cornerstone of treatment due to
their limited systemic absorption and favorable safety profiles. Topical corticosteroids,
particularly low- to moderate-potency agents, are generally considered safe when used
appropriately. However, prolonged use of high-potency corticosteroids has been associated
with potential risks such as low birth weight, although the evidence remains inconclusive. This
underscores the importance of using the lowest effective potency for the shortest duration
necessary. Fungal infections, including vulvovaginal candidiasis, are frequently observed due
to hormonal and immunological changes during pregnancy. Topical antifungal agents such as
clotrimazole and miconazole are widely recommended as first-line therapies, with robust
evidence supporting their safety. Oral antifungal agents, particularly systemic azoles, are
generally avoided due to potential teratogenic risks. Parasitic infestations, including scabies and
threadworms, also require careful management. The results support the use of topical agents
such as permethrin and malathion, which exhibit minimal systemic absorption and are
considered safe in both pregnancy and breastfeeding. Hygiene measures remain a critical
component of management, particularly in preventing reinfection and transmission.
Pregnancy-induced physiological changes significantly impact gastrointestinal function,

contributing to conditions such as gastroesophageal reflux disease, constipation, and altered
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drug absorption. The results confirm that gastroesophageal reflux disease affects a substantial
proportion of pregnant women, particularly in the second and third trimesters, due to hormonal
relaxation of the lower esophageal sphincter and increased intra-abdominal pressure.
Pharmacological management typically begins with antacids and progresses to proton pump
inhibitors when necessary. Evidence indicates that proton pump inhibitors, including
omeprazole, have a favorable safety profile, although long-term effects remain an area of
ongoing research. Histamine-2 receptor antagonists also represent a viable therapeutic option.
Constipation, affecting up to forty percent of pregnant women, is primarily managed through
lifestyle modifications, including increased dietary fiber and fluid intake. Pharmacological
interventions include bulk-forming agents and osmotic laxatives, which are considered safe.
The avoidance of stimulant laxatives in late pregnancy is recommended due to potential uterine
stimulation, although evidence is limited. Hepatic conditions such as intrahepatic cholestasis of
pregnancy represent a more serious clinical concern. The accumulation of bile acids can lead
to significant maternal discomfort and increased risk of adverse fetal outcomes, including
preterm birth and stillbirth. The results emphasize the importance of early recognition and
appropriate management, often involving specialist referral and pharmacological interventions
such as ursodeoxycholic acid.

Pregnancy is associated with significant hematological changes, including increased plasma
volume and altered red blood cell dynamics, often resulting in physiological anemia. Iron
deficiency remains the most common nutritional deficiency during pregnancy and frequently
necessitates supplementation. The results indicate that iron supplementation, while effective, is
often associated with gastrointestinal side effects such as constipation and nausea, which may
impact adherence. Strategies to improve tolerability include dose adjustment, alternative
formulations, and co-administration with food. Folate supplementation is universally
recommended due to its critical role in preventing neural tube defects. High-dose folic acid is
particularly important in high-risk populations, including women with diabetes, obesity, or
those taking antiepileptic drugs. Vitamin D deficiency is another emerging concern, with
potential implications for maternal bone health and fetal development. Supplementation
strategies vary based on geographic location, baseline nutritional status, and clinical guidelines.
Pregnancy induces a hypercoagulable state, increasing the risk of venous thromboembolism.
This physiological adaptation is thought to be protective against hemorrhage during delivery
but poses significant clinical risks. The results highlight the importance of risk stratification and
prophylactic strategies in high-risk populations. Low molecular weight heparin is the preferred

anticoagulant during pregnancy due to its safety profile and lack of placental transfer. Warfarin,
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in contrast, is contraindicated due to its well-documented teratogenic effects, including fetal
warfarin syndrome. Cardiovascular adaptations, including increased cardiac output and reduced
systemic vascular resistance, may exacerbate pre-existing cardiac conditions. Pharmacological
management must be carefully tailored, with avoidance of drugs known to adversely affect fetal
development.

Neurological and psychiatric conditions present unique challenges in pregnancy due to the need
for ongoing pharmacotherapy and the potential impact on fetal development. The results
confirm that untreated psychiatric conditions are associated with significant risks, including
poor prenatal care, substance abuse, and adverse neonatal outcomes. Selective serotonin
reuptake inhibitors are commonly used and generally considered safe, although potential risks
such as neonatal adaptation syndrome have been reported. The decision to initiate or continue
therapy must be individualized, taking into account the severity of the condition and patient
preferences. In epilepsy, maintaining seizure control is paramount, as maternal seizures can
result in fetal hypoxia and trauma. The results reinforce the importance of selecting antiepileptic
drugs with lower teratogenic risk and optimizing dosing strategies. Respiratory conditions,
particularly asthma, are prevalent during pregnancy and require careful management. The
results demonstrate that well-controlled asthma is associated with favorable pregnancy
outcomes, while poorly controlled disease increases the risk of complications. Inhaled
therapies, including corticosteroids and bronchodilators, are considered safe and effective.
Systemic corticosteroids may be required in severe cases, with benefits outweighing potential
risks. Allergic conditions such as hay fever are commonly managed with antihistamines and
intranasal corticosteroids, both of which have established safety profiles. Non-pharmacological
strategies, including allergen avoidance, are also important components of management.
Breastfeeding introduces additional pharmacokinetic considerations, particularly regarding
drug transfer into breast milk and subsequent infant exposure. The results indicate that most
medications are present in breast milk at low concentrations and are unlikely to cause harm
when used appropriately. The concept of relative infant dose is central to assessing safety, with
values below ten percent generally considered acceptable. Drugs with high protein binding, low
oral bioavailability, and short half-lives are less likely to pose risks. Clinical monitoring of the
infant remains essential, particularly for drugs with potential central nervous system effects or
those affecting gastrointestinal function. Education of breastfeeding mothers is critical to ensure
adherence and minimize unnecessary discontinuation of therapy. The traditional classification
systems for drug safety in pregnancy have evolved significantly, moving away from simplistic

categorical approaches toward more detailed narrative descriptions. This shift reflects the

213




ISARC
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

complexity of risk assessment and the need for nuanced clinical interpretation. The results
highlight the importance of integrating multiple sources of evidence, including animal studies,
human observational data, and pharmacovigilance reports. Regulatory agencies continue to
refine labeling requirements to improve clarity and clinical utility.

The findings underscore the critical role of clinical pharmacists in optimizing pharmacotherapy
during pregnancy and lactation. Pharmacists contribute to medication review, risk assessment,
patient counseling, and therapeutic monitoring, thereby enhancing patient safety and clinical
outcomes. Multidisciplinary collaboration among obstetricians, physicians, pharmacists, and
other healthcare professionals is essential for managing complex cases. This approach
facilitates comprehensive care and supports evidence-based decision-making. Emerging
evidence highlights the potential of pharmacogenomics to improve drug safety and efficacy in
pregnancy. Genetic variations in drug-metabolizing enzymes and transporters can significantly
influence pharmacokinetics and pharmacodynamics. Personalized medicine approaches,
incorporating genetic testing and predictive modeling, may enable more precise dosing and risk
assessment. However, the integration of these technologies into routine clinical practice
remains in its early stages and requires further research. Technological advancements are
transforming the landscape of pharmacotherapy in pregnancy. Electronic health records,
clinical decision support systems, and telemedicine platforms enhance access to information
and facilitate coordinated care. Big data analytics and artificial intelligence offer opportunities
to identify patterns, predict risks, and generate real-world evidence. These tools have the
potential to address existing knowledge gaps and improve clinical outcomes.

From a global perspective, disparities in access to healthcare and essential medications
significantly impact maternal and neonatal outcomes. The results highlight the need for context-
specific guidelines and resource allocation to address these challenges. Public health initiatives
focusing on education, access to care, and pharmacovigilance are critical in improving
outcomes, particularly in low- and middle-income countries. The extended analysis reinforces
the central premise that pharmacotherapy during pregnancy and breastfeeding must be guided
by a comprehensive, evidence-based approach that integrates clinical expertise, patient
preferences, and evolving scientific knowledge. Key clinical implications include prioritization
of maternal disease control, individualized risk-benefit assessment, preference for well-
established medications, integration of non-pharmacological strategies, and continuous
monitoring and patient education. Collectively, the findings illustrate that pharmacotherapy in
pregnancy and lactation is not merely a matter of drug selection but a dynamic, multifactorial

process requiring continuous evaluation and adaptation. The interplay between physiological
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changes, disease states, pharmacological properties, and patient-specific factors necessitates a
highly individualized and multidisciplinary approach. Future advancements in research,
technology, and clinical practice will be essential in addressing current limitations and
improving the safety and efficacy of pharmacotherapy in this vulnerable population.

While diabetes mellitus represents the most extensively studied endocrine disorder in
pregnancy, other endocrine abnormalities, particularly thyroid dysfunction, play a critical role
in maternal and fetal outcomes. The analysis reveals that both hypothyroidism and
hyperthyroidism are associated with adverse pregnancy outcomes if inadequately managed,
including miscarriage, preterm birth, impaired neurodevelopment, and fetal growth
abnormalities. Hypothyroidism, often caused by autoimmune thyroiditis, necessitates
levothyroxine replacement therapy, with dose requirements typically increasing during
pregnancy due to elevated thyroid-binding globulin levels and increased metabolic demand.
The results demonstrate that early detection and aggressive dose titration are essential,
particularly during the first trimester when fetal neurodevelopment is highly dependent on
maternal thyroid hormone supply. Conversely, hyperthyroidism, most commonly resulting
from Graves' disease, requires careful management to avoid both maternal complications such
as thyrotoxic crisis and fetal risks such as growth restriction and fetal thyrotoxicosis.
Antithyroid drugs, including propylthiouracil and methimazole, present a complex risk profile.
Propylthiouracil is generally preferred during the first trimester due to lower teratogenic risk,
while methimazole may be used in later trimesters due to concerns regarding hepatotoxicity
with prolonged propylthiouracil use. These findings illustrate the necessity of trimester-specific
pharmacotherapy strategies. Additional endocrine disorders, including adrenal insufficiency
and hyperprolactinemia, require individualized treatment approaches. Glucocorticoid
replacement therapy must be carefully titrated to mimic physiological levels while avoiding
excessive exposure that could influence fetal growth and neurodevelopment.

Autoimmune diseases such as systemic lupus erythematosus, rheumatoid arthritis, and
inflammatory bowel disease present unique therapeutic challenges during pregnancy. The
results indicate that disease activity often fluctuates during pregnancy, with some conditions
improving and others exacerbating. Pharmacological management aims to maintain disease
remission while minimizing fetal risk. Corticosteroids, immunosuppressants, and biologic
agents may be required, each with distinct safety considerations. For example, low-dose
corticosteroids are generally considered safe, although long-term use may increase the risk of
gestational diabetes and hypertension. Immunosuppressants such as azathioprine have

relatively favorable safety profiles, whereas others, including methotrexate, are strictly
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contraindicated due to potent teratogenicity. Biologic therapies, including tumor necrosis factor
inhibitors, are increasingly used in pregnancy, with emerging evidence suggesting relative
safety, particularly when used during early gestation. However, placental transfer increases in
the third trimester, necessitating careful timing of discontinuation to reduce neonatal
immunosuppression. These findings emphasize the importance of preconception planning and
multidisciplinary management in women with autoimmune diseases, ensuring optimal disease
control prior to and throughout pregnancy.

The coexistence of malignancy and pregnancy, although relatively rare, presents one of the
most complex clinical scenarios in medicine. The results indicate that cancer treatment during
pregnancy requires balancing maternal survival with fetal safety, often necessitating
individualized treatment protocols. Chemotherapy is generally avoided during the first trimester
due to the high risk of teratogenicity but may be considered during the second and third
trimesters for certain malignancies. Agents such as anthracyclines have been used with relative
safety, although long-term outcomes require further investigation. Radiotherapy is typically
avoided due to the risk of fetal exposure, particularly during early gestation. Targeted therapies
and immunotherapies represent emerging challenges, as limited data exist regarding their safety
in pregnancy. These findings highlight significant evidence gaps and the need for specialized
care in tertiary centers.

Renal physiology undergoes significant adaptation during pregnancy, including increased renal
blood flow and glomerular filtration rate. These changes influence drug clearance and
electrolyte balance, necessitating careful monitoring in patients with pre-existing renal disease.
Urinary tract infections are among the most common infections in pregnancy and require
prompt treatment to prevent complications such as pyelonephritis and preterm labor. The results
support the use of antibiotics with established safety profiles, while emphasizing the importance
of culture-guided therapy. Chronic kidney disease complicates pregnancy management, as it is
associated with increased risks of hypertension, pre-eclampsia, and fetal growth restriction.
Pharmacotherapy must be carefully adjusted to account for altered drug clearance and potential
nephrotoxicity. Certain pharmacological interventions are unique to obstetric care and play
critical roles in optimizing pregnancy outcomes. These include the use of tocolytics,
corticosteroids for fetal lung maturation, and uterotonics for labor management. Tocolytic
agents, such as nifedipine and atosiban, are used to delay preterm labor, allowing time for
corticosteroid administration and fetal maturation. The results indicate that these agents are
generally effective, although their use must be carefully balanced against maternal side effects.

Antenatal corticosteroids, including betamethasone, are widely used to accelerate fetal lung
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development in cases of threatened preterm birth. Evidence strongly supports their efficacy in
reducing neonatal morbidity and mortality. Uterotonic agents, such as oxytocin, play a vital role
in labor induction and the prevention of postpartum hemorrhage. Their use is well established
and supported by extensive clinical data.

The analysis of neonatal outcomes reveals that pharmacological exposure during pregnancy
may influence both immediate and long-term health outcomes. Short-term effects include low
birth weight, preterm birth, and neonatal adaptation syndromes, while long-term outcomes may
involve neurodevelopmental, metabolic, and immunological consequences. The concept of
fetal programming suggests that intrauterine exposures can have lasting effects on gene
expression and disease susceptibility. For example, exposure to glucocorticoids or certain
psychotropic medications has been associated with potential alterations in stress response and
cognitive function. However, it is important to note that many observed associations are
confounded by underlying maternal disease, making it challenging to establish causality. This
underscores the need for well-designed longitudinal studies to better understand these
relationships. Effective communication of risks and benefits is a critical component of
pharmacotherapy in pregnancy. The results highlight that patients often overestimate the risks
associated with medication use, leading to poor adherence or discontinuation of essential
therapies. Healthcare providers must employ clear, evidence-based communication strategies,
emphasizing absolute risk rather than relative risk, and contextualizing information within the
broader clinical picture. Shared decision-making models are particularly valuable in aligning
treatment plans with patient values and preferences.

The findings underscore the importance of robust healthcare systems in supporting safe
pharmacotherapy during pregnancy and lactation. Access to specialized care, evidence-based
guidelines, and reliable information resources is essential for optimizing outcomes. Policy
initiatives should focus on improving access to essential medications, strengthening
pharmacovigilance systems, and promoting research in pregnant populations. Regulatory
frameworks must also evolve to address the unique challenges of drug development and
approval in this context. The complexity of pharmacotherapy in pregnancy necessitates ongoing
education and training for healthcare professionals. The results indicate that knowledge gaps
persist, particularly regarding newer medications and evolving evidence. Interdisciplinary
education programs that integrate pharmacology, obstetrics, and clinical practice can enhance
competency and improve patient care. Continuing professional development is essential to keep
pace with advancements in the field. Ethical considerations are central to pharmacotherapy in

pregnancy, particularly regarding the inclusion of pregnant women in clinical research. The
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results highlight the tension between protecting fetal safety and generating evidence to inform
clinical practice. Legal considerations, including liability concerns, may also influence
prescribing behavior, sometimes leading to overly conservative approaches that may not align
with best clinical practice. Addressing these issues requires a balanced approach that prioritizes
both safety and evidence generation.

The study identifies several key areas for future research, including long-term outcomes of in
utero drug exposure, pharmacogenomic influences on drug response, safety of newer
therapeutic agents, and development of predictive models for teratogenic risk. Advancements
in these areas will be critical in improving the evidence base and guiding clinical decision-
making. This extended analysis reinforces the concept that pharmacotherapy during pregnancy
and breastfeeding is a dynamic and evolving field requiring integration of clinical expertise,
scientific evidence, and patient-centered care. The interplay of physiological changes, disease
states, and pharmacological factors necessitates a highly individualized approach to treatment.
The continued advancement of research, technology, and clinical practice will be essential in
addressing existing challenges and improving outcomes for both mothers and their children,
Pharmacotherapy Utilization in Pregnancy and Lactation

The synthesis of available evidence demonstrates that pharmacotherapy during pregnancy and
breastfeeding is both highly prevalent and clinically indispensable. Across multiple
observational datasets and pharmacoepidemiological analyses, it is consistently reported that
over 80% of pregnant women are exposed to at least one medication during gestation, excluding
vitamins and mineral supplements. This high prevalence underscores the necessity of robust,
evidence-based frameworks to guide safe prescribing practices.

The results indicate that the majority of pharmacological exposures occur during the first
trimester, often before pregnancy recognition, thereby increasing the potential risk of
unintended teratogenic exposure. Furthermore, a significant proportion of medication use is
associated with the management of pre-existing chronic conditions such as asthma, epilepsy,
hypertension, and diabetes mellitus, as well as acute pregnancy-related conditions including
nausea and vomiting, infections, and gastrointestinal disturbances.

Importantly, the findings highlight a persistent gap between clinical necessity and available
safety data. Many drugs lack high-quality human data, particularly randomized controlled trials,
due to ethical constraints. Consequently, clinical decision-making relies heavily on post-
marketing surveillance, observational studies, and pharmacovigilance systems. This evidentiary
limitation reinforces the importance of conservative prescribing strategies and individualized

risk—benefit assessments.
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Pharmacokinetic Alterations and Clinical Implications

The analysis confirms that pregnancy induces profound and clinically significant alterations in
pharmacokinetics, which directly impact drug efficacy and safety. Increased plasma volume,
often by up to 50%, results in hemodilution and reduced peak plasma concentrations of
hydrophilic drugs. Concurrently, decreased plasma albumin levels lead to reduced protein
binding, thereby increasing the free (active) fraction of certain medications.

Enhanced renal clearance, driven by increased glomerular filtration rate, accelerates the
elimination of renally excreted drugs such as certain antibiotics and antiepileptic agents.
Similarly, hepatic enzyme activity may be either induced or inhibited depending on the specific
cytochrome P450 isoenzymes involved, leading to variable drug metabolism rates. These
findings emphasize the need for dynamic dose adjustments and therapeutic drug monitoring,
particularly for drugs with narrow therapeutic indices.

