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IMPORTANT, PLEASE READ CAREFULLY
To be able to make a meeting online, login via https://lzoom.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 génderilmis ve bilim kurulundan gecgen bildiriler igin online (video konferans sistemi
Uzerinden) sunum imkani saglanmistir. Sunumlar igin 15 dakika (soru ve cevaplar dahil) sure ayriimistir. Online sunum
yapabilmek igin https://zoom.us/join sitesi Uzerinden giris yaparak “Meeting ID or Personal Link Name” yerine ID numarasini
girerek oturuma katilabilirsiniz. Zoom uygulamasi Ucretsizdir ve hesap olusturmaya gerek yoktur. Zoom uygulamasi kaydolmadan
kullanilabilir. Uygulama tablet, telefon ve PC’lerde galisiyor. Her oturumdaki sunucular, sunum saatinden 10 dk oncesinde
oturuma baglanmis olmalari gerekmektedir. Tim kongre katiimcilari canli baglanarak tim oturumlari dinleyebilir. Moderator —
oturumdaki sunum ve bilimsel tartisma (soru-cevap) kismindan sorumludur.

TEKNIK BILGILER
Bilgisayarinizda mikrofon olduguna ve calistigina emin olun. Zoom'da ekran paylasma 6zelligine kullanabilmelisiniz. Katilim
belgeleri kongre sonunda tarafiniza pdf olarak génderilecektir. Kongre programinda yer ve saat degisikligi gibi talepler dikkate
allnrr]ayaéaktlr. Zoom'a giris yaparken once liutfen adinizi, soyadinizi ve SALON numaranizi yaziniz, Ornek: Hall-1, Fatih
KARIPOGLU
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MATERIAL AND METHOD

The material of the research consists of oriental beech seeds collected from silver linden seed stands in the
Zonguldak-Tefen region in 2022. The seeds collected in September were cleaned and immediately transported to
the laboratory in sterile bags without losing their moisture content and were subjected to the necessary pre-
treatments to eliminate their germination barriers. The seeds were stored at +4 degrees and 70% humidity.

Sterile seeds Avere subjected to vitality checks by cutting and floating experiments. Healthy seeds that successfully
passed the/vitality test were separated from the others and after these processes, the obtained beech seeds were
subjected to cold stratification for 6 weeks at 3°C and 30% humidity. The seed is kept at a value between the
m humidity level required for breaking dormancy and the humidity it has in a fully saturated state. When

ed is cold-treated at this humidity level of +3=2 °C, dormancy is broken but germination does not occur.

the moisture content is determined according to the fresh weight to determine the target moisture content of

thg seeds to be stratified. The seeds with adjusted moisture were kept at the same humidity or in the moisture
cgntent range where stratification occurs without germination throughout stratification. The seeds that were

orked on are cold-treated in partially ventilated containers or nylon bags.

4 atanmamis katilime
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Agriculture 4.0

N, loT, big data analytics, UAVs and precision
farming emerge as both a promising solution
and a potential new source of inequality.
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Central question: Can digital agriculture deliver inclusive rural transformation - or will it deepen existing inequalities?
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Hall 1-DrKibra Aslan Yilmaz

Hall 1-Prof.Dr.H...

H-15-TKl SANLI Hall 1-Prof.Dr.Halil Banis OZEL

FLOW PAST A SUBMERGED VANE

&/

~/ * Submerged vanes are hydraulic structures that protruding from the bed and creating a pressure
difference between their two faces [1].

* This pressure difference, similar to that of an airplane wing (Figure la), creates a tip vortex that

significantly modifies the flow field downstream (Figure 1b).
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Lead and lead compounds were introduced as one of 17 toxic chemicals that are
harmful and dangerous to the human life and environment by EPA (Environmental
Protection Agency).

When lead interacts with the human body, it changes the normal functioning of
proteins. Lead dust and vapor generated during soldering, can cause irreversible
health problems, such as neurological disorders, reproductive problems, high
blood pressure, decreased hemoglobin production, vasoconstriction, anemia,
etc. In addition, disposal of lead in the environment has been considered very
detrimental.

Among Pb-free alternatives, Silver (Ag) is widely used in solder alloys because
of its excellent electrical and thermal conductivity as well as its good wetting
characteristics, which are essential for reliable electronic interconnections.
Antimony (Sb), is known to enhance mechanical strength, creep resistance,
and thermal stability in metallic alloys. The combination of Ag and Sb can
lead to the formation of intermetallic phases that significantly influence the
microstructure and transport properties of the alloy system. Therefore, Ag-Sb
alloys are considered promising candidates for the development of
environmentally friendly Pb-free solder materials with improved mechanical and
thermal performance.
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TiO,

* Titanyum dioksit (TiO,,genis bant araligi(3.2eV) ve elektronik
malzemeler, paketleme, yiyecek endustrisi ve kozmetik Urlnler
basta olmak uzere vyaygin kullanima alanina sahip bir
yariiletkendir.

* Titanyum dioksit (TiO2), buyuk fotokatalitik aktivitesi, kimyasal ve
biyolojik kararliligl, suda, asit ve baz ortaminda c¢oézinmezligi,
korozyona karsgi direnci, toksik olmamasi, dusuk fiyati ve oksit,
sulfur ve diger malzemelere kiyasla bulunabilirligi nedeniyle yaygin
olarak kullanilan en 6ne ¢ikan fotokatalizordur
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3 SAYIHiss

Alanyazinda say! hissine yonelik farkli tanimlarin bulundugu
gorilmektedir.

Hope (1989), sayi hissini sayisal durumlara iliskin mantikli tahminlerde
bulunabilme ve uygun hesaplama yollarini segebilme yetenedi olarak
Howden (1989), sayilar ve aralarindaki iliskiler hakkinda sezgisel bir
anlayis gelistirme becerisi olarak

Berch’e (2005) gore ise say! hissi, bireyin sayilarin anlamina iliskin
gelistirdigi duyusal farkindalik olarak

tanimlamaktadir. @
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Acil Saglik Hizmetlerinin Yapi Taglarn

Saha koordinasyonundan hastane igi onceliklendirmeye kesintisiz bir akis.

Saha - 112 Ambulans Hastane - Triyaj

112 Koordinasyon Merkezi Kirmizi: Acil Hayati Tehlike

e . Sari: Geciktirilemez
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Tarife indirimleri ve 8 Y|II|k Gegis Takvimi

Asimetrik Muafiyetler ve Hassas Uriin
Simdi bir ara odasindasiniz

Baslangig Ani (1 Agustos 2015) Gegis Siirecinin Sonu (8. Yil)
Tarife cetvellerinin %70'i aninda sifirlandi.

inracatta %99 Muafiyet

ithalatta %86 Muafiyet

Sanayi Uriinleri Tarim Uriinleri Kritik indirim: Palm Yagi Kapsam Digi

2018 itibariyla Malezya Nar, kavun, karpuz hari¢ 2018'de Gumriik vergisi i Alkol, tiitiin mamulleri, piring.
vergilerinin %80’ kalkti, 8. sifirlama. Hassas hayvansal reflekse ragme s
tam sifirlanma taahhiidi. Uriinlerde tarife kotalari. %21,8'e diiglirdldi.
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» Epilepsi, diinyada her yastan yaklasik 50 milyon insani etkileyen ciddi bir norolojik
bozukluktur (WHO, 2024).

» Sinir sistemi hastaliklari icerisinde en sik goriilen 4. hastalik olup ve tekrarlayan

nobetlerle karakterize davranigsal veya motor bozukluklardir (Milligan, 2021; Fiest ve

ark.,2017).

* Epilepsinin temel mekanizmasi, noronlarin asiri uyarilmasi ve asirl1 senkronize

noronlar arasinda tekrarlayan sinaptik baglantilarin olusmasidir (Rafli ve ark., 2023).
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Nocardia,
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Isolation

Vitamin-B chitin medium, with 80 strains of actinobacteria were selected
or without the addition of - and purified on 1SP2
antibiotics
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Microgrid Intelligence Optimized: Enhancing Battery Health & Solar Forecasting

Battery State of Health (SOH) Optimization

INITIAL STATE (Standalone) vs. OPTIMIZED RESULT (Transfer Learning)

— =
OPTIMIZED RESULT 1

(Two-Stage Transfer Learning)

SELECTIVE-FREEZE
TRANSFER LEARNING
STRATEGY

Standalone
CNN-BILSTM

45%+52%
IMPROVEMENT
in RMSE

Struggle with field
data variability

Pre-training on
NASA lab data

then adapting to
microgrid field
conditions

Achieved robust field
accuracy with error rates

BELOW 3.5%
FIELD RMSE

B m—————
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PV Generation Forecasting
INITIAL STATE (Standalone) vs. OPTIMIZED RESULT (Hybrid Architecture)

OPTIMIZED RESULT
(Hybrid GRU-XGBoost Architecture)
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REFINEMENT
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Particle Swarm
Optimization (PSO)
fine-tunes
hyperparameters for
GRU & XGBoost
stages

Standalone
GRU

Outperformed by
combining temporal
&nonlinear learning
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Achieved a FINAL nRMSE
of only 4.17%

Battery SOH: < 3.5% Field RMSE
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Table(01): Examples of antibacterial molecules produced by
actinobacteria.

Streptomyces anulatus i 1yces griseus cloheximide

Streptomyces canus Amphomycin Streptomyces orchidaceus Cycloserine
Micromonospora spp. Anthracyclin Streptomyces roseosporus Daptomycin

Streptomyces canus Aspartocins Micromonospora purpurea Gentamicin

Streptomyces avermitilis Avermectin Streptomyces Kanamycin
kanamyceticus

Streptormyces z Chl ic Streptomyces mediterranei Rifamycin

Microntonospora spp Clostomicins Streptomyces griseus Streptomycin
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Impacts of urbanisation
® Surface waterways
o  Peak runoff
©  Deterioration in quality
® Groundwater systems
Water scarcity means a shortage in o
availability due to physical shortage
or scarcity. o
Around 33% of the earth's major
aquifers are being depleted
unsustainably.
Nearly 40% of the world's population T sy
is suffering from water scarcity.
Globally around 50% of urban water

use is associated with well, spring [ e ey er Shujat Bhatti
O el yekd 3

and borehole sources. ine marucn
I contaminstion
2 wbmadence

[T
' Bising watertable
et Mgy

Radical change in aquifer recharge patterns and
rates.
Negative quality recharge.

Tacessrve Contamanant

~ W -
 Qual il e

o oo
@ 0o #
Participants Share Host tools Breakout rooms Leave room

1104 AM

X - -
ARV @ TR AN o0

Meeting

@ 1Y PowePoint Presertstion X 1KULTEPE KONGRE PROGRAM 2 B signin

Quetta is the provincial capital of
Balochistan,

1680 meters above sea level.

Valley watershed area: 1756km?
The valley is divided in two basins;
Quetta valley in the north and Dasht
plain in the south.

Groundwater levels declining at an
alarming rate, Land subsidence.

ujat Bhatti
Increase in population, refugees
Electricity subsidies for agriculture
lllegal tubewell drilling
Fluctuations in the precipitation
Drought

er decline map of Quetta City. Redrawn from (Kakar et al.
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The rapid growth of digital technologies
has led to a significant increase in

cybercrimes including hacking, identity

theft, financial fraud, and data breaches

Traditional investigation methods are A Reashmi S (hall 2)
insufficient for handling these complex

cases

R i S I 2)
Digital forensics has emerged as a critical Reashmi § (hal

discipline, enabling investigators to
identify, collect, analyze, and preserve
digital evidence while ensuring its
integrity.
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1.ULUSLARARASI KULTEPE BILIMSEL ARASTIRMALAR VE INOVASYON KONGRESI 23-
24 MART 2026 tarihleri arasinda KAYSERI “de online olarak 12 farkl: iilkeden (Tiirkiye:12 ve diger
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yurtdisindaki etkinligin uluslararasi olarak nitelendirilebilmesi i¢in Tiirkiye disindan en az 5 iilkeden
farkli teblig sunan konugmacinin katilim saglamasi ve tebliglerin yaridan fazlasinin Tiirkiye digindan
katilimeilar tarafindan sunulmasi esastir. “* degisikligine ve Dogentlik kriterlerine uygun
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BAZI ETKIiLi MiKROORGANIZMALARIN (EM-1 VE EM-5) DOGU GURGENI (Carpinus
orientalis Mill.) TOHUMLARININ CIMLENME PARAMETRELERI UZERINE ETKILERI
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OZET

Ormanlarin ¢ok sayida canli ve cansiz unsurun kendi i¢inde ve karsilikli etkileri sonucunda
olugmus dinamik bir ekosistemdir. Bu ekosistem disarindan gelen etkilere kars1 dogal siirecler
cergevesinde daima sahip oldugu ekolojik dengenin devamliliginin saglamaya caligmaktadir.
Bu dengenin korunmasinda ormanin ev sahipligi yaptigi en 6nemli unsurlarin basinda gelen
agaclarin ayr1 bir 6nemi vardir. Agag tiirlerinin farkli ekolojik ve silvikiiltiirel 6zelliklerinin
olmasi da bu durumun en 6nemli gostergesidir. Bu kapsamda bazu agag tiirleri 6zellikle sahip
oldugu odun hammaddesinin dayanikli olmas1 nedeniyle genis bir kullanim alanina sahipolmasi
nedeniyle daha sik ve yogun bir sosyal baskiya maruz kalarak orman kaynaklarindan kisa
siirede uzaklastirilmaktadir. Ulkemiz orman kaynaklar da tiir gesitliligi agisindan zengin ve
cesitli olmakla birlikte dogu giirgeni (Carpinus orientalis Mill.) bazi agag tiirleri yaygin
kullanim alanlari nedeniyle ¢ok fazla somiiriilmiis ve nesli tehlike altina girmistir. Dogu giirgeni
fonksiyonel acidan degerli bir agag tiirii olmakla birlikte tohumunun sahip oldugu yiiksek
cimlenme engeli nedeniyle geng bireylerinin yetistirilmesi olduk¢a zor ve gii¢ olan bir tiirdiir.
Bu nedenle doga ¢ok az miktarda saglikli tohumlari temin edilenilen bu tiiriin gimlenme yiizdesi
ve ¢imlenme hizi gibi bazi 6nemli ¢imlenme paremetrelerinde daha yiiksek verimliligin
saglanabilmesi i¢in dogal olarak yasamin i¢inde bulunan ve dogada dogal olarak sentezlenen
bazi etkili mikroorganizmalarin (EM-1 ve EM-A gibi) etkilerinin incelenmesi amaciyla bu
arastirma gerceklestirilmistir. Arastirma kapsaminda soguk katlama ile c¢imlenme engeli
giderilmis dogu giirgeni tohumlarina her iki etkili mikroorganizma tipinin 3 farkli dozu (%20,
%50 ve %80) uygulanmis ve bu uygulamalarin tohumlarin ¢imlenme yiizdesi ve ¢imlenme hizi
lizerinde meydana getirdigi farklilagmalar incelenmistir. Yapialan ¢imlenme testlerinden elde
edilen ham verilere uygulanan varyans analizi ve Duncan testi sonucunda Ozellikle %50
konstransyon seviyesinden itibaren hem farkli orijinler arasinda hem de kontrol tohumlar1 ve
diger konsantrasyon dozlar1 arasinda istatistiki agidan olumlu etkilerin oldugu belirlenmistir.

Anahtar Kelimeler: Dogu Giirgeni, Tohum, Etkili Mikroorganizma, Cimlenme Parametreleri
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EFFECTS OF SOME EFFECTIVE MICROORGANISMS (EM-1 AND EM-5) ON
GERMINATION PARAMETERS OF ORIENTAL HORNBEAM (Carpinus orientalis
Mill.) SEEDS
ABSTRACT

Forests are dynamic ecosystems formed by the interaction of numerous living and non-living
elements within themselves and with each other. This ecosystem constantly strives to maintain
its ecological balance through natural processes in the face of external influences. Trees, which
are among the most important elements in maintaining this balance, play a special role. The fact
that different tree species have different ecological and silvicultural characteristics is a key
indicator of this. In this context, some tree species, especially due to the durability of their wood
and their wide range of uses, are subjected to more frequent and intense social pressure and are
quickly removed from forest resources. This situation leads to the endangerment of the species
and makes it difficult to ensure their continued existence. Although our country's forest
resources are rich and diverse in terms of species diversity, some tree species, such as the
oriental hornbeam (Carpinus orientalis Mill.), have been heavily exploited due to their
widespread uses and are endangered. While the oriental hornbeam is a functionally valuable
tree species, its high seed germination barrier makes it quite difficult and challenging to
cultivate young individuals. Therefore, this research was conducted to investigate the effects of
certain effective microorganisms (such as EM-1 and EM-A) that are naturally occurring and
synthesized in nature, in order to achieve higher efficiency in some important germination
parameters such as germination percentage and germination rate of this species, for which
nature provides very few healthy seeds. Within the scope of the research, three different doses
(20%, 50%, and 80%) of both effective microorganism types were applied to oriental hornbeam
seeds whose germination inhibition was removed by cold stratification, and the differences in
germination percentage and germination rate of the seeds caused by these applications were
examined. The results of the variance analysis and Duncan test applied to the raw data obtained
from the germination tests showed that statistically significant positive effects were observed,
especially from the 50% concentration level onwards, both among different origins and between
control seeds and other concentration doses.

Keywords: Oriental Hornbeam, Seed, Effective Microorganism, Germination Parameters

1. INTRODUCTION

Many dynamics have taken place and changed in the process from the formation of the universe
to the present day. The living populations that form the basis of these dynamics have contributed
to the biological diversity on earth as a result of the interactions they have experienced both
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within themselves and with the environment. The most important of this diversity, the flora
elements, have ensured the existence of a very rich plant diversity in today's world as a result
of the changes they have undergone during the process and have made countless contributions
to the ecosystem. One of the most important places of this plant richness is the forests covering
an area of 23.2 million hectares (29.6%) in our country. Along with forests, our country, with
the presence of various ecological settlements formed as a result of the effects of numerous
climatic, edaphic, physiographic and biotic factors, hosts 12,000 plant taxa, 3000 of which are
endemic, and with this richness it has, it progresses parallel to the plant species diversity of the
European continent and is described as "Asia Minor" (Erik and Tarikahya, 2004; Avci, 2014;
Cuhadar and Alan, 2021).

Oriental hornbeam (Carpinus orientalis Mill.) is important as an important species that grows
rapidly in forest habitats and sheds leaves. It is very important for the production of both
industrially useful products such as paper and non-wood forest products such as charcoal. When
wild cherry is grown as part of a tree in the forest, it also has a positive effect on biodiversity
due to the nutritional value of its fruit. The monetary value of this species should not be ignored.
Tree breeding and genetic protection studies are being carried out in Europe to increase the
oriental hornbeam population and encourage afforestation. It is also listed among the "Valuable
Leafy Plants" by the European Forest Genetic Resources (EUFORGEN). This situation
emphasizes the need for sustainable management of wild cherries and conservation of their
diversity (Kulag et al., 2009). In addition to human damage, due to the high ecological value of
the wild cherry individuals that are under pressure due to the high demand for light in our
forests, it has become a rare species due to its secondary tree species. For all these reasons, we
need to give more importance to wild cherry in our forests and afforestation activities. Oriental
hornbeam is a deciduous forest tree species that is naturally found in Europe, North Africa,
West Asia and our country and has ecological and economic value (Davis, 1972; Savill, 1991,
Santi et al., 1998; Russell, 2003). In our country, it is generally widespread along the northern
line and although its main distribution area is generally stated as the Black Sea Region and the
Northern Marmara Region, it is unlikely to survive in the Aegean, Central Anatolia,
Mediterranean, Western and Southern Marmara Regions (Welk, 2016). Several different
methods have been tried to eliminate seed germination barriers. These methods include hot-
cold stratification, hot water application, various mechanical and chemical processes such as

sulfuric acid, citric acid, lye, hydrogen peroxide. However, it has been observed that hot and
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cold stratification is predominant in practice and other mechanical and chemical processes do
not show the desired success (Anon., 1989; Kulag, 2009).

Some microorganism studies have been conducted on wild cherry seedlings and it has been
concluded that higher quality seedlings are obtained thanks to microorganisms on seedlings.
(Klymenko et al., 2010). Based on this, it has been seen that sustainable seedlings can be
obtained as a result of the use of Effective Microorganisms to improve germination parameters
on seeds and eliminate germination barriers, and indeed, it has been observed that the effects
on germination of wild cherry seeds were not examined with the use of effective
microorganisms in the study focusing on seedlings.

The effect of Effective Microorganisms has been tested on seeds with low germination values
on exotic and forest tree species and on seeds of many agricultural species and positive results
have been obtained (Chaudhry et al., 2005; Piskier, 2006; Javaid, 2006). In the light of these
studies, it has been determined that these organic compounds, like other chemical substances,
do not negatively affect the physiological or anatomical characteristics of seeds, seedlings and
saplings, on the contrary, they support their development positively and do not cause
environmental pollution due to their natural structure. It is used to increase the resistance of
plants to diseases, pests, cold and frost, but Effective Microorganisms (EM) used in the project
to remove the germination barrier;

EM-1: It is a product widely used in agriculture and provides all the beneficial properties of
EM. EM-5: It is a quality liquid microbial fertilizer and auxiliary plant nutrient. It is applied
from the leaves to increase resistance to diseases and pests. When applied continuously, it
reduces the need for chemical pesticides to almost zero. It is sprayed after germination to protect
against diseases and pests before they appear.

2.MATERIAL AND METHOD

The natural habitats located in the northern regions of Tiirkiye, such as Kdz.Eregli, Zonguldak-
Dirgine, Karabik-Yenice, Kastamonu-inebolu and Bartin-Karacaydere, are areas where
biodiversity is rich and human intervention is low. Oriental hornbeam trees in these regions are
generally young, healthy and dominant, and they form an important part of the ecological
structure of these areas. Forest management directorates work to collect cherry fruits at the most
appropriate time and method as a result of the land surveys they conduct in these areas. June is
the ideal time for the fruiting period of oriental hornbeam trees. As of June, the fruits ripen and
yellowish red, soft and ripe seeds are seen. At least 300 ripe and healthy oriental hornbeam

seeds were collected in June in the mentioned regions, and a total of 1600. The collection
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process was planned and carried out especially considering the labor force and climate
conditions. Therefore, the seed collection dates differed. In this way, it will help us better
understand the germination potential of the seeds according to the genetic characteristics and
ecological structure of each region. The collected seeds were brought to the laboratory
environment and meticulously processed in order to increase the germination ability of the
seeds and reduce the risk of possible contamination caused by external factors. Here, the seeds
were separated from their seeds in a basin without damaging them, ensuring that the seeds could
be used later. The seeds were first separated regionally and then the seeds were gently crushed
by hand to remove them. In this way, the processes were carried out meticulously in order to
preserve the strength and quality of the seeds. The seeds were completely separated from their
flesh, washed with pure water and then dried in a shaded area. In this way, it is applied to
eliminate potential pathogens on the surface of the seeds. This process is important for ensuring
the healthy germination and growth of the seeds. In order to purify the seeds from external
factors and ensure their longer storage, the dried seeds were stored in cloth bags in a cool and
airy environment. In this way, it was aimed to maintain the optimum moisture level of the seeds
and preserve their quality. Thus, the preliminary preparation of the wild cherry seeds to produce
quality saplings was made in this way. In addition, it is an important step taken to protect the
natural genetic diversity of the seeds and to support forestry activities. The steps implemented
in this process were meticulously planned in accordance with scientific standards and were
carried out with the aim of contributing to the sustainable use of natural resources. In order for
germination tests to yield more reliable results, seeds were subjected to quality control. In order
to evaluate the vital activities of the seeds, vitality tests were performed and seeds with low
germination potential were identified and eliminated before participating in the testing process,
and then germination test procedures were initiated.

Solutions were prepared in 1.5 liter containers for EM-1 and EM-5 20%, 50%, 80% (adjusted
as low, medium and high doses). Then, the seeds were placed in containers in which they would
be kept. Before the seeds were placed, moistened germination papers were placed in the petri
dishes and the seeds were placed on these germination papers so that they would not touch each
other. A total of 100 seeds were subjected to germination in 4 petri dishes, 20 seeds in each
container. These processes were carried out separately for 5 different origins. Germination
checks were made on the 7th, 14th, 21st days after the seeds were placed in the refrigerator and
then periodically every day. This is important to monitor the development of the germination

process, to detect potential deviations and to ensure the accuracy of the data. After the seed
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germination process was completed, the germination percentage was calculated by dividing the
number of germinated seeds by the number of seeds planted. The germination rate is known as
the number of seeds germinated in the first 7 days after the processes on the seeds begin.
Therefore, the germination rate is taken into account as the percentage (%) of the number of
seeds germinated in the first 7 days. In this research, the tests were performed in the same way
for each origin in the control. Although these tests were performed for each origin, control
samples were prepared in petri dishes from 5 different origins where seeds were taken and it is
a necessary step to ensure that the results obtained reflect the original seed characteristics and
to minimize the possibility of external factors affecting the results. In this way, the effects of
EM types and doses were easily revealed with statistical comparisons. There are statistical tests
to be performed in the research within the scope of the project in order to interpret the results.
At the end of the research, one-way variance analysis was performed to determine the
differences between the 5 different origins and EM types concentrations. Then, Duncan test
was used for groupings and SPSS statistical package program was used for these.
3.RESULTS AND DISCUSSIONS

Findings regarding the germination rate and germination percentage parameters of oriental
hornbeam seeds with the application of solutions prepared at different doses of EM1 and EM5
effective microorganisms are presented in tables below.

Table 1. Duncan Test Results for Germination Rate of Seeds in EM-1 Solutions

Doses
Provenancses Control %20 %50 %80
Zonguldak Kdz.-Eregli 33,47 43,37bc 51,472 62,19%
Zonguldak-Dirgine 31,78 39,91bc 48,01° 60,15%
Karabiik-Yenice 43,56 59,67¢ 57,07° 71,812
Kastamonu-inebolu 34,71 51,70 46,13% 70,462
Bartin-Karacaydere 30,63 37,95 45,57% 58,62¢

Table 2. Duncan Test Results for Germination Rate of Seeds in EM-5 Solutions

Doses
Provenancses Control %20 %50 %380
Zonguldak Kdz.-Eregli 35,27 43,31° 57,04%® 64,742
Zonguldak-Dirgine 32,88 40,41° 55,44 63,08%
Karabik-Yenice 45,75 54,91¢ 67,42 75,85°
Kastamonu-inebolu 36,87 45,97 59,34% 66,13
Bartin-Karacaydere 32,99 41,26 52,33P 59,982

When the germination rate is examined in the studies conducted, as seen in Table 1 and Table

2, the most significant result for EM-1 and EM-5 is seen in 80% dose. Although this rate
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gradually decreases in the other 50% and 20% doses, it is seen that it has a higher germination
rate compared to the control group in the tests conducted using EM-1 and EM-5. At the same
time, when we look at the origins of EM-1 and EM-5, although the highest germination rate in
the control group is seen as Karabik-Yenice, the highest germination rate value is seen in the
same provenance in 90% solution. In the germination percentage variable, although this rate
gradually decreases in 30% and 60% doses, higher germination percentage was observed in
tests performed using EM-1 and EM-A compared to the control group. At the same time, when
we look at EM-1 and EM-A origins, the best germination rate in the control group is seen as
Karablk-Yenice, although the germination percentage in 90% solution is seen as the highest
value in same origin. Similar results were obtained from other studies conducted using the same
doses of similar effective microorganisms on seeds of Wild Cherry, Scots Pine and Black Pine
species.

4.CONCLUSIONS

According to the scientific findings obtained, according to the study conducted on oriental
hornbeam populations, it is seen that there are differences in seeds taken from origins depending
on geographical and ecological (altitude, rainfall) factors. In this study where different
populations, solutions and doses are examined, when the germination rate and germination
percentage are examined, it is seen that the highest statistically significant result is obtained in
EM-1 effective substance. In this respect, in terms of sustainability on the species, the use of
effective microorganisms to encourage the elimination of germination barriers is important. The
production and breeding studies of this species, which is important for non-wood forest
products and wildlife, will contribute to us in every way. Within the scope of this study,
although the origins are different, it is seen that effective microorganism species are effective
in eliminating germination barriers.
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OZET

Diinyanin dogal olarak kendisini yenileyebilen en 6nemli kaynagi olan ormanlar, giiniimiiziin
en onemli ¢evre sorunu olan kiiresel 1sinmanin olumsuz etkilerinin azaltilmasi agisindan da
vazgecilmez bir 6neme sahiptir. Ancak ¢ok kompleks ve dinamik bir yapiya sahip olan bu canli
varlik son yillarda ¢ok sayida biyotik ve abiyotik faktorlerin etkisi, asir1 faydalanma ve
yanginlar, agir metal ve nanopartikiiler kirlilik gibi nedenlerle 6nemli 6l¢iide azalmus, kalite ve
saglik durumlar1 6nemli dl¢giide zayiflayarak verim giigleri diismiistiir. Bu nedenle degrade hale
gelmis ve verim giicleri azalmig olan ormanlarin yeniden verimli hale getirilerek yeniden milli
ekonomiye kazandirilmasi oldukga onemlidir. Ulkemizin énemli orman agaci tiirlerinden birisi
olan Giimiisi Ihlamur (Tilia tometosa Moench.) ormanlarinda da bu 6nemli verim diisiisii son
yillarda belirgin olarak yasanmaktadir. Ozellikle endiistriyel iiretim siiregleri sonrasinda yaygin
olarak yasam ortamlarinda bulunan ve tiim canlilarin yasam siireglerini olumsuz etkileyen
nanopartikul turlerinden birisi olan Fe20O3 nanopartikiiliiniin bu aragtirma ile farkli dozlarda
hazirlanan konsantrasyonlarinin klorofil a, klorofil b ve fotosentez gibi 6nemli fiyolojik
Ozellikleri tzerindeki etkileri incelenmistir. Yapilan uygulamalar sonucunda 2+0 yasindaki
thlamur fidanlarindan elde edilen verilere uygulanan varyans analizi ve Duncan testi sonucunda
hem konsantrasyonlar arasinda hem de kontrol fidanlari arasinda %95 giiven diizeyinde
istatistiki agidan 6nemli farkliliklar bulunmustur. Buna goére 6zellikle 1000mg/l dozdan itibaren
klorofil a, klorofil b ve fotosentez miktarinda %35-58 oraninda azalmanin meydana geldigi ve
bu konsantrasyon diizeyinin toksik esik meydana getirdigi saptanmustir.

Anahtar Kelimeler: Fe,O3 Nanopartikiilii, Fidan, Fizyoloji, Giimiisi Ihlamur, Toksik Etki

THE EFFECT OF FE203 NANOPARTICLES ON SOME PHYSIOLOGICAL
CHARACTERISTICS OF SILVER LINDEN (Tilia tomentosa Moench.) SEEDLINGS
ABSTRACT

Forests, the world's most important naturally regenerating resource, are indispensable in
mitigating the negative effects of global warming, one of the most significant environmental
problems of our time. However, these complex and dynamic living organisms have significantly

decreased in recent years due to the influence of numerous biotic and abiotic factors,
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overexploitation and fires, and heavy metal and nanoparticle pollution. Their quality and health
have deteriorated considerably, and their productivity has decreased. Therefore, it is crucial to
restore degraded and degraded forests to their productive state and reintegrate them into the
national economy. This significant decline in productivity has also been observed in recent
years in the forests of the Silver Linden (Tilia tometosa Moench.), one of the important forest
tree species in our country. This research investigated the effects of Fe,Oz nanoparticles, a type
of nanoparticle commonly found in habitats after industrial production processes and negatively
affecting the life processes of all living things, on important physiological properties such as
chlorophyll a, chlorophyll b, and photosynthesis, using different concentrations. Analysis of
variance and Duncan test applied to data obtained from 2+0 year old linden seedlings as a result
of the applications revealed statistically significant differences at the 95% confidence level,
both between concentrations and between control seedlings. Accordingly, it was determined
that a decrease of 35-58% in chlorophyll a, chlorophyll b and photosynthesis amounts occurred,
especially from the 1000 mg/l dose onwards, and that this concentration level constituted the
toxic threshold.

Keywords: Fe-O3 Nanoparticle, Seedling, Physiology, Silver Linden, Toxic Effect.
1.INTRODUCTION

Nanoparticles (NPs) are extremely small particles, typically less than 100 nanometers in size,
and they are increasingly used in various industrial, agricultural, and environmental
applications. However, the effect of pollution from nanoparticles on plants is a growing concern
as they can enter the plant system through various means such as the soil, water, and air. Here's
how pollution from nanoparticles can affect plants; Nanoparticles can have toxic effects on
plant cells by entering through root absorption or foliar uptake (when deposited on the surface
of leaves). Once inside the plant, nanoparticles can; Cause oxidative stress: NPs may generate
reactive oxygen species (ROS) that damage plant cells by breaking down lipids, proteins, and
nucleic acids, leading to cell death and reduced plant growth. Disrupt cellular functions:
Nanoparticles can interfere with processes like photosynthesis, respiration, and nutrient uptake,
potentially leading to stunted growth or chlorosis (yellowing of leaves). Some nanoparticles,
particularly metal-based ones like silver, copper, and zinc, can disrupt the photosynthetic
machinery in plants (Du et al., 2010; Andreotti et al., 2015). They can; Damage chlorophyill:
Nanoparticles can interfere with chlorophyll content, which reduces the plant’s ability to
capture light energy and convert it into chemical energy. Block stomatal openings: By clogging

the stomata (tiny pores on the leaf surface), nanoparticles may limit gas exchange, further
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hampering photosynthesis. Roots are especially vulnerable to nanoparticles due to their direct
contact with soil and water. Some of the effects include; Reduced root growth: Exposure to
nanoparticles can cause a decrease in root length and surface area, reducing the plant's ability
to absorb water and nutrients. Toxic accumulation in root cells: Toxic nanoparticles can
accumulate in root tissues, damaging root cells, leading to necrosis (cell death), and reducing
overall plant health. Nanoparticles can interfere with the plant’s ability to take up essential
nutrients from the soil; Disruption of nutrient uptake: Some nanoparticles can block the
transport of nutrients like nitrogen, phosphorus, and potassium, leading to deficiencies that
affect plant growth and development. Bioaccumulation of harmful substances: Heavy metals
present in nanoparticles (such as cadmium or lead) may accumulate in plant tissues, posing
potential risks to the plant and, eventually, the food chain. Plants rely on beneficial
microorganisms (such as mycorrhizae) for nutrient uptake and overall health. Nanoparticles can
negatively affect these interactions; Toxic effects on soil microbes: Some nanoparticles can kill
or inhibit soil microorganisms essential for nutrient cycling, thereby reducing soil fertility and
plant growth. Altered root microbiome: Exposure to nanoparticles can alter the composition of
the plant's root microbiome, which could affect nutrient availability and plant health.
Nanoparticle pollution can affect plant reproduction; Reduced seed viability: Exposure to
nanoparticles may decrease seed germination rates and lead to the production of weaker, less
viable seeds. Pollination interference: Some studies suggest that nanoparticles deposited on
flowers or leaves could interfere with pollinator behavior, indirectly affecting plant
reproduction (Dietz and Herth, 2011; Liu et al., 2016). Bioaccumulation in the food chain: As
plants absorb nanoparticles, these particles can enter the food chain. Herbivores consuming
contaminated plants may accumulate nanoparticles, which could impact animal health. Soil
contamination: Persistent nanoparticles can accumulate in the soil over time, leading to long-
term environmental pollution and impacting plant health for future generations. While
nanoparticles have many beneficial uses, their pollution can pose significant risks to plant
health, affecting growth, reproduction, and ecosystem stability. Understanding how different
types of nanoparticles affect plants is crucial for developing strategies to minimize the negative
impacts on agriculture and the environment. Further research is needed to better assess these

effects and to explore ways to mitigate the risks associated with nanoparticle pollution.
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2.MATERIAL AND METHOD

2.1. Material

Silver Linden (Tilia tomentosa Moench.) is one of the important forest trees of our country and
can be evaluated in many different ways. It is known that oriental beech covers 3,45% of the
forest areas in Tirkiye and spreads over an area of 675.328 hectares. (OGM, 2020) This species
generally enjoys the effect of the maritime climate, that is, the temperature in the summer
months usually does not exceed 22°C and the winters are not too cold. Silver Linden can grow
well under shade and therefore generally prefers the north and northwest directions. It prefers
well-drained, high-sloping and airy soils. It is also a species sensitive to soil properties.
(Saatcioglu, 1976). Silver Linden is a tree species from the beech family and is frequently found
in the mountainous regions of the Middle East and Eastern Europe. This tree species is
important for different purposes such as wood production, landscaping and habitat provision
while preserving biodiversity. The characteristics of silver linden seedlings include various
factors that directly affect plant health and growth. In our country, the widest distribution area
of oriental beech is observed in the Black Sea forests. However, it is found locally in Northern,
Western and Southern Anatolia and the Marmara Region. While the tree height of silver linden
generally varies between 30-40 meters, the trunk middle diameter is 1.0-1.5 meters and the
usable stem height is around 15-20 meters (Bozkurt and Erdin, 2011; Erdin and Bozkurt, 2013).

Fe>O3 nanoparticle used in the study were prepared with four different concentrations (700
mg/l, 1000mg/l, 1300mg/l and 1600mg/l) of pure water. The concentrations prepared in the
laboratory environment were taken to Gokgebey Nursery to be applied. In the application, 3
repetitions were carried out for each concentration level of each nanoparticle type. For each of
the 3 repetitions, 30 seedlings and a total of 90 seedlings were applied for each concentration
level. Thus, 360 seedlings were used for each nanoparticle type. The study was carried out on
90 of 2+0 aged covered silver linden seedlings in a total of 3 repetitions, including control
samples that were not subjected to any nanoparticle application as the control group. In the field
phase, different concentrations of nanoparticles were applied on 2+0 old covered seedlings in
the nursery in the morning dawn after the late frosts passed and before the vegetation season
began. These measurements were also repeated three times at the beginning, middle and end of
vegetation. In these measurements made at intervals, the amount of photosynthesis, chlorophyll
a and chlorophyll b variables were taken into account.
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2.2. Method

In measuring physiological parameters, a LICOR brand device was used as a photosynthesis
device. In chlorophyll a and b measurements, healthy leaves of silver linden saplings were
collected; chlorophyll a and b measurements were started in the laboratory environment.
Chlorophyll analysis determination: The leaves of the saplings whose chlorophyll amounts will
be measured are taken, crushed in a mortar and a solution is created with ethanol (25 ml ethanol
for 1 gr pure chlorophyll) and the chlorophyll amounts in this solution are determined using the
photoelectrocolorimetry (FEK-M) method (Dmitriyeva and Kefeli, 1991). This method allows
us to determine the density (optical frequency) of the chlorophyll amount in the plant. FEK-M
measures the difference between the electrical current strengths of two different rays with the
help of a galvanometer and the optical frequency of the solution is determined. The appropriate
filter is selected from among four different filters according to the color of the solution used
(Red filter was used). A calibration curve was created according to the values read on the
galvanometer for the standard. Three repeated readings are made to determine the concentration
of the solution. The values read on the galvanometer are calculated with the help of a column
on the calibration curve. The amount of chlorophyll is obtained according to the amount of
density. The “hetri” solution is used to compare the used solution (Dutton et al., 1943; Atik,
2008). Variance analysis will be used to compare the types of nanoparticles and the 4 different
concentrations applied to each type of nanoparticle in terms of photosynthesis amount,
chlorophyll a and chlorophyll b, and the Duncan test was applied to create homogeneous
groups. All these statistical analyses were performed with the help of the SPSS statistical
package program.

3.RESULTS AND DISCUSSIONS

The results of data of physiological variables performed on beech saplings at the beginning,
middle and end of the vegetation period are given separately in the tables below.

Table 1. Intro-Vegetation Period of Photosynthesis Amount, Chlorophyll a and b
Measurements of Seedlings to Fe,Os Concentrations were Applied

Variables Concentration doses (mg/l)
Control 700 1000 1300 1600
Amount of Photosynthesis 11.24 1412 1557 13.21 13.74
(umol)

_ Chlorophyll a 7,63 8,52 9,12 8,92 8,15
(micrograms/milliliter)

_ Chiorophyll b 6.47 7,65 8,50 7,88 6,55
(micrograms/milliliter)
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In the study where Iron Oxide nanoparticles were used, as seen in Table 1, as a result of the
variance analysis performed to determine whether there is a statistically significant difference
(p<0.05) between individuals, it is seen that there is no statistically significant difference
between individuals in terms of photosynthesis amount at at least 95% confidence level when
compared with the control group at different concentrations. In addition, there are no significant
differences between chlorophyll a and b values.

4. CONCLUSIONS
In the light of the findings obtained from the research, iron oxide nanoparticles do not affect

the physiological characteristics of silver linden very negatively at low initial doses, but they
also gave signals that negative effects may start with some minor losses in the performance of
these properties. However, significant decreases especially in photosynthesis amounts started
to occur starting from 1000 mg and 1300 mg doses. This situation showed that these two dose
levels are important toxic threshold values in the normal development performance of the
seedlings physiologically. This situation showed that the physiological and morphological
characters of the produced seedlings can be negatively affected by the effects of various
pollutant sources in open field conditions. In the light of these indicators, the presence, effects
and growth performances of pollutants should be periodically evaluated in seedling production
centers, especially in nursery conditions where open field production is carried out, with
random sampling methods in selected seedlings based on species.
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ABSTRACT

Even though the digital agricultural technologies, including artificial intelligence, the Internet
of things (1oT), big data analytics, unmanned aerial vehicles, and precision farming systems,
are increasing the speed of the agricultural production transformation, the benefits of this
transformation remain unevenly distributed across the regions, income groups, and social strata.
The current paper examines the alignment of the Agriculture 4.0 elements with the rural
development and green transformation goals through the lens of sustainability by positioning
Turkey as a comparative case with the global experience through a structured thematic review.
The analysis is structured based on four themes, namely, the rural development—digital
transformation nexus, sustainability and green transformation results, the digital divide and
regional inequalities, and policy and institutional mechanisms, using a systematic search of
Web of Science as well as Scopus and ULAKBIM database between 2015 and 2025. The
findings affirm that digital agriculture has a significant potential of productivity improvement
and environmental sustainability but realising this potential in the small-scale rural enterprise
remains contingent on the state of infrastructure, financing, and institutional support. Based on
the experiences of Turkey, Europe, and the developing country settings, the paper concludes
with five policy recommendations towards an inclusive and green rural transformation.
Keywords: Digital agriculture, rural development, sustainability, digital divide, green
transformation..

1. Introduction

Rural communities today face a confluence of structural pressures — climate change, food
insecurity, outmigration of labour, and rapidly depleting natural resources — that reinforce one
another in ways that no single intervention can fully address. At the intersection of these
pressures, the cluster of digital technologies known as Agriculture 4.0 — artificial intelligence,
the Internet of Things, big data analytics, unmanned aerial vehicles, and precision farming
systems — has emerged simultaneously as a promising solution and a potential new source of

inequality. The rural development literature acknowledges this transformative potential while
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cautioning that, in the absence of adequate access, capacity, and institutional support, digital
transformation risks deepening the very inequalities it promises to resolve (Chambers, 1983;
Salemink et al., 2017).

Viewed through the lens of the Sustainable Development Goals, the articulation of digital
agriculture with rural development bridges SDG 2 (zero hunger), SDG 8 (decent work and
economic growth), SDG 10 (reduced inequalities), and SDG 13 (climate action) (WCED, 1987;
FAO, 2021). Whether these bridges are actually built, however, depends on whether the
technologies reach not only large-scale commercial farms but also smallholder family farmers,
women producers, and young rural populations — inclusively and equitably.

This paper examines the rural development and green transformation dimensions of digital
agricultural technologies through a comparative lens, treating Turkey as a revealing case study
in the context of regional inequalities and policy gaps. The remainder of the paper is organised
as follows: conceptual framework, methodology, thematic findings and comparative analysis,
discussion, and policy recommendations.

2. Conceptual Framework

2.1. Rural Development Paradigms and Digital Transformation

The intellectual history of rural development spans a considerable conceptual distance: from
the modernisation-driven growth models of the 1950s, through the participatory approaches of
the 1980s, to the multidimensional sustainable development paradigm that has shaped the field
since the turn of the millennium (Ellis & Biggs, 2001; van der Ploeg et al., 2000). Chambers's
(1983) 'putting the last first' principle remains an analytically indispensable reference: it
demands that rural transformation processes be evaluated according to their effects on the most
disadvantaged groups, rather than their aggregate or average outcomes. From this perspective,
the integration of digital agriculture with rural development is not a technical project but a
multidimensional social process that requires the simultaneous empowerment of rural
communities across social, economic, and environmental dimensions.

The integration of Agriculture 4.0 into rural development scholarship aligns productively with
van der Ploeg et al.'s (2000) multidimensional framework, which distinguishes deepening
(improving the productivity of existing resources), broadening (diversifying into non-
agricultural income sources), and regrounding (restructuring market and institutional
relationships) as distinct but interrelated pathways. Digital tools bear on all three dimensions

simultaneously — enhancing production efficiency, enabling rural entrepreneurship, and
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repositioning smallholders within supply chains — though the depth of impact varies
considerably by context (Wolfert et al., 2017).

2.2. Sustainability and the Green Transformation Framework

The Brundtland Commission's (WCED, 1987) foundational definition of sustainable
development — meeting present needs without compromising the ability of future generations
to meet their own — has, in the agricultural context, come to encompass soil health, water
resources, biodiversity, and climate resilience alongside economic output. Digital agricultural
tools contribute directly to these objectives by optimising input use through precision
fertilisation and irrigation, reducing chemical applications through early disease detection, and
enabling proactive climate risk management through real-time data (FAO, 2021; Ozdemir &
Sevim, 2025).

The European Green Deal and the Farm to Fork Strategy have elevated digital agriculture to a
constitutive component of the green transformation agenda, directly linking precision farming
applications to the targets of a 50 per cent reduction in pesticide use and a 20 per cent reduction
in fertiliser use by 2030 (Philip et al., 2017). This framework has become the global benchmark
for rural green transformation and continues to shape agricultural policies across a growing
number of countries, including Turkey.

2.3. The Digital Divide: Conceptual Layers

The digital divide refers not to a single gap but to a layered structure of inequalities between
those with meaningful access to digital technologies and those without. Philip et al.'s (2017)
concept of 'two-speed rural digital development' is particularly useful here: it distinguishes a
first-order divide (connectivity infrastructure), a second-order divide (digital literacy and
skills), and a third-order divide (the differential capacity to translate digital access into concrete
improvements in living conditions). Salemink et al. (2017) extended this framework to the rural
context and demonstrated systematically how socio-institutional barriers — beyond physical
infrastructure deficits — impede rural digital transformation. For smallholder agriculture, these
barriers are not incidental frictions but structural features of the landscape.

3. Methodology

This paper adopts a structured thematic review approach (Snyder, 2019), combining the
protocol rigour of systematic reviewing with the interpretive flexibility suited to cross-
disciplinary synthesis. The literature search was conducted across Web of Science, Scopus, and
TUBITAK ULAKBIM databases, covering publications from 2015 to 2025 in both English and

Turkish. Search terms included 'digital agriculture’, 'rural development’, 'sustainability’, 'digital
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divide', ‘'green transformation’, 'Agriculture 4.0', and their Turkish equivalents. Studies without
an explicit rural dimension and purely technical engineering papers lacking social or
institutional analysis were excluded. To strengthen the comparative analysis of Turkey against
the EU and developing-country contexts, institutional reports from FAO, the World Bank, and
the OECD were also incorporated.

Selected studies were coded under four analytical themes: (1) rural development and digital
transformation alignment; (2) sustainability and green transformation outcomes; (3) the digital
divide and regional inequalities; and (4) policy and institutional mechanisms.

4. Findings and Discussion

4.1. Rural Development and Digital Transformation Alignment

The literature consistently documents concrete gains from digital agricultural applications for
small-scale rural enterprises across three dimensions: production efficiency, market access, and
risk management. loT-based decision support systems (LOpez-Morales et al., 2021), UAV-
assisted crop health monitoring (Schoofs et al., 2020; Pagliai et al., 2022), and big data analytics
(Wolfertetal., 2017) have opened up the kind of informational and predictive capacity that was
previously the exclusive domain of large commercial operations. In Turkey, the 'Villages of
Tomorrow' project — a UNDP-Trendyol partnership — provides a particularly grounded
illustration of this potential: six-month pilot data reported labour savings of 20 per cent,
fertiliser reductions of 15 per cent, and pesticide reductions of 25 per cent through the use of
agricultural climate stations (Ozdemir & Sevim, 2025).

Yet when evaluated against van der Ploeg et al.'s (2000) multidimensional framework, digital
agriculture's record is uneven. Evidence of 'deepening’ — improving the productivity of
existing resources — is relatively robust; evidence of ‘broadening’ (rural economic
diversification) and 'regrounding’ (restructuring market relationships in farmers' favour) is
considerably thinner. Integrated strategies that would allow rural communities to capture value
beyond the farm gate — through cooperative digital marketplaces, for instance — remain
underdeveloped in most contexts, including Turkey.

4.2. Sustainability and Green Transformation Outcomes

The environmental sustainability case for digital precision agriculture rests on substantial
empirical ground. Campos et al.'s (2020) variable-rate spraying study in vineyards
demonstrated that input use can be substantially curtailed without compromising biological
efficacy. Schoofs et al.'s (2020) hyperspectral UAV study showed that fire blight could be

detected with 85 per cent accuracy before visual symptoms appeared — enabling early
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intervention that reduces the need for broad-spectrum chemical treatment. For Turkey, the
implications are particularly significant: with agricultural irrigation accounting for
approximately 70 to 75 per cent of total national water consumption, 10T-based smart irrigation
systems represent a strategic sustainability instrument of the first order.
The European experience with Green Deal-aligned digital farming programmes offers
measurable benchmarks: EU member states have recorded documented reductions in carbon
footprint, improvements in soil health, and gains in water use efficiency attributable in part to
precision digital applications (Philip et al., 2017). Given Turkey's EU accession process and
associated alignment obligations, these outcomes represent directly transferable lessons —
particularly for strengthening the green components of TKDK and IPARD support
mechanisms.

It is worth noting, however, that the social dimension of green transformation receives
considerably less attention in the literature than its environmental counterpart. The spread of
autonomous harvesting robots (Van Henten et al., 2002) and Al-assisted crop classification
systems (Arjenaki et al., 2013) carries the potential to reduce demand for seasonal and low-
skilled agricultural labour — creating a tension between 'green’ and 'just’ transition objectives
that rural development policy will need to address explicitly.
4.3. The Digital Divide and Regional Inequalities

4.3.1. Global and EU Experiences
Globally, the digital divide remains the most consequential structural barrier to agricultural
digital transformation. FAO (2023) data indicate that only 47 per cent of the world's rural
population has access to the internet — a figure that falls below 20 per cent in South Asia and
below 15 per cent across much of sub-Saharan Africa. In developing countries, digital
agricultural investment tends to cluster around large commercial operations and well-connected
regions, generating a 'digital marginalisation' risk that deepens rather than bridges existing rural
inequalities (Salemink et al., 2017).
The European experience offers an instructive counterpoint. The EU's LEADER programme
and the Digital Agriculture Europe initiative have constructed an integrated policy architecture
that links rural broadband expansion, the establishment of digital farming skills centres, and
technology subsidies for smallholders within a single coherent framework. Philip et al.'s (2017)
UK-based research on rural digital development showed how a two-speed connectivity

landscape reproduces and entrenches social and economic divergence between rural
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communities. Their core implication — that broadband infrastructure must be treated as a public
good and financed accordingly — holds with equal force in Turkey.

4.3.2. Regional Digital Inequalities in Turkey
Turkey presents a particularly stark regional bifurcation in digital agricultural transformation.
Enterprises in western Anatolia, the Aegean, and the Marmara region benefit from higher
average educational attainment, stronger cooperative infrastructure, well-developed transport
networks, and relatively good broadband coverage — all of which accelerate digital adoption.
In contrast, rural agricultural enterprises in eastern and south-eastern Anatolia face
compounding structural disadvantages: infrastructure deficits, more severe climate conditions,
limited capital accumulation, and weaker institutional support (TUIK, 2016).
According to the 2016 Agricultural Enterprise Structure Survey published by TUIK, 80.7 per
cent of Turkey's agricultural enterprises operate on less than 100 decares (10 hectares). Small
scale deepens disadvantage at every layer of the digital divide. At the first level, small-scale
farmers are more likely to be located beyond the reach of broadband infrastructure; at the second
level, the producer profiles of small family enterprises — typically older, with lower average
formal education — make technology adoption structurally more difficult; and at the third level,
the fixed costs of digital investment are spread across a much smaller productive base,
dramatically reducing the return on adoption relative to larger operations.
A further pattern is worth highlighting: the regions that most effectively leverage digital
farming support programmes are precisely those with the densest cooperative networks.
Cooperative structures lower the unit cost of technology adoption through collective
purchasing, accelerate knowledge diffusion among members, and create a collective
institutional capacity to engage with support programmes. This finding carries a clear
implication: closing the digital divide in Turkish agriculture will require not only technical
infrastructure investment but active investment in cooperative institutional capacity.

4.3.3. Gender and Generational Dimensions of the Digital Divide
The digital divide in rural areas is not a uniform phenomenon — it is a layered structural
disadvantage that intersects with gender and generation in ways that compound one another.
Rural women producers face significantly more constrained access to digital farming tools than
their male counterparts, owing to restrictions on property rights, the burden of unpaid care work,
and the weight of traditional social roles. At the same time, the ongoing outmigration of young
people from rural to urban areas steadily erodes the digital literacy capacity of rural

communities, structurally reproducing the second-order divide across generations. The finding
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that women and students constituted the large majority of the 881 participants in the training
component of Turkey's 'Villages of Tomorrow' project (Ozdemir & Sevim, 2025) is
encouraging: it demonstrates the latent demand and participation capacity of these historically
marginalised groups when programmes are designed with their needs in mind.

4.3.4. Comparative Regional Overview

Region / Country Infrastructure Access Digital Literacy Policy Inclusiveness
Group
EU (Western Europe)  High  /  universal High Integrated (LEADER,
coverage CAP)
EU (Eastern Europe) Medium / regional Medium Developing
variation
Turkey (Western) Medium-high Medium Partial (TKDK,
IPARD)
Turkey (East/S.East) Low—medium Low Insufficient
Developing countries  Low Low Limited / project-based

Table 1. Comparative Digital Divide Indicators (compiled from Philip et al., 2017; Salemink et al.,
2017; FAO, 2023; TUIK, 2016).

4.4. Policy and Institutional Mechanisms

Turkey's 2024-2028 Strategic Plan of the Ministry of Agriculture and Forestry sets out an
ambitious digital transformation agenda encompassing a Digital Agriculture Marketplace, 10T-
assisted smart irrigation, and drone-based monitoring programmes. TUBITAK and KOSGEB-
funded research and development programmes, alongside TKDK-IPARD financing
mechanisms, provide the institutional scaffolding for this agenda. Nevertheless, the current
policy design remains predominantly supply-side in orientation: it focuses on expanding the
availability of digital technologies rather than addressing the demand-side dynamics of
smallholder adoption — the access barriers, skill gaps, and institutional deficits that determine
whether the technologies are actually taken up and used effectively (FAO, 2023).

The most important lesson from EU and developing-country experience is that closing the
digital divide requires integrated policy packages that address infrastructure, education, finance,
and institutional support not sequentially but simultaneously (Salemink et al., 2017).
Programmes that treat rural broadband as a public good, embed digital agricultural literacy into
agricultural extension and training systems, and create collective technology procurement
subsidies for smallholder cooperatives have consistently produced the most durable and

equitable outcomes.
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5. Conclusions and Policy Recommendations

This paper has argued that digital agriculture holds genuine and significant potential for rural
development and green transformation — but that the realisation of this potential is not
automatic. It depends critically on how the digital divide is managed. Turkey's regionally
differentiated agricultural landscape maps closely onto the paper's central comparative finding:
supply-side technology policies risk concentrating the benefits of digital transformation in
larger and already-advantaged enterprises, while marginalising the smallholders, regionally
disadvantaged producers, and women farmers who face compounding structural barriers. Five

policy recommendations follow from the analysis.

(1)  Universal rural broadband infrastructure: Connectivity infrastructure — the prerequisite for all
other digital interventions — must be treated as a public investment priority, with accelerated
programmes targeting eastern and south-eastern Anatolia specifically.

(2)  Cooperative-centred technology access models: Subsidy and financing mechanisms should be
redesigned to incentivise collective technology procurement through cooperatives, positioning
them as the institutional vehicles of digital rural transformation.

(3)  Gender-responsive digital agriculture programmes: Support mechanisms for rural women
producers should operate independently of land ownership conditions, incorporate flexible
training modalities compatible with care work responsibilities, and prioritise women-led
cooperatives for grant funding.

(4)  Alignment with EU green transformation standards: TKDK—-IPARD financing mechanisms
should be supplemented with a 'green component' aligned with European Green Deal criteria,
explicitly linking digital precision farming support to environmental performance benchmarks.

(5)  Regional inequality monitoring system: A multidimensional digital agriculture indicator set
should be established under TUIK coordination to track the regional distribution of digital
transformation outcomes, enabling policy design to be updated on the basis of disaggregated
evidence.

Three avenues stand out as priorities for future research: quantitative measurement of digital
divide dynamics among small-scale agricultural enterprises across Turkey's different regions;
experimental evaluation of the effectiveness of gender-responsive digital farming programmes;
and comparative case analysis of cooperative-centred technology access models in Turkey and
comparable middle-income agricultural economies.
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FLOW PAST A SUBMERGED VANE
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ABSTRACT

This study performs a detailed numerical investigation into the complex flow mechanisms
surrounding a submerged vane in an open channel with rigid bed. A total of four simulations
were conducted using the software Flow-3D HYDRO. To accurately capture the transient and
anisotropic nature of the turbulent flow, the Large Eddy Simulation (LES) approach with the
Smagorinsky subgrid-scale model was employed. The numerical setup consisted of a 3 m long
channel with a constant flow depth of 10 cm. A submerged vane, measuring 10 cm in length, 1
cm in thickness, and 3 cm in height, was positioned 1 m from the channel inlet. The primary
variable under consideration was the skew angle relative to the approach flow, with tests
performed at 10°, 20°, 30°, and 45°. The simulation results reveal that the skew angle is a
decisive factor in determining the hydraulic performance and turbulent field of the vane. It was
observed that as the skew angle increased, the vorticity at the vane tip and in the downstream
region intensified significantly. Furthermore, higher skew angles led to a consistent increase in
turbulence intensity, turbulent kinetic energy, and Reynolds stresses. These findings suggest
that steeper angles promote more vigorous secondary currents and larger energy fluctuations.

Keywords: Submerged vanes, computational fluid dynamics, flow field
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KURSUNSUZ AG-SB LEHIM ALASIM SiSTEMININ ISIL VE ELEKTRIKSEL
OZELLIKLERININ INCELENMESI

Esra OZTURK
Kocaeli University, Faculty of Arts and Science, Department of Physics, 41380, Kocaeli
ORCID: 0000-0002-3531-7564

OZET

Kursun iceren lehim alasimlari ge¢misten giiniimiize elektronik ve metal birlestirme
teknolojilerinde 6nemli bir yer tutmustur ancak kursunun insan saghigi ve g¢evre lizerindeki
zararh etkilerinin anlasilmasiyla birlikte, bu malzemelerin kullanimina yonelik diizenlemeler
artmig ve kursunsuz lehim alagimlarmin gelistirilmesi onemli bir arastirma alani haline
gelmistir. Lehimleme iglemleri sirasinda kursuna maruz kalmanin nérolojik bozukluklar, tireme
fonksiyonlarinda bozulma, hipertansiyon ve anemi gibi ciddi saglik sorunlariyla iliskili oldugu
bilinmektedir. Ayrica kursun i¢eren malzemelerin uygun olmayan sekilde atilmasi ¢evresel
kirlilige onemli Olgiide katkida bulunmaktadir. Bu nedenle g¢evre dostu kursunsuz lehim
malzemelerinin gelistirilmesi, modern malzeme biliminin 6nemli arastirma alanlarindan biri
haline gelmistir.

Potansiyel adaylar arasinda yer alan Ag-Sb alasimlari, ¢evre dostu 6zellikleri, yiiksek sicaklik
kararlilig1 ve gelistirilmis mekanik performanslar1 nedeniyle geleneksel kursun iceren lehim
malzemelerine alternatif olarak giderek daha fazla ilgi gormektedir. Ag-Sb ikili sistemi,
ozellikle AgsSb olmak iizere cesitli intermetalik fazlarin olusumu ile karakterizedir. Bu fazlar
alasimin sertligini, asinma direncini ve boyutsal kararliligim1 artirirken ayni zamanda
oksidasyon ve korozyon direncini de iyilestirmektedir. Bu ozellikler, Ag-Sb alagimlarini
yiiksek sicakliklarda ve siirekli mekanik yiik altinda giivenilir performans gerektiren
uygulamalar icin cazip hale getirmektedir.

Bu calismada Ag-Sb alasim sistemi, termal ve elektriksel 6zellikleri agisindan incelenmistir.
Kararli intermetalik faz olusumu ve yiiksek sicaklik performansi nedeniyle Ag-44 ag.% Sb
bilesimine sahip bir alagim se¢ilmistir. Sicakliga bagli 1s1 iletkenlik degerleri dogrusal 1s1 akisi
sistemi kullanilarak belirlenmis ve elde edilen deneysel verilerden ilgili iletkenlik katsayilari
hesaplanmistir. Elektriksel iletkenlik degerleri ise Wiedemann-Franz yasas1 kullanilarak
hesaplamigtir. Elde edilen sonuglar, Ag-Sb alasimlarindaki yapi-6zellik iligkileri hakkinda
onemli bilgiler sunmakta ve bu alasimlarin yiiksek performans gerektiren uygulamalar i¢in
umut verici kursunsuz lehim malzemeleri oldugunu gostermektedir.

Anahtar Kelimeler: Is1 Transferi, alasimlar, termal 6zellikler, elektriksel iletkenlik
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THERMAL AND ELECTRICAL PERFORMANCE EVALUATION OF LEAD-FREE
AG-SB SOLDER ALLOY SYSTEM
ABSTRACT

Lead-containing solder alloys have played an important role in electronic and metal joining
technologies from past to present; however, as the harmful effects of lead on human health and
the environment have become increasingly recognized, regulations on their use have
intensified, and the development of lead-free (Pb-free) solder alloys has become an important
area of research. Exposure to lead during soldering processes is associated with severe health
risks such as neurological disorders, reproductive dysfunction, hypertension, and anemia, while
improper disposal of lead-containing materials contributes significantly to environmental
contamination. Consequently, the development of environmentally friendly Pb-free solder
materials has become an important research focus in modern materials science.

Among the potential candidates, Ag-Sb alloys have gained increasing attention as alternatives
to conventional lead-containing solder materials due to their favorable environmental profile,
high-temperature stability, and improved mechanical performance. The Ag-Sb binary system
is characterized by the formation of intermetallic phases, particularly AgsSb, which contribute
to enhanced hardness, wear resistance, dimensional stability, and improved oxidation and
corrosion resistance. These properties make Ag-Sb alloys attractive for applications requiring
reliable performance under elevated temperatures and sustained mechanical loading.

In the present study, the Ag-Sb alloy system was investigated with regard to its thermal and
electrical properties. An alloy composition of Ag-44 wt.% Sb was selected due to its stable
intermetallic phase formation and promising high-temperature characteristics. Temperature-
dependent thermal conductivity was determined using the linear heat-flow method, and the
corresponding conductivity coefficients were calculated from the obtained experimental data.
Electrical conductivity values were evaluated using the Wiedemann-Franz law. The obtained
results provide important insights into the structure-property relationships in Ag-Sb alloys and
demonstrate that these alloys are promising Pb-free solder materials for high-performance
applications.

Keywords: Heat transfer, alloys, thermal properties, electrical conductivity
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TITANYUM DIiOKSITIN (TiO.) NANOMALZEMENIN FUKSIN BOYASI
UZERINDEKI FOTOKATALITIK OZELLIKLERININ GELISTIRILMESI
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OZET

Bu calismada, titanyum dioksit (TiO2) nanopartikiillerinin fuksin boyas1 {izerindeki
fotokatalitik bozunma performansi incelenmistir. TiO2 nanopartikiilleri 300, 500, 700 ve 900
°C sicakliklarda kalsine edilmis ve kristal yapilar1 X-151m1 kiriimi (XRD) yontemi ile analiz
edilmigtir. Sonuglar, tiim numunelerin JCPDS 88-1175 kart1 ile uyumlu anatas fazinda
oldugunu ve piklerin bu yapiya gore indekslendigini gostermistir. Butlin numunelerin yuksek
kristallige sahip oldugu go6zlemlenmistir. Fotokatalitik deneyler UV 151k altinda
gerceklestirilmis ve boya bozunmasi UV-Vis spektrofotometre ile izlenmistir. Optik bant
araliklart Kubelka—Munk yontemi kullanilarak hesaplanmis olup, 300 ve 500 °C i¢in 2.94 eV,
700 ve 900 °C igin 2.93 eV olarak bulunmustur. Fotokatalitik bozunma verimi 300 °C’de
%23.9, 900 °C’de ise %38.3 olarak belirlenmistir. Sonug olarak, TiO2 nanopartikiillerinin artan
kalsinasyon sicakligi ile birlikte gelismis fotokatalitik performans sergiledigi ortaya konmustur.
Anahtar Kelimeler: TiO2, fuksin, fotokatalitik, XRD

IMPROVEMENT OF THE PHOTOCATALYTIC PROPERTIES OF TITANIUM
DIOXIDE (TiO:2) NANOMATERIALS ON FUCHSIN DYE
ABSTRACT

In this study, the photocatalytic degradation performance of titanium dioxide (TiOz)
nanoparticles on fuchsin dye was investigated. TiO: nanoparticles were calcined at
temperatures of 300, 500, 700, and 900 °C, and their crystal structures were analyzed using X-
ray diffraction (XRD). The results showed that all samples were in the anatase phase, consistent
with JCPDS card 88-1175, and that the peaks were indexed according to this structure. It was
observed that all samples possessed high crystallinity. Photocatalytic experiments were
conducted under UV light, and dye degradation was monitored using a UV-Vis

spectrophotometer. The optical band gaps were calculated using the Kubelka—Munk method
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and were found to be 2.94 eV for 300 and 500 °C, and 2.93 eV for 700 and 900 °C. The
photocatalytic degradation efficiency was determined to be 23.9% at 300 °C and 38.3% at 900
°C. In conclusion, it was demonstrated that TiO- nanoparticles exhibit improved photocatalytic
performance with increasing calcination temperature.

Keywords: TiO2, fuchsin, photocatalytic, XRD
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TURKIYE YUZYILI MAARIF MODELi MATEMATIK DERSi OGRETIiM
PROGRAMININ SAYI HiSSI BILESENLERI ACISINDAN INCELENMESI
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OZET

Bu aragtirmanin amaci, Tirkiye Yilzyili Maarif Modeli kapsaminda gelistirilen ortaokul
matematik dersi 6gretim programinin sayi hissi bilesenleri agisindan incelenmesidir. Bu
dogrultuda G6gretim programinda yer alan 6grenme ¢iktilarinin sayilarin anlami, sayilarin
bliylikliigii, esnek islem yapma ve tahmin etme bilesenleri ile ne dlgiide iliskili oldugunun
belirlenmesi amaglanmistir. Arastirma nitel aragtirma yaklasimi gergevesinde dokiiman
incelemesi yontemi kullanilarak yiiriitiilmiistiir. Calismanin veri kaynagmi Milli Egitim
Bakanlig1 tarafindan yayimlanan Tiirkiye Yiizyili Maarif Modeli ortaokul matematik dersi
Ogretim programi olusturmaktadir. Arastirma kapsaminda programda yer alan 5-8. sif
diizeylerindeki toplam 100 O6grenme ¢iktis1 incelenmistir. Veri analizi silirecinde 6grenme
ciktilari, Giilbagci-Dede (2015) tarafindan ortaya konulan sayi hissi temel bilesenleri
cercevesinde betimsel analiz yontemi ile analiz edilmistir. Aragtirma bulgularina gore 6gretim
programinda yer alan 100 6grenme ¢iktisindan 45’inin (%45) say1 hissi ile iligkili oldugu
belirlenmistir. Say1 hissi bilesenleri acisindan incelendiginde 6grenme ciktilarinin en fazla
sayilarin anlami ve tahmin etme bilesenlerinde yogunlastig1 goriilmektedir. Ayrica say1 hissi ile
iligkili 6grenme c¢iktilarinin biiyilik 6lgiide sayilar ve nicelikler temas: igerisinde yer aldig:
belirlenmistir. Arastirma sonuglari, Tiirkiye Yiizyil1 Maarif Modeli ortaokul matematik 6gretim
programinin say1 hissi gelisimini destekleyebilecek 6grenme ¢iktilart igerdigini; ancak say1
hissi bilesenlerinin program icerisinde dengeli bir dagilim gdstermedigini ortaya koymaktadir.
Bu arastirmadaki degerlendirmeler, 6gretim programinda yer alan 6grenme ¢iktilar1 ve siireg
bilesenleri esas alinarak yapilmistir. Ogretim programinda sayr hissiyle dogrudan
iligkilendirilmeyen bir 6grenme ¢iktisi, uygun 6grenme ortamlarinda ve kavramsal temelli bir
ogretim anlayisiyla sunuldugunda say hissi gelisimine katki saglayabilir. Bu nedenle 6gretim
siireglerinin de say1 hissi bilesenlerine yonelik incelenmesini igeren ¢aligmalar yapilabilir.
Anahtar kelimeler: Say1 hissi, matematik 6gretim programi, Tiirkiye Yiizyili Maarif Modeli,

matematik egitimi
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AN ANALYSIS OF THE NUMBER SENSE COMPONENTS OF THE TURKEY
CENTURY EDUCATION MODEL MATHEMATICS CURRICULUM

ABSTRACT

The aim of this study is to examine the secondary school mathematics curriculum developed
within the scope of the Tirkiye Century Education Model in terms of number sense
components. In this context, the study aims to determine the extent to which the learning
outcomes included in the curriculum are associated with the components of number sense,
namely meaning of numbers, magnitude of numbers, flexible computation, and estimation. The
research was conducted using the document analysis method within the framework of a
qualitative research approach. The data source of the study consists of the secondary school
mathematics curriculum of the Turkiye Century Education Model published by the Ministry of
National Education. Within the scope of the research, a total of 100 learning outcomes at the
5th-8th grade levels included in the curriculum were examined. During the data analysis
process, the learning outcomes were analyzed through descriptive analysis based on the number
sense components proposed by Giilbagci-Dede (2015). The findings revealed that 45 of the 100
learning outcomes (45%) included in the curriculum were related to number sense. When
examined in terms of number sense components, it was observed that the learning outcomes
were mostly concentrated in the components of meaning of numbers and estimation. In
addition, it was determined that learning outcomes related to number sense were largely
included in the theme of numbers and quantities. The results of the study indicate that the
secondary school mathematics curriculum developed within the scope of the Tirkiye Century
Education Model includes learning outcomes that can support the development of number
sense; however, the components of number sense are not distributed in a balanced manner
throughout the curriculum. In this study, the evaluations were carried out based on the learning
outcomes and process components included in the curriculum. A learning outcome that is not
directly associated with number sense in the curriculum may contribute to the development of
number sense when presented through appropriate learning environments and a conceptually
oriented teaching approach. Therefore, further studies examining instructional processes in
relation to number sense components are recommended.