From a clinical standpoint, these pharmacokinetic changes may result in subtherapeutic drug
levels if standard dosing regimens are applied. For example, reduced plasma concentrations of
antiepileptic drugs such as lamotrigine during pregnancy have been associated with increased
seizure frequency, highlighting the necessity for dose optimization. Conversely, increased free
drug fractions may elevate the risk of toxicity, necessitating careful clinical monitoring.
Teratogenic Risk and Timing of Exposure

A central finding of this analysis is the critical importance of timing in determining teratogenic
risk. The organogenesis period (2-9 weeks of gestation) represents the window of highest
vulnerability to structural malformations. Exposure to teratogenic agents during this phase has
been strongly associated with congenital anomalies affecting the cardiovascular, central
nervous, and musculoskeletal systems.

The results further indicate that drug-induced teratogenicity is influenced by dose, duration,
genetic susceptibility, and maternal health status. Notably, certain drugs exhibit dose-dependent
teratogenic effects, while others may pose risks even at low exposure levels. Beyond structural
defects, exposure during later stages of pregnancy may result in functional impairments,
including neurodevelopmental abnormalities, endocrine disruption, and growth restriction.
The baseline risk of congenital anomalies in the general population (approximately 2—-3%)
serves as a critical reference point in clinical counseling. The data suggest that many
medications previously considered high-risk may, in fact, confer relatively modest increases in

absolute risk, reinforcing the importance of contextualizing risk in clinical decision-making.

219




2 ISARC

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

Management of Common Conditions in Pregnancy

Nausea and Vomiting

The findings confirm that nausea and vomiting affect approximately 50-80% of pregnant
women, with onset typically occurring between 6 and 8 weeks of gestation. Non-
pharmacological interventions, including dietary modifications and behavioral strategies, are
effective for mild cases. Pharmacological management is reserved for moderate to severe
symptoms, with first-line agents including antihistamines and dopamine antagonists.

The analysis highlights the importance of avoiding certain medications, such as ondansetron
during the first trimester, due to potential associations with congenital anomalies. However, the
evidence remains mixed, and clinical decisions should be individualized based on severity and
response to treatment.

Pain Management

Pain management in pregnancy requires a cautious and stratified approach. Paracetamol
remains the first-line analgesic due to its established safety profile. The use of opioids is
generally limited to short-term management of moderate to severe pain, with careful
consideration of risks such as neonatal respiratory depression and withdrawal syndrome.
Non-steroidal anti-inflammatory drugs (NSAIDs) are generally contraindicated in the third
trimester due to the risk of premature closure of the ductus arteriosus and neonatal renal
impairment. The results emphasize the importance of integrating non-pharmacological
therapies, including physiotherapy and supportive measures, into pain management strategies.
Gastrointestinal Disorders

Gastrointestinal conditions, including heartburn and constipation, are highly prevalent during
pregnancy. The results support the use of lifestyle modifications as first-line interventions,
followed by pharmacological treatments such as antacids and proton pump inhibitors where
necessary. Omeprazole, for instance, demonstrates a favorable safety profile based on available
evidence.

Constipation management prioritizes bulk-forming agents and osmotic laxatives, while
stimulant laxatives are generally avoided in late pregnancy. These findings highlight the
importance of preventive strategies, particularly in patients receiving iron supplementation or
opioid therapy.

Infectious Diseases and Antimicrobial Use

The analysis demonstrates that infections during pregnancy are common and require prompt

and appropriate management to prevent maternal and fetal complications. Antibiotics such as
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penicillins and certain macrolides are widely considered safe, while others require caution due
to potential adverse effects.

The emergence of antimicrobial resistance represents a significant challenge, limiting
therapeutic options and necessitating judicious antibiotic use. The results underscore the
importance of culture-guided therapy and adherence to clinical guidelines to optimize
outcomes.

Chronic Disease Management

Asthma

The evidence strongly supports the continuation of asthma medications during pregnancy, as
uncontrolled asthma is associated with significant maternal and fetal risks. Inhaled
corticosteroids and bronchodilators are considered safe and effective, with minimal systemic
exposure.

Hypertension

Hypertensive disorders of pregnancy are a major cause of maternal and neonatal morbidity. The
findings indicate that medications such as labetalol and nifedipine are effective first-line
treatments, while ACE inhibitors and angiotensin receptor blockers are contraindicated due to
teratogenic risks.

Diabetes Mellitus

Optimal glycemic control is critical in reducing adverse pregnancy outcomes. Insulin remains
the gold standard for management, although metformin is increasingly used in selected cases.
The results highlight the dynamic nature of insulin requirements during pregnancy and the need
for close monitoring.

Epilepsy

The management of epilepsy during pregnancy requires balancing seizure control with
teratogenic risk. The analysis confirms that certain antiepileptic drugs, such as valproate, are
associated with a significantly increased risk of congenital anomalies and should be avoided
where possible. Monotherapy and dose optimization are key strategies in minimizing risk.
Pharmacotherapy During Lactation

The findings indicate that most medications are compatible with breastfeeding, although careful
assessment of drug transfer into breast milk is essential. Factors such as molecular weight,
lipophilicity, and protein binding influence drug excretion into milk.

Clinical evidence suggests that commonly used antibiotics, analgesics, and topical agents are
generally safe, with minimal risk to the infant. However, monitoring for adverse effects such

as gastrointestinal disturbances or allergic reactions is recommended.
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Risk—Benefit Assessment and Clinical Decision-Making

A recurring theme across the analysis is the central role of risk—benefit assessment in guiding
pharmacotherapy. The results emphasize that the risks of untreated maternal disease often
outweigh the potential risks associated with medication exposure.

Effective clinical decision-making requires integration of pharmacological knowledge, clinical
guidelines, and patient-specific factors. Shared decision-making and patient education are
critical in ensuring adherence and optimizing outcomes.

Pharmacovigilance and Evidence Gaps

The study highlights significant gaps in the evidence base, particularly for newer medications.
Pharmacovigilance systems and pregnancy registries play a crucial role in generating real-world
data and improving drug safety profiles.

The integration of advanced analytical tools, including big data and artificial intelligence, offers
promising avenues for enhancing pharmacovigilance and supporting evidence-based practice.
Dermatological and Infectious Conditions in Pregnancy and Breastfeeding

The evaluation of dermatological conditions during pregnancy reveals a high prevalence of both
physiological and pathological skin changes, many of which require pharmacological
intervention. Conditions such as atopic eczema, contact dermatitis, fungal infections, and
pruritic disorders are commonly encountered and may significantly affect maternal quality of
life. The results demonstrate that topical therapies remain the cornerstone of treatment due to
their limited systemic absorption and favorable safety profiles.

Topical corticosteroids, particularly low- to moderate-potency agents, are generally considered
safe when used appropriately. However, prolonged use of high-potency corticosteroids has been
associated with potential risks such as low birth weight, although the evidence remains
inconclusive. This underscores the importance of using the lowest effective potency for the
shortest duration necessary.

Fungal infections, including vulvovaginal candidiasis, are frequently observed due to hormonal
and immunological changes during pregnancy. Topical antifungal agents such as clotrimazole
and miconazole are widely recommended as first-line therapies, with robust evidence
supporting their safety. Oral antifungal agents, particularly systemic azoles, are generally
avoided due to potential teratogenic risks.

Parasitic infestations, including scabies and threadworms, also require careful management.
The results support the use of topical agents such as permethrin and malathion, which exhibit

minimal systemic absorption and are considered safe in both pregnancy and breastfeeding.
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Hygiene measures remain a critical component of management, particularly in preventing
reinfection and transmission.

Gastrointestinal and Hepatic Considerations

Pregnancy-induced physiological changes significantly impact gastrointestinal function,
contributing to conditions such as gastroesophageal reflux disease (GERD), constipation, and
altered drug absorption. The results confirm that GERD affects a substantial proportion of
pregnant women, particularly in the second and third trimesters, due to hormonal relaxation of
the lower esophageal sphincter and increased intra-abdominal pressure.

Pharmacological management typically begins with antacids and progresses to proton pump
inhibitors (PPIs) when necessary. Evidence indicates that PPIs, including omeprazole, have a
favorable safety profile, although long-term effects remain an area of ongoing research.
Histamine-2 receptor antagonists also represent a viable therapeutic option.

Constipation, affecting up to 40% of pregnant women, is primarily managed through lifestyle
modifications, including increased dietary fiber and fluid intake. Pharmacological interventions
include bulk-forming agents and osmotic laxatives, which are considered safe. The avoidance
of stimulant laxatives in late pregnancy is recommended due to potential uterine stimulation,
although evidence is limited.

Hepatic conditions such as intrahepatic cholestasis of pregnancy (ICP) represent a more serious
clinical concern. The accumulation of bile acids can lead to significant maternal discomfort and
increased risk of adverse fetal outcomes, including preterm birth and stillbirth. The results
emphasize the importance of early recognition and appropriate management, often involving
specialist referral and pharmacological interventions such as ursodeoxycholic acid.
Hematological and Nutritional Considerations

Pregnancy is associated with significant hematological changes, including increased plasma
volume and altered red blood cell dynamics, often resulting in physiological anemia. Iron
deficiency remains the most common nutritional deficiency during pregnancy and frequently
necessitates supplementation.

The results indicate that iron supplementation, while effective, is often associated with
gastrointestinal side effects such as constipation and nausea, which may impact adherence.
Strategies to improve tolerability include dose adjustment, alternative formulations, and co-
administration with food.

Folate supplementation is universally recommended due to its critical role in preventing neural
tube defects. High-dose folic acid is particularly important in high-risk populations, including

women with diabetes, obesity, or those taking antiepileptic drugs.
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Vitamin D deficiency is another emerging concern, with potential implications for maternal
bone health and fetal development. Supplementation strategies vary based on geographic
location, baseline nutritional status, and clinical guidelines.

Cardiovascular and Thromboembolic Risk Management

Pregnancy induces a hypercoagulable state, increasing the risk of venous thromboembolism
(VTE). This physiological adaptation is thought to be protective against hemorrhage during
delivery but poses significant clinical risks. The results highlight the importance of risk
stratification and prophylactic strategies in high-risk populations.

Low molecular weight heparin (LMWH) is the preferred anticoagulant during pregnancy due
to its safety profile and lack of placental transfer. Warfarin, in contrast, is contraindicated due
to its well-documented teratogenic effects, including fetal warfarin syndrome.

Cardiovascular adaptations, including increased cardiac output and reduced systemic vascular
resistance, may exacerbate pre-existing cardiac conditions. Pharmacological management must
be carefully tailored, with avoidance of drugs known to adversely affect fetal development.
Neurological and Psychiatric Disorders

Neurological and psychiatric conditions present unique challenges in pregnancy due to the need
for ongoing pharmacotherapy and the potential impact on fetal development. The results
confirm that untreated psychiatric conditions are associated with significant risks, including
poor prenatal care, substance abuse, and adverse neonatal outcomes.

Selective serotonin reuptake inhibitors (SSRIs) are commonly used and generally considered
safe, although potential risks such as neonatal adaptation syndrome have been reported. The
decision to initiate or continue therapy must be individualized, taking into account the severity
of the condition and patient preferences.

In epilepsy, maintaining seizure control is paramount, as maternal seizures can result in fetal
hypoxia and trauma. The results reinforce the importance of selecting antiepileptic drugs with
lower teratogenic risk and optimizing dosing strategies.

Respiratory and Allergic Conditions

Respiratory conditions, particularly asthma, are prevalent during pregnancy and require careful
management. The results demonstrate that well-controlled asthma is associated with favorable
pregnancy outcomes, while poorly controlled disease increases the risk of complications.
Inhaled therapies, including corticosteroids and bronchodilators, are considered safe and
effective. Systemic corticosteroids may be required in severe cases, with benefits outweighing

potential risks.
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Allergic conditions such as hay fever are commonly managed with antihistamines and
intranasal corticosteroids, both of which have established safety profiles. Non-pharmacological
strategies, including allergen avoidance, are also important components of management.
Pharmacotherapy Safety in Breastfeeding: Expanded Analysis

Breastfeeding introduces additional pharmacokinetic considerations, particularly regarding
drug transfer into breast milk and subsequent infant exposure. The results indicate that most
medications are present in breast milk at low concentrations and are unlikely to cause harm
when used appropriately.

The concept of relative infant dose (RID) is central to assessing safety, with values below 10%
generally considered acceptable. Drugs with high protein binding, low oral bioavailability, and
short half-lives are less likely to pose risks.

Clinical monitoring of the infant remains essential, particularly for drugs with potential central
nervous system effects or those affecting gastrointestinal function. Education of breastfeeding
mothers is critical to ensure adherence and minimize unnecessary discontinuation of therapy.
Drug Safety Classification and Regulatory Evolution

The traditional classification systems for drug safety in pregnancy have evolved significantly,
moving away from simplistic categorical approaches toward more detailed narrative
descriptions. This shift reflects the complexity of risk assessment and the need for nuanced
clinical interpretation.

The results highlight the importance of integrating multiple sources of evidence, including
animal studies, human observational data, and pharmacovigilance reports. Regulatory agencies
continue to refine labeling requirements to improve clarity and clinical utility.

Role of Clinical Pharmacists and Multidisciplinary Care

The findings underscore the critical role of clinical pharmacists in optimizing pharmacotherapy
during pregnancy and lactation. Pharmacists contribute to medication review, risk assessment,
patient counseling, and therapeutic monitoring, thereby enhancing patient safety and clinical
outcomes.

Multidisciplinary collaboration among obstetricians, physicians, pharmacists, and other
healthcare professionals is essential for managing complex cases. This approach facilitates
comprehensive care and supports evidence-based decision-making.

Integration of Pharmacogenomics and Personalized Medicine

Emerging evidence highlights the potential of pharmacogenomics to improve drug safety and
efficacy in pregnancy. Genetic variations in drug-metabolizing enzymes and transporters can

significantly influence pharmacokinetics and pharmacodynamics.
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Personalized medicine approaches, incorporating genetic testing and predictive modeling, may
enable more precise dosing and risk assessment. However, the integration of these technologies
into routine clinical practice remains in its early stages and requires further research.

Digital Health, Big Data, and Future Innovations

Technological advancements are transforming the landscape of pharmacotherapy in pregnancy.
Electronic health records, clinical decision support systems, and telemedicine platforms
enhance access to information and facilitate coordinated care.

Big data analytics and artificial intelligence offer opportunities to identify patterns, predict
risks, and generate real-world evidence. These tools have the potential to address existing
knowledge gaps and improve clinical outcomes.

Global Health and Public Health Perspectives

From a global perspective, disparities in access to healthcare and essential medications
significantly impact maternal and neonatal outcomes. The results highlight the need for context-
specific guidelines and resource allocation to address these challenges.

Public health initiatives focusing on education, access to care, and pharmacovigilance are
critical in improving outcomes, particularly in low- and middle-income countries.

Clinical Implications

The extended analysis reinforces the central premise that pharmacotherapy during pregnancy
and breastfeeding must be guided by a comprehensive, evidence-based approach that integrates
clinical expertise, patient preferences, and evolving scientific knowledge.

Key clinical implications include:

Prioritization of maternal disease control

Individualized risk—benefit assessment

Preference for well-established medications

Integration of non-pharmacological strategies

YV V VYV VYV V

Continuous monitoring and patient education

Endocrine and Metabolic Disorders Beyond Diabetes

While diabetes mellitus represents the most extensively studied endocrine disorder in
pregnancy, other endocrine abnormalities—particularly thyroid dysfunction—play a critical
role in maternal and fetal outcomes. The analysis reveals that both hypothyroidism and
hyperthyroidism are associated with adverse pregnancy outcomes if inadequately managed,
including miscarriage, preterm birth, impaired neurodevelopment, and fetal growth

abnormalities.
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Hypothyroidism, often caused by autoimmune thyroiditis, necessitates levothyroxine
replacement therapy, with dose requirements typically increasing during pregnancy due to
elevated thyroid-binding globulin levels and increased metabolic demand. The results
demonstrate that early detection and aggressive dose titration are essential, particularly during
the first trimester when fetal neurodevelopment is highly dependent on maternal thyroid
hormone supply.

Conversely, hyperthyroidism, most commonly resulting from Graves’ disease, requires careful
management to avoid both maternal complications (e.g., thyrotoxic crisis) and fetal risks such
as growth restriction and fetal thyrotoxicosis. Antithyroid drugs, including propylthiouracil
(PTU) and methimazole, present a complex risk profile. PTU is generally preferred during the
first trimester due to lower teratogenic risk, while methimazole may be used in later trimesters
due to concerns regarding hepatotoxicity with prolonged PTU use. These findings illustrate the
necessity of trimester-specific pharmacotherapy strategies.

Additional endocrine disorders, including adrenal insufficiency and hyperprolactinemia,
require individualized treatment approaches. Glucocorticoid replacement therapy must be
carefully titrated to mimic physiological levels while avoiding excessive exposure that could
influence fetal growth and neurodevelopment.

Immunological and Autoimmune Conditions

Autoimmune diseases such as systemic lupus erythematosus (SLE), rheumatoid arthritis, and
inflammatory bowel disease (IBD) present unique therapeutic challenges during pregnancy.
The results indicate that disease activity often fluctuates during pregnancy, with some
conditions improving and others exacerbating.

Pharmacological management aims to maintain disease remission while minimizing fetal risk.
Corticosteroids, immunosuppressants, and biologic agents may be required, each with distinct
safety considerations. For example, low-dose corticosteroids are generally considered safe,
although long-term use may increase the risk of gestational diabetes and hypertension.
Immunosuppressants such as azathioprine have relatively favorable safety profiles, whereas
others, including methotrexate, are strictly contraindicated due to potent teratogenicity.
Biologic therapies, including tumor necrosis factor (TNF) inhibitors, are increasingly used in
pregnancy, with emerging evidence suggesting relative safety, particularly when used during
early gestation. However, placental transfer increases in the third trimester, necessitating careful

timing of discontinuation to reduce neonatal immunosuppression.
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These findings emphasize the importance of preconception planning and multidisciplinary
management in women with autoimmune diseases, ensuring optimal disease control prior to
and throughout pregnancy.

Oncology and Pregnancy

The coexistence of malignancy and pregnancy, although relatively rare, presents one of the
most complex clinical scenarios in medicine. The results indicate that cancer treatment during
pregnancy requires balancing maternal survival with fetal safety, often necessitating
individualized treatment protocols.