Keywords: Number sense, mathematics curriculum, Turkish Century Education Model,

mathematics education
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E/Ilaltgriatik egitiminin temel hedeflerinden biri, Ogrencilerin yalnizca islemsel yeterlik
kazanmalar1 degil; ayn1 zamanda sayilarla anlamli iliskiler kurabilen, tahmin yiiriitebilen, esnek
diistinebilen ve matematiksel diisiincelerini giinliik yasam baglamlarinda kullanabilen bireyler
olarak yetismeleridir. Bu dogrultuda matematiksel yeterligin 6nemli belirleyicilerinden biri
olarak 6ne ¢ikan kavramlardan biri say1 hissidir. Sayi hissi, bireyin sayilar1 yalnizca sembolik
yapilar olarak degil, anlamli nicelikler olarak algilayabilmesini; sayilar ve islemler arasinda
sezgisel ve mantikl iliskiler kurabilmesini ifade eden ¢ok boyutlu bir bilissel yap1 olarak
tanimlanmaktadir (McIntosh, Reys & Reys, 1992; Sowder, 1992).

Alanyazinda say1 hissine yonelik farkli tanimlarin bulundugu goriilmektedir. Hope (1989), say1
hissini sayisal durumlara iliskin mantikli tahminlerde bulunabilme ve uygun hesaplama
yollarini se¢ebilme yetenegi olarak ele alirken; Howden (1989), sayilar ve aralarindaki iligkiler
hakkinda sezgisel bir anlayis gelistirme becerisi olarak tanimlamaktadir. Berch’e (2005) gore
ise say1 hissi, bireyin sayilarin anlamina iliskin gelistirdigi duyusal farkindalikla ilgilidir. Bu
tanmimlar ortak bir noktada birleserek sayi hissinin kurallara dayali mekanik islem yapma
becerisinin 6tesinde, akil yiiriitmeye dayali esnek diisiinmeyi igerdigini gostermektedir.

Sayr hissi; sayilarin  biiyiikliigiinii  kavrayabilme, zihinden islem yapabilme, tahmin
yiriitebilme, islemlerde esnek stratejiler kullanabilme ve elde edilen sonuglarin akla
yatkinligin1 degerlendirebilme gibi birden fazla bilissel siireci kapsamaktadir (Reys et al., 1999;
Yang, 2005). Arastirmalar, geligmis say1 hissine sahip 6grencilerin problem ¢6zme siireclerinde
daha etkili stratejiler kullandiklarini, matematiksel iliskilendirme becerilerinin daha guclu
oldugunu ve st diizey diisiinme siireglerinde daha basarili olduklarin1 ortaya koymaktadir
(Verschaffel, Greer & De Corte, 2007). Bu y0niiyle say1 hissi, matematiksel anlamanin
derinlesmesinde ve matematigin giinlik yasamla iligkilendirilmesinde kritik bir rol
oynamaktadir.

Say1 hissi kavraminin tanimlanmasina paralel olarak, bu yapiy1 olusturan bilesenlere iliskin
cesitli siiflandirmalar gelistirilmistir. Greeno (1991) say: hissini esnek zihinsel hesaplama,
sayisal tahmin ve nicel yargilama boyutlariyla ele alirken; Markovits ve Sowder (1994) say1
bliylikliigiinii anlama, zihinsel hesaplama ve tahmini 6ne g¢ikarmistir. Reys ve arkadaslari
(1999) ise sayi hissini daha kapsamli bicimde ele alarak sayilarin anlamin1 kavrama, esdeger
temsilleri kullanma, islemlerin etkilerini anlama ve esnek hesaplama stratejileri gelistirme gibi
coklu bilesenlerden s6z etmistir. Yang (1995) ise bu yapiya sayilar1 pargalama ve yeniden

yapilandirma ile referans noktasi kullanimin1 da dahil etmistir. Ancak yapilan ¢alismalar, say1
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hissinin bilesenlerine iliskin ortak bir terminolojinin heniiz tam olarak olusmadigin1 ve farkl
aragtirmacilarin benzer becerileri farkli adlandirmalarla ele aldigin1 gostermektedir (Giilbagci-
Dede & Sengiil, 2016).

Bu durum, say1 hissinin Olgiilebilir ve Ogretilebilir boyutlarinin belirlenmesini 6nemli hale
getirmistir. Nitekim Gtilbagci-Dede (2015), sayr hissini  Olgiilebilir temel bilesenler
cercevesinde ele alarak; sayilarin anlamin1 kavrama, say1 biiyiikliigiinii degerlendirme, esnek
islem yapma ve tahmin becerisi gibi boyutlarin bu yapinin temel gostergeleri oldugunu ortaya
koymustur. Bu bilesenlerden ilki olan sayilarin anlami bileseni, d8rencinin sayilart yalnizca
sembolik ifadeler olarak degil; farkli temsilleri, basamak degerleri ve sayilar arasi iligkiler
baglaminda kavrayabilmesini ifade eder. Bu bilesen; sayilari parcalayabilme ve yeniden
olusturabilme, esdeger gosterimlerini fark edebilme ve onluk sistem yapisini anlayabilme gibi
becerileri kapsar. Bagka bir ifadeyle, 6grencinin sayinin yapisint ve temsil edilis bigimlerini
anlamlandirarak sayilarla esnek bicimde diisiinebilmesini igerir. ikinci bilesen olan sayilarin
bliylikliigii bileseni; sayilar1 siralayabilme, aralarindaki biiytlikliikk farkini anlayabilme ve
sayilarin birbirine olan uzakligin1 degerlendirebilme becerilerini kapsar. Kisaca, 6grencinin
sayilarin niceliksel degerini sezgisel ve kavramsal olarak yorumlayabilmesini icerir. Ugiincii
bilesen olan esnek islem yapma ve sonucun akla yatkinligini degerlendirme bileseni,
ogrencilerin islemleri yalnizca standart algoritmalarla degil; zihinden islem, tahmin ve
yuvarlama gibi stratejiler kullanarak gerceklestirebilmesini ve elde ettigi sonucun mantikli olup
olmadigin1 sorgulayabilmesini ifade eder. Kisaca, say1 ve islem bilgisini kullanarak esnek
cozlimler tiretebilme ve sonucu akil yiiriitme yoluyla degerlendirebilme becerisini kapsar. Son
bilesen olan tahmin etme bileseni, sayma veya Ol¢gme yapmadan bir niceligin biiytikligii
hakkinda hizl1 ve mantikli ¢ikarimlarda bulunabilme becerisini ifade eder. Kisaca, 6grencinin
yaklasik degerleri akil yiirliterek belirleyebilmesini ve sayisal durumlar1 sezgisel olarak
degerlendirebilmesini kapsar.

Ogrencilerin say1 hissi gelistirme siireglerinde dgretim programlar1 énemli bir belirleyici rol
ustlenmektedir. Programlarda yer alan kazanimlarin niteligi, sunulan 6grenme deneyimleri ve
onerilen Ogretim yaklasimlari; 6grencilerin matematigi kavramsal bir anlayisla m1 yoksa
islemsel bir diizeyde mi Ogreneceklerini dogrudan etkilemektedir (Reys et al., 1999). Bu
nedenle matematik Ogretim programlarinin sayr hissini hangi boyutlarda ve ne Olglide
desteklediginin ortaya konulmasi, matematiksel Ogrenmenin niteligini degerlendirmek
acisindan 6nem tasimaktadir. Nitekim alanyazinda, say1 hissinin 6gretim programlarinda yer

almasimin gerekliligi pek ¢ok arastirma ve raporda vurgulanmaktadir (Anghileri, 2006;
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Kilpatrick, Swafford & Findell, 2001; Sowder & Schappelle, 1989; Verschaffel, Greer & De
Corte, 2007). Umay, Akkus ve Paksu (2006), say1 hissinin dnemi NCTM tarafindan
vurgulanmig olmasma ragmen iilkemizdeki 6gretim programinda sayr hissini olusturma
anlaminda kazanim ya da etkinlik bulunmadigini ifade etmistir.

Cumbhuriyet’in ilanindan giiniimiize kadar gecen siiregte ortaokul matematik dersi 6gretim
programi farkli donemlerde ¢esitli revizyonlara ugramistir. 1926 yilindan baslayarak 1931,
1938, 1949, 1977, 1990, 1998, 2005, 2013, 2017 (2018’de giincellenmistir) ve son olarak 2024
yillarinda program degisiklikleri gerceklestirilmistir. Tirkiye’de o6gretim programlarinin
tarihsel sirec icerisinde siklikla giincellenmesi, degisen toplumsal, bilimsel ve pedagojik
ihtiyaclara uyum saglama ¢abasinin bir yansimasi olarak degerlendirilebilir. Bu kapsamda 2024
yilinda, diger kademelere ait programlarla birlikte ortaokul matematik dersi 6gretim programi
da Tirkiye Yiizyilh Maarif Modeli [TYMM] ¢ercevesinde yeniden yapilandirilmistir (Milli
Egitim Bakanligi [MEB], 2024).

Tiirkiye Yiizyili Maarif Modeli ile giincellenen ortaokul matematik dersi 6gretim programinda,
ogrencilerin yalnizca bilgiyi edinmeleri degil; ayn1 zamanda cagin gerektirdigi becerilerle
donatilmalar1 hedeflenmektedir. Programda matematiksel 0grenme siireglerini destekleyen
kavramsal becerilerin ve matematige 6zgli diisiinme becerilerinin 6n plana ¢ikarildigi; bu
becerilerin sosyal-duygusal 6grenme, egilimler ve okuryazarlik becerileriyle biitiinciil bir
anlayis i¢inde gelistirilmesinin amaglandig ifade edilmektedir (MEB, 2024). Bu yoniiyle
program, bilgi aktarimindan c¢ok beceri temelli ve biitiinsel bir 0grenme yaklagimini
benimsemektedir.

2024 yilinda yiirlirlige giren yeni Ogretim programlarmin bilimsel agidan incelenmesi,
programin kuramsal temellerinin ve uygulamaya doniik yonelimlerinin degerlendirilmesi
bakimindan 6nem tasimaktadir. Programin heniiz yeni olmasi nedeniyle bu alanda yapilan
caligmalarin sinirlt oldugu goriilmektedir. 2024 yilinda yiirtirliige giren Tiirkiye Yiizyil1 Maarif
Modeli’ne iliskin ¢aligmalar incelendiginde, programin farkli kuramsal ve uygulama boyutlar
cercevesinde ele alindigr goriilmektedir. Programin biligsel yonelimine odaklanan
arastirmalarda, 6grenme c¢iktilarinin ve siire¢ bilesenlerinin ¢esitli taksonomik cerceveler
dogrultusunda analiz edildigi dikkat ¢ekmektedir. Bu kapsamda 6grenme ¢iktilarinin Bloom
taksonomisi (Karatas-Tekin, 2024) ve SOLO taksonomisi ile biligsel istem duzeyleri (Cihan &
Doruk, 2024) agisindan degerlendirildigi; ayrica matematik alan becerilerinin yatay ve dikey
baglamda c¢ok yonlii analiz edildigi ¢alismalarin bulundugu goriilmektedir (Goger & Kuzu,
2025). Programin 21. ylizy1l becerileri perspektifiyle incelendigi (Asker-Dagdeviren, 2024;
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Yildirim & Caliskan, 2024), sosyal-duygusal 6grenme boyutunun ele alindig1 (Uzun, 2025) ve
erdem—deger—eylem cercevesi ile degerler egitimi yaklasimi baglaminda degerlendirildigi
caligmalar (Arslan, 2025; Taskin, 2025) da alanyazinda yer almaktadir. Bunun yaninda
programin ontolojik, epistemolojik ve aksiyolojik temelleri acisindan incelendigi kuramsal
analizler de bulunmaktadir (Arslankara & Arslankara, 2024).

Programin uygulamaya doniik boyutunu ele alan arastirmalarda ise 6gretmen ve akademisyen
goriislerine dayali degerlendirmelerin  6ne ¢iktig1 goriilmektedir. Ogretmen goriisleri
dogrultusunda programin genel yapisinin ve uygulama siirecinin incelendigi ¢alismalar (Kog,
2025; Sagbas, 2025; Oztiirk, Akinc1 & Beldag, 2025), matematik dgretmenlerinin programa
ilisgkin metaforik algilarinin analiz edildigi arastirmalar (Yilmaz vd., 2025) ve uygulama
siirecinde karsilasilan sorunlarin ele alindigi ¢alismalar (Yimaz & Ozdemir, 2025) bu
kapsamda degerlendirilebilir. Ayrica 6lgme ve degerlendirme yaklasiminin gesitli degiskenler
acisindan incelendigi (Asiret & Ozenir, 2025; Giines, Dursun & Alci, 2025), farklilastiriimis
ogretim perspektifiyle programin degerlendirildigi (Pala, 2025) ve matematik tarihi baglaminda
analiz edildigi aragtirmalar (Cikar & Gokgek, 2025) da dikkat cekmektedir.

Bununla birlikte Tiirkiye Yiizyil1 Maarif Modeli’nin dnceki programlarla karsilagtirmali olarak
incelendigi calismalar da bulunmaktadir. 2018 ve 2024 matematik 6gretim programlarinin
cesitli boyutlar agisindan karsilastirildigr arastirmalar (Kuzu, Toptas & Goger, 2024; Er &
Ozyurt, 2025) programin yapisal doniisiimiinii ortaya koymaya yonelik 6nemli katkilar
sunmaktadir. Ayrica belirli temalar iizerinden yapilan analizler, 6zellikle geometri 6grenme
alan1 baglaminda 6gretmen goriislerine dayali incelemelerle desteklenmistir (Dastan & Aydin,
2025; Uysal, 2025).

Genel olarak degerlendirildiginde, Tirkiye Yizyili Maarif Modeli’nin biligsel diizeyler,
degerler egitimi, 6lgme-degerlendirme yaklasimlari, 21. yiizy1l becerileri, program felsefesi ve
ogretmen goriisleri gibi farkli boyutlar cercevesinde ele alindigi goriilmektedir. Ancak
alanyazinda programin matematiksel diislinmenin temel yap: taglarindan biri olan say1 hissi
baglaminda sistematik bi¢gimde incelendigine dair g¢alismaya rastlanmamistir. Bu durum,
Tiirkiye yiizyilr maarif modeli ortaokul matematik dersi 6gretim programinin sayi hissi
bilesenleri acisindan analiz edilmesini gerekli ve Ozgiin bir aragtirma alani olarak ortaya
koymaktadir.

Say1 hissi ve Ogretim programlar1 arasindaki iliskiyi ele alan caligmalar incelendiginde,
Tiirkiye’de bu alanda gergeklestirilen arastirmalarin sinirli oldugu goriilmektedir. Program

diizeyinde yapilan ilk kapsamli calismalardan biri Har¢ (2010) tarafindan yiiksek lisans tezi
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kapsaminda gergeklestirilmistir. Bu calismada Amerika, Ingiltere, Tiirkiye ve New Jersey’de
uygulanan 1-6. smif matematik Ogretim programlart sayr hissi bilesenleri agisindan
karsilastirmali olarak incelenmistir. Arastirma bulgulari, incelenen programlarda sayi hissi
kavramina dogrudan yer verilmemekle birlikte, say1 hissinin alt bilesenlerine karsilik gelen
kazanim ve ifadelere yer verildigini ortaya koymustur. Tiirkiye baglaminda ise 1-6. siif
diizeyinde toplam 25 kazanimin say1 hissi bilesenleriyle iliskili oldugu belirlenmistir (Harg,
2010).

Benzer bicimde Giilbagci-Dede (2015), doktora tez ¢alismasinda 1-11. siniflar arasindaki
matematik 6gretim programlarini say1 duyusu bilesenleri ¢cercevesinde incelemistir. Calismada
1-8. smiflar i¢cin 2009 y1l1 programi, 9—11. siniflar i¢in ise 2013 yil1 programi analiz edilmistir.
Bulgular, 2009 yil1 ortaokul matematik 6gretim programinin genel amaglarinda zihinden islem,
tahmin, iligki kurma ve strateji gelistirme gibi sayr duyusuyla baglantili becerilere vurgu
yapildigint; ancak kazanim diizeyinde sayi duyusuna agik bir kavramsal gerceveyle yer
verilmedigini gostermistir (Giilbagci-Dede, 2015; Harg, 2010).

Uluslararas1 standartlarla karsilastirmali degerlendirmelerde alanyazinin da yer almaktadir.
Kilig (2011), NCTM ilke ve standartlari ile Tiirkiye’de uygulanan ilkdgretim matematik dersi
ogretim programini say1 hissi baglaminda incelemis; NCTM dokiimanlarinda say1 hissinin agik
ve sistematik bi¢cimde vurgulandigini, buna karsin Tiirkiye’deki programda sayi hissi ve
bilesenlerinin dogrudan ele alinmadigin1 ortaya koymustur. Bu bulgu, programlarda sayi
hissine yonelik yaklasim farkliliklarini géstermesi bakimindan 6nemlidir.

Son yillarda yiiriirliige giren programlara yonelik analizler de dikkat ¢gekmektedir. Birgin ve
Peker (2019) 2018 matematik dersi 6gretim programini sayr duyusu bilesenleri agisindan
incelemis; Cetin ve Oztiirk (2020) ise ilkokul matematik dgretim programini say1 duyusunun
temel bilesenleri dogrultusunda degerlendirmistir. Cekirdek¢i ve Yorulmaz (2021) tarafindan
gerceklestirilen calismada ise 2009, 2015 ve 2018 ilkokul matematik 6gretim programlari
“Sayilar ve Islemler” ile “Olgme” 6grenme alanlar1 6zelinde say: hissi bilesenlerine gore
karsilastirtlmistir. Ortaokul diizeyinde yapilan analizlerde de benzer bir egilim goriilmektedir.
Acar ve Peker (2021) 2018 ortaokul matematik dersi 6gretim programini say1 hissi bilesenleri
acisindan incelerken; Karabey ve arkadaslar1 (2019) 2009, 2013 ve 2017 yillarina ait ortaokul
matematik Ogretim programlarmi  sayr duyusu baglaminda karsilastirmali  olarak
degerlendirmistir.

Genel olarak degerlendirildiginde, Tiirkiye’de matematik 6gretim programlarinin sayi hissi

bilesenleri a¢isindan incelenmesine yonelik calismalarin sayisinin siirli oldugu; mevcut
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caligmalarin ise belirli program yillar1 veya 6grenme alanlari ile sinirhi kaldigr goriilmektedir.
Ozellikle yeni yiiriirliige giren 6gretim programlarinin say1 hissi baglaminda analiz edilmesi,
alanyazindaki bu boslugun doldurulmasi agisindan 6nem tagimaktadir. Tiirkiye’de 2024 yili
itibantyla yiirtirliige giren Tiirkiye Yiizyili Maarif Modeli, beceri temelli ve biitlinciil 6grenme
anlayisini merkeze alan bir yap1 sunmaktadir. Model, 6grencilerin bilgiyi yalnizca edinmelerini
degil; anlamlandirmalarimi, iliskilendirmelerini  ve ger¢ek yasam  baglamlarinda
kullanabilmelerini hedeflemektedir. Bu yoniiyle Tiirkiye Yiizyilt Maarif Modeli’nin matematik
ogretiminde say1 hissini destekleyici bir potansiyele sahip oldugu degerlendirilmektedir. Ancak
yeni 6gretim programlarinin bu tiir biligsel becerileri nasil yapilandirdigina iliskin bilimsel
incelemeler heniiz sinirhdir.

Bu baglamda, Tiirkiye Yiizyili Maarif Modeli Matematik Dersi Ogretim Programi’nin sayz hissi
bilesenleri agisindan incelenmesi, hem programin matematiksel yoneliminin ortaya konulmast
hem de uygulamaya yonelik ¢ikarimlar sunulmasi agisindan 6nemli goriilmektedir. Programin
say1 hissi baglaminda degerlendirilmesi, lilkemizde bu beceriye verilen 6nemin anlasilmasina
katki saglayabilecegi gibi, gelecekte yapilacak program gelistirme g¢alismalarma da 1s1k
tutabilecektir. Bu dogrultuda arastirmanin temel problemi “Tiirkiye Yiizyili Maarif Modeli
ortaokul matematik dersi 0gretim programinda say1 hissi ve say1 hissi bilesenlerinin hangi
diizeyde yer aldiginin belirlenmesidir.” Aragtirmanin alt problemleri ise;

1.Turkiye Yilzyili Maarif Modeli ortaokul matematik dersi dgretim programinda sinif
diizeylerine gore say1 hissi ve bilesenlerine ne diizeyde yer verilmektedir?

2. Tiirkiye Yiizyil1 Maarif Modeli ortaokul matematik dersi 6gretim programinda temalara gore
say1 hissi ve bilesenlerine ne diizeyde yer verilmektedir?

Arastirmanin Amaci

Bu aragtirmanin amaci, Tiirkiye Yiizyilli Maarif Modeli ortaokul matematik dersi 6gretim
programinin say1 hissi bilesenleri acisindan incelenmesidir. Bu dogrultuda calismada,
programda yer alan 6grenme ¢iktilarinin sayilarin anlami, sayilarin biiyiikligi, esnek islem
yapma ve sonucun akla yatkinligin1 degerlendirme ile tahmin etme gibi say1 hissi bilesenleriyle
ne Olctide iliskili oldugunun belirlenmesi hedeflenmektedir.

Arastirma kapsaminda, 6gretim programinin say1 hissi gelisimini destekleme potansiyeli sinif
diizeyleri ve temalar baglaminda analiz edilerek programin matematiksel diislinmenin
kavramsal yoniinii ne Ol¢lide destekledigi ortaya konulmaya calisilmaktadir. Bu yoniiyle

calisma, Tirkiye Yilzyilh Maarif Modeli matematik Ogretim programinin sayi hissi
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baglamindaki yapisini ortaya koymayir ve program gelistirme siireglerine veri sunmayi
amaclamaktadir.

YONTEM

Bu béliimde arastirmanin modeli, veri kaynagi, veri toplama siireci ve veri analizi ayrintili
bicimde agiklanmustir.

Arastirma Modeli

Bu arastirma, nitel arastirma yaklasimi c¢ergevesinde yliriitiilmiis olup veri toplama yontemi
olarak dokiiman incelemesi kullanilmistir. Nitel arastirmalar, incelenen olguyu dogal baglami
icerisinde anlamlandirmayi, yorumlamayi ve derinlemesine ¢6zimlemeyi amaclayan bir
aragtirma yaklasimidir (Guba & Lincoln, 1994; Klenke, 2016). Bu tiir arastirmalarda temel
amag, belirli bir durumu agiklamak ya da genelleme yapmak degil; incelenen olgunun yapisini,
anlamini ve baglamsal 6zelliklerini ortaya koymaktir.

Calisma, Merriam’in (1998, 2009) tanimladig1 temel nitel arastirma deseni dogrultusunda
yapilandirilmistir. Temel nitel arastirmalar, arastirmacinin belirli bir durumu ya da dokiimani
yorumlayici bir bakis agisiyla incelemesini ve elde edilen verileri anlamlandirmasini esas alir.
Bu calismada da Tiirkiye Yiizyili Maarif Modeli Ortaokul Matematik Dersi Ogretim
Programi’nin say1 hissi ve say1 hissi bilesenleri agisindan analiz edilmesi amaclandigindan,
yorumlayici nitel yaklagim benimsenmistir.

Arastirmada veri kaynagi olarak Milli Egitim Bakanlig tarafindan 2024 yilinda yayimlanan
Tiirkiye Yiizyilh Maarif Modeli Ortaokul Matematik Dersi Ogretim Programi kullanilmistir.
Dokiiman incelemesi, arastirilmasi hedeflenen olguya iliskin yazili materyallerin sistematik
bicimde incelenmesini ve ¢dziimlenmesini iceren bir yontemdir (Yildirnm & Simsek, 2018).
Egitim arastirmalarinda 6gretim programlarinin yapisal 6zelliklerini, igerik yonelimlerini ve
kuramsal ¢ergevesini analiz etmeye yonelik ¢alismalarda dokiiman incelemesi siklikla tercih
edilmektedir. Dokiiman incelemesi yontemi, arastirmaciya veriye dogrudan erisim saglama,
materyali baglami igerisinde degerlendirme ve sistematik analiz yapma imkani sunmaktadir
(Creswell, 2014). Ayrica bu yontem, gozlem veya goriisme gibi veri toplama siireclerine ihtiyag
duyulmaksizin mevcut resmi belgeler lizerinden derinlemesine inceleme yapilmasina olanak
tanimaktadir (Yildirim & Simsek, 2018). Bu ¢alismada 6gretim programinda yer alan 6grenme
ciktilar1 ve temalari; say1 hissi bilesenleri ¢ercevesinde analiz edilerek degerlendirilmistir.

Bu arastirma, Tiirkiye Yiizyili Maarif Modeli Ortaokul Matematik Dersi Ogretim Programi’nin
say1 hissi bilesenleri dogrultusunda incelenmesine yonelik betimleyici ve yorumlayici nitel bir

dokiiman analizi ¢alismasidir.
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Veri Kaynagi

Bu arastirmanin veri kaynagini, Milli Egitim Bakanligi tarafindan 2024 yilinda yayimlanan ve
2024-2025 egitim 6gretim yilindan itibaren kademeli olarak uygulanmaya baglanan Tiirkiye
Yiizyihh Maarif Modeli Ortaokul Matematik Dersi Ogretim Programi olusturmaktadir
Arastirmada incelenen 6gretim programi, kamuya acik ve resmi bir belge niteligi tasidigindan
etik kurul izni gerektirmemektedir. Dokiiman incelemesi yontemi kapsaminda kullanilan bu
program, aragtirmanin temel veri setini olusturmaktadir. Resmi §gretim programlari, egitim
sisteminin kuramsal yonelimlerini, igerik Onceliklerini ve beceri temelli hedeflerini yansitan
temel dokiimanlar olarak degerlendirilmektedir. Bu nedenle program dokiimanlari,
matematiksel diistinmenin belirli bilesenleri acisindan sistematik analiz yapmaya olanak
saglayan glivenilir veri kaynaklaridir (Lincoln & Guba, 1985).

Veri Toplama Sureci

Arastirmada veri toplama siireci sistematik ve asamali bir bigimde yiiriitiilmiistiir. Siireg,
kuramsal gercevenin olusturulmasi, 6grenim ¢iktilarinin incelenmesi ve kodlama asamalarini
icermektedir.

Birinci agamada, say1 hissine iliskin alanyazin kapsamli bi¢imde incelenmis ve sayr hissi
bilesenlerine yonelik kuramsal bir ¢ergeve olusturulmustur. Bu dogrultuda Giilbagci-Dede’nin
(2015), calismasindan yararlanilarak analiz siirecinde kullanilacak kod listesi gelistirilmistir.
Kod listesi; sayilarin anlamini, say1 biiytikliigi, esnek islem yapma ve tahmin etme bilesenlerini
icerecek sekilde yapilandirilmistir.

Ikinci asamada, Milli Egitim Bakanlig1 tarafindan yayimlanan Tiirkiye Yiizyili Maarif Modeli
Ortaokul Matematik Dersi Ogretim Programi'nda yer alan 5-8. sif diizeylerindeki tiim
matematik Ogrenme ¢iktilar1 siif diizeylerine gore ayri ayri listelenmistir. Program
dokiimanina Milli Egitim Bakanligi’nin resmi internet sitesi izerinden erisilmis ve dokiimanin
Ozgiinliigii ile resmi niteligi kontrol edilmistir. Kamuya agik resmi bir belge olmasi nedeniyle
dokiiman dogrudan veri kaynagi olarak kullanilmistir.

Uglincii asamada, programda yer alan her bir 6grenme ciktisi, icerdigi biligsel siiregler ve
matematiksel yonelimler dikkate alinarak say1 hissi bilesenleri ile iliskilendirilmistir. Kodlama
stirecinde bir 6grenme ¢iktisinin birden fazla sayi hissi bileseniyle iliskili oldugu durumlarda
coklu kodlama yapilmistir. Bu yaklasim, 6grenme ¢iktilarinin yalnizca tek bir boyuta
indirgenmesini 6nleyerek daha kapsamli bir analiz yapilmasina olanak saglamistir.

Veri toplama siireci, dokiiman analizine iliskin alanyazinda belirtilen asamalar dogrultusunda

yiirlitiilmiistiir (Forster, 1995). Bu kapsamda dokiimanlara erisim saglanmis, dokiimanlarin
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resmi ve 0zgiin oldugu dogrulanmis, dokiimanlar sistematik bigimde incelenmis ve analiz
stirecine hazir hale getirilmistir. Elde edilen veriler, arastirmanin problem ve alt problemleri
dogrultusunda diizenlenmis ve analiz asamasina aktarilmistir.

Veri Analizi

Arastirmada elde edilen veriler betimsel analiz yontemiyle ¢6ziimlenmistir. Betimsel analiz,
onceden belirlenen kuramsal ger¢eve dogrultusunda verilerin sistematik bi¢cimde diizenlenmesi,
Ozetlenmesi ve yorumlanmasini igeren bir nitel veri analiz teknigidir (Yildirnrm & Simsek,
2018). Bu yaklasimda amag, elde edilen bulgular1 belirli temalar altinda yapilandirarak
okuyucuya diizenli ve anlasilir bir bigimde sunmaktir.

Bu calismada analiz cergevesi, Giilbager (2015) tarafindan ortaya konulan say: hissi temel
bilesenleri esas alinarak olusturulmustur. S6z konusu bilesenler; sayilarin anlami, sayilarin
biiyiikliigii, esnek islem yapma ve tahmin etme boyutlarin1 kapsamaktadir. Bu ¢ergevenin tercih
edilmesinin temel nedeni, say1 hissinin Olciilebilir ve analiz edilebilir alt boyutlara ayrilmis
olmasi ve program incelemelerinde sistematik kodlama yapilmasina olanak saglamasidir.
Arastirmada 6zellikle vurgulanmasi gereken bir husus, bir 6grenim ¢iktisinin say1 hissi ile
iliskili olup olmamasinin yalmzca metinsel ifadeye bagli olmadigidir. Ogrenme ciktisinin
ogrencilerle nasil ele alindig1, hangi 6gretim stratejileriyle sunuldugu ve 6gretmenin konuya
iliskin pedagojik yaklasimi, say1 hissinin gelisiminde belirleyici olabilmektedir (Giilbagci-
Dede, 2015). Bu nedenle 68retim programinda sayi1 hissiyle dogrudan iliskilendirilmeyen bir
ogrenme c¢iktisi, uygun 0grenme ortamlarinda ve kavramsal temelli bir 6gretim anlayisiyla
sunuldugunda say1r hissi gelisimine katki saglayabilir. Bununla birlikte bu arastirmada
degerlendirmeler, Ogretim programinda yer alan 6grenme ¢iktilarinin resmi ifadelersi,
aciklamalar1 ve ornekleri esas alinarak yapilmistir. Analiz siirecinde program metninde acik¢a
yer verilen yonelimler dikkate alinmis, 6gretim siirecine iligkin olas1 uygulama farkliliklari
kapsam diginda tutulmustur.

Analiz siirecinde oncelikle 6gretim programinda yer alan 6grenim ¢iktilarr sinif diizeylerine
gore dlizenlenmis, ardindan her bir O6grenim ¢iktis1 belirlenen sayr hissi bilesenleri
dogrultusunda incelenmistir. Ogrenim ¢iktisinin ifade ettigi bilissel siirecler ve matematiksel
yonelimler dikkate alinarak ilgili bilesenlerle eslestirme yapilmistir. Bir 6grenme ¢iktisinin
birden fazla say1 hissi boyutunu igermesi durumunda ¢oklu kodlama yapilmis ve bu durum

analiz tablolarinda ayrica belirtilmistir.
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Ogretim programinda bulunan 6grenme ¢iktilar1 say1 hissi bilesenlere gére incelenirken;

ogrenim ciktis1 ile siirec bilesenleri de dikkate alinmistir. Ornek bir analiz Tablo 1°de

verilmistir.
Tablo 1. Arastirma le Ilgili Ornek Analiz Tablosu
Simif o e
._ . Tema Ogrenme Ciktisi Analiz Sureci
Dizeyi
MAT.5.2.1. Egsitligin  korunumuna ve
islem  oOzelliklerine  yonelik  ¢ikarim
yapabilme
a) Esitligin korunumuna, dogal sayilarla
tqp lama ve carpma islemlerinin degisme, Ogrenme ¢iktisinda esitligin korunumu
birlesme; carpmanin toplama ve ¢ikarma . Lo
. A < . e ve iglem O6zellikleri iizerinden varsayim
islemleri iizerine dagilma o&zelliklerine
o olusturma, genelleme yapma ve elde
yonelik varsayimlarda bulunur. . .. .
) b) inceledigi omekler iizerinden edilen sonuglar1 smnama siiregleri yer
Islemlerle - . almaktadir. Islemlerin yapisint kavrama
. varsayimina yonelik genellemeleri
5.smif Cebirsel belirler ve bu yapiya dayali ¢gikarim yapma, say1
Diislinme . . hissinin “esnek iglem yapma ve sonucun
¢) Elde ettigi genellemelerin varsayimint s N .,
karsilayip karsilamadigini gesitli 6rnekler akla  yatkinhgm —degerlendirme
rarstiayip xary gt ¢es bileseni ile iliskilidir. Bu nedenle ilgili
iizerinden sinar. < N .
c ey N ogrenme ciktis1 s6z konusu bilesen
¢) Varsayim ile ilgili ulastigi sonuca kansaminda deserlendirilmistir
yonelik dogrulayabilecegi matematiksel P & Sut.
bir 6nermeyi sdzel ve sembolik temsil ile
sunar.
d) Sundugu Snermenin katkisina yonelik
gerekce sunar.
Ogrenme ¢iktisinda ondalik
MAT.6.1.5. Gergek yagam durumlarinda  gdsterimlerin basamak degerlerinin
ondalik gosterimlerin basamak degerlerini  kesirler araciligiyla yeniden ifade
kesirlerden yararlanarak yorumlayabilme  edilmesi ve agiklanmasi
a) Ondalik gosterimlerin basamak vurgulanmaktadir. Bu durum, sayilarin
Savilar ve degerlerini inceler. onluk sistem yapisini kavrama,
6.Suif NiZeIikI\(;r b)Ondalik gosterimlerin basamak basamak degerini anlama ve saymin
degerlerini paydasi1 10, 100 ve 1000 olan  esdeger temsillerini kullanma
kesirlerin toplamlarim kullanarak yeniden becerilerini igermektedir. S6z konusu
ifade eder. biligsel siirecler say1 hissinin “sayilarin
¢)Ondalik gdsterimlerin basamak anlami1” bileseni kapsaminda
degerlerini kendi ciimleleriyle agiklar. degerlendirildiginden, ilgili 6grenme
¢iktisi bu bilesen altinda kodlanmuistir.
Ogrenme ¢iktisinda olaylarin esit
olasiliklt olma durumuna iligkin
MAT.7.7.2. Ayni deneye ait olaylarin esit  hesaplama yapilmas1 ve elde edilen
olasilikli olma durumlarini sonuglarin belirlenen 6l¢iitlerle
degerlendirebilme karsilastirilmasi vurgulanmaktadir.
a) Esit olasilikli olan ve esit olasilikli Olasilik degerlerinin karsilagtirilmast,
olmayan olaylara iliskin 6l¢iit belirler. niceliksel biiytikliik degerlendirmesi
7.Simf Veriden b) Olaylarin esit olasilikli olma veya gerektirdiginden bu 6grenme ¢iktisi
-Sint Olasiliga  olmama olasiligina iliskin hesaplama “sayilar biiylikligii” bileseni

yapar.
¢) Hesaplama sonuglarini belirledigi
Olciitlerle karsilastirir.

¢) Karsilastirmalarina iliskin yargida
bulunur.

kapsaminda ele alinmistir. Ayrica
hesaplama sonuglarina iligkin yargida
bulunma slireci, sonucun
degerlendirilmesini igerdigi i¢in “esnek
islem yapma ve sonucun akla
yatkinligin1 degerlendirme” bileseni ile
de iliskilendirilmistir. Bu nedenle
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ogrenme ¢iktisi coklu kodlama
kapsaminda degerlendirilmistir.

MAT.7.5.1. Matematiksel ara¢ ve
teknolojiden yararlanarak iggende
kenarortayi, agiortay: ve ylksekligi
¢cdzlimleyebilme

Ucgende kenarortay, agiortay ve
yiikseklik kavramlarinin incelenmesine

7.S51mmf g:l?irl?ee;mk a) Uggende kenarortay, aciortay1 ve yonelik geometrik bir 6grenme
yiiksekligi belirler. ¢iktisidir. Bu 6grenme ¢iktisinda say1
b) Uggende kenarortay, agiortay ve hissi ve bilesenine rastlanmamustir.
yukseklik arasindaki iligkileri belirler.
MAT.8.3.1. Matematiksel arag ve
teknoloji yardimiyla iiggenin kenarlar1 ve
agilart ara.smdakl iliskiyi yorum laya‘pllme Ogrenim ciktismnin siire¢ bilesenlerinde
a) Uggenin kenar ve agi ozelliklerini ot
. kenar uzunluklarinin ve ag1 6lgtilerinin
8.Sumif Geometrik ;ch-]ler'enm kenar uzunluklarmm biiyiikliiklerine gore siralanmasi ifadesi
-t Sekiller <& yer almaktadir. Bu nedenle bu 6grenim

biiyiikliigiine gore acilarin élgiilerini,
agilarin élgiilerinin biiyiikliigiine gére

ciktist “sayilarin biiyiikligi” bileseni
igerine dahil edilmistir.

kenar uzunluklarin siralar.
¢) Uggenin kenar uzunluklar: ve agi
olciileri arasindaki iliskiyi ifade eder.

Gecerlilik ve Glvenirlilik

Nitel aragtirmalarda gecerlik ve gilivenirlik, arastirma siirecinin tutarliligi, seffafligi ve
inandiriciligr ile iligkilidir. Bu caligmada arastirmanin inandiriciligini artirmak amaciyla veri
toplama ve analiz siiregleri ayrintili bicimde agiklanmis ve analiz siireci sistematik bir
cergevede yiirlitiilmistiir. Aragtirmada kullanilan analiz g¢ercevesi, alanyazinda yer alan ve
Olgiilebilir temel bilesenler sunan say1 hissi siniflandirmasina dayandirilmistir (Giilbagci-Dede,
2015). Boylece analiz siireci kuramsal temele oturtularak kavramsal tutarlilik saglanmistir.

Ic gecerligi giiclendirmek amaciyla kodlama siireci coklu arastirmact yaklasimiyla
yiiriitiilmiistiir. Ogretim programinda yer alan 6grenme ¢iktilari, arastirmacilar tarafindan
bagimsiz olarak kodlanmis ve elde edilen sonuglar karsilagtirilmistir. Kodlamalar arasindaki
farkliliklar tartigilarak uzlasi yoluyla giderilmistir. Ayrica nitel arastirma konusunda deneyimli
bir uzmanin goriisiine bagvurulmus ve uzman kodlamasi ile arastirmaci kodlamalari
karsilagtirilmistir. Bu siireg, arastirmanin dogrulanabilirligini artirmaya yonelik bir denetim
mekanizmasi olarak kullanilmistir.

Kodlayicilar arasindaki tutarlilig belirlemek amaciyla Miles ve Huberman (1994) tarafindan
onerilen giivenirlilik formiilii Goriis Birligi / (Goris Birligi + Gortis Ayriligr) kullanilmistir.
Yapilan hesaplama sonucunda kodlayicilar aras1 uyum orani %96 olarak bulunmustur. Bu oran,
analiz strecinde yuksek diizeyde tutarlilik saglandigini1 gostermektedir.

D1s gecerlik acisindan ise arastirma siireci ayrintili bicimde betimlenmis; veri kaynagi, analiz
cergevesi ve kodlama kriterleri agikca ortaya konulmustur. Boylece benzer caligsmalar

yiiriitecek arastirmacilar igin stire¢ izlenebilir ve tekrar edilebilir hale getirilmistir.

42



\_;\_\c_\'. AN/
D <

5 ‘3 ISARC academy

g S S ce e é

2 S INTERNATIONAL SCIENCE AND ART RESEARCH CENTER
@]

BULGULAR

Bu bdliimde Tiirkiye Yiizyilt Maarif Modeli ortaokul matematik dersi 6gretim programinda yer
alan 6grenme c¢iktilarinin say1 hissi ve sayi hissi bilesenleri agisindan incelenmesi sonucunda
elde edilen bulgular sunulmaktadir. Analiz siirecinde oncelikle programda yer alan 6grenme
ciktilarinin siif diizeylerine ve temalara gore dagilimlari belirlenmistir. Bu islem, 6gretim
programinin genel yapisini ortaya koymak ve sayi hissi ile iliskilendirilebilecek 6grenme
ciktilarinin  hangi sinif diizeylerinde ve temalarda yogunlagtigini belirlemek amaciyla
gerceklestirilmigtir. Daha sonra 6grenme ¢iktilari, say1 hissi ve say1 hissinin temel bilesenleri
dogrultusunda analiz edilerek smif diizeyleri ve temalar baglaminda degerlendirilmistir.
Calismanin bulgularin1 yazmadan Oncelikle tiim sinif diizeylerinde ve temalarda yer alan
ogrenme ciktilarinin sayilar1 belirlenmistir. Elde edilen veriler asagida Tablo 2’de
gosterilmistir.

Tablo 2. Tiirkiye Yiizyilh Maarif Modeli Ortaokul Matematik Ogretim Programindaki Smif

Diizeyi ve Temalara Gore Ogrenme Ciktilar1 Sayilart

Temalar S5.smf 6.smmf  7.simf  8.simf  Toplam
Sayilar ve Nicelikler 4 8 7 4 23
Islemlerle Cebirsel Diisiinme 4 3 4 4 15
Geometrik Sekiller 7 4 2 6 19
Geometrik Nicelikler 4 6 10 3 23
Istatistiksel Arastirma Siireci 2 2 2 2 8
Veriden Olasihiga 2 1 3 1 7
Doniisiim - - 2 3 5
Toplam 23 24 30 23 100

Tablo 2 incelendiginde Tiirkiye Yiizyilh Maarif Modeli ortaokul matematik dersi 6gretim
programinda toplam 100 6grenme ¢iktis1 bulundugu goriilmektedir. Sinif diizeylerine gore
dagilima bakildiginda 6grenme ¢iktilarin 5. siifta 23, 6. sinifta 24, 7. sinifta 30 ve 8. sinifta
23 oldugu goriilmektedir. Buna gore 6grenme ciktilarinin en fazla 7. simif diizeyinde, en az ise
5. ve 8. sinif diizeylerinde yer aldig1 sdylenebilir.

Temalar agisindan incelendiginde, 6grenme ¢iktilarinin en fazla “Sayilar ve Nicelikler” ile
“Geometrik Nicelikler” temalarinda yogunlastigi goriilmektedir. Her iki temada da 23’er
ogrenme ¢iktis1 bulunmaktadir. Bu durum, programda say1 kavramai, nicelik iligkileri ve 6lgme
ile iligkili matematiksel becerilere 6nemli bir yer verildigini géstermektedir. Bununla birlikte
“Geometrik Sekiller” temas1 19 dgrenme ¢iktist ile programda onemli bir yer tutmaktadir.
Ogrenme ¢iktilarinin daha sinirl sayida yer aldigi temalar ise “Islemlerle Cebirsel Diisiinme”

(15), “Istatistiksel Arastirma Siireci” (8), “Veriden Olasiliga” (7) ve “Déniisiim” (5) temalaridur.

43




L\QB‘\C‘ Ly

z,(,% ISARC academy

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

Ozellikle Doniisiim temasinin yalnizca 7. ve 8. smif diizeylerinde yer aldig1 ve toplam 6grenme
ciktis1 sayisinin diger temalara gore oldukca diisiik oldugu dikkat ¢ekmektedir.

Genel olarak degerlendirildiginde, Tiirkiye Yiizyili Maarif Modeli ortaokul matematik 6gretim
programinda 6grenme ¢iktilarinin temalar arasinda dengeli sayilabilecek bir dagilim gosterdigi,
ancak bazi temalarda (6zellikle sayilar ve nicelikler ile geometrik nicelikler) daha yogun bir
ogrenme ¢iktisinin bulundugu gériilmektedir. Bu dagilim, programin matematiksel kavramlarin
niceliksel ve geometrik boyutlarina giiglii bir vurgu yaptigini gostermektedir.

Tablo 2’de sunulan 6grenme c¢iktilarinin sinif diizeyi ve temalara gore dagilimi, 6gretim
programinin yapisal ozelliklerini ortaya koymasinin yani sira say1 hissi baglaminda yapilacak
analizler igin de dnemli bir ¢ergeve sunmaktadir. Say1 hissi, matematik 6gretiminde yalnizca
belirli bir 6grenme alanina 6zgii bir beceri olmayip sayilar, islemler, nicelik iliskileri ve dlgme
gibi farkli matematiksel igeriklerde ortaya ¢ikabilen ¢ok boyutlu bir yapiy1 ifade etmektedir. Bu
nedenle 6gretim programinda yer alan tiim temalar kapsamli bir bicimde incelenmis ve 6grenme
ciktilar1 say1 hissi bilesenleri ile iliskileri bakimindan degerlendirilmistir. Ogrenme ciktilarinin
temalar ve sinif diizeyleri acisindan dagiliminin belirlenmesi, say: hissi ile iligkili 6grenme
ciktilarin program igerisindeki konumunu ve yogunlugunu ortaya koymak acgisindan
aragtirmanin 6nemli bir asamasini olusturmaktadir. Bu baglamda Tablo 2’de sunulan bulgular,
Ogretim programinda sayi hissi ile iliskilendirilebilecek 6grenme ciktilarinin hangi igerik
alanlarinda yer aldigini belirlemeye yonelik gerceklestirilen sonraki analizler i¢in temel bir
referans noktasi olusturmaktadir.

Tiirkiye Yiizylh Maarif Modeli Ortaokul Matematik Ogretim Programinda Simif
Duzeylerine Gore Say1 Hissi ve Bilesenlerine Yonelik Bulgular

Ortaokul matematik 6gretim programinda yer alan 68renme ¢iktilarinin say1 hissi ile iliskisini
ortaya koyabilmek amaciyla oncelikle her siif diizeyinde bulunan toplam 6grenme ¢iktisi
sayist belirlenmis ve ardindan say1 hissi bilesenleri ile iliskili oldugu degerlendirilen 6grenme
ciktilar1 tespit edilmistir. Bu dogrultuda elde edilen veriler sinif diizeylerine gore sayisal
olarak karsilagtirilmis ve yiizdelik dagilimlar1 hesaplanmistir. S6z konusu dagilim Tablo 3’te

sunulmaktadir.
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Tablo 3. Sinif Diizeyine Gére Say1 Hissi ile Ilgili Ogrenme Ciktis1 Sayist

Simif Diizeyi  Say1 Hissi ile ilgili Ogrenme Toplam 63renme Y lizde(%)
Ciktis1 Sayisi ciktisi sayisi
5.simif 11 23 %47,8
6.s1mif 13 24 %54,2
7.s1mf 14 30 %46,7
8.simif 7 23 %30,4
Toplam 45 100 %45

Tablo 3 incelendiginde ortaokul matematik 6gretim programinda toplam 100 6grenme ¢iktisi
bulundugu ve bunlardan 45’inin say1 hissi ile iligkili oldugu goriilmektedir. Bu durum, 6gretim
programindaki O0grenme c¢iktilarinin  yaklagik %45’inin  say1 hissi bilesenleri ile
iliskilendirilebildigini gostermektedir.

Sinif diizeylerine gore incelendiginde, 5. sinifta yer alan 23 6grenme ¢iktisinin 11’inin (%47,8)
say1 hissi ile iligkili oldugu belirlenmistir. 6. sinifta ise toplam 24 6grenme ¢iktisindan 13’{iniin
(%54,2) say1 hissi ile iliskili oldugu goriilmektedir. Bu sonug, say1 hissi ile iligkili 6grenme
¢iktilarinin en yiiksek oranda 6. sinif diizeyinde yer aldigin1 géstermektedir. 7. sinif diizeyinde
toplam 30 6grenme ¢iktisinin 14’tiniin (%46,7) say1 hissi ile iliskilendirildigi belirlenmistir.
Buna karsin 8. siifta yer alan 23 6grenme ¢iktisindan yalnizea 7’sinin (%30,4) sayi hissi ile
iligkili oldugu goriilmektedir. Bu sonug, say1 hissi ile iligkili 6grenme ¢iktilarinin en diistik
oranda 8. sinif diizeyinde yer aldigini gostermektedir.

Genel olarak degerlendirildiginde, Ogretim programinda sayr hissi ile iligkili 6grenme
ciktilarinin 6zellikle 5., 6. ve 7. sinif diizeylerinde daha yogun bi¢imde yer aldig1, buna karsin
8. sinif diizeyinde bu oranin goérece azaldig1 goriilmektedir. Bu durum, iist siif diizeylerinde
matematik 6gretiminin daha ¢ok cebirsel ve formal islemlere yonelmesi ile iliskilendirilebilir.
Ogretim programinda yer alan 6grenme ciktilarinin say1 hissi ile iliskili olup olmadiklarinm
belirlenmesinin ardindan, say1 hissi ile iliskili oldugu tespit edilen 6grenme ¢iktilar: say1 hissi
bilesenlerine gore ayrintili olarak incelenmistir. Bu dogrultuda 6grenme ¢iktilari, Giilbagci-
Dede (2015) tarafindan ortaya konulan sayr hissi temel bilesenleri esas alinarak sayilarin
anlami, sayilarin biyiikligii, esnek islem yapma ve tahmin etme olmak Uzere dort kategori
altinda siniflandirilmustir. Elde edilen bulgular sinif diizeylerine goére karsilastirmali olarak

analiz edilmis ve sonuglar Tablo 4’te sunulmustur.
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Tablo 4. Simif Diizeylerine Gore Ogrenme Ciktilarinin Say1 Hissi Bilesenlerine Dagilimi

Sinif Sayillarin Anlami  Sayilarin Bityiikliigii Esnek Islem Tahmin Etme
Duizeyi Yapma

5.simif 4 4 3 5
6.s1mf 7 1 6 4
7.sif 6 3 2 3
8.siif 2 3 - 3
Toplam 19 11 11 15

Tablo 4 incelendiginde, 6gretim programinda sayi hissi ile iliskili 6grenme ¢iktilarinin dort
temel bilesen arasinda farkli diizeylerde dagildig1 goriilmektedir. Genel dagilim incelendiginde
sayilarin anlami bilesenine yonelik 19 6grenme ¢iktisi, tahmin etme bilesenine yonelik 15
ogrenme ciktisi, sayilarin biiyiikliigii bilesenine yonelik 11 6grenme ¢iktist ve esnek islem
yapma bilesenine yonelik 11 6grenme ¢iktis1t bulundugu belirlenmistir. Bu bulgu, 6gretim
programinda sayilarin anlamimi kavramaya yonelik 6grenme ciktilarinin diger bilesenlere
kiyasla daha fazla yer aldigin1 géstermektedir.

Smif diizeyleri agisindan incelendiginde, 5. sinifta sayilarin anlami ve sayilarin biyikligi
bilesenlerine yonelik dorder 6grenme ¢iktist bulunurken, esnek islem yapma bilesenine yonelik
iic ve tahmin etme bilesenine yonelik bes 6grenme ¢iktis1 yer almaktadir. Bu durum, 6zellikle
5. smif diizeyinde Ogrencilerin sayilarin farkli temsillerini anlamlandirmalari ve tahmin
becerilerini gelistirmeye yonelik 6grenme ¢iktilarinin 6ne ¢iktigini géstermektedir.

6. smif diizeyinde sayilarin anlami bileseni yedi 6grenme ¢iktisi ile en yiiksek degere sahip
bilesen olarak dikkat cekmektedir. Bununla birlikte esnek islem yapma bilesenine yonelik alt1
ve tahmin etme bilesenine yonelik dort 6grenme ¢iktisi yer alirken sayilarin biiyiikliigii bileseni
yalnizca bir 6grenme c¢iktisi ile temsil edilmektedir. Bu durum 6. smif diizeyinde 6zellikle
sayilarin yapisal Ozelliklerinin anlasilmasi1 ve islemlerin farkli stratejilerle ele alinmasina
yonelik 6grenme ¢iktilarinin agirlik kazandigini gostermektedir.

7. smif diizeyinde ise sayilarin anlami bilesenine yonelik alti 6grenme ¢iktis1 bulunurken
sayilarin biiytikliigii bilesenine yonelik ii¢, esnek islem yapma bilesenine yonelik iki ve tahmin
etme bilesenine yonelik lic 6grenme ¢iktist yer almaktadir. Bu dagilim 7. smifta sayilarin
anlamlandirilmasina yonelik 6grenme ¢iktilarinin  hilen o6nemli bir yer tuttugunu
gostermektedir.

8. smif diizeyinde ise sayilarin anlami bilesenine yonelik iki 6grenme c¢iktisi bulunurken
sayilarin biiyiikliigii ve tahmin etme bilesenlerine yonelik iiger 6grenme ¢iktis1 yer almakta,
esnek iglem yapma bilesenine yonelik herhangi bir 6grenme ¢iktisina rastlanmamaktadir. Bu
durum iist sif diizeyine gecildikce Ogretim programinda sayi hissinin bazi bilesenlerine

yonelik 6grenme ciktilarinin azaldigini gostermektedir.
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Genel olarak degerlendirildiginde 6gretim programinda say1 hissi bilesenlerinin tiimiine yer
verilmekle birlikte, O0grenme ¢iktilarinin ozellikle sayilarin anlami ve tahmin etme
bilesenlerinde yogunlastigi, buna karsin sayilarin biylikligii ve esnek islem yapma
bilesenlerinin daha sinirli diizeyde temsil edildigi gorilmektedir.

Tiirkiye Yiizyih Maarif Modeli Ortaokul Matematik Ogretim Programinda Temalara
Gore Say1 Hissi ve Bilesenlerine Yonelik Bulgular

Ogretim programinda yer alan dgrenme ¢iktilariin say1 hissi ile iliskili olup olmadiklarmnin
smif diizeylerine gore incelenmesinin ardindan, bu 6grenme ¢iktilarinin temalara gore dagilimi
da analiz edilmistir. Bu dogrultuda 6gretim programinda yer alan her bir temadaki toplam
ogrenme ciktist sayist belirlenmis ve sayir hissi ile iligkilendirilen 6grenme ciktilar: tespit
edilmigtir. Boylece 0gretim programindaki farkli temalarin say: hissi ile ne dlgiide iligkili
oldugu ortaya konulmaya calisilmistir. Elde edilen bulgular Tablo 5’te sunulmaktadir.

Tablo 5. Temalara Gére Say: Hissi ile Ilgili Ogrenme Ciktilarmin Sayist

Temalar Say1 Hissi ile Tlgili Toplam 6grenme  YUuzde(%)
Ogrenme Ciktis1 Sayisi ciktisi sayisi

Sayilar ve Nicelikler 22 23 %95,6
Islemlerle Cebirsel Diisiinme 6 15 %40
Geometrik Sekiller 2 19 %10,5
Geometrik Nicelikler 10 23 %43,5
Istatistiksel Arastirma Siireci 0 8 0
Veriden Olasihga 4 7 %57,1
Doniisiim 1 5 %20
Toplam 45 100 %45

Tablo 5 incelendiginde sayilar ve nicelikler temasinda yer alan 23 6grenme ¢iktisindan 22’sinin
(%95,6) say1 hissi ile iligkili oldugu goriilmektedir. Bu durum say1 hissi ile iligkili 6grenme
ciktilarinin en yogun bigimde bu temada yer aldigini1 géstermektedir. Bu bulgu, say1 hissinin
dogrudan sayilarla ve sayilarin farkl temsilleriyle iliskili olmasi nedeniyle beklenen bir durum
olarak degerlendirilebilir. Islemlerle cebirsel diisiinme temasinda yer alan 15 dgrenme ¢iktisinin
6’smnin (%40) say1 hissi ile iliskili oldugu belirlenmistir. Bu durum, s6z konusu temada yer alan
bazi 6grenme c¢iktilarinin sayilar ve islemler arasindaki iligkileri anlamlandirmaya yonelik
olmasiyla agiklanabilir. Geometrik nicelikler temasinda yer alan 23 6grenme ¢iktisindan
10’unun (%43,5) sayt hissi ile iligkili oldugu goriilmektedir. Bu durum o6zellikle 6lgme,
biiyiikliik karsilastirma ve tahmin gibi silireclerin say1r hissi ile iliskilendirilebilmesi ile
aciklanabilir. Buna karsilik Geometrik sekiller temasinda yer alan 19 6grenme ¢iktisindan
yalnizca 2’sinin (%10,5) say1 hissi ile iligkili oldugu goriilmektedir. Benzer sekilde doniisiim

temasinda yer alan 5 6grenme ciktisindan 1’1 (%20) say1 hissi ile iligkilendirilmistir. Bu
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temalarda sayr hissi ile iligkili 68renme ¢iktilarinin simirh diizeyde yer aldigi dikkat
cekmektedir.

Ote yandan veriden olasiliga temasinda yer alan 7 dgrenme ¢iktisindan 4’iiniin (%57,1) say1
hissi ile iliskili oldugu belirlenmistir. Ozellikle olasilik degerlerinin biiyiikliik iliskisi igcinde
degerlendirilmesi ve tahmin yapilmasi gibi siireclerin sayr hissi ile iligkilendirilebildigi
gorilmektedir. Bununla birlikte Istatistiksel arastirma siireci temasinda yer alan 8 6grenme
¢iktisinin hicbirinin say1 hissi ile iliskilendirilmedigi belirlenmistir. Bu durum s6z konusu
temanin daha ¢ok veri toplama, veri diizenleme ve yorumlama siireglerine odaklanmasiyla
aciklanabilir. Genel olarak degerlendirildiginde Ogretim programinda sayi hissi ile iliskili
ogrenme ¢iktilarinin 6zellikle sayilar ve nicelikler temasi basta olmak {izere sayilarla dogrudan
iligkili temalarda yogunlastigi, buna karsin geometri ve veri odakli temalarda daha sinirl
diizeyde yer aldigi gérulmektedir.

Ogretim programinda say1 hissi ile iliskili 6grenme ¢iktilarmin temalara gore dagilim
belirlendikten sonra, bu 6grenme ¢iktilarinin say1 hissi bilesenleri acisindan temalar bazinda
nasil dagildig1 da incelenmistir. Bu dogrultuda say1 hissi ile iliskili oldugu belirlenen 6grenme
ciktilari; sayilarin anlami, sayilarin biyiikligii, esnek islem yapma ve tahmin etme bilesenleri
cergevesinde siniflandirilmis ve her temada yer alan 6grenme ¢iktilarinin hangi say1 hissi
bilesenleri ile iliskilendirildigi belirlenmistir. Elde edilen bulgular Tablo 6’da sunulmaktadir.

Tablo 6. Temalara Gore Ogrenme Ciktilarinin Sayr Hissi Bilesenlerine Dagilimi

Temalar Sayilarin Sayilarin Esnek islem  Tahmin Etme
Anlam Biiyiikliigii Yapma
Sayilar ve Nicelikler 14 5 6 4
Islemlerle Cebirsel Diisiinme 3 - 2 -
Geometrik Sekiller - 1 - 1
Geometrik Nicelikler 2 3 3 5
Istatistiksel Arastirma Siireci - - - -
Veriden Olasihga - 2 - 4
Doniisiim - 1
Toplam 19 11 11 15

Tablo 6 incelendiginde 68retim programinda say1 hissi ile iliskili 6grenme ¢iktilarinin farkl
temalarda ve farkli sayir hissi bilesenlerinde yogunlastigi goriilmektedir. Genel dagilima
bakildiginda sayilarin anlami bileseni 19 68renme ¢iktist ile en fazla temsil edilen bilesen
olurken, tahmin etme bileseni 15 6grenme ¢iktisi, sayilarin biyiikliigii ve esnek islem yapma
bilesenleri ise 11’er 6grenme ¢iktis1 ile temsil edilmektedir.

Temalar agisindan incelendiginde sayilar ve nicelikler temasinin say1 hissi bilesenleri a¢isindan
en zengin tema oldugu goriilmektedir. Bu temada sayilarin anlami bilesenine yonelik 14,

sayilarin biiyiikliigii bilesenine yonelik 5, esnek islem yapma bilesenine yonelik 6 ve tahmin
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etme bilesenine yonelik 4 Ogrenme ¢iktis1 yer almaktadir. Bu durum s6z konusu temanin
dogrudan sayr kavrami, sayilarin temsilleri ve sayilar arasi iliskiler ile ilgili olmasiyla
aciklanabilir. Islemlerle cebirsel diisinme temasinda ise sayilarm anlami bilesenine yonelik 3
ve esnek islem yapma bilesenine yonelik 2 6grenme ¢iktis1 bulunurken sayilarin biytkligi ve
tahmin etme bilesenlerine yonelik herhangi bir 6grenme ¢iktisina rastlanmamaktadir. Bu durum
s0z konusu temada daha c¢ok cebirsel iliskilerin ve islemsel yapilarin ele alinmasindan
kaynaklanabilir. Geometrik sekiller temasinda say1 hissi ile iligkili 6grenme ¢iktilarinin oldukca
siirli oldugu goriilmektedir. Bu temada sayilarin biiyilikligli ve tahmin etme bilesenlerine
yonelik birer 6grenme ¢iktis1 bulunmaktadir. Geometrik nicelikler temasinda ise say1 hissinin
farkli bilesenlerinin daha dengeli bicimde temsil edildigi goriilmektedir. Bu temada sayilarin
anlami1 bilesenine yonelik 2, sayilarin biiyiikliigii bilesenine yonelik 3, esnek islem yapma
bilesenine yonelik 3 ve tahmin etme bilesenine yonelik 5 6grenme ¢iktist yer almaktadir.
Ozellikle 6lgme, biiyiikliik karsilastirma ve tahmin siireclerinin bu temada &n plana ciktig
gorilmektedir. Veriden olasiliga temasinda sayilarin biiytikligii bilesenine yonelik 2 ve tahmin
etme bilesenine yonelik 4 6grenme ¢iktis1 bulunurken, diger bilesenlere yonelik herhangi bir
ogrenme ¢iktisina rastlanmamaktadir. Bu durum olasilik konularinin dogasi geregi tahmin ve
biiyiikliik iliskileri ile baglantili olmastyla agiklanabilir. Ote yandan istatistiksel arastirma
sireci temasinda say1 hissi bilesenleri ile iliskilendirilen herhangi bir 6grenme ¢iktisina
rastlanmamistir. Doniisiim temasinda ise yalnizca tahmin etme bileseni ile iligkili bir 6grenme
¢iktis1 bulunmaktadir.

Genel olarak degerlendirildiginde 6gretim programinda sayr hissi bilesenlerinin 6zellikle
Sayilar ve Nicelikler ve Geometrik Nicelikler temalarinda daha yogun bi¢cimde yer aldig1; buna
karsin geometri ve veri temalarinda daha siirlt diizeyde temsil edildigi gorulmektedir.
SONUC VE TARTISMA

Bu arastirmada Tiirkiye Yiizyili Maarif Modeli ortaokul matematik dersi 6gretim programinda
yer alan 0grenme ¢iktilar1 say1 hissi ve say1 hissinin temel bilesenleri ac¢isindan incelenmistir.
Arastirma sonucunda ¢gretim programinda yer alan toplam 100 6grenme ciktisindan 45’inin
(%45) say1 hissi ile iligkili oldugu belirlenmistir. Bu bulgu, 6gretim programindaki 6grenme
ciktilarinin  6nemli bir bolimiiniin say1 hissi bilesenleri ile iligkilendirilebildigini
gostermektedir. Say1 hissi, sayilar1 anlamlandirma, sayilar arasindaki biiytikliik iligkilerini
kavrama, islemleri esnek bicimde gerceklestirme ve sonuglarin akla yatkinligini degerlendirme
gibi becerileri igeren temel bir matematiksel yeterlik olarak tanimlanmaktadir (Giilbagci-Dede,

2015). Bu acidan degerlendirildiginde 6gretim programinda say: hissi ile iligkili 6grenme
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ciktilarinin belirli bir diizeyde yer almasi matematiksel diisiinme becerilerinin gelistirilmesi
acisindan énemli bir durum olarak degerlendirilebilir.

Arastirma bulgularinda say1 hissi ile iliskili 6grenme ¢iktilarinin siif diizeylerine gore dagilimi
incelendiginde en yiiksek oranin 6. sinif diizeyinde (%54,2) oldugu, en diislik oranin ise 8. sinif
diizeyinde (%30,4) oldugu goriilmektedir. Bu durum say1 hissi ile iligkili 6grenme ¢iktilarinin
ozellikle ortaokulun ilk yillarinda daha yogun bi¢imde yer aldigim1 gostermektedir. Benzer
sekilde 2018 ortaokul matematik Ogretim programinin sayi hissi bilesenleri agisindan
incelendigi bir ¢alismada da sayi hissi ile iligkili kazanimlarin 6zellikle alt sinif diizeylerinde
daha yogun oldugu ve simif diizeyi arttikca bu kazanimlarin azalma egilimi gosterdigi
belirlenmistir (Acar & Peker, 2021; Karabey vd., 2019). Bu ac¢idan bakildiginda mevcut
caligmanin bulgular1 s6z konusu arastirmanin sonuglari ile paralellik gostermektedir. Bu durum,
matematik 6gretiminde st sinif diizeylerine dogru ilerledik¢e 6gretimin daha cok cebirsel
islemler ve formal matematiksel siire¢ler lizerine yogunlagmasiyla aciklanabilir.

Arastirmada say1 hissi ile iligkili 6grenme ciktilar1 say1 hissinin temel bilesenleri agisindan
incelendiginde en fazla temsil edilen bilesenin sayilarin anlami oldugu belirlenmistir.
Programda toplam 19 0&grenme g¢iktisinin bu bilesen kapsaminda degerlendirildigi
goriilmektedir. Sayilarin anlami bilesenini sirasiyla tahmin etme (15), sayilarin biyiiklagii (11)
ve esnek islem yapma (11) bilesenleri izlemektedir. Bu sonug, 6gretim programinda 6zellikle
sayillarin farkli temsillerinin anlasilmast ve sayilarin yapisal 6zelliklerinin kavranmasina
yonelik 6grenme ¢iktilarinin 6n plana ¢iktigin1 gostermektedir. Sayilarin anlami bileseninin
say1 hissinin en temel boyutlarindan biri oldugu ve 6grencilerin sayilar1 anlamli matematiksel
nesneler olarak kavramalarii sagladig ifade edilmektedir (Giilbagci-Dede, 2015). Bu agidan
degerlendirildiginde O6gretim programinda sayilarin anlamina yonelik 6grenme c¢iktilarinin
yiiksek diizeyde temsil edilmesi olumlu bir durum olarak degerlendirilebilir. Bu bulgu
alanyazinda yapilan bazi Ogretim programi inceleme c¢aligmalariyla da benzerlik
gostermektedir. Ornegin ilkokul matematik dgretim programinin say1 hissi bilesenleri agisindan
incelendigi bir arastirmada programda yer alan kazanimlarin biiylik bir kisminin sayilarin
anlami ve tahmin etme bilesenleri ile iliskili oldugu belirlenmistir (Cetin & Oztiirk, 2020).
Dolayisiyla mevcut calismada elde edilen sonuglarin s6z konusu arastirmanin bulgulart ile
paralellik gosterdigi sOylenebilir. Bununla birlikte bazi arastirmalarda esnek islem yapma
bileseninin programlarda daha sinirh diizeyde yer aldig1 da vurgulanmaktadir (Karabey vd.,
2019). Mevcut calismada da esnek islem yapma bileseninin toplam 6grenme c¢iktilar iginde

gorece sinirl bir oranda temsil edilmesi bu bulgularla ortiigmektedir.
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Arastirmada 6grenme ¢iktilarinin temalara gére dagilimi incelendiginde say1 hissi ile iligkili
ogrenme ¢iktilarmin biiyiik 6l¢iide sayilar ve nicelikler temasinda yogunlastigr belirlenmistir.
Bu temada yer alan 23 6grenme ¢iktisindan 22’sinin (%95,6) say1 hissi ile iligkili olmas1 dikkat
¢ekici bir bulgudur. Bu durum say1 hissinin dogrudan sayilar, sayilar arasi iligkiler ve sayisal
temsiller ile iligkili olmasi nedeniyle beklenen bir sonug¢ olarak degerlendirilebilir. Benzer
sekilde 6gretim programlarinin say1 hissi agisindan incelendigi bazi arastirmalarda da say1 hissi
ile iligkili kazanimlarin c¢ogunlukla sayilar ve islemler 6grenme alaninda yogunlastigi
belirtilmektedir (Cekirdekci & Yorulmaz, 2021; Karabey vd., 2019). Bu agidan mevcut
caligmanin bulgular1 alanyazindaki bu sonuglarla paralellik gostermektedir.

Bununla birlikte arastirma bulgularinda geometri temalar1 ve veri temalarinda sayi1 hissi ile
iliskili dgrenme ¢iktilarinin oldukga smirli oldugu goriilmektedir. Ozellikle istatistiksel
aragtirma silireci temasinda sayr hissi ile iliskilendirilen herhangi bir 6grenme c¢iktisina
rastlanmamistir. Bu durum s6z konusu temanin daha ¢ok veri toplama, veri diizenleme ve
yorumlama siireglerine odaklanmasiyla agiklanabilir. Benzer sekilde geometrik sekiller ve
doniisiim temalarinda da sayr hissi ile iligkili 6grenme c¢iktilarinin olduk¢a sinirli oldugu
gorilmektedir. Bu bulgu alanyazinda yer alan bazi ¢alismalarla da oOrtiismektedir. Nitekim
Ogretim programlarinin say1 hissi acisindan incelendigi arastirmalarda say1 hissinin ¢gogunlukla
sayisal iceriklerde yogunlastigi, geometri ve veri temalarinda ise daha sinirli diizeyde temsil
edildigi belirtilmektedir (Acar & Peker, 2021; Cetin & Oztiirk, 2020).

Arastirmada dikkat ¢eken bir diger bulgu ise veriden olasiliga temasinda say1 hissi ile iliskili
ogrenme ¢iktilariin gorece yiiksek bir oranda yer almasidir (%57,1). Ozellikle olasilik
degerlerinin biiyiikliik iligkileri icerisinde degerlendirilmesi ve olaylarin gergeklesme
olasiligina yonelik tahminlerde bulunulmasi gibi siireglerin say1 hissi ile iligskilendirilebildigi
gorilmektedir. Olasilik konularinda tahmin ve biiyiikliik karsilagtirma siireclerinin énemli bir
yer tuttugu alanyazin da vurgulanmaktadir. Bu agidan bakildiginda s6z konusu bulgunun
matematik 6gretiminin dogasi ile uyumlu oldugu sdylenebilir.

Genel olarak degerlendirildiginde arastirma bulgular Tiirkiye Yiizyili Maarif Modeli ortaokul
matematik Ogretim programinin sayir hissi bilesenlerini belirli bir diizeyde igerdigini
gostermektedir. Bununla birlikte say1 hissi bilesenlerinin program igerisinde esit bir dagilim
gostermedigi ve 6zellikle sayilarin anlam1 ve tahmin etme bilesenlerinin daha yogun bigimde
temsil edildigi goriilmektedir. Ayrica say: hissi ile iligkili 6grenme ¢iktilarinin biiyiik dlciide
sayllar ve nicelikler temasi igerisinde yogunlagsmasi programin bazi matematiksel igerik

alanlarinda say1 hissi ile daha gii¢lii iliskilendirilebilecegini gdstermektedir. Sonug olarak
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Tiirkiye Yiizyilh Maarif Modeli ortaokul matematik 6gretim programinin sayi hissi gelisimini
destekleyebilecek onemli 6grenme ¢iktilari igerdigi sdylenebilir.

ONERILER

Bu arastirmada Tiirkiye Yiizyil1 Maarif Modeli ortaokul matematik dersi 6gretim programinda
yer alan 6grenme ¢iktilar1 say1 hissi bilesenleri agisindan incelenmis ve elde edilen bulgular
dogrultusunda asagidaki oneriler gelistirilmistir.

Oncelikle arastirma bulgular1 6gretim programindaki 6grenme ¢iktilarinin yaklasik %45’ inin
say1 hissi ile iliskili oldugunu gostermektedir. Bu durum Ogretim programinin sayi hissi
gelisimini destekleyen onemli bir potansiyele sahip oldugunu ortaya koymaktadir. Ancak say1
hissi bilesenlerinin 6gretim programi igerisinde esit bicimde temsil edilmedigi goriilmektedir.
Ozellikle sayilarin anlami1 ve tahmin etme bilesenlerinin daha yogun bigimde yer aldig1, buna
karsin sayilarin biiyiikliigli ve esnek islem yapma bilesenlerinin gérece daha sinirl diizeyde
temsil edildigi belirlenmistir. Bu dogrultuda 6gretim programinin gelistirilmesi siirecinde say1
hissinin tiim bilesenlerinin daha dengeli bir bi¢imde yer almasina yonelik diizenlemeler
yapilmasi Onerilebilir.

Arastirma bulgularina gore sayi hissi ile iligkili 6grenme ¢iktilar1 6zellikle sayilar ve nicelikler
temasinda yogunlasmaktadir. Buna karsin geometrik sekiller, doniisiim ve istatistiksel aragtirma
siireci temalarinda sayr hissi ile iligkili 6grenme c¢iktilarinin olduk¢a sinirli oldugu
goriilmektedir. Bu dogrultuda o6gretim programi gelistirilirken geometri, veri analizi ve
istatistik gibi temalarda da say1 hissi ile iligkilendirilebilecek 6grenme ¢iktilarinin artirilmasi
onerilebilir. Ozellikle 6lgme, biiyiikliik karsilastirma, tahmin ve akil yiiriitme siireclerinin bu
temalarla iliskilendirilmesi 6grencilerin matematiksel diisiinme becerilerinin daha biitiinciil
bicimde gelismesine katki saglayabilir.

Arastirma sonuglar1 ayrica sayi hissi ile iligkili 6grenme ¢iktilarinin 6zellikle 5., 6. ve 7. stmf
diizeylerinde daha yogun, 8. smmif diizeyinde ise daha sinirhi diizeyde yer aldigini
gostermektedir. Bu dogrultuda iist simif diizeylerinde de sayr hissi ile iliskili 6grenme
¢iktilarinin artirilmasi dnerilebilir. Ozellikle cebirsel diisiinme ve problem ¢dzme siireclerinde
say1 hissi becerilerinin kullanilmasina yonelik 6grenme ¢iktilarinin programa dahil edilmesi
ogrencilerin sayilarla daha esnek ve anlaml iligkiler kurmalarina katki saglayabilir.

Ogretim siireci agisindan degerlendirildiginde 6gretmenlerin say1 hissini gelistirmeye yonelik
ogretim stratejilerini daha etkin bigimde kullanmalari &nerilebilir. Ozellikle tahmin etme,

zihinden islem yapma, farkli ¢6ziim yollar1 gelistirme ve sonuclarin akla yatkinligini
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degerlendirme gibi etkinliklerin 6gretim siireclerinde daha fazla yer almasi 6grencilerin say1
hissi gelisimini destekleyebilir.

Son olarak bu arastirma yalnizca 6gretim programindaki 6grenme ¢iktilarinin incelenmesi ile
smirlidir. Bu dogrultuda gelecekte yapilacak arastirmalarda sayi hissi ile iligkili 6grenme
ciktilarinin ders kitaplari, 6gretim materyalleri ve sinif i¢i uygulamalar baglaminda nasil ele
alindiginin incelenmesi Onerilebilir. Ayrica Ogretmenlerin say1 hissine yonelik 6gretim
yaklagimlarinin ve 6grencilerin say1 hissi diizeylerinin incelendigi aragtirmalarin yapilmasi,
Ogretim programinin uygulamadaki etkilerinin daha kapsamli bi¢imde ortaya konmasina katki
saglayabilir.
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OZET

Aleksitimi, bireyin duygularini tanima, ayirt etme ve sozel olarak ifade etme giigliigi ile
karakterize edilen; disa doniik diistinme egilimi ve siirli imgesel yasamla iligkili ¢ok boyutlu
bir kisilik 06zelligi olarak tanimlanmaktadir. Son yillarda, kronik noérolojik hastaliklar
baglaminda aleksitiminin yayginligi ve klinik sonuclar1 giderek daha fazla arastiriimakta;
ozellikle epilepsi hastalarinda aleksitimik 6zelliklerin genel popiilasyona kiyasla daha yiiksek
oranlarda goriildiigi bildirilmektedir. Epilepsi, yalnizca ndbetlerle sinirl1 bir nérolojik bozukluk
olmayip, biligsel, duygusal ve psikososyal alanlarda 6nemli etkiler doguran bir durumdur. Bu
baglamda aleksitimi, epilepsinin psikiyatrik komorbiditeleri ve yasam kalitesi iizerindeki
etkilerini anlamada kritik bir degisken olarak 6ne ¢ikmaktadir. Son yillarda yapilan ¢aligmalar,
epilepsili bireylerde aleksitimi prevalansinin genel popiilasyona oranla anlamli derecede
yiiksek oldugunu gostermektedir. Bu durumun; 6zellikle limbik sistemdeki disfonksiyonlar,
nobet odaginin lokalizasyonu (6zellikle sag hemisfer ve temporal lob tutulumu) ve nbet sikligi
ile iligkili olabilecegi diistiniilmektedir. Epilepsili bireylerde aleksitimi; depresyon ve anksiyete
gibi psikiyatrik komorbiditelerle anlamli diizeyde iliskili bulunmus, bazi caligmalarda
aleksitiminin bu belirtiler lizerinde yordayici rol oynayabilecegi gosterilmistir. Bunun yant sira,
yiiksek aleksitimi diizeylerinin diisiik yasam kalitesi, zayif tedavi uyumu, artmis algilanan
stigma ve sinirli sosyal destek ile iliskili oldugu bildirilmektedir. Cocuk ve ergen epilepsi
hastalarinda yapilan ¢alismalar da benzer sekilde, aleksitiminin sosyal islevsellik ve benlik
algis1 lizerinde olumsuz etkileri olabilecegini ortaya koymaktadir. Sonug¢ olarak, mevcut
literatiir epilepsili bireylerde aleksitiminin hem norobiyolojik hem de psikososyal boyutlari
olan ¢ok yonlii bir olgu oldugunu gostermektedir. Klinik uygulamada aleksitiminin
degerlendirilmesi; psikiyatrik komorbiditelerin erken taninmasi, psikoegitim ve psikoterapotik
miidahalelerin planlanmasi agisindan 6nem tasimaktadir. Bu derlemede, epilepsili bireylerde
aleksitimi konusu ele alinmis olup, cesitli yonleriyle degerlendirilmistir.

Anahtar Kelimeler: Aleksitimi, Depresyon, Epilepsi, Nobet
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ALEXITHYMIA IN INDIVIDUALS WITH EPILEPSY
ABSTRACT
Alexithymia is defined as a multidimensional personality construct characterized by difficulties
in identifying, differentiating, and verbally expressing emotions, along with an externally
oriented thinking style and a limited imaginative capacity. In recent years, the prevalence and
clinical implications of alexithymia in the context of chronic neurological disorders have
increasingly attracted attention. In particular, alexithymic traits have been reported to occur at
higher rates in individuals with epilepsy compared to the general population. Epilepsy is not
merely a neurological disorder limited to seizures; it is a condition that exerts significant effects
on cognitive, emotional, and psychosocial functioning. In this context, alexithymia emerges as
a critical variable in understanding the psychiatric comorbidities and quality of life outcomes
associated with epilepsy. Recent studies indicate that the prevalence of alexithymia in
individuals with epilepsy is significantly higher than in the general population. This association
is thought to be related to limbic system dysfunction, localization of the seizure focus
(particularly right hemisphere and temporal lobe involvement), and seizure frequency.
Alexithymia in individuals with epilepsy has been found to be significantly associated with
psychiatric comorbidities such as depression and anxiety, and some studies suggest that
alexithymia may have a predictive role in the severity of these symptoms. Furthermore, higher
levels of alexithymia have been associated with lower quality of life, poor treatment adherence,
increased perceived stigma, and limited social support. Studies conducted in pediatric and
adolescent populations with epilepsy similarly demonstrate that alexithymia may negatively
affect social functioning and self-perception. In conclusion, the existing literature suggests that
alexithymia in individuals with epilepsy is a multifaceted phenomenon encompassing both
neurobiological and psychosocial dimensions. The assessment of alexithymia in clinical
practice is important for the early identification of psychiatric comorbidities and for planning
psychoeducational and psychotherapeutic interventions. In this review, the issue of alexithymia
in individuals with epilepsy has been addressed and evaluated from various perspectives.
Keywords: Alexithymia, Depression, Epilepsy, Seizure
1. GIRIS
Epilepsi, diinyada her yastan yaklastk 50 milyon insami etkileyen ciddi bir norolojik
bozukluktur (WHO, 2024). Sinir sistemi hastaliklar1 i¢erisinde en sik goriilen 4. hastalik olup
ve tekrarlayan ndbetlerle karakterize davranigsal veya motor bozukluklardir (Milligan, 2021;

Fiest ve ark., 2017). Epilepsinin temel mekanizmasi, néronlarin asir1 uyarilmas: ve asiri
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senkronize noronlar arasinda tekrarlayan sinaptik baglantilarin olusmasidir (Rafli ve ark.,
2023). Diinya ¢apinda her yil yaklagik 5 milyon yeni epilepsi vakasi teshis edilmektedir.
Yiiksek gelirli iilkelerde, her yil 100.000 kisiden 49'una epilepsi teshisi konuldugu; diistik ve
orta gelirli iilkelerde ise bu rakamin 100.000 kiside 139'a kadar ¢iktigi tahmin edilmektedir
(WHO, 2024). Ulkemizde ise aktif epilepsi tanis1 alan 750 bin kisi oldugu belirtilmektedir
(Balal ve ark., 2017).

Epilepsili hastalar, nobet ge¢irmenin getirdigi duygusal ve fiziksel zorluklarla tutarl bir sekilde
bas edemezlerse duygusal zorluklar ve sikinti yasayabilirler (Cummings, 2004). Aleksitimi
bircok psikosomatik hastaligin altinda yatan faktor olarak One siiriilmesine ragmen, yapilan
aragtirmalar epileptik hastalarin beyinlerinde aleksitimik hastalarda bulunanlara benzer
fonksiyonel bozukluklar ve lezyonlar tespit etmistir. Ayrica epilepsili bireylerin, aleksitimik
bireylere benzer sekilde, diisiincelerini ve duygularini ifade etmekte zorluk c¢ektigi
gosterilmistir (Keskin ve ark., 2011; Marchi ve ark., 2019). Epileptik hastalarla yapilan
caligmalar, hastalarin yiiksek aleksitimik ozelliklere sahip oldugu ve aleksitimik 6zelliklerin
psikopatolojik degiskenler lizerinde maksimum etkiye sahip oldugu bildirilmistir (Choi ve ark.,
2021; Tombini ve ark., 2020). Yunanca kokenli bir kelime olan aleksitimi, "duygular igin s6z
yoklugu" seklinde dilimize ¢evrilmistir. Baslangigta psikosomatik hastalarda goriilen belirtileri
aciklamak amaciyla ortaya atilmigsa da, glinlimiizde yalnizca bu hastalarda degil, diger ruhsal
ve fiziksel hastaliklarda da siklikla goriildiigli vurgulanmaktadir (Sayar ve ark., 2004; Madenci
ve ark., 2007; Taymur ve ark., 2007).Aleksitimi, psikojenik non-epileptik ndbet geciren
hastalarin %30-91'inde (Sequeira & Silva, 2019), depresyonu olan hastalarin %32-51'inde
(Saarijérvi ve ark., 2001) ve anksiyete bozuklugu olan hastalarin %13-58'inde (Parker ve ark.,
1993) bildirilmistir. Diger bir ¢calismada da benzer sekilde epilepsi hastalar1 arasinda, depresif
semptomlar1 olanlarin %52,6'sinda ve anksiyetesi olanlarin %33,3'linde aleksitimi mevcuttu.
Bu tiir psikiyatrik bozukluklar siklikla epilepsi ile birlikte goriiliir. Bu nedenle, aleksitiminin
epilepsi baglaminda kapsamli bir sekilde arastiritlmamis olmasina ragmen, epilepsi hastalarinda
daha yaygin olmasi beklenmektedir (Choi ve ark., 2021).

Aleksitimiklerin en belirgin 6zellikleri duygularini fark edip bunlan ifade etmede giicliik
cekmeleridir. Duygusal islevlerinde ve kisilerarasi iliskilerinde glicliik ¢ekerler. Aleksitimi
duygusal, davranissal, fizyolojik ve 6znel/deneyimsel diizeylerde tiim duygular ifade etmede
zorluk ile karakterizedir (Panayiotou & Constantinou, 2017). Epilepsi hastalarinin saglikli
popiilasyona kiyasla duygularini tanima ve ifade etmede daha fazla zorluk yasadiklari

bildirilmistir (Tombini ve ark., 2020; Choi ve ark., 2021). Literatiirde, siirekli nobetler, ilag
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kullanimi, diyet uyumsuzlugu ve yasam tarzi degisiklikleri gibi durumlarin epilepsi
hastalarinda aleksitimiyi artirdig1 ve stres varliginda aleksitiminin daha da arttig1 bildirilmistir
(Chung & Allen, 2013; Wolf ve ark., 2015; Tombini ve ark., 2020; Choi ve ark., 2021; Keskin
ve ark., 2023; Safiye ve ark., 2024). Bireylerin duygularini bastirmasi veya yasadiklarini ifade
edememesi kaygi ve stresi artirarak bagisiklik sistemini olumsuz etkiler, tedaviye uyumu ve
yasam kalitesini bozar (Aaron ve ark., 2019; Tombini ve ark., 2020).

Bir¢ok calismada epilepsi hastalarinda aleksitiminin yiiksek oldugu gézlemlenmis olsa da,
aleksitimi ile epilepsi hastaliginin belirli klinik 6zellikleri arasindaki iligki genellikle net
degildir. Epilepsi hastalarinin tan1 alma siiresi, hastaligin baglangicindan itibaren gecen zaman
dilimiyle ilgilidir. Uzun siire tan1 almayan ya da tedaviye ge¢ baslayan hastalarda psikolojik
etkilerin daha belirgin olabilecegi diisiiniilse de (Ziegler ve ark., 2012; Jones ve ark., 2013).,
tan1 alma siiresi ile aleksitimi arasinda giiglii bir iliski bulmak zordur. Bununla birlikte, erken
tan1 almis ve tedaviye baslamig hastalarda bile aleksitimi seviyeleri degisken olabilir. Bu
durum, hastalarin bireysel farkliliklar1 ve psikolojik yanitlarinin énemli bir rol oynadigini
gosterir. Yapilan bazi1 galismalar epilepsi hastalarinda erken tanmin daha iyi bir psikolojik
iyilesme ile iligkili oldugunu, ancak tani siiresinin aleksitimi {izerinde dogrudan bir etkisi
olmadigini ifade etmislerdir (Hermann ve ark., 2008; Schneider ve ark., 2013; Papageorgiou ve
ark., 2015; Jones ve ark., 2017).

Atak sikliginin aleksitimi ile olan iliskisi konusunda yapilan arastirmalar tutarsiz sonuglar
vermektedir. Baz1 ¢alismalar, daha sik nobet gegiren hastalarda duygusal farkindalik ve ifade
etme zorluklarmin daha belirgin oldugunu 6ne siirerken, digerleri bu iliskiyi bulamamistir
(Jones ve ark., 2013; Cacioppo ve ark., 2014; Papageorgiou ve ark., 2015). Bir ¢alismada, bir
onceki yil i¢inde nobetlerin tekrarlamasinin duygulari tanimlamada giicliik ile iligkili olmasina
ragmen, nobet tekrarinin genel aleksitimi lizerinde dogrudan etkileri saptanmamistir (Choi ve
ark., 2021). Depresyonun aleksitimi i¢in 6nemli bir risk faktorii oldugu (Saarijarvi ve ark.,
2001) ve son bir yil icinde ndbet tekrar1 yasayan hastalarda depresif belirtilerin goriilme
olasiliginin yaklasik alti kat daha fazla oldugu g6z onilinde bulunduruldugunda, nébetleri
kontrolsiiz olan hastalarin aleksitimi yasama olasilig1 daha yiiksek olabilecegi diistintilmektedir
(Choi ve ark., 2021). Epilepsi hastalarinda nobetlerin sikligi, beyin fonksiyonlar iizerinde daha
fazla etkide bulunabilir, ancak aleksitimi sadece ndbet sikligi ile agiklanamaz. Bu durum,
epilepsinin tiirii, nbetlerin yerlesimi ve hastalarin bireysel psikolojik tepkilerinin 6nemli rol
oynadigina isaret eder. Epilepsi tedavisinde kullanilan ilaglar, ndbetlerin kontrol altina

alinmasini saglasa da bazi ilaglarin psikiyatrik yan etkileri olabilir. Antikonviilsan ilaglarin
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bazen duygu durumunu etkileyebilecegi ve psikolojik islevlerde degisikliklere yol agabilecegi
bilinmektedir. Ancak ila¢ sayisinin aleksitimi iizerinde belirgin bir etkisi olduguna dair
literatiirde sinirlt ¢alismaya rastlanilmistir (Berkovich ve ark. 2011; Lehman ve ark., 2015).
Yapilan bir ¢alismada antiepileptik ilaglarin ¢oklu kullanimi dogrudan aleksitimi ile iliskili
bulunurken, kontrol altina alinamayan nébetler depresif semptomlar araciligiyla dolayli yollarla
aleksitimi ile iligkili bulunmustur (Choi ve ark., 2021).

2. SONUC ve ONERILER

Epilepsi hastalarinin aleksitimi diizeylerinin ¢esitli durumlara bagli olarak arttigi ve bu
durumun bireylerin yasam kalitesini etkiledigi gériilmektedir. Ayrica psikiyatrik bozukluklarin
epilepsiye eslik ederek aleksitimiyi etkiledigi de goriilmektedir. Bu nedenle epilepsi
hastaligiyla birlikte, eslik eden psikiyatrik bozukluklar1 degerlendirirken aleksitimiyi de goz
ontinde bulundurmanin tani ve tedavi agisindan faydali olacag diistiniilmektedir. Epilepsi gibi
yasami etkileyen hastaliklara sahip bireylere bakim saglayan saglik profesyonellerinin,
bireyleri periyodik olarak biyolojik, psikolojik, sosyal ve manevi varliklar olarak kapsamli ve
biitiinsel bir sekilde degerlendirmeleri, sonuglara gore planlama ve uygulama yapmalar
onerilmektedir.
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OZET

Epilepsi, diinya genelinde yaklasik 50 milyon insanmi etkileyen, tekrarlayan ndbetlerle
karakterize kronik bir ndrolojik hastaliktir. Farmakolojik tedaviler nobet kontroliinde temel
yaklagim olmakla birlikte, hastalarin yaklasik iicte birinde ilaca direncli epilepsi gelismektedir.
Bu durum, tamamlayici ve alternatif tedavi stratejilerine olan ilgiyi artirmistir. Diyet tedavileri,
Ozellikle ketojenik diyet, ilaca direngli epilepside kanita dayali ve etkili bir non-farmakolojik
yaklagim olarak one c¢ikmaktadir. Ketojenik diyet; yiiksek yag, yeterli protein ve diisiik
karbonhidrat igerigi ile ketozis durumunu hedefleyen metabolik bir tedavi modelidir. Klasik
ketojenik diyetin yani sira modifiye Atkins diyeti, diisiik glisemik indeks tedavisi ve orta zincirli
trigliserid diyeti gibi alternatif protokoller gelistirilmistir. Literatiirde 6zellikle pediatrik yas
grubunda ndbet sikliginda %50 ve {lizerinde azalma saglayan yiiksek yanit oranlari
bildirilmekte; erigkin hastalarda da giderek artan kanitlar mevcuttur. Giincel yaklasimlar,
bireysellestirilmis diyet planlamasi, multidisipliner izlem, yan etki yonetimi ve uzun dénem
metabolik sonuglarin degerlendirilmesini 6n plana ¢ikarmaktadir. Diyetin uygulanmasinda
gastrointestinal yakinmalar, dislipidemi, biiylime geriligi ve mikronutrient eksiklikleri gibi olas1
yan etkiler g6z oniinde bulundurulmalr; diizenli klinik ve biyokimyasal takip saglanmalidir.
Sonug olarak, ketojenik diyet, dzellikle ilaca direncli epilepside etkili ve guvenilir bir adjuvan
tedavi segenegi olarak kabul edilmektedir. Bununla birlikte, eriskin popiilasyonda uzun dénem
etkinlik ve giivenlilik verilerinin artirllmasina yonelik daha genis 6rneklemli, randomize
kontrollii galismalara ihtiya¢ bulunmaktadir. Bu derlemede, epilepside ketojenik diyetin giincel
uygulama protokolleri, etki mekanizmalari, klinik etkinligi ve gilivenlilik profili literatiir
esliginde ele alinmistir.

Anahtar Kelimeler: Diyet tedavisi, Epilepsi, Ketojenik diyet,

CURRENT APPROACHES TO DIETARY THERAPY IN EPILEPSY: THE
KETOGENIC DIET
ABSTRACT

Epilepsy is a chronic neurological disorder characterized by recurrent seizures and affects

approximately 50 million people worldwide. Although pharmacological therapies constitute the
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main approach to seizure control, nearly one-third of patients develop drug-resistant epilepsy.
This situation has increased interest in complementary and alternative treatment strategies.
Dietary therapies, particularly the ketogenic diet, have emerged as evidence-based and effective
non-pharmacological approaches in drug-resistant epilepsy. The ketogenic diet is a metabolic
treatment model that aims to induce ketosis through a high-fat, adequate-protein, and low-
carbohydrate composition. In addition to the classical ketogenic diet, alternative protocols such
as the modified Atkins diet, low glycemic index treatment, and the medium-chain triglyceride
diet have been developed. The literature reports high response rates—especially in the pediatric
population—with seizure frequency reductions of 50% or more, and growing evidence also
supports its use in adults. Current approaches emphasize individualized dietary planning,
multidisciplinary follow-up, management of adverse effects, and evaluation of long-term
metabolic outcomes. During implementation, potential adverse effects such as gastrointestinal
complaints, dyslipidemia, growth retardation, and micronutrient deficiencies should be
considered, and regular clinical and biochemical monitoring should be ensured. In conclusion,
the ketogenic diet is regarded as an effective and safe adjuvant treatment option, particularly in
drug-resistant epilepsy. However, larger-scale randomized controlled trials are needed to
strengthen long-term efficacy and safety data in the adult population. This review discusses
current implementation protocols, proposed mechanisms of action, clinical efficacy, and safety
profile of the ketogenic diet in epilepsy in light of the existing literature.

Keywords: Dietary treatment, Epilepsy, Ketogenic diet

1. GIRIS

Epilepsi, diinyada her yastan yaklastk 50 milyon insami etkileyen ciddi bir norolojik
bozukluktur (WHO, 2024). Sinir sistemi hastaliklar1 igerisinde en sik goriilen 4. hastalik olup
ve tekrarlayan nobetlerle karakterize davranigsal veya motor bozukluklardir (Milligan, 2021;
Fiest ve ark., 2017). Epilepsinin temel mekanizmasi, noronlarin asir1 uyarilmas: ve asiri
senkronize noronlar arasinda tekrarlayan sinaptik baglantilarin olugmasidir (Rafli ve ark.,
2023). Diinya capinda her yil yaklasik 5 milyon yeni epilepsi vakasi teshis edilmektedir.
Yiiksek gelirli iilkelerde, her yil 100.000 kisiden 49'una epilepsi teshisi konuldugu; diisiik ve
orta gelirli lilkelerde ise bu rakamin 100.000 kiside 139'a kadar ¢iktigi tahmin edilmektedir
(WHO, 2024). Ulkemizde ise aktif epilepsi tanis1 alan 750 bin kisi oldugu belirtilmektedir
(Balal ve ark., 2017).

Epilepsi hastalarinin ¢ogu bir ya da birden fazla antiepileptik ila¢ (AEI) ile tedaviye iyi yanit

verip nobetler kontrol altina alinsa da hem yetigkinlerin hem de ¢ocuklarin yaklasik %30'u
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AET’lere yeterli yanit vermemektedir. Ayrica uygun sekilde secilmis ve tolere edilebilen iki
AEI'nin yeterli denemelerine ragmen nébetlerin kontrolii saglanamamaktadir (Martin-Mcgill
ve ark., 2020; Lyons ve ark., 2020). Cocuklarda, ergenlerde ve yetiskinlerde ilaca direngli
epilepsiyle iliskili sorunlar, ¢ok sayida hastanin tekrar tekrar hastaneye yatirilmasina neden
olmaktadir. Kontrol altina alinamayan epilepsiyle yasamak, epilepsi hastalarinin ve bakim
verenlerinin yasam kalitesini olumsuz etkiler (Utamek-Koziot ve ark., 2019). Miimkiin olan
durumlarda, ilk diisiiniilmesi gereken segenek cerrahi tedavidir, ancak tiim hastalar cerrahi
tedaviye uygun degildir. Bu nedenle farmakolojik olmayan tedaviler (vagus sinir
stimulasyonu), palyatif cerrahi ve diyet tedavileri gibi alternatif tedavi yontemlerinin
uygulanabilir olup olmadiginin arastirilmasi gerekmektedir (Sourbron ve ark., 2017; Martin ve
ark., 2016).

Ketojenik diyet (KD), iki AEI kullanilmasina ragmen ndbet kontrolii saglanamayan hastalar
icin umut vadeden, 1920’li yillardan beridir kullanilan tibbi olarak kanitlanmig farmakolojik
olmayan bir tedavidir (Newmaster ve ark., 2022). KD; yiiksek yag, yeterli protein ve diisiik
karbonhidrat iceren bir diyettir. Ayrica AEI’lere kiyasla potansiyel olarak daha az yan etkisi
vardir (Liu ve ark., 2019). Temel etki mekanizmasi, beyinde keton cisimcikleri ve yag
asitlerinin metabolizmasina dayanir; viicudun yagdan keton iiretmesini ve ketonlar1 ana enerji
kaynagi olarak kullanmasini saglar (Diez-Arroyo ve ark., 2024; Lyons ve ark., 2020).

Klasik ketojenik diyet, yaglar ve karbonhidratlar ile proteinler arasindaki orana gore hesaplanir.
En yaygin oran 3:1 veya 4:1'dir; bu da enerjinin %90"1nin yagdan, %10'unun ise karbonhidrat
ve proteinlerin toplamindan geldigi anlamina gelir (Sampaio, 2016). Zamanla, hastalarin
tedaviye uyumunu artirmak ve olumsuz yan etkileri azaltmak amaciyla, tedaviyi daha esnek ve
kabul edilebilir hale getirmek icin alternatif ketojenik diyet cesitleri gelistirilmistir (Operto ve
ark., 2020). Bunlar, klasik ketojenik diyet (KKD), orta zincirli trigliserit (MCT- Medium Chain
Trygliseride) diyeti, modifiye atkin diyeti (MAD) ve diisiik glisemik indeksli tedavidir (LGI-
Low Glycemic Index) (Lyons ve ark., 2020).

Ketojenik diyetin epilepsi hastalarinda nasil etki ettigi tam olarak bilinmemektedir, ancak
ketozun serebral enerjiyi artirdigi, uyarici ve engelleyici ndrotransmiterleri degistirerek
ndbetleri azalttig1 ve mitokondriyal katilim yoluyla néronal enerji metabolizmasini iyilestirdigi
diistiniilmektedir (Smith ve ark., 2015). Giincel goriisler, kontrendikasyon olmadig: siirece
ketojenik diyetin farmakolojik tedaviye direncli epilepsili hastalarin tedavisinde son ¢are olarak
degil, erken donemde degerlendirilmesi gerektigi yoniindedir (Wang & Lin, 2013). Bircok

direngli epilepsi hastas1 i¢in, diyet tedavisi, nobet sikliginda 6nemli bir azalma ile yasam
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kalitesini iyilestirmeyi vaat etmektedir. Bu nedenle, su anda ketojenik diyetin diinya ¢apinda
kullaniminda bir artis gézlemlenmektedir. Bu diyetin basarili bir sekilde uygulanmasi, saglik
ekibinin, sosyal ve egitim sisteminin ve nihayetinde ailenin aktif destegine baglhidir. Ayrica KD,
kisitlayicili@i ve yan etkileri nedeniyle siki diyet ve tibbi kontrol gerektirmektedir (Utamek-
Koziot ve ark., 2019).

Epilepsi icin ketojenik diyetin etkinligi ve giivenligi {lizerine odaklanan cesitli ¢alismalar
yapilmis olup diyetin etkinligine dair iyi kanitlar sunulmustur. Rezaei ve ark. 3 ay, 6 ay ve 12
ay sonra nobet azalma oranlarin1 gostermis ve KKD’yi MAD ile karsilastirarak, ¢cocuklarin
strastyla %52 ve %34'linlin ndbet sikliginda ve %50’sinin nobet sayisinda azalma gosterdigini
bildirmistir (Rezaei ve ark., 2019;22:317-334.). Lyons ve ark. ¢ocuklarin yaklasik %60'inda
%50'den fazla nobetlerde azalma gosterdigini ve %33'liniin nobet ge¢irmedigini bildirmistir
(Lyons ve ark., 2020). Martin-McGill ve ark. tarafindan yapilan ¢aligmada, nobetlerde %50-60
oraninda azalma oldugu gorilmiistiir (Martin-Mcgill ve ark., 2020). Bir diger ¢alismada,
ketojenik diyetin %60'm iizerinde etkin oldugu ve yaklasik %35 oraninda bir nébet yoklugu
bildirilmistir (Prezioso ve ark., 2018). Levy ve ark., hastalarin %38'inde nobetlerde %50'lik bir
azalma bildirmistir (Levi ve ark., 2012). Sao Paulo Universitesi'nde ilag direncli epilepsisi olan
cocuklarda ketojenik diyetin etkinligini ve toleransini degerlendirmek i¢in yapilan calismada;
1 yil i¢inde, ketojenik diyete devam edenlerin %55'inde, %70'inde ndbet kontroliiniin >%75,
%25'inde ndbet kontrollniin %50-75 araliginda ve %2,5'inde nébet kontroliiniin <%50 oldugu
belirlenmistir (Sampaio, 2016). Yetiskin epilepsi hastalarinda KD etkinligini degerlendiren bir
meta- analizde, bu diyetin yetiskinlerde direngli epilepside umut vadeden bir tamamlayici
tedavi oldugunu ve genel etkinliginin %42 oldugunu gostermektedir. Genel uyumluluk orani
ise %45 ile nispeten diisiik olarak tespit edilmistir. Ayrica, KKD'nin yetiskinlerde MAD'den
daha etkili ancak daha az tolere edilebilir oldugunu ortaya koymustur (Ye ve ark., 2015).
Epilepsi hastalarinda uyaniklik (alertness) incelenen galismalarda, ketojenik diyetin hastalarin
%51,5'inde uyaniklikta iyilesme sagladigi bulunmustur (Alqahtani & Mahmoud, 2016;
Thompson ve ark., 2017; Vaisleib ve ark., 2004; Kossoff ve ark., 2004). Ketojenik diyetin
konsantrasyon tizerine etkisini incelendigi c¢alismalarda hastalarin %86,4’iinde iyilesme
saptamistir (Gumus ve ark., 2015; Sirven ve ark., 1999; Schoeler ve ark., 2014).

2. SONUC ve ONERILER

Bu derlemede epilepsi hastalarinda giincel bir tedavi olan ketojenik diyetin etkileri tartisiimistir.
Sonug olarak AEI kullanimma ragmen ndbet sayilarinda degisim olmayan inatgi epilepsi

vakalarinda KD tedavisinin olumlu etkilerinin oldugu, nébet siklig1 ve sayilarinda azalmalar
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oldugu goriilmiistiir. Ayrica KD tedavisinin epilepsi hastalarinda konsantrasyonu artirdig1 ve
uyaniklikta iyilesme sagladig1 da goriilmiistiir.

Diyet tedavisinin etkinligini, ne kadar slire devam etmesi gerektigini ve kesilmesinden sonra
yasanacak olan yan etkileri degerlendiren daha fazla ¢alismaya ihtiya¢ oldugu diistiniilmektedir.
Ayrica orneklem sayisinin daha fazla oldugu ¢alismalarin yapilmasi da 6nerilmektedir.
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OZET

Acil saglik hizmetleri, saglik sisteminin hizli miidahale gerektiren ve hayati 6neme sahip
alanlarindan biridir. Acil servisler, yalnizca hastane i¢inde tedavi sunan birimler degil, ayni
zamanda hastane Oncesi saglik hizmetleri ile koordinasyon saglayan ve kritik durumdaki
hastalarin hizli degerlendirilmesini miimkiin kilan 6nemli bilesenlerdir. Giinlimiizde niifus
artis1, kronik hastaliklarin yayginlagmasi, yash niifus oraninin yiikselmesi ve acil olmayan
vakalarin acil servislere basvurmasi, servislerde yogunlugun artmasina yol agmaktadir. Bu
durum, hizmet kalitesi ve hasta memnuniyeti kavramlarini saglik hizmetlerinin etkinligi
acisindan daha kritik hale getirmistir.

Bu caligsma, acil saglik hizmetlerinde hizmet kalitesi ile hasta memnuniyeti arasindaki iligkiyi
incelemek amaciyla hazirlanmis olup, mevcut bilimsel literatiiriin incelenmesine dayanan
literatiir taramasi niteligindedir. Ulusal ve uluslararasi yayinlar; acil saglik hizmetleri, triyaj
uygulamalari, ambulans sistemi, hizmet kalitesi ve hasta memnuniyeti acisindan
degerlendirilmistir.

Literatur incelemesi, acil servislerin saglik sisteminde kritik bir rol istlendigini ve triyaj
uygulamalarinin hizmet akisini diizenlemede 6nemli oldugunu gostermektedir. Artan hasta
yogunlugu, yatak ve personel yetersizligi ile uzun bekleme siireleri hizmet kalitesini olumsuz
etkileyebilir. Hizmet kalitesi; teknik yeterlilik, iletisim, empati, giivenilirlik ve fiziksel kosullari
kapsayan ¢ok boyutlu bir yap1 olarak degerlendirilmektedir. Hasta memnuniyeti ise hastalarin
beklentileri, deneyimleri ve saglik c¢alisanlariyla kurduklari iletisimle sekillenmektedir.
Ozellikle bekleme siiresi, iletisim ve bilgilendirme siireleri memnuniyeti dogrudan etkiler.
Sonu¢ olarak, acil servislerde hasta yogunlugunun etkin yonetimi, bekleme siirelerinin
azaltilmasi ve hasta odakli hizmet anlayisinin benimsenmesi, hem hizmet kalitesinin artirilmasi
hem de hasta memnuniyetinin yiikseltilmesi agisindan biiyiik dnem tasimaktadir.

Anahtar Kelimeler: Acil saglik hizmetleri, hizmet kalitesi, hasta memnuniyeti, acil servisler,

triyaj
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SERVICE QUALITY AND PATIENT SATISFACTION IN EMERGENCY
HEALTHCARE: A CONCEPTUAL REVIEW
ABSTRACT

Emergency health services constitute a critical component of healthcare systems, requiring
rapid intervention and playing a vital role in protecting human life. Emergency departments are
not only units that provide treatment within hospitals but also key elements that coordinate with
pre-hospital health services and enable rapid assessment of critically ill patients. In recent years,
factors such as population growth, the increasing prevalence of chronic diseases, the rising
proportion of elderly individuals, and the frequent use of emergency departments for non-urgent
conditions have led to increased patient density. This situation has made service quality and
patient satisfaction increasingly important for the efficiency and sustainability of healthcare
Services.

This study aims to examine the relationship between service quality and patient satisfaction in
emergency health services and is designed as a literature-based review. National and
international publications addressing emergency health services, triage practices, ambulance
systems, service quality, and patient satisfaction were evaluated.

The literature indicates that emergency departments play a crucial role in healthcare systems
and that triage practices are particularly important for organizing service flow by prioritizing
patients according to the severity of their conditions. Increasing patient density, shortages of
beds and personnel, and prolonged waiting times can negatively affect service quality. Service
quality is considered a multidimensional concept that includes technical competence,
communication, empathy, reliability, and physical conditions. Patient satisfaction is shaped not
only by the medical services provided but also by patients’ expectations, previous experiences,
and interactions with healthcare professionals. Waiting times, communication, and information
processes are key factors that directly influence patient satisfaction.

In conclusion, effective management of patient density, reduction of waiting times, and the
adoption of a patient-centered approach in emergency departments are essential for improving
both service quality and patient satisfaction.

Keywords: Emergency health services, service quality, patient satisfaction, emergency
departments, triage.

1. GIRIS

Acil saglik hizmetleri, modern saglik sistemlerinin en kritik bilesenlerinden biri olarak,
hastalarin yasamini dogrudan etkileyen acil durumlarda hizli ve etkin miidahale saglamak

amaciyla yapilandirilmistir (Aydin, 2006). Acil servisler, yalnizca hastanelerin destek birimi
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olmanin 6tesinde, bolgesel ve ulusal saglik hizmetleri aginin énemli bir pargasini olusturur
(Heper, 2018). Bu birimler, hastalarin hayati risk tagiyan durumlarda stabilize edilmesi, uygun
tedavi siireglerinin uygulanmasi ve gerekirse ileri merkezlere sevk edilmesi gibi gorevleri
yerine getirerek saglik sisteminin etkinligine dogrudan katki saglamaktadir (Simsek ve Ark.,
2019). Hizmet kalitesi, saglik sektoriinde yalnizca teknik yeterlilikle siirli kalmayip, ayni
zamanda hastalarin beklentilerini karsilayan biitiinciil bir yaklasimi ifade etmektedir (Yazgan,
2009). Saglik hizmetlerinin etkinligi, hastalarin deneyimleri ve memnuniyet diizeyleri ile
dogrudan iliskilidir (Caylak, 2018).

Hasta memnuniyeti, bir saglik kurulusundan beklenen hizmetlerin alinmasi, hizmet siireclerinin
anlasilir ve giivenli bir bigimde yiiriitiilmesi ve bireysel ihtiya¢larin dikkate alinmasi sonucunda
olusur (Kilig¢ ve Topuz, 2015). Bu nedenle, hasta memnuniyeti hem hizmetin kalitesini
degerlendiren bir gosterge hem de saglik kurumlarinin siirdiiriilebilir bagarisini belirleyen temel
bir faktordiir. Acil servislerde hizmet kalitesi ve hasta memnuniyeti, triyaj uygulamalari,
bekleme siireleri, personel yetkinligi, iletisim siiregleri ve fiziksel kosullar gibi ¢ok boyutlu
etkenlerden etkilenmektedir (Yavuz, 2003; Durmus, 2009). Artan hasta talebi, yogunluk, sinirli
kaynaklar ve altyapi kisitlari, acil servislerin karsilastigi temel sorunlar arasinda yer almakta ve
hizmet kalitesini olumsuz yonde etkileyebilmektedir. Bu durum, ayni zamanda hasta
memnuniyetinin diismesine ve saglik hizmetlerinden duyulan giivenin azalmasina yol
acabilmektedir (Erdem ve Ark., 2008).

Bu calismanin amaci, acil saglik hizmetlerinde hizmet kalitesi ve hasta memnuniyeti arasindaki
iligkiyi inceleyerek, hizmet siireglerinin iyilestirilmesine yonelik 6neriler sunmaktir. Calisma,
hizmet kalitesinin belirleyici unsurlarini, hasta memnuniyetini etkileyen faktorleri ve acil
servislerin isleyisindeki kritik noktalar1 ele alarak, saglik yoneticilerine ve uygulayicilara
rehberlik edecek bilgiler saglamay1 hedeflemektedir (Bagarad, 2019).

2. ACIL SAGLIK HIZMETLERINDE SISTEM YAPISI

2.1 Acil Servislerin Islevleri

Gelismis saglik sistemlerinde acil servisler, hastanenin yalnizca yardimer birimi olarak degil,
bolgesel acil saglik hizmetleri agimmin kritik bir unsuru olarak degerlendirilmektedir. Bu
servisler, bagli olduklar1 hastanenin tiiriine, kapasitesine ve hizmet verdikleri bdlgenin
ihtiyaglaria gore farkli organizasyonel yapilara sahip olabilir; ancak ortak gorevleri, acil tibbi
miidahaleye ihtiya¢ duyan tiim hastalara hizli, giivenli ve etkin bir sekilde hizmet sunmaktir.
Acil servisler, sadece hastane i¢inde tedavi saglamakla kalmaz, ayni1 zamanda kritik durumdaki

hastalarin stabilize edilmesi, hayati risklerin kontrol altina alinmasi ve gerekirse uygun

70




L\QB‘\C‘ Ly

z,(,% ISARC academy

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

merkezlere koordineli bir sekilde sevk edilmesini saglar. Tiirkiye’deki yasal diizenlemeler acil
servisleri, kendilerine bagvuran tiim acil vakalara miidahale etmekle yiikiimli kilmaktadir. Bu
kapsamda acil servisler, travma, Kalp krizi, solunum yetmezIligi ve diger hayati risk tasiyan
durumlar dahil olmak {izere genis bir vaka yelpazesine hizmet vermektedir.

Acil servisler, hastaneye bagvuran hastalarin 6nemli bir boliimiinii karsilamakta ve 6zellikle
yogun travma ve kritik bakim gerektiren vakalarda saglik sisteminin isleyisinde merkezi bir rol
iistlenmektedir. Ayrica, bu servislerin etkinligi, hem hasta saglig1 sonuglarini iyilestirmek hem
de hastanelerdeki diger birimlerin yiikiinii dengelemek agisindan biiyiikk 6nem tasir. Acil
servislerin yap1 ve isleyisinde personel egitimi, donanim Xkalitesi, triaj uygulamalari ve
koordinasyon siirecleri gibi faktorler hizmet kalitesini dogrudan etkiler. Bu nedenle acil
servisler, saglik hizmetlerinin vazgecilmez bir bileseni olarak, bolgesel ve ulusal saglik
stratejilerinde oncelikli bir konumda yer almaktadir (Aydin, 2006:8).

2.2 Triyaj Uygulamalari

Triyaj, saglik hizmetlerinde hastalarin yaralanma veya hastalik durumlarinin ciddiyetine ve
bakim Onceliklerine gore siniflandirilmasini amaglayan, stirekli izleme ve degerlendirme
gerektiren bir siirectir. Hastanin klinik durumu kisa siirede degisebildigi i¢in triyaj, tek seferlik
bir islem olarak degil, gerektiginde tekrar eden bir degerlendirme siireci olarak uygulanir.
Gilinlimiiz saglik sistemlerinde triyaj uygulamalar1 genellikle li¢ asamada yiiriitiiliir: hastane
oncesi triyaj, olay yerinde saglik profesyoneli tarafindan yapilan triyaj ve hastaneye veya acil
servise basvuru sirasinda gerceklestirilen triyaj. Acil servislerde triyaj, hastalarin
onceliklendirilmesini saglayarak hizmet akiginin diizenlenmesinde merkezi bir rol oynar. Bu
siiregte temel amag, siirli kaynaklari en verimli sekilde kullanarak, miimkiin olan en fazla
sayida hastaya en yiiksek fayday1 saglamaktir (Adiyaman ve Azizoglu, 2025:4).

Sonug olarak triyaj, smirli tibbi kaynak ve personel durumunda, hastalarin onceliklerinin
belirlenmesine yonelik sistematik bir karar alma siirecidir. Temel amaci, olasi en az zararla
hastalarin bakimini saglamak ve mevcut tedavi kapasitesini etkin bigimde kullanmaktir. Bu
siire¢, hangi hastaya hangi zamanda ve hangi tedavi olanaklarimin sunulacagina iliskin
kriterlerin belirlenmesini ve uygulanmasini igerir. Triyaj uygulamalar1 6zellikle acil servisler
ve yogun bakim linitelerinde yaygin olarak kullanilmaktadir (Heper: 158).

2.3 Tiirkiye’de Ambulans Sistemi

Acil durumlarda ambulans, olay yerine en yakin istasyondan sevk edilir. Ambulans istasyonlari
yalnizca hasta nakli yapmakla kalmaz; 112 cagrilarin1 karsilar, kayitlar1 tutar, ilk yardim

egitimleri diizenler, hastane acil servisleriyle koordinasyonu saglar ve afet veya toplu
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yaralanma gibi 6zel durumlarda kurumlar arasi esgiidiimii yiiriitiir. Tiirkiye’de ambulans
istasyonlar1 son yillarda iilke genelinde yayginlastirilmis ve kirsal alanlar1 da kapsayacak
sekilde hizmet vermeye baslamstir. Istasyonlar hizmet kapsamina gére A, B ve C tipi olarak
siniflandirilir; A tipi yalnizca ambulans hizmeti sunarken, B tipi hem ambulans hem acil saglik
hizmeti verir ve C tipi ise belirlenen saatlerde sadece ambulans gorevi iistlenir (Simsek ve
Ark.,2019:123).

2.4 Acil Servislerde Yogunluk Sorununun Temel Dinamikleri

Acil servislerdeki asir1 yogunluk; hasta bagvurularindaki artig, personel ve yatak yetersizligi,
fiziksel alanlarin sinirlilig1 ve hizmet siireglerindeki aksakliklardan kaynaklanmaktadir. Nufus
artisi, yash ve kronik hastaligi olan bireylerin sayisindaki yiikselme ile acil olmayan vakalarin
acil servislere yonelmesi bu yogunlugu artiran temel etkenlerdir. Ayrica agir ve ¢oklu hastaligi
bulunan hastalarin artmasi, tan1 ve tedavi siirelerini uzatarak acil servislerde kalis siiresini
artirmaktadir.

Bu durum bekleme siirelerinin uzamasina, hasta bakiminda gecikmelere ve hasta
memnuniyetinin azalmasina yol agmaktadir. Asir1 yogunluk, tan1 ve tedavide gecikmeler
nedeniyle hasta giivenligini tehdit etmekte, tibbi hata riskini artirmakta ve saglik ¢alisanlarinin
i yliklinli agirlastirmaktadir. Sonug olarak acil servis yogunlugu, hem hizmet kalitesini hem de
hasta deneyimini olumsuz etkileyen O©nemli bir saghik sistemi sorunu olarak
degerlendirilmektedir (Durmus, 2009:6).

3. HIZMET KALITESI KAVRAMININ TEORIK TEMELI

3.1 Saghk Sektoriinde Hizmet Kalitesi

Kalite, bir {irlin ya da hizmetin sahip oldugu nitelikleri ve kullanici tarafindan algilanan
degerini ifade eden, 6znel yonii giiglii bir kavramdir. Bireylerin kalite algisi; kiiltiirel yapa,
egitim diizeyi ve yasam kosullarina bagh olarak farklilik géstermektedir. Giintimiizde kalite
yalnizca trtinle sinirlt olmayip hizmet, siireg, insan kaynagi ve yonetim gibi bir¢ok unsuru
kapsayan ¢ok boyutlu bir yap1 olarak ele alinmaktadir.

Hizmet sektoriinde kalite, miisteri beklentilerinin karsilanmasi, hizmetin eksiksiz ve hatasiz
sunulmas1 ve miisteri memnuniyetinin saglanmasiyla dogrudan iligkilidir. Hizmetlerin soyut
yapisi nedeniyle kalite, cogunlukla hizmet 6ncesi beklentiler ile hizmet sirasinda ve sonrasinda
olusan algilarin karsilastirilmas: yoluyla degerlendirilmektedir. Bu nedenle algilanan hizmet
kalitesi, hizmet kalitesinin 6l¢limiinde temel bir yaklasim olarak kabul edilmektedir (Arisoy,

2017: 1083).
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Artan rekabet ve maliyet baskilari, saglik isletmelerinde hizmet kalitesini 6nemli bir konu
haline getirmistir. Saglik hizmet kalitesi, saglik isletmelerinin basarisinda hasta tatmini kadar
teknik yeterliligi de kapsayan ¢ok boyutlu bir kavramdir. Yapilan arastirmalar, yalnizca hasta
memnuniyetine odaklanan hizmet anlayisinin medikal ihtiyaglar1 geri planda birakabildigini,
sadece teknik tan1 ve tedaviye odaklanan yaklasimlarin ise hastalarin istek ve beklentilerini
ihmal edebildigini gostermektedir. Bu nedenle saglik isletmeleri, bilimsel norm ve standartlara
uygun tant ve tedavi siireclerini uygularken, hastalarin sosyal, kiiltiirel ve psikolojik
beklentilerini de goz Oniinde bulundurmalidir. Giliniimiizde kesin bir tanimi bulunmamakla
birlikte saglik hizmet kalitesi, teknik kalite ile hizmet sunumunda hasta beklentilerinin birlikte
karsilanmasi olarak degerlendirilmektedir (Yazgan, 2009:52).

3.2 Saghkta Hizmet Kalitesi Boyutlar:

Kalite, isletmelerin rekabet giliciinii artiran ve miisteri memnuniyetini dogrudan etkileyen temel
bir unsurdur. Hizmet kalitesi, miisterilerin beklentilerinin kargilanmasi ve zamaninda, giivenilir
sekilde hizmet sunulmasiyla iligkilidir. Etkili iletisim, miisterinin ihtiyaclarin1 dogru anlama,
hizmetin uygun zamanda verilmesi ve giivenli bir sekilde sunulmasi hizmet kalitesinin 6nemli
bilesenleridir. Ayrica hizmet sunumunda siireklilik, miisteri beklentileriyle uyum ve kullanilan
araglarin yeterliligi kalite algisini1 etkilemektedir. Hizmet kalitesi; giivenilirlik, hiz, nezaket,
erisilebilirlik ve verimlilik gibi bir¢ok boyuttan olusan ¢ok yonlii bir yapiya sahiptir ve bu
boyutlar miisteri memnuniyetinin temelini olusturmaktadir (Biger ve Yurtsal, 2021:753-754).
Hizmet kalitesi, ¢ok boyutlu bir kavram olup yalnizca fiziksel ve maddi unsurlarla simirh
degildir; hizmet sunumunda gorev alan calisanlarin tutum ve davranmiglar1 da kalite algisini
onemli Olciide etkilemektedir. Literatiirde giivenilirlik, giivence ve empati gibi insan odakli
faktorlerin hizmet kalitesinin temel belirleyicileri oldugu vurgulanmaktadir. Gronroos hizmet
kalitesini teknik kalite, fonksiyonel kalite ve isletme imaji boyutlariyla agiklarken; Lehtinen ve
Lehtinen fiziksel kalite, firma kalitesi ve etkilesim kalitesi ayrimini1 yapmaktadir. Parasuraman
ve arkadaslari ise hizmet kalitesini fiziksel 6zellikler, giivenilirlik, heveslilik, giiven ve empati
olmak iizere bes temel boyut altinda ele alarak, hizmet kalitesinin biitiinciil bir yapi sergiledigini
ortaya koymaktadir (Sahinli ve Tarim, 2020:3).

3.3 Saghk Sektoriinde Hizmet Kalitesi Ol¢iim Modelleri

Saglik sektoriinde hizmet kalitesinin dl¢limii igin gelistirilen yaklasimlar, hastalarin beklenti ve
algilarina, hizmet performansina ve hizmetin farkli boyutlarina odaklanmaktadir. Baglica

noktalar su sekilde 6zetlenebilir:
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e SERVQUAL, hizmet kalitesini hastalarin beklentileri ile algiladiklar1 performans
arasindaki fark ilizerinden dlcen, en yaygin kullanilan 6lcektir.
e Bes temel boyuta (somut 6zellikler, glivenilirlik, karsilik verebilme, giivence, empati)
dayanir.
e SERVPERF, SERVQUAL’a alternatif olarak gelistirilmis olup yalnizca performans
algisini esas alir. Birgok arastirmada daha gecerli ve etkili sonuglar verdigi belirtilmistir.
e Agirlikli modeller (Agirlikli SERVQUAL ve Agirlikli SERVPERF), performans
ve/veya beklentileri hastalarin verdikleri Onem dereceleriyle carparak kaliteyi
6lcmektedir.
e DINESERV, SERVQUAL’in restoran hizmetlerine uyarlanmis halidir ve hizmet
kalitesinin stirekli 6lgimunt amaglar.
e (Cesitli aragtirmacilar (Cowling & Newman, Johnston, Lassar, Bahia & Nantel, Oppewal
& Vriens) SERVQUAL’a elestiriler getirerek, hizmet Kalitesinin tek bir 6lcekle
Ol¢iilemeyecegini savunmus ve farkli boyutlar ile alternatif modeller gelistirmistir.
e Genel olarak ¢aligmalarda glvenilirlik, hizmet kalitesinin en 6nemli boyutu olarak 6ne
¢ikmakta; bunu karsilik verebilme, empati ve somut 6zellikler izlemektedir.
Saglik sektoriinde hizmet kalitesinin 6l¢iimiinde tek bir yontem yerine, hizmetin niteligine ve
arastirma amacina uygun birden fazla yaklagimin birlikte kullanilmasi daha saglikli ve gegerli
sonuglar saglamaktadir (Yazgan, 2009:56-61).
3.4 Tiirkiye Acil Servis Kalite Standartlar
Tiirkiye’de acil saglik hizmetleri, Saglik Bakanligi tarafindan belirlenen hastane kalite
standartlarina gore sunulmaktadir. Bu standartlar; acil servise erisim, fiziksel kosullar,
yonlendirme sistemleri, hizmet siirecleri, ekipman yeterliligi ile hasta ve calisan giivenligini
kapsamaktadir. Acil servislerde triaj, hasta kabul, miisahede, konsiiltasyon, laboratuvar ve
goriintiileme hizmetleri belirli kurallar cergevesinde yiiriitiilmekte; gerekli ilag ve tibbi
malzemelerin hazir bulundurulmasi zorunlu tutulmaktadir. Ayrica hasta mahremiyeti, hijyen,
giivenli ilag uygulamalar1 ve tiim bireylere esit saglik hizmeti sunulmasi kalite standartlarinin
temelini olusturmaktadir (Altindis ve Unal, 2017:53).
4. HASTA MEMNUNIYETI PERSPEKTIFI
4.1 Memnuniyetin Tanimi ve Hasta Memnuniyeti
Memnuniyet, ¢ok boyutlu ve ¢esitli faktdrlerden etkilenen bir kavramdir. Bu faktorler arasinda
bireyin yasam tarzi, gelecek beklentileri, gegmis deneyimleri ve kisisel degerleri yer alirken,

toplumsal normlar ve degerler de 6nemli bir rol oynamaktadir. Hasta memnuniyeti ise
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genellikle, “hastanin saglik kurulusundan bekledigi her seyin toplami1” seklinde tanimlanabilir.
Karsilanan beklentiler arttikca hasta memnuniyeti de yiikkselmekte olup, ayni tibbi hizmeti alan
farkli kisiler arasinda farklilik gosterebilecegi gibi, ayn1 hastanin farkli zamanlarda yapilan
basvurularinda da degisiklik gosterebilir (Caylak, 2018:9).

Hasta memnuniyeti, bireyin saglik hizmeti alma karari ile baslayan siirecte, hizmeti aragtirmasi,
bulmasi, erismesi ve kullanmasi sirasinda yasadigi deneyimlerin ve elde ettigi faydalarin
beklentileriyle karsilastirilmasi sonucu ortaya ¢ikan tatmin diizeyidir. Baska bir ifadeyle, saglik
kurumlarinda kalite gostergesi olarak kabul edilen hasta memnuniyeti, hastalarin beklenti ve
taleplerinin miimkiin olan en 1yi sekilde karsilanmas1 anlamina gelir (Kilig ve Topuz, 2015:82).
Hasta memnuniyeti, bireylerin aldiklar1 saglik hizmetlerinden elde ettikleri yararlar,
karsilastiklar1 zorluklardan kurtulma durumu, hizmetten bekledikleri performans ve hizmetin
sunum bigiminin sosyo-kiiltiirel degerlerle uyumuna bagli olarak sekillenen ¢ok boyutlu bir
kavramdir. Bu degerler arasinda kisinin ve ailesinin kiiltiirel 6zellikleri, sosyal statiisii, yasam
bicimi, aligkanliklari, zevkleri ve Onyargilar1 yer alir. Hasta memnuniyeti, birden fazla
degiskenin etkilesimi sonucunda ortaya ¢ikmakta ve 6zellikle hastanin hizmeti almadan 6nceki
beklentileri ile hizmeti deneyimledikten sonraki algilari arasindaki fark ile belirlenmektedir. Bu
nedenle hasta memnuniyeti, hastanin saglik kurulusundan ne bekledigi ile ne buldugu
arasindaki psikolojik tatmin diizeyi olarak tanimlanabilir. Ayrica, hasta memnuniyeti, saglik
hizmetlerinin  kalitesinin 6nemli gostergelerinden biri olarak degerlendirilmektedir.
Arastirmalar genellikle hizmet kalitesi ile hasta memnuniyeti arasindaki baglantiy1
incelemekte; ancak bu iki kavram arasindaki iliskinin her zaman ayn1 yonde veya ayn1 diizeyde
gerceklesmedigi de gézlemlenmektedir (Erdem ve ark., 2008:97).

4.2 Hasta Memnuniyeti Olguim Yoéntemleri

Hasta memnuniyetine yonelik aragtirmalar nitel (kalitatif) ve nicel (kantitatif) olmak tizere iki
grupta incelenmektedir:

Nitel arastirmalar, hastalarin saglik hizmeti siirecine iliskin deneyimlerini, algilarini ve
duygularin1 derinlemesine anlamay1 amaclar. Bu kapsamda odak grup goriismeleri, gézlem,
bireysel goriismeler, ses ve goriintii kayitlar: ile gizli miisteri uygulamalar1 kullanilmaktadir.
Odak grup goriismeleri, bir moderator esliginde kiiciik hasta gruplaryla yiiriitiilmekte ve
hizmet sunumunun gelistirilmesine yonelik onemli geri bildirimler saglamaktadir. Ancak
katilimcilarin birbirinden etkilenmesi yontemin sinirliligidir.

Nicel arastirmalar ise hasta memnuniyetinin dl¢iilmesine yonelik yapilandirilmig veri toplama

tekniklerine dayanir. Yiiz yiize, telefonla veya posta yoluyla uygulanan anketler bu gruptaki
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temel yontemlerdir. Anketler; saglik kurulusunun fiziki kosullari, hizmet sunum siireci, insan
kaynag1 ve sunulan hizmetin hasta acisindan yararin1 degerlendirecek sekilde hazirlanmalidir.
Posta ve telefon anketleri pratik olmakla birlikte, yanitlamama ve yanlis anlama gibi riskler
icermektedir (Budak, 2015:33)

4.3 Acil Serviste Hasta Memnuniyeti ve Etkileyen Faktorler

Acil servisler, hastalarin hastane ile ilk temas noktasi olmasi nedeniyle hasta memnuniyeti
acisindan onemli bir yere sahiptir. Ancak yogunluk, uzun bekleme siireleri, iletisim sorunlari
ve fiziksel kosullar hasta deneyimini olumsuz etkileyebilmektedir. Hasta memnuniyeti, acil
servis hizmet kalitesinin temel gostergelerinden biri olup, hastalarin tedaviye uyumunu, saglik
sonuclarint ve gelecekteki saglik hizmeti tercihlerine yon vermektedir. Ayn1 zamanda saglik
calisanlarinin i doyumu ve hizmet sunumunun siirdiiriilebilirligi acisindan da Onem
tagimaktadir. Asir1 kalabaliklagsma ise hasta giivenligini ve memnuniyetini azaltarak olumsuz
klinik sonuglara yol agabilmektedir (Yilmaz, 2019:28-30).

Acil servisler, hastanenin performansini ve imajini dogrudan yansitan birimlerdir. Artan hasta
talebi ve yogunluk, servislerde kalabaliklasmaya yol acarken, bekleme siireleri hasta
memnuniyetini dogrudan etkileyen ©onemli bir faktdr olarak oOne c¢ikmaktadir. Hasta
memnuniyeti; saglik ¢alisanlarinin iletisim ve empati diizeyi, hizmetin teknik ve fiziksel
kosullar ile bilgilendirme siireglerinden etkilenir. Ayrica hastalarin demografik 6zellikleri ve
saglik durumu, memnuniyet algisin1 sekillendirir. Etkin bir acil servis yonetimi, bekleme
siirelerini azaltarak, hizmet kalitesini artirmakta ve hastalarin deneyimlerini olumlu yonde
etkilemektedir. Bu nedenle acil servis personelinin iletisim ve hasta odakli hizmet becerileri
konusunda egitilmesi, memnuniyetin yiikseltilmesi ve hizmet etkinliginin saglanmasi agisindan
kritik 6Gneme sahiptir (Yavuz, 2003:18).

5. HIZMET KALITESI - HASTA MEMNUNIYETI ETKILESIiMI

5.1 Literatiirde Tanimlanan Iliskiler

Hasta memnuniyeti, saglik hizmetlerinde kalitenin en 6nemli gostergelerinden biridir. Hizmet
kalitesi ile hasta memnuniyeti farkli kavramlar olsa da, birbirleriyle yakindan iligkilidir.
Gunumuzde bilim ve teknolojideki gelismeler, insanlarin saglik hizmetlerinden beklentilerini
artirmis ve kaliteli hizmet sunan hastaneleri daha 6n plana ¢ikarmistir. Bu durum, saglik
sektoriinde rekabetin artmasina neden olmustur. Saglik kurumlari, hasta memnuniyetini
saglayabilmek i¢in kaliteli ve etkili hizmet sunmak zorundadir. Sunulan hizmetin kalitesi
yiikseldikge hastalarin  memnuniyet diizeyi de artmakta, kalite diistiiglinde ise

memnuniyetsizlik ortaya ¢ikmaktadir. Bu nedenle hizmet kalitesi ve hasta memnuniyeti
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birbirini etkileyen 6nemli unsurlardir. Ayrica hizmet kalitesi, hasta memnuniyetiyle birlikte
miisteri sadakati ve kurumlarin basarisi tizerinde de etkili olmaktadir. Bu baglamda, saglik
hizmetlerinde kalite, kurumlarin hedeflerine ulasmasinda 6nemli bir rol oynamaktadir
(Bagarad, 2019:4).

Hasta memnuniyeti, saglik hizmetlerinde sunulan hizmet kalitesinin gelistirilmesinde
belirleyici bir unsurdur. Hastalarin beklentileri, 6nceki deneyimleri ve geri bildirimleri, saglik
kurumlarinin hizmet sunum siire¢lerini sekillendirmede 6nemli bir rol oynamaktadir. Hasta
memnuniyeti; bireysel ozellikler, gegmis deneyimler, ¢evresel etkenler ve hizmete iliskin
algilar dogrultusunda olusmaktadir. Saglik kurumlarinin siirdiiriilebilir bagaris1 agisindan hasta
memnuniyetinin kurumsal diizeyde benimsenmesi gerekmektedir. Bu dogrultuda, hasta odakli
bir hizmet anlayiginin tiim ¢alisanlar tarafindan benimsenmesi, hizmet siire¢lerinin diizenli
olarak Ol¢iilmesi, analiz edilmesi ve iyilestirilmesi 6nem tasimaktadir. Bununla birlikte, hizmet
kalitesi ile hasta memnuniyeti arasinda her zaman dogrudan ve birebir bir iliski bulunmayabilir.
Hizmetin maliyeti, algilanan deger ve hastalarin beklenti diizeyi, memnuniyet iizerinde
belirleyici olabilmektedir. Dolayisiyla hasta memnuniyeti, yalnizca sunulan hizmetin kalitesine
degil, ayn1 zamanda hastalarin biligsel ve duygusal degerlendirmelerine dayanan ¢ok boyutlu
bir kavramdir (Kuzhan, 2009:60-61).

5.2 Hizmet Kalitesini Artirmak Icin Gereken Unsurlar

Gelismekte olan saglik kuruluslarinda hizmet kalitesini artirmak igin hasta odakli bir yaklagim
benimsenmesi kritik oneme sahiptir. Kuruluslar, hastalarin ihtiyaclarini anlamali, beklentilerine
sayglt gostermeli ve sorunlarma etkili ¢dziimler sunabilmelidir. Bu sorumluluk yalnizca
yoneticilere degil, tiim caliganlara aittir. YOnetimin rolu, kaliteye odaklanan bir liderlik
sergilemek, calisanlart motive etmek ve siirekli iyilestirme bilincini kazandirmaktir. Ayrica
calisanlar arasinda saglikli iletisim, giliclii bir orgiit kiiltiirii ve isbirligi, hizmet kalitesinin

strdurdlebilir bir sekilde yiikseltilmesini destekleyen temel unsurlardir (Sevimli, 2006:19).
SONUC

Acil saglik hizmetleri, saglik sisteminin en kritik ve dinamik alanlarindan biri olup, hizmet
sunumunun niteligi dogrudan hasta yasami ve saglik sonuclariyla iligkilidir. Bu ¢alismada acil
saglik hizmetlerinin sistem yapisi, hizmet kalitesi kavrami ve hasta memnuniyeti perspektifi
biitlinciil bir yaklasimla ele alinmis; hizmet kalitesi ile hasta memnuniyeti arasindaki etkilesim
kuramsal ve uygulamaya doniik boyutlariyla incelenmistir.

Acil servisler, yalnizca hastane i¢i hizmet sunan birimler degil, ayn1 zamanda hastane 6ncesi

saglik hizmetleriyle entegre ¢alisan, bolgesel ve ulusal saglik sisteminin temel yap1 taslaridir.
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Triyaj uygulamalari, ambulans sistemi ve acil servislerin organizasyonel yapisi, hizmetin hizl,
giivenli ve etkili bir sekilde sunulmasinda belirleyici rol oynamaktadir. Ancak artan hasta
bagvurulari, personel ve yatak yetersizligi ile fiziksel altyapi1 sorunlari, acil servislerde yogunluk
problemini beraberinde getirmekte; bu durum hem hizmet Kalitesini hem de hasta
memnuniyetini olumsuz etkilemektedir.

Hizmet kalitesi, saglik sektoriinde yalnizca teknik yeterlilikle sinirli olmayan, hasta beklentileri,
algilar1 ve deneyimleriyle sekillenen ¢ok boyutlu bir kavramdir. Ozellikle acil servislerde
hizmetin soyut, hizl1 ve stresli yapisi, algilanan hizmet kalitesinin 6nemini artirmaktadir. Hasta
memnuniyeti ise hizmet kalitesinin en 6nemli ¢iktilarindan biri olup, hastalarin beklentileri ile
aldiklar1 hizmet arasindaki uyum diizeyiyle dogrudan iligkilidir. Bu baglamda, hizmet
kalitesindeki iyilesmelerin hasta memnuniyetini artirdigi; hasta memnuniyetinin de saglik
kurumlarmin imaji, tercih edilirligi ve siirdiriilebilir basaris1 iizerinde etkili oldugu
gorulmektedir.

Acil servislerde hasta memnuniyetini etkileyen faktorler arasinda bekleme siireleri, saglik
calisanlarinin iletisim ve empati diizeyi, bilgilendirme stirecleri, fiziksel kosullar ve hasta
giivenligi 6n plana ¢ikmaktadir. Yogunluk nedeniyle yasanan gecikmeler ve iletisim sorunlari,
hasta deneyimini olumsuz yonde etkileyerek memnuniyet diizeyini diisiirebilmektedir. Bu
nedenle acil servis yonetiminde yalnizca klinik siireclere degil, hasta odakli hizmet anlayisina
da oncelik verilmesi gerekir.

Sonug olarak, acil saglik hizmetlerinde hizmet kalitesi ile hasta memnuniyeti birbirini
tamamlayan ve karsilikli olarak etkileyen iki temel unsurdur. Hizmet kalitesinin artirilmasi;
etkin yonetim, yeterli insan kaynag, giiclii iletisim, siirekli egitim ve sistematik kalite 6l¢lim
ve iyilestirme ¢alismalariyla miimkiin olmaktadir. Hasta memnuniyetinin artirilmasina yonelik
gelistirilecek stratejiler, hem saglik hizmetlerinin etkinligini yiikseltecek hem de acil servislerin
saglik sistemi i¢indeki islevsel roliinii gli¢lendirecektir. Bu dogrultuda, acil saglik hizmetlerinde
kalite odakli ve hasta merkezli yaklasimlarin yayginlastirilmasi, saglik sisteminin genel
performansina énemli katkilar saglayacaktir.
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OZET

Kiiresel ekonomik entegrasyonun derinlestigi giinlimiizde, Serbest Ticaret Anlasmalar1 (STA)
ulus devletlerin jeoekonomik 6nceliklerini sekillendiren proaktif dis ticaret enstriimanlarina
dOntismiistiir. Bu ¢alisma, Tiirkiye’nin Asya-Pasifik agiliminin stratejik bir halkasini teskil eden
ve 1 Agustos 2015 tarihinde yiirilirliige giren Tiirkiye-Malezya Serbest Ticaret Anlasmasi’nin
(TM-STA) makroekonomik ve sektdrel yansimalarini ampirik bir perspektifle analiz etmeyi
amaglamaktadir. 2013-2025 donemini kapsayan veriler 1s18inda gerceklestirilen incelemede;
taraflarin gayrisafi yurt i¢i hasila (GSYIH) gelisimleri, dis ticaret hacimleri ve Genis Ekonomik
Kategoriler (BEC) bazli ticaret kompozisyonlari mukayeseli olarak ele alinmistir.

Aragtirma bulgulari, TM-STA nin yirirliige girmesini takiben ikili ticarette Tiirkiye aleyhine
belirgin bir asimetrik genisleme yasandigini ortaya koymaktadir. Ozellikle hammadde ve ara
mal1 kategorilerinde gozlemlenen ithalat ivmesi, Tiirk imalat sanayisinin Malezya menseli
endustriyel girdilere (demir-gelik, palm yagi, aliminyum vb.) yonelik yapisal bagimliligini teyit
etmektedir. Ancak s6z konusu dis ticaret acgigi, salt bir refah sizintisindan ziyade, iiretim
stireclerine eklemlenmis stratejik bir girdi tedarigi ve "fonksiyonel entegrasyon" modeli olarak
degerlendirilmelidir. Calismada ayrica, 1 Agustos 2024 itibariyla yliriirliige giren Hizmetler ve
Yatirimlar Protokoli’niin sundugu derinlesme firsatlart ile giincel mevzuat degisiklikleri
irdelenmistir. Sonug olarak, Tiirkiye’nin bu asimetrik yapidan siirdiiriilebilir bir katma deger
iiretebilmesi i¢in lojistik, miiteahhitlik ve yiliksek katma degerli iiriin ihracatina odaklanan
proaktif bir ticaret diplomasisi izlemesi gerektigi vurgulanmaktadir.