Chemotherapy is generally avoided during the first trimester due to the high risk of
teratogenicity but may be considered during the second and third trimesters for certain
malignancies. Agents such as anthracyclines have been used with relative safety, although long-
term outcomes require further investigation. Radiotherapy is typically avoided due to the risk
of fetal exposure, particularly during early gestation.

Targeted therapies and immunotherapies represent emerging challenges, as limited data exist
regarding their safety in pregnancy. These findings highlight significant evidence gaps and the
need for specialized care in tertiary centers.

Renal and Urological Considerations

Renal physiology undergoes significant adaptation during pregnancy, including increased renal
blood flow and glomerular filtration rate. These changes influence drug clearance and
electrolyte balance, necessitating careful monitoring in patients with pre-existing renal disease.
Urinary tract infections (UTIs) are among the most common infections in pregnancy and require
prompt treatment to prevent complications such as pyelonephritis and preterm labor. The results
support the use of antibiotics with established safety profiles, while emphasizing the importance
of culture-guided therapy.

Chronic kidney disease (CKD) complicates pregnancy management, as it is associated with
increased risks of hypertension, pre-eclampsia, and fetal growth restriction. Pharmacotherapy
must be carefully adjusted to account for altered drug clearance and potential nephrotoxicity.
Obstetric-Specific Pharmacotherapy

Certain pharmacological interventions are unique to obstetric care and play critical roles in
optimizing pregnancy outcomes. These include the use of tocolytics, corticosteroids for fetal
lung maturation, and uterotonics for labor management.

Tocolytic agents, such as nifedipine and atosiban, are used to delay preterm labor, allowing

time for corticosteroid administration and fetal maturation. The results indicate that these agents
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are generally effective, although their use must be carefully balanced against maternal side
effects.

Antenatal corticosteroids, including betamethasone, are widely used to accelerate fetal lung
development in cases of threatened preterm birth. Evidence strongly supports their efficacy in
reducing neonatal morbidity and mortality.

Uterotonic agents, such as oxytocin, play a vital role in labor induction and the prevention of
postpartum hemorrhage. Their use is well established and supported by extensive clinical data.
Neonatal Outcomes and Long-Term Implications

The analysis of neonatal outcomes reveals that pharmacological exposure during pregnancy
may influence both immediate and long-term health outcomes. Short-term effects include low
birth weight, preterm birth, and neonatal adaptation syndromes, while long-term outcomes may
involve neurodevelopmental, metabolic, and immunological consequences.

The concept of fetal programming suggests that intrauterine exposures can have lasting effects
on gene expression and disease susceptibility. For example, exposure to glucocorticoids or
certain psychotropic medications has been associated with potential alterations in stress
response and cognitive function.

However, it is important to note that many observed associations are confounded by underlying
maternal disease, making it challenging to establish causality. This underscores the need for
well-designed longitudinal studies to better understand these relationships.

Risk Communication and Patient Counseling

Effective communication of risks and benefits is a critical component of pharmacotherapy in
pregnancy. The results highlight that patients often overestimate the risks associated with
medication use, leading to poor adherence or discontinuation of essential therapies.

Healthcare providers must employ clear, evidence-based communication strategies,
emphasizing absolute risk rather than relative risk, and contextualizing information within the
broader clinical picture. Shared decision-making models are particularly valuable in aligning
treatment plans with patient values and preferences.

Health System and Policy Implications

The findings underscore the importance of robust healthcare systems in supporting safe
pharmacotherapy during pregnancy and lactation. Access to specialized care, evidence-based
guidelines, and reliable information resources is essential for optimizing outcomes.

Policy initiatives should focus on improving access to essential medications, strengthening

pharmacovigilance systems, and promoting research in pregnant populations. Regulatory
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frameworks must also evolve to address the unique challenges of drug development and
approval in this context.
Education and Professional Development
The complexity of pharmacotherapy in pregnancy necessitates ongoing education and training
for healthcare professionals. The results indicate that knowledge gaps persist, particularly
regarding newer medications and evolving evidence.
Interdisciplinary education programs that integrate pharmacology, obstetrics, and clinical
practice can enhance competency and improve patient care. Continuing professional
development is essential to keep pace with advancements in the field.
Ethical and Legal Considerations
Ethical considerations are central to pharmacotherapy in pregnancy, particularly regarding the
inclusion of pregnant women in clinical research. The results highlight the tension between
protecting fetal safety and generating evidence to inform clinical practice.
Legal considerations, including liability concerns, may also influence prescribing behavior,
sometimes leading to overly conservative approaches that may not align with best clinical
practice. Addressing these issues requires a balanced approach that prioritizes both safety and
evidence generation.
Future Research Priorities
The analysis identifies several key areas for future research, including:

» Long-term outcomes of in utero drug exposure
Pharmacogenomic influences on drug response
Safety of newer therapeutic agents

Development of predictive models for teratogenic risk

YV V V V

Advancements in these areas will be critical in improving the evidence base and guiding
clinical decision-making.
Clinical Implications and Future Directions
The results underscore the need for:
» Enhanced research involving pregnant populations
Improved clinical guidelines and decision-support tools
Greater emphasis on personalized medicine

Strengthened interdisciplinary collaboration

YV V V V

Future research should focus on long-term outcomes, pharmacogenetics, and innovative

therapeutic approaches to further optimize maternal and neonatal health.
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Final Integrated Discussion Perspective

Collectively, the findings from this extended Results and Discussion section illustrate that
pharmacotherapy in pregnancy and lactation is not merely a matter of drug selection but a
dynamic, multifactorial process requiring continuous evaluation and adaptation. The interplay
between physiological changes, disease states, pharmacological properties, and patient-specific
factors necessitates a highly individualized and multidisciplinary approach.
Future advancements in research, technology, and clinical practice will be essential in
addressing current limitations and improving the safety and efficacy of pharmacotherapy in this
vulnerable population.
This discussion reinforces the concept that pharmacotherapy during pregnancy and
breastfeeding is a dynamic and evolving field requiring integration of clinical expertise,
scientific evidence, and patient-centered care. The interplay of physiological changes, disease
states, and pharmacological factors necessitates a highly individualized approach to treatment.
The continued advancement of research, technology, and clinical practice will be essential in
addressing existing challenges and improving outcomes for both mothers and their children.
The findings demonstrate that pharmacotherapy during pregnancy and lactation is a complex
but manageable aspect of clinical care when guided by evidence-based principles. A thorough
understanding of pharmacokinetics, teratogenic risk, and clinical context is essential for
optimizing outcomes. Continued advancements in research, pharmacovigilance, and clinical
practice will be critical in addressing existing challenges and improving the safety and efficacy
of drug therapy in this vulnerable population.
CONCLUSION
» Pharmacotherapy during pregnancy and lactation represents a complex but manageable
clinical domain that demands a rigorous, evidence-based, and individualized approach. This
study confirms that the overwhelming majority of pregnant women require medication
exposure, whether for pre-existing chronic conditions or acute pregnancy-related disorders.
The central tenet guiding all prescribing decisions must remain a structured risk—benefit
assessment, recognizing that untreated or poorly controlled maternal disease—including
asthma, epilepsy, hypertension, diabetes, and mental health disorders—consistently poses
greater risks to fetal and neonatal outcomes than appropriately selected pharmacotherapy.
» Pregnancy induces profound physiological and pharmacokinetic alterations, including
expanded plasma volume, enhanced renal clearance, reduced protein binding, and modified

hepatic metabolism. These changes necessitate dynamic dose adjustments and therapeutic
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monitoring, particularly for drugs with narrow therapeutic indices. The timing of drug
exposure is critical, with the organogenesis period (weeks 2-9) conferring the highest
susceptibility to structural teratogenicity, while later exposures may affect growth and
functional development.

» Management strategies for common conditions favor non-pharmacological interventions as
first-line therapy, followed by well-established medications with robust safety profiles, such
as paracetamol for pain and certain antihistamines for nausea. High-risk agents—including
NSAIDs in the third trimester, ACE inhibitors, and valproate—must be avoided. During
lactation, most medications are compatible with breastfeeding, though assessment of drug
transfer into breast milk and potential neonatal effects remains essential.

» Despite these insights, significant evidence gaps persist, largely due to the ethical exclusion
of pregnant women from randomized controlled trials. Reliance on observational data,
pharmacovigilance systems, and pregnancy registries is therefore unavoidable,
underscoring the need for strengthened surveillance and specialized information resources.
Emerging tools such as physiologically based pharmacokinetic —modeling,
pharmacogenomics, and artificial intelligence hold promise for enhancing predictive
accuracy and personalizing therapy.

» Optimizing maternal and neonatal health outcomes requires a multidisciplinary approach
integrating obstetricians, clinical pharmacists, teratology information services, and primary
care providers. Patient-centered communication, shared decision-making, and continuous
professional education are equally critical. Advancing high-quality research, refining
regulatory frameworks, and ensuring equitable access to safe medications must remain
global health priorities. Only through sustained commitment to these principles can the safe
and effective use of pharmacotherapy during pregnancy and breastfeeding be universally
achieved.

RECOMMENDATIONS

Based on the comprehensive findings of this study, the following evidence-informed

recommendations are proposed to optimize pharmacotherapy during pregnancy and lactation:

» All prescribing decisions must be guided by a structured risk—benefit assessment
framework. Clinicians should recognize that untreated maternal disease frequently poses
greater fetal risks than appropriately selected medications. Preconception counseling and
medication review are essential for all women of childbearing age, particularly those with

chronic conditions such as epilepsy, hypertension, diabetes, or autoimmune disorders.
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Pharmacokinetic alterations during pregnancy necessitate dynamic dose adjustments and
therapeutic drug monitoring. Standard dosing regimens may lead to subtherapeutic levels,
especially for antiepileptics like lamotrigine, or increased toxicity risk due to reduced
protein binding. Clinicians should consult specialized resources, including teratology
information services and pharmacovigilance databases, to inform individualized dosing
strategies.

Medication selection should prioritize monotherapy at the lowest effective dose, utilizing
well-established agents with robust safety data. First-line therapies include paracetamol for
pain, penicillins and certain macrolides for infections, labetalol or nifedipine for
hypertension, and insulin for diabetes. High-risk agents—NSAIDs in the third trimester,
ACE inhibitors, valproate, and retinoids—must be strictly avoided.

Non-pharmacological interventions should be employed as first-line treatment where
feasible, including dietary modifications, physiotherapy, and allergen avoidance.
Pharmacological therapy is reserved for moderate to severe symptoms or when conservative
measures fail.

During lactation, drug safety should be evaluated using the relative infant dose concept,
with values below 10% generally considered acceptable. Most antibiotics, analgesics, and
topical agents are compatible with breastfeeding; however, infants should be monitored for
gastrointestinal disturbances or central nervous system effects.

Healthcare systems must strengthen pharmacovigilance systems and pregnancy registries
to generate real-world evidence, particularly for newer medications. Multidisciplinary
collaboration among obstetricians, pharmacists, and primary care providers is critical for
managing complex cases.

So, patient education and shared decision-making are paramount. Women should receive
clear, evidence-based counseling on absolute risks and benefits to promote adherence and
avoid unnecessary discontinuation of essential therapies. Ongoing professional
development and integration of digital clinical decision support tools will further enhance

prescribing safety and maternal-neonatal outcomes globally.
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OZET

Galyum nitriir, galyum fosfit ve (GaN)n/(GaP)n siipergitterlerinin yapisal, elektronik ve optik
ozelliklerini incelemek amaciyla, ara bosluk bolgelerinin dogru bir sekilde ele alinmasini
saglayan tam potansiyelli dogrusal muffin-tin orbitalleri yonteminin (FPLMTO) giincel bir
versiyonu kullanilarak birinci ilkeler hesaplamalar1 gergeklestirilmistir. Degisim korelasyon
enerjisi, Perdew ve ark. tarafindan hesaplanan degisim-korelasyon potansiyeli kullanilarak
yerel yogunluk yaklasimi (LDA) ve genellestirilmis gradyan yaklasimi (GGA) ile
tanimlanmistir. Sonuglar, NaCl (B1), ZnS (B3), CsCl (B2), Wz (B4), HCP (A3), BSn (AS),
PbO (B10) ve NiAs (B8 1) yapilarinda kafes parametreleri, hacim modiilii ve bunlarin birinci
tiirevleri i¢in verilmistir. Bu hesaplamalarin sonuglari, mevcut teorik ve deneysel verilerle
karsilastirilmistir. Yeni malzemeler (GaN)n/(GaP)n elde etme olasiligini inceleyen sonuglar, bu
malzemelerin n=1 i¢in dolayl bant araligina, n=2 ve 3 i¢in ise dogrudan bant araligina sahip
yari iletkenler oldugunu gostermektedir. Optik 6zellikler, dogrudan bant arali§ina sahip olan
(GaN)2/(GaP)> ve (GaN)3/(GaP); olmak iizere sadece {ic malzeme i¢in hesaplanmistir.
Anahtar kelimeler: FP LMTO, LDA, GGA, GaP, GaN, Yapisal Ozellikler, Optoelektronik
Ozellikler.
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THEORICAL STUDY OF STRUCTURAL, ELECTRONIC AND OPTICAL
PROPERTIES OF GALLIUM NITRIDE AND GALLIUM PHOSPHIDE BINARY
AND (GaN)n/(GaP)n SUPERLATTICS BY FP-LMTO

ABSTRACT

First-principles calculations have been used to investigated the structural and electronic and
optical properties of gallium nitrid, gallium phosphide and (GaN)n/(GaP)n superlattices using
a recent version of the full potential linear muffin-tin orbitals method (FPLMTO) which enables
an accurate treatment of the interstitial regions. The exchange correlation energy is described
in the local density approximation (LDA), and the generalized gradient approximation (GGA)
using the exchange-correlation potential calculated by Perdew et al. Results are given for lattice
parameters, bulk modulus and its first derivatives in in both NaCl (B1), ZnS (B3), CsCl (B2),
Wz (B4), HCP (A3), BSn (AS), PbO (B10) and NiAs (B8 1) structures. The results of these
calculations are compared with the available theoretical and experimental data. In studying the
possibility to obtain new materials (GaN)n/(GaP)n, the results show that these materials are
semiconductors with an indirect band gap for n=1 and a direct band gap for n=2 and 3.The
optical properties were calculated for only three materials; (GaN)./(GaP); and (GaN)3/(GaP)3
which have a direct band gap.

Keywords: FP LMTO, LDA, GGA, GaP, GaN, Structural Properties, Optoelectronics
Properties.
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ABSTRACT

The subject of the scientific research is the current legal framework of the insurance period
(pensionable service) in the Bulgarian insurance social law. The provision of Art. 9 of the Code
of social insurance is analyzed. The different types of insurance period (pensionable service) are
presented: actual, in which insurance contributions are due; non-actual, in which insurance
contributions are not due for the respective time period; the so-called fictitious insurance period,
which is obtained by the so-called conversion of a certain period of time into a ratio determined
by law upon retirement; actual pensionable service — the legal definition in § 1, para. 1, item 12
of the Transitional and concluding provisions of the Code of social insurance. Based on the
doctrinal analysis, de lege ferenda proposals have been made for the future improvement of the
positive Bulgarian social insurance law.

Keywords: insurance period (pensionable service), Code of social insurance, social insurance
law, Bulgarian law

240




ISARC
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

THE FEAR FACTOR HOW EMOTIONS DICTATE FINANCIAL RISK
TOLERANCE

M. Dhinesh KUMAR

18 BSC.CS (ARTIFICIAL INTELLIGENCE)

Department of Computer Science (Artificial intelligence)

Nadar Mahajana Sangam S. Vellaichamy Nadar Colllege Madurai Tamilnadu India
Dr. S. SELVAM

HEAD and Assistant professor

Department of Computer Science (Artificial intelligence)

Nadar Mahajana Sangam S. Vellaichamy Nadar Colllege Madurai Tamilnadu India

ABSTRACT
Financial risk tolerance is traditionally viewed as a static, mathematical calculation based on
time horizons and capital availability. However, contemporary behavioural finance suggests
that risk tolerance is a dynamic state heavily influenced by affective states, specifically fear.
This report examines the neurological and psychological drivers of fear in financial contexts,
its impact on asset allocation, and how emotional volatility leads to suboptimal investment
outcomes.
Keywords: Fear, Emotions, Financial risk tolerance, Risk-taking behaviours, financial
decision-making, Investment behaviour, Anxiety, Loss aversion, behavioural finance,
Uncertainty, Money management, psychological factors.
[1] Introduction
This research topic examines how emotions, especially fear, influence the amount of financial
risk a person is willing to accept. In financial life, people often face choices that involve
uncertainty, such as investing, saving, borrowing, or starting a business. While some decisions
appear logical, emotions can strongly shape them in the background. Fear may cause
individuals to avoid profitable opportunities, hold too much cash, or make overly cautious
choices.
[2] The Biological Basis of Financial Fear
2.1 The Neurobiology of the Amygdala
Fear in finance is rooted in the amygdala, the brain's emotional processing centre. When an
investor sees a significant drop in their portfolio value, the amygdala triggers a "fight-or-flight"
response.

e Cortisol Release: Stress hormones increase, focusing the brain on immediate survival

(preserving remaining capital) rather than long-term growth.
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e Prefrontal Cortex Inhibition: The rational, decision-making part of the brain is
effectively "hijacked" by emotional impulses, making complex financial calculations

difficult to perform.

2.2 The Pain of Loss

Neuroeconomic studies using fMRI show that the brain processes financial loss in the same
regions that process physical pain (the insular cortex). This explains why the fear of a market
crash feels like a physical threat to many investors.

[3] Background of the Study

Financial risk tolerance refers to how much uncertainty or possible loss a person can handle
when making money-related decisions. Emotional responses play an important role in this
process because humans do not always behave purely rationally. Fear often increases when
people experience market losses, economic instability, personal financial stress, or negative
past experiences. As a result, emotional reactions can reduce confidence and change the way
people judge financial risks.

[4] Psychological Mechanisms & Distortions

4.1 Myopic Loss Aversion

This concept describes the tendency of investors to focus on short-term losses at the expense of
long-term gains. The more frequently an investor checks their portfolio during a downturn, the
more "fear" they experience, which artificially lowers their perceived risk tolerance.

4.2 The Affect Heuristic

The Affect Heuristic is a mental shortcut where people let their current emotions (fear, anxiety,
or excitement) colour their beliefs about the world.

e In a fearful state: Investors perceive risks as higher and potential benefits as lower.
e In an optimistic state: Risks are perceived as lower, and benefits are magnified.