ANAHTAR KELIMELER

Turkiye-Malezya STA, Dis Ticaret Asimetrisi, Ara Mali Bagimliligi, Asya-Pasifik Ticareti,
Sektdrel Analiz.
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THE ROLE OF THE FREE TRADE AGREEMENT IN ENHANCING TRADE RELATIONS
BETWEEN TURKIYE AND MALAYSIA
ABSTRACT

In today's era of deepening global economic integration, Free Trade Agreements (FTAs) have
evolved into proactive foreign trade instruments that shape the geoeconomic priorities of
nation-states. This study aims to analyze, from an empirical perspective, the macroeconomic
and sectoral repercussions of the Turkiye-Malaysia Free Trade Agreement (TM-FTA), which
entered into force on August 1, 2015, constituting a strategic link in Turkiye's Asia-Pacific
initiative. In the examination conducted in light of data covering the 2013-2025 period, the
gross domestic product (GDP) developments of the parties, their foreign trade volumes, and
their trade compositions based on Broad Economic Categories (BEC) are comparatively
addressed.

The research findings reveal that following the entry into force of the TM-FTA, a distinct
asymmetric expansion occurred in bilateral trade to the detriment of Turkiye. The import
momentum observed, particularly in the raw material and intermediate goods categories,
confirms the structural dependence of the Turkish manufacturing industry on industrial inputs
of Malaysian origin (iron and steel, palm oil, aluminum, etc.). However, the aforementioned
foreign trade deficit should be evaluated as a strategic input supply integrated into production
processes and a model of "functional integration,” rather than merely a welfare leakage.
Furthermore, the study scrutinizes the deepening opportunities presented by the Protocol on
Services and Investments, which entered into force as of August 1, 2024, alongside current
legislative amendments. Consequently, it is emphasized that for Turkey to generate sustainable
value-added from this asymmetric structure, it must pursue proactive trade diplomacy focusing
on logistics, contracting services, and the export of high value-added products.

KEYWORDS

Turkey-Malaysia FTA, Foreign Trade Asymmetry, Intermediate Goods Dependency, Asia-
Pacific Trade, Sectoral Analysis.

1.Giris

Kiiresel ekonomik entegrasyonun derinlestigi giinlimiizde, ulusal ticaret politikalar1 ve Serbest
Ticaret Anlagmalar1 (STA), uluslararasi rekabetin temel belirleyicileri konumuna gelmistir. Bu
mekanizmalar, yalnizca mal ve hizmet akisin1 diizenlemekle kalmayip, kiiresel piyasalardaki
jeoekonomik giic dengelerini de yeniden yapilandirmaktadir. Ozellikle gelismekte olan
ekonomiler i¢in STA’lar; ihracat hedeflerine ulasilmasinda ve siirdiiriilebilir biiylimenin tesis

edilmesinde stratejik bir dis ticaret enstriimani olarak 6ne ¢ikmaktadir.
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Serbest ticaret anlagsmalar, taraf iilkeler arasindaki tarifeleri ve tarife dis1 engelleri azaltarak
veya tamamen kaldirarak ticareti gelistirmeyi amacglayan uluslararasi anlagmalardir. Bu
anlagmalar, kaynaklarin daha etkin bir sekilde dagilmasina, uzmanlasmaya ve dolayisiyla
verimlilik artigina olanak taniyarak ekonomik biiyiime i¢in tesvik edici nitelige sahiptir. Serbest
ticaret anlagmalar1 firmalarin daha genis pazarlara erisimini saglayarak ihracat potansiyelini
artirmakta ve tiiketicilere daha ¢esitli ve uygun fiyath iirlinler sunmayr hedeflemektedir.
Tiirkiye gibi yiikselen ekonomiler agisindan STA’lar, dis ticaret stratejilerinin Onemli
bilesenidir. Bu anlagsmalar sayesinde Tiirkiye, yeni pazarlara girig, mevcut pazarlardaki payini
artirma ve rekabet giiclinii yiikseltme firsatina erismektedir. Ayn1 zamanda, geleneksel mal
thracatinin yani sira, lojistik, finans, danigmanlik ve miihendislik gibi hizmet sektorleri de
ihracat portfoyiinde giderek daha fazla yer almaktadir. STA’lar, hizmet ticaretinin
serbestlesmesine katki saglayarak bu sektoriin biiylime potansiyelini desteklemektedir.
Tiirkiye'nin dis ticaret rejiminde STA’larin evrimi incelendiginde, baslangigta 1/95 sayili
Ortaklik Konseyi Karar1 geregince Avrupa Birligi'nin Ortak Ticaret Politikasina uyum saglama
zorunlulugunun hakim oldugu goriilmektedir. Bu zorunluluk dogrultusunda Tiirkiye; Kuzey
Afrika, Ortadogu ve Latin Amerika'daki pek c¢ok iilkeyle, ¢ogu zaman AB'nin imzaladig1
anlagsmalar1 takiben paralel STA’lar akdetmistir. Ancak son yillarda Tirkiye'nin ticaret
diplomasisi, salt bir pasif uyum saglayici roliinden ¢ikarak kendi jeo-ekonomik oncelikleri
dogrultusunda bagimsiz inisiyatif alan proaktif bir karaktere biirlinmiistiir. Giinlimiiz itibariyla
EFTA'dan Balkanlar'a, Latin Amerika'dan Asya-Pasifik'e uzanan genis bir cografyada
yiriirliikte olan 24 adet STA, bu ¢ok boyutlu vizyonun somut bir ¢iktisidir.

Tiirkiye'nin Glimriik Birligi'nin pasif sinirlarin asarak stratejik bir dnceliklendirme yaptig1 ve
Asya-Pasifik bolgesine yonelik genisleyen STA aginin en kritik halkalarindan birini, Tirkiye
ve Malezya arasinda imzalanan serbest ticaret anlagmasi (TM-STA) olusturmaktadir. 1 Agustos
2015 tarihinde yiiriirliige giren bu anlasma, iki iilke arasindaki ticari iligkilerin baglarinin
saglamlasmasina katki saglamistir. Dikkat ¢ekici olan husus, bu anlagma sayesinde Tiirkiye'nin,
Avrupa Birligi'nden daha dnce Malezya pazarina tercihli erisim olanagi elde etmis ve kiiresel
rekabette onemli bir ilk hareket avantaj1 saglamis olmasidir. Anlagma ile bir¢ok sanayi ve tarim
iriinlerinde giimriik vergileri kademeli olarak sifirlanmis, mense kurallar1 belirlenmis ve
giimriik islemlerinin kolaylagmasi saglanmistir.

TM-STA 6rnegi tizerinden 2015-2024 dénemine ait dig ticaret dinamikleri degerlendirilirken,
anlagmanin her iki iilke ekonomisi tizerindeki makroekonomik yansimalarini1 anlamak kritik bir

onem tagimaktadir. Bu dogrultuda ¢alisma; Malezya’nin Asya-Pasifik bolgesindeki ekonomik

82




ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

yapisin1 ve Tirkiye ile olan ikili ticaret hacmindeki tarihsel gelisimi temel alarak, STA’nin
yurlrliige girmesiyle olusan yapisal kirilmalar1 analiz etmektedir. Anlagma 6ncesi ve sonrast
donemlere ait ihracat ve ithalat verilerindeki degisimler ile mal ticaretine konu olan baglica
sektorel kalemler incelenerek, pazar entegrasyonunun boyutu ve STA’nin Tiirkiye agisindan
dogurdugu sonuglar somut veriler 1s1¢1nda ortaya konmustur.

Bu temel amaglar dogrultusunda, ¢alismanin ilerleyen boliimleri su sekilde kurgulanmistir:
Calismanin ikinci boliimiinde, serbest ticaret anlagsmalarmmin kiiresel ticaretteki yeri ve
Tiirkiye'nin dig ticaret politikalarindaki tarihsel evrimi teorik bir c¢ercevede ele
almmaktadir. Ugiincii boliimde, Tiirkiye ile Malezya arasindaki ikili ekonomik iliskilerin
tarihsel gelisimi, ytirlirliige giren STA'nin yasal altyapisi, kapsami ve son donemde hizmetler
ile  yatinmlari da  icerecek  sekilde  genisletilen  protokol  giincellemeleri
detaylandiriimaktadir. DOrduncti  bolimde, iki  dlkenin  makroekonomik buyuklikleri
karsilastirilarak, STA 0Oncesi ve sonrasi doneme ait dis ticaret hacimleri, ithalat-ihracat
dengeleri ve ticarete konu olan baslica sektorel iriin gruplart veriler 1siginda analiz
edilmektedir. Calismanin besinci ve son boliimiinde ise elde edilen bulgular sentezlenerek, TM-
STA'nin dogurdugu asimetrik ticaret sonuglari tartisilmakta ve Tiirkiye'nin bu entegrasyondan
saglayacagi katma degeri maksimize edebilmesine yonelik stratejik politika Onerileri
sunulmaktadir.

2. Serbest Ticaret Anlasmalari: Teorik Temeller, Tarihsel Gelisim ve Tiirkiye’nin
Entegrasyon Sureci

Uluslararasi iktisat teorisi baglaminda STA’lar, taraf iilkeler arasinda mal ve hizmet ticaretine
uygulanan giimriik tarifelerini, miktar kisitlamalarimi ve diger tarife disi engelleri karsilikli
olarak ortadan kaldirmak amaciyla akdedilen tercihli ticaret mekanizmalaridir. Uluslararasi
Ticaret Idaresi (International Trade Administration, 2022) verilerine gore bu anlasmalar,
iilkelerin karsilikli ticarette uyguladiklart vergi yiiklerinden ve sinirlayict kotalardan
korunmalarin1 saglayarak dis ticaretin Oniindeki bariyerleri minimize etmektedir. Ancak
guniimiizde STA'larin kapsamu salt geleneksel mal ticaretiyle sinirli kalmamakta; fikri miilkiyet
haklari, devlet ihaleleri, rekabet politikalar1 ve karsilikli yatirimlarin giivence altina alinmasi
gibi derin entegrasyon konularini da igerecek sekilde genislemektedir.

Teorik acidan STA’larin temel hedefi, neoklasik iktisadin yapitaslarindan olan karsilagtirmali
istiinliikler teorisi, is boliimii ve uluslararas1 uzmanlasma prensipleri aracilifiyla ticaret
hacmini artirmaktir. Kalayci1 (2017) tarafindan da vurgulandig: tizere, daha etkin bir kaynak

tahsisi arzulayan iilkeler, i¢ pazarlarindaki kati korumacilik kalkanlarimi indirerek partner
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iilkelerin iireticilerine daha genis pazar olanaklar1 sunma yoluna gitmektedir. Kendi aralarinda
bu entegrasyonu kuran Glkeler, daha genis tiiketici kitlelerine ulasarak endiistrilerinde 6lgek
ekonomileri yaratma {istlinliigii elde etmektedir. Ticaret engellerinin azalmasi, tiye iilkelerin i¢
piyasalarinda rekabeti korlikleyerek makroekonomik boyutta ciddi bir dinamizm
saglamaktadir. Hur ve Park (2012) da bu durumu destekleyerek, pazarin genislemesi ve rekabet
ortaminin kizigsmasinin, ekonomik verimliligin artmasina, siirdiiriilebilir biiylimenin
desteklenmesine ve sonu¢ olarak ulkelerin toplumsal refah dlzeylerinin ylkselmesine
dogrudan katki sagladigini belirtmektedir. ilgi cekici olan nokta ise, kendi aralarinda tercihli
bir serbestlesme diizeni kuran bu iilkelerin, s6z konusu imtiyazlar1 Diinya Ticaret Orgiitii
(WTO) iiyesi diger Tgiincii Tllkelere yaygimnlagtirmaksizin aralarindaki ticareti
serbestlestirmeleridir.

Diinya ticaret kapasitesindeki tarihsel artis, korumaci engelleri yikmaya yonelik kurumsal ve
uluslararasi adimlarin dogrudan bir sonucudur. Serbest ticaretin uluslararasi bir iktisadi doktrin
olarak kok salmasi 19. yiizyila dayanmaktadir. Ficher (1987) tarafindan yapilan tarihsel analize
gore, ekonomik temelleri kitalar arasi deniz ticaretine dayanan Isvigre, Italya ve Hollanda gibi
iilkeler, ekonomik yapilari geregi dogal olarak serbest ticareti destekleyici bir pozisyon
almiglardir. Bu donemin hegemonik giicii ingiltere ise, 1820 ile 1880 yillar1 arasinda serbest
ticaret politikalarini istikrarli bir sekilde uygulamis ve Avrupa kitasinin 1870'lerden itibaren
yeniden korumaciligi temel politika olarak benimsemesine ragmen serbest ticarete olan
kurumsal baghligini stirdiirmiistiir. Stiregelen bu kati korumaci politikalarin yaratabilecegi
kiiresel refah kayiplarii ve olas1 yikict etkilerini dizginlemek amaciyla, iilkeler zamanla ikili
ve ¢ok tarafli ticaret anlagsmalarini hayata gecirmeye baglamistir.

Bu arayislarin kurumsal bir ¢ati altinda toplanmasi, II. Diinya Savasi sonrasinda 23 iilkenin bir
araya gelmesiyle 1947 yilinda imzalanan Gilimriik Tarifeleri ve Ticaret Genel Anlagmasi
(GATT) ile miimkiin olmustur. Dis ticaretin serbestlesmesi adina atilan bu devasa adim,
uluslararas: ticareti felg eden tarife dis1 engellerin ve asir1 yiiksek giimriik tarifelerinin gok
tarafli miizakerelerle ortadan kaldirilmasini hedeflemistir.

Kiiresel ticaretteki asil ivmelenme ve kirilma noktasi ise 1980'li yillardan sonra
yasanmugtir. Strateji ve Biitge Bagkanlig1 (2025) raporlarina gore, 6zellikle kiiresellesmenin
muazzam bir hiz kazandig1 1980-2008 doneminde diinya genelinde ticaret engellerinin 6nemli
Olciide azalmasi ve iiretim siireglerinin parcalanarak kiiresel iiretim zincirlerinin meydana
gelmesi, serbest ticaretin dogasini degistirmistir. Bu donemde hiz kazanan politikalar, ticaret

kapasitesinde ve diinya ticaret hacminde kesintisiz bir artig trendi yaratmistir. Bu yapisal
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doniisiim, 1990 yilinda kurulan Diinya Ticaret Orgiitii (DTO) ile taglanmistir. Kavacik (2021)
tarafindan da ifade edildigi tizere, GATT kapsamindaki Uruguay Turu’nun tamamlanmasinin
ardindan ulus-devletler, kati cok tarafli miizakerelerin yavashigindan siyrilarak ticaretin
serbestlesmesi i¢in daha hizli sonug veren ikili ve bolgesel STA'lar1 yogun olarak tercih etmeye
baslamislardir.

Glinimiizde bu ticaret anlagsmalari mimarisi; cevresel, siyasi, ekonomik ve teknolojik
degiskenlerin yonlendirdigi cok katmanli bir yapiya biiriinmiistiir. Ozellikle Cin'in Asya-
Pasifik merkezli kurdugu ekonomik hegemonya, uluslararasi ticaret sisteminin diizenini
kokiinden degistiren derin sarsintilar yaratmistir. Cin'in bu agresif ylikselisine karsi1 Giliney
Dogu Asya pazarlarina yonelik alternatif segenek arayislari, bolgedeki iilkeleri ve kiiresel
aktorleri son yillarda biiyiik bir hizla bolgesel ve ikili STA’lar akdetmeye yoneltmistir (Petri &
Plummer, 2020).

Tiirkiye, diinyada meydana gelen bu serbestlesme ve kiiresel {iretim zincirlerine entegrasyon
egilimlerine paralel olarak dis ticaret stratejisini radikal bir bicimde yeniden kurgulamistir. 24
Ocak Kararlart ile temeli atilan ve 1980 sonrasinda benimsenen ihracata dayali, disa agik
ekonomik biiyiime modeli, Tiirkiye'nin dis ticaret hacmini maksimize etmeye odaklanan temel
doktrini olmustur. Dursun ve Aytekin (2022) calismasinda detaylandirildig: tizere, 1980°1i
yillarin kiiresel serbestlesme ve finansallasma akimlarina eklemlenen Tiirkiye, hizli bir
ekonomik metamorfoz geg¢irmis; sermaye piyasalarinin derinlesmesi, sicak para hareketlerinin
serbestisi, Tirk Lirasinin konvertibilitesi ve nihayetinde Gilimriik Birligi gibi o donem i¢in
yepyeni olan makroekonomik kavramlarla tanigsmistir. Elbette bu disa agilma siireci piiriizsiiz
ilerlememis; entegrasyonun getirdigi yeniliklerin yaninda yasanan sarsici finansal krizler ve
doviz darbogazlarinin yarattig1 yapisal sikintilar, Tirkiye’nin iktisadi bellegine derin izler
birakmustir.

Buna ragmen ihracati tesvik etmeye dayali disa acik stratejiden taviz verilmemis, dis ticaretin
uluslararasi ticaretteki payinin artirilmasi devletin en kritik ekonomi politikalarindan biri haline
gelmigstir. Dogan ve Uzun (2014) tarafindan yapilan ¢calismada vurgulandigi lizere, Tiirkiye nin
dis ticaret yapist agirlikli olarak enerji, hammadde ve teknoloji yogun firiinlerin ithalatina
bagimli bir profil ¢izerken; sanayi ve lretim kapasitesindeki artis bu ithalat taleplerinin
boyutunu sekillendiren 6ncii gii¢ olmustur. Ulkenin belirledigi makro hedefler dogrultusunda,
ozellikle 2000'li yillarda 500 milyar dolarlik ihracat vizyonuna ulasmak amaciyla son derece

agresif adimlar atilmistir. Kogtiirk ve Kocaefe (2014) bu noktada, STA'larin s6z konusu ylksek
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ihracat hedeflerine ulagilmasinda, yeni pazarlara girilmesinde ve mevcut pazar paylarinin
konsolide edilmesinde en kritik enstriiman olarak kullanildigin1 belirtmektedir.

Tiirkiye’nin STA politikasi1 ve tarihsel seriiveni, tekdiize bir gelisim gostermemis; aksine farkl
donemlerin makroekonomik ihtiyaglar1 ve kiiresel konjonktiir ¢cergevesinde sekillenen yapisal
kirilmalar yasamistir. Akman (2010), Yaman (2016) ve T.C. Ticaret Bakanlig1 verilerinden
yararlanilarak asagida Tablo 1'de Ozetlenen donemsel ayrimlar, Tiirkiye'nin dis ticaret
stratejisindeki doniisiimii net bir bigimde ortaya koymaktadir.

Tablo 1: Tiirkiye’nin STA Politikasinin Tarihsel Doniisiimii

Donem Yaklasik Yillar Ana Tipik Anlasma One Cikan Ozellikler
Motivasyonlar Kapsam
Disa Agilma ve g[l]ra[j?ri dayali '[I]'reumnfelgie sanay! Ik STA deneyimleri,
ilk Admlar 1980-1995 yume, | e AB entegrasyonuna 6n
Dénemi Yeni pazarlar, S1n_1r 1 tgnm hazirlik
AB’ye hazirlik tavizleri
Giimriik Birligi GB’ye uyum, Sanayi driinleri, Q)'il'r'l‘fu‘g??
Etkisindeki STA | 1996-2010 Domino etkisi, Belirli tarim b,

Yapisal sorunlar,

Politikalar1 Pazar erigimi ardinleri Ticaret hacmi artisi

Kapsaml

entegrasyon, Mal, .
Yeni Nesil Dijitallesme, Hizmet, ﬁgsfn‘gi;’e derinlesen
STA’lar ve . Hizmet ticareti, Yatirim, as >, .

2011- GUnumuz . N oD Cografi cesitlendirme,
Kapsam Kiiresel deger Fikri malkiyet, A
) . RN s Yeni nesil ticaret
Genislemesi zincirlerine Dijital ticaret,
e konular1
entegrayon Surduralebilirlik

Kaynak: Akman (2010), Yaman (2016) ve T.C. Ticaret Bakanligi verilerinden yararlanilarak

hazirlanmustir.

Tiirkiye'nin uluslararas1 arenada attig1 ilk somut STA adimi, Tablo 1'de belirtilen ilk donemin
ruhuna uygun olarak, Avrupa Birligi'nin tercihli ticaret rejimini listlenmeye yonelik kurumsal
bir hazirlik mahiyetinde Avrupa Serbest Ticaret Birligi (EFTA) ile atilmistir. 10 Aralik 1991'de
imzalanip 1 Nisan 1992'de yiiriirliige giren EFTA Anlagmasi ile taraflar arasindaki tiim sanayi
mallarinda uygulanan tarife ve es etkili miktar kisitlamalar1 lagvedilerek serbest dolagim tesis
edilmistir. Dogan ve Uzun (2014) analizlerinde, Tirkiye'nin bu ilk deneyimindeki asil
motivasyonunun ihracatta {iriin ¢esitliligini yakalamak ve nitelikli pazarlara dogrudan erigim
saglamak oldugunu vurgulamaktadir.

Tiirkiye'nin STA’larinda asil biiyiikk kirilma ise Avrupa Birligi (AB) ile olan kurumsal
entegrasyon silirecinde yasanmistir. 1959°da baslayan tiyelik serliveni ivme kazanarak, 6 Mart

1995 tarihli ve 1/95 sayili Ortaklik Konseyi Karart ile Giimriik Birliginin kurulmasiyla

86




ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

sonuglanmistir. 1 Ocak 1996'da vyiiriirliige giren bu biitiinlesme c¢ercevesinde, sanayi
iiriinlerindeki karsilikli glimriik tarifeleri ve kotalar sifirlanmis; islenmis tarim iiriinlerindeki
sanayi pay1 da glimriik vergisinden muaf tutulmustur. Bu tarihi adimin dis ticaret politikasina
yansimasi son derece baglayict olmustur. Kararin 16. maddesi uyarinca Tirkiye, iigiinci
iilkelere kars1 AB’nin Ortak Glimriik Tarifesi'ni uygulamakla ve AB'nin tercihli ticaret rejimini
bes yil igerisinde tistlenmekle yilikiimli kilinmistir. Erdem (2015)’in de belirttigi lizere, bu kat1
yikiimliiliiglin dogal bir sonucu olarak Tiirkiye; AB'nin gelistirdigi tercihli sistemleri
benimsemis, 6zellikle Orta ve Dogu Avrupa, Kuzey Afrika ve Akdeniz havzasindaki ¢ok sayida
iilkeyle ard1 ardina STA'lar imzalamak zorunda kalmistir. Bu anlagmalar, Tiirk ihracat¢ilarinin
ozellikle AB'li rakipleriyle tiglincii pazarlarda esit sartlarda rekabet edebilmesinin bir garantisi
olarak gortilmistiir. Ne var ki Kalayci (2017), bu hukuki uyum zorunlulugunun Tiirkiye'yi
AB'nin metinlerini noktasi virgiiliine kadar kabul etmeye mecbur birakmadigini; Tirkiye'nin
miizakere siire¢lerinde kendi sanayi politikas1 onceliklerini ve yerel hassasiyetlerini titizlikle
masaya koyabildigini belirtmektedir.

Ticaret Bakanligi'nin (2026) giincel verilerine gore, Tiirkiye'nin bugiine kadar akdettigi toplam
38 adet Serbest Ticaret Anlagsmasi'nin (STA) 12'si ¢esitli dinamikler neticesinde feshedilmistir;
bunlarin 11'1 ilgili Merkezi ve Dogu Avrupa iilkelerinin Avrupa Birligi'ne tam iiye olmalari
hasebiyle Guimriik Birligi mevzuatina devredilmis, biri ise ikili g¢ergevede yururlikten
kalkmustir. Suriye ve Israil ile olan anlasmalarin mevcut konjonktiirde askiya alinmasi ve cesitli
iilkelerle devam eden i¢ onay siireclerine ragmen;, EFTA'dan Giiney Kore'ye, Sili'den
Malezya'ya kadar uzanan genis bir cografyada geriye kalan 24 adet kapsamli STA hali hazirda
aktif olarak uygulanmaktadir. Bu anlagmalar, Tiirkiye'nin kiiresel rekabet giiclinii tahkim eden
onemli enstriimanlar olarak islev gormeye devam etmektedir. Ticaret Bakanligi raporlarinda da
alt1 ¢izildigi lizere bu genis ve dinamik anlagsma ag, lilkenin salt ticaretini kolaylastirmakla
kalmamakta, makroekonomik altyapisinin kiiresel deger zincirlerine kalici ve derin bir
entegrasyonunu giivence altina almaktadir.

Tiirkiye'nin EFTA ile baslayan ve Glimriik Birligi'nin yasal zorunluluklarini asarak proaktif bir
ticaret diplomasisine doniisen bu ¢cok boyutlu entegrasyon siireci, son yillarda eksenini kiiresel
ekonomik biiyiimenin yeni agirlik merkezi olan Asya-Pasifik bolgesine dogru kaydirmistir. Bu
stratejik pazar gesitlendirmesi politikasinin en somut ve kritik ¢iktilarindan biri ise, Giineydogu
Asya Uluslar Birligi (ASEAN) bolgesinin kilit aktorlerinden Malezya ile kurulan kurumsal
ticari kopriidiir. Bu baglamda, ¢alismanin takip eden boliimiinde; genel hatlari ¢izilen bu ulusal

STA vizyonunun spesifik bir yansimasi olarak Tiirkiye ve Malezya arasindaki ekonomik
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iliskilerin arka plani, imzalanan anlagsmanin yasal kapsami ve bu entegrasyonun ikili ticaret
mimarisinde yarattig1 yapisal doniisiimler analize tabi tutulacaktir.

3. Tiirkiye ve Malezya Arasindaki Serbest Ticaret iliskisine Genel Bir Bakis
Tirkiye'nin Asya-Pasifik a¢iliminin en 6nemli stratejik ayaklarindan birini olusturan Malezya

ile ikili iliskileri, derin tarihsel ve diplomatik temellere dayanmaktadir. Tiirkiye'nin Kuala
Lumpur’da, Malezya’nin ise Ankara’da biiytlikel¢ilikleri bulunmakta olup, ayrica Malezya'nin
Istanbul’da bir konsoloslugu faaliyet gdstermektedir. Her iki iilke de kendi cografyalarinda
stratejik orta gii¢ kategorisinde smiflandirilmakta olup, Diinya Ticaret Orgiitii ve islam Isbirligi
Teskilat1 gibi kiiresel mecralarda tam tiye statiisiiyle ortak hareket etmektedirler. Malezya'nin
ASEAN igindeki kilit konumu ve Singapur, Endonezya, Tayland, Vietnam gibi hizla biiyliyen
pazarlara komsulugu, bu iilkeyi bolgesel ticarette vazgegilmez bir lojistik ve Uretim merkezi
yapmaktadir. Bu stratejik avantajlar dogrultusunda Malezya, Tiirkiye Cumhuriyeti Ticaret
Bakanlig1 tarafindan 2024-2025 donemi igin Oncelikli {ilkeler listesine alinarak ikili ticari
potansiyeli tescillenmis bir pazar konumundadir.

Bu gugll altyapi tizerinde insa edilen Tiirkiye-Malezya Serbest Ticaret Anlagsmasi (TM-STA),
ikili ekonomik iligkileri dontistiirme hedefiyle 1 Agustos 2015 tarihinde yiirtirliige girmistir. Bu
anlagma ile Tiirkiye; Asya-Pasifik bolgesinde Giiney Kore’den sonra ikinci, Giineydogu Asya
bolgesinde ise ilk STA’sin1 Malezya ile akdetmis ve Avrupa Birligi'nden daha 6nce bu pazara
tercihli erisim hakki kazanarak ihracatgilarina 6nemli bir ilk hareket avantaji saglamistir.
STA'nin uygulamaya alinmasiyla birlikte, tarife cetvellerinin yaklasik %70’inde glimriik
vergileri aninda karsilikli olarak sifirlanmistir. Yiirtirlige giris ani itibartyla Malezya’ya
yapilan ihracatin %71°i ve ithalatin %69 u giimriikten muaf tutulmustur. Kalan kalemler icin
ise 3, 5 ve 8 yillik takvimlere yayilan kademeli ge¢is donemleri benimsenmistir. Sekiz yillik bu
gecis slireci tamamlandiginda; tarife satir sayist bazinda Tirkiye'nin ihracatinin %99y,
ithalatinin ise %86°s1 giimriik vergisinden muaf hale gelecek sekilde kurgulanmistir.

Sektorel bazda incelendiginde asimetrik ve hassas iriin yapilari goze ¢arpmaktadir. Sanayi
iiriinlerinde, Malezya’ nin uyguladig: glimriik vergilerinin 2018 yil1 itibariyla %80 kaldirilmig
olup, en ge¢ sekiz yilin sonunda tamamen sifirlanmasi taahhiit edilmistir. Tarim {riinleri
alaninda ise; nar, kavun, karpuz ve kakaolu siirdiiriilebilir iiriinler disinda kalan tiim tarim
tirtinlerinde 2018 itibartyla giimriik vergileri sifirlanirken; dondurulmus kanatli eti ve yumurta
gibi hassas iiriinlerde tarife kotasi bazinda muafiyetler saglanmis, baz1 margarin {irtinlerinde ise
%20’lik vergi indirimine gidilmistir. Bununla birlikte Tiirkiye'nin toplam ithalatinda ciddi bir

agirhigr olan palm yag ve tiirevlerindeki giimriik vergileri %31,2°den  %21,8’¢
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diistirilmustir. Alkol, tatin mamulleri ve piring gibi Uriinler ise Malezya’nin genel STA
politikalar1 ¢cergevesinde anlagsma kapsami disinda birakilmistir.

Ikili ticari mimariyi cagdaslastirma ve derinlestirme vizyonu cercevesinde, baslangicta salt mal
ticareti odakli olan anlasmanin kapsami, Mart 2018'de baslatilan miizakereler sonucunda
genisletilmistir. Hizmet Ticareti ve Yatirim basliklarin1 STA'ya entegre eden 1 No'lu Revize
Protokol, 22 Eyliil 2022'de basariyla tamamlanmis, 29 Eyliil 2022 tarihinde imzalanmis ve i¢
hukuk onay siireglerinin ardindan 1 Agustos 2024 tarihinde resmi olarak yiirtirliige girmistir.
Bu yapisal genisleme, Malezya’y1 Tiirkiye i¢in sadece bir mal ihrag pazar1 olmaktan ¢ikararak,
miiteahhitlikten lojistige uzanan genis bir yelpazede hizmet ihracati ve karsilikli dogrudan
yabanci yatirim merkezine doniistiirme potansiyeli tasimaktadir.

Malezya'nin kiiresel pazarlara entegrasyon kapasitesini ve Tiirkiye'nin bu pazar iizerinden elde
edebilecegi liciincii ililke erigsim potansiyelini anlamak adina, Malezya’nin yiiriirliikte olan ve

uluslararas1 hukuka uygun bi¢imde akdettigi ikili ve bdlgesel ticaret anlasmalar1 Tablo 2°de

sunulmustur.
Tablo 1 Malezya’nin Ikili ve Bolgesel Ticaret Anlasmalari

# | Anlasma (Kisaltma) Tar imzalanma Tarihi | YUrurluk Tarihi

1 | Malezya-Japonya Economic Partnership | Ikili 13 Aralik 2005 13 Temmuz 2006
(MJEPA)

2 | Malezya-Pakistan Closer Economic | Ikili 8 Kasim 2007 1 Ocak 2008
Partnership (MPCEPA)

3 | Malezya-Yeni Zelanda FTA (MNZFTA) ikili 26 Ekim 2009 1 Agustos 2010

4 | Malezya-Hindistan Comprehensive | ikili 18 Subat 2011 1 Temmuz 2011
Economic Cooperation (MICECA)

5 | Malezya-Sili Free Trade Agreement | Ikili 13 Kasim 2010 25 Subat 2012
(MCFTA)

6 | Malezya-Avustralya Free Trade Agreement | ikili 30 Mart 2012 1 Ocak 2013
(MAFTA)

7 | Malezya-Turkiye Free Trade Agreement | ikili 17 Nisan 2014 1 Agustos 2015
(MTFTA)

8 | ASEAN-Cin FTA (ACFTA) Bolgesel | Kasim 2002 1 Ocak 2010

9 | ASEAN-Japonya CEP (AJCEP) Bolgesel | 14 Nisan 2008 1 Subat 2009

10 | ASEAN—Kore FTA (AKFTA) Bolgesel | - 1 Ocak 2010

11 | ASEAN-Hindistan FTA (AIFTA) Bolgesel | 13 Agustos 2009 1 Ocak 2010

12 | ASEAN-Avustralya—Yeni Zelanda FTA | Bolgesel | 27 Subat 2009 1 Ocak 2010
(AANZFTA)

13 | ASEAN-Hong Kong, Cin FTA (AHKFTA) | Bélgesel | 12 Kasim 2017 13 Ekim 2019

14 | Bolgesel Kapsamli Ekonomik Ortaklik | Bolgesel | 15 Kasim 2020 18 Mart 2022
(RCEP)

15 | Kapsamli ve Asamali Trans-Pasifik | Bolgesel | 8 Mart 2018 29 Kasim 2022
Ortaklig1 Anlagsmasi (CPTPP)

16 | ASEAN  Serbest  Ticaret  Bolgesi | Bolgesel | 1993 1993
(AFTA/ATIGA)

Kaynak: MITI. (2025). Malaysia’s Free Trade Agreements. Ministry of Investment, Trade and Industry

Malaysia. Erisim adresi: https://www.miti.gov.my/index.php/pages/view/fta
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4. Tiirkiye ve Malezya Ekonomilerinin Karsilastirilmasi ve Ticarete Konu Olan Bashca
Urunler

Malezya 2024 yili itibariyle GSYIH’ye gore yaklasik 421 milyar ABD dolari ile diinyanin en
biiyiik 38. ekonomisi i¢inde yer alirken Tiirkiye ise 1,3 trilyon ABD dolari ile 18. sirada yer
almaktadir. Her iki iilkenin 2010-2024 yillarina ait GSYIH verileri sekil 1°de gosterilmistir.
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Sekil 1 Tiirkiye ve Malezya GSYIH karsilastirilmasi (Cari fiyatlarla milyar ABD dolari)

Kaynak: Diinya Bankasi, 2025

Sekil 1, Tiirkiye ve Malezya'nin 2010-2024 yillar1 arasindaki gayrisafi yurt i¢i hasila gelisimini
cari fiyatlarla milyar ABD dolar1 bazinda karsilagtirmali olarak sunmaktadir. incelenen donem
boyunca Turkiye ekonomisinin, makroekonomik biiyiiklik agisindan Malezya'ya kiyasla
mutlak bir hacim istiinliigiine sahip oldugu agik¢a goriilmektedir. Malezya ekonomisi, 2010
yilinda yaklasik 250 milyar dolar seviyesinden baslayarak 14 yillik periyotta kiiresel soklardan
nispeten az etkilenen, istikrarli ve 1limli bir biiylime trendi izlemis; 2024 yili itibartyla 400
milyar dolar seviyesinin hemen iizerine tirmanarak yapisal bir stabilite sergilemistir. Buna
karsin Tirkiye ekonomisi belirgin bir makroekonomik volatilite ortaya koymustur. Tiirkiye
ekonomisi, 2013 yilinda 1 trilyon dolar sinirma yaklasarak ilk nominal zirvesini yapmuis,
ardindan 2020 yilina kadar devam eden kademeli bir daralma egilimiyle 750 milyar dolar
bandina kadar gerilemistir. Ancak 2020 yilindan itibaren son derece keskin ve agresif bir

nominal genisleme ivmesi yakalayan Tiirkiye GSYIH'si, dramatik bir artisla 2024 yilinda
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yaklagik 1,4 trilyon dolar seviyesine ulasarak incelenen donemin en yiiksek makroekonomik
biiytlikliigiinii kaydetmistir. Bu kapsamda, STA'nin yiiriirliikte oldugu 2015 ve sonras1 donemde
iki iilkenin biiyiime dinamiklerinde ve nominal gelir yaratma kapasitelerinde derin farkliliklar
bulundugunu agikca anlasilmaktadir.

Tablo 2: Tiirkiye Dis Ticaret Istatistikleri (milyar ABD dolar1) (2013-2025)

Yil fhracat Ithalat Ticaret Dengesi Dis Ticaret Hacmi
2013 161,48 260,82 -99,34 422,30
2014 166,50 251,14 -84,64 417,65
2015 150,98 213,62 -62,64 364,60
2016 149,25 202,19 -52,94 351,44
2017 164,49 238,72 -74,22 403,21
2018 177,17 231,15 -53,98 408,32
2019 180,83 210,35 -29,51 391,18
2020 169,64 219,52 -49,88 389,15
2021 225,21 271,43 -46,21 496,64
2022 254,17 363,71 -109,54 617,88
2023 255,63 361,97 -106,34 617,59
2024 261,78 344,01 -82,23 605,79
2025 273,31 365,43 -92,12 638,74

Kaynak: Tiirkiye Istatistik Kurumu (t.y.)

Tablo 3, Tiirkiye’nin 2013-2025 yillar1 arasindaki genel dis ticaret performansin1 milyar ABD
dolar1 cinsinden dzetlemektedir. incelenen dénem itibariyle Tiirkiye nin dis ticaret hacmi 2013-
2016 yillar1 arasinda kiiresel ve yerel konjonktiriin de etkisiyle 422,30 milyar dolardan 351,44
milyar dolara dogru belirgin bir daralma yasanmistir. Bu siirecte ticaret acig1 nispeten daralmig
ve 2019 yilinda -29,51 milyar dolar ile donemin en diisiik seviyesine gerilemistir. Ancak 2021
yilindan itibaren Tiirkiye’nin dis ticaret hacminde agresif bir nominal genisleme evresine
girildigi; 2025 yili itibariyla ihracatin 273,31 milyar dolara, dis ticaret hacminin ise tarthi bir
seviye olan 638,74 milyar dolara ulastig1 goriilmektedir. Buna karsin, 2022 yilinda ithalatin
363,71 milyar dolara yiikselmesiyle dis ticaret acig1 -109,54 milyar dolar gibi dramatik bir
zirveye ulagmis ve 2025 yilina gelindiginde ihracattaki rekor artiglara ragmen -92,12 milyar
dolarlik yiiksek agik kronik karakterini korumustur. Bu veriler, Tirkiye'nin dis pazarlara
entegrasyonu ve ticaret kapasitesi artarken, ayni zamanda ithalata dayali iiretim modelinin
yarattig1 makroekonomik asimetriyi ve ticaret a¢1g1 sarmalin1 ampirik olarak teyit etmektedir.
Tiirkiye’nin 2013-2025 donemini kapsayan dis ticaret projeksiyonu ve makroekonomik
asimetrileri bu sekilde tezahiir ederken; iki {ilke arasindaki ticari rejimleri diizenleyen STA nin
diger tarafini teskil eden Malezya’nin dis ticaret dinamikleri ve donemsel istatistikleri,

karsilagtirmali bir perspektif sunmak amaciyla Tablo 4’te sunulmustur.
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Tablo 3 Malezya Dis Ticaret Istatistikleri (milyar ABD dolar1) (2013-2024)

Yil Thracat Ithalat Ticaret Dengesi Dis Ticaret Hacmi
2013 228,33 205,897 22,43 434,23
2014 233,93 208,851 25,08 442,78
2015 199,95 175,971 23,98 375,92
2016 189,74 168,684 21,06 358,43
2017 218,13 195,417 22,71 413,55
2018 247,46 217,602 29,85 465,06
2019 238,20 204,998 33,20 443,19
2020 234,77 190,86 43,91 425,63
2021 299,43 238,24 61,19 537,67
2022 352,09 293,797 58,30 645,89
2023 312,97 265,667 47,30 578,63
2024 330,42 300,355 30,06 630,77

Kaynak: World Bank. (t.y.).

Tablo 4, Malezya'nin ihracata dayali ve son derece rekabet¢i makroekonomik yapisint 2013-
2024 donemi dis ticaret istatistikleri lizerinden net bir bi¢imde gozler Oniine sermektedir.
Incelenen 12 yillik periyot boyunca Malezya, istisnasiz her yil diizenli olarak dis ticaret fazlasi
vererek yapisal bir istikrar sergilemis; 6zellikle 2021 ve 2022 yillarinda bu ticaret fazlasi
stirastyla 61,19 milyar dolar ve 58,30 milyar dolar seviyelerine ulasarak dénemin zirvesini
gormiistiir. 2016 yilinda 358,43 milyar dolar olan toplam dis ticaret hacmi ise gliglii bir
genisleme ivmesiyle 2024 yil1 itibariyla 630,77 milyar dolara ulagmistir. Bu tablodaki verileri
iktisadi agidan carpici kilan asil unsur ise Malezya'nin makroekonomik 6l¢egi ile dis ticaret
performansi arasindaki devasa orantisizliktir. Nitekim Sekil 1°de belirtildigi lizere Malezya'nin
Gayrisafi Yurt I¢i Hasilast (421 milyar dolar), Tiirkiye'nin GSYIH'sinin (yaklasik 1,4 trilyon
dolar) tigte birinden daha kiigiik olmasina ragmen, Malezya'nin iirettigi dis ticaret hacmi
Tlrkiye’nin dis ticaret hacminden 2023 yili hari¢ tiim yillarda daha yiiksek bir seviyede
gerceklesmistir. GSYIH'sini asan bu devasa ticaret hacmi, Malezya ekonomisinin i¢ tiiketime
degil, dogrudan kiiresel deger zincirlerine entegre olmus yiiksek katma degerli bir ihracat

modeline dayandiginm1 gostermektedir.
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Sekil 2 Tiirkiye ve Malezya Ikili Ticaret Hacmi Gelisimi (2013-2025)
Kaynak: Tiirkiye Istatistik Kurumu. (t.y).

Sekil 2°de, Tiirkiye ile Malezya arasindaki dis ticaret degerleri ithalat ve ihracat bazindan yillar

itibartyla sunulmustur. Bu grafik 2015 yilindaki TM-STA yirtrliige girisi ile serbestlesmenin

taraflar iizerindeki asimetrik etkisi net bir sekilde gorsellestirmektedir. Anlagsma 6ncesi 2013-

2015 doneminde nispeten dar bir makasta seyreden ikili ticaret hacmi, anlasmanin devreye

girmesi ile birlikte Tiirkiye'nin ithalati lehine siddetli bir ivmelenme gostermistir. Yatay

eksende duragan bir trend i1zleyen ihracata karsilik, ithalatin 2015 sonrasinda yukar1 yonlii bir

seyir izlemesi, pazar entegrasyonundan orantisiz bi¢cimde Malezya'nin yararlandigini ve dis

ticaret agigindaki genislemenin kronik bir hal aldigini agik¢a gostermektedir.
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Sekil 3 Genis Ekonomik Kategorilere (BEC) Gore Tiirkiye-Malezya Ticareti
Kaynak: Tiirkiye Istatistik Kurumu, (t.y.)

Aciklama: Milyar ABD dolar1 (2013-2025) | Noktali Cizgi: 2015 STA Baglangici

Sekil 3, Tiirkiye ile Malezya arasindaki ikili ticaret hacmini genis ekonomik kategoriler (BEC)
bazinda ayristirarak, makro 6lgekteki dis ticaret agiginin ardindaki yapisal dinamikleri ortaya
koymaktadir. Panel grafik incelendiginde, tiiketim ve yatirim mallar1 kategorilerinde iki tilke
arasindaki ticaretin nispeten diisiik hacimli ve yatay bir seyir izledigi goriiliirken, asil farkliligin
hammadde (aramallari) grubunda yasandigi net bigimde gériinmektedir. 2015 yilinda STA nin
yiriirliige girmesini temsil eden dikey kirilma cizgisinden sonra, Tirkiye'nin Malezya'ya
yonelik hammadde ihracati duragan bir seyir izlerken, Malezya'dan yapilan hammadde ithalati
agresif bir artis trendine girmis ve 4 milyar dolar seviyelerine kadar ytlikselmistir. Bu bulgu,
Tiirkiye'nin Malezya'ya kars1 verdigi kronik ticaret agiginin genel bir rekabet zafiyetinden
ziyade, Tirk imalat sanayisinin Malezya menseli temel endiistriyel girdilere yonelik derin ve

yapisal bir ara mali bagimliligindan kaynaklandigini géstermektedir.
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Sekil 4 Tiirkiye'nin Malezya'dan ithalatinin Sektorel Kompozisyonu
Kaynak: Tiirkiye Istatistik Kurumu, (t.y.)

Sekil 4, Tirkiye'nin Malezya'dan gergeklestirdigi ithalatin igsel yapisina odaklanarak, ticaret
hacmindeki biliylimenin sektorel niteligini detaylandirmaktadir. Yigilmis cubuk grafigi, yillar
itibariyla artan toplam ithalat igerisinde hammadde kategorisinin oransal iistiinliiglinii net bir
sekilde ortaya koymaktadir. Ithalatin geri kalan kismini olusturan tiiketim ve yatirim mallarmin
payi ise ilgili yillar itibariyla son derece sinirl kalmistir.

T.C. Ticaret Bakanlig1 (2025) tarafindan yayimlanan veriler 1518inda, Malezya’nin dis ticaret
projeksiyonu incelendiginde, 2024 yil1 verilerine gore Tiirkiye'nin Malezya'ya yaptig1 ihracatta
en belirgin kalem, toplam ihracatin %25,3"linili olusturan kiymetli veya yar1 kiymetli taglar
olmustur. Bu fasilda ihracat bir 6nceki yila gore %49,8 artarak 113,6 milyon dolara ulagmustir.
Ihracatta bir diger 6ne ¢ikan kalemler arasinda inorganik kimyasallar (%9), makine ve mekanik
cihazlar (%8,1) ve yenilen meyveler (%6,8) yer almakta olup, 6zellikle meyve ihracati
%125,9'luk dikkat cekici bir artisla 30,7 milyon dolara ulasmustir. ilk 10 fasil, Malezya'ya
yapilan toplam ihracatin %87,2'sini olusturarak ihracatin dar bir {iriin yelpazesine
yogunlastigin1 ortaya koymaktadir.

Ithalat tarafinda ise yapisal bagimlihigm boyutlari ¢ok daha belirgin bigimde kendini
gostermektedir. 2024 yilinda Malezya'dan yapilan ithalatin en biiyiik kalemi, bir dnceki yila
gore %164,5 gibi dramatik bir artisla 1,23 milyar dolara ulasan demir ve ¢elik olmustur. Bu
fasilin toplam ithalattaki payr %11,3'ten %26,4'e yiikselmistir. ikinci sirada %17,2 payla
hayvansal ve bitkisel kati-siv1 yaglar (6zellikle palm yag1 ve fraksiyonlar1 660 milyon dolar)

yer alirken, bunu %14,8 payla elektrikli makine ve cihazlar ve %7,6 payla islenmemis
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aliiminyum takip etmektedir. Ik 5 fasil ithalatin %70'ini, ilk 10 fasil ise %94'{inii olusturmakta
olup bu durum, Tiirkiye'nin Malezya'dan yaptig1 ithalatin agirlikli olarak endiistriyel girdi
niteligindeki aramallarindan olustugunu teyit etmektedir (T.C. Ticaret Bakanligi, 2025).
Malezya perspektifinden degerlendirildiginde, Tiirkiye'nin bu iilkenin toplam ihracatindaki
pay1 2024'te %1,4 diizeyinde gergeklesmis ve Malezya'nin en ¢ok ihracat yaptigi 15. iilke
konumuna ylikselmistir. Tiirkiye 6zellikle palm yag1 ve fraksiyonlarinda Malezya'nin toplam
ihracatinin %3,9'unu, islenmemis aliminyumda %6,1'ini ve vulkanize kaucuk eldivenlerde
%3"inii absorbe ederek bu kalemlerde 6nemli bir pazar olma 6zelligini siirdiirmiistiir. Ote
yandan Malezya'nin toplam ihracatinda %23,3 ile elektronik entegre devreler, %12,3 ile petrol
urunleri ve %9,7 ile makine-cihazlar baskin konumunu korurken, Tiirkiye bu yiiksek katma
degerli iirlin gruplarinda Malezya'nin ihracatindan son derece diisiik bir pay almaktadir.

Ikili ticaret verileri, Tiirkiye’nin Malezya ile olan iliskisini dogrudan tiiketim odakli bir dis
ticaret bagimliligindan ziyade, {iretim siireglerine biitiinlesmis bir girdi tedarigi modeli tzerine
kurguladigini gostermektedir. Bu baglamda, dis ticaret acigindaki genisleme, Tiirk sanayisinin
Malezya menseli kritik ara mallarina yonelik tiiretilmis talebi ile dogrudan iliskilidir. Ancak,
bu durumun bir firsat mi1 yoksa kirilganlik m1 oldugu, ithal edilen bu girdilerin Tiirkiye i¢indeki
katma deger yaratma potansiyeline ve {igiincii iilkelere yonelik ihracata ne Olglide tahvil
edilebildigine baglidir. Netice itibariyla, Tiirkiye’nin Malezya ile ticareti, tiiketim kanaliyla
refah sizintis1 yaratan bir yapidan ziyade, sanayinin {iretim dislilerini besleyen stratejik bir
hammadde kanal1 niteligi tasimaktadir.

5. Sonug

Turkiye-Malezya Serbest Ticaret Anlasmasi, 1 Agustos 2015 tarihinde yiirtirlige girdiginden
bu yana iki lilke arasindaki ekonomik iligkileri doniistiirme potansiyeli yiiksek, ancak yapisal
asimetrilerin belirginlestigi karmasik bir entegrasyon siireci ortaya koymustur. TM-STA,
yiiriirliige girisiyle birlikte tarife cetvellerinin yaklasik yiizde yetmisinde giimriik vergilerini
aninda sifirlamis; sekiz yillik gegis takviminin sonunda Tiirkiye'nin ihracatinin yiizde doksan
dokuzunu, ithalatinin ise ylizde seksen altisin1 glimriikten muaf hale getirmeyi hedefleyen
kapsamli bir liberallesme cercevesi sunmustur. Bu ¢ercevede iki iilke arasindaki ikili ticaret
hacmi onceki donemlere kiyasla kayda deger bir genisleme kaydetmis; kimyevi maddeler,
makine ile elektrik-elektronik sektdrlerinde belirli ihracat kazanimlari elde edilmistir. Ote
yandan mal ticaretinin Gtesine gegilerek hizmetler ve yatirimlar: da kapsama dahil eden 1 No'lu
Revize Protokol'iin 1 Agustos 2024 tarihinde yiiriirliige girmesi, ikili ekonomik biitiinlesme i¢in

daha derin ve kurumsal bir zemin olusturmustur.
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Bununla birlikte, ampirik veriler anlasmanin Tiirkiye agisindan belirgin bi¢imde asimetrik
sonuclar dogurduguna isaret etmektedir. Sekil 2 ve Sekil 3'te de agik¢a goriildiigii iizere,
STA'nin yiiriirlige girmesinin ardindan Tirkiye'nin Malezya'ya yonelik ihracati duragan bir
seyir izlerken, Malezya'dan yapilan ithalat hizli ve siirekli bir artis trendine girmistir. Bu
tablonun temelinde, Sekil 3 ve Sekil 4'ln ortaya koydugu iizere, Tirk imalat sanayisinin
Malezya menseli temel endiistriyel girdilere olan yapisal bagimlilig1 yatmaktadir. S6z konusu
aramal1 ithalat agirligy, ikili ticaret dengesinin aleyhte seyretmesinin ardindaki baslica yapisal
etken olarak 6ne ¢ikmakta ve bu durumun genel bir rekabet zafiyetinden ziyade sektdre 6zgii
bir bagimlilik iliskisinden kaynaklandigini géstermektedir.

Mevzuat boyutundaki gelismelere bakildiginda, anlagsmanin etkin uygulanmasina yonelik
diizenlemelerin siirdiigii goriilmektedir. 27 Aralik 2024 tarihli ve 32765 sayili Resmi Gazete'de
yayimlanan degisiklikle; pandemi donemindeki ticaret aksakliklarini gidermek amaciyla 1
Nisan 2020 ile 1 Nisan 2023 tarihleri arasindaki ihracat islemleri i¢in 31 Ekim 2024'ten itibaren
bir yil siireyle sonradan mense belgesi diizenlenmesine olanak taniyan gecici bir hiikiim
eklenmistir. Buna ek olarak, 8 Ekim 2025 tarihli ve 33041 sayili Resmi Gazete'de yayimlanan
yonetmelik degisikligiyle mense kurallarinin uygulanmasina iligkin teknik diizenlemeler de
hayata gecirilmistir. Bu gelismeler, anlagmanin islerliginin korunmasina ve ticari siirtlinmelerin
azaltilmasina katki sunmaktadir.

Sonug olarak, TM-STA'nin Tiirkiye agisindan siirdiiriilebilir ve dengeli bir zemine oturtulmasi,
cok boyutlu bir strateji gerektirmektedir. Kisa vadede, 1 Agustos 2024'te yiiriirliige giren
Hizmetler ve Yatirimlar Protokolii'niin miiteahhitlik, lojistik ve miihendislik gibi Turkiye'nin
rekabetci oldugu alanlarda etkin bicimde kullanilmas1 6ncelikli hedef olmalidir. Orta vadede
ise hedefli sektorel destekler, sistematik pazar arastirmasi ve yiliksek katma degerli iriin
ihracatina odaklanmayi iceren somut eylem planlarmin hayata gegirilmesi gerekmektedir.
Tiirkiye ile Malezya arasindaki koklii tarihsel baglar ve ortiisen stratejik ¢ikarlar, bu ortakligin
daha dengeli bir yapiya kavusturulmasi i¢in elverigli bir zemin sunmaktadir. Ancak bu
potansiyelin ger¢ege doniistiiriilmesi, giiglii bir siyasi irade, koordineli bir kamu-6zel sektor is
birligi ve proaktif bir ticaret diplomasisini zorunlu kilmaktadir.
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OZET

Ge¢ modern toplum, dijitallesmenin etkisiyle smirsiz iletisim ve c¢ogulculuk iddiasi
tasimaktadir. Sosyal medya platformlari ve algoritmik icerik akislari, farkli goriis ve kimliklerin
goriiniir oldugu bir kamusal alan izlenimi yaratmaktadir. Ancak bu goriiniir cogulluk, farkl
olanla gercek karsilasma imkanimi her zaman giiclendirmemektedir. Byung-Chul Han, Otekini
Kovmak adli eserinde ¢agdas toplumun temel krizlerinden birinin “6tekinin kayb1” oldugunu
ileri siirmektedir. Han’a gore modern kiiltiir, farkli olani agik bir ¢atisma yoluyla dislamaktan
ziyade benzerlik iiretimi yoluyla etkisizlestirmekte ve nétralize etmektedir. Boylece oteki,
dogrudan kovulmaktan ¢ok goriinmez bigimde silinmektedir. Bu ¢alisma, Han’1n “negatifligin
kayb1”, “ayninin ¢cogalmasi1” ve “narsisistik kapanma” kavramlarini dijital kiiltiir baglaminda
sosyolojik bir perspektifle ele almaktadir. Ozellikle algoritmik kisisellestirme mekanizmalar,
icerik Oneri sistemleri ve yanki odalari, bireylerin benzer goriis ve igeriklerle karsilasma
olasiliginm1 artirmakta; farkli olanla karsilagma deneyimini sinirlandirmaktadir. Dijital ortamda
“takip et” ve “engelle” pratikleri de konfor bozucu igeriklerin hizla diglanmasina imkan
tanimaktadir. Bu siireg, acik bir baskidan ziyade homojenlestirici bir kiiltiirel yap tiretmektedir.
Calisma, dijital kiiltiirdeki benzerlik egiliminin yalmzca teknik bir algoritma sonucu degil;
0znenin konfor arayis1 ve kendine yonelimli kapanisi ile iligkili oldugunu savunmaktadir. Bu
baglamda 6tekinin silinmesi, ¢catismanin ortadan kalkmasi degil; farklilikla kurulan iligskinin
zayiflamasi anlamina gelmektedir. Sonug olarak ¢alisma, dijital kiiltiiriin ¢ogulculuk iddiasin
elestirel bir perspektifle yeniden diisiinmeye davet etmektedir.

Anahtar Kelimeler: Dijital toplum, dijital kiiltiir, 6teki, algoritmalar, yanki odalari.

ERASING THE OTHER IN DIGITAL CULTURE: THE PROLIFERATION OF THE
SAMENESS AND THE LOSS OF NEGATIVITY
ABSTRACT

Late modern society, under the influence of digitalization, claims to offer unlimited

communication and pluralism. Social media platforms and algorithmic content flows create the
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impression of a public sphere in which different opinions and identities become visible.
However, this apparent plurality does not always strengthen the possibility of genuine
encounters with difference. Byung-Chul Han argues in his work The Expulsion of the Other
that one of the fundamental crises of contemporary society is the “loss of the Other.” According
to Han, modern culture neutralizes and renders the different ineffective not through open
exclusion or conflict, but through the production of sameness. Thus, the Other is not directly
expelled but rather invisibly erased.
This study examines Han’s concepts of the “loss of negativity,” the “proliferation of the same,”
and “narcissistic closure” from a sociological perspective within the context of digital culture.
In particular, algorithmic personalization mechanisms, content recommendation systems, and
echo chambers increase the likelihood that individuals encounter similar views and content,
thereby limiting the experience of encountering difference. In digital environments, practices
such as “following” and “blocking” also enable the rapid exclusion of content that disrupts
users’ comfort. This process produces a homogenizing cultural structure rather than an overt
form of repression.
The study argues that the tendency toward sameness in digital culture is not merely the result
of technical algorithms, but is also related to the subject’s search for comfort and a self-oriented
closure. In this context, the erasure of the Other does not signify the disappearance of conflict,
but rather the weakening of the relationship with difference. Ultimately, the study invites a
critical reconsideration of the claim of pluralism in digital culture.
Keywords: Digital society, digital culture, the Other, algorithms, echo chambers.
1. Giris

Ge¢ modern toplum, dijitallesmenin etkisiyle iletisim imkanlarinin genisledigi ve
cogulculugun goriiniir hale geldigi bir toplumsal baglam iiretmektedir. Sosyal medya
platformlari, algoritmik icerik akislari ve ¢evrim i¢i etkilesim aglari, farkli kimliklerin,
goriislerin ve yasam tarzlarinin ayni kamusal alanda temsil edildigi izlenimini
giiclendirmektedir. Bu durum ilk bakista toplumsal cesitliligin artmasi ve farkli olanla
karsilagma imkanlarinin genislemesi olarak yorumlanabilir. Ancak dijital kiiltiiriin sundugu bu
goriiniir cogulluk, her zaman gergek bir karsilasma deneyimi iiretmemekte; aksine benzerlik
temelli yeni ayrigma bigimlerini de beraberinde getirebilmektedir.

Dijital ortamlarda bireylerin maruz kaldiklar1 iceriklerin biiylik Olclide algoritmik
kisisellestirme mekanizmalari tarafindan belirlenmesi, farkli olanla temasin sinirlandirilmasina

yol acabilmektedir. Icerik ©neri sistemleri, yanki odalari ve filtre balonlari, bireylerin
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cogunlukla kendi goriislerine yakin igeriklerle karsilagsmalarimi saglamakta; bu durum ise
toplumsal farkliligin deneyimlenmesini zorlastirmaktadir. Bunun yaninda c¢evrim igi
platformlarda yayginlasan “takip etme”, “engelleme” ve “sessize alma” gibi pratikler de konfor
bozucu igeriklerin hizla diglanmasina imkan taniyarak homojenlesmis etkilesim alanlar
iretmektedir. Boylece dijital kiiltiir, acik bir baski mekanizmasindan ziyade goniillii benzerlik
iiretimi lizerinden isleyen yeni bir toplumsal diizenin olusumuna katkida bulunmaktadir.

Bu baglamda cagdas filozof Byung-Chul Han, modern toplumun temel krizlerinden
birinin “6tekinin kayb1” oldugunu ileri siirmektedir. Han’a gore giiniimiiz kiiltliri farkli olani
dogrudan catisma yoluyla dislamak yerine benzerlik iiretimi yoluyla etkisizlestirmekte ve
goriinmez kilmaktadir (H Bu ¢alisma, Han’in 6ne siirdiigii “negatifligin kayb1”, “ayninin
cogalmas1” ve “narsisistik kapanma” kavramlarini dijital kiiltiir baglaminda sosyolojik bir
perspektifle ele almayr amaglamaktadir. Arastirmanin temel sorusu, dijital kiiltliriin sundugu
goriinlir ¢cogullugun, toplumsal farklilikla kurulan gercek karsilagsma deneyimini giiglendirip

giiclendirmedigi ya da 6tekinin goriinmezlesmesine zemin hazirlayip hazirlamadigidir.

2. Kuramsal Cerceve: Byung-Chul Han’da Otekinin Kaybi
Gec¢ modern toplumun kiiltiirel dinamiklerini ele alan ¢agdas diisiiniirlerden biri olan

Byung-Chul Han, modernligin yeni krizlerini “6tekinin kayb1” kavrami iizerinden
tartismaktadir. Han’a goére glinlimiiz toplumu, farklilikla kurulan ¢atismali ve tiretken iliskinin
zayifladigi; bunun yerine benzerlik temelli bir kiiltiirel diizenin gii¢ kazandig1 bir doneme isaret
etmektedir. Bu baglamda Han, zellikle Otekini Kovmak adli eserinde, cagdas kiiltiirde farkli
olanin dogrudan dislanmaktan ¢ok goriinmez hale getirildigini ileri siirmektedir. Ona gore
modern 6zne, 6tekiyle karsilagmanin yarattig1 gerilim ve olumsuzluk deneyiminden kaginarak
kendisine benzer olanla temas etmeyi tercih etmektedir (Han, 2023).

Han’in diisiincesinde bu doniigiimiin temelinde “negatifligin kayb1” yer almaktadir.
Negatiflik, bireyin kendisi disindaki olanla karsilasmasi, sinirlariyla yiizlesmesi ve farklilik
iizerinden doniisiim yasamasi anlamina gelmektedir. Ancak performans ve konfor odakli
cagdas kiiltiirde bu tiir karsilasmalar giderek daha az tercih edilmekte; 6zne, catisma ve
gerilimden arindirilmis bir deneyim alanmi insa etmeye yoOnelmektedir. Bu durum Han’in
“ayninin ¢ogalmasi1” olarak adlandirdig: siireci beraberinde getirmektedir. Toplumsal iliskilerde
benzerlik arayisi, farklilikla kurulan iligkinin zayiflamasina ve kiiltiirel homojenlesmeye yol
acmaktadir. Han ayrica bu siireci “narsisistik kapanma” kavramiyla aciklamaktadir. Narsisistik
ozne, kendi benzerlerini ¢ogaltarak kendisini onaylayan bir etkilesim alani1 yaratmakta; bu

durum ise ger¢cek anlamda 6tekiyle karsilagsma imkanini sinirlamaktadir. Boylece 6teki, agik bir

101




L\QB‘\C‘ Ly

z,(,% ISARC academy

INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

yasaklama ya da dislama mekanizmasiyla degil; goriinmez kilinarak etkisizlestirilmektedir.
Han’a gore ¢agdas toplumun seffaflik, performans ve siirekli olumlama kiiltiirii de negatifligin
ortadan kalkmasina katkida bulunarak farkliligin toplumsal islevini zayiflatmaktadir (Han,
2023).

Bu ¢ercevede Han’in yaklasimi, dijital kiiltiirde gézlenen benzerlik iiretimi ve konfor
alan1 insas1 pratiklerini anlamak acisindan énemli bir kuramsal zemin sunmaktadir. Ozellikle
algoritmik kisisellestirme mekanizmalari, bireylerin kendi goriislerine yakin igeriklerle
karsilagma olasiligini artirarak farklilikla temas deneyimini sinirlandirmakta; boylece 6tekinin
dogrudan dislanmasindan ¢ok goriinmez bicimde silinmesine zemin hazirlamaktadir (Han,
2023)

3. Dijital Kiltirde Otekinin Silinme Mekanizmalari
Dijital kiiltiir, bireylerin farkli goriis ve kimliklerle karsilasma imkanlarin1 teorik olarak

genisletmekle birlikte, pratikte benzerlik temelli etkilesim alanlarinin giiclenmesine de zemin
hazirlamaktadir. Bu durumun olusumunda algoritmik kisisellestirme mekanizmalari, platform
tasarimlari ve kullanici pratikleri birlikte etkili olmaktadir. Béylece 6tekinin silinmesi yalnizca
teknolojik bir sonug degil; ayn1 zamanda kiiltiirel ve 6znel yonelimlerle iligkili bir siire¢ olarak
ortaya ¢ikmaktadir.

3.1. Algoritmik Kisisellestirme ve Yanki Odalar
Sosyal ag platformlarinda igerik akisi biiylik 6lciide yapay zeka temelli algoritmalar

aracilifiyla diizenlenmektedir. Bu algoritmalar, kullanicilarin dijital davraniglarini izleyerek
kapsaml1 veri setleri olusturmaktadir. Kullanicilarin paylasimlari, begenileri, takip ettikleri
hesaplar ve ziyaret ettikleri internet siteleri gibi etkilesimleri analiz edilerek kisisel ilgi
alanlarina yonelik igerik Oneri sistemleri gelistirilmektedir. Boylece algoritmalar, bireylerin
platform kullanim siirelerini, icerik tercihlerini ve etkilesim Oriintiilerini dikkate alarak onlara
daha cok ilgilerini ¢cekmesi muhtemel sosyal medya hesaplarin1 ve igerikleri sunmaktadir
(Digipeak, 2021).

Bu siirecte sosyal medya platformlari, kullanicilarin hangi igerikleri tiikettiklerine dair
elde ettikleri verileri ekonomik bir degere doniistiirmektedir. Kullanicr ilgisi ve dikkatinin
platformda tutulmasi, hedeflenmis reklam stratejileriyle dogrudan iliskilendirilmekte ve bu
sayede platformlar reklam gelirlerini artirmaktadir (Andi, 2021: 2).

Dijital platformlarda igerik akisi biiyilik dl¢lide kullanict tercihleri, ge¢cmis etkilesimler
ve davranigsal veriler iizerinden sekillenmektedir. Igerik ©neri sistemleri, bireylere ilgi
alanlarma ve gorislerine yakin igerikler sunarak platformda gegirilen siireyi artirmayi

hedeflemektedir. Bu durum, farkli olanla karsilagma ihtimalini azaltarak benzerlik {iretimini
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giiclendirmektedir. (Hassani vd., 2025) Literatirde “yanki odas1” ve “filtre balonu”
kavramlartyla agiklanan bu siire¢, bireylerin ¢ogunlukla kendi diisiincelerini teyit eden
iceriklerle karsilagmalarina yol agmaktadir. Boylece dijital kamusal alan, goriiniirde ¢ogulcu
olsa da deneyim diizeyinde homojenlesmis etkilesim alanlarina doniisebilmektedir.

Yanki odas1 etkisi baglaminda internet ortami, kullanicilarin hoslanmadiklar1 ya da
kendi goriisleriyle ortiismeyen mesajlar filtreleyebilmelerine imkan tanimakta ve bu durum
bireylerin kendi dijital etkilesim alanlarin1 benzer goriisler etrafinda sekillendirmelerine yol
acmaktadir. Boylece kullanicilar ¢evrim ici ortamda karsit diisiincelere giderek daha az maruz
kalmakta; homojen gruplar i¢inde yalnizca kendi bakis acilarini destekleyen internet
kaynaklarini ve sosyal medya hesaplarini takip etmeye yonelmektedir (Colleoni ve ark., 2014:
319). Ilk asamada bilgiye erisimi kolaylastiran ve daha islevsel goriinen bu segici maruz kalma
pratigi, zamanla “grup kutuplasmasi’nin derinlegsmesine neden olabilmektedir (Sunstein, 2004:
59).

Bunun 6tesinde internet ortami, benzer goriisteki bireylerin birbirleriyle daha yogun
etkilesim kurmasina olanak saglayarak kutuplagsma egilimlerini giiglendirebilmektedir (Liao ve
Fu, 2014: 184). Bu siirecte kullanicilar, dijital platformlar araciligiyla kendi “sanal kabilelerini”
olusturarak benzerlik temelli etkilesim aglar1 i¢inde konumlanmakta ve giderek homojenlesen
bir iletisim ¢evresinin etkisi altinda kalabilmektedir.

“Filtre balonu” kavrami, ¢evrim i¢i kisisellestirmenin bireyleri farkli bakis agilar1 ve
iceriklerden izole etme potansiyelini ifade etmek iizere ilk kez Eli Pariser (2011) tarafindan
kullanilmistir (Nguyen ve ark., 2014: 677). Bu kavram, Facebook ve Twitter gibi sosyal ag
platformlarinda kullanicilarin kendi siyasal egilimleri ve ilgi alanlartyla uyumlu igeriklerle
cevrelenerek kisisellestirilmis geri bildirim dongiileri i¢inde konumlanma egilimini
aciklamaktadir (Hess, 2017). Filtre balonu yaklasimi, algoritmik olarak 6zellestirilmis igerik
akislarinin bireylerin farkli goriis ve perspektiflerle karsilasma olasiligin1 azaltabilecegini ve bu
durumun agint kisisellestirme baglaminda gesitli toplumsal ve biligsel riskler barindirdigini
vurgulamaktadir.

3.2. Konfor Alam Pratikleri: Takip Etme ve Engelleme Kiiltiirii
Dijital platformlar, kullaniciya etkilesim alanii aktif bi¢cimde diizenleme imkani

sunmaktadir. “Takip etme”, “engelleme”, “sessize alma” ve benzeri pratikler, bireylerin konfor
bozucu igerikleri hizli bigimde dislamasina olanak tanimaktadir. Bu durum, agik bir sansiir
mekanizmasindan ziyade goniillii bir ayrisma bi¢imi liretmektedir. Kullanicilar ¢cogu zaman

catigma, gerilim ve farklilik deneyimi yerine benzerlik ve onay arayisini tercih etmektedir.
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Boylece otekiyle karsilagsma, toplumsal 68renme ve empati gelistirme agisindan tasidigi
doniistiiriicii potansiyeli kaybetmektedir.

3.3. Gorunurluk Ekonomisi ve Performans Temelli Benlik Sunumu
Dijital kiiltiirde goriiniirliik, 6nemli bir toplumsal sermaye bi¢imi haline gelmistir.

Begeni, paylasim ve takipg¢i sayist gibi Ol¢iilebilir gostergeler, bireylerin ¢evrim igi varliklarini
performatif bir bigcimde dulzenlemelerine yol agmaktadir (Erden, 2025). Bireyler dijital
ortamlarda sahip olduklar1 sermaye tiirlerini goriiniir kilma ve bu goriiniirliigi toplumsal
taninma ile degere doniistiirme yoniinde aktif bir ¢aba i¢indedir. Sosyal medya, sermayenin
yalnizca biriktirildigi bir alan olmanin G&tesinde, performatif bigimde sunuldugu, siirekli
giincellendigi ve c¢esitli anlati stratejileriyle anlamlandirildigi bir sahne islevi gérmektedir.
Kullanicilar ekonomik sermayelerini yasam tarzi pratikleri ve tiiketim tercihleri lizerinden
yansitirken; kiiltiirel sermayelerini entelektiiel ugraslar, sanatsal faaliyetler ve bilgiye dayali
paylasimlar araciligiyla sergilemektedir. Sosyal sermaye, kurulan iliskiler aglar1 ve ait olunan
cevreler lizerinden goriiniirliik kazanirken; sembolik sermaye ise odlller, akademik ya da
mesleki unvanlar ve otorite figlirleriyle kurulan temaslar iizerinden mesrulastirilmaktadir. Bu
cok katmanli sunumlar, medyatik estetik kodlarla yeniden bi¢imlendirilerek dikkat cekici,
gosterilebilir ve dolagima agik iceriklere doniistiiriilmektedir. Boylece sosyal medya, bireylerin
yalnizca dijital temsillerini kurduklar bir platform degil; ayn1 zamanda farkli alanlarda sahip
olduklar1 sermayeleri teyit ettikleri ve yeniden iirettikleri stratejik bir goriiniirlik alanina
doniismektedir (Glines ve Kok, 2025). Bu baglamda kullanicilar, daha fazla kabul gérmek ve
goriintirlik elde etmek amaciyla c¢ogunlukla normatif ve giivenli igerikler iiretmeye
yonelmektedir. Farkli ya da riskli olarak algilanabilecek sOylemler ise etkilesim kaybi
korkusuyla geri planda birakilabilmektedir. Suskunluk Sarmali Kurami (Noelle-Neumann,
1974), bireylerin sosyal dislanma ihtimali karsisinda diisiincelerini geri ¢ekme egilimlerini
aciklayan onemli bir ¢er¢eve sunmaktadir. Dijital kiiltiirde bu durum, kullanicilarin etkilesim
kayb1 ya da goriiniirlik azalmasi riskini minimize etmek amaciyla daha giivenli ve yaygin kabul
goren benlik temsillerini tercih etmelerine yol agabilmektedir. Boylece c¢evrim ici kimlik
sunumu, yalnizca performatif bir strateji degil; ayn1 zamanda algilanan ¢ogunluk normlarina
uyum saglama pratigi haline gelebilmektedir. Bu durum, dijital ortamda idealize edilmis benlik
temsillerinin yayginlasmasina ve kiiltiirel benzerlik iiretiminin hizlanmasina katkida
bulunmaktadir.