[S] Methodology

The research will follow a descriptive and analytical approach to study how fear influences
financial decision-making. It aims to understand the connection between emotions, risk
tolerance, and money-related choices.

5.1 Research Design

A survey-based research design will be used to collect responses from selected participants.
This design is suitable because it helps gather information about personal attitudes, emotions,

and financial behaviours in a structured way.
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5.2 Data Collection Method

Primary data will be collected through questionnaires and interviews. The questionnaire will
include questions on emotional responses, risk tolerance, and financial decision patterns, while
interviews will provide deeper insight into how individuals react during uncertain financial
situation.

5.3 Research Tools

The main research tools will be a structured questionnaire and an interview guide. These tools
will help in collecting both quantitative and qualitative information for a better understanding
of the topic.

5.4 Expected Outcome

This methodology is expected to reveal how emotional pressure affects financial choices. It
may also show whether fear leads to more conservative decisions or avoidance of risk
altogether.

[6] Data and Measurement

Measuring the impact of fear on risk tolerance often involves comparing "Declared Risk
Tolerance" (what an investor says they can handle) versus "Revealed Risk Tolerance" (how

they actually behave during a crash).

Variable Influence of Fear Behavioural Outcome

Asset Allocation High Shifting from equities to cash during a dip.
Decision Speed High Impulsive trading based on news cycles.
Confidence Level Inverse Sharp decrease in self-efficacy during volatility.
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[7] Impact of Fear on Financial Risk Tolerance
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[8] Fear and Risk Tolerance

The picture shows how fear can influence financial risk tolerance in decision-making. It
illustrates that as fear increases, a person’s willingness to take financial risks usually decreases.
The visual uses a clean academic style, with clear labels and simple design elements to make

the concept easy to understand. It is suitable for a research presentation because it explains the

relationship in a direct and professional way.
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[9] Conclusion

The Fear Factor: How Emotions Dictate Financial Risk Tolerance is a meaningful research
topic because it connects psychology with financial behaviours. It helps explain why emotional
responses can override logic in uncertain money-related situations. A study on this topic can
provide valuable insight into the human side of financial decision-making. This makes it
suitable for research in finance, psychology, and behavioural studies.
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ABSTRACT

Gravity-powered acceleration is the motion of an object caused only by gravity. When you drop
something, it falls toward the Earth because of gravity, and its speed keeps increasing as it falls.
This is called acceleration due to gravity. Near the Earth’s surface, this acceleration is almost
constant for all objects. This idea helps us understand everyday movements like falling objects,
jumping, and throwing things. It is based on basic principles like Newton’s Law of Universal
Gravitation, which explains how objects attract each other.

Gravity-powered acceleration is important in many areas such as sports, engineering, and space
science. It helps scientists study how planets move and how satellites stay in orbit, and it also
helps engineers design systems that use gravity efficiently.

Keywords: Gravity, Acceleration, Free fall, Gravitational force, Mass, Motion, Velocity,
Earth’s gravity, Constant acceleration, Newton’s Law of Universal Gravitation, Projectile
motion, Orbital motion, Energy efficiency.

[1] INTRODUCTION

Gravity-powered acceleration describes how objects move when gravity is the only force acting
on them. For example, when an object is dropped, it naturally falls toward the Earth, and its
speed increases as it moves downward. This increase in speed is known as acceleration due to
gravity. This concept is based on Newton’s Law of Universal Gravitation, which explains that
all objects attract each other with a force depending on their mass. Close to the Earth’s surface,
this acceleration remains almost the same for all objects, regardless of their size or weight.
Understanding gravity-powered acceleration helps explain many daily experiences, such as
falling objects and jumping, as well as scientific phenomena like the movement of planets and
satellites. It is an essential idea in physics that supports both basic learning and advanced
applications.

[2] NEWTON’S LAW OF UNIVERSAL GRAVITATION

Any two objects pull each other due to gravity. The bigger the mass, the stronger the force. The
farther apart they are, the weaker the force.
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[3] ACCELERATION DUE TO GRAVITY
Acceleration due to gravity is the rate at which an object speeds up when it falls toward the
Earth because of gravity. For example, When you drop any object, it does not fall at a constant
speed—it keeps getting faster. This increase in speed is called acceleration due to gravity.

9= %
[4] FACTORS AFFECTING GRAVITY
1. Mass of Objects: The greater the mass, the stronger the gravitational force. Example: Earth
pulls objects more strongly than the Moon because it has more mass.
2. Distance Between Objects: Gravity decreases as the distance between objects increases. If
distance doubles, gravitational force becomes much weaker.
3. Height Above the Earth: As you go higher, gravity slightly decreases. This is because you
are farther from the Earth’s center.
4. Depth Below the Earth’s Surface: Gravity also decreases as you go deeper inside the Earth.
At the center of the Earth, gravity becomes nearly zero.
5. Earth’s Rotation: Due to Earth’s rotation, gravity is slightly less at the equator than at the
poles. This is because of a small outward force caused by rotation.
[S] APPLICATIONS IN DAILY LIFE
1. Falling Objects: Objects fall toward the Earth due to gravity.
Example: Fruits falling from trees, dropping a book.
2. Walking and Standing: Gravity keeps us firmly attached to the ground. Without gravity,
we would float and not be able to walk properly.
3. Flow of Water: Water always flows from higher levels to lower levels because of gravity.
Example: Rivers flowing, water from taps, drainage systems.
4. Sports Activities: Gravity affects jumping, running, and throwing.
Example: A ball thrown up comes back down due to gravity.
5. Hydroelectric Power: Falling water is used to generate electricity. Dams store water at
height, and gravity helps it flow down to turn turbines.
6. Transportation Systems: Some systems use gravity for movement.
Example: Roller coasters, slides, and certain railway designs.
7. Atmospheric and Environmental Effects: Gravity holds the Earth’s atmosphere in place.

It also helps in rainfall, as water droplets fall to the ground.
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8. Daily Household Uses: Pouring liquids, cooking, and many simple actions depend on
gravity.

Example: Water pouring from a bottle.

[6] ROLE IN SPACE AND SATELLITES

1. Keeping Planets in Orbit: Gravity of the Sun keeps planets moving around it. Without
gravity, planets would move away into space.

2. Satellite Motion: Satellites stay in orbit around the Earth due to gravity. Gravity pulls them
inward, while their speed keeps them moving forward.

3. Artificial Satellites: Human-made satellites are launched into space and controlled using
gravity.

Example: Communication, weather, and GPS satellites.

4. Weightlessness in Space: Astronauts feel weightless because they are in continuous free fall
around the Earth. Gravity is still present, but its effect feels different.

5. Space Missions and Navigation: Gravity is used to guide spacecraft. Scientists use “gravity
assist” from planets to change speed and direction.

6. Formation of Stars and Planets: Gravity pulls dust and gas together to form stars and
planets. It is the main force behind the structure of the universe.

[7] ADVANTAGES AND LIMITATIONS

Advantages Limitations
Simple and reliable Relatively weak force
Useful in daily applications Affected by air resistance
Uses natural force Cannot be controlled
No fuel needed Depends on height
Cost-effective Limited efficiency in flat regions
No mechanical complexity Cannot be increased artificially

[8] CONCLUSION

Gravity-powered acceleration is a fundamental concept in physics that explains how objects
move under the influence of gravity. It helps us understand everyday phenomena like falling
objects as well as complex systems such as planetary motion and satellites. This natural force

is simple, reliable, and essential for life on Earth, supporting many practical applications in
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science and engineering. Although it has some limitations, such as lack of control and
dependence on distance, its importance cannot be ignored. Overall, gravity-powered
acceleration, based on Newton’s Law of Universal Gravitation, remains a key principle for
understanding the physical world.
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ABSTRACT

Live-streaming commerce has rapidly become a dominant retail channel in Indonesia, yet
existing research is dominated by quantitative models that treat trust as a variable to be
measured rather than as an interactional accomplishment. This study asks how trust is co-
constructed between fashion sellers and Generation Z buyers in Indonesian live-commerce
environments, where products cannot be physically examined prior to purchase. Adopting a
rapid-ethnography design informed by Goffman’s dramaturgical framework and signaling
theory, we triangulate three qualitative data streams: netnographic observation of eleven public
TikTok Live and Facebook Live sessions by Jakarta-based sellers (NO1-N11); semi structured
interviews with five adult live sellers across Java (22 coded interview references, 101-122); and
two offline fashion-event observations (O01-002). Data were analysed in NVivo through
hybrid deductive—inductive coding and Matrix Coding Queries. Three themes emerged. First,
trust operates as an interactional accomplishment in which sellers perform transparency (live
try-ons, disclosed defects, prepared measurements) and buyers perform practical verification
through real-time interrogation of fit, price and legitimacy. Second, live selling exhibits a dual-
layer logic: persuasion tactics, algorithmic timing strategies and cross-platform traffic
funnelling appear exclusively in interview (backstage) data and are deliberately concealed from
the curated (frontstage) live session observed by consumers. Third, buyer anxiety clusters
around four verifiable concerns—price fairness, size/fit, seller legitimacy and transaction
follow-through—which platform affordances and scripted reassurance only partially address.
The findings extend live-commerce literature beyond feature-effect models by showing that
digital trust is a co produced, omnichannel performance.

Keywords: live-streaming commerce, consumer trust, digital ethnography, dramaturgical

theory, Generation Z, Indonesia.

251




2 ISARC

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

INTRODUCTION

Live-streaming commerce has moved from novelty to mainstream retail infrastructure in
Indonesia. Industry estimates place the country among the largest live-commerce markets in
Southeast Asia, with fashion consistently ranked as the leading product category on platforms
such as TikTok Shop, Shopee Live and Facebook Live. For Generation Z consumers—digitally
native, mobile-first, and highly responsive to short-form visual content—Ilive selling is rapidly
displacing the static product listing as the primary channel for discovering and purchasing
apparel. Unlike conventional e-commerce, live selling compresses browsing, questioning,
negotiation and checkout into a single synchronous interaction between a human host and a
dispersed audience. Despite this growth, most academic work on live-streaming commerce
remains dominated by quantitative, feature-effect models that treat trust as a latent construct
predicted by attributes such as interactivity, visibility or price transparency (Chandrruangphen
et al., 2022; Sun et al., 2020; Wongkitrungrueng & Assarut, 2020). Such models capture useful
variance but leave a crucial question under-examined: how is trust actually produced, tested
and ratified inside the live session itself? Fashion is a particularly acute case, because buyers
cannot physically inspect fabric, colour, or fit, and must rely on whatever signals the seller is
willing and able to perform on camera.

This study addresses that gap by reframing trust in live commerce not as a variable received by
consumers, but as an interactional accomplishment co-produced by sellers, buyers, and
platform affordances. Drawing on Goffman’s (1959) dramaturgical distinction between
frontstage performance and backstage operation, and on signaling theory in digital marketplaces
(Connelly et al., 2011; Spence, 1973), we ask: Research Question: How is consumer trust co-
constructed in Indonesian fashion live-commerce environments, and what roles do seller
performance, platform affordances, and buyer-side verification play in that process? To answer
this question, we conducted a rapid ethnographic study triangulating netnographic observation
of live sessions, semi-structured interviews with active sellers, and offline observation at two
fashion events. The study contributes to live-commerce scholarship in three ways. First, it
provides rare qualitative evidence from the Indonesian context, where most prior empirical
work has been Western or East Asian. Second, it introduces Goffman’s frontstage—backstage
distinction as an analytical lens for live commerce, demonstrating that what buyers observe is
systematically curated to obscure the operational mechanics of the sales funnel. Third, it
identifies four concrete anchors of buyer anxiety—price fairness, size and fit, seller legitimacy,
and transaction follow-through—that continue to shape purchase decisions even when platform

affordances are fully deployed.
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LITERATURE REVIEW

Live Streaming Commerce and Consumer Trust. Quantitative research has consistently
identified trust as the central mechanism through which live stream attributes translate into
purchase intention. In a survey of Thai fashion consumers, Chandrruangphen et al. (2022)
showed that product quality and price transparency were the strongest predictors of both seller
trust and product trust, which in turn drove viewing and purchase intentions. Sun et al. (2020)
argued, from an IT-affordance perspective, that interactivity, visibility and meta-voicing reduce
uncertainty by allowing real-time information exchange. Wongkitrungrueng and Assarut
(2020) established that consumer trust mediates the effect of perceived value on engagement in
social-commerce settings. In the Indonesian context, Putri and Prasetyo (2023) reported that
trust mediates the relationship between live-shopping exposure and purchase decisions, while
Yasser and Gayatri (2023) found that utilitarian value builds trust more directly than hedonic
value in thrift-fashion live streams. What this literature leaves relatively under-examined is the
micro-interactional process through which these abstract constructs take shape inside a live
session. Survey designs capture trust after the fact; they rarely observe the seller tactics, buyer
questions, and platform signals that jointly produce it in real time. Goffman’s Dramaturgical
Framework. Goffman’s (1959) dramaturgical sociology offers a productive lens for this
problem. Goffman distinguished between the frontstage—the region in which a performer
presents a controlled self to an audience—and the backstage, where the performer prepares,
rehearses, and may drop the front. The live selling screen is a paradigmatic frontstage: it is lit,
scripted, populated with props (hangers, mannequins, ring lights), and oriented toward an
audience whose reactions shape the performance in real time. The backstage, by contrast,
contains the operational choices—algorithm strategy, device rotation, cross platform routing,
scripted urgency—that sustain the frontstage but would disrupt its authenticity if exposed.
Applying this distinction, live commerce can be read as a highly structured dramaturgical
accomplishment rather than a spontaneous conversation, and the management of that boundary
becomes itself a mechanism of trust production. Signaling Theory in Digital Marketplaces.
Signaling theory (Spence, 1973; Connelly et al., 2011) addresses the information asymmetry
that arises when one party (the seller) knows more about product quality than another (the
buyer). Sellers deploy signals—costly, observable actions—to convey unobservable attributes,
while buyers screen those signals for credibility. In fashion live commerce, observable signals
include close-up fabric shots, disclosed defects, stated measurements, cash-on-delivery terms,
multi-platform footprints, and public testimonials. Platform affordances (verified-seller badges,

free-return cues, in-app checkout) function as institutional signals that supplement the seller’s
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personal performance. Together, dramaturgical theory and signaling theory allow us to theorise
trust in live commerce as simultaneously performed (by sellers), screened (by buyers), and
scaffolded (by platforms). Conceptual Framework. Integrating these streams, we conceptualise
trust in live commerce as a three-layer co-construction. The seller layer consists of frontstage
performance (transparency acts, parasocial language, identity projection) sustained by
backstage operation (algorithmic timing, persuasion pacing, cross-platform funnels). The
platform layer consists of affordances that scaffold the interaction (in-app checkout, coupons,
return policies, search-driven live-stream surfacing). The buyer layer consists of verification
practices (real-time interrogation of fit, price comparison, cross-channel legitimacy checks).
Trust is ratified only when signals from the first two layers satisfy the verification demands of
the third. This framework guided the ethnographic inquiry and the subsequent coding structure.
RESEARCH AND FINDINGS

Methodology.

This study adopts a qualitative rapid-ethnography design (Beebe, 2014) that applies core
ethnographic principles—immersion, triangulation, and reflexive analysis—within a
compressed fieldwork window. Rapid ethnography is appropriate for fast-moving digital
phenomena where prolonged immersion is impractical but contextual, culturally grounded
understanding is required. Three data streams were combined. First, netnographic observation
(Kozinets, 2019) of eleven public live sessions on TikTok Live and Facebook Live run by
Jakarta-based fashion sellers, primarily from the Tanah Abang wholesale district. Observational
artefacts (screenshots, transcribed on-screen cues, chat excerpts) were logged with evidence
IDs NO1-N11. Second, semi-structured interviews were conducted with five adult live sellers
operating across Java (Yogyakarta, Cikarang, Tangerang). Informants were purposively
sampled to cover variation in account size, business model (affiliate vs. own brand), and product
category (preloved, thrifted, new fashion). Interviews were conducted via Google Meet and
WhatsApp video call, averaged 45—-60 minutes, and were coded into 22 evidence excerpts (101—
122). Third, two offline observations were undertaken at fashion events in the greater Jakarta
area—The Scarf Society (14 February 2026) and Tangerang Fashion Week (14 February
2026)—to contextualise how credibility, value and pricing are discussed outside the live-selling
screen (0O01-002). All adult informants provided verbal informed consent, were advised that
participation was voluntary, and agreed to the use of anonymised or first-name identifiers. In
line with research-ethics standards protecting minors, data from any informant below the age
of majority were excluded from analysis. The final informant pool therefore consists of five

adult sellers.
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Data Analysis.

All evidence was imported into NVivo and coded using a hybrid deductive—inductive strategy
(Swain, 2018). Initial deductive nodes were derived from the conceptual framework (Trust
Signals, Platform Practices, Buyer Anxiety). Inductive sub-nodes emerged during coding and
were consolidated into fifteen final nodes, including Transparency, Product Proof, Credibility
Market, Price Fairness, Size/Fit Concern, Legitimacy Checking, Parasocial Language,
Algorithm Strategy, Cross-Platform Flow, and Persuasion Tactics. Matrix Coding Queries in
NVivo were used to compare node frequencies across the three data sources, enabling
identification of patterns supported by triangulation versus those concentrated in a single data
stream. Methodological credibility was supported by source, method and platform triangulation
(Cohen, Manion & Morrison, 2018), and by an audit trail of evidence IDs linking every quoted
excerpt back to its artefact.

Findings.

Theme 1: Trust as an Interactional Accomplishment. Sellers and buyers jointly produce trust
through observable exchanges rather than through assumed credibility. From the seller side,
transparency is explicitly framed as a non-negotiable selling practice. One informant described
bringing products close to the camera, openly disclosing defects, and giving fit
recommendations: “kadang kita juga deketin ke kamera gitu biar pembeli bisa ngeliat jelas
barang tersebut terus kalo kondisi barangnya ada minus atau engga kita juga konfirmasi” (117).
Another stated plainly that “if customers do not trust, they will not buy” (I21, translated).
Preparing measurements such as chest circumference (LD), length (PB), and waist in advance
was repeatedly cited as a way to respond quickly and preserve credibility (102, 103).
Transparency Practices was the highest-frequency sub-code within the Trust Signals theme,
with 14 references across four data sources. From the buyer side, the same signals function as
material for active verification. Live-chat comments were dominated by sizing interrogation
(“bb nya berapa yg uk m ka maksimal,” NO3; “ada ukuran jumbo gak?” NO7), legitimacy
probing (“Kaka tokonya blok apa?” N07), and brand-check questions (“merk apa yg dipake,”
N10). Buyers also produced public social-proof testimonials confirming that previous
purchases had arrived as described (N02, NOS). In short, trust is not received from the seller so
much as it is ratified by the buyer through sustained, specific questioning.