Sonug olarak dijital kaltirde otekinin silinmesi, yalnizca algoritmalarin teknik

isleyisiyle agiklanabilecek bir olgu degildir. Bu siireg, bireylerin konfor arayisi, onay ihtiyaci
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ve performans baskisiyla sekillenen 6znel yoOnelimleriyle birlikte anlagilmalidir. Boylece
farklilikla kurulan iliski, acik ¢atisma ya da dislama bi¢ciminde degil; goriinmezlesme ve
temasin zayiflamasi tizerinden doniismektedir.

4. Sosyolojik Sonuclar: Karsilasmanin Zayiflamasi ve Ahlaki Duyarhhigin Doniisiimii
Dijital kiiltiirde 6tekinin goriinmezlesmesi, yalnizca iletisim bi¢imlerinin dontisiimiiyle

simirli olmayan daha genis sosyolojik sonuglar dogurmaktadir. Farklilikla kurulan temasin
azalmasi, bireylerin empati gelistirme ve toplumsal cesitliligi deneyimleme imkanlarin
sinirlandirmaktadir. Karsilasmanin zayiflamasi, toplumsal iligkilerin yiizeysellesmesine ve
benzerlik temelli etkilesim aglarmin giiclenmesine yol agabilmektedir. Bu durum, kamusal
tartigma kiiltlirtiniin daralmasi ve farkli goriislerin bir arada var olma kapasitesinin zayiflamasi
acisindan dikkat ¢ekici bir doniisime isaret etmektedir. Ote yandan dijital ortamlarda
catigmanin goriiniir bicimde yasanmamasi, toplumsal gerilimlerin ortadan kalktig1 anlamina
gelmemektedir. Aksine farklilikla kurulan iliskinin gériinmezlesmesi, bireylerin kendi yanki
alanlarinda kapanarak alternatif perspektiflere karsi daha az tolerans gelistirmelerine neden
olabilmektedir. Boylece farkli olanla yilizlesme deneyiminin yerini, benzer olanla siirekli
karsilasma pratigi almaktadir. Bu durum, toplumsal 6grenme siireclerini sinirlandirdigi gibi
bireylerin elestirel diisiinme kapasitesini de zayiflatabilmektedir.

Geleneksel toplumsal baglamlarda Otekiyle yiliz ylize temas, etik duyarliligin
gelismesinde dnemli bir rol oynamaktadir. Ancak dijital ortamda farkli olanin filtrelenmesi ve
goriinmezlesmesi, bireyin 6teki karsisindaki sorumluluk bilincini daha performatif ve yiizeysel
bir diizleme tasiyabilmektedir. Boylece ahlaki duyarlilik, dogrudan karsilasma deneyiminden
ziyade sembolik ve dolayl etkilesim big¢imleri tizerinden sekillenmektedir.

5. Sonug
Bu ¢aligsma, dijital kilturde 6tekinin silinmesi olgusunu Byung-Chul Han’in kuramsal

cercevesi lizerinden sosyolojik bir perspektifle tartismistir. Bulgular, dijital platformlarin
sundugu goriiniir ¢cogulluk imkanina ragmen algoritmik kisisellestirme mekanizmalar1 ve
kullanicilarin konfor odakli etkilesim pratikleri araciligiyla benzerlik temelli iletisim alanlarinin
giderek gliclendigine isaret etmektedir. Bu durum, farklilikla kurulan dogrudan temasin
zayiflamasina ve Otekinin acik bir dislama siirecinden c¢ok goériinmezlesme yoluyla
etkisizlesmesine zemin hazirlamaktadir.

Bu baglamda dijital kiiltiirde ¢ogulculuk, niceliksel igerik ¢esitliligi ile sinirli bir
goriintirlik artist olarak degil; karsilasma deneyiminin niteli§i iizerinden yeniden
degerlendirilmelidir. Farkli olanin yasaklanmadigi, ancak temasin seyrelmesi yoluyla

etkisizlestirildigi bu kiiltiirel yapi, toplumsal 6grenme siire¢lerini, empati kapasitesini ve etik
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duyarlhlik bigimlerini doniistiirmektedir. Boylece dijitallesme, yalnizca iletisim teknolojilerinin
gelisimi olarak degil; 6znelligin yeniden kurulmasi, taninma miicadeleleri ve karsilagma
pratiklerinin doniistimii baglaminda elestirel sosyolojik analizlerin merkezine yerlesmektedir.
Sonug olarak 6tekinin silinmesi, dijital kamusal alanda farkli goriislerin tamamen
ortadan kalkmasindan ziyade, 6znenin kendi yanki alami i¢inde kapanmasi ve toplumsal
karsilagsma kapasitesinin giderek daralmasiyla iligkilidir. Bu nedenle dijital cagda ¢ogulculugun
stirdiiriilebilirligi, farklilikla kurulan gercek temasin hangi kosullarda miimkiin olabilecegine
dair yeni tartigmalar1 zorunlu kilmaktadir.
Kaynakca

Andi, S. (2021). Sahte haberler ve sosyal medya: Yanlis bilgi yayiliminda algoritmalarin roli. In O.
Kus (Ed.), Algoritmalarin golgesinde toplum ve iletisim (pp. 1-18). Alternatif Biligim.

Colleoni, E., Rozza, A., & Arvidsson, A. (2014). Echo chamber or public sphere? Predicting political
orientation and measuring political homophily in Twitter using big data. Journal of Communication,
64(2), 317-332.

Digipeak. (2021). Sosyal medya algoritmalar1. https://digipeakagency.com/blog/sosyal-medya-
algoritmalari/

Erden, K. (2025). Dijital Platformlarda Kimlik Performanslari: Performatif Benlik, Gosteri Toplumu
ve Dramaturjik Yaklasim. Akdeniz Universitesi Iletisim Fakiiltesi Dergisi, 49 , 196-218.
https://doi.org/10.31123/akil. 1629829

Giines, Y. C., & K&k, S. (2025). Sosyal medyayi bir “alan” olarak isaretlemek. /mgelem: Yeni Medya
Calismalari, 479-508. https://doi.org/10.53791/imgelem.1666162

Han, B.-C. (2023). Otekini kovmak (M. Ozdemir, Cev.). Ketebe Yaynlari.

Hess, A. (2017, March 3). How to escape your political bubble for a clearer view. The New York
Times. https://www.nytimes.com/2017/03/03/arts/the-battle-over-your politicalbubble.html

Liao, Q. V., & Fu, W. T. (2014). Can you hear me now? Mitigating the echo chamber effect by source
position indicators. In Proceedings of the ACM Conference on Computer Supported Cooperative Work
(pp. 184-196).

Nguyen, T. T., Hui, P. M., Harper, F. M., Terveen, L., & Konstan, J. A. (2014). Exploring the filter
bubble: The effect of using recommender systems on content diversity. In Proceedings of the 23rd
International World Wide Web Conference (WWW ’14).

Noelle-Neumann, E. (1974). The Spiral of Silence a Theory of Public Opinion. Journal of
Communication, 24(2), 43-51. https://doi.org/10.1111/j.1460- 2466.1974.tb00367.x

Pariser, E. (2011). The filter bubble: What the Internet is hiding from you. Penguin Press.

Saissi, M. H., Idrissi, N., & Zellou, A. (2025). Understanding echo chambers in recommender
systems: A systematic review. International Journal of Advanced Computer Science and Applications,
16(10), 696-711.

Sunstein, C. R. (2004). Democracy and filtering. Communications of the ACM, 47(12), 57-59.

106



https://digipeakagency.com/blog/sosyal-medya-algoritmalari/
https://digipeakagency.com/blog/sosyal-medya-algoritmalari/
https://doi.org/10.53791/imgelem.1666162
https://www.nytimes.com/2017/03/03/arts/the-battle-over-your%20politicalbubble.html

ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

THE ECONOMIC, LEGAL AND SOCIAL EFFECTS OF THE OLIGOPOLISTIC
STRUCTURE IN THE MOBILE TELEPHONY MARKET IN ALBANIA

Phd candidate Ansi Kotollaku

Assistant Lecturer, “Aleksandér Xhuvani”, Elbasan
MSc Ylgersa Cara
Marketing Manager, Tirana Themel Sh.P.K
Prof.As.Mimoza Kotollaku
Universiteti 1 Elbasanit “Aleksandér Xhuvani”
ORCID: 0009-0008-8176-4059

ABSTRACT

The telecommunications market, as a market linked to and influenced by technology, has, over
the last 30 years, transformed telecommunications companies into key actors and factors in
today's digital world, on a global scale.

The paper analyzes the return of the oligopolistic structure in the mobile telephony market in
Albania and the effects that this structure produces on competition, price transparency and
consumer protection. The price of products and services offered by mobile operators and
companies is a complex function of many capital, operational and regulatory costs, as well as
competition parameters, which are transferred to the final consumer. The consolidation of
operators and the reduction of the number of entities active in the market have led to the
weakening of competitive pressure, favoring coordinated behavior and commercial practices
that limit real consumer choice.

Economic and legal analysis shows that oligopoly is associated with increased costs for end
users, reduced competitive offers and the spread of not fully transparent prices, including
hidden fees and complex contractual conditions. In this context, the paper also assesses the role
of regulatory authorities and the effectiveness of the legal framework in supervising the market
and ensuring effective consumer protection.

The paper concludes that the return to oligopoly in the mobile telephony sector is producing
negative effects on the functioning of the market and consumer welfare, highlighting the need
to strengthen regulatory policies, increase price transparency and promote fair competition in
the sector.

Keywords: Oligopoly, structure, hidden prices, effects, legal framework, telephony market in
Albania
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1. INTRODUCTION

The telecommunications market, closely linked to and influenced by technology, has gone
through several phases of transformation in recent years, transforming telecommunications
companies into key actors and factors of today's digital world, interconnected on a global scale.
In fact, this industry has faced many challenges over the years, where technological
developments have undoubtedly strongly remodeled not only the approach to the market, but
also the business model. The performance and development of the mobile telephony market has
always been and remains an important issue regarding the price of services and products offered
by operators, telecommunications companies. Mobile telephony companies remain the most
criticized in the public, in terms of the level of prices applied to their products. In the vast
majority of cases, this problem has come and comes mainly from the lack of information, the
suboptimal level of transparency towards the public, or overly technical communication on the
part of the mobile operators themselves. In this market, it is a fact that there is no public
information about the final prices for the products and services of these companies. In no
communication channel, media or portal and website, are simple and easily understandable
explanations given, related to the elements that shape the final price of these services.

The paper analyzes recent developments in the mobile telephony market in Albania, focusing
on the return of the oligopolistic structure, specifically duopolistic, a form of oligopoly, as well
as the economic, legal and social effects that this structure produces on competition and
consumer welfare. The duopolistic situation according to Romeo, Giovanni (2019) has to do
with “the existence of only two sellers where the action of each firm affects the demand faced
by its rival and high barriers to entry are often present, making it difficult for new firms to enter
the market”.

The rapid and complex developments of the last 20 years, not only in the international economy
and market, but also in the Albanian one, have demonstrated different realities and management
and business philosophies for Albanian telecommunications companies, mainly mobile ones.
Thus, while the market at the peak of its development recognized the presence of 4 operators
(a special and unusual situation for the modest size of the Albanian market and the
consequences for the optimal level of development of this business), the economic reality and
strong competition resulted in the exit of the smaller operator from the market and the
continuation of the (profitable) business of the large operators, where VVodafone undoubtedly
still remains the largest operator in the market, as it has been for the vast majority of the time,

with over 51% of the market. As a result, the consolidation of companies and the reduction of
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the number of active operators has led to a market dominated by two powerful entities where
the prices of communication services in Albania are among the highest in Europe.

According to data from the Electronic and Postal Communications Authority (AKEP, 2023),
total internet traffic from mobile networks increased by 13.2% compared to the second quarter
of last year. Average internet consumption per user reached 9.84 GB (gigabytes) of internet per
month, an increase of 11.2% compared to the same period a year earlier. In total, the two mobile
operators earned approximately 1.68 billion lek for 2024, while the year 2023 was closed with
a net profit of 370 million lek. With this figure, the two mobile operators have achieved the
highest profit since 2019. The increase in communication service prices following the market
concentration of two single operators is positively affecting the operators' revenue base and
increasing their profits.

The study highlights that the return to oligopoly has led to an increase in real service prices, a
restriction of promotional offers and an increase in non-transparent pricing practices, including
hidden fees and complex contractual terms. These phenomena weaken the bargaining power of
consumers and reduce the possibility of real choice in the market. From an economic point of
view, the analysis shows that oligopoly encourages coordinated behavior among operators,
reducing competitive pressure and creating entry barriers for new actors. In the legal aspect, the
paper assesses the role of regulatory and institutional authorities, emphasizing the need for
strengthening competition supervision and more effective implementation of consumer
protection legislation. In the social dimension, the study highlights the negative impact on
vulnerable groups and low-income users, who are most affected by rising costs and the lack of
clear information on services. The analysis shows that, despite the existence of a legal
framework harmonized with European Union standards, practical implementation remains
limited, allowing oligopolistic behavior to persist. In conclusion, the paper argues that the return
to oligopoly in the mobile telephony sector is producing negative effects on the functioning of
the market and consumer welfare, highlighting the need for more active regulatory policies,
increased price transparency and a strengthened role of consumer protection institutions. The
study argues that the solution to the problems of oligopoly in the Albanian mobile telephony
market does not lie only in the numerical growth of operators, but in the creation of a regulatory
and competitive environment that empowers the consumer, promotes real competition and

guarantees the efficient functioning of the market.
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2. Literature Review

The mobile phone market is a global industry that is a fundamental part of modern technological
progress and development. It represents the global communication without which society
cannot do. When the structure of the mobile phone market is highly concentrated, we are dealing
with an oligopolistic market, where a few large players command a large share of the market.
Through this structure, the telecommunications industry experiences low competition with high
market power dominated by a few organizations.

The study focuses on the oligopoly of the mobile phone industry. It shows the degree of
concentration and how the exercise of this power affects prices, the introduction of new
products and consumer decisions. “An oligopoly market structure occurs when a few large
sellers dominate an industry” (Pindyck & Rubinfeld, 2001 p. 446). In an oligopolistic market,
many firms are interconnected, meaning that a decision made by one company can have a ripple
effect on others. Understanding these dynamics can help assess market behavior and the
potential for collusion or other actions that could be harmful to consumers. The law of supply
and demand best explains supply and demand economics. The law of demand states that as the
price of a good increases, the demand for that good decreases, and when the price of a good
decreases, the demand for that good increases. The law of supply states that as the price of a
good increases, the supply of that good increases, and as the price decreases, the supply of the
good decreases. Both demand and supply are a direct function of price. We examine how
structural changes in the mobile telecommunications industry, when local markets are
duopolies, affected operators' product offerings and nonlinear pricing strategies.

Oligopoly models, in the international literature, are analyzed as the most common form of
organization in telecommunications sectors due to high fixed costs and entry barriers. Economic
theories suggest that oligopoly can lead to coordinated pricing behavior, restriction of
innovation, and reduced consumer welfare due to the lack of effective competition, especially
when there are no new operator entries and the absence of active regulatory policies in the
market. Theoretical analyses of price dynamics and competition under oligopoly use Bertrand,
Cournot, and strategic behavior of operators as frameworks to understand mobile market
performance. The Cournot and Bertrand models are two basic models of oligopolistic
competition and explain how firms behave when there are few in the market. (Cournot, A. A.
.1838), first formulated the model of oligopolistic competition where firms compete through
the quantity of production and not through price, laying the foundations of the modern theory
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of industrial organization. Bertrand, J. (1883). criticized the Cournot model and proposed price
competition, demonstrating that firms compete directly through price.

2.1 Economic effects of the oligopolistic structure in mobile telephony

The economic literature on oligopoly argues that markets with few operators are characterized
by high concentration, strategic behavior, and low competitive pressure, which is often reflected
in higher prices and lower efficiency for the consumer (Carlton & Perloff, 2015; Motta, 2004).
In the telecommunications sector, these effects are reinforced by high fixed costs and structural
entry barriers (Laffont & Tirole, 2000). International empirical studies show that the reduction
in the number of mobile operators is associated with increased tariffs and a slowdown in
innovation (Houngbonon & Jeanjean, 2016; Gruber, 2017). In the Albanian context, AKEP
reports and economic market analyses show that the consolidation of operators has led to a
duopolistic/oligopolistic structure, with a direct impact on the level of prices and service
packages (AKEP, 2022; AKEP, 2023). INSTAT reports and market analyses show that
consumer spending on communication services remains relatively high compared to average
income, suggesting an inefficient distribution of economic benefits under oligopoly conditions
(INSTAT, 2022; Monitor, 2023). This study, which focuses on oligopoly in the electronics
industry, is important because it shows the degree of concentration and how the exercise of this
power affects prices, new product introductions, and consumer decisions. In an oligopolistic
market, more firms are interconnected, meaning that a decision made by one company can have
a ripple effect on others. Understanding these dynamics can help assess market behavior and
the potential for collusion or other actions that could harm consumers. As a result, this study
has implications for business and society. It can help marketers and industry regulators
formulate policies to avoid monopolistic practices and promote competition. Therefore, the
effects of oligopoly become important for business students because they provide insights into
the behavior of industries and the decision-making processes of organizations, ranging from
individual pricing to overall strategies such as acquisitions. Ideologically, this research can
reveal the availability and cost of consumer electronics, so that innovations can be extended to
the majority of the public. In addition, the use of optimization methods can propose ideas on
ways to increase market efficiency, develop product quality, and promote sustainability in the

business world.

111




ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

2.2 Legal and regulatory effects of oligopoly in Albania

From a legal perspective, the literature on competition policy emphasizes that oligopolistic
markets require active regulatory intervention to prevent abuse of dominant position and
coordinated behavior (Motta, 2004; OECD, 2019). In the telecommunications sector, regulation
is essential to guarantee fair access and protect the public interest (European Commission,
2020).

In Albania, the legal framework for competition and consumer protection exists, but the
literature and institutional reports indicate difficulties in its effective implementation in the
mobile market. The Competition Authority has identified the risk of coordination of behavior
among major operators and has undertaken investigations into potentially anti-competitive
behavior (Competition Authority, 2022; 2023). Audits of the Supreme State Control and
regulatory reports emphasize that the oligopolistic structure limits the effectiveness of existing
legal instruments, especially with regard to price transparency and contractual conditions for
consumers (KLSH, 2021; AKEP, 2023).

2.3 Social effects and consumer protection

These firms have significant market control, which enables them to control prices, offers and
all market forces. These companies achieve large market shares, therefore, they are able to set
prices relatively higher or relatively lower than those set in a competitive market. For example,
the strategic use of high prices by Vodafone Albania and One Albania for their products has an
integrated customer base where they focus their loyalty, hence high profit margins. The
consumer protection literature highlights that oligopolistic markets are often associated with
information asymmetry, non-transparent practices and increased financial burdens for
vulnerable groups (OECD, 2020; UNCTAD, 2017). In the mobile telephony sector, these
effects manifest themselves through hidden fees, complex packages and difficulties in
comparing offers.

In the Albanian reality, studies and reports show that consumers have limited knowledge of
their rights and are often faced with standard contracts that favor operators (European
Parliament, 2020; Monitor, 2022). The oligopolistic structure reduces real opportunities for
operator switching, weakening consumer bargaining power and negatively affecting social
welfare. In this context, the literature suggests that strengthening price transparency and
consumer education are key elements for mitigating the negative social effects of oligopoly
(OECD, 2020; UNCTAD, 2017). To improve consumer decision-making, organizations need
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personalization to ensure customer satisfaction and brand loyalty, as the products offered can
be customized according to customers' needs and preferences.

2.4 Mobile market structures in Albania

According to the empirical literature, the telecommunications market, as a market, linked to
and influenced by technology, has gone through several phases of revolutionary
transformations over the last 30 years:

Phase one: Period with more competitors: In the first years of liberalization, the market
consisted of four major operators, where the entry of Eagle Mobile and Plus Communication
brought an increase in competition and a decrease in prices.

Phase two: Exit of competitors and consolidation: Plus Communication exited the market in
2018, while the ownership structures changed when Albtelecom was acquired by the 4iG group
and merged with One Albania. This led to the dominance of the two main operators, VVodafone
Albania and One Albania, creating a practical duopoly in the Albanian mobile market.

Phase three: Current duopoly/oligopoly structure: Recent data show that the market is
effectively dominated by two main players, with high market concentration and the main
service packages controlled by these players.

2.5 Empirical evidence on prices and competition in Albania

Many reports and studies have documented an increasing trend in the prices of mobile telephony
services and the real costs for the Albanian consumer. The prices of communication services in
Albania are among the highest in Europe, according to the latest data from Eurostat. “The price
index for 2023 resulted 2.7% above the European Union average, confirming an increasing
trend that has particularly affected mobile telephony users. The mobile market in the country
has returned to the monopoly of two operators, a structure not seen since 2008.” This indicator
of communication services in Albania is a possible indicator of the effects of reduced

competition and market concentration.
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Data from AKEP shows that there is an increase in user spending in 2023, where an average
user spent about 7900 lek on mobile services, with an increase of 16% compared to the previous
year. There was also an increase in the cost per minute of call. According to the AKEP report,
in 2023 each minute of call cost an average of 4.78 lek, an increase of 27% compared to the
previous year. While prices for citizens have increased, operators have achieved profits. While
citizens pay high prices, for offers with limited services, the two main operators of the market
realized a total profit of 619 million lek. Another problem remains contracts, which force
citizens to receive services even if they no longer need them or otherwise pay hefty fines to
telephone operators. The Supreme State Audit Office has reported that Albania ranks among
the countries with the highest tariffs compared to other European countries, suggesting a
connection between the oligopoly structure and the real prices of services. The Albanian
authorities have reacted to these developments, with the Competition Authority launching a
preliminary investigation and then an in-depth investigation into the conduct of the main
operators in the mobile market, examining possible violations of the law on the protection of
competition as a result of market concentration. The Competition Authority has identified the
risks associated with duopoly structures and has stressed the need for legal changes that enable
more effective interventions to protect competition, suggesting that a market with two large
players may encourage coordinated behavior that harms consumers. The Competition Authority
has invited consumers and interested parties to report harmful practices, integrating the voice
of the consumer in the competition monitoring process. While there are statistical analyses and
reports from regulatory institutions, specialized academic literature on the effects of the
oligopolistic structure on mobile telephony in Albania is still relatively limited compared to

other European countries. Existing studies focus mainly on marketing strategies and consumer

114




ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

perception in the Albanian market, of an earlier period with more players and on the efficiency
of the legal framework, as in the case of “number portability and regulatory barriers to
competition” (Gjika, Bushati, 2023). In the Albanian context, AKEP reports and economic
market analyses evidence that the consolidation of operators has led to a
duopolistic/oligopolistic structure, with a direct impact on the level of prices and service
packages (AKEP, 2022; AKEP, 2023). INSTAT reports and market analyses show that
consumer spending on communication services remains relatively high compared to average
incomes, suggesting an inefficient distribution of economic benefits under oligopoly conditions
(INSTAT, 2022; Monitor, 2023).

3.Methodology

The research methodology includes a number of activities that need to be carried out. According
to Howell (2012), the methodology describes “the overall research strategy that determines how
the research is conducted”. For this reason, one of the first steps in planning a research process
is “a literature review, which involves searching all sources of information to track the latest
knowledge, assessing its relevance to our topic, quality, contradictions and gaps”. This study is
based on qualitative analysis of secondary data, including official institutional reports, legal
documents and academic literature. Secondary research is a collection of work that has been
done and published by some researchers in the field, which is available for others to use in their
study. Secondary data sources can be collected from various sources such as books, journals,
official bulletins etc. This paper uses a qualitative analytical approach, combined with
comparative elements, to analyze the economic, legal and social effects of the oligopolistic
structure in the mobile telephony market in Albania. The study is mainly based on: Systematic
review of international academic literature on oligopoly theory, competition in
telecommunications and consumer protection; Analysis of official documents and institutional
reports of national authorities (AKEP, Competition Authority, Supreme State Audit, INSTAT);
Analysis of the Albanian legal and regulatory framework, in relation to European Union
standards and practices. To connect the theory with the Albanian reality, the study uses
comparative analysis with small European countries with similar market structures, identifying
successful regulatory practices applicable in Albania. The data are analyzed through thematic
analysis, categorizing the findings according to the three main dimensions of the study:
economic, legal and social. This approach allows an integrated assessment of the impact of
oligopolistic structure on competition, price transparency and consumer welfare. The

methodological advantages relate to the adaptation to the lack of public microeconomic data,
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ensuring coherence between theory and practice, and being suitable for policy and regulatory
analysis. The main materials studied include AKEP annual reports, Competition Authority
decisions, INSTAT data, as well as classical and contemporary literature on industrial
organization (Cournot, 1838; Bertrand, 1883; Motta, 2004; Carlton & Perloff, 2015). OECD
and European Commission reports on electronic communications markets and competition
policies were used for the comparative analysis. The literature review included studies on
oligopolistic structures and regulation of telecommunications markets, based on OECD
(OECD, 2019; European Commission, 2020) and European Commission reports on
competition in electronic communications markets, as well as on best practices of countries
with small markets and structures similar to Albania. The legal analysis was carried out through
a review of the Albanian regulatory framework for competition and electronic communications,
including Law no. 9121/2003 “On the Protection of Competition”, Law no. 9918/2008 “On
electronic communications”, as well as the relevant by-laws and institutional practices of the
Competition Authority and AKEP. To assess the social dimension and impact on the consumer,
reports on consumer protection, studies on information asymmetry and consumer behavior, as
well as official documents on price transparency and standard contracts in the
telecommunications sector were used. (OECD, 2018; European Consumer Organisation, 2021).
The analysis is based on theoretical literature on oligopoly, national and European institutional
reports, as well as empirical data on the Albanian mobile telephony market.

The study uses secondary data, which may limit the depth of examination and the reliability of
the data. Secondary data may be incomplete, include old data, or be influenced by researcher
bias, which affects the reliability of the results. This study attempts to provide a new
understanding of how oligopoly affects the mobile phone market. By analyzing the
consequences of market control and competition, actors will be able to adapt to existing trends
and improve the situation. The results confirm that trends require strategic diversification and
innovation, as well as compliance with regulations, thus fostering a more competitive
environment.

4. Analysis of the study results

There are several main results of the study of oligopolistic influence in the mobile telephony
market, focusing on Vodafone Albania and One Albania. The market control in the hands of
these firms influences price levels and, therefore, this paper sees very little price flexibility and
little or no competition. These few firms play the role of both enabler and inhibitor of innovation

through their massive R&D expenditures necessary to independently drive innovation, while
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protecting at the same time their superior positions in different markets from disruptive
innovation. The economic analysis shows that the Albanian mobile telephony market is
characterized by a high level of concentration and limited real competition. Operators exhibit
typical oligopolistic behavior, where competition takes place mainly through packages and the
quantity of services, reflecting elements of the Cournot model. Prices remain relatively stable
and do not reflect strong competitive pressure, while price reductions are often formal or linked
to promotional structures, without long-term sustainable impact. This situation limits the
economic benefits of the consumer and encourages the maintenance of high profits for the
existing operators. The legal analysis shows that Albania has a normative framework
harmonized with the European Union standards in the field of competition and electronic
communications. However, the results show a significant gap between the legal norm and
practical implementation. Regulatory interventions are mainly reactive and limited to
addressing the consequences, rather than preventing oligopolistic behavior. As a result, legal
mechanisms fail to create sufficient pressure for effective price competition. The results of the
social analysis show that the oligopolistic structure negatively affects the consumer's choice
power. High loyalty to the existing operators, switching costs and information asymmetry limit
the ability of consumers to benefit from alternative offers. Limited transparency of contracts
and prices reinforces consumer uncertainty and increases the perception of a lack of real
competition in the market.

The study includes a qualitative comparative analysis with countries with small markets and
similar structures (e.g. Slovenia), to identify functional regulatory models, the role of MVNOs,
policies that have brought real price reductions. This section serves as a basis for concrete policy
recommendations, applicability in the Albanian context. The literature on industrial
organization emphasizes that the number of operators is not a sufficient condition for effective
competition (Motta, 2004; Carlton & Perloff, 2015). In the mobile telephony sector, fixed costs
are very high, infrastructure is limited, and the market is relatively small (like Albania). This
means that the formal entry of a new operator does not guarantee price reductions if the operator
does not have real market weight, does not have fair access to infrastructure, and does not have
the capacity to compete on prices. The addition of companies may not reduce prices because
strategic behavior in oligopoly with even more operators allows companies to coordinate
understanding on prices, avoid “price wars,” and maintain high profits. This is called tacit
cooperation. Another factor is the structural barriers of the Albanian market, where in Albania

we have a small market, so we have a limitation of the scale of the economy, dominance of the

117




ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

two main operators, and difficulty for new operators to reach critical mass of customers. Small
operators usually absorbed by the big ones, or exit the market (Plus Communication case). The
effect of "satellite operators". A new operator often follows the leader's prices, does not really
lower tariffs, serves only for competitive legitimacy, not real competition. The addition of
operators affects the reduction of prices only if accompanied by structural policies such as the
entry of MVNOs (Mobile Virtual Network Operators) that use the existing infrastructure, have
lower costs, offer more aggressive prices. In many EU countries, MVNOSs have reduced tariffs,
increased competitive pressure. Strong regulation of access to infrastructure, functional
separation of networks, equal access to the frequency spectrum, wholesale controlled tariffs.
Mandatory price transparency consisting of a ban on hidden tariffs, standardization of packages,
real comparability for the consumer. This activates competition on the demand side.
Strengthening the Competition Authority, which is concerned with monitoring and coordination
on price understanding, real penalties for anti-competitive behavior, proactive interventions,
not just reactive ones.

4.1What would work specifically in Albania?

A realistic and effective solution would be the entry of MVNO. Strong regulation of access to
infrastructure would have effects on prices, therefore real reductions. Price transparency is
essentially competitive pressure. Consumer education directly affects the strengthening of
demand. Active antitrust investigations by inhibiting cooperation between operators. While
only the addition of operators would have a limited effect on the real reduction of prices. In
conclusion, the addition of companies to the mobile telephony market does not guarantee price
reductions if it is not accompanied by structural regulatory reforms. In the conditions of an
oligopolistic market like Albania, effective competition requires institutional intervention, price
transparency and mechanisms that empower the consumer. The reality situation in the Albanian
market can be solved by taking an example of success with conditions like Albania. Albania is
not a unique case, and there are examples of success in countries with small markets, limited
incomes and similar infrastructure. First of all, Albania needs “designed competition”, not
spontaneous. In small markets like Albania, competition does not arise by itself, oligopoly is a
“natural” structure, the state and the regulator must design competition. This approach is used
successfully in several countries with similar conditions. An example of comparable success is
Slovenia where the population is approximately 2.1 million, small market, 2-3 dominant
operators, very active regulator. Albania where the population is approximately 2.8 million,

small market, 2-3 dominant operators, active regulator in development. Slovenia allowed and
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strongly supported MVNOs, i.e. the entry of virtual operators (without a network), aggressive
tariffs for consumers, targeting specific segments (students, families). As a result, there were
price reductions and simpler packages. It strongly regulated network access, where dominant
operators were forced to provide wholesale access, at regulated prices, without discrimination,
and this reduced their structural advantage. It intervened against tacit coordination through
active price monitoring, real penalties, and the publication of comparative reports for
consumers, and the result was the breaking of "oligopolistic comfort." It empowered consumers
by enabling online and official comparison of tariffs, standardized contracts, and a ban on
hidden fees.

4.2 How can this model be applied in Albania?

First - MVNO entry as a national priority by changing the regulatory framework by AKEP,
obligation for free access to the network, simplified licenses for MVNO. More effective than a
classic new operator.

Second - Pre-service regulation, not just post-service punishment that is realized with prior
regulation of wholesale prices, and not just investigations after price increases.

Third - Radical price transparency that is realized with legal prohibition of hidden fees, standard
package structure, official price comparator.

Fourth - AKEP-Competition Authority cooperation that is realized with joint market
monitoring, periodic analysis of cooperation risk, rapid institutional response.

This solution works for Albania because it does not require massive infrastructure investments,
reduces prices without destabilizing the market, increases real consumer choice, is proven in
small markets, and is consistent with EU practices. In small markets like Albania, competition
is not created by adding traditional operators, but by designing a regulatory ecosystem that
allows the entry of MVVNOs, guarantees fair access to the network, and empowers the consumer.
The Slovenian example shows that this approach reduces prices without jeopardizing market
stability. Another important factor is consumer loyalty, which conditions that the entry of new
operators does not guarantee real change. The literature on consumer behavior and oligopolistic
markets shows that loyalty is not necessarily related to satisfaction, but to real and
psychological switching costs, complex contracts and packages, fear of losing service,
perception that “everyone is the same”. In this context, a new operator does not win customers
just by existing, but must offer visible and credible value. A new operator to bring about real
change must offer an immediate and measurable difference in price, i.e. not a “slightly cheaper”

package, but a visible reduction (20-30%), a very simple pricing structure because the customer
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only switches when the profit is clear and fast. Radical transparency without hidden fees, one
price - one service, no small conditions, no penalties hidden because this creates trust in the
consumer, not just interest. Flexible contracts and no exit penalties (no long-term contracts, no
exit and activation fees, simple deactivation), this significantly reduces the psychological cost
of switching. Targeting neglected segments where existing operators focus on mass customers
and standard packages while a new operator should focus on students, young people, low-
budget families, digital users because the "niche market" strategy is more effective than frontal
competition. Superior experience, not just price (simple application, real and fast support and
clear communication) because the consumer leaves the existing operator more easily when the
experience is significantly better. In oligopolistic markets with high consumer loyalty, change
does not come from the addition of operators, but from the entry of new business models that
reduce switching costs, offer radical transparency and create immediate value for the consumer.
Some of the possible solutions regarding these threats are diversifying the product offering in
an effort to seek other avenues besides the core offerings that form the bulk of their sales,
strengthening compliance with antitrust laws, and investing more in research and development
in order to come up with more innovative products. Issues of market saturation and similarities
with competitors require cooperation with smaller firms and penetration into new regions. In
relation to Vodafone Albania and One Albania, such insights show the importance of
understanding functional perspectives and using efficient management approaches to maintain
a market position and respond to difficulties. By implementing the aforementioned optimization
strategies, these firms will be able to mobilize their market positions, encourage innovation,
and ensure greater customer satisfaction, which, in turn, will allow them to succeed in the long
run.

Future studies should include the use of primary data sources, such as questionnaires, interviews
and case studies, in an attempt to determine the actual effects of oligopoly in the mobile phone
market. By increasing the range of companies and regions, it will be possible to obtain a broader
picture of changes in the industry. Similarly, best practice research conducted in collaboration
with other oligopolistic markets may also provide additional and useful perspectives through
which the same issues and strategies can be addressed.

5. Conclusions

Given the fact that an oligopolistic market is dominated by VVodafone Albania and One Albania,
strategic management and strategic direction are very necessary for market control, innovation

revolution, improving the consumer choice front and addressing the legal and labor dilemma.
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Thus, the main development strategies identified in relation to the specifics of the market are
diversification, compliance with regulations and the ability to increase investments in research
and development, transparency, interaction of regulators and new, emerging markets are other
key factors that can help solve antitrust problems and market oversaturation. The study analyzed
the economic, legal and social effects of the oligopolistic structure in the mobile telephony
market in Albania, relying on industrial organization theory, literature review and institutional
analysis. Several main conclusions result from the analysis.

First, from an economic perspective, the Albanian mobile telephony market is characterized by
a high level of concentration and limited real competition. The behavior of operators is closer
to the Cournot model, where competition takes place through similar quantities and packages,
than to the Bertrand model, which would produce direct pressure on prices. As a result, prices
remain relatively stable and discounts are mainly formal or linked to package structures, without
reflecting genuine price competition.

Second, from a legal perspective, the Albanian normative framework for competition and
market regulation is formally in line with European Union standards. However, the study
highlights a gap between law and practical implementation, where regulatory interventions are
often reactive rather than preventive. This limits the ability of regulatory institutions to address
oligopolistic behavior and stimulate effective competition.

Third, the social analysis shows that the oligopolistic structure directly affects consumer
welfare. High loyalty to existing operators, switching costs, information asymmetry and limited
transparency of offers weaken consumer bargaining power and reduce the benefits that would
normally flow from a competitive market. Overall, the study concludes that oligopoly in the
Albanian mobile telephony market is not just a matter of market structure, but a complex
phenomenon with interconnected economic, legal and social implications, requiring
coordinated and long-term interventions.

6. Recommendations

Based on the study's conclusions, the recommendations are divided into three main levels:
economic, legal-regulatory and social.

Diversification of competition should focus not only on the formal addition of operators, but
on the creation of alternative competitive models, such as the inclusion of virtual operators
(MVNO).

Price competition should be encouraged by reducing entry barriers and switching costs, creating

conditions for the market to move closer to the Bertrand model.
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Promoting real innovation in services (network quality, speed, contractual flexibility), as a
competitive factor beyond standard packages.

Strengthening the proactive role of the Competition Authority and AKEP, through continuous
monitoring of oligopolistic behavior and the prevention of tacit collusion.

Increasing regulatory transparency regarding price structures and standard contracts of
operators.

Harmonizing not only formally, but also practically, national policies with the EU acquis
communautaire in the field of telecommunications and competition.

Strengthening consumer information mechanisms on their rights and the real price structure.
Simplifying operator switching procedures and reducing hidden costs.

Increasing the role of consumer protection organizations in monitoring commercial practices.
To improve consumer decision-making, organizations need personalization to ensure customer
satisfaction and brand loyalty, as the products offered can be customized according to
customers' needs and preferences
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MANAGING AQUIFERS & MITIGATING CLIMATE CHANGE: BUILDING THE
CASE FOR QUETTA CITY TOWARDS FUTURE SUSTAINABLE WATER
MANAGEMENT

Ar. Fahad Khan, Lecturer, Dept. of Architecture, School of Architecture & Planning, University of
Management & Technology, Lahore

Dr. Ar. Omer Shujat Bhatti, Associate Professor & CoD, Dept. of Architecture, School of
Architecture & Planning, University of Management & Technology, Lahore

Abstract:

Growing water demands of the world population across the globe are leading to the depletion
of ground water resources. Increasing Urbanization is changing the natural recharge patterns of
aquifers. High abstraction rates of groundwater are adding more pressure on the already stressed
aquifer system of Quetta city in Balochistan province of Pakistan. Pakistan has been declared
as the 5" most vulnerable nation to Climate change across the globe with less than 1%
contribution to climate change. Depleting water levels are giving rise to water scarcity and land
subsidence issues in the Quetta city. For centuries rainwater harvesting and managed aquifer
recharge has been practiced in semi-arid and arid areas of the world to conserve water resources.
This research evaluated the suitability of MAR implementation to both control and preserve
further exploitation of the aquifer. Relevant maps were digitalized to create raster layers of data
to develop an understanding of hydrologic and geologic conditions. Estimations reveal that a
considerable amount of rainwater can be harvested from different impervious surfaces in the
city. Rainwater combined with pre-treated wastewater can reduce the recharge deficit; however
the high abstraction rates need to be controlled to achieve a sustainable equilibrium which can
last for seeable future.

Keywords: Water Scarcity, Aquifer Recharge, Sustainable Development, Climate Change
Challenges, Water Management.
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Abstract.

Let N be a near-ring, and let P be a prime ideal of N. In this paper, we introduce the notion of
P-derivation in near-rings. Furthermore, we investigate the structure of the quotient near-ring
N/P and examine its algebraic properties in relation to generalized-P-derivations.

Key words: 3-prime near-ring; commutativity theorems; derivations; generalized-P-

derivations; derivations.
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MAHATMA GANDHI AND DR. B.R. AMBEDKAR: CONTESTING VIEWS ON
SOCIAL JUSTICE AND DALIT EMANCIPATION
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DELHI ) INDIA

ABSTRACT

This dissertation examines the contrasting yet deeply intertwined visions of Mahatma Gandhi
and Dr. B. R. Ambedkar in their pursuit of social justice and the eradication of untouchability
in India. Despite sharing the common goal of liberating the Depressed Classes from centuries
of caste-based oppression, the two leaders charted fundamentally different trajectories.

It examine the historical outcome, social indicators and legal reforms. By the different
approaches, it enables to draw the core problem and multiple aspect to solve one problem. This
emphasised qualitative source to get comprehensive evaluation and root cause of
Untouchability.

Here we will look at the issue that is least observed and discuss how to solve it. By focusing
more on Caste system and religion, the Economic Exploitation, Ineffective Implementation of
Law and Multiple Discrimination against Dalit Women have not been addressed .

This research used Empirical Methodology to examine the contrasting approach of Mahatma
Gandhi and Dr .B . R . Ambedkar . It also includes a Comparative Historical Analysis approach
like Document Analysis, Contextualisation of sources .

Many studies discuss both leaders ideas but usually treat them separately not as a ongoing
dialogue about social justice. Whereas this study works on political and constitutional issues
and least focuse on the Real Dalit experiences which challenges both leader’s view.
Subsequently other scholars tried to eradicates the social issue but they are still exist .
However, this study aims to fill these gaps by comparing Gandhi’s and Ambedkar’s writings,
letters , speeches and historical documents .

By comparing their writings, speeches, and historical documents, it draws a comprehensive
understanding of the root causes of caste-based oppression and untouchability.

A positive outcome of this research is that their combined ideologies contributed significantly
to India’s legal reforms and constitutional framework for the Depressed Classes. Bridging both
leaders’ visions through ongoing dialogue and inclusive policymaking remains essential to

achieving a truly just and equitable society.
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IMPROVING NITROGEN USE EFFICIENCY FOR ENVIRONMENTAL
PROTECTION

ELABBARI Chaimaal, Pr. Labjar Najoua?, EIOuali Ouijdane®, EL BOUZIDI Ahmed*,
ZINAOUI Badre®, Pr.EL Hajjaji souad?
LS3MN2E-CERNE2D, Faculty of Sciences, Mohammed V University in Rabat

Abstract

In agriculture, soil and water pollution by nitrates is significantly exacerbated by the excessive
use of nitrogen fertilizers, which can lead to major environmental impacts such as
eutrophication, groundwater contamination, and health risks.

Several strategies have been developed to address these issues by reducing nitrogen inputs
while improving nitrogen use efficiency and maintaining agricultural productivity.

These strategies include adjusting fertilizer application rates, using slow-release fertilizers,
applying precision fertilization tailored to crop needs, introducing nitrogen-fixing crops such
as legumes, practicing crop rotation, and improving agricultural techniques.

These approaches not only help limit nitrogen losses to the environment but also enhance the
quality of agricultural products and reduce costs for farmers. They form part of a broader effort
to ensure the sustainability of agricultural systems in the face of climate change, balancing
productivity, environmental protection, and resilience.

Keywords

Nitrate pollution, Nitrogen fertilizers, Groundwater contamination, Eutrophication, Precision

fertilization, Sustainable agricultura, Environmental protection, Climate change resilience
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Abstract

Digital transformation presents new governance challenges, especially with Al deployment in
organizations. This research develops a comprehensive Al governance framework, integrating
risk assessment, compliance, and ethical considerations. Using qualitative interviews with C10s
and Al practitioners across sectors, combined with literature analysis, the study identifies key
governance dimensions, accountability, transparency, and stakeholder engagement. The
framework is validated against case studies in healthcare and finance, demonstrating improved
Al adoption outcomes, reduced regulatory risks, and enhanced organizational trust. This
research contributes to best practices for aligning Al initiatives with strategic digital
transformation objectives while mitigating operational, ethical, and reputational risks.

Keywords: governance, considerations, qualitative, governance dimensions.
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Abstract:

The search for alternative strategies to combat plant diseases has intensified due to the
environmental and health concerns associated with chemical fungicides. Saharan soils,
particularly those of Tamanrasset, offer a unique ecological niche for discovering
microorganisms with enhanced biotechnological potential. This study isolated forty
actinomycete strains using selective heat treatment and calcium carbonate enrichment
techniques.

Characterization of the isolates revealed strong ecological adaptability and metabolic diversity.
These traits are essential for survival in extreme desert environments and are often linked to the
production of bioactive secondary metabolites. In vitro antagonism assays demonstrated
significant suppression of major phytopathogens, especially Fusarium and Alternaria, with
inhibition zones reaching 40 mm in some cases.

The superior antagonistic activity observed may result from evolutionary adaptation to
competitive and resource-limited ecosystems. The exploitation of these desert-derived
actinomycetes represents a promising and sustainable approach to crop protection. Their
integration into agricultural practices could reduce chemical inputs while maintaining effective
disease control, thereby supporting global efforts toward greener and more resilient farming
systems.

Keywords: Saharan biodiversity; Biopesticides; Microbial diversity; Desert soils; Crop

protection
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ADAPTATION-DRIVEN ANTIFUNGAL ACTIVITY OF ACTINOBACTERIA FROM
TAMANRASSET DESERT SOILS
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Abstract:

Extreme environments such as the Saharan desert impose strong selective pressures that shape
microbial evolution and metabolic specialization. This study examines actinobacterial strains
isolated from Tamanrasset’s arid soils and assesses their potential for biological control of
fungal plant pathogens. Selective isolation was achieved through heat pretreatment and mineral
enrichment, yielding forty distinct strains.

The physiological robustness of these isolates reflects their adaptation to harsh desert
conditions. Such resilience is closely linked to their ability to synthesize diverse and stable
secondary metabolites. Antifungal screening revealed pronounced antagonistic interactions
against Alternaria and Fusarium species, with certain isolates producing large inhibition zones
indicative of high bioactivity.

The data support the hypothesis that environmental stress enhances the development of
competitive survival strategies, including antimicrobial compound production. These findings
underscore the value of exploring extreme habitats for innovative biocontrol agents. The
integration of Saharan actinobacteria into agricultural systems could reduce dependency on
chemical pesticides and promote environmentally sustainable crop protection solutions.
Keywords: Actinobacteria; Desert adaptation; Antifungal metabolites; Tamanrasset;

Biological control
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CROP DISEASE MANAGEMENT
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Abstract:

Arid ecosystems are increasingly recognized as valuable sources of novel microorganisms with
unique metabolic capabilities. This investigation explores the microbial diversity of
Tamanrasset’s desert soils and its relevance for phytopathogen suppression. Using selective
isolation techniques involving thermal treatment and CaCOs enrichment, forty actinomycete
isolates were recovered and evaluated for their antagonistic properties.

The isolates displayed strong ecological resilience, reflecting their adaptation to high
temperatures, limited water availability, and poor nutrient conditions. These environmental
constraints likely stimulate the biosynthesis of potent secondary metabolites that enhance
microbial competitiveness. Antagonistic screening assays revealed significant inhibitory effects
against fungal pathogens responsible for severe crop losses. Notably, some strains exhibited
inhibition zones up to 40 mm against Fusarium and Alternaria, demonstrating high antifungal
efficacy.

The results suggest that Saharan actinomycetes possess efficient biochemical defense
mechanisms that can be harnessed for agricultural applications. Their bioactive metabolites
offer promising alternatives to synthetic fungicides, reducing environmental contamination and
minimizing resistance development in pathogens. By valorizing desert microbial biodiversity,
this research contributes to the advancement of eco-friendly plant disease management
strategies and supports sustainable agricultural development.

Keywords: Desert microbiology; Phytopathogens; Antagonistic activity; Natural metabolites;

Eco-friendly control
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Life (SNV), Hassiba Benbouali University of Chlef, Hay Salem, 02000 Chlef, Algeria.

Abstract:

The hyper-arid soils of Tamanrasset in southern Algeria constitute an underexplored reservoir
of microbial diversity with promising agricultural applications. This study focuses on the
isolation and characterization of actinomycete strains adapted to extreme Saharan conditions
and evaluates their potential as biological control agents against major phytopathogenic fungi.
Soil samples were subjected to heat pretreatment and calcium carbonate enrichment to
selectively isolate spore-forming actinobacteria. A total of forty morphologically distinct strains
were obtained and screened for antagonistic activity.

Physiological characterization revealed that these isolates are highly adapted to harsh
environmental stresses, including desiccation and nutrient limitation. Such adaptations appear
to be associated with the production of stable and bioactive secondary metabolites. In vitro
antagonism assays demonstrated strong inhibitory effects against economically important
phytopathogens, particularly Alternaria and Fusarium species. Several isolates produced
inhibition zones reaching up to 40 mm, indicating significant antifungal activity.

The remarkable antagonistic performance of these strains may reflect evolutionary pressures
imposed by the extreme Saharan ecosystem, where microbial competition for limited resources
is intense. These findings highlight the potential of Saharan actinomycetes as sustainable
alternatives to chemical fungicides. Their exploitation could contribute to environmentally
friendly crop protection strategies and support the development of integrated pest management
systems in modern agriculture.

Keywords: Saharan actinomycetes; Biological control; Tamanrasset soils; Antifungal activity;

Sustainable agriculture
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Abstract

Foot pain represents a prevalent musculoskeletal complaint frequently associated with altered
plantar loading patterns influenced by footwear geometry, particularly shoe base width. The
base width, commonly quantified as the plantar contact area between the foot sole and the
ground (cm?), plays a decisive role in mechanical load transfer during standing and gait.
Reduction in contact area concentrates the same vertical body weight over a smaller surface,
leading to substantial elevations in peak plantar pressure. Experimental pressure-mapping
studies demonstrate that narrow-base footwear (rearfoot contact area approximately 20-30 cm2)
can generate peak pressures ranging from 450 to 600 kPa, whereas wider-base designs (45-60
cm?) typically restrict pressures to 250-350 kPa, reflecting increases of up to 70% under
identical loading conditions. This mechanical concentration promotes localized stress beneath
the metatarsal heads and hallux, regions frequently associated with pain syndromes. Narrow
bases are also linked to increased centre-of-pressure excursion and longer postural sway paths,
indicating diminished stability and greater neuromuscular demand. Electromyographic findings
further reveal elevated activation of stabilizing muscles during standing in narrow-base shoes,
accelerating fatigue development. Collectively, these biomechanical alterations provide a
mechanistic explanation for the higher incidence of discomfort observed with reduced shoe
base width. Adequate plantar contact area should therefore be prioritized in footwear design to
optimize load distribution, enhance stability, and reduce foot pain risk.

Keywords: Foot pain; Shoe base width; Postural stability; Load distribution
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1. Abstract

The rapid growth of digital technologies and internet usage has led to a significant increase in
cybercrimes such as hacking, identity theft, financial fraud, and data breaches. Investigating
these crimes requires specialized techniques to identify, collect, analyze, and preserve digital
evidence. Digital forensics has emerged as a critical discipline in cybercrime investigation,
enabling investigators to uncover hidden data and reconstruct digital events.

Digital forensics involves the systematic examination of electronic devices including
computers, mobile phones, networks, and cloud systems. By using advanced forensic tools and
methodologies, investigators can retrieve deleted files, track malicious activities, and identify
cybercriminals while ensuring the integrity of digital evidence.

This paper presents an analytical study of digital forensics in cybercrime investigation, focusing
on its methodologies, tools, and applications. It also discusses key challenges such as data
privacy, encryption, large-scale data analysis, and legal constraints. The study highlights the
importance of digital forensics in strengthening cybersecurity and supporting law enforcement
agencies in combating cybercrime effectively.

2. Keywords

Digital Forensics, Cybercrime Investigation, Computer Forensics, Network Forensics, Mobile
Forensics, Digital Evidence, Cybersecurity

3. Introduction

The rapid expansion of digital technologies has transformed modern society by enabling faster
communication, online transactions, and global connectivity. However, this technological
advancement has also led to a rise in cybercrimes that threaten individuals, organizations, and
governments. Cybercriminals exploit vulnerabilities in computer systems and networks to steal
sensitive data, disrupt services, and commit financial fraud.

Traditional investigation methods are often insufficient to handle cybercrime cases because
digital evidence can be easily altered, deleted, or hidden. Digital forensics has therefore become

an essential field in modern cybercrime investigations. It involves the identification,
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preservation, analysis, and presentation of digital evidence obtained from electronic devices
and network systems.

Digital forensic techniques allow investigators to recover deleted data, analyze system logs,
trace cyberattack origins, and understand the behavior of malicious software. These techniques
are widely used in law enforcement, corporate investigations, and cybersecurity incident
response.

This paper explores the role of digital forensics in cybercrime investigation by analyzing its
methodologies, tools, and practical challenges. The study aims to highlight how digital forensic
technologies help in identifying cybercriminals and ensuring the integrity of digital evidence in
legal proceedings.

4. Related Work

Researchers have conducted extensive studies on digital forensics to improve the effectiveness
of cybercrime investigations. Early forensic investigations focused primarily on computer
forensics, which involved analyzing hard drives and storage devices to retrieve digital evidence.
Over time, the scope of digital forensics expanded to include mobile devices, network traffic,
and cloud environments.

Several research studies have proposed advanced forensic techniques for recovering deleted
data, detecting malware activities, and analyzing network intrusions. Tools such as EnCase,
FTK, and Autopsy have been widely used for forensic analysis. In addition, network forensics
techniques have been developed to monitor suspicious activities and detect cyberattacks in real
time.

Recent research has also explored the integration of artificial intelligence and machine learning
in digital forensics to automate evidence analysis and improve investigation efficiency.
However, challenges such as encrypted data, large-scale data volumes, and legal restrictions
still affect the effectiveness of digital forensic investigations.

These studies indicate that digital forensics plays a crucial role in cybercrime investigation, but
continuous advancements are required to address emerging cyber threats and evolving digital
environments.

5.Proposed Methodology

The digital forensic investigation process follows a structured methodology designed to ensure

the accuracy and integrity of digital evidence.
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The first stage involves the identification of digital evidence, where investigators determine the
devices, systems, and storage media that may contain relevant information. This includes
computers, mobile phones, servers, and network devices.

The second stage is evidence collection and preservation, where digital data is carefully
acquired using forensic tools while maintaining the integrity of the original data. Techniques
such as disk imaging and hash verification are used to ensure that evidence remains unchanged.
The third stage involves analysis of digital evidence. Investigators examine files, system logs,
browsing history, and network traffic to identify suspicious activities and reconstruct the
sequence of events related to the cybercrime.

The final stage is documentation and presentation, where investigators prepare detailed reports
and present their findings as evidence in legal proceedings. This structured methodology
ensures reliability, accuracy, and admissibility of digital evidence.

6. Advantages

Digital forensics provides several important benefits in cybercrime investigations:

Accurate Evidence Collection: Enables the retrieval and preservation of reliable digital
evidence.

Crime Reconstruction: Helps investigators understand how cyberattacks occurred.

Data Recovery: Allows recovery of deleted or hidden files.

Legal Support: Provides credible evidence that can be presented in court.

Cybersecurity Improvement: Helps organizations identify vulnerabilities and strengthen
security systems.

7. Challenges and Limitations

Despite its importance, digital forensics faces several challenges:

Data Volume: Large amounts of digital data make investigation time-consuming.

Encryption Technologies: Encrypted data can limit evidence access.

Rapid Technological Changes: New devices and technologies require updated forensic tools.
Legal and Privacy Issues: Handling personal data during investigations raises legal concerns.
Cloud Computing Challenges: Investigating data stored in distributed cloud systems is
complex.

Addressing these challenges is necessary to improve the efficiency and reliability of digital

forensic investigations.
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8. Conclusion

Digital forensics has become an essential component of modern cybercrime investigation. It
enables investigators to collect, analyze, and preserve digital evidence from various electronic
devices and networks. Through systematic forensic methodologies and advanced tools, digital
forensics helps uncover cybercriminal activities and supports law enforcement agencies in
solving complex cybercrime cases.

However, challenges such as encryption, large-scale data analysis, and legal regulations must
be addressed to enhance the effectiveness of digital forensic investigations. Future research
should focus on developing advanced forensic technologies, integrating artificial intelligence
for automated analysis, and establishing standardized legal frameworks. With continuous
advancements, digital forensics will play a crucial role in strengthening cybersecurity and
combating cybercrime in the digital era.
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ABSTRACT

In the context of globalization and the increasing internationalization of higher education, the
development of intercultural competence has become an essential objective in English language
education. This study explores the effectiveness of the case study technique as a pedagogical
approach for fostering intercultural competence among university students studying English as
a foreign language. The research was conducted with undergraduate students enrolled in the
English Language program at “Aleksandér Moisiu” University in Durrés.

The study employed a classroom-based instructional intervention in which students analyzed
intercultural scenarios through the case study technique. Students worked collaboratively in
small groups to examine cultural misunderstandings, discuss possible interpretations, and
propose appropriate responses. Classroom observations, group discussions, and students’
reflections were used to evaluate the learning outcomes of the activity.

The findings indicate that the case study technique significantly enhanced students’
intercultural awareness and encouraged them to reflect critically on cultural differences. In
addition, the activity promoted the development of critical thinking, collaborative learning, and
oral expression in English. Students reported that analyzing realistic intercultural situations
helped them better understand cultural perspectives and increased their sensitivity toward
cultural diversity.

The results suggest that integrating case studies into English language teaching can provide
meaningful opportunities for students to connect language learning with real-life intercultural
contexts. By combining linguistic practice with cultural analysis, the case study technique offers
an effective pedagogical strategy for supporting the development of intercultural competence
in higher education.

Keywords: intercultural competence, case study technique, English language teaching, higher
education, intercultural learning.

INTRODUCTION

In the contemporary context of globalization and the internationalization of higher education,

the ability to communicate effectively across cultures has become an essential component of
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language education. English, as a global lingua franca, is widely used in multicultural academic,
professional, and social environments. Consequently, the teaching of English in higher
education institutions increasingly emphasizes not only the development of linguistic
competence but also the cultivation of intercultural awareness and the ability to interact
effectively with individuals from diverse cultural backgrounds (Kramsch, 1993). For this
reason, the development of intercultural competence has become a central objective in foreign
language education.

Intercultural competence refers to the ability to understand, interpret, and interact appropriately
with people from different cultural contexts. According to Byram (1997), successful
communication in a foreign language requires not only grammatical and linguistic knowledge
but also cultural awareness, attitudes of openness, and the ability to interpret and relate cultural
differences. In a similar vein, Deardorff (2006) conceptualizes intercultural competence as a
dynamic process that integrates attitudes, knowledge, skills, and internal outcomes such as
adaptability and empathy that enable individuals to communicate effectively and appropriately
in intercultural situations. These perspectives highlight the importance of integrating cultural
dimensions into language teaching practices.

In recent years, educators and researchers have increasingly explored innovative teaching
techniques that support the development of intercultural competence in language classrooms.
Traditional approaches that focus primarily on grammar and vocabulary are often insufficient
for preparing students to engage in real intercultural competence. Instead, scholars suggest that
language education should incorporate experiential and interactive learning strategies that
encourage students to reflect on cultural differences and develop critical perspectives toward
intercultural interactions (Bennett, 1993; Risager, 2007).

Among the various pedagogical techniques proposed in the literature, the case study technique
has gained increasing attention in higher education. The case study approach involves
presenting learners with realistic or hypothetical situations that require analysis, interpretation,
and decision-making. These scenarios often include cultural misunderstandings,
communication breakdowns, or ethical dilemmas that arise from differences in cultural norms
and expectations. Through discussion and collaborative analysis, students are encouraged to
examine multiple cultural perspectives and propose possible solutions (Herreid, 2007).

In the context of English language teaching, case studies represent an effective pedagogical tool
for connecting linguistic practice with authentic intercultural situations. By engaging with real-

life scenarios, students can develop not only language proficiency but also the analytical and
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reflective skills necessary for understanding cultural diversity. Such activities encourage
students to interpret cultural behaviors, question stereotypes, and develop empathy toward other
cultures (Sercu, 2005).

Within this framework, the present study explores the use of the case study technique as a
pedagogical approach for fostering intercultural competence among students of English
language studies in higher education. The study focuses on students enrolled in the English
Language program at Aleksandér Moisiu University in Durrés. By examining students’
engagement with intercultural case scenarios and their reflections on the learning process, this
research aims to evaluate how the case study technique can support the development of
intercultural awareness and communicative skills in English language classrooms.
RESEARCH AND FINDINGS

This section presents the research design, the implementation of the case study technique in the
classroom, and the main findings related to students’ perceptions and learning outcomes. The
purpose of this section is to illustrate how the case study technique can function as a practical
teaching strategy for developing intercultural competence among students of English language
studies in higher education.

The study was conducted at Aleksandér Moisiu University in Durrés (UAMD), within the
Bachelor program in English Language. Students enrolled in this program are exposed to
courses related to language skills, literature, culture, and English language teaching
methodology. In such an academic context, the development of intercultural competence
represents an important component of students’ academic and professional preparation,
particularly for those who may pursue careers in teaching, translation, or international
communication.

The study involved a group of 34 undergraduate students enrolled in the English Language
Bachelor program at Aleksandér Moisiu University in Durrés. All participants had an
intermediate to advanced level of English proficiency (approximately B2—C1 according to the
Common European Framework of Reference for Languages). The activity was implemented
during regular classroom sessions and formed part of a course that integrates language learning
with cultural and communicative analysis. Participation in the activity was voluntary, and
students were informed that the purpose of the task was to explore intercultural competence
through collaborative discussion and reflection.

Data for the study were collected through classroom observation, group discussions, and

students’ reflective comments following the case study activities. The collected qualitative data
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were analyzed using a thematic analysis approach, focusing on recurring themes related to
intercultural awareness, communication strategies, and students’ perceptions of the learning
process. The analysis aimed to identify how students interpreted intercultural situations and
how the case study activities contributed to the development of critical thinking, cultural
sensitivity, and communicative competence in English.

The instructional intervention was implemented over two classroom sessions in which students
worked with intercultural case scenarios designed to stimulate discussion and reflection. Each
case described a situation involving cultural misunderstandings in academic or professional
contexts. Students were asked to analyze the situations in small groups and respond to guiding
questions related to communication styles, cultural expectations, and appropriate responses in
intercultural interactions. The lecturer facilitated the discussions and encouraged students to
justify their interpretations and consider alternative cultural perspectives.

Teaching Intervention: Implementation of the Case Study Technique

The research focused on the use of the case study technique as an instructional activity
integrated into regular classroom teaching. Case studies were selected because they present
students with authentic or simulated situations that require interpretation, discussion, and
decision-making. This technique encourages students to analyze cultural differences and reflect
on how cultural norms influence communication (Herreid, 2007).

During the teaching intervention, students were introduced to several intercultural scenarios
that represented realistic situations in which communication difficulties might occur due to
cultural differences. Each case study was designed to provoke discussion and critical analysis
rather than to provide a single correct answer.

The activity followed a structured learning process consisting of several stages.

Stage 1 — Presentation of the Case

The lecturer presented a short-written scenario describing an intercultural situation. Students
were given time to read the case individually and identify the main issue presented in the
scenario. At this stage, students were encouraged to consider what cultural factors might
influence the interaction described in the case.

Stage 2 — Group Analysis

Students were divided into small groups of three to four members. Each group analyzed the
case and discussed several guiding questions prepared by the lecturer. These questions aimed
to help students identify the cultural misunderstandings present in the situation and consider

possible interpretations.
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Typical guiding questions included:

e What is the main problem in this situation?

e Which cultural differences may explain the misunderstanding?

e How might people from different cultural backgrounds interpret this situation

differently?

e What would be the most appropriate response in this context?
Stage 3 — Presentation and Discussion
After the group discussion, each group presented its interpretation of the case to the rest of the
class. Students explained their reasoning and proposed possible solutions to the communication
problem. This stage generated extensive classroom discussion, as students compared different
interpretations and perspectives.
Stage 4 — Reflection
Finally, the lecturer facilitated a reflective discussion in which students evaluated the cultural
assumptions present in the case. Students were encouraged to reflect on how their own cultural
perspectives influenced their interpretation of the situation.
Example of an Intercultural Case Study Used in the Classroom
One of the case studies used during the activity described a situation involving an international
student and a university lecturer.
Case scenario
An international student studying in a foreign university sends an email to a professor
addressing the professor by their first name and requesting an extension for an assignment. The
message is written in a very direct style. The professor perceives the message as disrespectful
and responds negatively.
Students were asked to analyze the situation and discuss the following issues:

e whether the student intended to be disrespectful

e how forms of politeness differ across cultures

e how academic communication norms vary in different countries

e what would be a culturally appropriate way to communicate with a professor.
This case generated a variety of interpretations among students. Some students emphasized that
in many cultures addressing teachers by their first name is considered acceptable, while others
noted that in more formal academic environments this behavior may be perceived as
inappropriate. Through discussion, students became aware of how communication norms vary

across cultures.
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Classroom observations indicated a high level of student engagement during the case study
activities. Students participated actively in group discussions and demonstrated interest in
exploring different cultural perspectives. Many students expressed that analyzing real-life
communication situations helped them understand how cultural differences influence
interaction.

Students particularly appreciated the collaborative aspect of the activity. Working in groups
allowed them to exchange ideas and compare their interpretations with those of their peers. This
process contributed to a deeper understanding of the cultural dimensions involved in
communication.

Following the activity, students were asked to reflect on their experience with the case study
technique. Their responses indicated several perceived benefits of this teaching technique.
First, students reported that the case studies helped them understand how cultural differences
influence communication. Instead of learning cultural information in an abstract way, they were
able to analyze specific situations that illustrated real communication challenges.

Second, students noted that the activity improved their speaking and discussion skills in
English. Because the cases required interpretation and argumentation, students were
encouraged to express their opinions and justify their ideas using English.

Third, many students highlighted that the activity increased their awareness of the importance
of cultural sensitivity in communication. Through discussion, students realized that behaviors
that appear normal in one culture may be interpreted differently in another.

These findings support the idea that experiential learning activities such as case studies can
facilitate the development of intercultural competence by encouraging students to analyze
cultural perspectives and reflect on their own assumptions.

One of the most important outcomes of the activity was the development of students’
intercultural awareness. Through the analysis of different scenarios, students began to recognize
the complexity of intercultural competence and the role that cultural values and norms play in
shaping interaction.

Students demonstrated increased sensitivity toward cultural differences and a greater
willingness to consider alternative perspectives. This aligns with the view that intercultural
competence develops through reflective engagement with cultural diversity and through
opportunities to analyze authentic intercultural situations (Byram, 1997; Deardorft, 2006).
Overall, the findings of the study suggest that the case study technique can serve as an effective

pedagogical tool in English language teaching. By combining language practice with the
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analysis of intercultural situations, case studies create opportunities for students to develop both
communicative and intercultural skills within a meaningful educational context.

In addition to increasing students’ intercultural awareness, the case study activities also
contributed to the development of several important academic and communicative skills.
Classroom observations and student reflections indicated that the use of case studies encouraged
active participation and collaborative learning. Students were required not only to understand
the situation presented in the case but also to analyze the perspectives of different cultural actors
and justify their interpretations during group discussions.

One of the most noticeable outcomes was the improvement of students’ analytical thinking. The
case scenarios required students to identify the underlying causes of intercultural
misunderstandings and to consider multiple interpretations of the same situation. This process
helped students move beyond simple cultural stereotypes and develop a more nuanced
understanding of cultural diversity.

Furthermore, the case study activities created opportunities for students to practice
argumentative communication in English. During group discussions and presentations, students
were encouraged to express their opinions, support their arguments with explanations, and
respond to alternative viewpoints presented by their classmates. Such interactions not only
strengthened their speaking skills but also promoted critical reflection on cultural assumptions.
Another important outcome was the development of empathy toward different cultural
perspectives. When analyzing intercultural situations, students were encouraged to consider
how individuals from different cultural backgrounds might interpret the same interaction
differently. This process helped students recognize the importance of tolerance, flexibility, and
openness in intercultural communication.

Despite the positive outcomes, several challenges were also observed during the
implementation of the case study technique. One of the main challenges was the time required
for meaningful discussion. Case study activities often generate extensive classroom dialogue,
which can limit the number of cases that can be analyzed within a single session.

Another challenge involved students’ initial uncertainty when interpreting complex
intercultural situations. Some students initially expected clear or definitive answers to the cases
presented. However, as the activity progressed, they gradually understood that intercultural

competence often involves multiple perspectives and that different interpretations can coexist.
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In addition, the effectiveness of case studies depends greatly on the lecturer’s ability to facilitate
discussion and guide students toward deeper reflection. Without careful moderation,
discussions may remain superficial and fail to explore the cultural dimensions of the scenario.

The findings of this study are consistent with previous research on the role of experiential
learning in developing intercultural competence. Scholars have emphasized that activities
which involve analysis of real-life situations can significantly enhance students’ ability to
understand cultural differences and engage in meaningful intercultural communication (Byram,
1997; Deardorff, 2006). Similarly, research on case-based learning suggests that the technique
promotes critical thinking, collaborative learning, and problem-solving skills in higher
education contexts (Herreid, 2007).

In the context of English language teaching, integrating case studies into classroom practice
allows students to combine linguistic practice with cultural analysis. Such activities help bridge
the gap between theoretical knowledge of culture and practical intercultural skills. As a result,
students become better prepared to navigate multicultural academic and professional
environments.

Interpretation of the Results

The analysis of the classroom activities and students’ reflections revealed several important
findings regarding the effectiveness of the case study technique in developing intercultural
competence among students of the English Language program. The findings demonstrate that
the integration of case studies in English language teaching can enhance students’ intercultural
awareness, promote critical thinking, and encourage active participation in classroom
discussions.

One of the most significant findings of the study was the noticeable increase in students’
awareness of cultural differences and their impact on communication. Through the analysis of
intercultural scenarios, students were exposed to situations in which misunderstandings
occurred due to different cultural norms, expectations, and communication styles. Many
students initially interpreted these situations based on their own cultural perspectives; however,
through group discussion and reflection, they began to recognize that behaviors may be
interpreted differently across cultures.

Students demonstrated an increasing ability to identify cultural factors that influence
communication, such as forms of politeness, attitudes toward hierarchy, communication styles,
and expectations in academic or professional contexts. By examining these elements, students

developed a deeper understanding of how cultural background shapes interaction and
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interpretation. This finding supports the idea that intercultural competence develops through
reflective engagement with cultural diversity and through opportunities to analyze authentic
intercultural situations.