Theme 2: The Dual-Layer Logic of Live Selling. Applying a dramaturgical reading, the data
reveal a systematic separation between frontstage and backstage. Matrix Coding Queries
showed that the nodes Algorithm Strategy, Cross-Platform Flow and Persuasion Tactics were

present almost exclusively in interview data (I08-I116) and virtually absent from the
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netnographic record. Informants described artificial countdowns (“I tell them ‘only 5 minutes
left before the live ends’ even though the live never actually stops,” 109), continuous multi-
device streaming to preserve algorithmic momentum (“we have 6 to 8 phones just for live; if
we stop, we start the algorithm from zero,” 112), and deliberate pacing that moves viewers from
casual greeting to discount pressure (“first we ask what they need, then we corner them with
discounts,” I11). None of these mechanisms are visible to the audience during the live session.
The frontstage is, by contrast, curated to feel organic. Sellers use affectionate parasocial

99 ¢¢

language (“Bunda sayang,” “cintaku,” I10), platform affordances (claimable shipping coupons,

pinned products, free-return cues, N06, N11), and opening scripts that foreground reassurance
(“COD V Subsidi Ongkir v Original Produk v' Free Inner,” N09). Cross-platform routing is
itself carefully staged: a seller may host interaction on TikTok Live but direct checkout to
Shopee for voucher and shipping-protection reasons (116, 120), and will switch Facebook Live
viewers to WhatsApp for order finalisation (“Nanti di wa aja bu,” NO08). The consistent
concealment of operational mechanics while the surface performance remains warm,
conversational, and socially driven is precisely the frontstage—backstage management Goffman
described.

Theme 3: The Four Anchors of Buyer Anxiety. Even when frontstage reassurance is dense and
platform affordances are fully deployed, four specific anxieties persist and shape conversion.
Price fairness surfaced in direct online-versus-offline comparisons (“lebih murah d tok tok apa
beli d toko offline kk,” NO1). Size and fit was the most frequently coded sub node within Buyer
Anxiety with eight references, expressed through technical shorthand on TikTok (“bb nya
berapa yg uk m,” N03) and longer self-disclosure on Facebook (“Iya gendut teh, 70 kilo,” N04).
Seller legitimacy was checked through requests for physical store locations in Tanah Abang
(“Kaka tokonya blok apa?” NO7) and by cross-referencing seller presence across Instagram,
TikTok, Facebook and WhatsApp (104). Transaction follow-through was addressed by seller
rules such as a 30-minute payment window (I05) and by public testimonials confirming delivery
and product accuracy (NO5). Taken together, these four anchors indicate that buyer reassurance
is structurally embedded in live-commerce interaction rather than incidental to any single
platform.

Discussion.

The findings extend the live-commerce literature in three directions. First, they support and
qualify the quantitative consensus that transparency drives trust (Chandrruangphen et al., 2022;
Wongkitrungrueng & Assarut, 2020) by showing that transparency is not merely provided by

sellers but actively demanded and screened by buyers. Second, they introduce an analytical
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distinction—the dual-layer logic—that feature effect models cannot capture: the same live
session is simultaneously a warm parasocial encounter and a calculated algorithmic funnel, and
the credibility of the former depends on the concealment of the latter. Third, whereas Yasser
and Gayatri (2023) argued that hedonic value primarily drives engagement rather than trust, our
data show that hedonic framing can also be strategically weaponised through scripted urgency
and parasocial address, raising normative questions about the line between persuasion and
manipulation in live commerce.

CONCLUSION AND DISCUSSION

This study reframes trust in Indonesian fashion live commerce as a co-construction: an
interactional accomplishment that requires seller performance, platform scaffolding, and buyer
verification to operate in concert. Three conclusions follow.

First, credibility in live commerce is continuously negotiated rather than automatically granted;
sellers who invest in transparency, measurement-readiness and cross-channel presence convert
more reliably because they give buyers the raw material for verification.

Second, live selling is dramaturgically structured: the frontstage is warm, curated, and socially
framed, while the backstage is calculated, algorithm-aware and operationally disciplined. The
consumer never sees the latter, and this invisibility is itself functional.

Third, buyer anxiety is anchored in four verifiable concerns—price fairness, size and fit,
legitimacy, and transaction follow-through—which platform affordances address only partially;
trust is ratified when reassurance reaches all four anchors.

Managerial Implications. For fashion brands and independent sellers, the findings suggest
three priorities. First, standardise live stream sizing protocols: prepared measurements, dual-
tone lighting, and scripted defect disclosure measurably reduce the friction that currently
dominates buyer comments. Second, invest in omnichannel legitimacy: a consistent presence
across Instagram, TikTok, Facebook, WhatsApp, and an offline or bazaar footprint allows
buyers to complete the background checks they already perform. Third, be cautious with
manipulative frontstage tactics: while scripted urgency and parasocial address can drive short-
term conversion, they erode the long-term credibility that sustains repeat purchase as digital
literacy rises among Gen Z consumers.

Limitations. Three limitations should be acknowledged. First, the informant pool consists of
five adult sellers based in Java; consumer voices were accessed indirectly through netnographic
observation of public live-chat behaviour rather than direct interviews. Second, the
netnographic sample is weighted toward Jakarta based sellers, particularly from the Tanah

Abang wholesale district, which may not represent live commerce dynamics in other Indonesian
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regions. Third, the fieldwork window is short by traditional ethnographic standards; while rapid
ethnography is appropriate for fast-moving digital phenomena, it cannot fully capture longer-
term dynamics such as repeat-purchase behaviour or seller reputational trajectories.

Future Research. Future studies should incorporate direct consumer interviews to complement
seller and observational data, and should extend the design to other product categories
(cosmetics, electronics, F&B) where trust dynamics may differ. Longitudinal designs that track
how buyer verification practices evolve as platforms introduce new trust-signalling features—
verified seller badges, Al-generated product summaries, or automated fit tools—would be
particularly valuable.

Finally, comparative work across Southeast Asian live-commerce markets would help
determine whether the dual-layer logic identified here is a feature of Indonesian live commerce
specifically or a structural property of live selling more broadly.
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ABSTRACT

This study explores how Generation Z activists within Rumah Singgah Kucing Jalanan Bekasi,
a community-based animal welfare shelter in Bekasi, Indonesia, construct identity, sustain
participation, and navigate structural barriers through the integration of offline practice and
digital engagement. Employing a qualitative research design that combines ethnography and
netnography, the study draws on semi-structured interviews with five informants representing
distinct community roles (manager, volunteer, donor, digital campaign supporter, and
community member), offline observation of shelter activities, and netnographic observation of
the community's Instagram and TikTok content. Data analyzed thematically using a four-source
evidence coding system covering interview data, netnographic material, offline observation,
and structural barriers. Four interrelated themes emerged: identity construction through
compassion and everyday practice; digital activism as cultural and community practice; identity
transformation through repeated participation; and collective and digital strategies for
navigating structural barriers such as funding instability, high medical costs, and low public
awareness. The findings suggest that for Gen Z participants, animal welfare activism functions
as a moral identity project in which online and offline actions continuously reinforce each other,
and that digital platforms operate not merely as communication tools but as cultural
infrastructures that expand and sustain the community. The study contributes to emerging
literature on youth digital activism in Southeast Asian urban contexts and offers practical
implications for community-based animal welfare organizations and policymakers concerned
with youth civic engagement.

Keywords: Generation Z, animal welfare, digital activism, netnography, identity construction,

Indonesia.
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1. INTRODUCTION
The involvement of Generation Z in social issues has increased significantly alongside the rapid
development of digital technology. One of the most visible areas of engagement is animal
welfare, particularly in urban environments where stray animal populations continue to grow.
In Indonesia, stray cats frequently face neglect, abuse, and a lack of medical care, reflecting
broader challenges in public awareness and social responsibility (Cornish, Raubenheimer, &
McGreevy, 2023; Hawes, Hupe, Morris, & Winkle, 2019).
For Generation Z, animal welfare activism is often not merely a voluntary activity but a
meaningful expression of compassion and moral responsibility. Their engagement is shaped by
both offline experiences and digital environments, in which social media plays a central role in
spreading awareness, organizing actions, and building communities (Koivula, Kaakinen,
Oksanen, & Résédnen, 2020; Smith, Thomas, & McGarty, 2020). Despite this strong empathy
and commitment, Generation Z activists face structural challenges such as limited and unstable
funding, high medical costs, and low public awareness regarding stray cat welfare (Hawes et
al., 2019; Sinclair, Phillips, & Lea, 2022).
This study adopts a qualitative ethnographic and netnographic approach (Kozinets, 2020;
Kozinets & Gretzel, 2023) to explore how Generation Z activists within Rumah Singgah Kucing
Jalanan Bekasi — a community-based shelter providing rescue, medical care, and rehoming
services for stray cats — construct meaning, identity, and community through their everyday
practices and digital interactions. Rather than examining causal relationships, this research
focuses on lived experiences, cultural interpretation, and social processes. The study is guided
by two research questions:

* RQ1: How do Gen Z activists within Rumah Singgah Kucing Jalanan Bekasi

construct and experience their identity as animal welfare actors through everyday

interactions and community practices?

e RQ2: How do digital platforms and community interactions shape the ways Gen Z

activists navigate structural challenges and sustain their animal welfare practices?

2. LITERATURE REVIEW

2.1 Digital Engagement and Generation Z

Digital engagement refers to the active involvement, interaction, and participation of users
within digital platforms — including liking, sharing, commenting, creating content, and
participating in online discussions (Koivula et al., 2020). For Gen Z, digital engagement plays

a central role in shaping attitudes and behaviors because this generation spends a significant
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amount of time interacting in online environments. Social media platforms enable exposure to
social issues, including animal welfare, through visual storytelling, viral campaigns, and peer
influence. Recent evidence suggests that higher digital engagement increases awareness,
emotional connection, and perceived responsibility toward social causes, and that emotional
content related to animal suffering or rescue stories often triggers empathy and motivates
participation (Sinclair et al., 2022; Smith et al., 2020).

2.2 Participation in Animal Welfare

Participation in animal welfare refers to individuals' involvement in activities such as donations,
volunteering, rescue participation, advocacy, and supporting animal-related campaigns (Hawes
et al., 2019). According to the Theory of Planned Behavior (Ajzen, 1991), participation in
prosocial activities is influenced by attitudes, subjective norms, and perceived behavioral
control; exposure to online information and community support can strengthen these factors. In
the context of animal welfare, online engagement — such as following rescue accounts or
sharing campaigns — appears to increase the likelihood of offline participation (Koivula et al.,
2020; Sinclair et al., 2022). Empathy has also been identified as a key predictor of animal
protection behavior, with digital content enhancing emotional responses that translate into
behavioral involvement (Cornish et al., 2023).

2.3 Digital Identity Construction

Digital identity construction refers to how individuals present, express, and shape their self-
image through online platforms. For Gen Z, social media functions not only as a communication
tool but also as a space for identity expression and value signaling (Koivula et al., 2020).
Participation in social causes, including animal welfare, is often used as a form of moral identity
signaling or value-based self-presentation. Research indicates that involvement in prosocial
activities strengthens identity alignment and reinforces self-concept as a caring or socially
responsible individual (Smith et al., 2020). Online environments amplify this process because
actions are visible to peers and broaden social networks.

2.4 Structural Barriers in Community-Based Animal Welfare

Community-based animal welfare organizations consistently face structural barriers that limit
their operational capacity. Hawes et al. (2019) identify three recurring challenges: inadequate
and unstable funding, limited access to affordable veterinary care, and low public awareness of
animal welfare issues. Sinclair et al. (2022) similarly highlights that public attitudes toward
stray animals in many contexts remain ambivalent, which reduces the external support available

to shelters. These barriers are not purely external constraints; they shape how communities
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organize themselves, allocate scarce resources, and communicate with a wider public (Smith et
al., 2020).

2.5 Conceptual Framework

This study adopts a qualitative ethnographic orientation to explore how Generation Z constructs
meaning, identity, and participation within the context of animal welfare activities. Rather than
examining causal relationships between predefined variables, the research seeks to understand
how digital engagement, participation in animal welfare, and identity construction are
interconnected through lived experiences and social interactions. The framework is grounded
in the idea that digital platforms serve as cultural spaces in which individuals encounter,
interpret, and engage with animal welfare issues (Kozinets, 2020; Kozinets & Gretzel, 2023).
Through continuous exposure to digital content, interaction with online communities, and direct
involvement in rescue and caregiving, individuals develop emotional connections and gradually
internalize these experiences as part of their identity.

In this study, identity construction is understood as an ongoing process that emerges from the
interaction between digital engagement and real-world participation. The study also
acknowledges the presence of structural barriers — funding, facilities, and public awareness as
contextual factors rather than measurable variables. The analytical lens is further informed by
Geertz's (1973) concept of "thick description," which emphasizes understanding social actions
within their cultural and situational context.

3. METHODOLOGY

3.1 Research Design

This research uses a qualitative descriptive design with ethnographic and netnographic
orientation (Kozinets, 2020; Kozinets & Gretzel, 2023). It aims to gain an in-depth
understanding of how a community-based animal welfare organization operates, how its
members construct meaning and identity, and how digital platforms shape participation and
activism.

3.2 Research Setting

The research setting is Rumah Singgah Kucing Jalanan Bekasi (Bekasi Street Cat Shelter), a
community-based animal welfare organization in Bekasi, West Java, Indonesia. The shelter
provides rescue, medical treatment, daily care, sterilization advocacy, and rehoming services
for stray and abandoned cats. Its activities span two domains: on-site care at the shelter and
digital outreach through Instagram (@rskjbekasi) and TikTok. The study treated both domains

as integrated sites of activism.
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3.3 Participants
Five informants were purposively pursued to represent distinct roles within the community
ecosystem. Participants were recruited on the basis of meaningful, sustained involvement in the

shelter's activities, either offline or online. The informants are summarized in Table 1.

Table 1. Profile of Informants

Code Informant (pseudonym) | Role Form of involvement
101 Ma'am Dita Key informant / community Daily management, rescue
manager operations

102 Naya (22) Volunteer Cage cleaning, treatment
assistance

103 Kevin (24) Donor Recurring financial
contribution

104 Celine (21) Digital campaign supporter Reposting, amplification of
content

105 Rafi (23) Community member General participation and
engagement

Pseudonyms are used for all informants except the community manager, who consented to the
use of her professional name.

3.4 Data Collection

Three data sources were used: (1) semi-structured interviews with the five informants; (2)
offline observation of shelter activities over a four-week fieldwork period; and (3) netnographic
observation of the community's public social media accounts, following the procedural
guidelines of Kozinets (2020) and Kozinets and Gretzel (2023). Interview questions explored
motivations for participation, the meaning of shelter, the influence of digital platforms,
perceptions of community belonging, and structural challenges. Specific wording was adjusted
to each informant's role while core themes remained consistent. Netnographic observation
focused on public content from @rskjbekasi on Instagram and its linked TikTok content,
including adoption campaigns, rescue storytelling, fundraising posts, before—after rescue
videos, emergency cases, educational content, and community interaction patterns. Offline
observations covered rescue activities, daily care, and volunteer coordination.

3.5 Data Coding and Evidence Identification System

To ensure clarity, consistency, and traceability, the study adopts an evidence identification

system that labels all data sources by origin. Interview excerpts are coded I01-105.
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Netnographic data are coded NOI-N10 by content category (adoption campaign, awareness
content, fundraising post, before—after content, urgent rescue case, educational content,
engagement activity, community interaction, volunteer recruitment, general updates). Offline
observation notes are coded O01-0O03 (rescue activity, shelter activity, community interaction).
Structural barriers identified during the study are coded B01-B03 (funding, medical cost,
awareness). This coding system enables triangulation across multiple data sources and
strengthens the credibility of the analysis.

3.6 Data Analysis

Data were analyzed thematically. Interview transcripts, netnographic observations, and field
notes were read iteratively and coded at two levels: first by data source and content type using
the labeling system above, and then by emerging theme. Codes were grouped into broader
categories and themes to capture recurring patterns related to identity construction, digital
activism, community practices, and structural barriers. Triangulation across the three data
sources was used to strengthen credibility. Thick description (Geertz, 1973) was pursued where
possible to situate findings within cultural and situational context.

3.7 Ethical Considerations and Researcher Positionality

All informants provided informed consent prior to participation. Pseudonyms were used for
four of the five informants to protect privacy, while the community manager consented to the
use of her professional name. Netnographic observation was restricted to publicly available
content; no private messages or closed-group material was accessed. As researchers, the first-
authored members of the team are themselves members of Generation Z and close in age to
most informants. This proximity may have facilitated rapport and candid conversation, while
also requiring reflexive awareness of shared assumptions. The team sought to mitigate this by
grounding interpretations in explicit evidence excerpts and by triangulating across data sources.
4. FINDINGS

4.1 Overview of Thematic Analysis

The structured coding system described in Section 3.5 yielded four interrelated themes through
iterative thematic analysis. Interview data (I01-105) were triangulated with netnographic data
(NOI-N10) and offline observations (O01-003), while structural barriers (B01-B03) were
examined as contextual conditions shaping community practice. A condensed evidence map is

presented in Table 2.
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Data Source

Interview

Interview

Interview

Interview

Interview

Netnography

Netnography

Netnography

Netnography

Netnography

Observation

Observation

Observation

Barrier

Barrier

Barrier

Category

Identity Construction

Identity Construction

Structural Barrier
Digital Engagement

Community Meaning

Digital Activism

Digital Activism

Digital Activism

Digital Activism

Digital Activism

Community Practice

Community Practice
Community Practice
Structural Barrier
Structural Barrier

Structural Barrier

Table 2. Evidence Map of Themes

Sub-theme

Compassion

Responsibility

Funding challenge

Content sharing

Sense of belonging

Adoption
campaign

Awareness

Fundraising

Transformation

Urgency

Rescue activity

Daily care

Interaction

Funding

Medical cost

Awareness

Example Evidence

"They don't have a
voice"

"I feel more
responsible"

"Donation is unstable"

Reposting campaigns

"Feels like a support
system"

Instagram adoption
post

Rescue storytelling

Donation campaign
post

Before—after rescue
content

Emergency rescue post

Field rescue
observation

Feeding and treatment

Volunteer coordination

Donation instability

Treatment expenses

Low public awareness

Participation in animal welfare is deeply rooted in a shared sense of compassion, which

functions as both personal motivation and a collective cultural value. Interview data indicate

that participants consistently interpret their involvement as a moral responsibility toward
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vulnerable animals. The key informant emphasized that stray animals "do not have a voice,"
positioning humans as responsible agents for their well-being (I01). Compassion, in this sense,
is not merely an individual emotion but a socially constructed meaning that shape identity
within the community. Participants also describe their involvement as embedded in routine and
repeated practices — rescuing injured animals, providing daily care — which transforms
participation into an everyday practice through which individuals perform and reinforce their
roles as caregivers and rescuers (001, O02). Identity construction thus emerges through the
interaction between emotional attachment and repeated action; identity is not pre-defined but
gradually constructed through lived experience.

4.3 Digital Activism as Cultural and Community Practice

Digital platforms play a central role in sustaining animal welfare activism, functioning not only
as communication tools but also as cultural spaces where meaning and engagement are
constructed. Netnographic data show that social media content such as adoption campaigns,
rescue storytelling, and before—after transformations serves as a primary mechanism for raising
awareness and mobilizing support (NO1, NO2, N04). These digital artifacts communicate the
values of the community while inviting participation from a broader audience. Interview
participants emphasize that Instagram and TikTok enable the community to reach individuals
who are not physically present but still contribute through donations, reposts, or engagement
(102, 103, 104), extending the community beyond its physical site. Interaction within digital
spaces — comments, shares, reposts — creates a sense of collective engagement and shared
concern (NO7, NOS8). Digital activism therefore operates as an integrated system that supports
and amplifies offline community activities.

4.4 1dentity Transformation Through Participation

Continuous participation in animal welfare activities leads to noticeable personal
transformation. Through repeated involvement in rescue, caregiving, and community
interaction, individuals begin to internalize values such as compassion, patience, and
responsibility. One participant stated that involvement has made them "more patient and more
caring," indicating ongoing self-development (I02). Others describe a growing sense of
responsibility that becomes embedded in daily life (101, 105). This transformation is reinforced
through both offline and online action: routine practices such as feeding, cleaning, and medical
assistance contribute to a consistent role identity (O02), while engagement in digital activities
strengthens the sense of belonging to the community (NO7). Identity is therefore not static but
continuously shaped through practice and interaction; participation serves as a mechanism

through which individuals redefine themselves as socially responsible actors.
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4.5 Navigating Structural Barriers Through Collective and Digital Strategies
Participants face significant structural challenges — limited funding, high medical costs, and
low public awareness — consistently identified across both interview and observational data
(BO1, B02, B03). Unstable donations and expensive medical treatments create ongoing
difficulties in sustaining rescue operations (103, BO1, B02), while low public awareness further
limits external support (B03). However, rather than merely hindering participation, these
challenges encourage adaptive strategies. The community uses digital platforms to conduct
fundraising campaigns, share urgent rescue cases, and educate the public (N03, NO5, N06).
Members contribute in different forms — volunteering, donating, amplifying content (102, 103,
104) — demonstrating that resilience is constructed through both collective action and digital
engagement. Structural barriers are not only obstacles but also shape how activism is practiced
and sustained.
5. DISCUSSION
5.1 Identity Construction Through Compassion
The findings are consistent with Koivula et al. (2020) and Smith et al. (2020), who argue that
sustained participation in prosocial causes reinforces a participant's self-concept as a socially
responsible actor. For the Gen Z informants in this study, animal welfare activities reshaped
their perspective on themselves, producing a noticeable transformation from ordinary
individual to driving force (rescuer). The key informant captured this in her own words:

"Being part of this community has made me more compassionate, patient, and

responsible. My identity is now closely connected to rescue and animal care activities.
1 feel that my life has more purpose because I can help vulnerable animals.” (101)

This pattern supports Ajzen's (1991) Theory of Planned Behavior, in which attitudes and
subjective norms shape behavior, and extends it by showing that the behavior itself reshapes
identity over time. For Gen Z informants in particular, digital and real-world identities appear
to fuse through the narrative of animal rescue, providing a sense of purpose amid wider social
dynamics.

5.2 Digital Platforms as Extensions of Community

The findings support Kozinets (2020) and Kozinets and Gretzel (2023) in treating social media
platforms not merely as communication tools but as cultural infrastructures through which
communities are experienced and sustained. Consistent with Koivula et al. (2020), digital
engagement extended the community's reach to donors and digital supporters who are not
physically present at the shelter but nonetheless describe themselves as part of its "support

system" (I03, 105). Instagram and TikTok are integrated into the community's daily operations,
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illustrating how digital and offline practices have become mutually reinforcing rather than
separate.

5.3 Strategies for Facing Structural Barriers

The structural barriers reported here — unstable funding, high medical costs, low public
awareness — mirror those identified by Hawes et al. (2019) and Sinclair et al. (2022) across
community-based animal welfare organizations internationally. What is notable in this
Indonesian case is the way informants responded to criticism and stigma: they chose education
over confrontation.

"I usually respond calmly and try to educate them. Not everyone understands the

concept of animal welfare, so a patient approach is more effective than arguing.” (101
pt of p pp quing

This suggests a form of emotional maturity in which obstacles are reframed as opportunities for
public education and collective awareness-raising, consistent with the collective-action framing
discussed by Smith et al. (2020). For long-term sustainability, however, the findings also point
to the need for strategic collaboration beyond the immediate community — partnerships with
veterinarians, local government, and other welfare organizations for mass sterilization
programs and permanent medical facilities.

5.4 Theoretical and Practical Implications

Theoretically, the study contributes to the growing literature on Gen Z digital activism in
Southeast Asian urban contexts by showing how compassion, routine practice, and digital
engagement co-produce an activist identity. It illustrates how netnography (Kozinets & Gretzel,
2023) can be productively combined with offline ethnography to study hybrid communities
whose activities straddle physical and digital spaces. Practically, the findings suggest that
community-based animal welfare organizations should invest deliberately in digital storytelling
capacity, cultivate multiple low-barrier forms of participation, and pursue structured
partnerships to stabilize funding and medical access. For policymakers, the case highlights the
social value of informal youth-led welfare communities that absorb costs otherwise unmet by
municipal services.

6. CONCLUSION

6.1 Answering the Research Questions

This study examined how Generation Z activists at Rumah Singgah Kucing Jalanan Bekasi
construct identity and sustain participation in animal welfare activism, drawing on five
informant interviews, four weeks of offline observation, and netnographic observation of the

community's social media.
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Regarding RQ1, Gen Z activists construct their identity as animal welfare actors through
everyday practices of rescue, caregiving, and community participation, in which compassion
operates as both personal motivation and shared cultural value. Identity is not pre-given but
gradually produced through repeated action, emotional engagement, and role performance
within the community.

Regarding RQ2, digital platforms — particularly Instagram and TikTok — play a crucial role
in enabling activists to navigate structural challenges and sustain their involvement. Digital
content (adoption campaigns, rescue storytelling, before—after transformations, emergency
posts, educational content) extends the community beyond its physical site, mobilizes donations
and volunteer participation, and creates a sense of belonging for supporters who never visit the
shelter in person. Structural barriers — funding instability, high medical costs, low public
awareness — are navigated through a combination of collective offline action and adaptive
digital strategies. Overall, Bekasi Street Cat Shelter represents a moral community in which
activism is embedded in both daily practice and digital interaction.

6.2 Limitations

Several limitations should be acknowledged. First, the sample is small (five informants) and
drawn from a single community in Bekasi; findings should be read as context-specific rather
than generalizable. Second, the fieldwork period was relatively short; longer immersion could
have surfaced additional themes, particularly around seasonal variation in donation patterns and
rescue load. Third, netnographic observation was limited to publicly available content. Fourth,
as Gen Z researchers studying a Gen Z community, the authors shared generational standpoint
shaped interpretation in ways that have been made explicit but cannot be fully neutralized.

6.3 Recommendations and Future Research

For the community, the study recommends strengthening structured partnerships with
veterinary clinics and local government for mass sterilization, diversifying fundraising
channels, and continuing to develop the digital storytelling practices that already sustain the
community. For future research, comparative studies across multiple Indonesian cities would
clarify how urban context shapes Gen Z animal welfare activism, while longitudinal work could
trace identity transformation over time. Mixed methods designs combining netnographic insight
with engagement analytics (follower growth, conversion rates from reposts to donations) would

further deepen understanding of how digital activism translates into sustained material support.
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APPENDIX A — SELECTED INTERVIEW EXCERPTS

This appendix provides selected excerpts from the five semi-structured interviews that underpin the
thematic analysis. Pseudonyms are used for all informants except the community manager, who
consented to the use of her professional name.

A.1 101 — Ma'am Dita (Key Informant / Community Manager)

Q: What motivates you to participate in animal welfare?
My main motivation is empathy for stray cats who are often abandoned, injured, or abused. They do not
have a voice, so as humans we have a responsibility to help them. Almost every month we receive

reports and directly conduct rescue missions.

Q: How does being part of this community influence your values or identity?
Being part of this community has made me more compassionate, patient, and responsible. My identity
is now closely connected to rescue and animal care activities. I feel that my life has more purpose

because I can help vulnerable animals.

Q: How do social media platforms influence your involvement?

Social media plays a very important role in spreading information about rescues, finding adopters, and
raising donations. Many of our cats have been successfully adopted through Instagram and Facebook
posts. It is also an effective tool for educating the public.
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Q: What challenges do you face?

The biggest challenges are limited funding and low public awareness. Many people still see stray cats
as a nuisance rather than living beings. Sterilization and medical treatment are expensive, while
donations are not always stable.

A.2 102 — Naya, Volunteer, age 22 (pseudonym)

Q: What makes you stay involved as a volunteer?

The exhaustion is definitely there, especially when you see the condition of the cats. But that's precisely
what makes me feel that my small role still matters. There is a certain satisfaction when you see a cat
that was very sick start to get better.

Q: How important is social media for this community?
Without TikTok or Instagram, many people wouldn't know what the situation on the ground is like.
When they see rescue videos or before-and-after treatment directly, it hits much harder.

A.3 103 — Kevin, Donor, age 24 (pseudonym)

Q: What made you decide to donate?
The content felt honest and not forced. You become aware that there are situations that really need help.
I started to feel trust, because it was clear what the donations were being used for.

Q: Do you feel connected to the community even if you are not on-site?
Surprisingly, yes. Through the updates they share, I feel like I'm following each rescue case's journey.
There's a feeling that I'm part of their support system.

A.4 104 — Celine, Digital Campaign Supporter, age 21 (pseudonym)

Q: Why do you actively share the community's campaigns?
Not all forms of help have to be money or going directly to the field. The more people see it, the greater

the chance that someone will help. Reposting may seem small, but it is actually quite influential.

Q: Can social media create a sense of community?
Yes. Even though people don't know each other personally, through comments, reposts, and responses

on stories, you can feel the same sense of care. People share the same concern and take action together.

A.5 105 — Rafi, Community Member, age 23 (pseudonym)

Q: What does this community mean to you personally?
This community is more than just a place where cat lovers gather. Everyone here shares the same
concern. There are still people willing to care selflessly.

Q: What issue is often underestimated by outsiders?
People see this as just feeding or rescuing cats, but behind it there is a long and difficult process —
medical costs, daily care, emotional pressure when a case doesn't go well.
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Siska Purnama MANURUNG, Khaerunisa Rahma AULIA
Muhammad Zaki AKBAR, Nadine Tendean Putri POLUAN, Wildan ROBBANI
Management Study Program, President University, Indonesia

ABSTRACT

Skateboarding has shifted from a rebellious street activity to a globally recognized cultural and
sporting practice, yet ethnographic evidence from Southeast Asian urban contexts remains
limited. This study examines how Generation Z skateboarders in Greater Jakarta construct
collective identity, negotiate authenticity, and assign meaning to brand choice within their
shared cultural practice. A qualitative design combined netnographic observation of six
Indonesian skate-related Instagram accounts and a curated set of TikTok posts across
approximately ten to twelve hours of digital immersion, five semi-structured interviews
conducted at Fly Over Slipi Skatepark in Central Jakarta, and one offline observation session
of approximately one hour and twenty minutes. Data was analyzed thematically using NVivo
through open, axial, and selective coding. Three themes emerged. First, values and identity are
grounded in solidarity, process orientation, and behavior-based authenticity. Second,
consumption operates through modular brand mixing across components rather than single-
brand loyalty. Third, unmet needs concern public-space conflict, infrastructure distribution, and
beginner pathways. The findings position Jakarta's Gen Z skate community as a softened
subculture where belonging outranks gatekeeping and highlight modular brand consumption as
a distinctive pattern with implications for local and global skate brands targeting this segment.
Managerial implications favor component-level positioning over single-brand ecosystems and
cultural embedding over standardized global branding.

Keywords: Skateboarding, Subculture, Consumer Culture Theory, Brand Choice,
Netnography, Generation Z.

INTRODUCTION

Background. Skateboarding has moved from the margins of urban street culture to formal
institutional recognition through inclusion in the Olympic Games, yet its subcultural roots
remain grounded in the everyday appropriation of urban space (Borden, 2019). In Southeast
Asian cities such as Jakarta, the expansion of public skateparks, the visibility of local skate
brands, and the embedding of skate content within platforms such as Instagram and TikTok

have reshaped how young people enter, learn, and express themselves within skate culture.
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Skateboarding is therefore no longer a purely recreational pursuit; it operates as a cultural
practice through which young people construct identity, build community, and claim physical
space within the city (Atencio, Beal, & Wilson, 2009). For marketing scholarship, this shift is
consequential. Within a skate community, brand choice is rarely a purely functional decision.
Choosing particular decks, trucks, wheels, bearings, or footwear can signal authenticity,
aspiration, belonging, and personal style (Belk, 1988). Identity is expressed not only through
the tricks a skater lands but through the board they ride and the shoes they wear. As digital
platforms increasingly mediate how skaters learn, share, and gain recognition (Kozinets, 2002),
the construction of subcultural identity and the meanings attached to brands unfold
simultaneously across offline and online spaces. Despite this relevance, ethnographic evidence
on skateboarding in non-Western urban settings remains thin. Indonesian studies addressing
skateboarding as subculture and industry have begun to appear (Artosa, 2022), but scholarship
on Greater Jakarta's Gen Z skate community and the brand meanings circulating within it is
limited. The present study addresses this gap by asking: How do Gen Z skateboarders in Greater
Jakarta's skate community collectively construct identity, negotiate authenticity, and assign
meaning to brand choice within their shared cultural practice?

Research Problem and Objectives. This study pursues three objectives. First, it documents
how identity and belonging are constructed within a Jakarta-based skate community through
shared values, spatial practice, and digital self-presentation. Second, it examines how brand
choice operates within that community, with attention to the balance between affordability,
functionality, and symbolic value. Third, it identifies structural and cultural conditions that
shape or constrain participation, including the availability of public skate infrastructure and the
negotiation of public space. Because skate identity is increasingly performed and contested in
digital environments, the study adopts a qualitative design combining netnographic
observation, semi-structured interviews, and one offline observation session. The scope is
deliberately exploratory and does not claim statistical representativeness.

LITERATURE REVIEW

Identity and Consumption in Subcultural Settings. Consumption is shaped by social context.
Brand choices are rarely made independently; they are influenced by the communities and
cultural environments individuals inhabit. Hebdige (1979) frames subcultures as groups that
develop distinctive styles and symbolic practices that differentiate them from mainstream
society; these styles function as social signals through which members communicate belonging
and shared values. Within skate communities, appearance, attitude, and shared codes can carry

meaning that extends well beyond surface-level fashion. Contemporary perspectives
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complicate the classical subculture account. Maffesoli (1996) introduces the notion of tribes:
fluid social groupings built around shared experiences and emotional connections rather than
rigid boundaries. Cova and Cova (2002) extend this view into marketing, arguing that in
consumer tribe’s brands operate as linking values that strengthen relationships between
members. Brand choice, in this reading, is not simply personal preference; it is a form of social
maintenance within a group. Belk's (1988) extended self-concept further grounds the symbolic
role of objects in identity. Possessions, including brands, become part of who a person is or
aspires to be. In subcultural settings, this symbolic function often becomes more visible,
because particular brands are interpreted as more authentic or more aligned with group values
than others. Muniz and O'Guinn (2001) add the notion of brand community, characterized by
shared consciousness, rituals, and moral responsibility. While a skate community is not
organized around a single brand, this framework illustrates how brands can contribute to
collective identity. Arnould and Thompson (2005), through Consumer Culture Theory, argue
that consumers actively interpret and deploy marketplace meanings to construct their identities
rather than passively adopting brand messages.

Skateboarding as Subculture and Lifestyle. Skateboarding has been extensively theorized as
a subcultural and spatial practice. Borden (2019) traces its movement from rebellious street
activity to globally recognized cultural and sporting practice, while Atencio et al. (2009) argue
that skateboarding functions as a cultural arena through which young people construct identity
and claim urban space. Artosa (2022) extends this scholarship to Indonesia, examining how
young skate workers operate within a skate industry that is both commercial and communal. In
Jakarta, skateboarding takes place in a hybrid environment of skateparks and street spots where
skaters gather to practice tricks, exchange information, and observe each other's styles and
equipment. Digital media now mediate a substantial part of this learning: tutorials, clips, and
brand exposure circulate through Instagram and TikTok, shaping how skaters acquire technique
and how they understand themselves within the broader scene (Kozinets, 2002). Taken together,
these perspectives suggest that skate identity in urban Indonesia can be approached as a social
and spatial practice where consumption, community, and digital self presentation are
interconnected, and where brand choices reflect processes of belonging and self definition
rather than pure individual taste.

RESEARCH AND FINDINGS

Methodology. The study employs a qualitative design combining netnography as the primary
method with semi-structured interviews and one offline observation session. Netnography is

appropriate for examining how subcultural identity, shared meanings, and brand perceptions
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are expressed in naturally occurring online interactions (Kozinets, 2002). The research is
positioned as exploratory and interpretive rather than generalizable. Instagram Netnography.
Online observation covered Instagram accounts associated with Jakarta and Greater Jakarta
skate communities and TikTok skate content, with attention to comment sections. Six accounts
were included: (@greenskatelesson, @epicskatepark, @)jakartaskateboarding,
(@malatskateboarding, and @bogor. skateboarding, together with a curated set of TikTok posts.
These platforms were selected because they function as active spaces where skateboarders share
tricks, discuss equipment, express identity, and engage with brands. Observation took place
between February and early April 2026, with approximately ten to twelve hours of cumulative
immersion. A non-participatory lurking approach was adopted to avoid influencing
interactions. Purposive sampling was applied to select posts and discussions based on thematic
relevance, specifically authenticity, customization, brand preference, affordability, and
sponsorship, and visible engagement. Screenshots and digital field notes were documented and
categorized into preliminary themes including community values, identity markers, brand
mentions, aspirations, and economic barriers.