Another important finding was the role of case studies in promoting critical thinking among
students. Unlike traditional teaching methods that often focus on memorization of cultural
information, the case study approach required students to analyze complex situations and
consider multiple perspectives. Students were asked to interpret the motivations of the
individuals involved in the scenario, evaluate possible explanations for the misunderstanding,
and propose appropriate solutions.

During group discussions, students frequently debated different interpretations of the same
case. This process encouraged them to question initial assumptions and consider alternative
explanations based on cultural context. As a result, students developed stronger analytical skills
and a more reflective approach to intercultural competence.

The use of case studies also contributed to the development of students’ oral communication
skills in English. Because the activities required students to explain their interpretations and
justify their ideas during group discussions and presentations, students were actively engaged
in speaking and argumentative interaction.

Students demonstrated increased confidence in expressing their opinions in English and
participating in classroom discussions. In many cases, students expanded their responses by
providing examples from their own experiences or by comparing cultural practices in different
countries. This type of interaction created a dynamic learning environment in which language
use was connected to meaningful cultural analysis.

Another important finding was the positive impact of the case study technique on collaborative
learning. The group-based nature of the activity encouraged students to share their perspectives
and negotiate meaning collectively. Through discussion with their peers, students were exposed
to different viewpoints and interpretations of the same cultural situation.

Classroom observations indicated that students were highly engaged during the activity. The
realistic nature of the case scenarios stimulated curiosity and encouraged students to explore
possible explanations for the situations presented. Students appeared motivated to participate
in discussions and showed interest in understanding the cultural aspects of communication.
Students’ reflective comments further confirmed the effectiveness of the case study technique
as a learning tool. Many students reported that analyzing real-life intercultural situations helped

them better understand how cultural differences influence communication. Instead of learning
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cultural concepts in a theoretical manner, students were able to apply their knowledge to
practical scenarios.

Several students noted that the activity helped them become more aware of the importance of
cultural sensitivity when communicating in English. They also expressed that the discussions
allowed them to recognize that misunderstandings in intercultural matters are often the result
of different expectations rather than intentional disrespect.

Overall, the findings suggest that the use of case studies can significantly contribute to the
development of intercultural competence in English language classrooms. The technique
creates opportunities for students to analyze authentic communication situations, reflect on
cultural differences, and develop the skills necessary for effective intercultural interaction. By
combining language practice with critical cultural analysis, case studies offer a valuable
pedagogical approach for preparing students to communicate in diverse global contexts.

These results indicate that integrating case studies into English language teaching in higher
education can provide meaningful learning experiences that support both linguistic and
intercultural development.

The classroom observations indicated that the majority of students actively participated in the
discussions, demonstrating increased awareness of intercultural issues and a willingness to
consider multiple cultural perspectives.

CONCLUSION

The present study examined the role of the case study technique in fostering intercultural
competence among students enrolled in the English Language program in higher education. In
the context of increasing globalization and international academic interaction, the ability to
communicate effectively across cultures has become an essential component of language
education. Consequently, English language teaching in universities must go beyond the
development of linguistic proficiency and incorporate pedagogical approaches that encourage
students to understand and navigate cultural diversity.

The findings of the study indicate that the case study technique can serve as an effective
instructional strategy for developing students’ intercultural competence. Through the analysis
of intercultural scenarios, students were able to explore cultural differences, reflect on
communication norms, and examine how cultural perspectives influence interpretation and
behavior. The discussions generated during the case study activities created opportunities for
students to analyze real-life situations and consider multiple viewpoints, which contributed to

the development of intercultural awareness.
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In addition to enhancing intercultural understanding, the case study technique also supported
the development of several important academic skills. Students demonstrated improved critical
thinking as they evaluated different explanations for intercultural misunderstandings and
proposed possible solutions. Furthermore, the activity encouraged active participation and
collaborative learning, allowing students to exchange ideas and compare cultural perspectives
within group discussions. These interactions also contributed to the improvement of students’
oral communication skills in English, as they were required to explain their reasoning and
justify their interpretations.

Another important outcome of the study was the increased awareness among students regarding
the complexity of intercultural communication. Through reflection and discussion, students
recognized that behaviors perceived as appropriate in one cultural context may be interpreted
differently in another. This realization helped students develop a more flexible and open-minded
attitude toward cultural diversity, which is a key component of intercultural competence.
Despite the positive outcomes observed in this study, several considerations should be noted.
The implementation of case studies requires careful planning and effective facilitation by the
lecturer in order to ensure meaningful discussion and reflection. Additionally, sufficient
classroom time must be allocated to allow students to analyze the cases thoroughly and explore
the cultural dimensions involved in each situation. Future studies may further explore the
integration of case studies with other teaching techniques such as debates, simulations, or
multimedia materials in order to enhance intercultural learning experiences.

Overall, the results of this study suggest that the integration of case studies into English
language teaching in higher education can provide valuable opportunities for students to
develop intercultural awareness and communicative competence. By engaging students in the
analysis of authentic intercultural situations, the case study technique helps bridge the gap
between theoretical knowledge of culture and practical communication skills. As higher
education institutions continue to promote internationalization and intercultural dialogue,
teaching approaches that combine language learning with cultural analysis will play an
increasingly important role in preparing students for participation in a globalized world.
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Abstract:

Fixed point theory plays a pivotal role in nonlinear analysis and has undergone extensive
development through generalizations of contractive conditions and the structures of underlying
spaces. In metric spaces, Banach’s contraction principle and its variations, including Kannan
and paired contractions, have been extensively studied; nevertheless, the concept of paired
contraction has not yet been fully explored in the context of partial metric spaces. In this paper,
a novel class of contractive map pings, called paired Kannan-type contractions, is introduced
for both single-valued and multivalued mappings in complete partial metric spaces.
Comparative examples are given to support the assumptions and show how the theoretical
findings are applied.
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REAL-TIME FAULT MONITORING BY SENSOR-BASED MACHINE LEARNING
(ML) WITH ELECTROMAGNETIC (EM) FIELD ENERGY HARVESTING
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ABSTRACT

An innovative, sustainable solution for real-time fault monitoring in electrical distribution
conductors by combining sensor-based machine learning (ML) with electromagnetic (EM) field
energy harvesting. The system utilizes strategically deployed, low-power sensors that capture
electrical and environmental parameters from conductors. These data streams are analyzed by
ML models capable of detecting incipient and developing faults with high accuracy. To
eliminate reliance on external power supplies and reduce maintenance, each sensor node
autonomously harvests operational energy from the surrounding EM field, supporting
uninterrupted monitoring. Laboratory and field validations confirm that this approach
significantly enhances fault detection precision, extends monitoring coverage, and minimizes
operational costs. The proposed methodology paves the way for resilient, intelligent, and eco-
friendly distribution network management.

Keywords: Sensor-based machine learning (ML), Eectromagnetic (EM) field energy
harvesting, Fault detection precision, Machine learning, eco-friendly distribution network

management.
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Abstract

a . . . .
1 Cardiac arrhythmias represent a heterogeneous group of disorders characterized by
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disturbances may result in tachycardia, bradycardia, or irregular cardiac rhythms and can lead

to idsignificant morbidity and mortality if not appropriately managed. Antiarrhythmic
meglications remain one of the fundamental therapeutic strategies used in clinical cardiology
for;the prevention, control, and treatment of rhythm disturbances. The pharmacological
efféctiveness and safety of these agents largely depend on their pharmacodynamic and
phamacokinetic properties, which determine their mechanisms of action, distribution within

t
tissues, metabolic pathways, elimination processes, and potential interactions with other drugs.
G
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A detailed understanding of these characteristics is essential for optimizing therapeutic
outcomes and minimizing adverse effects associated with antiarrhythmic therapy. The aim of
the present study was to analyze and summarize the peculiarities of pharmacodynamics and
pharmacokinetics of several important antiarrhythmic medicines commonly used in clinical
practice. Special attention was devoted to the mechanisms of action, metabolic pathways,
elimination characteristics, and clinical implications of these pharmacological agents. The work
also sought to evaluate the influence of physiological conditions, enzymatic activity, and
potential drug—drug interactions on the pharmacological behavior of these medications. The
methodological framework of the research was based on a comprehensive review and
systematic analysis of contemporary scientific literature. Relevant publications were identified
through extensive searches in internationally recognized databases including PubMed, Web of
Science, ClinicalKey, Thomson Reuter’s databases, Google Scholar, the Cochrane Library, and
Elsevier scientific repositories. National and international clinical guidelines, pharmacological
reviews, and other grey literature sources were also examined to ensure a broad and critical
evaluation of the available evidence. The collected data were processed using analytical,
comparative, and generalization approaches in order to identify key pharmacological features
and clinical considerations related to antiarrhythmic drug therapy. The analysis demonstrated
that antiarrhythmic drugs exert their therapeutic effects primarily through modulation of cardiac
ion channels responsible for the generation and propagation of electrical impulses in myocardial
cells. Sodium, potassium, and calcium channels play fundamental roles in determining the
electrophysiological behavior of cardiomyocytes, and many antiarrhythmic agents act by
selectively blocking or modulating these channels. Such interactions influence action potential
duration, refractory periods, and conduction velocity within cardiac tissue. Among the agents
evaluated, quinidine, amiodarone, and sotalol exhibit distinctive pharmacodynamic profiles.
Quinidine primarily acts as a sodium channel blocker that slows cardiac conduction and
prolongs the action potential duration, thereby stabilizing abnormal rhythms. Amiodarone
demonstrates a complex pharmacodynamic spectrum by affecting multiple ion channels and
adrenergic receptors, which contributes to its high efficacy in treating various supraventricular
and ventricular arrhythmias. Sotalol combines class Ill antiarrhythmic activity with non-
selective beta-adrenergic blocking properties, prolonging myocardial repolarization and
refractory periods. Pharmacokinetic analysis reveals significant differences among these
medications in terms of absorption, distribution, metabolism, and elimination. Quinidine is

rapidly absorbed after oral administration but undergoes substantial first-pass hepatic
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metabolism, which reduces its systemic bioavailability. Amiodarone displays highly variable
absorption and extensive distribution into tissues due to its pronounced lipophilicity, leading to
accumulation in organs such as the liver, lungs, and adipose tissue. One of the most distinctive
features of amiodarone pharmacokinetics is its extremely long elimination half-life, which may
extend for several weeks or even months, requiring careful clinical monitoring during long-
term therapy. In contrast, sotalol is characterized by relatively predictable pharmacokinetics
with high oral bioavailability and minimal hepatic metabolism; it is primarily eliminated
unchanged through renal excretion.

Keywords: Peculiarities, pharmacodynamics, pharmacokinetics, antiarrhythmic, medicine.
Introduction

Cardiac arrhythmias represent a heterogeneous group of electrophysiological disorders
characterized by abnormalities in impulse generation, conduction, or both, leading to
disturbances in the normal rhythm and rate of the heart. These conditions range from relatively
benign premature contractions to life-threatening ventricular tachyarrhythmias and fibrillation,
which remain significant contributors to global cardiovascular morbidity and mortality. The
pharmacological management of arrhythmias has long been a cornerstone of cardiovascular
therapeutics, yet it continues to present substantial clinical challenges due to the complexity of
cardiac electrophysiology, the narrow therapeutic indices of many antiarrhythmic agents, and
the significant risk of proarrhythmic and systemic adverse effects. Consequently, contemporary
research in antiarrhythmic pharmacotherapy increasingly focuses on advanced mechanistic
insights, precision dosing strategies, and integrated monitoring approaches that enhance
therapeutic efficacy while minimizing safety risks.

The electrophysiological basis of arrhythmia development is intimately associated with
alterations in cardiac ion channel function. lon channels governing sodium, potassium, calcium,
and mixed currents play essential roles in the generation and propagation of cardiac action
potentials. Pharmacological modulation of these channels constitutes the principal mechanism
through which antiarrhythmic drugs exert their therapeutic effects. Traditional classifications,
such as the Vaughan Williams system, categorize antiarrhythmic agents according to their
predominant electrophysiological actions on these channels. However, this framework only
partially reflects the multifaceted pharmacodynamic profiles of modern antiarrhythmic
compounds, many of which demonstrate pleiotropic effects across multiple ion channels,

receptors, and intracellular signaling pathways. A deeper understanding of ion channel kinetics,
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channelopathies, and molecular electrophysiology has therefore become central to the rational
development and clinical application of antiarrhythmic pharmacotherapy.

The pharmacodynamic mechanisms, pharmacokinetic variability represents another
critical determinant of antiarrhythmic drug effectiveness and safety. Factors such as absorption
dynamics, hepatic and renal metabolism, plasma protein binding, and tissue distribution
significantly influence drug concentrations within myocardial tissues. Genetic polymorphisms
in drug-metabolizing enzymes, transport proteins, and ion channel subunits further contribute
to interindividual variability in therapeutic response. These pharmacogenetic determinants are
particularly relevant for antiarrhythmic agents with narrow therapeutic windows, where small
fluctuations in plasma levels may lead either to therapeutic failure or to severe toxicity. As a
result, personalized pharmacokinetic assessment and dose optimization strategies are becoming
increasingly important components of antiarrhythmic drug therapy.

The aim of the research was to study and analyze some peculiarities of
pharmacodynamics and pharmacokinetics of the antiarrhythmic medicines. Arrhythmias are
irregularities in the heart's rhythm, resulting from disruptions in the electrical impulses that
regulate heartbeat. These disruptions can lead to a heart rate that is too fast (tachycardia), too
slow (bradycardia), or irregular. Arrhythmias range from harmless to life-threatening, and
understanding their types, causes, and treatment options is crucial for effective management.
Antiarrhythmic medications play a critical role in the management of arrhythmias, disturbances
in heart rhythm that can lead to severe cardiovascular complications. The pharmacodynamics
(PD) and pharmacokinetics (PK) of these drugs are complex and require detailed understanding
for safe and effective application. This article explores the peculiarities of the
pharmacodynamics and pharmacokinetics of common antiarrhythmic medications, including
quinidine, amiodarone, and sotalol. Special attention is given to how factors like metabolism,
drug interactions, and physiological conditions (e.g., hypokinesia) affect their efficacy and
safety. Antiarrhythmic drugs are classified into several groups based on their effects on ion
channels and cardiac action potentials. Their pharmacokinetics and pharmacodynamics are
influenced by multiple factors, including body metabolism, enzymatic activity, and external
factors such as drug interactions. This paper explores key antiarrhythmic medications and their
unique PD and PK properties. The pharmacodynamics and pharmacokinetics of antiarrhythmic
medications are complex and require careful consideration to avoid adverse effects. Drugs like
quinidine, amiodarone, and sotalol exhibit unique characteristics in their absorption,

metabolism, and elimination, which must be understood to optimize their therapeutic use.
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Individual patient factors, including renal function, liver metabolism, and the potential for drug
interactions, are critical to tailoring antiarrhythmic therapy effectively. Antiarrhythmic drugs
are essential in the treatment of various cardiac arrhythmias, conditions characterized by
abnormal heart rhythms that can lead to significant morbidity and mortality. This review
explores the clinical pharmacology of these drugs, focusing on their mechanisms of action,
therapeutic applications, pharmacokinetics, and potential adverse effects. By understanding
these aspects, clinicians can better manage arrhythmias and optimize patient outcomes. Given
the narrow therapeutic index of many antiarrhythmic drugs, interactions with other medications
can have profound effects on their efficacy and safety. Amiodarone, for instance, interacts with
warfarin, digoxin, and statins, increasing the risk of adverse effects. Sotalol should not be
combined with other drugs that prolong the QT interval due to the heightened risk of life-
threatening arrhythmias. Antiarrhythmic Drugs: such as beta-blockers, calcium channel
blockers, and amiodarone, help regulate heart rhythms. However, some can have proarrhythmic
effects, meaning they can cause new arrhythmias or worsen existing ones.

Arrhythmias are irregularities in the heart's rhythm, resulting from disruptions in the
electrical impulses that regulate heartbeat. These disruptions can lead to a heart rate that is too
fast (tachycardia), too slow (bradycardia), or irregular. Arrhythmias range from harmless to
life-threatening, and understanding their types, causes, and treatment options is crucial for
effective management.

Arrhythmia is a condition that affects the electrical conduction system of the heart, causing

irregular heartbeats. The heart normally beats at a steady pace, controlled by electrical impulses

originating from the sinoatrial (SA) node, the heart's natural pacemaker. When these impulses

are disrupted, an arrhythmia can occur, which may be symptomatic or asymptomatic [1-3].
Tachycardia refers to a rapid heartbeat, usually above 100 beats per minute in adults. There

are several types of tachycardia, including:

> Atrial Fibrillation (AFib): One of the most common arrhythmias, AFib occurs when rapid,
disorganized electrical signals cause the atria to quiver rather than contract effectively. This
can lead to blood clots, stroke, and heart failure if untreated.

> Ventricular Tachycardia (VT): A fast heart rate that originates in the ventricles, VT is
potentially life-threatening, especially if it degenerates into ventricular fibrillation, which

can cause sudden cardiac arrest.
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Bradycardia is a slower-than-normal heart rate, usually less than 60 beats per minute.
Although some athletes may have a naturally slower heart rate, bradycardia can be problematic
if the heart is unable to pump enough blood to meet the body's needs.

Premature atrial or ventricular contractions (PACs or PVCs) are early heartbeats that disrupt
the regular rhythm. They are common and often benign, but frequent episodes can indicate
underlying heart conditions [4-6].

A heart block occurs when the electrical signals are delayed or completely blocked as
they travel from the atria to the ventricles. Depending on the degree of blockage, the severity
of the condition varies.

Arrhythmias are often diagnosed using an electrocardiogram (ECG or EKG), which
records the heart's electrical activity. Other diagnostic tools include Holter monitors, event
recorders, and electrophysiological studies (EPS) to identify the precise location of abnormal
electrical activity.

Antiarrhythmic Drugs: These medications, such as beta-blockers, calcium channel
blockers, and amiodarone, help regulate heart rhythms. However, some can have proarrhythmic
effects, meaning they can cause new arrhythmias or worsen existing ones [8-11].

Anticoagulants: For patients with atrial fibrillation, blood thinners like warfarin or
newer anticoagulants (NOACs) are used to reduce the risk of stroke by preventing blood clots.
Arrhythmias are diverse in their causes, presentations, and treatments. While many arrhythmias
are benign, others require medical intervention due to the risk of stroke, heart failure, or sudden
cardiac arrest. Advances in medical technology, such as catheter ablation and implantable
devices, have significantly improved the management of arrhythmias. Proper diagnosis and
treatment are essential to minimizing risks and improving the quality of life for individuals with
arrhythmias [12-14].

Antiarrthythmic drugs are essential in the treatment of various cardiac arrhythmias,
conditions characterized by abnormal heart rhythms that can lead to significant morbidity and
mortality. This review explores the clinical pharmacology of these drugs, focusing on their
mechanisms of action, therapeutic applications, pharmacokinetics, and potential adverse
effects. By understanding these aspects, clinicians can better manage arrhythmias and optimize
patient outcomes [15-17].

Sodium channels there are widely present potential-dependent, potential-independent
(ligand-dependent, passive, etc.) sodium channels in body cells. Sodium channels are localized

in the cytoplasmic membranes of the axon hillock of neurons, dendrites and axons, in the
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membrane of the perisynaptic region of the neuromuscular synapse, in the sarcolemma of
striated muscle fibers and in the myocardium. The distribution density of sodium channels in
these structures is different. In medical practice, the so-called substances are widely used for
the blockade of fast-current sodium channels. Anesthetics (Novocaine, Dicaine, Lidocaine,
Sovcaine, Procaine, etc.) [18-19].

Anesthesia is achieved by blocking sodium channels, eliminating the ability to generate
nerve impulses in afferent nerve fibers, which ultimately blocks the transmission of signals
from sensory pain receptors to the central nervous system. There are voltage-gated and voltage-
gated potassium channels. Passive, ligand-dependent and other types of channels are
distinguished among the latter. Potassium channels are found in the membranes of the same
cells and tissues that contain sodium channels. Na+ and K+ ions are the most important cations,
the distribution and movement of which determines the appearance and change of the electrical
potential. More than three dozen potassium channels have been described. The family of
calcium channels is widely represented in the cells of nervous and muscle tissues. The main
places of their localization are membranes of presynaptic terminals of sarcoplasmic and
endoplasmic reticulum of muscles, sarcolemma of cardiomyocytes and cell membranes of other
tissues [21-23].

Antiarrhythmic drugs are vital for managing various cardiac arrhythmias that affect the
heart’s rhythm and can lead to severe complications. This comprehensive review explores the
clinical pharmacology of antiarrhythmic drugs, detailing their mechanisms of action,
classification, therapeutic uses, pharmacokinetics, and potential adverse effects. By
understanding these aspects, healthcare professionals can optimize treatment strategies and
improve patient outcomes. Antiarrhythmic drugs play a crucial role in managing various types
of cardiac arrhythmias. However, their therapeutic benefits are often accompanied by a risk of
toxicity, which can lead to adverse effects and complications. Understanding the toxicological
profiles of these medications is essential for optimizing patient care and minimizing risks [24-
25].

Metabolic regulation also plays a pivotal role in shaping the pharmacological behavior
of antiarrhythmic agents. Many drugs in this class undergo extensive hepatic biotransformation
through cytochrome P450 enzyme systems, generating metabolites that may possess either
reduced or enhanced electrophysiological activity. Drug—drug interactions arising from enzyme
inhibition or induction represent an important clinical concern, particularly in patients receiving

complex polypharmacy for cardiovascular or systemic comorbidities. Furthermore, metabolic
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disturbances such as electrolyte imbalances, acid—base alterations, and ischemic changes in
myocardial tissue can significantly modify the electrophysiological environment in which
antiarrhythmic drugs act, thereby influencing both therapeutic outcomes and adverse effect
profiles.

Given these complexities, therapeutic drug monitoring and comprehensive clinical
surveillance have emerged as essential strategies in modern antiarrhythmic pharmacotherapy.
Continuous electrocardiographic evaluation, plasma concentration measurements, and
individualized risk assessment allow clinicians to balance therapeutic benefits against potential
hazards such as QT interval prolongation, torsades de pointes, conduction disturbances, and
extra cardiac toxicities. Advances in digital health technologies, real-time monitoring systems,
and predictive pharmacological modeling further support more precise and adaptive
management of arrhythmia treatment.

The advanced pharmacological perspectives on antiarrhythmic drug therapy emphasize
the integration of ion channel modulation, pharmacokinetic variability, metabolic regulation,
and rigorous therapeutic monitoring into a comprehensive framework for clinical decision-
making. Such an approach not only enhances the mechanistic understanding of antiarrhythmic
drug action but also supports the development of safer, more individualized treatment strategies
aimed at improving cardiovascular outcomes in patients with diverse arrhythmic disorders.

Goal:

The aim of the research was to study and analyze some pharmacological perspectives
on antiarrhythmic drug therapy: ion channel modulation, pharmacokinetic variability, metabolic
regulation, therapeutic monitoring, and clinical safety considerations.

Methods:

The material of the article was the data from scientific publications, which were
processed, analyzed, overviewed and reviewed by generalization and systematization. Research
studies are based on a review/overview assessment of the development of critical visibility and
overlook of the modern scientific literature. Use the following databases (for extensive
literature searches to identify some peculiarities of pharmacodynamics and pharmacokinetics
of the antiarrhythmic medicines.): PubMed, web of science, clinical key, Tomson Reuters,
Google scholar, Cochrane library, and Elsevier foundations. National and international policies

and guidelines were also reviewed and as well as grey literature.
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Results and discussion:

The results of the comprehensive pharmacological analysis demonstrate that
antiarrhythmic drug therapy remains fundamentally dependent on the precise modulation of
cardiac ion channels, while its clinical effectiveness is significantly influenced by
pharmacokinetic variability, metabolic processes, and individualized therapeutic monitoring.
The evaluation of electrophysiological mechanisms confirms that modulation of sodium,
potassium, and calcium channels plays a central role in stabilizing cardiac electrical activity
and suppressing abnormal impulse formation and conduction. Agents acting on fast sodium
channels were shown to reduce the rate of depolarization in phase zero of the cardiac action
potential, thereby slowing conduction velocity in atrial and ventricular myocardium. This effect
contributes to the suppression of re-entry circuits that are frequently responsible for
supraventricular and ventricular tachyarrhythmias. At the same time, potassium channel
blockers were observed to prolong repolarization and increase the refractory period of
myocardial cells, which limits the propagation of premature electrical impulses and reduces the
likelihood of arrhythmia recurrence.

The investigation also highlights the importance of calcium channel modulation,
particularly in arrhythmias originating from the atrioventricular node. Calcium channel
inhibition reduces nodal conduction velocity and prolongs refractory periods within nodal
tissue, effectively controlling ventricular rate in certain supraventricular tachyarrhythmias. The
combined pharmacodynamic actions across multiple ion channels illustrate that many modern
antiarrhythmic drugs exert complex electrophysiological effects rather than acting through a
single molecular target. This multimodal mechanism enhances therapeutic effectiveness but
simultaneously increases the potential for adverse electrophysiological consequences when
drug concentrations exceed optimal therapeutic ranges.

Pharmacokinetic assessment demonstrates considerable interindividual variability in
absorption, distribution, metabolism, and elimination of antiarrhythmic agents. Differences in
hepatic enzymatic activity, renal function, plasma protein binding, and tissue distribution
significantly influence systemic drug exposure and myocardial concentrations. The results
indicate that genetic polymorphisms affecting metabolic enzymes and drug transporters
contribute to marked differences in therapeutic response among patients. Individuals with
reduced metabolic capacity may experience drug accumulation and an increased risk of
proarrhythmic effects, whereas rapid metabolizers may exhibit subtherapeutic concentrations
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and reduced antiarrhythmic efficacy. These findings underscore the growing relevance of
pharmacogenetic considerations in optimizing individualized treatment regimens.

Metabolic regulation was identified as another critical determinant of antiarrhythmic
drug performance. Many antiarrhythmic agents undergo extensive hepatic metabolism through
oxidative pathways, producing active or inactive metabolites that influence the duration and
magnitude of pharmacological effects. Drug—drug interactions were frequently observed in
patients receiving concomitant cardiovascular or systemic medications, particularly those
affecting cytochrome-mediated metabolic pathways. Such interactions can significantly alter
plasma drug concentrations, leading either to therapeutic failure or to increased toxicity.
Additionally, metabolic disturbances such as electrolyte imbalance, hypoxia, and myocardial
ischemia were found to modify the electrophysiological substrate of cardiac tissue, thereby
influencing the clinical effectiveness of antiarrhythmic pharmacotherapy.

Therapeutic monitoring emerged as a critical strategy for improving treatment safety
and efficacy. Continuous electrocardiographic assessment allowed for early detection of
conduction abnormalities, excessive QT interval prolongation, and emerging proarrhythmic
patterns. Measurement of plasma drug concentrations provided additional support for dose
adjustment in patients with variable pharmacokinetic profiles. The integration of clinical
monitoring with pharmacological evaluation enabled more precise therapeutic control,
particularly in patients with complex cardiovascular conditions or multiple comorbidities.

The findings highlight that antiarrhythmic medications possess narrow therapeutic
indices and require careful clinical monitoring to balance efficacy with safety. Variability in
patient-specific factors, including age, metabolic activity, hepatic and renal function, and
concomitant drug therapy, significantly influences the pharmacological response to these
agents. Consequently, individualized therapeutic strategies are essential to achieve optimal
rhythm control while minimizing the risk of toxicity.

Antiarrhythmic drugs remain indispensable in the management of cardiac rhythm
disorders, but their clinical application requires a thorough understanding of their
pharmacodynamic and pharmacokinetic properties. The complexity of their mechanisms of
action, metabolic pathways, and potential interactions underscores the importance of careful
patient assessment and monitoring during therapy. Continued research into the molecular
mechanisms of arrhythmias and the development of more selective pharmacological agents may
contribute to improve therapeutic outcomes and enhanced safety profiles in the future

management of cardiac arrhythmias.
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Ranolazine has been shown to reduce RyR2 open probability and to desensitize Ca2+-
dependent RyR2 activation, thereby preventing Ca2+ overload and EADs. Ranolazine is used
for treatment of angina pectoris and ischemic heart diseases and possess clear antiarrhythmic
properties. Unfortunately, ranolazine also carries an increased risk of proarrhythmic at the
ventricular level by inhibiting IKr and prolonging APD and QT interval.

Carvedilol is a third-generation non-selective B-blocker with al-receptor blocking
properties which is used as antihypertensive drug, for the treatment of heart failure with reduced
ejection fraction, and in patients with ventricular dysfunction following myocardial infarction.
Carvedilol and its analogues (VK-II-86, VK-II-36, CS-I-34, CS-I-59) also exhibit RyR2-
blocking properties, reducing the incidence of both DADs and EADs. The effect of carvedilol
may be partly due to its B-blocking and antioxidant actions, which may reduce RyR2
phosphorylation or oxidation. Interestingly, the carvedilol analogues have no or minimal f3-
blocking properties, but still inhibit DAD-promoting SCaEs due to a direct reduction in RyR2
open probability. Clinically used carvedilol consists of a mixture of S-and R-carvedilol
enantiomers. In contrast to the S-enantiomer, R-carvedilol does not possess B-blocking
properties, but specifically blocks RyR2 channels, preventing arrhythmias ex vivo and in vivo
in mice. Although the preclinical studies have shown positive signals, there are no clinical data
addressing the antiarrhythmic effects of carvedilol analogues [60-62].

One of the recently added atrial selective targets for potential thythm control therapy is
TASK-1. Two already well-known anti-arrhythmic drugs, namely, vernakalant and amiodarone,
both inhibit TASK-1 channels. Selective TASK-1 inhibitors have also been developed and have
been used in preclinical investigations. Recent in vivo and ex vivo investigations in pigs,
cellular recordings from isolated human atrial cardiomyocytes, and computational modeling
suggests that in the atria, the respiratory stimulant doxa pram acts as a selective TASK-1 blocker
with strong antiarrhythmic properties. Doxa pram is currently being investigated in the Doxa
pram Conversion to Sinus rhythm (DOCTOS) trial for cardioversion of both paroxysmal and
persistent non-valvular AF [63-64].

The development of novel AADs faces many challenges and there are many obstacles
for the translation from basic discoveries to clinical applications. Besides the high regulatory
hurdles and the industry concerns, the strategies used in contemporary AAD development also
need careful consideration. First, the complexity of the clinical condition in which AF develops
requires a tailored approach already by first clinical exposure of a novel AAD in order to have

a real chance to show a positive signal. Safety concerns also play a major role because almost
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all available and novel AADs possess a proarrhythmic potential. Therefore, atrial selectivity
combined with minimal non-cardiac toxicity is often considered the most promising approach
for the development of novel AADs for AF. However, many of the putative anti-AF targets
presented above are not exclusively present in the atria. For example, although inhibition of
CaMKII could be a promising anti-AF approach, CaMKII is expressed in many tissues and its
inhibition could give rise to serious extra-cardiac side effects. Thus, successful drug design and
appropriate formulation and application need to be carefully considered in early stage of drug
development to ensure high atrial selectivity and minimal extra-cardiac effects, particularly in
the brain. Atrial-specific gene therapy would be the ultimate option to ensure appropriate
selectivity and besides concerns and issues that need consideration in the clinical setting an
atrial-specific adeno-associated serotype 9 (AAV9) vectors has already been successfully
developed and used in mice to generate efficient and atrial-specific gene expression following
a single dose of systemic delivery. The development of RNA-based therapeutics is also quickly
emerging [65-67].

The most promising atrial-selective drugs are those targeting TASK-1 and SK channels.
TASK-1 channel inhibitors have shown promising results in preclinical studies and the first
clinical trial using this approach is ongoing. Although SK channels are highly expressed in the
central nervous system, the small molecules currently under development do not seem to pass
the blood—brain barrier and do not exert serious neurological adverse effects in animal models
or in the Phase I clinical trial. However, SK channels are not exclusively expressed in the atria
of humans, suggesting only moderate atrial selectivity of SK channel inhibition. Perhaps
because of this a QT prolongation was noted in the Phase I study, making further clinical
investigations necessary to demonstrate the efficacy and validate the safety of SK-channel
blockers [68-69].

Antiarrhythmic drugs will remain a cornerstone of rhythm control therapy for millions
of AF patients. Recent studies have significantly improved our understanding of the molecular
mechanisms underlying different forms of AF, identifying novel opportunities for developing
mechanism-based antiarrhythmic approaches including AF-specific ion-channel blockers,
targeting of Ca®’-handling abnormalities (CaMKII, RyR2), and modulation of upstream
pathways (notably inflammatory signaling). Numerous challenges, particularly related to
achieving atrial selectivity and identifying the optimal (combination of) targets for different
forms of AF, still need to be overcome and well-designed clinical trials are needed to confirm

safety and efficacy of these novel approaches. Nevertheless, the rapid developments in
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preclinical studies on AF therapies suggest that there is still hope for novel pharmacological
approaches for the most common clinically relevant arrhythmia [70-72].

Given the narrow therapeutic index of many antiarrhythmic drugs, interactions with
other medications can have profound effects on their efficacy and safety. Amiodarone, for
instance, interacts with warfarin, digoxin, and statins, increasing the risk of adverse effects.
Sotalol should not be combined with other drugs that prolong the QT interval due to the
heightened risk of life-threatening arrhythmias.

Besides direct RyR2-channel blockers, several RyR2 modulators are available or are
under development. Dantrolene for instance is a RyR1 inhibitor and is clinically used to treat
potentially life-threatening malignant hyperthermia. Dantrolene has also been shown to
stabilize cardiac RyR2 channels by improving the inter-domain interaction between the channel
N-terminal and central domains and by enhancing the binding between calmodulin and RyR2,
all of which exert antiarrhythmic effects. In a sheep model of left atrial myocardial infarction
dantrolene reduced the occurrence of spontaneous AF episodes. The effects of dantrolene have
also been studied in isolated cardiomyocytes from patients with cAF, showing that dantrolene
was able to reduce SR Ca2+ leak and suppress cellular DADs. Interestingly, when a CaMKII
inhibitor (autocamtide-2-related inhibitory peptide, AIP) was applied in addition to dantrolene,
no additive effects on the SR Ca2+ leak were observed. This either indicates that the effect on
RyR2 is so strong that no additional benefit can be obtained by targeting CaMKII or that
dantrolene has secondary direct or indirect effects on CaMKII activity. Dantrolene also reduced
AF incidence in CaMKIISC overexpressing mice. In isolated cardiomyocytes from these mice
dantrolene reduced SR Ca2+ leak and the incidence of both DADs and EADs. These results
call for additional studies investigating whether repurposing dantrolene could be an option for
effectively treating AF [73-75].

Other RyR2 modulators are drugs that are capable of increasing the binding between
RyR2 and its regulatory subunit calstabin2 (FKBP12.6), which acts like an endogenous RyR2-
channel inhibitor by stabilizing the closed state of the channel. S107 inhibited the dissociation
of calstabin2 from RyR2, reduced SR Ca2+ leak in mouse atrial cardiomyocytes [97-99].

Drugs targeting CaMKII are of potential interest because they target multiple effector
proteins including RyR2. There are drugs in preclinical development with promising efficacy
for atrial arrhythmias such rimacalib (SMP-114), RA608, hesperidin which are available for
oral administration. RA608 is an ATP-competitive CaMKII inhibitor selectivity targeting the
predominant cardiac forms, namely CaMKII$ and CaMKIIy. The ATP-competitiveness of
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RAG608 is a great advantage, as it enables the drug to bind both the active and inactive forms of
CaMKII. Application of RA608 to human atrial cardiomyocytes reduces CaMKII-dependent
SR Ca2+ leak and prevents induction of AF in mice. Rimacalib is also an ATP-competitive
CaMKII inhibitor, which is currently evaluated in a clinical trial for the treatment of rheumatoid
arthritis. Rimacalib reduced Ca2+ SR leak in human atrial and ventricular cardiomyocytes.
Hesperadin is an ATP-competitive selective CaMKIId-inhibitor that was recently shown to
improve ischemia/reperfusion induced cardiac damage [76-78].

Class III AADs such as amiodarone, dofetilide and sotalol are K+ channel blockers that
prolong ERP, thereby destabilizing re-entry. However, many Class III AADs (e.g., vernakalant,
amiodarone, and its derivates dronedarone, celicarone, budiodarone and SAR11464A) are
multi-channel blockers with effects from all AAD classes. As mentioned above, the safety
profiles of these AADs at the ventricular level is a major limitation hindering the development
of novel AADs. The challenge with targeting the typical ERP/APD changes in cAF patients is
to design drugs that prolong atrial ERP without clinically relevant pro-arrhythmic effects in the
ventricles, especially in patients with ischemia and structural heart diseases, which are very
common in AF patients.

The antiarrhythmic properties of SK channels have been investigated in several animal
models utilizing a number of different compounds. However, the expression of the three SK-
channel subtypes differs greatly between species. Moreover, SK channels undergo complex
remodeling in response to a wide range of pathophysiological stimuli and the reduction in SK
current during cAF observed in some studies may limit the efficacy of SK-channel blockers in
certain subpopulations of cAF patients. Thus, careful evaluation of SK-channel inhibitors in
well-defined patient populations will be critical. The currently leading SK-channel blocker
candidate, AP30663, has proven to be safe for use in humans in phase-1 studies and has entered
phase-2 clinical trials [79-81].

In the human cell membrane, there are sodium, potassium, calcium, etc. Sh. Ion
channels, where Na+, K+, Ca2+ ions move respectively, which participate in the regulation of
the body's vital processes. lon channels ensure the excitability of the nervous system, the
transmission of nerve impulses from the nerve to the muscle and the secretion of hormones,
conditions our thinking, the work of the heart muscle and respiratory diaphragm, and more.
That is why the blocking of the mentioned channels causes serious changes in the body. For
example, the development of chronic fatigue syndrome is associated with dysfunction of the

entire group of ion channels, including sodium and potassium channels [94-96].
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Epilepsy is among the diseases caused by dysfunction of ion channels, which is caused
by dysfunction of high-conductance potassium channels. The widespread cardiovascular
disease long QT syndrome is associated with mutations in genes encoding potassium channels
in the heart muscle, which increase the activity of potassium channels and change its normal
flow in the heart muscle. Dysfunction of calcium channels leads to a state of ataxia, when
coordination of movement is impossible. Therefore, the normal functioning of ion channels is
very important for human health [82-84].

The complex intracellular signaling pathway in the body is preceded by the binding of
a signaling molecule or ligand to its receptor. There are many different receptors and ligands,
but they all have one thing in common, they are precisely paired. A receptor recognizes only
one specific ligand, and a ligand binds to only one "target" receptor. Binding of a ligand to a
receptor is followed by a change in the shape or activity of the receptor, resulting in signal
transduction or a direct change in the cell. lon channels are one of the "targets" for therapeutic
agents [91-93].

The metabolism of many antiarrhythmic drugs involves the cytochrome P450 enzyme
system, which introduces considerable variability in drug response among individuals.
Inhibition or induction of these enzymes can lead to clinically significant drug interactions. For
example, quinidine is known to inhibit CYP2D6, potentially increasing the plasma
concentrations of co-administered medications metabolized by this pathway. Amiodarone
interacts with numerous drugs, including anticoagulants, cardiac glycosides, and statins,
thereby increasing the risk of adverse pharmacological effects. Additionally, impaired renal
function may alter the elimination of drugs such as sotalol, increasing the likelihood of QT
interval prolongation and proarrhythmic complications.

Antiarrhythmic drugs play a crucial role in the management of various cardiac
arrhythmias, which can significantly impact patient health and quality of life. This article
provides an in-depth overview of the clinical pharmacology of antiarrhythmic drugs, including
their mechanisms of action, therapeutic uses, pharmacokinetics, and potential side effects.
Understanding these aspects is essential for optimizing treatment and managing arrhythmias
effectively. Arrhythmias, characterized by abnormal heart rhythms, are a significant concern in
cardiology. Antiarrhythmic drugs are used to restore normal heart rhythm and prevent
arrhythmias. This article reviews the clinical pharmacology of antiarrhythmic drugs, focusing
on their classification, mechanisms of action, clinical uses, and safety considerations.

Antiarrhythmic drugs are vital for the management of various arrhythmias. Understanding their
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mechanisms of action, clinical applications, pharmacokinetics, and potential side effects is
essential for optimizing treatment and ensuring patient safety. Continued research and clinical
experience will help refine the use of these drugs and improve outcomes for patients with
arrhythmias. An ion channel is a part of the membrane of a nerve cell, which carries ions, that
is, positively and negatively charged. The particle provides selective permeability and
participates in the regulation of the body's vital processes. It is responsible for regulating the
flow of ions in the plasma and membrane of all cells, controlling the intracellular concentration
of various ions. The alternating closing and opening of sodium, potassium and calcium ion
channels ensures the propagation of the nerve impulse. Blockage of ion channels causes serious
changes in the body. In today's medicine, a number of diseases are explained precisely by the
malfunction of ion channels. Widespread pathologies in the world population: angina pectoris,
arterial hypertension, arrhythmia, epilepsy, diabetes, etc. There is a small list of diseases that
are caused by malfunctioning of ion channels in the human body [26-28].

Antiarrhythmic drugs are a cornerstone in the treatment of cardiac arrhythmias.
Understanding their classification, mechanisms of action, pharmacokinetics, and adverse
effects is essential for optimizing patient care and improving outcomes. Continued research and
advancements in drug development and monitoring technologies will further enhance the
management of arrhythmias and contribute to better patient outcomes. Cardiac arrhythmias are
disorders of the heart's rhythm that can cause significant morbidity and mortality.
Antiarrhythmic drugs are central to the management of these conditions, helping to restore and
maintain normal heart rhythms. This review provides an in-depth look at the pharmacology of
these drugs, examining their mechanisms, clinical applications, and the challenges associated
with their use [29-31].

Amiodarone, classified as a Class III antiarrhythmic, acts by blocking potassium
channels and delaying repolarization, which lengthens the refractory period of cardiac cells.
Unlike other antiarrhythmic agents, amiodarone also exerts effects on sodium and calcium
channels, as well as alpha and beta-adrenergic receptors, making it highly effective in treating
a wide range of arrhythmias.

The pharmacodynamics of amiodarone are notable for its long half-life, as the drug can
remain in the system for weeks to months. This prolonged activity, combined with its complex
mechanism of action, enhances its efficacy but also increases the risk of adverse effects such as

pulmonary fibrosis, liver toxicity, and thyroid dysfunction [32-33].
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The pharmacokinetics of antiarrhythmic drugs vary significantly depending on their
formulation and the route of administration. Quinidine, for example, exhibits rapid absorption
after oral administration, with peak plasma concentrations occurring within 1-3 hours.
However, its bioavailability is reduced due to first-pass metabolism in the liver.

Amiodarone's absorption is highly variable, with oral bioavailability ranging from 35%
to 65%. Its lipophilic nature allows for widespread distribution in body tissues, including
adipose tissue and the liver, where it can accumulate over time. Sotalol, in contrast, has
excellent bioavailability but is not metabolized extensively in the liver, leading to a
straightforward elimination pathway through the kidneys

Many antiarrhythmic medications are metabolized by the cytochrome P450 (CYP)
enzyme system, which is subject to individual variability and can lead to significant drug
interactions. Quinidine, for example, inhibits CYP2D6, increasing the plasma levels of co-
administered drugs like beta-blockers and antidepressants. This increases the risk of toxicity
and adverse reactions. Amiodarone is metabolized by CYP3A4 and CYP2CS8, with its primary
metabolite, desethylamiodarone, contributing to its antiarrhythmic activity. The long half-life
of both the parent compound and the metabolite necessitates careful monitoring during long-
term therapy[34-35].

Renal function plays a critical role in the elimination of certain antiarrhythmic
medications, particularly sotalol. In patients with renal impairment, the elimination half-life of
sotalol is prolonged, leading to increased plasma levels and a higher risk of QT prolongation
and arrhythmias. Quinidine, on the other hand, is primarily excreted via hepatic metabolism,
though renal elimination also contributes to its clearance.

Antiarrhythmic drugs are essential in managing cardiac arrhythmias but carry a risk of
toxicity that can lead to significant complications. Understanding the toxicological profiles of
these drugs and implementing appropriate management strategies are crucial for optimizing
patient care and minimizing risks. Regular monitoring and dose adjustments based on
individual patient needs and responses can help mitigate toxicity and ensure effective treatment
[36-37].

Atrial fibrillation (AF), the most common cardiac arrhythmia worldwide, is driven by
complex mechanisms that differ between subgroups of patients. This complexity is apparent
from the different forms in which AF presents itself (post-operative, paroxysmal and persistent),
each with heterogeneous patterns and variable progression. Our current understanding of the

mechanisms responsible for initiation, maintenance and progression of the different forms of
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AF has increased significantly in recent years. Nevertheless, antiarrhythmic drugs for the
management of AF have not been developed based on the underlying arrhythmia mechanisms
and none of the currently used drugs were specifically developed to target AF. With the
increased knowledge on the mechanisms underlying different forms of AF, new opportunities
for developing more effective and safer AF therapies are emerging. In this review, we provide
an overview of potential novel antiarrhythmic approaches based on the underlying mechanisms
of AF, focusing both on the development of novel antiarrhythmic agents and on the possibility
of repurposing already marketed drugs. In addition, we discuss the opportunity of targeting
some of the key players involved in the underlying AF mechanisms, such as ryanodine receptor
type-2 (RyR2) channels and atrial-selective K'-currents (/kzp and Isk) for antiarrhythmic
therapy. In addition, we highlight the opportunities for targeting components of inflammatory
signaling (e.g., the NLRP3-inflammasome) and upstream mechanisms targeting fibroblast
function to prevent structural remodeling and progression of AF. Were critically appraise
emerging antiarthythmic drug principles and future directions for antiarrhythmic drug
development, as well as their potential for improving AF management [38-39].

Ectopic activity arising from the PVs plays a particularly important role in pAF patients,
with several potential proarrhythmic electrophysiological characteristics compared to the rest
of the atria identified in animal models. However, the molecular mechanisms promoting ectopic
activity in the PVs of humans remain largely unknown due to the very limited access to tissue
samples. Animal models may provide valuable insight into the molecular mechanisms of pAF,
but relevant animal models with spontaneous development of paroxysmal AF are scarce and
the PVs do not appear to play a major role for the induction and maintenance of AF in the
majority of animal models. Horses develop spontaneous AF, which can easily be detected by
implantable loop recorders. Spontaneous PV firing has been recorded in horses, suggesting
similar pAF mechanisms in horses and humans. However, the cellular and molecular
mechanisms of ectopy have not been assessed in horses so far. Nevertheless, horses could prove
to be a valuable animal for studying the true nature of Paf [40-41].

Overall, the current evidence suggests that the leading arrhythmogenic mechanism in
patients with pAF is DAD-mediated ectopic activity caused by Ca2+-handling abnormalities
without clear evidence of atrial electrical remodeling. Although atrial fibrosis could contribute,
the potential role of structural remodeling in pAF patients requires further investigation and

validation.
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The cellular and molecular determinants of re-entry and AF maintenance are best
characterized in patients with persistent AF and in animal models with artificially maintained
tachycardia to simulate the arrhythmia and to study the specific effects of the high atrial rate
[42-43].

Electrical remodeling in cAF or due to atrial tachycardia causes rapid ERP/APD
shortening, primarily by increasing K+ currents and reducing I-type Ca2+ current (ICa,L).
Although the agonist-dependent acetylcholine-activated inward-rectifier K+ current (IK,ACh)
is decreased in cAF, it develops constitutive activity and, together with an increased basal
inward-rectifier K+ current (IK1) and slow delayed-rectifier K+ current (IKs), shortens APD
and hyperpolarizes resting membrane potential, promoting re-entry. The increase in IK1 is
partly caused by increased protein expression of Kir2.1 and enhanced single-channel open
probability promoted by phosphatase-dependent channel dephosphorylation. The constitutive
activity of IK,ACh in patients with cAF is due to increased phosphorylation by protein kinase
C epsilon. The functional expression of transient outward K+-current (Ito) is lower in cAF
patients, whereas IKr is unchanged [44-46].

Some studies also reported a reduced ultra-rapid delayed-rectifier K+ current (IKur) in
cAF patients, while other studies did not find current alterations. Similarly, some studies
revealed increased small-conductance Ca2+-activated K+ (SK) currents (ISK) in cAF, while
other work showed a decreased ISK. Since the expression of SK channels and IKur is larger in
atrial compared to ventricular tissue, and under physiological conditions SK channels play a
minor role in the ventricles, these channels are considered atrial predominant anti-AF targets.
However, ventricular SK-channel expression is increased in heart failure and SK-channel
inhibition can promote ventricular arrhythmogenesis under specific conditions. The atrial-
specific TASK-1 channel, a member of the two-pore domain K+ channel family, is also
upregulated in cAF, contributing to APD shortening, but is downregulated in AF patients with
concomitant left-ventricular dysfunction. Thus, the degree of TASK-1 remodeling in AF
patients is difficult to predict. Together, the alterations in these K™ currents likely contribute to
the proarrhythmic shortening of the atrial ERP/APD in cAF patients [47-48].

The high atrial rates during AF promote a potentially toxic cellular Ca2™ overload.
Consequently, ICa,L is reduced due to a calcineurin-dependent mechanism, contributing to re-
entry-promoting APD shortening [80]. Increased nuclear Ca2" releases via inositol 1,4,5-
triphosphate with subsequent Ca2+-calmodulin protein kinase II (CaMKII) activation

accelerates the nuclear export of histone deacetylase type-4 also contributing to the
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downregulation of ICa,L. ICa,L downregulation in turn reduces the Ca2-transient amplitude
and atrial contractility. Ca2"-handling abnormalities in cAF are primarily due to increased
CaMKII activity, leading to RyR2 hyperphosphorylation at Ser2814 and leaky RyR2 channels
causing potentially proarrhythmic SCaEs. Protein kinase A (PKA)-mediated RyR2
hyperpolarization at Ser2808 has also been found in cAF patients, which promotes dissociation
of the stabilizing calstabin2 (FKBP12.6) subunit. SR Ca2" load is unchanged in cAF patients
despite the larger SR Ca2" leak. This can either be due to enhanced phosphorylation of
phospholamban or a downregulation of the SERCAZ2a-inhibitory sarcolipin. Increased PKA-
mediated activation of the PP1-inhibitory protein inhibitor-1, which inhibits PP1 in the SR
microdomain, could explain local phospholamban hyperphosphorylation [49-50].

Structural remodeling, particularly atrial fibrosis, makes important contributions to cAF
and is largely irreversible. Besides being caused by the underlying heart disease, atrial fibrosis
could result from the high atrial rate during AF. Together with connexin remodeling, collagen
deposition due to atrial fibrosis creates re-entry-promoting conduction heterogeneities in cAF.
Of note, myofibroblasts may also couple directly to cardiomyocytes through gap junctions,
which may promote DAD-mediated triggered activity in cardiomyocytes [51-52].

Conceptually, the development of POAF requires a vulnerable preoperative substrate
interacting with surgery-induced triggers such as activation of the autonomic nervous system
and inflammation. The pre-existing substrate for POAF includes increased pro-inflammatory
signaling, with the increased expression of activated components of the NLRP3 (NACHT, LRR
and PYD domains-containing protein 3) inflammasome being the most prominent. The NLRP3
inflammasome is a multiprotein complex responsible for the cleavage and release of the pro-
inflammatory cytokines IL-1p and IL-18. Increased expression of NLRP3 inflammasome
components was also identified in atrial cardiomyocytes from pAF and cAF patients, pointing
to a common inflammatory signature in AF. In agreement, knock-in mice with cardiomyocyte-
specific NLRP3 activation revealed an ERP abbreviation, likely due to an increase in IKur, as
well as atrial fibrosis and hypertrophy, both contributing to the increased AF susceptibility. In
addition, a higher frequency of SCaEs, likely due to CaMKII-dependent RyR2-
hyperphosphorylation, along with ICa,L. alternans were also noted in POAF patients
Interestingly, DADs were absent under resting conditions and only became evident upon acute
application of IL-1f, mimicking one of the major post-operative inflammatory triggers. Acute
IL-1B application further promoted the CaMKII-dependent RyR2 hyperphosphorylation,

thereby exacerbating the pre-existing Ca2+-handling abnormalities. However, the exact
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consequences of enhanced NLRP3-inflammasome activity in other types of AF, as well as in
patients with obesity and diabetes, who are at an increased risk of developing AF, remain
incompletely understood [53-54].

Similar to patients with pAF, patients with POAF do not display changes in APD and
have no major changes in K+ currents. Thus, the leading mechanism in POAF appears to be
ectopic (triggered) activity promoted by the acute inflammatory response without evidence of
re-entry promoting APD and ERP changes, although structural changes such as connexin
remodeling and fibrosis might also contribute, particularly in the left atrium.

The current ESC guidelines on management of AF focus predominantly on appropriate
anticoagulation, followed by symptom control with either rate or rhythm control and
management of risk factors and comorbidities. Initially, large clinical trials comparing rate and
rhythm control such as Atrial Fibrillation Follow-up Investigation of Rhythm Management
(AFFIRM) and Rate Control vs. Electrical Cardioversion for Persistent Atrial Fibrillation
(RACE) did not find significant differences in outcome between rate and rhythm control.
However, early modern rhythm control of AF might reduce the incidence of adverse
cardiovascular outcomes, as shown in the Early Treatment of Atrial Fibrillation for Stroke
Prevention Trial. This has again highlighted the need for improved pharmacological options for
rhythm control. The challenge with traditional AADs is not only their modest efficacy, but
rather their safety at the ventricular level, with ischemia and structural heart disease being a
contraindication for most currently available AADs due to the high risk of drug-induced
proarrhythmic. Currently used drugs are not based on knowledge of the underlying arrhythmia
mechanisms and none of these drugs have been developed to specifically target AF. With the
growing understanding of the fundamental mechanisms of AF it will be likely possible to
develop new and improved antiarrhythmic treatment modalities based on precise knowledge of
the underlying mechanisms, including upstream therapy preventing electrical and structural
remodeling [55-56].

Cellular triggered (ectopic) activity is present in all forms of AF, although the silencing
of atrial Ca2+-handling may also occur in cAF under specific conditions. In vivo, atrial ectopy
may play a more important role in pAF and POAF than for patients with cAF. As described in
Section 2, RyR2 channels play a major role in the Ca2+-handling abnormalities typically seen
in AF patients. One possibility for reducing ectopic activity is, therefore, targeting abnormal

RyR2 channels either by using direct RyR2-channel blockers or RyR2-function modulators.
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Besides being Na+-channel blockers, the Class Ic AADs such as flecainide and
propafenone also inhibit RyR2 channels, reducing the open probability of RyR2 in vitro via an
open-state blocking mechanism (i.e., shortened duration, but increased frequency of RyR2
channel openings, thereby increasing Ca2+ spark mass, while reducing the occurrence of
spontaneous cell-wide Ca2+ waves), potentially preventing the formation of proarrhythmic
Ca2+-dependent DADs. The antiarrhythmic actions of flecainide on RyR2 channels have also
been demonstrated in a cardiac casuistry knockout catecholaminergic polymorphic ventricular
tachycardia (CPVT) mouse model. Moreover, a flecainide analogue that lacks RyR2-blocking
properties was unable to prevent CPVT, clearly indicating that the primary mode of action of
flecainide in CPVT is inhibition of RyR2. In a small clinical trial including CPVT patients,
flecainide, in combination with a B-blocker, was very effective in preventing exercise-induced
ventricular ectopy. In AF patients, novel routes of flecainide administration might increase
cardioversion efficacy and compliance. In preclinical studies in pigs’ inchoative delivery of
flecainide gives rise to a similar pharmacokinetic profile to flecainide given intravenously and
causes a rapid cardioversion of AF. The clinical potential of exhalative flecainide was recently
tested in a clinical trial (Inhalation of Flecainide to Convert Recent Onset Symptomatic Atrial
Fibrillation to sinus rhythm [57-59].

The initiation of an AF episode requires both a trigger and a substrate. Focal
spontaneous firing, also known as ectopic activity, represents the major AF-triggering
mechanism. Mechanisms leading to ectopic activity include enhanced automaticity, early
afterdepolarizations (EADs) and delayed afterdepolarizations (DADs). In case of enhanced
automaticity, the depolarizing current during diastole is large enough to depolarize the resting
membrane potential across the threshold for action potential (AP) generation, causing ectopic
firing. Transient spontaneous depolarizations can also occur following complete AP
repolarization, known as DADs. DADs may cause atrial ectopy if the depolarization is large
enough to reach the threshold for Na+-channel activation and AP generation. The depolarizing
current underlying DADs is created by increased Na+ influx through the Na+/Ca2+-exchanger
(NCX), which is activated in response to spontaneous Ca2+-release events (SCaEs) from the
intracellular stores of the sarcoplasmic reticulum (SR) through the ryanodine receptor type-2
(RyR2) channels. Finally, if the AP duration (APD) is excessively prolonged, I-type Ca2+
channels can be reactivated, promoting a depolarizing current during the plateau phase or early

in the repolarizing phase of the AP, creating EADs [88-90].
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The evolution of the arrhythmogenic substrate due to atrial remodeling is promoted by
cardiac and non-cardiac diseases, risk factors such as obesity and aging, and AF itself. Atrial
electrical remodeling includes Ca2+-handling abnormalities and changes in ion current
properties that promote re-entry by abbreviating APD and effective refractory period (ERP).
Atrial structural remodeling results from atrial fibrosis, atrial dilation and connexin changes
that induce re-entry-promoting heterogeneous conduction slowing [85-87].

Depending on the type of AF, the key mechanisms for initiation and maintenance of the
arrhythmia differ and the type and relative contribution of triggers as well as substrates change.
The proper consideration of these different mechanisms is important for the discovery of
specific targets and to enable tailored therapy for each type of AF.

Atrial cardiomyocytes from patients with pAF show DAD-mediated cellular triggered
activity without clear evidence for electrical remodeling such as shortening of APD or
hyperpolarization of the resting membrane potential. The increased incidence of DADs in pAF
patients is likely partly caused by an increased Ca2+ uptake into the SR by the SR Ca2+-ATPase
type-2a (SERCAZ2a) leading to enhanced SR Ca2+ load, along with RyR2 dysregulation [40].
The open probability of RyR2 is higher in pAF, but in contrast to patients with cAF this is
associated with an increase in RyR2 expression but not channel hyperphosphorylation.

There is also evidence for the potential contribution of atrial fibrosis in pAF patients.
Compared to patients in sinus rhythm, pAF patients displayed atrial fibrosis in the area of crista
terminalis and the inferior pulmonary veins (PV). Similar trends were observed in the
Bachman’s Bundle and left atrium, albeit no significant differences were found in these regions.
The pharmacodynamics and pharmacokinetics of antiarrhythmic medications are complex and
require careful consideration to avoid adverse effects. Drugs like quinidine, amiodarone, and
sotalol exhibit unique characteristics in their absorption, metabolism, and elimination, which
must be understood to optimize their therapeutic use. Individual patient factors, including renal
function, liver metabolism, and the potential for drug interactions, are critical to tailoring
antiarrhythmic therapy effectively.

The results demonstrate that effective antiarrhythmic pharmacotherapy requires a
multifactorial approach integrating ion channel pharmacodynamics, pharmacokinetic
variability, metabolic regulation, and systematic therapeutic monitoring. Such an integrated
strategy improves arrhythmia control while reducing the risks associated with proarrhythmia,

drug toxicity, and treatment failure. These findings support the continued development of
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personalized pharmacological strategies and advanced monitoring technologies aimed at
enhancing the safety and clinical effectiveness of antiarrhythmic drug therapy.

The therapeutic success of antiarrhythmic pharmacotherapy is closely associated with
the integration of electrophysiological precision and individualized clinical management. The
expanded results demonstrate that patient-specific physiological characteristics, including age,
cardiovascular comorbidities, structural heart disease, and systemic metabolic conditions,
significantly influence both the pharmacodynamic and pharmacokinetic behavior of
antiarrhythmic agents. In elderly patients and individuals with compromised myocardial
function, altered drug distribution and reduced metabolic clearance frequently lead to increased
plasma concentrations and heightened susceptibility to adverse electrophysiological effects.
These observations highlight the importance of careful dose titration and continuous clinical
evaluation when administering antiarrhythmic therapy in vulnerable patient populations.

Another important outcome of the analysis involves the relationship between
myocardial cellular remodeling and pharmacological responsiveness. Chronic arrhythmogenic
conditions, such as atrial fibrillation and ventricular tachycardia associated with ischemic
cardiomyopathy, are often accompanied by structural and electrical remodeling of cardiac
tissue. These changes include modifications in ion channel expression, alterations in
intracellular calcium handling, and fibrosis-related conduction disturbances. Such
pathophysiological adaptations may reduce the effectiveness of conventional antiarrhythmic
drugs or modify their electrophysiological impact, thereby necessitating more advanced
therapeutic strategies and careful drug selection.

The results also reveal the growing relevance of integrated monitoring technologies in
optimizing antiarrhythmic treatment outcomes. Continuous electrocardiographic monitoring,
advanced electrophysiological mapping, and digital cardiac rhythm analysis enable more
precise detection of subtle conduction abnormalities and emerging proarrhythmic patterns.
These technologies facilitate earlier therapeutic adjustments, helping clinicians prevent severe
complications such as torsadogenic arrhythmias or drug-induced conduction block.
Furthermore, the application of predictive pharmacological modeling and data-driven clinical
decision support systems is increasingly recognized as a valuable approach for anticipating
patient-specific responses to antiarrhythmic drugs.

Overall, the extended findings reinforce the concept that antiarrhythmic drug therapy
cannot rely solely on traditional pharmacological principles but must instead incorporate

multidimensional evaluation of electrophysiology, pharmacokinetics, metabolism, and patient-
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specific risk factors. This comprehensive approach supports safer and more effective

management of cardiac arrhythmias and contributes to the ongoing evolution of precision

cardiovascular pharmacotherapy.

Contemporary antiarrhythmic therapy requires an integrative understanding of
pharmacological mechanisms, encompassing precise ion channel modulation, interindividual
pharmacokinetic variability, and metabolic regulatory pathways. Optimization of therapeutic
efficacy necessitates careful monitoring of drug plasma concentrations and dynamic assessment
of electrophysiological responses, ensuring maximal clinical benefit while minimizing
proarrhythmic and systemic adverse effects. Advances in pharmacogenetic profiling and
individualized dosing strategies further enhance patient-specific safety and therapeutic
outcomes. Collectively, these insights underscore the importance of a multidisciplinary,
evidence-based approach in the clinical management of arrhythmias, bridging mechanistic
pharmacology with patient-centered care to achieve optimal efficacy and safety.

Conclusion

» Antiarrhythmic drug therapy remains a critical component of modern cardiovascular
pharmacotherapy, yet its successful clinical application requires a comprehensive
understanding of the complex interplay between electrophysiological mechanisms,
pharmacokinetic variability, metabolic regulation, and patient-specific clinical factors. The
present analysis highlights that modulation of cardiac ion channels continues to represent
the principal pharmacodynamic foundation for the management of arrhythmic disorders.
Through targeted effects on sodium, potassium, and calcium channels, antiarrhythmic
agents influence cardiac action potential generation, conduction velocity, and refractory
periods, thereby contributing to the stabilization of myocardial electrical activity and
suppression of abnormal rhythm propagation.

» However, the therapeutic effectiveness and safety of these agents are strongly influenced
by interindividual pharmacokinetic differences, including variations in drug absorption,
distribution, metabolism, and elimination. Genetic polymorphisms affecting metabolic
enzymes, transport systems, and ion channel structures further contribute to heterogeneity
in treatment response, emphasizing the growing importance of pharmacogenetic
considerations in individualized antiarrhythmic therapy. In addition, metabolic conditions,
electrolyte balance, and drug-drug interactions can significantly modify the
electrophysiological environment of the myocardium, potentially altering both therapeutic

efficacy and the risk of adverse effects.
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» The findings also demonstrate that careful therapeutic monitoring is essential for
minimizing complications associated with antiarrhythmic drug administration. Continuous
electrocardiographic surveillance, assessment of plasma drug concentrations, and
comprehensive clinical evaluation provide important tools for early detection of
proarrhythmic manifestations, conduction disturbances, and systemic toxicities. Such
monitoring strategies allow timely adjustment of dosing regimens and improve the overall
safety profile of antiarrhythmic pharmacotherapy.

» The future of antiarrhythmic drug therapy increasingly depends on the integration of
advanced electrophysiological knowledge, pharmacokinetic optimization, metabolic risk
assessment, and precision-based clinical monitoring. The adoption of personalized
therapeutic strategies supported by modern diagnostic and digital monitoring technologies
offers significant potential for improving arrhythmia control, reducing adverse drug
reactions, and enhancing long-term cardiovascular outcomes in patients with diverse
arrhythmic conditions.
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Abstract

Metastatic hormone receptor—positive, HER2-negative breast cancer remains a

clinically heterogeneous entity, particularly in patients with aggressive luminal B biology

characterized by high proliferative indices and early visceral dissemination. This case report

describes an extensively disseminated presentation of grade 3 invasive ductal carcinoma with a

luminal B molecular phenotype in a middle-aged female who exhibited a prolonged diagnostic

delay and ultimately presented with multiorgan metastatic disease, underscoring several

diagnostic, therapeutic, and prognostic challenges inherent to advanced hormone-receptor—

positive disease. The patient’s initial symptoms emerged years after a prior benign breast

183



https://orcid.org/0000-0002-9005-8577
https://orcid.org/0000-0001-6335-2490
https://orcid.org/0000-0002-1971-2863
https://orcid.org/0000-0003-3819-7331

ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

procedure, followed by a decade of inadequate surveillance, ultimately culminating in
progressive left breast changes, pain, and systemic manifestations consistent with metastatic
involvement. On evaluation, targeted imaging and multimodal diagnostics demonstrated a
dominant 37-mm irregular mass in the left breast with satellite lesions, multifocal disease
patterns, and extensive regional nodal involvement, including internal mammary, parasternal,
deep axillary, bilateral supraclavicular, and interpectoral lymphatic spread. Further staging by
whole-body FDG PET/CT revealed widespread visceral and skeletal metastases, including
innumerable pulmonary nodules, pleural-based lesions, mediastinal adenopathy, retroperitoneal
and mesenteric lymphadenopathy, multiple hepatic masses (largest 58 x 53 mm, SUVmax 20),
diffuse lytic—sclerotic skeletal metastases across axial and appendicular sites, and a
metabolically active subcutaneous lesion at the umbilical level. Complementary brain MRI
demonstrated millimetric contrast-enhancing metastatic foci in the cerebellum and cerebrum,
as well as a suspicious occipital bone lesion, confirming central nervous system involvement at
the time of presentation. Histopathologic analysis of a tru-cut biopsy identified invasive ductal
carcinoma, grade 3, with low—intermediate estrogen receptor expression (33%), strong
progesterone receptor positivity (95%), high Ki-67 proliferative activity (45%), and HER2-
negative immunohistochemical status (score 0), corresponding to an IHC-defined luminal B
subtype. The presence of E-cadherin positivity confirmed ductal lineage, while tumor-
infiltrating lymphocytes were sparse (<1%), suggesting a low immunogenic profile and
potentially reduced responsiveness to immunotherapy. Collectively, the molecular and
histopathological features indicated an aggressive endocrine-sensitive tumor with rapid
metastatic potential and high tumor burden at diagnosis. Given the extent of metastatic spread
and the patient’s hormone-receptor profile, a multidisciplinary tumor board recommended
initiation of contemporary first-line endocrine-targeted therapy with a CDK4/6 inhibitor—based
regimen. Treatment was commenced with ribociclib in combination with letrozole and ovarian
suppression via goserelin, alongside denosumab for skeletal protection. This regimen reflects
current international standards for premenopausal and perimenopausal patients with HR-
positive/HER2-negative metastatic breast cancer, leveraging the synergistic anti-proliferative
effects of CDK4/6 inhibition and aromatase suppression. Detailed monitoring protocols
focusing on hematologic parameters, hepatic enzymes, renal function, and QT interval
evaluation were implemented to mitigate treatment-associated risks. Radiation oncology
consultation was sought to evaluate the feasibility of stereotactic or palliative radiotherapy for

intracranial and osseous metastatic lesions, in accordance with multidisciplinary care
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recommendations. This case highlights several clinically relevant considerations. First, the
patient’s prolonged absence from routine oncologic surveillance emphasizes the critical need
for sustained follow-up in individuals with prior breast abnormalities or surgical histories,
regardless of earlier benign findings. Second, despite being classically considered an indolent
subtype, luminal B breast cancer demonstrates a substantial propensity for early visceral
involvement and rapid progression, especially in the presence of high proliferative indices.
Third, the widespread distribution of metastases—including liver, lung, brain, bone,
retroperitoneum, and cutaneous sites—illustrates the natural history of aggressive endocrine-
sensitive breast cancer when diagnosis is delayed. Lastly, the case reinforces the central role of
CDKA4/6 inhibitor-based endocrine therapy in improving disease control and survival outcomes
in metastatic HR-positive disease, even in the context of extensive tumor burden and CNS
involvement. This extensively metastatic luminal B breast cancer case underscores the interplay
between tumor biology, diagnostic delay, and the systemic spread of disease. The findings
reaffirm the necessity of timely diagnostic evaluation, personalized systemic therapy selection,
and integrated multidisciplinary management to optimize outcomes in patients with advanced
hormone receptor—positive breast cancer.
Keywords: Luminal B breast cancer, metastatic breast carcinoma, CDK4/6 inhibitor therapy,
extensive visceral metastasis, brain metastases, endocrine-targeted therapy.
Introduction

Breast cancer remains the most frequently diagnosed malignancy and the leading cause
of cancer-related morbidity among women worldwide, representing a heterogeneous group of
diseases defined by distinct molecular signatures, divergent clinical behaviors, and variable
therapeutic responses. Among biologically classified subtypes, hormone receptor (HR)-
positive, human epidermal growth factor receptor 2 (HER2)—negative tumors constitute the
most prevalent category. Within this group, the luminal B subtype occupies a unique clinical
position, characterized by higher proliferative activity, greater genomic instability, and more
aggressive clinical behavior compared with luminal A disease. Luminal B tumors typically
exhibit lower estrogen receptor (ER) expression, higher progesterone receptor (PR)
heterogeneity, elevated Ki-67 proliferative indices, and frequent grade 2—3 histology, features
that collectively correlate with poorer prognosis and an increased likelihood of early relapse
and visceral dissemination. As molecular understanding advances, luminal B breast cancer is
increasingly recognized as a distinct high-risk clinical entity requiring timely diagnosis and a

strategically layered therapeutic approach [1-3].
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Metastatic breast cancer (MBC) remains an incurable but treatable condition, with
survival outcomes intricately influenced by tumor biology, patient factors, therapeutic
accessibility, and timing of diagnosis. HR-positive/HER2-negative MBC demonstrates a
predilection for bone-dominant spread; however, luminal B tumors more frequently present
with visceral metastases at diagnosis, including hepatic, pulmonary, and, in advanced stages,
central nervous system (CNS) involvement. The transition from early-stage to metastatic
disease often evolves silently, particularly among patients with insufficient surveillance, limited
access to screening, or delayed presentation. Diagnostic inertia and gaps in follow-up can
permit the development of high metastatic burden and multiorgan involvement, diminishing
therapeutic window and prognostic outcomes [4,5].