Interviews. To complement the online material, five skateboarders were recruited through
direct approach at Fly Over Slipi Skatepark, Tanah Abang, Central Jakarta. Participants
represented different levels of experience: one key informant (ITham, I01) is from the Millennial
generation and provides a longitudinal reference point, while the remaining four participants
(Bayu, Fatur, Fadel, and Adit, coded 102 to 105) are Gen Z with beginner, intermediate, and
experienced profiles. All five participants were male. Semi-structured interviews covered initial
entry into skateboarding, personal meaning and identity, perceptions of authenticity, economic
accessibility, brand preferences, customization practices, and the influence of social media. The
format allowed participants to elaborate on lived experience while preserving consistency
across interviews. All interviews were audio-recorded with consent, transcribed verbatim, and

anonymized using pseudonyms. Table 1 summarizes the participant profile.
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Table 1. Participant Profile

Code Name Role Notes
(Pseudonym)
101 ITham Key Informant (Millennial) Former skater
102 Bayu Gen Z Intermediate
103 Fatur Gen Z Beginner
104 Fadel Gen Z Beginner
105 Adit Gen Z Experienced

Source: Constructed by researchers (2026)

Offline Observation. A single offline observation session was conducted on Sunday, 15
February 2026, between 15:47 and 17:10, at Fly Over Slipi Skatepark during a regular weekend
session rather than a formal event. A structured protocol guided observation toward social
dynamics, visible brand usage on footwear, decks, trucks, wheels, personalization practices,
and generational interaction patterns. Field notes were written immediately after the session to
minimize recall bias.

Ethics. Only publicly accessible online content was observed during netnography; no private
messages or restricted groups were accessed. Usernames were anonymized where individual
behavior was discussed. Interview participants provided voluntary informed consent and are
referred to by pseudonyms. The researchers maintained a non-intrusive role during both online
and offline observation. All data were used strictly for academic purposes.

Analysis. Data from interview transcripts, offline observation notes, and netnographic material
were analyzed thematically using NVivo, which supports systematic organization of qualitative
material across multiple sources and produces an explicit audit trail of analytic decisions
(Dalkin, Forster, Hodgson, Lhussier, & Carr, 2021; Mortelmans, 2025). Open coding identified
meaningful statements and produced an initial code set covering peer influence, solidarity, risk-
taking identity, persistence, process orientation, spatial attachment, respect norms, institutional
recognition, digital self-presentation, and freedom symbolism. Axial coding grouped related
codes into broader categories: community values and solidarity, identity formation and personal
growth, spatial negotiation and urban meaning, institutional change and mainstream
recognition, and digital visibility. Selective coding synthesized these categories into three
overarching themes: values and identity, consumption, and unmet needs. NVivo also produced
a matrix coding query summarizing the distribution of coded references across participants and

sub- themes.
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Findings:

Values and Identity. Across interviews, offline observation, and netnographic material,
skateboarding in Jakarta emerged as a value-driven community practice shaping identity,
belonging, and worldview. Participation extends beyond performing tricks; it reflects values
centered on solidarity, commitment to the learning process, behavior-based authenticity, and
lifestyle expression.

Solidarity is visible in everyday practice. I[lham (I01), speaking as a Millennial key informant,
described early skate culture as oriented toward friendship rather than competition, and framed
an individual's successful trick as shared pride for the group. Adit (I05) described mutual
support during practice, particularly when a skater falls while learning. Fadel (104) framed entry
into the community as entering a distinct social world in which unfamiliar skaters connect
quickly through shared practice. During the offline session, board-clapping on the ground, brief
verbal encouragement such as “mantap,” and cross-group acknowledgment among micro-
groups of three to five skaters illustrated the same norm. Netnographic material reinforced this
pattern: Instagram content depicting intergenerational skate gatherings emphasized knowledge
sharing across age groups (NO02), while TikTok captions such as “Teaching my nephew to
skateboard” normalized mentoring within the scene.

Identity is process oriented. Fadel (104) explained that skateboarding teaches patience because
falling is unavoidable and improvement requires repetition. Adit (I05) defined a real skater as
someone who genuinely enjoys training and continues practicing improving. Digital
discussions reinforce this pattern: TikTok users routinely ask why their back foot does not stay
on the board during an Ollie and how to overcome fear when landing. The responses they
receive typically combine encouragement with tutorial recommendations. Struggle and gradual
improvement, rather than immediate mastery, anchor how participants and online observers
frame the skate experience.

Authenticity is behavior-based rather than gatekept. Although the notion of a real skater
circulates, it is defined by consistency and respect rather than skill level. Fadel (104) argued that
authenticity rests on sustained practice, criticizing individuals who use skateboards mainly for
social media content without active engagement. Adit (I05) described a fake skater as someone
who owns a skateboard but does not actually use it, relying on the object primarily for content.
Online discussions about skate brands treated as fashion items reflect a parallel tension between
cultural meaning and superficial consumption. The “poser” label, while present, is not strictly
enforced; Ilham (I01) stated that in the Jakarta scene anyone who skates is a skater, and that the

label was not used to exclude newcomers.
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Lifestyle expression ties these elements together. Fadel (104) described skateboarding as both
sport and lifestyle, shaping his mindset and daily perspective. Adit (I05) noted its effect on
clothing choices and attitudes toward risk. Earlier interviews with Ilham and Fatur (I03) showed
how customization and brand preferences reflect personal character. Skateboarding therefore
operates as a social and cultural framework through which participants construct identity,
belonging, and shared meaning.

Findings: Consumption. Consumption practices within the Jakarta skate community reflect a
balance between affordability, functionality, and aspiration. Interviews with ITham (I01), Bayu
(I02), and Fatur (I03) suggest that skateboard consumption is strategic rather than impulsive.
Economic accessibility plays a substantial role. [lham (101) recalled that in earlier years a full
setup could cost between two and four million rupiah, whereas today a beginner can assemble
a setup for approximately seven to eight hundred thousand rupiah due to the growth of
affordable local brands. This shift has lowered entry barriers, although financial constraint
remains present: Fatur (103) reported delaying his entry into skateboarding because boards were
expensive when he was younger.

Skaters balance budget with functionality. Ilham (I01) uses blank decks and blank trucks as a
cost-efficient baseline while investing in Nike SB or Nike Blazer High shoes because of ankle
support. Bayu (102) wears Vans SK8, indicating how durability and brand identity intersect at
the footwear level.

The most distinctive pattern is modular brand mixing. Bayu (102) combines an Etax deck and
trucks with Independent bearings and Motion wheels, evaluating each component independently
rather than exhibiting loyalty to a single brand ecosystem. Fatur (I103) pairs Vans Skate High
footwear with a blank deck, mixing aspirational and affordable elements within a single setup.
This selective approach recurred across interviews and was visible in offline observation, where
Vans and Nike footwear appeared alongside boards of varying origin, and grip tape modifications
such as cut patterns and scratched designs were common. Customization through grip tape
functioned simultaneously as a practical marker, to distinguish nose and tail, and as an aesthetic
one. Bayu (102) described grip-tape modification as artwork expressing individual style.
Aspiration shapes progression. Fatur (I03) identified Santa Cruz as his dream board and
expressed interest in upgrading to higher tier Independent trucks. Consumption therefore
evolves alongside skill: beginners often enter with accessible equipment and then aspire toward
premium components associated with global skate culture. Digital media informs these
decisions. Ilham (I01) noted that social media helps attract sponsors and increases visibility,

and that many skaters share tutorials on YouTube. Online discussions frequently include
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questions about boards and gear, indicating that purchasing decisions are informed by peer
recommendations and community-shared experience (N03). In this environment, brand choice
operates simultaneously as equipment, as marker of progression, and as cultural affiliation.
Findings:

Unmet Needs. Despite strong community values and adaptive consumption practices,
structural challenges persist within the Jakarta skate ecosystem.

Financial constraint emerged as a barrier to entry. Fatur (I03) described delaying his
participation because equipment was expensive. At the same time, skateboarding operates as a
small source of income for some participants: Fatur (I03) described involvement in events that
generated

payment. Skateboarding therefore sits within a complex economic structure in which cost
constrains entry for some and enables livelihood for others. Online discussions frequently
address affordability, with users asking for advice on affordable setups and alternatives (N06).
Public-space conflict is a recurring issue. Fadel (104) explained that skating in urban areas often
leads to warnings from residents or security guards, sometimes accompanied by accusations of
damaging facilities; skaters typically negotiate or leave. Ilham (I01) described a similar pattern
in earlier years, including informal negotiation with security personnel in office districts such
as Kuningan. Street skateboarding nevertheless holds particular meaning: Fadel (104) described
urban spots as more challenging and creatively stimulating than skateparks. The tension
between street-level creativity and urban regulation marks a structural gap in how skateboarding
is accommodated within city planning.

Cultural perception has shifted in mixed directions. Fadel (I04) observed that skateboarding is
now more respected and recognized as a sport, including through international competition,
while acknowledging that content-driven exposure has altered the underground atmosphere.
Adit (I05) emphasized the importance of maintaining a positive public image to sustain social
acceptance.

Infrastructure inequality is visible in online material. Instagram posts (NO3) raised the absence
of skateparks in certain regions and called for better-designed facilities in additional cities,
indicating uneven access beyond major urban areas. Beginner uncertainty is another recurring
theme. Online users ask whether it is too late to start skateboarding, how to begin learning, and
how to overcome fear when landing tricks. Although tutorials exist, these questions suggest that
clearer entry pathways and mentorship structures are still needed.

Discussion. Three interpretive points emerge from the findings. First, Jakarta's skate community

aligns more closely with consumer-tribe and post-subcultural frameworks than with the classical
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resistance-oriented subculture model. Authenticity is defined behaviorally rather than
symbolically policed, the poser label exists without strict enforcement, and belonging is
prioritized over gatekeeping. This pattern is consistent with Maffesoli's (1996) emphasis on fluid,
emotionally grounded tribal formations and with Cova and Cova's (2002) view of brands as
linking values that support social connection. Rather than positioning themselves against
mainstream culture, Jakarta's Gen Z skaters negotiate it pragmatically. Given the small sample
(n =5), the single-site recruitment, and the short netnographic window, this pattern should be
read as an exploratory interpretation rather than a definitive claim.

Second, the most distinctive empirical pattern is modular brand consumption. Participants
consistently mix local and global components across decks, trucks, bearings, wheels, and
footwear, evaluating each component separately on perceived quality and price rather than
adopting a single brand ecosystem. This pattern aligns with Belk's (1988) extended-self-concept,
because each component contributes to a personalized material identity, and with Consumer
Culture Theory (Arnould & Thompson, 2005), because consumers actively interpret and deploy
marketplace meanings rather than passively adopting brand narratives. For skate brands, modular
consumption weakens the logic of full-set positioning and strengthens the case for credible,
component-level communication.

Third, the digital and institutional environment reshapes but does not replace community-based
learning. Platforms extend access to technique, visibility, and sponsorship opportunities and
support the emergence of content-driven identity. At the same time, core norms such as solidarity,
process orientation, and respect continue to be transmitted through offline practice at skateparks
and street spots. The interaction between digital exposure and embodied community norms is the
site where brand meanings are continuously negotiated.

CONCLUSION

This study examined how Gen Z skateboarders in Greater Jakarta construct collective identity,
negotiate authenticity, and assign meaning to brand choice. Drawing on netnography across five
Indonesian skate-related Instagram accounts and a set of TikTok posts, five semi-structured
interviews at Fly Over Slipi Skatepark, and one offline observation session, the study identified
three themes. First, the community functions as a value-driven social arena in which identity is
grounded in solidarity, process orientation, behavior-based authenticity, and lifestyle expression.
Second, consumption operates through modular brand mixing that combines affordable local
components with aspirational global brands. Third, unmet needs include public-space conflict,
infrastructure inequality, beginner uncertainty, and the cultural repositioning of skateboarding

within mainstream society.
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Implications. The results hold practical implications for local and global skate brands, for digital
marketers, and for urban planners. Component-level credibility is likely to outperform single-
brand ecosystem positioning in a market where skaters mix components deliberately. Local
brands benefit from affordability and accessibility, but durable growth requires communicating
performance reliability and community legitimacy rather than positioning on price alone. Global
brands retain aspirational value among progressing skaters, but aspiration is not equivalent to
loyalty in a modular market; cultural embedding in local skate narratives is more likely to
translate aspiration into sustained purchase than standardized global imagery. Beginner
pathways, including structured introductory sessions and mentorship linked to gear guidance,
address a visible gap that both skateparks and brands could co-develop.

Limitations and Future Research. The study has important limitations. The interview sample
is small (n = 5) and geographically concentrated at a single skatepark in Central Jakarta, the
netnographic window was short (approximately ten to twelve hours), and all interview
participants were male. Interpretive claims, including the softened-subculture framing, should
therefore be treated as exploratory rather than generalizable. Future research should expand the
sample across Greater Jakarta locations including Bekasi, Bogor, and Tangerang, extend
netnographic observation over a longer period, incorporate female skateboarders, and examine
intergenerational dynamics between Millennial and Gen Z participants. Further work on grip-
tape customization and other material practices would deepen understanding of how identity has
materialized through gear.
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ABSTRACT

This paper investigates the economic trade-offs between forest harvesting and tourism
attractiveness in the mountain areas of Suceava County, using data on arrivals, overnight
stays, and the number of accommodation units, which are correlated with spatial indicators
of forest area and timber loss. The analysis covers the period 2005-2024 and combines: (1)
spatial analyses based on satellite data to quantify changes in forest area and to locate logging
sites; (2) panel econometric models at the commune level to test the relationship between
harvesting intensity and the evolution of tourism indicators, controlling for accessibility,
infrastructure, and local marketing; and (3) cost-benefit assessments for three
forest-management scenarios (current harvesting, harvesting with buffer zones, and certified
sustainable practices). The results estimate elasticities of arrivals and overnight stays with
respect to percentage changes in the forest area visible from main tourist routes, and identify
communes where potential losses in tourism revenue exceed timber revenues. The study
provides a set of indicators and thematic maps useful for local decision-makers and proposes
practical measures: establishing buffer zones around trails and viewpoints, incentives for forest
certification, and compensation mechanisms for communities dependent on harvesting. The
conclusions support integrating tourism-attractiveness indicators into forest management plans

to maximise net economic benefits over the medium and long term.
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ABSTRACT

The integration of Artificial Intelligence (Al) into contemporary business practices within the
architecture industry is reshaping how professionals approach design, project management, and
client engagement. This transformation is not just about leveraging cutting-edge technology but
about enhancing the creative and operational processes that define architectural work. Al tools
such as generative design, predictive analytics, and automated project management systems
offer architects new ways to optimize workflows, reduce errors, and make more informed
decisions, all while fostering creativity and innovation. However, the adoption of Al in
architecture goes beyond improving efficiency—it is also redefining client-architect
relationships by allowing for more interactive and responsive design solutions tailored to client
needs.

Despite its potential, Al adoption in architecture raises important questions around ethics,
professional identity, and the evolving role of architects in a technology-driven environment.
As Al takes on more technical tasks, architects are prompted to refocus their efforts on
conceptual thinking, sustainability, and human-centered design. This shift requires a balance
between embracing the advantages Al offers and maintaining the critical, creative skills that
are the hallmark of architectural practice.

This paper explores how Al is influencing contemporary business practices in architecture,
highlighting the opportunities and challenges it presents for the profession. It argues that while
Al can enhance efficiency and decision-making, it should be viewed as a tool that complements,
rather than replaces, the expertise and intuition of architects. By examining real-world
applications and theoretical perspectives, this paper aims to provide a nuanced understanding
of the impact of Al on the business landscape of architecture today.

Keywords: Artificial Intelligence (Al), Business Strategies, Architectural Innovation, Digital

Transformation
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ABSTRACT

Under conditions of increasing intensity of climate change and growing frequency of extreme
meteorological events, an increased vulnerability of existing collections of plant genotypes is
observed. The loss of valuable genetic material would lead to significant long-term negative
consequences for breeding programs and the conservation of agrobiodiversity.
Cryopreservation represents a highly effective method for long-term storage of plant material
at ultra-low temperatures (—196°C in liquid nitrogen), at which metabolic activity is suspended
and genetic information is preserved in an unchanged state. The method is characterized by the
possibility of practically unlimited storage duration, reduced energy costs, limited spatial
requirements, and elimination of the need for periodic subculturing and regeneration of plant
material.

In the species Solanum tuberosum L., traditional approaches for storage, including maintenance
of field collections and in vitro cultures, do not guarantee full genetic stability over time and
are susceptible to the influence of biotic and abiotic stress factors. This necessitates the creation
of a cryobank as a reliable strategy for long-term storage and protection of valuable genetic
material.

The main objective is to develop a scientifically grounded model for effective long-term storage
of genetic information in a cryobank. At the international level, cryopreservation of this species
is integrated into the activities of leading scientific centers and cryogenic banks and is regarded
as a strategic component in systems for the conservation of plant genetic resources and
sustainable development of breeding programs.