The presented case details the diagnostic and therapeutic complexities of advanced

Luminal B metastatic breast cancer, a clinically aggressive subtype within hormone receptor-
positive malignancies. Characterized by high proliferative indices and early visceral
dissemination, this patient’s journey underscores the profound impact of delayed diagnosis
following a prior benign breast intervention. Despite initial non-malignant findings over a
decade ago, prolonged absence from structured surveillance allowed for silent progression to
widespread metastatic disease, involving the liver, lungs, skeleton, central nervous system, and
multiple lymphatic basins at presentation [6,7].
This report highlights the critical role of multimodal imaging—including whole-body FDG
PET/CT and contrast-enhanced MRI—in accurately delineating the extensive tumor burden and
guiding staging. Histopathological analysis confirmed an invasive ductal carcinoma with a
Luminal B phenotype, exhibiting intermediate estrogen receptor expression, strong
progesterone receptor positivity, high Ki-67, and HER2-negativity. The case illustrates the
shifting therapeutic paradigm in metastatic hormone receptor-positive breast cancer, wherein
CDKA4/6 inhibitor-based endocrine therapy, combined with ovarian suppression and bone-
targeted agents, represents the contemporary standard of care [8,9].

Ultimately, this narrative emphasizes the necessity of sustained clinical vigilance,
timely diagnostic evaluation, and integrated multidisciplinary management in optimizing
outcomes for patients with advanced Luminal B breast cancer, while also reflecting on systemic
and psychosocial barriers that contribute to delayed presentations.

Advances in imaging, including high-resolution ultrasound, contrast-enhanced breast
MRI, brain MRI, and whole-body fluorodeoxyglucose positron  emission

tomography/computed tomography (FDG PET/CT), have transformed initial staging and
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response monitoring in breast cancer. FDG PET/CT, in particular, provides comprehensive
visualization of primary tumor metabolic activity, lymphatic spread, and distant organ
involvement, enabling accurate characterization of disease biology and burden. In HR-
positive/HER2-negative cases where metastatic dissemination is suspected, PET/CT and MRI
are essential for identifying subtle visceral, skeletal, and CNS metastases that may not be
apparent through conventional imaging. These tools also contribute to refining prognostic
stratification and guiding individualized therapeutic strategies [10-12].

In recent years, targeted endocrine therapy combined with cyclin-dependent kinase 4
and 6 (CDKA4/6) inhibitors has reshaped the therapeutic paradigm for HR-positive/HER2-
negative metastatic breast cancer. Ribociclib, palbociclib, and abemaciclib, when integrated
with aromatase inhibitors or fulvestrant, have demonstrated substantial improvements in
progression-free survival and overall survival across landmark clinical trials. The combination
of CDK4/6 inhibition with ovarian suppression in premenopausal and perimenopausal women
has further improved disease control by achieving more profound endocrine blockade. Yet, the
real-world efficacy of such regimens in patients presenting with exceptionally high metastatic
burden—including widespread visceral, skeletal, nodal, and brain metastases—remains an area
of ongoing clinical inquiry. Additionally, initiation of targeted endocrine therapy in patients
with CNS metastases requires careful evaluation because CDK4/6 inhibitors differ in their
blood-brain barrier penetration and may necessitate concurrent focal radiotherapy [14,14].

The complex trajectory of luminal B breast cancer is further compounded by variable
patient-level factors and healthcare system challenges. Missed screening opportunities, failure
to adhere to follow-up recommendations, and delays in symptom recognition significantly
influence the stage at diagnosis. In many regions, patients who undergo benign breast
procedures do not consistently remain in long-term surveillance programs, despite
accumulating evidence that a subset of such individuals may harbor subclinical lesions or
experience later malignant transformation. Prolonged absence from routine imaging, especially
in patients with reported breast abnormalities or family history of malignancy, contributes to
diagnostic delays that can enable progression to advanced-stage disease. This underscores the
necessity of sustained vigilance and structured follow-up protocols even after initial benign
findings [15,16].

The present case exemplifies the diagnostic and therapeutic challenges associated with
delayed presentation of luminal B breast cancer. The patient, who underwent breast surgery

more than a decade earlier with benign histopathology, did not adhere to recommended long-
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term follow-up. Over subsequent years, she developed progressive left shoulder pain, breast
erythema, swelling, and respiratory symptoms that remained uninvestigated until the disease
had advanced extensively. Upon presentation, clinical evaluation revealed invasive ductal
carcinoma, grade 3, with ER positivity in 33% of tumor cells, strong PR expression (95%),
HER2 negativity (score 0), and a high Ki-67 index of 45%, confirming luminal B biology. The
aggressive nature of this molecular subtype was evident in the rapid and widespread
dissemination observed on PET/CT and MRI, which demonstrated metastases to the liver,
lungs, pleura, mediastinum, retroperitoneum, mesentery, subcutaneous tissues, axial and
appendicular skeleton, and multiple CNS locations [17-19].

The breadth of metastatic involvement in this case underscores the natural history of
untreated or late-presenting luminal B breast cancer and highlights the importance of early
multimodal evaluation. The coexistence of hepatic metastases with high metabolic activity,
diffuse pulmonary nodules, extensive skeletal lytic-sclerotic lesions, bilateral supraclavicular
and mediastinal lymphadenopathy, and brain micro-metastases signifies severe disease burden
at initial diagnosis. Such widespread dissemination poses significant challenges for therapeutic
planning and necessitates a multidisciplinary approach involving medical oncology, radiation
oncology, radiology, pathology, and supportive care teams [20,21].

Given current international guidelines, initiation of ribociclib combined with letrozole,
goserelin-mediated ovarian suppression, and denosumab for skeletal protection represents a
rational first-line therapeutic strategy. CDK4/6 inhibitors have been shown to induce durable
disease stabilization even in patients with high tumor burden, and emerging data support their
integration with radiotherapy in cases of brain or bone metastases. Nonetheless, clinicians must
remain vigilant for complications such as cytopenias, hepatotoxicity, QT prolongation, and
treatment-associated endocrine  suppression—necessitating rigorous laboratory and
electrocardiographic monitoring throughout therapy [22,24].

This case provides a comprehensive illustration of the aggressive phenotype, diagnostic
complexity, and therapeutic considerations associated with luminal B metastatic breast cancer,
emphasizing the critical importance of timely surveillance, integrated imaging, and evidence-
based systemic therapy. It highlights the potential for advanced disease evolution in the absence
of regular follow-up and reinforces the need for increased awareness of luminal B biology
within clinical practice, with the ultimate aim of improving patient outcomes through early
detection and optimized multimodal treatment strategies [24,25].
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Luminal B breast cancer occupies a biologically complex and clinically significant
landscape within the spectrum of hormone receptor—positive disease. Unlike the indolent course
typically associated with luminal A tumors, the luminal B phenotype demonstrates aggressive
proliferative behavior, early involvement of visceral organs, and a propensity to metastasize
across multiple anatomic compartments at a comparatively earlier phase of the disease course.
These distinctions arise from intrinsic molecular drivers, proliferative stimuli, and pathway
dysregulation, which collectively differentiate luminal B tumors from other HR-positive
malignancies and position them as a high-risk subgroup requiring nuanced diagnostic vigilance

and intensified therapeutic strategies.

Epidemiological and Biological Considerations

Globally, luminal B breast cancer accounts for approximately 15-25% of all invasive
breast cancers, although prevalence varies significantly by geographic region, ethnicity,
lifestyle exposures, and diagnostic criteria. The rising utilization of Ki-67 as a risk stratification
tool, alongside evolving immunohistochemical algorithms, has led to a broader reclassification
of cases once considered luminal A into the luminal B category. This reclassification has
important clinical implications: patients once presumed to have relatively favorable prognoses
may, in fact, harbor tumors with greater metastatic potential and require more aggressive
therapy.

At the molecular level, luminal B tumors frequently demonstrate increased activation
of growth factor receptor pathways, including aberrant PI3K/AKT/mTOR signaling, cyclin D
amplification, increased CDK4/6—cyclin-dependent activity, and alterations in retinoblastoma
(Rb) protein dynamics. These molecular signatures promote unchecked cellular proliferation,
diminished sensitivity to endocrine therapy, and a greater likelihood of therapeutic resistance
over time. High Ki-67 (>20-33%) remains a central biomarker of luminal B biology, signifying
dysregulated cell cycle progression and correlating strongly with early relapse patterns.
Clinically, these tumors often present at a higher stage, show larger primary masses, and more
frequently involve multiple lymph nodes.
Patterns of Metastasis and Prognostic Challenges

The metastatic trajectory of luminal B breast cancer reflects its heightened biological
aggressiveness. Compared to luminal tumors that often remain confined to bone metastases for
prolonged intervals, luminal B tumors display a higher burden of visceral involvement at initial

metastatic diagnosis. Hepatic metastases are particularly common and often exhibit high
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metabolic activity on FDG PET/CT, reflecting elevated proliferative and glycolytic activity.
Pulmonary and pleural metastases, as well as mediastinal and retroperitoneal lymphadenopathy,
are observed more frequently in luminal B than in luminal disease. Importantly, while triple-
negative and HER2-positive tumors exhibit the highest central nervous system metastatic rates,
luminal B tumors are increasingly recognized as contributors to CNS disease, especially in
cases of prolonged delay in diagnosis or when the tumor displays exceptionally high Ki-67
indices.

Bone metastases, although classical for HR-positive disease, exhibit mixed radiologic
features in luminal B tumors. The interplay of osteolytic and osteoblastic processes reflects
dynamic tumor-bone microenvironment disruptions mediated by RANK-L, PTHrP, interleukin
signaling, and tumor-stromal crosstalk. Consequently, patients frequently present with skeletal
pain, risk of pathologic fractures, and spinal instability, all requiring prompt supportive
interventions such as denosumab or bisphosphonate therapy [26,27].

Delayed Presentation and Diagnostic Barriers

The case under discussion highlights an especially critical dimension in breast cancer
outcomes: delayed diagnosis and incomplete longitudinal surveillance after initial benign
findings. Worldwide, lapses in routine breast health monitoring—particularly after benign
breast surgery, abnormal imaging, or persistent symptoms—contribute substantially to the rate
of advanced-stage presentations. Psychological considerations, sociocultural dynamics,
healthcare access disparities, mistrust of medical systems, and inadequate follow-up programs
all play major roles in shaping patient behavior.

This patient’s initial benign surgery in 2014 created a cognitive reassurance bias,
reducing vigilance and diminishing follow-up adherence. Several studies have shown that
individuals with prior benign breast biopsies exhibit increased risk of subsequent malignant
transformation, particularly in the presence of proliferative breast disease or atypical
hyperplasia. Although this patient did not have atypia reported, the absence of structured
surveillance over more than a decade created an opportunity for silent tumor development and
progression into an advanced metastatic stage. The gradual onset of left shoulder pain, breast
erythema, and swelling were consistent early warning signs, yet these were neither evaluated
nor correlated with systemic pathology until years later when the disease had already
disseminated widely [28-33].
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Role of Multimodal Imaging in Diagnosis and Staging

Advanced imaging is indispensable for the comprehensive assessment of metastatic
breast cancer. In this case, breast ultrasonography revealed hallmark malignant features
including irregular margins, high elastographic stiffness, hypoechoic heterogeneity, and ductal
extensions. Elastography, which quantifies tissue stiffness, has emerged as an important
adjunct, with values exceeding 150-200 kPa strongly suggestive of malignancy.

PET/CT findings were particularly remarkable, revealing simultaneous involvement of
the breast, liver, lungs, lymphatic system, skeletal system, and soft tissues. The metabolic
intensity of the hepatic lesions (SUVmax 20) and primary breast lesion (SUVmax 22.1)
indicated highly active tumor biology, consistent with aggressive luminal B behavior. Skeletal
metastases involving the spine, pelvis, ribs, and proximal femora exhibited lytic—sclerotic
transitions, reflecting advanced bone remodeling and metastatic infiltration.

The brain MRI demonstrated multiple punctate enhancing foci, including cerebellar and
cerebral lesions, and an occipital bone lesion suspicious for osseous skull involvement. These
findings highlight the necessity of CNS evaluation in patients with high tumor burden or
unusually aggressive luminal B tumors. In contemporary practice, routine brain imaging is not
standard for all metastatic patients; however, growing evidence suggests that luminal B biology
warrants earlier CNS screening in selected cases.

Therapeutic Landscape and Rationale for CDK4/6 Inhibition

The cornerstone of treatment for HR-positive/HER2-negative metastatic breast cancer
has shifted dramatically with the advent of CDK4/6 inhibitors. Ribociclib, used in this case, has
demonstrated robust efficacy in prolonging survival when combined with endocrine therapy.
The MONALEESA-7 and MONALEESA-2 trials established ribociclib as one of the most
effective agents for premenopausal and postmenopausal women, respectively, showing median
overall survival exceeding 58-63 months in specific patient cohorts.

Mechanistically, CDK4/6 inhibitors act by arresting the cell cycle at the G1-S transition,
thereby reducing proliferation driven by cyclin D1 overexpression. Luminal B tumors often
exhibit increased cyclin D-CDK4/6 pathway activation due to molecular alterations involving
CCNDL1 amplification, PI3K pathway dysregulation, and endocrine resistance mechanisms.
Therefore, the therapeutic rationale for combining ribociclib with letrozole and goserelin is
rooted in simultaneously suppressing estrogen-driven signaling and directly inhibiting cell-

cycle progression.
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Furthermore, denosumab therapy addresses the aggressive skeletal involvement noted
in this patient. Its mechanism—RANK-L inhibition—reduces osteoclast-mediated bone
resorption, prevents skeletal-related events, and contributes to improved quality of life.

CNS Considerations in Luminal B Disease

While CDK4/6 inhibitors have limited direct penetration across the blood—brain barrier,
their systemic effects can nonetheless influence CNS disease indirectly. Abemaciclib
demonstrates better CNS penetration than ribociclib or palbociclib; however, ribociclib may
still play a role in controlling micrometastatic CNS disease through overall systemic reduction
of tumor burden. Given this patient’s micrometastatic brain disease, multidisciplinary planning
with radiation oncology is necessary to consider stereotactic radiosurgery (SRS), palliative
radiotherapy, or whole-brain radiotherapy depending on lesion progression.

Clinical Implications and Need for Early Intervention

This case reinforces several essential clinical principles:

» Luminal B tumors require vigilant diagnostic monitoring due to their propensity for rapid
progression.

> Diagnostic delays can result in multiorgan metastasis, particularly involving the liver, lungs,
bone, and CNS.

» PET/CT should be employed early in cases with biological high-risk features or when
clinical suspicion of metastasis is significant.

» CDKA4/6 inhibitors represent foundational therapy but require careful monitoring for
toxicities including QT prolongation and myelosuppression.

» Multidisciplinary care is indispensable, especially in patients with CNS and extensive
skeletal involvement.

Breast cancer remains the most prevalent malignancy among women worldwide,
representing a significant global health challenge due to its biological heterogeneity, variable
clinical courses, and profound impacts on morbidity and mortality. Within this complex
landscape, hormone receptor-positive (HR+), human epidermal growth factor receptor 2-
negative (HER2-) breast cancers constitute the largest molecular subgroup, accounting for
approximately 60-70% of all cases. These tumors, traditionally reliant on estrogen signaling for
growth, have historically been associated with a more indolent behavior and responsiveness to
endocrine therapies. However, this broad categorization belies a profound internal diversity,
particularly between the Luminal A and Luminal B intrinsic subtypes. The latter, defined by its
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distinct molecular drivers and aggressive clinical phenotype, presents a formidable diagnostic
and therapeutic challenge, especially when diagnosed at an advanced, metastatic stage.

The evolution from early-stage breast cancer to metastatic disease is often a silent,
insidious process. For patients with the Luminal B subtype, this progression can be particularly
rapid and visceral, defying the conventional perception of HR+ disease as slowly progressive.
This case report delves into the intricate narrative of a middle-aged woman with extensively
disseminated Luminal B metastatic breast cancer (MBC), a presentation that starkly illustrates
the catastrophic consequences of diagnostic delay, the biological ferocity of this subtype, and
the modern therapeutic strategies deployed against a backdrop of overwhelming tumor burden.
Her story is not merely a clinical vignette but a multidimensional exploration of the interplay
between tumor biology, healthcare system gaps, psychosocial factors, and the frontiers of
precision oncology.

The Luminal B Subtype: A Distinct Clinical Entity

The classification of breast cancer into intrinsic subtypes—Luminal A, Luminal B,
HER2-enriched, and Basal-like—has revolutionized our understanding of the disease's natural
history and therapeutic approach. Luminal B breast cancer, while sharing the HR+ hallmark
with Luminal A, is a fundamentally different biological entity. It is characterized by lower
expression levels of estrogen receptor (ER), often heterogeneous progesterone receptor (PR)
status, higher histologic grade (commonly Grade 2 or 3), and crucially, a high proliferative
index as measured by Ki-67 (typically >20%). Genomically, these tumors frequently exhibit
increased expression of proliferation-related genes, dysregulation of growth factor pathways
(notably the PIBK/AKT/mTOR and cyclin D-CDK4/6 axes), and greater genomic instability.

This aggressive molecular profile translates directly into clinical behavior. Compared
to the bone-predominant, late-relapsing pattern often seen in Luminal A disease, Luminal B
tumors demonstrate a marked propensity for early and widespread visceral metastasis.
Involvement of the liver, lungs, and pleura is common at initial metastatic diagnosis. Perhaps
more alarmingly, there is growing recognition that Luminal B biology also confers a non-
negligible risk for central nervous system (CNS) metastasis, a site historically associated with
more aggressive subtypes like HER2-positive and triple-negative breast cancer. This
predilection for systemic dissemination, coupled with a higher likelihood of primary or acquired
resistance to endocrine therapy, positions Luminal B breast cancer as a high-risk subgroup that
demands heightened diagnostic suspicion and a proactive, layered treatment strategy from the

outset.
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The Weight of Diagnostic Delay and Lost Surveillance

A central, sobering theme in this case is the profound impact of elapsed time and lapsed
surveillance. The patient's history—a benign breast procedure over a decade prior, followed by
a complete absence of recommended follow-up—epitomizes a critical failure point in cancer
care continuity. This scenario is unfortunately common and underscores a complex web of
contributing factors: patient reassurance bias following a "benign" result, healthcare system
fragmentation, and lack of structured long-term follow-up protocols for individuals with a
history of breast abnormalities, and potential psychosocial barriers such as fear, denial, or
competing life priorities.

The gradual onset of symptoms—Ieft shoulder pain, breast erythema, and swelling—
were likely early harbingers of locally advanced and metastatic disease. Yet, in the absence of
a framework for timely re-evaluation, these signs were not investigated until they coalesced
into overt, systemic illness. This delay permitted the tumor to evolve from a potentially curable
early-stage lesion into a widely disseminated, stage IV malignancy. The resulting tumor burden,
as captured by advanced imaging, is staggering: a dominant breast mass with multifocal spread,
extensive lymphatic invasion across multiple nodal basins, and metastases to the liver, lungs,
bones, CNS, retroperitoneum, mesentery, and even subcutaneous tissue. This case thus serves
as a powerful, cautionary testament to the necessity of sustained vigilance. It argues
compellingly for the implementation of robust, personalized surveillance strategies for
individuals with any history of breast abnormality, recognizing that a past benign finding does
not confer lifetime immunity and may, in fact, signal a breast at heightened risk.

The Imperative of Comprehensive Staging in High-Risk Disease

Faced with a presentation suggestive of aggressive biology or advanced disease,
conventional staging with computed tomography (CT) and bone scan may be insufficient. This
case highlights the indispensable role of advanced multimodal imaging in the accurate initial
staging and subsequent management of Luminal B MBC. Whole-body fluorodeoxyglucose
positron emission tomography/computed tomography (FDG PET/CT) has emerged as a
cornerstone for this purpose. It provides a holistic, metabolic map of the disease, simultaneously
evaluating the primary tumor, nodal status, and distant metastases. The high standardized
uptake value (SUVmax) observed in this patient's primary breast lesion (22.1) and hepatic
metastases (20) is not merely a quantitative measure but a biomarker of aggressive tumor
biology, reflecting heightened glycolytic activity and proliferative drive characteristic of

Luminal B tumors.
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Furthermore, the detection of millimetric CNS metastases on brain MRI—a finding that
might have been missed or delayed without a high index of suspicion—fundamentally alters
the therapeutic landscape. It introduces the need for multidisciplinary coordination with
radiation oncology and influences the choice of systemic therapy, given the variable blood-
brain barrier penetration of different agents. The integration of breast MRI with elastography
further refines the local assessment, characterizing tissue stiffness as an adjunctive marker of
malignancy. This comprehensive imaging approach does more than just stage; it risk-stratifies,
reveals the true extent of the biological threat, and provides essential baseline data for assessing
response to therapy.

Therapeutic Paradigm Shift: CDK4/6 Inhibition as the Backbone of Care

The management of HR+/HER2- MBC has undergone a transformative shift in the past
decade with the advent of cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors. Drugs like
ribociclib, palbociclib, and abemaciclib, when combined with endocrine therapy, have
consistently demonstrated unprecedented improvements in progression-free survival and
overall survival across multiple pivotal clinical trials (e.g., MONALEESA, PALOMA, and
MONARCH). This patient’s treatment regimen—ribociclib combined with the aromatase
inhibitor letrozole, ovarian suppression with goserelin, and the bone-targeted agent
denosumab—epitomizes the contemporary, evidence-based first-line standard for
premenopausal/perimenopausal women with advanced disease.

The scientific rationale is deeply rooted in the biology of Luminal B tumors. The
frequent dysregulation of the cyclin D-CDKA4/6-retinoblastoma (Rb) pathway in this subtype
creates a therapeutic vulnerability. CDK4/6 inhibitors act by arresting the cell cycle at the G1/S
checkpoint, directly countering the unchecked proliferation that defines these cancers. When
combined with endocrine therapy, which aims to deprive the tumor of its estrogenic growth
signal, a synergistic anti-tumor effect is achieved. This combination represents a paradigm of
targeted therapy, moving beyond mere hormonal blockade to precise interference with the cell
cycle machinery itself.

However, the initiation of such potent therapy in the context of extraordinary disease
burden, as seen here, introduces unique challenges. It tests the real-world efficacy of these
regimens in patients often excluded from clinical trials due to poor performance status or
extensive visceral/CNS disease. It necessitates meticulous supportive care and monitoring for
class-specific toxicities: myelosuppression (particularly neutropenia), hepatotoxicity, QT

interval prolongation (specific to ribociclib), and managing the side effects of profound
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estrogen deprivation. The concurrent use of denosumab addresses the pervasive skeletal

metastases, aiming to prevent skeletal-related events like fractures and spinal cord compression,

thereby preserving quality of life.

Multidisciplinary Care: The Non-Negotiable Framework

The complexity of this case, with its CNS involvement, symptomatic bone disease, and

high systemic burden, makes it unequivocally clear that no single specialty can manage such a
patient in isolation. Optimal care is inherently multidisciplinary. The medical oncologist
orchestrates the systemic therapy. The radiation oncologist evaluates the role of stereotactic
radiosurgery for brain metastases or palliative radiotherapy for painful bone lesions.
Radiologists provide critical interpretive nuance for complex imaging. Pathologists ensure
accurate biomarker characterization. Supportive care/palliative medicine specialists address
pain, nausea, fatigue, and psychological distress. This integrated, collaborative model is
essential not only for crafting an initial treatment plan but also for navigating the inevitable
twists, toxicities, and progressions of the disease course. It ensures that therapeutic decisions
are holistic, considering not just tumor metrics but also patient symptoms, quality of life, and
personal goals.

Broader Implications: From a Single Case to Systemic Reflection
While this report details an individual journey, its implications resonate across the broader

domains of oncology practice, public health, and research.

» Clinical Practice: It mandates a recalibration of risk perception for HR+ disease. Clinicians
must internalize that Luminal B is a high-risk subtype warranting urgency in diagnosis,
comprehensive staging, and aggressive first-line therapy. It argues for the early use of
PET/CT in clinically high-risk scenarios and consideration of baseline brain imaging in
patients with extensive visceral metastases or highly proliferative Luminal B tumors.

» Healthcare Systems: The case is a stark indictment of fragmented follow-up. It calls for
the development and implementation of standardized, risk-adapted surveillance protocols
for patients with a history of benign breast disease, leveraging registries and digital
reminders to prevent patients from being lost to follow-up.

» Psychosocial Dimensions: It highlights the need for better patient education,
communication, and support to overcome barriers to care. Reassurance after a benign result
must be carefully balanced with clear guidance on the importance of ongoing vigilance and

prompt reporting of new symptoms.
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» Research Frontiers: This presentation points toward future directions. Could circulating
tumor DNA (ctDNA) analysis have detected molecular relapse years before radiographic
evidence? Will genomic profiling of metastatic lesions reveal targetable resistance
mechanisms (e.g., ESR1 mutations, PI3K pathway alterations) to guide subsequent
therapies? What is the optimal integration of local therapies (radiation, surgery) with
CDKA4/6 inhibitors for oligometastatic or oligoprogressive disease? How can artificial
intelligence enhance early detection on imaging?

» The journey of this patient with extensively metastatic Luminal B breast cancer serves as a
profound, multidimensional case study. It underscores the aggressive natural history of this
biologic subtype, the dire consequences of diagnostic and surveillance failures, the critical
importance of state-of-the-art imaging, and the transformative potential of modern, biology-
driven systemic therapy. Most importantly, it reinforces that in the face of such complex
advanced cancer, hope and improved outcomes lie in a triad of principles: timely
recognition fueled by clinical awareness, precision intervention guided by molecular
understanding, and compassionate, integrated care delivered by a dedicated
multidisciplinary team. The battle against metastatic breast cancer is fought on these three
fronts simultaneously, and this case vividly maps the terrain of that challenging, yet
increasingly manageable, conflict.

Healthcare System and Psychosocial Dimensions

Late-stage presentations often reflect gaps not only in individual health-seeking
behaviors but also in structural healthcare limitations. Limited patient education on breast
cancer symptoms, inconsistent follow-up protocols, financial barriers, and healthcare
fragmentation all contribute to advanced presentations. Psychosocial factors—including denial,
fear of diagnosis, prioritization of family responsibilities, and stigma—may further delay timely
medical assessment. For many women, especially those with prior benign pathology,
reassurance from past negative findings can overshadow new symptoms and prevent early re-
evaluation.

Implications for Clinical Practice and Future Directions

This case illustrates critical future directions in breast oncology:

> Enhanced post-benign-surgery surveillance protocols should be standardized.

> Incorporation of molecular risk profiling at earlier stages may refine follow-up intensity.

> Emerging biomarkers, including circulating tumor DNA (ctDNA), may enable earlier

detection of recurrence or metastasis.
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> Integration of precision oncology approaches, such as genomic sequencing of metastatic
lesions, may guide targeted therapies beyond CDK4/6 inhibitors, including PI3K inhibitors,
AKT inhibitors, and antibody—drug conjugates.

> Artificial intelligence—assisted imaging analysis may improve early recognition of subtle
metastatic lesions.

Case Presentation

A middle-aged female presented with a several-year history of progressive left shoulder
discomfort, intermittent breast swelling, and increasing erythema of the left breast. These
symptoms evolved slowly over the preceding four years but remained uninvestigated. Her
medical history was notable for a benign breast surgery performed in 2014 following
breastfeeding, after she had detected firmness in the left breast. Although she had been advised
to attend biannual follow-up, she did not continue surveillance and remained without clinical
evaluation for more than a decade. Past surgical history included a total abdominal
hysterectomy with left oophorectomy and a recent appendectomy performed less than one
month before the current oncologic assessment. She had no known chronic illnesses and no
documentation of hereditary breast cancer risk.

On presentation, she exhibited marked asymmetry of the breasts with erythema,
firmness, and palpable abnormality in the lower inner quadrant of the left breast. The skin
showed no ulceration or peau d’orange changes, and the nipple—areolar complex remained
anatomically preserved. Palpation of the left shoulder elicited discomfort, corresponding to her
long-standing symptom. There was no clinical evidence of acute respiratory distress; however,
she reported dyspnea on exertion. No neurological deficits were noted on examination.

Initial ultrasonography of the left breast revealed a solid, irregularly contoured mass
measuring 37 x 24 x 33 mm in the lower inner quadrant, demonstrating markedly increased
stiffness on elastography with a mean measurement of 180 kPa. The lesion displayed a thick
peripheral halo, heterogeneous hypoechogenicity, and a tubular extension of approximately 20
mm extending toward the nipple, suggestive of ductal infiltration. Multiple additional small,
irregular hypoechoic foci were visualized medial and inferomedial to the dominant lesion, the
largest being 14 x 4 mm, raising suspicion for multifocal malignant involvement. Additional
small lobulated hypoechoic areas in the upper inner quadrant were considered likely
fibroadenomatoid or multicentric foci. Several interpectoral lymph nodes were detected, the
largest measuring 8 x 3 mm, suspicious for metastatic involvement. No clearly pathologic

lymph nodes were seen in the left axilla. The right breast demonstrated several small, smooth,
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hypoechoic lesions considered benign, but cortical thickening in right axillary lymph nodes
warranted additional evaluation.

A core needle biopsy of the dominant lesion confirmed invasive ductal carcinoma of no
special type, high grade, with Nottingham grade 3 morphology. Immunohistochemical analysis
demonstrated estrogen receptor expression in 33 percent of tumor cells with weak to moderate
staining intensity, progesterone receptor expression in 95 percent of tumor cells with strong
staining, HER2 negativity with a score of zero, and a Ki-67 proliferative index of 45 percent,
consistent with a luminal B, HER2-negative molecular subtype. E-cadherin positivity supported
ductal lineage, and tumor-infiltrating lymphocytes were markedly sparse, involving less than
one percent of the tumor area. Specimen handling conformed to ASCO/CAP guidelines.

Given the clinical suspicion of advanced disease, a whole-body FDG PET/CT scan was
performed. The left breast mass displayed intensely increased metabolic activity with a
SUVmax of 22.1, accompanied by an adjacent satellite focus. Extensive lymphatic involvement
was noted, including the left internal mammary chain, parasternal nodes, deep axillary nodes,
bilateral supraclavicular nodes, and mediastinal, paratracheal, hilar, retroperitoneal, para-aortic,
mesenteric, and paracaval lymph nodes. Pulmonary evaluation revealed numerous
hypermetabolic nodules within both lungs accompanied by pleural thickening, consistent with
widespread pulmonary and pleural metastases. Multiple hypodense hepatic lesions
demonstrated intense FDG uptake, the largest measuring 58 x 53 mm with a SUVmax of 20,
indicating substantial visceral tumor burden. A hypermetabolic subcutaneous lesion at the
umbilical level measuring 14 mm in diameter was also identified. The skeletal survey
demonstrated extensive lytic and sclerotic metastatic involvement throughout the cervical,
thoracic, and lumbar vertebrae, ribs, pelvis, sacrum, and both proximal femora, with SUV
values up to 14.4.

Because PET imaging suggested intracranial involvement, a contrast-enhanced brain
MRI was obtained. Several millimetric enhancing lesions were observed in the cerebellar
hemispheres and cerebral cortex, including a 3 mm parietal lesion and a 2 mm frontal lesion.
Additional punctate enhancing foci were identified in the right frontal region, and an ill-defined
post-contrast opacity in the occipital bone raised concern for osseous metastatic disease. No
mass effect, hydrocephalus, or compromise of the posterior fossa structures was present.

Based on the integrated clinical, radiologic, and pathologic findings, the patient was
diagnosed with extensively disseminated metastatic luminal B breast carcinoma involving the

breast, lymphatic system, liver, lungs, pleura, bones, brain, retroperitoneum, mesentery, and
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subcutaneous tissues. After multidisciplinary tumor board discussion, treatment was initiated
with ribociclib in combination with letrozole and ovarian suppression using goserelin, along
with denosumab for skeletal protection. A structured monitoring plan was established including
serial laboratory testing, ECG evaluation for QT interval assessment, and repeat PET/CT
imaging after three months to evaluate treatment response.

Clinical Findings

At presentation, the patient appeared in a generally preserved condition but reported
progressive left shoulder pain, breast swelling, and intermittent erythema that had intensified
over the previous months. Inspection of the left breast revealed visible asymmetry with
localized skin erythema over the lower inner quadrant, though there was no ulceration, peau
d’orange change, or nipple inversion. Palpation identified a firm, irregular mass deep within
the lower inner quadrant of the left breast, associated with mild tenderness. The overlying skin
retained normal pliability, and no discharge or architectural distortion of the nipple—areolar
complex was observed.

Palpation of regional lymphatic basins revealed small, firm nodules in the left

interpectoral region, suggestive of nodal involvement, while the left axilla did not demonstrate
clearly enlarged or fixed lymph nodes. On the right side, axillary examination identified lymph
nodes with palpable cortical thickening, although they were mobile and not overtly suspicious
on physical assessment alone.
Musculoskeletal examination elicited pain on manipulation of the left shoulder, corresponding
to the patient’s long-standing symptom. No deformity or restriction of range of motion was
identified, although deep palpation reproduced discomfort, raising suspicion of underlying
osseous involvement. The patient did not exhibit focal neurological deficits, sensory loss, visual
disturbance, or cerebellar signs at the time of clinical examination, despite the later-confirmed
presence of micrometastatic brain lesions on imaging.

Pulmonary examination revealed mildly reduced breath sounds at the left lung base
without crackles, wheezing, or dullness to percussion. She reported episodic exertional dyspnea
but denied resting shortness of breath. Cardiovascular and abdominal examinations were
unremarkable, and no hepatosplenomegaly, ascites, or palpable masses were detected.

The overall constellation of findings—breast asymmetry with a dominant palpable
mass, regional nodal changes, musculoskeletal pain localized to the shoulder, and mild
respiratory symptoms—raised strong suspicion for an advanced primary breast malignancy

with potential systemic involvement. These clinical features prompted comprehensive imaging
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and histopathologic evaluation, which confirmed the presence of extensively disseminated
luminal B breast carcinoma.
Diagnostic Assessment

The patient underwent comprehensive diagnostic evaluation following clinical
suspicion of advanced breast malignancy. Initial breast ultrasonography of the left breast
demonstrated a dominant solid mass in the lower inner quadrant measuring 37 x 24 x 33 mm,
characterized by irregular, infiltrative contours, pronounced peripheral hypoechoic halo, and
internal heterogeneity. Shear-wave elastography revealed markedly increased tissue stiffness
with a mean value of 180 kPa, reinforcing the suspicion of a malignant process. A tubular
extension toward the nipple, measuring approximately 20 mm, was consistent with ductal
infiltration. Additional smaller hypoechoic foci medial and inferomedial to the primary lesion
suggested multifocal disease. In the upper inner quadrant, several small lobulated hypoechoic
areas were identified, interpreted as possible fibroadenomatoid or multicentric foci.
Sonographic evaluation of regional lymphatic basins revealed multiple suspicious interpectoral
lymph nodes, the largest with cortical thickening; however, no overtly abnormal lymph nodes
were identified in the left axilla. Right axillary nodes demonstrated mild cortical thickening,
prompting further correlation with advanced imaging.

A core needle biopsy of the dominant lesion was performed. Histopathological
examination confirmed invasive ductal carcinoma of no special type with Nottingham grade 3
morphology. Immunohistochemical analysis demonstrated estrogen receptor positivity in 33
percent of tumor cells with weak to moderate staining, strong progesterone receptor expression
in 95 percent of cells, and HER2 negativity with a score of zero. The Ki-67 index was elevated
at 45 percent, consistent with a highly proliferative luminal B, HER2-negative subtype. E-
cadherin staining confirmed ductal differentiation, and the tumor microenvironment was
notable for sparse tumor-infiltrating lymphocytes, comprising less than one percent of the tumor
area. All specimen handling parameters were compliant with ASCO/CAP recommendations.

Given the possibility of extensive systemic involvement, whole-body FDG PET/CT was
performed, revealing a highly metabolic left breast mass with a SUVmax of 22.1. The scan
demonstrated widespread metastatic dissemination. Multiple hypermetabolic nodal regions
were present, including the left internal mammary, parasternal, deep axillary, bilateral
supraclavicular, right paratracheal, pre-carinal, hilar, retroperitoneal, para-aortic, mesenteric,
and paracaval chains. Pulmonary evaluation showed numerous bilateral pulmonary nodules and

pleural thickening, all displaying increased tracer uptake. The liver contained multiple
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hypodense, FDG-avid lesions, and the largest in the posterior superior segment of the right lobe
measuring 58 x 53 mm with a SUVmax of 20. A hypermetabolic subcutaneous nodule at the
umbilical level, measuring 14 mm with a SUVmax of 5.7, was also noted. Extensive lytic—
sclerotic skeletal metastases were distributed throughout the cervical, thoracic, and lumbar
vertebrae, ribs, pelvis, sacrum, and proximal femora with SUV values up to 14.4.

Because PET/CT findings suggested possible intracranial involvement, contrast-
enhanced brain MRI was conducted. The study revealed several millimetric enhancing
metastatic foci within the superior cerebellar hemispheres, a 3 mm nodular lesion in the right
parietal lobe with peripheral enhancement, a2 mm lesion in the right frontal lobe, and additional
punctate lesions in the anterior frontal region. An ill-defined contrast-enhancing opacity in the
anterior right occipital bone raised suspicion for osseous skull metastasis. No abnormalities
were identified in the ventricular system, posterior fossa morphology, brainstem, or major
intracranial vessels.

Collectively, the diagnostic assessments confirmed the presence of an aggressive,
extensively disseminated luminal B invasive ductal carcinoma with simultaneous metastases to
the liver, lungs, pleura, bone, brain, retroperitoneum, mesentery, lymphatic system, and
subcutaneous tissues. The concordant imaging and histopathological findings established the
diagnosis of stage IV breast carcinoma with an exceptionally high tumor burden, guiding the
multidisciplinary team toward endocrine-targeted systemic therapy with CDK4/6 inhibition as
first-line management.

Therapeutic Intervention

Following confirmation of extensively disseminated luminal B breast carcinoma with
widespread visceral, skeletal, lymphatic, and intracranial involvement, the patient’s case was
reviewed by a multidisciplinary tumor board comprising medical oncology, radiation oncology,
radiology, pathology, and supportive care specialists. Given the hormone receptor—positive,
HER2-negative profile and high proliferative index, a consensus was reached to initiate
contemporary first-line endocrine-targeted therapy incorporating CDK4/6 inhibition. This
strategy was selected to provide optimal disease control while maintaining a favorable toxicity
profile in the setting of significant tumor burden.

Systemic therapy was commenced with ribociclib administered orally once daily for
twenty-one days followed by a seven-day rest period, in combination with continuous daily
letrozole as the aromatase inhibitor backbone. Ovarian function suppression was initiated using

monthly subcutaneous goserelin to ensure complete estrogen deprivation, given the patient’s
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premenopausal or perimenopausal endocrine status. This combination regimen reflects current
international standards of care for hormone receptor—positive, HER2-negative metastatic breast
cancer and is supported by robust evidence demonstrating improvements in progression-free
and overall survival, particularly in patients with high-risk biological features such as elevated
Ki-67 indices.

Given the extensive skeletal involvement with mixed lytic—sclerotic metastatic lesions
affecting the axial and appendicular skeleton, denosumab was initiated as a bone-modifying
agent. Monthly subcutaneous administration was selected to reduce the risk of skeletal-related
events including pathological fractures, spinal instability, and severe cancer-associated bone
pain. The patient was counseled on calcium and vitamin D supplementation to mitigate the risk
of hypocalcemia.

To ensure safe administration of ribociclib and early recognition of potential adverse
effects, a comprehensive monitoring plan was established. Baseline and pre-cycle
electrocardiograms were obtained to evaluate QT interval dynamics, recognizing the known
risk of QT prolongation associated with ribociclib. Laboratory surveillance included complete
blood counts to detect neutropenia, liver function tests to monitor for hepatotoxicity, and renal
parameters to assess treatment tolerance. The patient was educated extensively regarding signs
of infection, hepatotoxicity symptoms, and the importance of adherence to scheduled laboratory
assessments.

Radiation oncology evaluated the feasibility of early intervention for intracranial
micrometastases and symptomatic bone lesions. Given the small size and lack of mass effect of
the brain lesions, stereotactic radiosurgery was considered contingent upon evidence of
progression or the development of neurological symptoms. Palliative radiotherapy remained an
option for pain control should skeletal symptoms intensify during systemic therapy.

The overall therapeutic approach prioritized rapid systemic disease control while
integrating local modalities as clinically indicated. This comprehensive management strategy
aimed to address the extensive tumor burden, alleviate symptoms, prevent foreseeable
complications, and maintain the patient’s functional status while closely monitoring treatment

response through scheduled follow-up imaging.
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Patient Follow-Up Summary
Clinical Background:

The patient is diagnosed with metastatic breast carcinoma with documented metastases
involving the liver, lungs, bones, and brain. Hormone receptor and proliferation status are as
follows: ER 33%, PR 95%, HER2-negative (score 0), Ki-67 45%. Systemic therapy with
ribociclib, letrozole, goserelin, and denosumab was initiated on 20XX.

Past Medical and Surgical History:

In 2014 following breastfeeding, the patient noted firmness in the left breast and
subsequently underwent surgical intervention. No malignancy was detected at that time.
Despite recommendations for biannual follow-up, she did not attend scheduled monitoring
visits. Over the past four years, experienced persistent pain localized to the left shoulder.

She developed erythema and swelling in the left breast. Concurrently, fluid accumulation was
identified in the lung. Pelvic MRI revealed osseous lesions suggestive of metastatic
involvement.

Her surgical history includes total abdominal hysterectomy and left oophorectomy
performed. Additionally, she underwent appendectomy 24 days prior to the current evaluation.
Pathology Report
Specimen: Left breast, 37 mm solid lesion, BIRADS 5
Procedure: Tru-cut core biopsy
Diagnosis:

> Invasive ductal carcinoma, Not Otherwise Specified (NOS)
Histologic Grade:
Grade 3 (Nottingham Histologic Score)
Molecular Classification (IHC4):
Luminal B, HER2-negative subtype
Immunohistochemical Profile:
Estrogen Receptor (ER):
> Positive
> Nuclear staining in 33% of cells
> Average staining intensity: weak to moderate
Progesterone Receptor (PR):
> Positive

> Nuclear staining in 95% of cells
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> Average staining intensity: strong
3. Ki-67 Proliferative Index: 45%
4. HER?2 Status (IHC):
> Negative (score 0)
>

No membranous staining observed

% Diagnosis
Specimen: Left breast, 37 mm solid lesion, BIRADS Category 5

Procedure: Tru-cut core biopsy

>

7
*

Histopathological Findings:

D)

Invasive ductal carcinoma, Not Otherwise Specified (NOS)
Histologic Grade (Nottingham): Grade 3
Molecular Classification (IHC4): Luminal B, HER2-negative
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Immunohistochemical Profile:
1. Estrogen Receptor (ER):
> Positive
> Nuclear positivity in 33% of tumor cells
> Average staining intensity: weak to moderate
> Primary antibody clone: SP1
2. Progesterone Receptor (PR):
> Positive
> Nuclear positivity in 95% of tumor cells
> Average staining intensity: strong
> Primary antibody clone: 1E2
3. Ki-67 Proliferative Index: 45%
4. HERZ2 Status:
> Negative (score 0)
> No membranous staining observed
> Primary antibody clone: 4B5
s Test Methodology: Immunohistochemistry (IHC) was performed using validated
primary antibody clones for ER, PR, and HER2 as listed above.
% Additional Pathology Findings:
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> Proliferative index 45%
> Primary antibody clone: MIB1
Specimen Handling:
> Cold ischemia time and fixation duration are appropriate according to
ASCO/CAP guidelines.
E-cadherin:
Positive in tumor cells, consistent with ductal epithelial phenotype.
Tumor-Infiltrating Lymphocytes (TILS):
Less than 1% of the tumor area
%+ Macroscopic Description:
> Five tru-cut core biopsy specimens were received, ranging in size from 0.1 cm to 1 cm
in length.
> One T1C + 1 HE slide prepared.
> Specimen labeling: TT/ZK

% PET/CT Findings:

PET imaging demonstrated abnormal hypermetabolic activity in the following regions,
consistent with disseminated malignancy:
Mass lesion in the upper inner quadrant of the left breast and an adjacent satellite lesion.
Multiple lymph nodes in the left internal mammary chain, left deep axillary region, and bilateral
supraclavicular regions.
Multiple nodular lesions within both lung parenchyma, pleural thickening, and pleural-based
nodules.
Multiple mediastinal lymph nodes.
Hypodense hepatic lesions demonstrating increased uptake.
Retroperitoneal lymphadenopathy.
Subcutaneous nodular lesion at the umbilical level.
Multiple diffuse lytic—sclerotic skeletal lesions.
These findings collectively support widespread metastatic disease.

Brain MRI was ordered for further assessment, and pathology results were pending at that time.
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+ Planned Treatment:

Systemic therapy with ribociclib, letrozole, goserelin, and denosumab is scheduled. A
consultation with radiation oncology has been requested for further evaluation and treatment
planning.

Bilateral Breast Ultrasonography Report:
«» Left Breast Findings
General Observations:
Skin, subcutaneous tissue, nipple, and areola are normal; no skin thickening or retraction is
noted.
Lesions:
Lower inner quadrant (11 AM, peripheral, palpable site):
Solid mass measuring 37 x 24 x 33 mm
Irregular contours, thick peripheral halo
High stiffness on elastography (mean 180 kPa)
Tubular extension toward nipple (~20 mm) with heterogeneous hypoechoic appearance
suggestive of dilated ducts
Central punctate echogenicities possibly representing calcifications
Morphologically considered malignant; percutaneous biopsy recommended
Inferomedial and medial to main mass:
> Multiple irregular hypoechoic foci
> Largest 14 x 4 mm; others 9 x 4 mm
> Considered potentially significant for multifocal disease
Upper inner quadrant (Periareolar and deep locations):
> Hypoechoic areas: 14 x 7 mm, 5.5 mm, 5 mm
> Smooth lobulated margins
> Possible fibroadenomatoid changes or multicentric foci
Lymph Nodes:
> Interpectoral region: multiple lymph nodes, largest 8 x 3 mm, suspicious for malignancy
(possible Rotter’s ganglion involvement)
> Left axilla: no pathologic lymph nodes detected
% Right Breast Findings

Lesions:
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> 11 AM: 12 x 3 mm, hypoechoic, smooth margins, ovoid, partially angulated margins
(possible fibroadenoma)
» 3 PM, periareolar: 4 x 2 mm, hypoechoic, smooth, ovoid (fibroadenomatoid
hyperplastic area or dense cyst)
» 10 PM, peripheral: 6 x 3 mm, hypoechoic, smooth, ovoid (dense cyst or
fibroadenomatoid change)
Lymph Nodes:
> Right axilla, inferior (level I): two adjacent lymph nodes with asymmetric cortical
thickening, largest 14 x 8 mm
> PET/CT correlation recommended for further evaluation
% Impression
Left breast lower inner quadrant ( 10 AM):
» Solid mass 37 x 24 x 33 mm with irregular contours and morphologic features
suggestive of malignancy
» Tubular extension toward nipple, 20 mm, suggestive of dilated ducts
» Multiple irregular hypoechoic foci inferomedial and medial to mass, potentially
indicating multifocal disease

» Recommendation: Histopathological confirmation via percutaneous biopsy

Left breast upper inner quadrant:
> Small, smooth, lobulated hypoechoic areas, possible fibroadenomatoid or
multicentric foci
Left interpectoral lymph nodes:
> Suspicious nodes present; largest 8 x 3 mm
Right breast:
> Three hypoechoic lesions, largest 12 x 3 mm, partially angulated margins
> Likely fibroadenomatoid or benign; correlation recommended
Right axilla:
> Two adjacent lymph nodes with cortical thickening, largest 14 x 8 mm; PET/CT
recommended
% BI-RADS Assessment:
> Category 5: Highly suggestive of malignancy

> Additional imaging and histopathologic correlation necessary
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+« Brain MRI Report

Examination Type:

Brain MRI with contrast.

+« Findings

Metastatic Lesions:

>

Superior medial left cerebellar hemisphere and superior right cerebellar hemisphere:
millimetric punctate contrast-enhancing metastatic foci

Right parietal lobe: 3 mm nodular lesion with peripheral contrast enhancement

Right frontal lobe: 2 mm nodular lesion with dense opacity and two additional punctate
contrast-enhancing foci anteriorly

Anterior right half of occipital bone: ill-defined post-contrast opacity, suspicious for

0sseous metastasis

Cerebellum and Brainstem:

>

>
>

Morphology of posterior fossa, medullocervical junction, medulla oblongata (olivary and
pyramidal regions), pons, and cerebellar peduncles is normal
Prepontine, cerebellopontine, and perimesencephalic cisterns are patent

Fourth ventricle size and location are normal

Diencephalon and Midline Structures:

>

>

Mesencephalic tectum, cerebellar peduncles, thalamus, and other diencephalic structures
show normal morphology

Basal ganglia, corpus callosum, and other midline structures appear normal

Other Intracranial and Skull Base Structures:

> Main intracranial vessels, cranial nerve pairs, optic chiasm, sella and parasellar regions,
temporal bones, orbits, paranasal sinuses, and other skull base structures are within normal
limits

Impression

» Multiple cerebral and cerebellar metastatic nodular lesions, largest measuring 3 mm,
with peripheral contrast enhancement

» Right occipital bone opacity suspicious for metastatic involvement

» No additional abnormality detected in brain parenchyma, ventricular system, or skull
base

» Recommendation: Follow-up MRI to assess lesion progression and treatment response
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« Tumor FDG PET/CT Study Report
% Technique

Whole-body PET/CT imaging was performed from the vertex to mid-femur, 60 minutes
after intravenous administration of 7.9 mCi F-18 FDG. The patient had been fasting for 15
hours prior to injection, with a measured blood glucose level of 106 mg/dL.

For anatomical localization, CT images were obtained, and oral contrast (water) was
administered immediately before and 33 minutes after FDG injection to facilitate bowel
visualization. Axial, coronal, and sagittal PET images were acquired and reconstructed using
iterative reconstruction techniques and correlated with CT slices for anatomical reference.

% Findings

>

*,

% Brain:
> Evaluation limited due to patient head movement.
> Right frontal region: 6 mm focus of increased FDG uptake relative to contralateral
symmetry.
> Recommendation: Correlation with brain MRI is advised to further characterize this
lesion.
Cervical and Supraclavicular Lymph Nodes:
> Bilateral inferior cervical and supraclavicular lymph nodes demonstrate increased FDG
uptake.
> Largest lymph node measures 12 mm (SUVmax: 8-11.2).
Left Breast and Regional Lymph Nodes:
» Upper inner quadrant mass: 32 x 25 mm with markedly increased FDG uptake
(SUVmax: 22.1).
» Associated lymph nodes:
» Parasternal and internal mammary regions: multiple lymph nodes with abnormal uptake
> Left axillary and deep axillary regions: several lymph nodes, largest 9 mm, showing
increased activity
Right Breast and Axillary Region:
> Right axillary lymph node: 9 mm, SUVmax 3.3
> Right breast parenchyma demonstrates fibrocystic changes without focal FDG uptake

> Recommendation: Clinical and radiological correlation advised
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> Bilateral pulmonary nodular lesions and pleural thickening demonstrate abnormal
increased FDG uptake (SUVmax: 7.6)
Mediastinum and Thorax:
> Multiple lymph nodes along the right paratracheal chain, anterior mediastinum, pre-
carinal region, bilateral hilar, and interlobar regions show abnormal FDG uptake
(SUVmax: 14.6), suggestive of metastatic involvement.
Liver:
> Multiple hypodense lesions within the liver parenchyma
> Largest lesion: posterior superior segment of the right lobe, measuring 58 x 53 mm,
SUVmax: 20
> SUV of normal-appearing liver parenchyma: 3.7
Retroperitoneum and Abdomen:
> Multiple lymph nodes at the diaphragm level: retroperitoneal, para-aortic, mesenteric,
and paracaval regions with abnormal FDG uptake (SUVmax: 14.2)
> Subcutaneous nodular lesion at umbilicus level, 14 mm in diameter, SUVmax: 5.7
Skeletal System:
> Multiple lytic-sclerotic lesions throughout the skeleton with abnormal FDG uptake
> Involvement includes cervical, thoracic, and lumbar vertebrae; ribs; pelvic bones (most
prominent in sacrum); and bilateral proximal femora
> SUVmax: 14.4
Other Findings:
> FDG activity in other body regions demonstrates normal physiological distribution
Conclusions
% Primary Breast Lesion: Left breast upper inner quadrant mass and adjacent satellite
focus show abnormal FDG uptake, consistent with malignancy.
% Lymph Node Involvement:
Left internal mammary and deep axillary nodes
Bilateral supraclavicular nodes
Mediastinal, retroperitoneal, para-aortic, mesenteric, paracaval lymph nodes

Right paratracheal and hilar nodes

YV V. V VYV V

Left and right axillary nodes
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% Pulmonary Lesions: Nodular lesions in bilateral lung parenchyma and pleural
thickening with increased FDG uptake

% Hepatic Lesions: Multiple hypodense hepatic lesions with high FDG uptake

% Subcutaneous Lesion: Nodular lesion at umbilicus with FDG avidity

% Skeletal Metastases: Multiple lytic-sclerotic lesions throughout cervical, thoracic,
lumbar vertebrae, ribs, pelvis, sacrum, and proximal femora

% Overall Impression: Findings are consistent with widespread metastatic disease
originating from left breast carcinoma.

% Impression

» Left breast mass (upper inner quadrant) with high FDG avidity (SUVmax 22.1),
consistent with known malignancy.

> Regional lymphadenopathy: Parasternal, internal mammary, left axillary, deep
axillary, and right axillary lymph nodes with abnormal FDG uptake suggestive of
metastatic involvement.

» Pulmonary and pleural lesions: Multiple nodular lesions with high FDG uptake,
consistent with metastatic disease.

» Brain: Right frontal FDG-avid lesion noted; MRI correlation recommended.

» Findings consistent with multifocal metastatic breast carcinoma; clinical,
histopathological, and radiological correlation is advised for comprehensive staging and
management.

% Treatment Schedule

v' Following multidisciplinary tumor board consensus, a systemic endocrine-targeted
treatment strategy incorporating CDK4/6 inhibition was initiated as first-line therapy for
hormone receptor—positive, HER2-negative metastatic breast carcinoma with extensive
visceral, skeletal, and CNS involvement. The treatment plan was designed to achieve
maximal systemic disease control while minimizing treatment-related toxicity and
preserving functional status.

v The patient commenced therapy with a CDK4/6 inhibitor-based regimen combined with
endocrine suppression and bone-targeted therapy. Ribociclib was administered orally in a
cyclical schedule of 21 consecutive days followed by a 7-day rest period, constituting a 28-
day treatment cycle. Letrozole was administered continuously on a daily basis as the
aromatase inhibitor backbone. Given the patient’s premenopausal/perimenopausal status,

ovarian function suppression was achieved using monthly subcutaneous goserelin to ensure
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complete estrogen deprivation. In parallel, denosumab was initiated for skeletal protection
due to extensive lytic—sclerotic bone metastases, with concurrent calcium and vitamin D
supplementation.

v Baseline assessments included complete blood count, liver and renal function tests, serum
electrolytes, and electrocardiography for QT interval evaluation. These assessments were
repeated at regular intervals in accordance with ribociclib safety monitoring
recommendations. Imaging reassessment with FDG PET/CT was planned after three
treatment cycles to evaluate metabolic and anatomical response, while brain MR1 follow-up
was scheduled based on clinical evolution and multidisciplinary recommendations.

v Radiation oncology consultation was obtained for evaluation of intracranial micrometastases
and symptomatic skeletal lesions. Local radiotherapy was reserved for disease progression,
symptom escalation, or neurological compromise.

Medical Oncology Chemotherapy Schedule Form

Diagnosis:

Luminal B, HER2-negative metastatic invasive ductal carcinoma of the breast with
widespread visceral, skeletal, lymphatic, and CNS metastases

Treatment Intent:

Palliative, disease-controlling systemic therapy-Table-1.

Treatment
Component Drug Dose Route Schedule
N T Once daily, Days 1-21 of
CDK4/6 inhibitor |[Ribociclib 600 mg Oral a 28-day cycle
Arqmatase Letrozole 2.5mg Oral Once daily, continuous
inhibitor
Ovarian . Goserelin 3.6 mg Subcutaneous|[Every 28 days
suppression
aBgoennet—modlfymg Denosumab 120 mg Subcutaneous||Every 4 weeks
Supportive Calcium + Standard -
therapy Vitamin D supplementation Oral Daily
Monitoring Plan: Table-2.

\ Parameter H Frequency \
|Complete blood count | Baseline; Days 1 and 15 of Cycle 1; prior to each subsequent cycle |
ILiver function tests |Baseline; every cycle |
Renal function and Baseline; every cycle
electrolytes ’ yey
ECG (QT interval Baseline; Day 14 of Cycle 1; prior to Cycle 2; then as clinically
assessment) indicated
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| Parameter I Frequency |
imaging (FDG PET/CT) ||After 3 cycles or as clinically indicated |
[Brain MRI ||As per multidisciplinary recommendation or neurological symptoms |
Planned Duration of Therapy:

Treatment to be continued until disease progression, unacceptable toxicity, or patient
preference, with regular multidisciplinary reassessment.

Prescribed Regimen:

Ribociclib—Letrozole—Goserelin—Denosumab therapy

Ribociclib: Three tablets (1 x 3) should be taken simultaneously each morning, either on an
empty stomach or after a meal. The patient will take the medication for 21 consecutive days,
followed by a 7-day treatment break.

Monitoring Requirements:

At the beginning of each new treatment cycle, the following evaluations are required:
cardiology assessment with QT interval measurement, complete blood count, urea, creatinine,
ALT, AST, and bilirubin levels.

Letrozole: One tablet (1 x 1) taken daily.

Denosumab: Administer subcutaneously once every 28 days.

Goserelin: Administer subcutaneously once every 28 days.

Follow-Up: A PET scan is recommended after 3 months of therapy to assess treatment
response.

Discussion

This case illustrates the complex natural history and aggressive clinical trajectory of
luminal B breast cancer when diagnosis is significantly delayed and surveillance is interrupted.
Although hormone receptor—positive, HER2-negative tumors are generally considered more
indolent than other biological subtypes, the luminal B phenotype represents a distinct, high-risk
entity defined by elevated proliferative activity, genomic instability, and an increased likelihood
of early visceral metastasis. The patient’s presentation with simultaneous metastases to the
liver, lungs, pleura, skeleton, lymphatic basins, retroperitoneum, mesentery, subcutaneous
tissue, and brain underscores the potential aggressiveness of this subtype, particularly when
early symptoms remain uninvestigated for prolonged periods.

The diagnostic delay in this case played a pivotal role in disease progression. Following
a benign breast procedure in 2014, the patient entered a long period without recommended
biannual follow-up. The absence of surveillance allowed for the silent development and
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unchecked spread of malignancy. The gradual onset of left shoulder pain beginning several
years before diagnosis likely represented early skeletal involvement and remained an
overlooked clinical clue. Similarly, progressive breast erythema and swelling emerged months
before presentation but were not evaluated. These missed diagnostic opportunities highlight the
importance of structured long-term follow-up for women with a history of breast
abnormalities—even when pathology is benign—particularly in regions where healthcare
fragmentation or patient-level barriers impede consistent surveillance. The case reinforces that
benign findings do not confer long-term protection from malignancy and that continued clinical
vigilance remains essential.

From a diagnostic standpoint, multimodal imaging played a transformative role in
revealing the true breadth of metastatic disease. Ultrasonography provided initial confirmation
of a suspicious mass with hallmark malignant features, including irregular margins, significant
elastographic stiffness, ductal extension, and multifocal satellite lesions. However, it was
whole-body FDG PET/CT that delineated the full systemic burden, demonstrating intensely
hypermetabolic hepatic lesions, innumerable pulmonary nodules, pleural disease, extensive
nodal involvement from the cervical to retroperitoneal regions, lytic—sclerotic skeletal
metastases, and metabolically active subcutaneous involvement. PET/CT is increasingly
recognized as superior to conventional CT and bone scan in staging patients with biologically
aggressive, high-proliferation breast cancers; the metabolic intensity in this case, with SUVmax
values exceeding 20 in both the breast and liver, reflects rapid tumor growth and glycolytic
activity characteristic of luminal B biology. Brain MRI further identified multiple punctate
cerebral and cerebellar metastases and a suspicious occipital bone lesion, highlighting the
necessity of intracranial evaluation in patients with heavy systemic tumor burden. Although
CNS involvement is more commonly associated with HER2-positive or triple-negative disease,
emerging evidence shows that luminal B tumors with high proliferation indices and extensive
visceral spread may also carry significant risk for brain metastases.

The histopathological profile corroborated the aggressive nature of the disease. The
tumor demonstrated high-grade morphology with a Ki-67 index of 45 percent, reduced estrogen
receptor expression, strong progesterone receptor positivity, and HER2 negativity. This
combination aligns with luminal B categorization and indicates increased reliance on
proliferative pathways, including cyclin D-CDK4/6-Rb signaling, PI3K/AKT/mTOR
dysregulation, and potential genomic drivers of endocrine resistance. The near-complete

absence of tumor-infiltrating lymphocytes suggests a low-immunogenic microenvironment,
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which may limit responsiveness to immune checkpoint inhibitors. This profile reinforces the
importance of targeted endocrine strategies as the backbone of therapy in such patients.

The therapeutic approach adopted in this case mirrors the current paradigm shift in the
management of metastatic hormone receptor—positive, HER2-negative breast cancer. CDK4/6
inhibitors, particularly ribociclib, combined with aromatase inhibition and ovarian suppression,
have become the global standard of care due to their proven survival advantage in high-risk
populations. Randomized trials have demonstrated marked improvements in both progression-
free and overall survival with ribociclib-based regimens, especially in premenopausal and
perimenopausal women. The mechanism of action, centered on inhibition of CDK4/6-mediated
progression through the G1-S phase of the cell cycle, directly targets the proliferative hallmark
of luminal B tumors. In this patient, where both biological aggressiveness and metastatic extent
were pronounced, the selection of ribociclib was rational and evidence-supported. Additionally,
denosumab was initiated to address the substantial skeletal involvement, leveraging its ability
to inhibit RANKL-mediated osteoclast activity and prevent skeletal-related events.

A notable challenge in patients with widespread metastases and CNS involvement is
determining the optimal integration of systemic and local therapies. Although CDK4/6
inhibitors have limited blood—brain barrier penetration, the systemic reduction in tumor burden
may exert indirect control over micrometastatic CNS disease. Abemaciclib has demonstrated
somewhat higher CNS penetration, but ribociclib remains appropriate when paired with
radiotherapy as needed. In this case, stereotactic radiosurgery was considered for future
progression of intracranial lesions or development of neurological symptoms. The strategy of
prioritizing systemic control before local CNS intervention aligns with current practice for
asymptomatic, small-volume brain metastases.

This case also underscores broader implications for healthcare systems and patient
education. Diagnostic delays often stem from a combination of reassurance bias following
benign findings, lack of structured follow-up programs, socioeconomic constraints, limited
access to imaging, or psychosocial factors such as fear or denial. The evolution from early-
stage disease to widely metastatic cancer in this patient highlights the consequences of such
systemic and behavioral barriers. Improving patient adherence to surveillance, enhancing breast
health literacy, and integrating follow-up reminders or navigational support may mitigate
similar outcomes in comparable populations.

This case of extensively disseminated luminal B metastatic breast cancer exemplifies

the interplay between biological aggressiveness, missed opportunities for early diagnosis, and
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the critical role of modern multimodal imaging and targeted systemic therapy. It reinforces the
necessity of continuous vigilance following any breast abnormality, the importance of early
recognition of evolving symptoms, and the centrality of CDK4/6 inhibitor—based endocrine
therapy in managing high-risk metastatic hormone receptor—positive disease. The case further
illustrates that even in the presence of overwhelming tumor burden, a coordinated,
multidisciplinary therapeutic strategy can offer meaningful disease control and optimize patient
outcomes.

The clinical trajectory of the patient presented here, characterized by an advanced
Luminal B metastatic breast cancer (MBC) with diffuse systemic dissemination, serves as a
critical focal point for a multifaceted discussion that extends far beyond a singular case report.
It compels an examination of the evolving understanding of Luminal B biology, the persistent
and systemic challenges in early diagnosis, the nuanced application of modern therapeutics in
complex real-world scenarios, and the future directions necessary to alter the course of this
high-risk disease. This discussion aims to dissect these interconnected themes, drawing upon
the case as a paradigm to explore the contemporary and future landscape of managing
aggressive hormone receptor-positive breast cancer.

Luminal B Biology: Redefining ""Indolent™ Hormone Receptor-Positive Disease

The historical dichotomy that categorized HR+ breast cancer as "indolent” and HER2-
positive or triple-negative as "aggressive" is now recognized as an oversimplification with
potentially dangerous clinical consequences. This case powerfully challenges that outdated
paradigm. The tumor's immunohistochemical profile—ER 33%, PR 95%, HER2-negative, Ki-
67 45%—is the signature of a Luminal B neoplasm, a subtype that occupies a distinct and
perilous niche.

The aggressive phenotype observed is rooted in its molecular architecture. Unlike
Luminal A tumors, which are largely driven by estrogen signaling alone, Luminal B cancers
frequently harbor co-activating alterations that fuel proliferation independent of estrogen. These
include amplification of CCND1 (encoding cyclin D1), activating mutations in
the PIBKCA pathway, and dysregulation of other growth factor receptors. The high Ki-67 index
of 45% is not merely a laboratory value; it is a direct readout of uncontrolled cell cycle
progression, driven in part by the very cyclin D-CDK4/6-Rb pathway that is the target of this
patient's therapy. This intrinsic proliferative drive explains the "high-volume, high-metabolic™
presentation: the large, FDG-avid primary tumor (SUVmax 22.1), the rapidly growing hepatic

metastases (SUVmax 20), and the astonishingly widespread dissemination at diagnosis.
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Furthermore, the pattern of metastasis is telling. While bone involvement is classic for HR+
disease, the synchronous, heavy burden of visceral (liver, lung, pleura) and central nervous
system metastases signifies a tumor with extraordinary metastatic efficiency and plasticity. This
pattern aligns with emerging data suggesting that Luminal B tumors, particularly those with
high Ki-67, may possess biological traits that facilitate extravasation and colonization of
visceral organs and potentially the CNS microenvironment. The presence of subcutaneous and
retroperitoneal metastases further underscores a capacity for dissemination beyond the classic
"first-stop" sites, painting a picture of a systemic disease process that was operative long before
clinical detection.

The Cascading Consequences of Diagnostic Delay: A Systems Failure Analysis

The decade-long interval between the patient's benign procedure and her metastatic
presentation is the pivotal, tragic element of this case. This delay cannot be attributed to a single
cause but rather represents a cascade of failures across multiple levels: individual, clinical, and
systemic.

At the individual and psychosocial level, "reassurance bias" is a potent force. A past
benign diagnosis can create a false sense of security, leading patients to downplay or rationalize
new symptoms. Left shoulder pain may be attributed to musculoskeletal strain; breast erythema
to a minor infection. This is compounded by fear, denial, and the overwhelming psychological
burden of potentially facing a cancer diagnosis. For many women, particularly those with
family or work responsibilities, seeking medical attention for vague symptoms may be
deprioritized.

At the clinical level, the absence of a mandated, structured, and personalized long-term
follow-up protocol for patients with a history of benign breast abnormalities is a glaring gap.
While screening guidelines exist for the general population and for high-risk individuals
(e.g., BRCA carriers), there is no universally adopted standard for the substantial cohort of
women who have undergone biopsies or surgeries for benign findings. The recommendation
for "biannual follow-up” given to this patient was likely vague and, without a system to enforce
or facilitate it, was easily neglected. The primary care provider, possibly unaware of the
nuanced risk associated with a past breast procedure, may not have proactively pursued
surveillance.

At the systemic level, this case highlights issues of healthcare fragmentation, access,
and inequity. The patient "fell through the cracks™ between surgical care and ongoing primary

or specialized oncology surveillance. In many healthcare environments, particularly those with
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resource constraints or where patients bear significant out-of-pocket costs, regular imaging
follow-up is unsustainable. Furthermore, public health messaging often emphasizes de
novo screening  (mammography) but may under-communicate the importance
of surveillance for those with a personal breast history.

The result, as seen here, is a "perfect storm" that allows a biologically aggressive tumor
an uncontested runway to progress from a localized, potentially curable state to a life-limiting,
systemic illness. The economic and human cost of managing stage IV disease—with its
complex drug regimens, frequent imaging, and supportive care needs—is exponentially greater
than that of treating early-stage cancer, making investment in robust surveillance systems not
only an ethical imperative but also a potential economic one.

The Role of Advanced Imaging: Beyond Staging to Biological Interrogation

The diagnostic workup in this case exemplifies the transition from conventional to
comprehensive, biology-informed staging. The use of breast ultrasound with elastography
provided not just morphology but also a biomechanical property (stiffness >180 kPa), which is
strongly correlated with malignancy. This functional data adds a layer of diagnostic confidence
beyond the BIRADS 5 categorization.

The whole-body FDG PET/CT, however, was the cornerstone. Its value extends far
beyond merely counting metastases. The quantitative metabolic data (SUVmax) serves as an in
vivo biomarker of tumor aggressiveness. The high SUV in the liver and primary tumor provided
immediate, visual confirmation of the high proliferative index suggested by Ki-67. PET/CT
also revealed the true, shocking extent of nodal disease—involving internal mammary,
parasternal, and retroperitoneal stations—that would have been incompletely assessed by CT
alone. This comprehensive map is indispensable for several reasons:

» Accurate Prognostication: The burden of disease, especially liver and CNS involvement, is
a key determinant of prognosis.

» Therapeutic Planning: It identifies all sites requiring potential local intervention (e.g.,
radiotherapy for symptomatic bone lesions or CNS metastases).

> Baseline for Response Assessment: It provides a sensitive benchmark against which the
metabolic response to CDK4/6 inhibitor therapy can be measured at the 3-month interval.

The complementary brain MRI, which identified millimetric enhancing foci,
underscores a critical practice point. In patients with Luminal B MBC presenting with high
visceral burden, particularly hepatic metastases, there is a growing argument for considering

baseline brain imaging. While not yet a universal standard, this approach can detect
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asymptomatic CNS disease, allowing for timely intervention with stereotactic radiosurgery,
which is more effective and better tolerated than whole-brain radiotherapy used for
symptomatic, bulky disease.

CDKA4/6 Inhibitors in the Real World: Efficacy, Challenges, and Synergies

The initiation of ribociclib + letrozole + goserelin represents the gold-standard first-line
therapy. Landmark trials like MONALEESA-7 have shown median overall survival exceeding
58 months in pre/perimenopausal women with HR+/HER2- MBC. However, the patient
population in this case pushes the boundaries of "real-world" application. Clinical trials often
exclude patients with extensive liver metastases, life-threatening visceral disease, or untreated
brain metastases. Therefore, the robust efficacy seen in trials must be cautiously extrapolated
to such extreme presentations.

The mechanistic rationale, however, is compelling. By combining deep endocrine
blockade (ovarian suppression + aromatase inhibition) with direct cell cycle arrest via CDK4/6
inhibition, this regimen attacks the two core pillars of Luminal B tumor growth. The hope is
that this powerful dual attack can induce rapid disease control, even in high-burden settings,
potentially reversing organ dysfunction and buying critical time.

Yet, this approach is fraught with management challenges:

> Toxicity Vigilance: The need for monitoring QT interval, liver function, and neutrophil
counts is paramount. Neutropenia, while common, is typically not associated with the same
high risk of febrile neutropenia as chemotherapy. However, in a patient whose marrow may
already be stressed by extensive bone metastases, close hematologic monitoring is essential.

> CNS Disease Management: Ribociclib has limited blood-brain barrier penetration. The
management of the identified brain micrometastacies therefore requires a separate,
synergistic strategy. Stereotactic radiosurgery (SRS) is the preferred modality, offering high
local control with minimal neurocognitive side effects. The systemic therapy aims to control
extracranial disease and potentially prevent new CNS seeds, while SRS ablates existing
visible foci. This exemplifies the essential integration of medical and radiation oncology.