Keywords: cryopreservation, Solanum tuberosum L., genetic resources, cryobank, biodiversity
conservation

1. INTRODUCTION

The conservation of plant genetic resources is a fundamental prerequisite for ensuring global
food security, sustainable agriculture, and biodiversity preservation. In recent decades, climate
change has introduced additional risks to the stability of ex situ collections, increasing the

likelihood of genetic erosion and loss of valuable germplasm.
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The Institute of Plant Genetic Resources “Konstantin Malkov” was established in 1902 as an
experimental agricultural station, which in 1977 developed into an Institute of Plant Genetic
Resources. Bulgaria possesses rich biological diversity due to highly diverse climatic,
geological, topographical, and hydrological conditions. On the territory of the Institute is
located the National Genebank, in which 71,710 seed samples are stored out of a total of 62,131
registered as a gene pool in the country (http://eurisco.ecpgr.org).
The main scientific directions at the Institute of Plant Genetic Resources “Konstantin Malkov”
— Sadovo are aimed at collection, study, conservation, documentation, and utilization of plant
genetic resources (Velcheva 2011; Desheva, 2016, 2017). These collections provide
opportunities for multifaceted use, determined by the available genetic diversity: wild species,
local populations, primitive varieties, breeding materials, and modern cultivars originating from
the country and the world (Stoyanova, 2002; Krasteva, 2008;Dimitrova et al., 2011).
Long-term storage of seed samples is carried out at subzero temperatures (—18°C) in a specially
designated chamber. Vegetatively propagated species from cultivated and wild flora are
cultivated under in vitro conditions. The accelerated development of plant biotechnology
worldwide has transformed developed in vitro techniques from an ideal into a practical
necessity (Atanasov, 1988; Uzundzhalieva et al., 2017).
2. BIOLOGICAL AND TECHNOLOGICAL CONSTRAINTS IN Solanum tuberosum L.
CONSERVATION
The species Solanum tuberosum L. is one of the most significant crops on a global and national
scale, with a key role in food security, sustainable agriculture, and the economy. The species is
characterized by a vegetative mode of reproduction, which creates serious challenges for its
long-term conservation. Traditional storage methods—field collections and in vitro storage—
are associated with a high risk of loss of genetic diversity, accumulation of somaclonal
variations, phytopathological infections, and dependence on constant human and financial
resources ( Constable, 1990; Ruseva, 1990).
For three decades, the largest collection of Solanum tuberosum L. has been built, maintained,
and updated in the Plant Biotechnology Laboratory at the Institute. The main tasks defining the
conservation of the species are:
* Collection, evaluation, conservation, and use of original samples of national and foreign
origin. Priority thematic directions include permanent enrichment of collections with
germplasm of diverse origins and types; expansion of knowledge on biological

characteristics, interactions, and responses of ecotypes and environment.
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* Production of virus-free planting material and maximum propagation.
* Adapted varieties are grown in experimental fields, using virus-free material, and

studied for in vitro propagation and storage.

3. CRYOPRESERVATION AS A NECESSARY STRATEGY FOR LONG-TERM
CONSERVATION

A significant scientific problem in modern plant biology is the long-term preservation of genetic
information in vegetatively propagated crops. In the species Solanum tuberosum L., traditional
storage approaches — field collections and in vitro cultivation — do not ensure full genetic
stability over time and are vulnerable to biotic and abiotic stress factors. This necessitates the
establishment of a cryogenic bank for Solanum tuberosum L., which is scientifically and
practically necessary, since cryostorage requires minimal space, reduces the need for constant
maintenance, and provides maximum protection of valuable genetic material for a long period
of time.

In recent decades, cryostorage has established itself as a leading scientific approach for long-
term conservation of plant genetic resources, especially in vegetatively propagated crops such
as Solanum tuberosum L. Modern research in the field of plant cryobiology is aimed at the
development and optimization of methods for storage of meristems, apical buds, and other in
vitro cultivated explants through techniques such as vitrification, droplet-vitrification, and
encapsulation-dehydration.

Scientific data show that the success of cryostorage in Solanum tuberosum L. is strongly
dependent on the physiological state of the explant, the composition and concentration of
cryoprotectants, as well as the regimes of cooling and thawing. In this context, modern science
emphasizes the clarification of cellular and molecular mechanisms of resistance to cryostress,
including the role of membrane stability, antioxidant protection, and osmotic adaptation.

At the international level, cryostorage of the species is integrated into the activities of leading
cryobanks and scientific centers and is accepted as a strategic element of systems for
conservation of agrobiodiversity. At present, the largest cryopreserved collections of the species
Solanim tuberosum L. are in the International Potato Center (CIP), Peru, the Leibniz Institute
of Plant Genetics and Crop Plant Research (IPK) — Gatersleben, Germany, the National Clonal
Germplasm Repository — USA, and the National Genebank of China.

In the All-Russian Institute of Plant Genetic Resources “N. I. Vavilov”, approximately 6—8
thousand potato samples are preserved, which makes it one of the richest collections in the

world for this crop.
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As of August 2023, the cryobank of the International Potato Center (CIP) in Peru stores 4450
plant genetic materials of the species Solanim tuberosum L. (with explant survival above 80%),
which represents 91% of the in vitro potato collection of CIP. The conserved accessions in the
cryobank belong to seven cultivated potato species and four different levels of ploidy (Hawkes,
1990; Vollmer et al. 2017).

In the Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) — Gatersleben,
Germany, more than 1400 species of Solanim tuberosum L. are stored, with the collection being
continuously expanded. The survival of explants is 80% when applying the PVS2 method. It
has been established that Solanum tuberosum L. with the ability for cold acclimation or freezing
resistance are more capable of responding positively to cryoconservation (Panta et al., 2014).
The centers in Peru and Gatersleben for storage of plant genetic resources have undertaken
targeted measures for protection and long-term preservation of stored materials through the
creation of cryoduplicates and the construction of backup facilities. The application of
cryoconservation technologies guarantees the preservation of viability and genetic stability of
the samples. The construction of backup facilities complements this strategy by providing
additional protection against potential risks related to natural disasters, technical failures, or
other unforeseen events. In this way, a reliable storage system is created, which contributes to
the maximum preservation of plant genetic diversity and ensures the sustainability of
collections in the long term (Vollmer et al., 2016).

The advantages of this method are that the storage of plant tissues in liquid nitrogen provides
the possibility for an unlimited period of preservation (Razdan MK, 1997; Bajaj YPS, 1995).
The method relies on liquid nitrogen in independent reservoirs and does not depend on cooling
or constant electricity supply. It is also economically efficient due to reduced energy costs,
limited space requirements, and because there is no need for regular regeneration of plant
material. For these reasons, the development and application of effective cryoconservation
methods is of essential importance for ensuring the security of plant genetic resources and their
accessibility for future scientific research, breeding, and biodiversity conservation (Engelmann
F., 2004).

A pioneer in the cryostorage of plant material at ultra-low temperatures is prof. Akira Sakai,
who succeeded in preserving cold-resistant branches of mulberry by freezing in liquid nitrogen
(—196 °C). He established that for tissue survival it is important to apply preliminary
“hardening” and dehydration in order to reduce damage from crystallizing water in the cells.
He developed a plant vitrification solution (PVS2), which is one of the most widely used

solutions for plant cryoconservation to date (Sakai et al., 1990).
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The first scientific experiments on cryoconservation of the species Solanum tuberosum L. were
carried out by Bajaj (1977) , who used ultra-rapid freezing. Donor plants are obtained from in
vitro slow growth cycles, including storage of microtubers (Thieme R., 1992; Panta et al.,
2014).

The scientific team of Schifer-Menuhr in 1996 developed a simple method for freezing an in
vitro collection of old potato varieties, which was published in Potato Research. They froze
more than 125 varieties, obtaining an average of 80% survival, with the genetic stability of the
plants after recovery being preserved. The regeneration percentage of plants was lower and
averaged 40%. Plants were obtained from all frozen varieties or genotypes, and the phenotypes
of the regrown plants corresponded very well to those of the non-frozen plants.

For effective protection against cryodamage in the species Solanum tuberosum L., the use of
mixtures of cryoprotectants of different types is recommended. Most often, the PVS2 solution
is applied (Sakai et al., 1990), which contains several cryoprotectants (30% glycerol, 15%
DMSO, 15% ethylene glycol, 0.4 M sucrose), as well as micro- and macroelements according
to the recipe of Murashige and Skoog, 1962 (Murashige T., Skoog F., 1962). The concentration
and duration of treatment with cryoprotectants must be determined very precisely for each new
plant object in order to preserve the viability of explants (Becker, 1991; Alpsancar, 2016;
Matsumoto, 2017 ; Braun et al., 2023).

More effective variations of the PVS2 method were published in 2014, demonstrating that
preliminary treatment of plant material through cold hardening and sucrose hardening
significantly improves the recovery rate after cryostorage (Panta et al., 2014).

Different methods for preliminary treatment of initial microcuttings as sources of explants for
cryoconservation also affect the efficiency of regeneration after thawing. To assess the
effectiveness of cryoconservation of plant material, the indicator recovery ability after
cryoconservation is most often used (Towill L. E., Ellis, 2008). The decrease in explant viability
is due to the degree of cryodamage occurring during cryoconservation, while the regeneration
capacity characterizes the rate of restoration of growth and development of the explant after
thawing. Cryodamage to cells is mainly determined by two factors. First, the formation and
growth of intracellular ice crystals during rapid freezing or the formation of ice crystals in the
intercellular space during slow freezing. Second, the processes of excessive dehydration during
subsequent thawing ( Benson et al., 2006; Popov A., 2008).

Despite the significant progress in the field of plant cryobiology, there are a number of
limitations and insufficient knowledge regarding the cryostorage of potato Solarium tuberosum

L. Methods such as vitrification and encapsulation-dehydration have not been systematically
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optimized for different varieties and genotypes, and the long-term genetic stability of the
material remains insufficiently studied. The mechanisms of cellular adaptation to cryostress
have not been studied in detail at the physiological, molecular, and genetic levels. There is a
lack of systematic data on the interactions between cryoprotectants, the structure of cell
membranes, and genetic stability after thawing. The absence of a national cryogenic bank for
the species Solanum tuberosum L. in Bulgaria limits the effective conservation of the plant gene
pool.

4. ADVANCES IN CRYOBIOLOGICAL METHODS

4.1. In vitro cultivation of plant material and standardization of growth conditions

The introduction of the plant species Solanum tuberosum L. is carried out through apical and
axillary meristems for the production of virus-free planting material. Apical or lateral buds
(0.1-0.5 mm) are used as initial material. The advantages of this method include a high degree
of virus elimination and genetic stability of the species. The disadvantages of the applied
procedure include difficult and precise isolation.

The cultivation of explants during the experimental stages is carried out in a chamber with a
temperature regime of 22-25°C and a photoperiod of 16 hours darkness and 8 hours light with
illumination of 3000 Ix. Propagation is performed in laminar flow cabinets, while tissue cultures
are grown in phytostatic rooms under full control of sterility, light, and temperature conditions.
4.2. Preparation of explants (meristems, apical buds) for cryopreservation

To obtain sterile, viable, and physiologically suitable explants from in vitro plants for
subsequent stages of cryopreservation (precultivation, osmotic protection, vitrification, or
dehydration), in vitro grown plants (2—6 weeks old, actively growing) are required. The plants
must be in an active growth phase, healthy in vitro plants with well-formed apical meristems or
buds, without signs of vitrification, necrosis, or contamination. All manipulations are carried
out under sterile conditions.

4.3. Cryobiological methods — vitrification, droplet-vitrification

To achieve cellular protection through vitrification, plant vitrification solutions (PVS) are used,
including the first developed PVS2, which contains 30% (w/v) glycerol, 15% (w/v) ethylene
glycol, 15% (w/v) DMSO, and 0.4 M sucrose in a basal nutrient medium, as well as PVS3,
containing 50% (w/v) glycerol and 50% (w/v) sucrose.

The main characteristics of vitrification solutions are their ability to vitrify themselves during
rapid cooling and the presence of penetrating and osmotically active compounds, which
facilitate cellular dehydration and vitrification of the cytoplasm. At the same time, the solution

must not be excessively toxic.
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4.4. Use of cryoprotectants and optimization of their concentration and exposure time
The use of cryoprotectants is a key factor for successful cryopreservation of Solanum tuberosum
L., as they limit ice formation and stabilize cell membranes at ultra-low temperatures.
Penetrating (dimethyl sulfoxide (DMSO), glycerol, ethylene glycol, propylene glycol) and non-
penetrating (sucrose, trehalose, sorbitol, mannitol) cryoprotectants are applied individually or
in combination, and their concentration and exposure time have a significant influence on the
survival and regeneration capacity of explants.

High concentrations may induce osmotic and chemical stress, which requires careful
optimization of treatment conditions. The project envisages a systematic study of the effect of
different cryoprotectants and exposure regimes with the aim of achieving a balance between
effective protection and minimal toxicity. The obtained results will contribute to the
development of scientifically grounded and reproducible protocols for cryopreservation of
Solanum tuberosum L.

4.5. Storage at ultra-low temperatures (liquid nitrogen, —196°c)

During the storage of plant tissues of Solanum tuberosum L. at ultra-low temperatures
(—196°C), stabilization of cellular structures and cessation of metabolic activity occur, which
allows preservation of cell viability and genetic stability after thawing. Successful recovery is
a result of specific physiological and molecular mechanisms of adaptation to cryostress.

4.6. Controlled thawing and recovery of cultures

Controlled thawing represents a critical stage in the cryopreservation process, which determines
the degree of cell survival and the successful recovery of plant material. During the thawing of
cryopreserved tissues of Solanum tuberosum L., rapid temperature changes may induce
secondary ice formation, osmotic imbalance, and membrane damage, which necessitates the
application of precisely controlled regimes.

In modern cryobiology, it is accepted that rapid and controlled thawing, followed by gradual
removal of cryoprotectants, minimizes cellular stress and supports the recovery of physiological
functions of plant genetic material.

4.7. Assessment of viability and regeneration capacity through morphological and
physiological indicators

The assessment of viability and regeneration potential is a key stage for determining the
effectiveness of cryopreservation protocols. The viability of plant tissues (Solanum tuberosum
L.) after thawing will be evaluated through morphological indicators such as the condition of

meristems, delay or recovery of growth, formation of new buds, and leaf structures.
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Physiological indicators will include chlorophyll content, osmotic resistance, levels of reactive
oxygen species, and the activity of antioxidant enzymes, which reflect metabolic activity and
cellular stress.

4.8. Statistical processing and interpretation of experimental data

Statistical processing is a key stage for confirming the results of experiments on
cryopreservation and recovery of plant material. All morphological and physiological indicators
will be analyzed using appropriate quantitative methods, including analysis of variance
(ANOVA), t-tests, and multivariate analyses for assessing variability between genotypes,
cryoprotectant treatment conditions, and thawing regimes.

5. CHALLENGES AND FUTURE PERSPECTIVES

Although cryopreservation is widely recognized as a reliable conservation method, several
limitations remain. The molecular mechanisms underlying cryotolerance are not fully
understood, and the long-term genetic stability of cryopreserved material requires further
investigation.

In Bulgaria, the absence of a dedicated cryobank for Solanum tuberosum L. represents a
significant gap in the national system for plant genetic resource conservation. Establishing such
a facility is essential for safeguarding valuable germplasm against environmental and
technological risks.

Future research should focus on optimizing cryopreservation protocols, improving regeneration
efficiency, and integrating molecular tools to assess genetic stability. These efforts will
contribute to the development of robust cryogenic conservation systems capable of supporting
breeding programs and ensuring sustainable agricultural development.

6. CONCLUSION

Cryopreservation represents the only method that allows practically unlimited long-term
preservation of plant material at ultra-low temperatures, in which metabolic processes are
temporarily halted and genetic information is preserved in an unchanged state.

A thorough investigation of the physiological and molecular mechanisms determining the
survival and regeneration capacity of tissues of the species Solanum tuberosum L. after
cryopreservation is of exceptional importance. It ensures maximum protection of genetic
resources, guarantees their stability, and creates a foundation for the sustainable development

of breeding and agriculture under conditions of global environmental challenges.
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MOBILITY AND ENVIRONMENTAL RISK
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ABSTRACT

Per- and polyfluoroalkyl substances (PFAS) and microplastics (MPs) are globally pervasive
contaminants that increasingly co-occur, yet their coupled behaviour remains poorly
constrained. This review synthesizes current knowledge on how MPs act as hidden drivers of
PFAS mobility and environmental risk. We examine sorption mechanisms governing PFAS
partitioning onto MPs, including hydrophobic interactions, electrostatic forces, and the role of
surface functional groups, with particular emphasis on the enhanced reactivity of aged and
weathered plastics. Beyond passive adsorption, MPs are evaluated as dynamic transport vectors
that influence PFAS distribution across water, sediment, and soil compartments, potentially
altering bioavailability and exposure pathways. Conflicting evidence on the significance of MP-
mediated transport is critically assessed, highlighting the importance of environmental
conditions and contaminant mixtures. Key knowledge gaps are identified, including
competitive sorption, transformation processes, and soil-plant transfer. The review advocates
for integrated experimental and modelling approaches to better quantify risks associated with
PFAS-MP co-contamination.

Keywords: PFAS; Microplastics; Vectors; Environmental pollution; Transport; Risk
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ABSTRACT

As Al's energy demands rival those of small nations, the human need for a liveable planet is in
direct conflict with the need for intelligence. This research examines "Sustainable AI"
frameworks that prioritize energy-efficient model training and "Green Compute" data centers.
The study evaluates the 2026 trend of "Small Language Models" (SLMs) that provide high-
level reasoning with 90% less energy than their predecessors. By analyzing the lifecycle carbon
footprint of Al, the paper proposes a "Sustainability Score" for all digital transformation
projects. The research concludes that the true measure of technological progress in 2026 is not
just the power of the model, but its ability to operate within the "Planetary Boundaries" of a
carbon-constrained world.

Keywords: Sustainable Al, Green Compute, Small Language Models, Carbon Footprint,
Planetary Boundaries, Energy-Aware Al
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REDUCING ENVIRONMENTAL IMPACTS THROUGH SUSTAINABLE
NITROGEN PRACTICES

ELABBARI Chaimaa

Pr. Labjar NAJOUA

Pr. EL Hajjaji SOUAD

LS3MN2E-CERNE2D, Faculty of Sciences, Mohammed V University in Rabat

ABSTRACT

In agriculture, soil and water pollution by nitrates is significantly exacerbated by the excessive
use of nitrogen fertilizers, which can lead to major environmental impacts such as
eutrophication, groundwater contamination, and health risks.

Several strategies have been developed to address these issues by reducing nitrogen inputs
while improving nitrogen use efficiency and maintaining agricultural productivity.

These strategies include adjusting fertilizer application rates, using slow-release fertilizers,
applying precision fertilization tailored to crop needs, introducing nitrogen-fixing crops such
as legumes, practicing crop rotation, and improving agricultural techniques.

These approaches not only help limit nitrogen losses to the environment but also enhance the
quality of agricultural products and reduce costs for farmers. They form part of a broader effort
to ensure the sustainability of agricultural systems in the face of climate change, balancing
productivity, environmental protection, and resilience.

Keywords: Nitrate pollution, Nitrogen fertilizers, Groundwater contamination, Eutrophication,
Precision fertilization, Sustainable agricultura, Environmental protection, Climate change

resilience
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