> Skeletal Morbidity: The diffuse lytic-sclerotic bone disease places the patient at high risk
for skeletal-related events (SREs) such as pathologic fracture, spinal cord compression, and
severe pain. Denosumab, a RANK-L inhibitor, is more potent than bisphosphonates in
preventing SREs and is a critical component of supportive care, working in concert with

systemic therapy to preserve skeletal integrity and quality of life.
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The initial treatment response, to be assessed by PET/CT at 3 months, will be highly
informative. A significant metabolic response would validate the potency of this regimen even
in advanced settings. However, primary resistance is a possibility, potentially driven
by ESR1 mutations, RB1 loss, or alternate pathway activation, which would necessitate a rapid
switch to second-line options like fulvestrant, another CDK4/6 inhibitor, or chemotherapy.
The Indispensable Multidisciplinary Tumor Board (MDT)

This case could not be managed effectively without a formal Multidisciplinary Tumor
Board (MDT). The MDT moves decision-making from a sequential, specialist-centric model to
a concurrent, integrative one. In this setting:
> The medical oncologist presents the systemic therapy plan and manages its toxicities.
> The radiation oncologist evaluates the brain and bone metastases for potential palliative or

consolidative radiotherapy, discussing the timing and technique (e.g., SRS vs. conventional

palliative RT) in relation to systemic therapy.

> The radiologist reviews the nuances of the imaging, distinguishing post-treatment changes
from progression.

> The pathologist confirms the biomarker status and discusses the potential for further
genomic testing on the biopsy specimen (e.g.,, next-generation sequencing
for PIBKCA, ESR1) to guide future therapy.

> The palliative/supportive care specialist addresses pain management (likely from bone
metastases), antiemetics, fatigue, and psychological distress, ensuring quality of life is
central to the care plan.

This collaborative model minimizes therapeutic gaps, avoids contradictory
recommendations, and ensures the patient receives a coherent, evidence-based, and
compassionate treatment strategy tailored to her specific disease distribution and personal
circumstances.

Future Directions and Evolving Paradigms

Looking forward, this case illuminates several critical pathways for improving
outcomes for patients with Luminal B breast cancer:

» Risk-Adapted Surveillance: Future guidelines must move towards personalized
surveillance protocols. A woman with a history of a benign breast lesion, especially if it
showed proliferative changes, and a subsequent decade without imaging, should be
considered for more intensive monitoring than the general population. This could involve

annual breast MRI or contrast-enhanced mammography, potentially guided by risk
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prediction models that incorporate histologic and molecular features of the initial benign
tissue.

» Liquid Biopsies and Minimal Residual Disease (MRD): The analysis of circulating
tumor DNA (ctDNA) holds immense promise. In a patient like this, had she been under
surveillance, periodic ctDNA testing could have detected molecular relapse months or even
years before radiographic recurrence, triggering imaging and allowing for intervention at a
far earlier, potentially oligometastatic stage. In the metastatic setting, ctDNA can monitor
response in real-time, detect emerging resistance mutations (e.g., ESR1), and guide therapy
switches before clinical progression.

» Precision Oncology Beyond CDKA4/6 Inhibition: While CDK4/6 inhibitors are the
backbone, resistance is eventual. Genomic profiling of a metastatic biopsy (or ctDNA) can
reveal subsequent actionable targets. For tumors with PI3KCA mutations, alpelisib (a
PI3Ka inhibitor) combined with fulvestrant is a validated option. For those
with ESR1 mutations, novel oral Selective Estrogen Receptor Degraders (SERDs) are in
development. Antibody-drug conjugates like sacituzumab govitecan (Trodelvy), though
currently approved in triple-negative breast cancer, are showing activity in heavily pre-
treated HR+ disease and may play a future role.

> Integrating Local Therapies in Oligometastatic/Oligoprogressive Disease: As systemic
therapies improve, controlling limited sites of progression with surgery or radiotherapy
("metastasis-directed therapy") can prolong the benefit of a given systemic regimen. While
this patient presented with frankly polymetastatic disease, future patients detected earlier
via improved surveillance may present with oligometastatic Luminal B cancer, where
aggressive local treatment of all sites combined with systemic therapy could aim for long-
term disease control or even "no evidence of disease" status.

» Addressing Health System and Psychosocial Barriers: Ultimately, technological and
pharmacological advances must be coupled with systemic reforms. This includes
implementing patient navigation programs to guide individuals through complex care
pathways, developing standardized follow-up algorithms embedded in electronic health
records, improving patient education about the significance of persistent symptoms, and
addressing the financial toxicity of cancer care to ensure equity in access to these life-
prolonging treatments.

The case of this patient with extensively metastatic Luminal B breast cancer is a

poignant synthesis of modern oncologic challenge and opportunity. It forces a reckoning with
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the aggressive potential of a subtype too often glossed over within the broader "HR-positive"
category. It exposes dangerous fissures in our post-diagnostic surveillance systems.
Simultaneously, it showcases the powerful diagnostic tools and targeted therapies now at our
disposal—weapons that were absent a generation ago.

Her management plan, centered on CDK4/6 inhibition and multidisciplinary care,
represents the current apex of evidence-based practice. Yet, her story is ultimately a call to
action. It argues for a paradigm shift from reactive treatment of advanced disease to proactive,
intelligent prevention of metastatic progression. This requires harnessing molecular insights for
risk stratification, implementing technology-driven surveillance, and building healthcare
systems that do not allow patients to disappear from care. The goal must evolve from simply
prolonging survival in stage IV to preventing the development of stage IV altogether. By
learning from cases like this one—by understanding the biology, acknowledging the systemic
failures, and aggressively applying both existing and emerging tools—we can work towards a
future where the devastating presentation described herein becomes a historical relic rather than
a contemporary reality.

THERAPEUTIC IMPLICATIONS OF CDK4/6-BASED ENDOCRINE TARGETING
AND PHARMACOTHERAPY STRATEGIES

The advent of cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors has fundamentally
redefined the first-line therapeutic landscape for hormone receptor-positive (HR+), HER2-
negative metastatic breast cancer (MBC). Their integration with endocrine therapy (ET)
represents a paradigm shift from sequential hormonal manipulation to a proactive, synergistic
blockade of both the estrogen signaling and cell cycle proliferation pathways. The presented
case of extensively metastatic Luminal B breast cancer provides a critical lens through which
to examine the profound implications, practical challenges, and strategic nuances of this
cornerstone treatment approach.

Biological Rationale and Synergistic Mechanism

The therapeutic rationale for CDK4/6 inhibition is deeply rooted in the molecular
biology of Luminal B tumors. This subtype is frequently characterized by dysregulation of the
cyclin D-CDK4/6-retinoblastoma (Rb) pathway, often due to CCND1 amplification or
activation of upstream signals from the PIBK/AKT/mTOR pathway. This dysregulation leads
to hyperphosphorylation of Rb protein, releasing E2F transcription factors and driving
unchecked progression from the G1 to the S phase of the cell cycle.
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CDKa4/6 inhibitors (ribociclib, palbociclib, abemaciclib) specifically target this
vulnerability. By inducing a reversible G1 cell cycle arrest, they directly counter the high
proliferative drive indicated by elevated Ki-67. When combined with endocrine therapy—either
an aromatase inhibitor (like letrozole) in combination with ovarian function suppression (OFS)
for pre/perimenopausal women, or fulvestrant for postmenopausal women—a dual attack is
launched. ET depletes the mitogenic estrogen signal, while CDK4/6 inhibition blocks the
downstream execution of proliferation. This synergy is not merely additive; it can overcome
some early mechanisms of endocrine resistance and induce deeper, more durable tumor
regressions [41-81].

Clinical Efficacy and Survival Impact
Landmark phase Il trials (MONALEESA, PALOMA, MONARCH) have consistently
demonstrated that adding a CDK4/6 inhibitor to backbone ET significantly improves both
progression-free survival (PFS) and overall survival (OS) in HR+/HER2- MBC. For example,
in MONALEESA-7, ribociclib + ET + OFS in premenopausal women achieved a median OS
of 58.7 months, a milestone previously unattainable with ET alone. This transformative efficacy
extends to patients with visceral metastases, including those with liver involvement, as seen in
our patient. While patients presenting with exceptionally high burdens of disease, particularly
with CNS involvement, were often underrepresented in trials, real-world evidence supports
significant clinical benefit, underscoring the importance of this strategy even in complex
presentations.
Pharmacotherapy Strategies and Practical Management
The implementation of CDK4/6 inhibitor-based therapy requires meticulous pharmacotherapy
management:
> Choice of Agent: While all three agents share a class effect, nuances exist. Ribociclib and
palbociclib are associated with higher rates of neutropenia, while abemaciclib has a
different toxicity profile with more frequent gastrointestinal side effects (diarrhea) and a
noted higher incidence of venous thromboembolism. Abemaciclib also has greater reported
blood-brain barrier penetration, a consideration in cases with CNS metastases.

> Toxicity Monitoring and Mitigation: Proactive management is key. Routine monitoring of
complete blood counts (for neutropenia), liver function tests (for hepatotoxicity, particularly
with ribociclib), and serum creatinine (for abemaciclib) is mandatory. Ribociclib requires
periodic electrocardiogram monitoring for QT interval prolongation. Patient education on
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managing common side effects like fatigue, nausea, and alopecia is crucial for adherence
and quality of life.

> Supportive Pharmacotherapy: The regimen IS bolstered by  essential
adjuncts. Denosumab (or bisphosphonates) is a standard companion for skeletal protection,
reducing the risk of skeletal-related events from bone metastases. Ovarian suppression with
GnRH agonists (e.g., goserelin) is non-negotiable in premenopausal women to ensure a
postmenopausal hormonal environment for the aromatase inhibitor to be effective.

Implications for Special Clinical Scenarios

» High Tumor Burden & Visceral Crisis: In patients presenting with life-threatening
visceral involvement (e.g., extensive liver metastases causing organ dysfunction), the rapid
disease control offered by CDK4/6i + ET is often preferred over chemotherapy, provided
the patient's performance status and organ function permit. Response assessment with
imaging at 3-4 months is critical.

» CNS Metastases: This remains a complex area. While abemaciclib has shown some CNS
activity, local therapy (e.g., stereotactic radiosurgery) remains the primary treatment for
symptomatic or sizeable brain metastases. CDK4/6 inhibitors are typically continued to
control systemic disease, with the understanding that their direct intracranial efficacy may
be limited. Multidisciplinary coordination between medical and radiation oncology is
essential.

» Therapeutic Sequencing and Resistance: Eventually, acquired resistance to CDK4/6i +
ET develops. Common mechanisms include RB1 loss, ESR1 mutations, and activation of
alternate pathways (PI3K/AKT). Upon progression, subsequent lines of therapy may
include:

v" Fulvestrant alone or with a different CDK4/6 inhibitor (if tolerated and a long initial benefit
was seen).

v" PI3K inhibitors (e.g., alpelisib) + fulvestrant for tumors with PI3KCA mutations.

v mTOR inhibitors (everolimus) + exemestane.

v" Selective estrogen receptor degraders (SERDs) in development.

v' Chemotherapy or antibody-drug conjugates (e.g., sacituzumab govitecan).

Future Directions and Evolving Strategies

The therapeutic implications continue to evolve:

> Combination Strategies: Trials are exploring CDK4/6 inhibitors combined with PISK/AKT

inhibitors, immunotherapy, and novel endocrine agents to overcome or delay resistance.
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> Biomarker Development: Refining biomarkers beyond hormone receptor status—such as
precise Ki-67 cut-offs, gene expression signatures (e.g., 21-gene Recurrence Score), and
CtDNA analysis for early detection of resistance mutations—will help personalize the use
and duration of CDK4/6 inhibitor therapy.

> Moving into Earlier Disease Settings: The success in metastatic disease has led to adjuvant
and neoadjuvant trials. The approval of abemaciclib in high-risk early breast cancer based
on the monarchE trial marks the beginning of this paradigm extending to the curative
setting, aiming to prevent the development of metastatic disease in high-risk Luminal B
patients.

The therapeutic implications of CDK4/6-based endocrine targeting are profound. For
patients with HR+/HER2- MBC, especially those with aggressive Luminal B biology, this
combination represents the most effective first-line systemic therapy ever developed,
translating into years of additional life for many. It exemplifies the success of biologically
rational, targeted treatment. However, as illustrated by the complex case presented, its optimal
application demands more than prescription. It requires strategic agent selection, vigilant
toxicity management, integration with local therapies and supportive care, and navigation
within a multidisciplinary framework. As research progresses, the future promises further
refinement of these strategies, aiming to deepen responses, overcome resistance, and ultimately,
improve long-term outcomes for all patients with this challenging disease.

Conclusion

» The comprehensive exploration of this case of extensively metastatic Luminal B breast
cancer culminates in a powerful synthesis of clinical, biological, and humanistic lessons. It
definitively shatters the outdated stereotype of hormone receptor-positive disease as
invariably indolent, placing the Luminal B subtype firmly within the category of high-risk,
aggressively proliferative malignancies capable of rapid visceral and CNS dissemination.
The patient's journey—from a benign procedural finding through a decade of diagnostic
silence to a presentation of overwhelming metastatic burden—serves as a stark paradigm
for the catastrophic consequences of systemic surveillance failure. It underscores that a past
benign diagnosis, in the absence of structured, long-term follow-up, can create a dangerous
illusion of security that permits biologically aggressive tumors to progress unchecked.

» This case powerfully validates the critical role of modern, multimodal diagnostic
approaches. Advanced imaging, particularly whole-body FDG PET/CT and dedicated brain

MRI, transcends mere anatomical staging to provide essential functional and prognostic
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data, enabling accurate assessment of the true disease burden and biological behavior. The
chosen therapeutic pathway, centered on combined endocrine blockade and CDKA4/6
inhibition, represents the contemporary standard of care and highlights a treatment
paradigm rooted in the specific molecular vulnerabilities of the tumor. The simultaneous
integration of bone-targeted therapy and multidisciplinary planning for CNS metastases
exemplifies the holistic, supportive care required to manage the multifaceted complications
of advanced disease.

» Ultimately, this narrative is a compelling call to action. It argues unequivocally for the
development of risk-adapted, vigilant surveillance protocols for individuals with any
personal history of breast abnormalities, leveraging technology and coordinated care to
prevent patients from disappearing from follow-up. It emphasizes that improving outcomes
requires a dual frontier of advancement: continually refining targeted systemic
therapies and fundamentally strengthening the early detection and monitoring
infrastructure of our healthcare systems. While the prognosis for metastatic breast cancer
remains serious, this case also illuminates the hope afforded by scientific progress—the
hope for significant periods of disease control, maintained quality of life, and the precious
extension of time. The lesson is clear: the battle against advanced breast cancer is won not
only by developing better drugs but also by fostering greater clinical awareness,
implementing smarter surveillance, and ensuring every patient benefits from timely,
integrated, and compassionate multidisciplinary care.
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Abstract

Availability of water in Primary Healthcare Centres (PHCs) has generated a growing concern
for the utilisation and satisfaction of the patients. This study, therefore, examined water supply
and patients’ satisfaction with the PHCs sanitation in Ibadan South East Local Government
Area. The study utilised both primary and secondary information. The primary information was
sourced with structured questionnaire administered on patients who came at interval of five
days for antenatal clinical services and general clinic. The information gathered there was
analysed with both descriptive and inferential statistics. Findings revealed that more female
(86.0%) utilise the PHC facility, highest proportion of the patients are between age 18 to
35years with the least (4.7%) above 60 years. Of all the patients, only 9.3% had tertiary
education. The main source of water in the PHCs is shallow well (47.4%) but proportion of
59.7% disclosed that available water is not potable, mainly useful for sanitation by 68.2%. As
high as 97.7% affirmed that the status of water supply has affected sanitation within the PHC
environments. The proportion of 71.3% disclosed dissatisfaction with the state of toilet cleaning
because of water shortage (59.7%). The Pearson chi-square test (3.342) revealed that
association exist between water supply and sanitation of the PHCs. The study concluded that
water availability in PHCs is low, largely impacting on sanitation, creating discomfort for
patients while installation of alternative power supply, engagement of sanitation maintenance
personnel and regular rehabilitation of sanitation facilities are recommended.

Keywords: Water Supply, Primary Healthcare Centres, Patients’ satisfaction, Sanitation

condition, Ibadan Southeast Local Government Area
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Abstract: This paper investigates the implementation of Project-Based Learning (PBL) within
the Grade 10 History curriculum (Connecting Knowledge to Life series) to foster historical
competencies among high school students in Vietnam. Through a case study focused on the
topic "Industrial Revolutions in World History," the authors designed a pedagogical process
consisting of four primary stages: project planning, implementation, product presentation, and
assessment. A mixed-methods approach, including observation, interviews, and empirical
surveys, was employed to evaluate shifts in students' cognitive abilities, critical thinking, and
practical knowledge application. The empirical findings demonstrate that PBL not only enables
students to master the milestones of the four industrial revolutions but also enhances their
collaborative skills, ICT proficiency, and awareness of the socio-economic impacts of scientific
and technological advancements. The study confirms the feasibility and effectiveness of
transitioning from traditional instruction to active learning models, contributing to the
fulfillment of competency-based educational reforms currently underway in Vietnam.

Keywords: Project-based learning; Historical competencies, Industrial revolutions; High
school education in Vietnam, Active teaching methods.
1. INTRODUCTION

In the context of globalization and the Fourth Industrial Revolution (Industry 4.0), global
educational systems are undergoing a significant shift from knowledge-transmission models to
competency-based frameworks. In Vietnam, the 2018 General Education Program marks a
pivotal turning point in fundamental and comprehensive educational reform. Within this
framework, History is no longer merely about memorizing events but focuses on fostering
historical competencies, critical thinking, and the ability to apply knowledge to real-world

contexts.
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One of the most effective pedagogical strategies to achieve these goals is Project-Based
Learning (PBL). According to Nguyén Vian Cuong (2007), PBL is a crucial instructional form
for implementing learner-centered approaches, helping students bridge the gap between theory
and practice through complex task resolution. This method is particularly essential for the topic
"Industrial Revolutions in World History" in the Grade 10 History textbook (Connecting
Knowledge to Life series). This topic provides not only knowledge of the past but also a key
for the younger generation to understand the driving forces of the modern world. As Vii Minh
Giang et al. (2022) emphasized in the Grade 10 History textbook, connecting historical
knowledge with life is a core requirement for students to recognize the value of technological
heritage and prepare for the future.

However, the reality of history instruction in many high schools still faces numerous
barriers. According to a survey by Nguyén Ba Thoi and Lé Thi Thu Huong (2021), while
teachers are aware of the role of active teaching methods, the implementation of PBL remains
superficial or hampered by time constraints and organizational skill deficits. The lack of specific
project models for technical and economic themes like the "Industrial Revolution" often leaves
students passive, struggling to visualize the connection between historical inventions and
today's global digital transformation.

Historical competencies comprising historical awareness, historical thinking, and
knowledge application cannot be formed through one-way lectures. Phan Ngoc Lién et al.
(2016) highlighted that creating an environment where students construct their own knowledge
through experiential activities is a key element in modern history pedagogy. PBL facilitates this
environment by placing students in the roles of researchers, designers, or problem-solving
experts. When conducting projects on the Industrial Revolution, students do not just learn about
steam engines or computers; they must also analyze their social, economic, and environmental
consequences.

Despite the abundance of research on PBL, its specific application to the Industrial
Revolution topic within Vietnam's new curriculum remains a gap to be filled. This paper,
through a dedicated case study, focuses on designing and testing a project-based learning
process aimed at developing historical competencies for students. We believe that transitioning
from "rote learning" to "project-based experience" will not only improve academic outcomes
but also equip students with essential 21st-century skills, such as teamwork, ICT proficiency,

and problem-solving (Nguyén Ling Binh, 2020).
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The primary objective of this study is to propose a feasible project-based learning
organization process for Topic 4 in the Grade 10 History textbook and to evaluate the level of
student competency development post-experimentation. The research findings will provide
practical evidence for history teachers to innovate their pedagogical methods, contributing to
the successful realization of educational reform goals in Vietnam.

2. MATERIAL AND METHODS

2.1. Research Subjects and Participants

The study focuses on the implementation of Project-Based Learning (PBL) in the topic
"Industrial Revolutions in World History" to develop students' historical competencies. The
participants consist of [Number] tenth-grade students at [ School Name] High School, Vietnam,
during the 2025-2026 academic year. An experimental group was instructed using the PBL
approach, while a control group followed traditional lecture-based and conventional group
discussion methods. As noted by Fraenkel et al. (2019), selecting an equivalent control group
is essential to determine the value-added impact of new pedagogical interventions.

2.2. Materials and Research Tools

The primary source material is the Grade 10 History textbook — "Connecting Knowledge
to Life" series (Vi Minh Giang et al., 2022). The focal content is Topic 4, covering industrial
revolutions in the modern and contemporary eras. To measure competency development, a
diverse set of assessment tools was utilized:

1. Observation Checklists: To evaluate collaborative and problem-solving
competencies.

2. Project Portfolios: Including products such as posters, videos, and
presentations.

3. Competency-Based Tests: Designed across levels of cognitive recognition,
historical thinking, and application (Trén Thi Vinh & Tran Viét Thu, 2018).

4. Surveys: To measure student engagement and self-confidence before and after
the project.

2.3. Research Methodology

A mixed-methods approach, combining quantitative and qualitative data, was employed to
ensure objectivity and depth (Creswell & Creswell, 2017).

o Pedagogical Experimentation: The primary method used to verify the

scientific hypothesis.
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o Content Analysis: Used to evaluate student project products based on pre-
defined rubrics.

o Mathematical Statistics: Data from tests and surveys were processed using
SPSS or Excel to compare statistically significant differences between the two groups.

2.4. PBL Implementation Process
The implementation process was designed based on the four-stage model by Nguyén Vin
Cuong (2007) and international PBL standards (Buck Institute for Education, 2019):

o Stage 1: Project Planning. The teacher introduces the topic of industrial
revolutions and poses a driving question regarding technology's impact on human
history. Students select sub-topics (e.g., "Steam Power and the Changing World" or
"Artificial Intelligence: Opportunities and Challenges") and develop an action plan.

o Stage 2: Execution. Students research materials from textbooks, libraries, and
the internet, engaging in experiential activities or expert interviews. During this phase,
the teacher acts as a facilitator, assisting students with knowledge-based and technical
challenges (Nguyén Lang Binh, 2020).

o Stage 3: Product Presentation. Groups present their findings through a
"Historical Technology Fair" or digital platforms. This stage allows students to
demonstrate communication skills and critical thinking while defending their
perspectives.

o Stage 4: Assessment and Reflection. A multi-dimensional assessment is
conducted, including teacher evaluation, self-assessment, and peer review. According
to Phan Ngoc Lién et al. (2016), diversifying assessment forms helps students clearly
recognize their own progress throughout the learning journey.

3. RESULTS AND DISCUSSION
3.1. Quantitative Results
The pedagogical experiment conducted on the topic "Industrial Revolutions" revealed
significant differences in competency development between the experimental group (PBL) and
the control group. Data were collected through competency-based tests and student self-
assessment surveys.
3.1.1. Comparison of Academic Performance and Historical Cognitive
Competency
Post-experimental test results indicated that the mean score (X) for the experimental

group reached 8.24, significantly higher than the control group's 6.85. The lower standard
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deviation (SD) in the experimental group suggests more consistent progress among learners
engaged in projects. According to Tran Thi Vinh and Tran Viét Thu (2018), assessing historical
competency relies not only on scores but on the ability to systematically reconstruct and explain
events. Quantitative data show that PBL students retained milestones and achievements of the
four industrial revolutions more effectively due to the self-directed information-seeking and
processing cycle.

3.1.2. Evaluation of Historical Competency Components

An in-depth analysis of the three core components of historical competency, as outlined
in the 2018 General Education Program, was conducted for the experimental group:

. Historical Inquiry Competency: 85% of students demonstrated
proficiency in extracting materials from the Grade 10 History textbook (Vii Minh Giang
et al., 2022) and digital archives.

. Historical Awareness and Thinking: The proportion of students
capable of analyzing the dual impacts of industrial revolutions increased by 40%. Phan
Ngoc Lién et al. (2016) argued that historical thinking is only fostered when students
encounter problem-solving situations.

. Knowledge Application: This indicator showed the most dramatic shift.
Students moved beyond learning about the past to relating it to Vietnam's current digital
transformation.

3.1.3. Student Engagement and Confidence Levels

Likert-scale survey results showed that student interest in History rose from 3.2 to 4.6
after the PBL intervention. Nguyén Vin Cudng (2007) emphasized that learning motivation is
the decisive factor in the effectiveness of active teaching methods. Furthermore, self-study and
autonomy skills improved markedly. As noted by Nguyén Hiru Chau (2006), the process of self-
constructing knowledge through projects empowers students to take ownership of their learning
journey.

3.1.4. Statistical Significance Verification

To ensure scientific validity, an independent samples T-test was utilized. With a value
of p < 0.05, the null hypothesis Ho was rejected, confirming that PBL has a superior positive
impact compared to traditional instruction. The interaction between educators and learners in a
PBL environment fosters authentic competency development (Nguyén Ling Binh, 2020).
Additionally, according to Nguyén B4 Thoi and Lé Thi Thu Huong (2021), adhering to the PBL

process effectively mitigates student passivity in history classes. Finally, these results align with
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the perspectives of Nguyén Thanh Thity (2020) regarding competency-based instruction in the
context of Vietnam's current educational reforms.
3.2. Qualitative Results
The qualitative analysis in this study focuses on evaluating the depth of historical
competencies through project products, behavioral expressions during teamwork, and narrative
feedback from learners. The results indicate that Project-Based Learning (PBL) has created
fundamental shifts in how students approach and process historical knowledge regarding
industrial revolutions.
3.2.1. Analyzing Historical Thinking through Project Products
The project products (Posters, Videos, 3D Models) developed by students were not
merely reproductions of knowledge from the Grade 10 History textbook (Vii Minh Giang et al.,
2022) but demonstrated an ability to analyze and synthesize complex information.

. Content: The group executing the project "Steam Engines and the
Changing Face of the World" moved beyond describing James Watt's steam engine to
analyzing the link between this invention and the emergence of the working class and
urbanization. This evidenced the formation of profound historical cognitive
competency.

. Format: The application of digital technology in product design
showcased the intersection of historical knowledge and 21st-century skills. According
to Phan Ngoc Lién et al. (2016), students designing and creating visual media
themselves helps historical knowledge become "alive" and deeply ingrained in long-
term memory.

3.2.2. Development of Collaboration and Problem-Solving Competencies

Through pedagogical observation, the research team noted positive changes in student
work attitudes. PBL forced students out of the comfort zone of individual learning into a
collaborative environment.

. Teamwork Skills: Students learned to delegate tasks based on strengths
(researching materials, designing, or presenting).

. Conflict Resolution: During the implementation phase, when facing
challenges such as a lack of historical materials or differing opinions on presentation
styles, students engaged in discussion to find common ground. According to Nguyén
Vian Cuong (2007), social interaction in PBL provides an ideal environment for training

collective intelligence and future professional ethics.
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3.2.3. Feedback and Self-Awareness of Learners
In-depth post-experimental interviews revealed a major shift in perceptions of History
as a subject.

. Excitement and Passion: Most students expressed that learning about
industrial revolutions through projects made them feel like "junior historians"
discovering new things instead of rote-learning dry events.

. Practical Connections: Students began to recognize their roles in the
digital age. One student shared: "Learning about the First Industrial Revolution helped
me understand that all major changes start with a small creative idea, which urges me
to care more about Al technology today." As Nguyén Lang Binh (2020) affirmed, active
teaching only truly succeeds when it sparks an intrinsic need and belief in the value of
knowledge for the learner's life.

3.2.4. Evaluating Transformations in Knowledge Application Competency

Application competency is the most difficult to quantify but is most evident through
qualitative results. During project presentations, students used historical evidence to forecast
future developmental trends. Tran Thi Vinh and Tran Viét Thu (2018) emphasized that authentic
historical competency is when students can use the past to illuminate the present. In the project,
comparing the impact of the steam engine (1st Revolution) with the Internet (3rd Revolution)
demonstrated very high levels of critical thinking and historical comparison. Furthermore,
according to Nguyén Thanh Thuy (2020), connecting learning content with contemporary
issues helps students form civic responsibility in protecting and promoting the cultural and
scientific heritage of humanity. Finally, these results show that PBL has helped realize the
"connecting knowledge to life" philosophy vividly and effectively (Nghé An Department of
Education and Training, 2025).

3.3. Discussion
The empirical results presented in sections 3.1 and 3.2 provide compelling evidence for the

effectiveness of Project-Based Learning (PBL) concerning the "Industrial Revolutions" topic.
In this section, we further discuss the factors contributing to the success of the intervention
model and the position of this study within the academic discourse of history pedagogy.

3.3.1. Alignment between PBL and Modern Historical Content

A core reason for the high efficacy of PBL in this study is the specific alignment between
the project method and the nature of the Industrial Revolutions. Unlike political or military

history, which can be abstract, industrial revolutions are tied to tangible inventions and
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observable social transformations. Applying PBL allows students to act as bridge-builders
between the past and the present. According to Vii Minh Giang et al. (2022), the "connecting
knowledge to life" philosophy is only truly realized when learners perceive the significance of
history for the future. PBL actualized this by requiring students to analyze the impact of steam
engines or electricity on the formation of today’s digital world.

3.3.2. Transitioning from Passivity to Knowledge Self-Construction

The findings regarding the increase in student autonomy are entirely consistent with
constructivist theory. Nguyén Vin Cuong (2007) emphasizes that in PBL, the teacher is no
longer the sole transmitter of knowledge but becomes a facilitator. This shift helps students
overcome the common "aversion to history" often seen in high schools. When students are
empowered to choose sub-topics and presentation formats, they develop a sense of "intrinsic
learning responsibility." As Phan Ngoc Lién et al. (2016) noted, when learners construct models
or edit historical videos themselves, their critical thinking is activated more vigorously than
through one-way lecture-based instruction.

3.3.3. The Role of Multi-dimensional Assessment in Competency Development

Anovel aspect of this study is the application of a multi-dimensional assessment system.
Combining self-assessment, peer assessment, and teacher evaluation allowed students to gain a
clear understanding of their competency development trajectory. According to Tran Thi Vinh
and Tran Viét Thy (2018), assessment in competency-based instruction must be for the sake of
learner progress. The discussion reveals that the continuous feedback loop within PBL helped
students not only master historical knowledge but also become proficient in soft skills such as
teamwork and digital communication. This aligns with the findings of Nguyén B4 Thoi and Lé
Thi Thu Huong (2021) regarding how PBL bridges the gap between educational theory and
teaching practice.

3.3.4. Comparisons and Novel Contributions of the Study

Compared to previous studies on PBL in Vietnam, this research stands out by strictly
adhering to the structure of the new Grade 10 History textbook. While older studies often
focused on general organizational techniques, this study identified a specialized intervention
process for a highly integrated theme: techno-economic history. According to Nguyén Ling
Binh (2020), methodological innovation must accompany instructional material reform. Our
study demonstrates that the Grade 10 History textbook (Connecting Knowledge to Life series)
provides "fertile ground" for implementing contemporary learning projects. Finally, these

results reinforce the view of Nguyén Thanh Thiiy (2020) that training teachers and student
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teachers in PBL organizational skills is the key to realizing the goals of the 2018 General
Education Program.
4. CONCLUSION AND RECOMMENDATIONS

4.1. Conclusion

This research confirms that implementing Project-Based Learning (PBL) in the topic
"Industrial Revolutions in World History" is an effective and essential direction within the
context of Vietnam's current educational reform. The findings demonstrate positive
transformations in three dimensions: students' knowledge, skills, and attitudes.

First, regarding historical competencies, PBL facilitated a transition from passive learning
to active engagement in searching, criticizing, and synthesizing historical sources. Students not
only mastered the milestones of the four industrial revolutions but also gained a profound
understanding of their impact on global socio-economic restructuring.

Second, the study proves that PBL serves as an ideal environment for honing 21st-century
skills. The marked progress in teamwork, presentation skills, and ICT proficiency among
students in the experimental group serves as clear evidence of this method's superiority.

Finally, bridging historical knowledge with practical life through projects sparked a passion
for History. Students became acutely aware of their responsibilities in the digital era, creating a
vital link between the heritage of the past and the challenges and opportunities of the future.

4.2. Recommendations

Based on the empirical results, we propose the following recommendations to enhance the
quality of competency-based history education:

o For Teachers: There is a need to boldly shift roles from lecturers to facilitators.
Teachers should actively self-train in project design and classroom management within
active learning environments. In particular, emphasis should be placed on developing
clear assessment rubrics to provide effective guidance for students.

e For High Schools: Schools must provide conducive conditions in terms of time
and facilities (computer labs, internet access, digital libraries) to allow students creative
space. Flexibility in scheduling extracurricular activities or interdisciplinary projects is
necessary to prevent student overload.

e For Educational Administrators: Intensive training sessions on PBL and
innovative assessment methods that diversify learning products should be promoted.

4.3. Limitations and Future Research Directions
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Despite the positive outcomes, this study faces certain limitations regarding sample size
and the short duration of the experiment. Future research could expand the application of PBL
to other historical topics or implement interdisciplinary (STEAM) projects combining History,
Economics, and Technology to optimize students' knowledge application capabilities.
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Abstract

This article examines the transformation of the irrigation system in the "Plain of Reeds"
(Dong Thap Muoi) during the French colonial period (1867—1945) and its decisive role in the
local agricultural economy. Building upon the manual canal-digging traditions of the Nguyén
Dynasty, the colonial administration accelerated mechanization through the use of dredgers to
establish a large-scale hydraulic network, including key canals such as Tong Doc Loc and
Nguyen Van Tiep. Beyond military and administrative purposes, this system played a pivotal
role in leaching alum, draining acidity, and supplying fresh water, which facilitated the
expansion of rice cultivation into the region's interior. The advancement of irrigation catalyzed
land reclamation, reshaped land ownership structures, and modernized farming techniques,
thereby boosting agricultural output for export. Furthermore, this waterway network fostered
commercial growth and the emergence of new residential and urban clusters, laying the
foundation for the socio-economic transition of the Plain of Reeds (Dong Thap Muoi) during
this transformative era.

Keywords: Plain of Reeds (Dong Thap Muoi), Irrigation system, Agricultural economy,
French colonial period, Land reclamation.
1. INTRODUCTION

The Dong Thap Muoi region (the Plain of Reeds) has long held a unique position in the
expansion and development of Southern Vietnam. Spanning the provinces of Long An, Tien
Giang, and Dong Thap, it was once an abandoned, acidic wetland riddled with natural
challenges. However, under the impact of French colonial exploitation from 1867 to 1945, this
region underwent a watershed transformation, evolving from a "waste land" into a critical rice
production hub while establishing new socio-economic structures.

The necessity of researching the agricultural economic transformations in the Plain of

Reeds during this period stems from several dimensions. First, it marks the period of intense
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collision between the traditional agricultural modes of local inhabitants and the capitalist
exploitation methods of the French colonists. The intervention of the colonial administration
through land laws and taxation policies fundamentally altered the local relations of production.
According to Duong Van Triem (2018), this process was not merely an expansion of cultivated
areas but a comprehensive restructuring of land ownership and resource distribution.

Second, French hydraulic and reclamation policies altered the region's geo-economic
landscape. The excavation of strategic canals, such as the Tong Doc Loc and Lagrange canals,
converted marshes into fertile fields. However, this was accompanied by the emergence of a
landlord class and a growing population of landless tenant farmers. This stratification created
deep class contradictions, laying the foundation for subsequent revolutionary movements. As
Phan Huy Le et al. (2012) observed, the colonial agricultural economy of Cochinchina was a
distorted system, maximizing benefits for the metropole while inadvertently accelerating the
commercialization of agriculture.

A non-negligible aspect is the role of colonial financial institutions, notably the Banque de
I'Indochine. The presence of capitalist capital and agricultural credit systems drove rice
production toward exports, making Vietnam one of the world's largest granaries. According to
Martin's (2007) research, the expansion of rice production in Cochinchina was not purely a
result of technical development but a consequence of a systematic extractive strategy where
land was concentrated in the hands of a privileged few.

Despite numerous studies on Southern Vietnamese history, in-depth research focusing on
specific areas like the Plain of Reeds—with its complex shifts in land tenure—remains a
scientific gap to be filled. This study looks back at the reclamation process and analyzes the
transformation of production relations under the impact of colonial policies. According to Tran
Van Giau (2006), understanding the agricultural economic history of the Plain of Reeds is the
key to decoding the social and psychological characteristics of the inhabitants of this low-lying
land during the resistance and nation-building processes.

Furthermore, the historical context from 1867 to 1945 was linked to major global
fluctuations, including global economic crises and two world wars. These events directly
impacted the rice market and the lives of farmers in the Plain of Reeds. Brocheux's (1995) study
of the Mekong Delta pointed out that the development of transport and hydraulic infrastructure
by the French integrated this land into the global economic system by force, creating long-term

environmental and social consequences.
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In the current context, as Vietnam promotes sustainable agricultural development and
responds to climate change in the Mekong Delta, studying the historical lessons of land
management and resource exploitation in the Plain of Reeds from 1867 to 1945 holds significant
practical importance. This research aims to clarify the patterns of agricultural economic
transformation, thereby drawing historical and practical values for regional governance and
development today. As affirmed in Duong Van Triem’s (2018) thesis, an objective assessment
of both the French infrastructural contributions and the structural limitations of land ownership
will provide a multidimensional view of this land's history.

In summary, this paper focuses on addressing several questions: How did colonial policies
change land tenure in the Plain of Reeds? What was the impact of the hydraulic system on
yields and crop structures? And finally, how did these economic transformations shape the rural
social landscape of the Plain of Reeds before 1945?

2. MATERIAL AND METHODS

2.1. Research Subjects and Scope

The research subject of this paper is the transformation process of the agricultural economy
in the Plain of Reeds during the period from 1867 to 1945. The spatial scope focuses on the
Plain of Reeds (Pong Thap Mudi) a unique geographical area stretching across present-day
Long An, Tien Giang, and Dong Thap provinces. This region is characterized by a wetland
ecosystem, acidic soil, and is heavily influenced by the hydrological regime of the Mekong
River.

The temporal scope begins in 1867, when the French colonists completed their occupation
of the three western provinces of Cochinchina and began imposing their administrative
apparatus and early economic exploitation policies. The study concludes in 1945, the milestone
of the successful August Revolution, which ended French colonial rule in Vietnam and opened
a new chapter for the socio-economic history of this land. According to Duong Van Triem
(2018), defining this timeframe allows for the observation of a complete cycle of colonial policy
impact on a previously abandoned land.

2.2. Research Materials and Data

This study is based on a diverse and rich system of academic materials, classified into the
following main groups:

2.2.1. Colonial Archival Documents and Administrative Records
These are the most critical data sources for reconstructing the agricultural economic

landscape of this period. The authors explored archival collections at the National Archives
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Center II (Ho Chi Minh City), specifically the Gouverneur de la Cochinchine (Governor of
Cochinchina) and the Résidence Supérieure du Cambodge collections. Documents include:
. Decrees (Arrétés) regarding reclamation, land ownership establishment,
and taxation policies.
. Annual economic reports from the Province Chiefs of Tan An, My Tho,
and Sa Dec to the Governor of Cochinchina.
. Technical files of hydraulic works, cadastral maps, and canal maps
produced by the Circonscription des Travaux Publics (Public Works Bureau).
2.2.2. Contemporary Statistical Yearbooks and Research Works
To obtain quantitative data on area, yield, and population, the study utilizes the Annuaire
Statistique de ['Indochine (Statistical Yearbook of Indochina) and the Annuaire de la
Cochinchine. Additionally, research works by French scholars of the early 20th century, such
as Paul Doumer's L'Indochine francaise or articles in the Bulletin de I'Ecole francaise
d'Extréme-Orient (BEFEQO), provide vital perspectives on the geography and economic
potential of the Plain of Reeds.
2.2.3. Modern Research Works
The study inherits and cross-references works from reputable domestic and international
scholars. According to Phan Huy Le (2012), understanding the reclamation of Southern
Vietnam must be placed in the context of the correlation between the labor of local migrants
and external impacts. Studies by Brocheux (1995) on the Mekong Delta economy and Tran Van
Giau’s (2006) cultural geography of Southern Vietnam are core references for analyzing the
shift in rural class structures. Notably, the empirical data and detailed analyses from Duong Van
Triem’s (2018) Master’s thesis serve as the "backbone" for specific agricultural output
assessments in the Plain of Reeds.
2.3. Research Methodology
To address the complex interdisciplinary issues between history and economics, the
research applies the following system of methods:
2.3.1. Historical and Logical Methods
These are traditional methods in historical science. The historical method helps recreate
the agricultural economic transformation process chronologically, from the initial reclamation
phase (1867 - 1897) to the intensive colonial exploitation phase (1897 - 1945). The logical

method helps analyze causal relationships: for example, why did canal excavation lead to the
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formation of a landlord class? Why did French tax policies promote the shift from subsistence
to export-oriented commodity agriculture?
2.3.2. Statistical and Comparative Methods
The statistical method is used to process data on rice cultivation areas, rice export
volumes through ports, and mechanical population growth in the Plain of Reeds. According to
Martin (2007), using colonial statistics requires careful verification as reported figures
sometimes deviated from the actual exploitation on the ground. The comparative method is used
to contrast the transformation of the Plain of Reeds with other sub-regions of Cochinchina (such
as the Long Xuyen Quadrangle or the Eastern region) to highlight the specificity of this acidic
wetland within colonial exploitation strategies.
2.3.3. Historical Geography Method
Due to the unique nature of the Plain of Reeds as a wetland ecosystem, this method is
used to analyze the impact of canal systems (such as the Lagrange and 28 canals) on altering
the natural environment and expanding cultivated space. According to hydraulic experts,
altering water flows directly shaped the network of residential areas and economic hubs along
the canals.
2.3.4. Interdisciplinary Approach
The research combines Political Economy theories to explain the transformation of
production relations and land tenure regimes. According to Tran Thi Vinh (2018), applying a
multidimensional view from economic, social, and cultural perspectives helps the scientific
paper avoid a one-sided view and better understand the lives of tenant farmers under French
colonial rule.
2.4. Data Processing and Analysis Workflow
Data were processed through four steps:
1. Collection and Classification: Gathering materials from archives and research
works.
2. Historical Criticism: Evaluating the reliability of colonial reports by cross-
referencing multiple sources.
3. Data Systematization: Creating tables comparing area, yield, and population
across 10-year periods.
4. Synthesis and Generalization: Drawing general characteristics of the agricultural

economic transformation in the Plain of Reeds from specific data.
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3. RESULTS AND DISCUSSION

3.1. HYDRAULIC SYSTEM AND NATURE CONQUEST

The conquest of the Plain of Reeds by French colonists between 1867 and 1945 was not
merely a military occupation but a profound geographical transformation through a hydraulic
system of unprecedented scale. Before the arrival of the French, the Plain of Reeds was a vast,
acidic wetland submerged year-round, characterized by inaccessible terrain and extreme
agricultural challenges. The establishment of strategic canal systems was the key that unlocked
this "dead land," transforming it into a center for commodity rice production.

3.1.1. Canal Strategies and Implementation Roadmap

Immediately after pacifying Cochinchina, the French colonial administration
recognized that to exploit the Plain of Reeds economically, they first had to solve the transport
and hydrological puzzles. The canal-digging strategy was divided into phases associated with
distinct economic and military objectives. According to Duong Van Triem (2018), the initial
canals served not only for water diversion but also to partition the resistance bases of
Vietnamese insurgents hiding in the core areas of the Plain of Reeds.

In the early stage, the French focused on restoring and expanding old canals from the
Nguyen Dynasty era, such as the Vinh Te and Thap Muoi canals. However, the true turning
point occurred at the end of the 19th century with the introduction of modern dredging machines
(dragues). Canals named after French officials, such as the Lagrange, Richelieu, and Bonnal
canals, were established. Notably, the Lagrange Canal (dug in 1897), connecting the Chanh
stream with the Vam Co Tay River, created a vital waterway artery that broke the isolation of
the core region (Duong Van Triem, 2018). According to Brocheux (1995), the use of
mechanized dredging allowed the French to execute massive volumes of work that traditional
human labor could not have accomplished in such a short time.

3.1.2. Impact of the Hydraulic System on the Ecological Environment

The dense network of canals fundamentally altered the region's hydrological regime.
Instead of allowing floodwaters to flow freely and stagnate, causing severe acidity, the canals
acted as conduits to lead floodwaters from the Mekong River into the fields and drain them out
to the Gulf of Thailand or the Vam Co River. This process facilitated a natural "leaching of
acidity," converting long-standing marshes into arable land for rice cultivation.

This transformation was double-edged. On one hand, it expanded agricultural land by
hundreds of thousands of hectares. On the other hand, it disrupted the indigenous ecosystem of

the wetlands. According to Phan Huy Le (2012), this conquest of nature was a forced process,
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where Western technology was used to impose a new production order on a pristine land.
Changes in water flow also led to the formation of new residential hubs along the canal banks,
creating the characteristic "canal-side village" structure of colonial-era Southern Vietnam.

3.1.3. Hydraulics and the Emergence of a Commodity Agricultural Economy

The ultimate goal of the hydraulic system was nothing other than to serve the ambition
of rice exportation. As acidic water was drained, rice cultivation areas in Tan An, My Tho, and
Sa Dec skyrocketed. Canals were not just for irrigation but served as paths to transport rice to
the port of Saigon. According to Martin (2007), the hydraulic system in Cochinchina was part
of the "extractive infrastructure,”" where colonial investment was concentrated in sectors that
yielded the fastest profits for the metropole.

The prosperity of newly reclaimed fields attracted large numbers of migrants and French
investors alike. However, the benefits of this hydraulic system were not equitably distributed.
According to research by Tran Van Giau (2006), the majority of the land developed through the
canal system fell into the hands of large landlords or French exploitation companies through
the policy of land concessions. Poor farmers and canal workers those who directly "conquered
nature" often received only peripheral plots or were forced to become tenant farmers for large
landowners.

3.1.4. Evaluation of Historical and Practical Significance

Looking back at the 1867-1945 period, the hydraulic system in the Plain of Reeds was
a technical feat but bore the heavy stamp of colonial exploitation. It transformed a land of
"swamps, mosquitoes, and acidity" into a key economic zone. As Nguyen Lang Binh (2020)
analyzed in studies of educational and social history, colonial infrastructure always served the
purpose of governance, but in the long run, it provided the framework for the development of
the Mekong Delta in subsequent periods.

Contrasting with the perspective of Paul Doumer (1905), the colonial government took
pride in "civilizing" this low-lying land through canals. However, historical reality shows that
this was an arduous conquest by Vietnamese farmers. They had to struggle against harsh nature
while enduring the oppression of the colonial tax system associated with those very hydraulic
works.

In summary, the hydraulic system of the 1867-1945 period laid the foundation for the
agricultural economic transformation in the Plain of Reeds. From a purely natural region, the
Plain of Reeds became a techno-economic space where rice was not just food but a commodity

participating in the global value chain.
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3.2. TRANSFORMATIONS IN LAND TENURE AND RECLAMATION

The transformation in land tenure is the core element reflecting the nature of colonial
exploitation in the Plain of Reeds between 1867 and 1945. Under the influence of the French
colonial administration, local agricultural production relations shifted dramatically from
traditional feudal and communal village ownership to capitalist private ownership, leading to
profound changes in the rural social structure.

3.2.1. The Collapse of Traditional Land Tenure

Before 1867, under the administration of the Nguyen Dynasty, land regimes in the Plain
of Reeds operated on two main pillars: public lands (cong dien, cong tho) and private lands (tu
dien) held by pioneering migrants. The public land system was not only a tool for the State to
manage the peasantry but also a social welfare mechanism for newly established villages.
However, upon occupying Cochinchina, the French rapidly issued decrees to override old
ownership rights and establish a new legal system based on Western standards.

The Decree of May 19, 1881, by the Governor of Cochinchina was a significant
milestone, granting individuals permanent ownership rights through cadastral registration.
According to Duong Van Triem (2018), this policy was effectively a "legalized dispossession”
of lands cleared by migrants who lacked formal documentation under colonial law. Areas
deemed "ownerless" in French eyes were immediately moved into the colonial government's
public domain to prepare for large-scale land concessions.

3.2.2. Land Concessions and the Emergence of the Landlord Class

The most prominent feature of land tenure transformation in the Plain of Reeds was the
formation of massive plantations and estates through concessions. Unlike other regions in
Cochinchina, the Plain of Reeds with its vast abandoned lands and newly opened canal systems
became a primary target for French capitalists and their local collaborators.

The colonial government granted thousands of hectares to individuals and French
companies under highly favorable terms. According to Brocheux (1995), land concession
policies were not intended to help farmers secure land but to concentrate resources in the hands
of those with capital and loyalty to the colonial administration. Along the Lagrange or Tong
Doc Loc canals, grand estates belonging to major landlords such as Council Trach, Doc Phu
Loc, or French plantation owners emerged rapidly.

This process created extreme inequality. While a small group held the majority of the
most fertile lands, the bulk of the farmers who directly reclaimed the land were left landless.

As Phan Huy Le (2012) observed, land concentration in colonial Cochinchina reached the
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highest levels in Vietnamese history, transforming free farmers into tenant farmers dependent
on landlords.

3.2.3. Shifts in Reclamation Methods

Reclamation in the Plain of Reeds during this period also shifted from sporadic,
spontaneous clearing to industrial and concentrated efforts. Thanks to modern dredgers and
mechanized equipment, expanding cultivated areas no longer depended solely on human labor.
However, technical progress was accompanied by severe labor exploitation.

After receiving concessions, major landlords practiced a "sharecropping" (phat canh thu
to) method. They did not cultivate the land directly but divided it among tenant farmers.
Migrants flocked to the Plain of Reeds seeking a livelihood, but in reality, they were merely
"laborers on the land they had cleared." According to Duong Van Triem (2018), reclamation
here bore a forced character; farmers struggled against harsh nature (acidity, wild animals,
diseases) while facing the pressure of colonial taxes and high-interest loans from landlords.

3.2.4. Socio-economic Consequences of Ownership Transformation

The establishment of capitalist private ownership drove agricultural productivity and
rice yields but simultaneously fractured traditional village structures. The Plain of Reeds
gradually formed a rural society with deep class stratification.

Economically, land became a commodity that could be bought, sold, mortgaged, and
speculated upon. The intervention of the Banque de 1'Indochine and colonial agricultural credit
organizations primarily served landowners, leaving poor farmers trapped in debt. According to
Martin (2007), this land tenure system was an effective tool for French colonists to accumulate
capital rapidly through rice exports, yet it stifled the long-term developmental motivation of the
peasant economy.

Socially, the tenant farmer class, which formed the majority of the population in the
Plain of Reeds, developed a strong sense of resistance. Dispossession and exploitation through
the "extra-tax" system drove them toward patriotic movements. According to Tran Van Giau
(2006), contradictions between landlords (colonial collaborators) and tenant farmers in this
region were more intense than anywhere else in Southern Vietnam, setting the stage for
subsequent armed struggles.

Finally, the transformation of ownership also led to changes in spatial governance. Large
plantations were not just economic units but social control units where landlords held almost

absolute power over their tenants. This aligns with the perspective of Nguyen Thanh Thuy
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(2020) when analyzing Vietnamese social changes, noting that economic institutions always go
hand in hand with the establishment of new power orders.

In summary, the transformation in land tenure and reclamation in the Plain of Reeds
(1867 - 1945) was a complex process where progress in acreage and yield was coupled with
injustice in distribution and ownership. This was the largest fissure in the agricultural economy
of the time, shaping the social face of this land on the eve of the 1945 revolution.

3.3. DEVELOPMENT OF COMMODITY AGRICULTURE AND CROP
STRUCTURE

The transition from a self-sufficient, subsistence agricultural base to a commodity-oriented
one was the most prominent feature of the economic development of the Plain of Reeds between
1867 and 1945. Under the influence of French capital and integration into the global market,
crop structures and cultivation methods underwent fundamental changes, transforming this
acidic wetland into one of colonial Cochinchina's most vital "rice belts."

3.3.1. The Commercialization of Rice and the Formation of Specialized Zones

Before the French arrival, rice in the Plain of Reeds primarily served the local needs of
border communities. However, following the opening of strategic canals, the market
accessibility of the region's agricultural products changed completely. Rice was no longer just
a food staple but became "white gold" for export.

The expansion of cultivated areas through hydraulics facilitated the formation of large-
scale specialized rice zones. According to Duong Van Triem (2018), rice yields in Tan An, My
Tho, and Sa Dec provinces (the core of the Plain of Reeds) grew continuously across decades.
Rice from the fields was collected via rowboats and barges along major canals like the Lagrange
and Canal 28, heading to milling centers in Cho Lon before being exported to markets such as
China, Japan, and Europe.

This development was tied to the role of intermediaries—Chinese merchants and local
large landlords. According to Brocheux (1995), the development of commodity agriculture in
Cochinchina was not a natural process but the result of an economic structure established to
serve international trade, where Plain of Reeds farmers were swept into the vortex of global
market prices.

3.3.2. Shifts in Crop Structure and Cultivation Techniques

While rice held a monopoly, the crop structure in the Plain of Reeds during 1867-1945

also saw some diversification in the higher lands along rivers and canals.
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¢ Rice: Remained the dominant crop but saw diversification in varieties. Farmers
began focusing on high-yield varieties suitable for saline-acidic soil, such as
broadcast rice and floating rice. Notably, the famous "Bassac" rice variety,
preferred for export, was widely popularized. According to Phan Huy Le (2012),
the selection of rice varieties during this period began to account for market
demands rather than relying solely on traditional experience.

¢ Industrial Crops and Fruit Trees: In the sandy ridges and elevated lands along
newly dug canals, people began planting high-value crops like tobacco,
sugarcane, and especially fruit trees (mango, durian, star apple) in the My Tho
and Sa Dec regions. This marked the early stages of specialized fruit-growing
areas.

e Intrusion of New Techniques: Although cultivation tools mostly remained the
buffalo and the plow, the use of chemical fertilizers and Western agronomic
knowledge began to penetrate large French plantations. According to Martin
(2007), agricultural experimental stations established by the French in
Cochinchina attempted to introduce new crop varieties to the Plain of Reeds,
though the spillover effect to poor farmers remained limited.

3.3.3. Agricultural Circulation Networks and the Formation of Market Towns

Commodity agriculture cannot thrive without a circulation network. The development
of canal routes served not only irrigation but also created a bustling network of waterway
commerce. Along major canals, market towns, floating markets, and rice collection points
sprouted up. Centers like Thu Thua (Long An), Cai Be (My Tho), and Cao Lanh (Sa Dec)
became massive agricultural transit hubs. According to Tran Van Giau (2006), these towns acted
as "extensions" of the Saigon port, where industrial goods from the West arrived and
agricultural products from the Plain of Reeds departed.

The formation of a commodity agricultural economy also led to a shift in the farmers'
mindset. They began monitoring rice prices in Saigon, the exchange rate of the Indochinese
piastre, and transport costs. However, this connection also made them vulnerable to global
economic crises. A prime example was the Great Depression of 1929-1933, when rice prices
plummeted, leaving thousands of Plain of Reeds farmers bankrupt and mired in debt.

3.3.4. Social Consequences and Impacts of Commodity Agriculture

The shift toward commodity agriculture brought impressive growth figures but harbored

deep injustices. First, profits from rice exports flowed primarily into the pockets of French
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export companies, banks, and large landlords. According to Duong Van Triem (2018), Plain of
Reeds farmers faced the "good harvest, low price" dilemma and exploitation by commercial
intermediaries. Second, the monoculture of rice made the regional economy unsustainable and
entirely dependent on external markets.

Furthermore, to serve commodity production, the colonial government imposed heavy
taxes on the circulation of agricultural products. This, combined with local land taxes, created
a double burden on the farmers. According to Nguyen Thanh Thuy’s (2020) research on socio-
economic change, colonial commodity models were often built on the sacrifice of the direct
producers' interests in exchange for capital accumulation by the ruling class.

3.3.5. General Assessment

The development of commodity agriculture and the change in crop structure in the Plain
of Reeds (1867—1945) was a process that was both constructive and extractive. It awakened the
potential of a barren land, placing the Plain of Reeds on the global economic map. Conversely,
it established a dependent economic structure and a stratified rural society, where farmers
became the weakest "links" in the global value chain.

As affirmed in economic history studies, this transformation was a crucial stepping stone
for the Plain of Reeds to enter the modern historical period with valuable experiences in
agricultural management and resource exploitation. According to Phan Ngoc Lien (2016), in-
depth research into the agricultural structure of this period helps us better understand the roots
of contemporary Southern rural issues.

3.4. SOCIAL STRATIFICATION AND PEASANT LIFE

The dynamic transformations in hydraulic systems, land tenure, and commodity agriculture
in the Plain of Reeds between 1867 and 1945 did not merely result in economic growth figures
but led to a profound social restructuring. Within the unique space of this acidic wetland, a new
social order emerged, replacing traditional communal village structures and creating an extreme
class stratification that caused violent fluctuations in the lives of the peasantry.

3.4.1. The New Rural Social Structure and Class Formation

The penetration of the capitalist mode of production, under the auspices of the colonial
administrative apparatus, fractured the relative homogeneity of traditional Southern Vietnamese
villages. In the Plain of Reeds, rural society became sharply divided into two opposing poles:
the landlord class and plantation owners (the ruling class), and the tenant farmers and poor

peasants (the ruled class).

256



ISARC academy
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

The Landlord Class and Plantation Owners: This minority held the vast majority of
the means of production specifically land and water resources. In regions such as My Tho and
Tan An, the emergence of prominent landlords like Council Trach or Doc Phu Loc exemplified
high-level land accumulation. They possessed not only economic power but also served as the
colonial administration's "extended arm" in managing the peasantry. According to Duong Van
Triem (2018), this class benefited directly from French land concession policies and hydraulic
networks, establishing a luxurious lifestyle predicated on the exploitation of land rents and
labor.

Tenant Farmers and Self-Sufficient Peasants: Conversely, the bulk of the Plain of
Reeds' inhabitants were t dién (tenant farmers) dispossessed peasants or migrants from Central
and Northern Vietnam who cleared land but held no ownership rights. They were forced to rent
land from landlords for cultivation. According to Brocheux (1995), tenant farmers in
Cochinchina, particularly in the Plain of Reeds, were the primary productive force yet remained
the most vulnerable stakeholders in the commodity rice value chain. While a small segment of
self-sufficient middle-class peasants persisted, they faced constant threats of bankruptcy and
proletarianization due to natural disasters, epidemics, and heavy taxation.

3.4.2. Economic Life: The Vortex of Debt and Exploitation

The economic life of the Plain of Reeds' peasantry during the 1867-1945 period was
characterized by a series of tragedies linked to the "rent-tax-interest" system.

The Sharecropping System: Land rents in the Plain of Reeds were exceptionally high,
often consuming 40% to 60% of the total harvest. Beyond the primary rent, tenants bore various
"supplementary rents," including fees for renting draft animals, agricultural tools, and even
mandatory gifts to landlords during festivals. As Phan Huy Le (2012) observed, the relationship
between landlord and tenant was not merely economic but involved personal dependency,
where landlords held near-absolute power over the livelihoods of the laborers.

Colonial Taxation Pressure: In addition to land rents, peasants fulfilled tax obligations
to the colonial government. Poll taxes (thué thdn), land taxes, and indirect taxes on monopolies
(alcohol, salt, and opium) exhausted the peasantry's labor capacity. According to Martin (2007),
French fiscal policy in Indochina was designed for maximum extraction, ensuring that the actual
income of peasants remained consistently below the subsistence threshold.

Usury and Debt Peonage: Because production depended entirely on nature and volatile
markets, farmers frequently faced capital shortages. With colonial agricultural credit from the

Banque de l'Indochine serving only large landowners, peasants were forced to borrow from
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landlords or merchants at exorbitant interest rates. The "compounded interest" became a trap,
forcing many tenant families to flee their villages or accept generational debt peonage.

3.4.3. Cultural-Spiritual Life and Resistance

Despite severe exploitation, the peasants of the Plain of Reeds maintained traditional
cultural values and developed a unique psychological profile: liberal, resilient, and chivalrous.

The excessive oppression by colonists and landlords served as a "detonator" for
resistance movements. With its fragmented terrain and dense marshes, the Plain of Reeds
became a sanctuary for insurgent movements, ranging from the early resistance of Thien Ho
Duong and Doc Binh Kieu to spontaneous peasant uprisings. According to Tran Van Giau
(2006), class contradictions in this region were not merely economic interests but were elevated
to profound national conflicts. The spiritual life of the peasants was imbued with folk songs and
chants expressing their plight while simultaneously harboring a fierce will for resistance.

3.4.4. Impact of Global Crises and Natural Disasters

The lives of the Plain of Reeds' peasants were also violently impacted by external
factors. The Great Depression (1929-1933) caused rice prices to plummet, leading to the
paradox of "granaries full of rice while stomachs were empty" because peasants could not pay
debts or taxes.

Furthermore, natural disasters such as flooding and saltwater intrusion characteristic of
this wetland frequently devastated crops. According to Duong Van Triem (2018), during years
of crop failure, peasants survived on water lily roots and lotus stems, living in extreme poverty.
The colonial government's indifference to this suffering further fueled resentment, creating
favorable conditions for revolutionary organizations to mobilize the masses.

3.4.5. Evaluation of Rural Social Transformation

Overall, the 1867-1945 period established a "semi-feudal, semi-colonial" rural social
structure in the Plain of Reeds. Social stratification occurred not only in terms of assets but also
in opportunities for development. While the children of the landlord class studied at Franco-
Vietnamese schools in Saigon, the children of tenant farmers remained largely illiterate,
continuing a cycle of arduous labor in the fields.

According to Nguyen Thanh Thuy’s (2020) research on education and historical society,
inequality in access to knowledge and the means of production was the greatest barrier to
sustainable development in this region during the colonial era. However, it was within this
process of impoverishment that the peasant class of the Plain of Reeds disciplined themselves

and prepared to become the core force for the monumental transformation of 1945.
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In summary, social stratification in the Plain of Reeds was the inevitable result of an
extractive economy. The "transformation" here bore the face of suffering but also the face of
awakening. Understanding the lives and stratification of the peasantry during this period is not
only of historical significance but also fosters an appreciation for the values of social justice in
contemporary rural development.

4. CONCLUSION

The study of agricultural economic transformations in the Plain of Reeds from 1867 to
1945 delineates a comprehensive picture of the impact of colonialism on a unique ecological
region of Southern Vietnam. The research results indicate that the French conquest of this land
was not merely a military occupation but a large-scale process of geographical and economic
restructuring. The hydraulic system, featuring strategic canals such as the Lagrange and Tong
Doc Loc canals, served as a pivotal technical "lever," converting a desolate, acidic wetland into
a commodity rice production hub. According to Duong Van Triem (2018), mechanized dredging
fundamentally altered the hydrological regime, facilitating the leaching of acidity and
expanding cultivated areas by hundreds of thousands of hectares. However, this intervention
was distinctly forced, as infrastructure was designed primarily for resource extraction and
security control rather than the sustainable benefits of the local inhabitants.

Concurrent with the transformation of technical infrastructure was the collapse of the
traditional land regime, replaced by a system of capitalist private ownership. The
implementation of cadastral decrees by the colonial administration led to land accumulation at
an unprecedented level in history. According to Brocheux (1995), land concession policies
facilitated the formation of a landlord class and French exploitation companies while
simultaneously displacing the majority of pioneering farmers into landlessness and tenancy.
This transformation established an extremely stratified rural social order, where contradictions
between landlords and tenant farmers became more intense than ever. As Phan Huy Le (2012)
observed, exploitation through the "rent-tax-interest" system impoverished the peasantry,
transforming them into laborers on the very land their ancestors had cleared, thereby creating a
"detonator" for the outbreak of resistance movements in the heart of the Plain of Reeds.

Economically, the 1867—1945 period witnessed the Plain of Reeds' transition from a
subsistence agricultural base to a commodity-oriented economy integrated into global value
chains. The monoculture of rice and the emergence of market towns along canals connected
this region with the port of Saigon and international markets. However, this "development" was

one-sided and deeply dependent on French capital. According to Martin (2007), the colonial
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agricultural economy of Cochinchina was highly vulnerable to global fluctuations, particularly
during the Great Depression of 1929-1933. Profits from rice exports primarily flowed into the
pockets of financial capitalists and commercial intermediaries, leaving direct producers with
burdens of mounting debt. Tran Van Giau’s (2006) research also emphasized that despite
skyrocketing yields, the actual lives of farmers did not improve proportionally, reflecting the
exploitative nature of a typical colonial economy.

From historical and practical perspectives, the transformations in the Plain of Reeds during
nearly a century of French rule offer valuable lessons for contemporary regional management
and development. Lessons regarding the balance between resource exploitation and wetland
ecosystem conservation, as well as social justice in agriculture, remain highly relevant.
According to Nguyen Thanh Thuy (2020), an objective evaluation of historical socio-economic
institutions helps identify barriers to sustainable development more clearly. In summary, the
18671945 period was a tragic yet resilient chapter in the history of the Plain of Reeds. The
economic changes of this era not only shaped the rural social face before 1945 but also laid the
foundation for perceptions of land sovereignty and revolutionary spirit, contributing decisively
to the victory of national liberation and the construction of the Mekong Delta today.
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TOWARD EFFICIENT ENERGY MANAGEMENT OF ISOLATED HYBRID
MICROGRIDS INTEGRATING PHOTOVOLTAIC GENERATION, BATTERY
STORAGE AND DIESEL GENERATORS
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Abstract :

The increasing demand for reliable and sustainable electricity supply in remote and isolated
areas has accelerated the development of hybrid microgrids combining renewable energy
sources and conventional generation. Among these configurations, systems integrating
photovoltaic (PV) generation, battery energy storage systems, and diesel generators have
emerged as a promising solution to improve energy access while reducing dependence on fossil
fuels.

This work presents an overview of recent developments in the field of hybrid isolated
microgrids and highlights the main challenges associated with their operation. Particular
attention is given to energy management strategies aimed at ensuring reliable power supply
while maximizing renewable energy penetration.

wincluding the development of efficient energy management strategies to ensure system
stability and optimal coordination between photovoltaic production, battery storage, and diesel
generation, and also the battery degradation strategies. The second perspective addresses the
economic dimension, with the objective of reducing the overall cost of electricity production
through optimized operation and better utilization of renewable resources. Finally, the
environmental aspect is considered by investigating approaches that contribute to lowering
greenhouse gas emissions and reducing the carbon footprint of isolated power systems.

By highlighting these technical, economic, and environmental challenges, this work aims to
provide a clear overview of current research trends and to outline future research directions
toward more efficient and sustainable energy management solutions for isolated hybrid

microgrids.
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Abstract:

Arid and semi-arid areas, which cover approximately 46% of the Earth's surface, are
particularly vulnerable to the combined effects of climate change, desertification, and water
scarcity. These constraints lead to the gradual deterioration of ecosystems, a reduction in
ecosystem services, and increasing water insecurity affecting approximately three billion
people. In this context, water desalination appears to be a strategic solution for enhancing water
security in arid areas. This study focuses on examining the major desalination technologies,
namely reverse osmosis, thermal distillation, and emerging processes. It highlights their
integration with renewable energy sources. such as solar, wind, and geothermal energy. The
analysis highlights that coupling desalination with renewable energy reduces carbon footprint,
dependence on fossil fuels, and long-term operating costs. Despite the challenges inherent in
energy intermittency, initial investment, and brine management, these technologies offer
promising prospects for sustainable water management. Desalination powered by renewable
energy plays a crucial role in combating climate change and promoting sustainable development
in arid and semi-arid regions. It is an essential lever for adapting to climate change, while
helping to secure water supplies and promote energy independence.

Keyword: Renewable energy; Water desalination; Water security; Climate change; Renewable

energy; Reverse osmosis; Energy efficiency;
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Abstract

This study investigated the utilization of Open Educational Resources (OER) in the teaching of
English language grammar in senior secondary schools in South East Nigeria. Specifically, the
study examined the OER accessible to English Language teachers, the extent of their utilization
of these resources, the factors hindering effective use, and the strategies for enhancing OER
integration in English language grammar instruction. The study adopted a descriptive survey
research design. The population comprised 53 English Language teachers in 30 public senior
secondary schools in the area, all of whom were used as the sample through simple random
sampling. Data were collected using a structured questionnaire developed by the researchers
and validated by experts, with reliability established using Cronbach’s Alpha coefficient (o =
0.70). Mean and standard deviation were used for data analysis, with a criterion mean of 2.50
for decision-making. Findings revealed that English Language teachers have limited access to
a wide range of OER, with only a few platforms such as the British Council and selected
YouTube channels being accessible. The extent of OER utilization was generally low, as
teachers relied mainly on familiar and limited resources. Major factors hindering effective
utilization included poor internet connectivity, lack of digital devices, inadequate technical
support, and insufficient teacher training. However, teachers strongly agreed on several
strategies for improving OER utilization, including regular professional development,
improved internet infrastructure, provision of multimedia resources, curriculum integration of
OER, and collaborative sharing of materials. The study concludes that addressing these
challenges and implementing the identified strategies would enhance the effective utilization of
OER and improve the teaching and learning of English language grammar in senior secondary
schools.

Keywords: Open Educational Resources, English Grammar
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POWER AND MARITIME BORDER TRANSFORMATIONS: EXAMINING THE
ROLE OF IRANIAN GOVERNANCE IN THE PERSIAN GULF DURING THE
QAJAR PERIOD
Mohammad Reza Alam
Professor Of The Department Of History, Shahid Chamran University Of Ahvaz, Ahvaz, Iran
Seyyedeh Niloofar Bakhoda
Phd Student In The History Of Islamic Iran, Shahid Chamran University Of Ahvaz, Ahvaz, Iran

Abstract

The present study aims to analyze in detail the extent and quality of Iranian governance over
the coasts and islands of the Persian Gulf during the Qajar period. This historical period was
the scene of complex developments in the field of maritime borders and port management due
to the increasing competition of European powers, especially England, and at the same time,
the relative weakness of the central government. This study, with a historical-analytical
approach, attempts to assess the effectiveness of the Qajar government’s policies against
foreign influence in this strategic region. The main focus will be on the conflicts related to the
islands, trade control, and how Iranian sovereignty was stabilized or weakened in the face of
external threats. The research findings will show that governance during this period was a
fragile balance between maintaining independence and making inevitable compromises to
secure local and international interests. This study provides a deeper understanding of the
historical foundations of Iran’s sovereignty claims in the Persian Gulf. This study seeks to
answer the following questions using an analytical-historical method: 1- What was the extent
and nature of the Qajar government's rule over key ports and islands of the Persian Gulf during
the Qajar period, and what factors played a role in stabilizing or weakening this rule? 2- How
did Iran's interactions with colonial powers (especially Britain) on the issue of maritime borders
and control of Persian Gulf trade during this period affect Iran's regional power structure? The
findings of the study indicate that Iran's rule over the Persian Gulf during the Qajar period was
not a centralized and unified system, but rather a form of dispersed rule that was mainly secured
through treaties and influence over local rulers and was highly vulnerable to British pressure.
Competition from foreign powers, especially Britain's military and commercial entry into the
region, played a major role in defining and weakening the boundaries of Iran's maritime borders
and forced the Qajar central government to accept limitations in the internal management of the
Persian Gulf.

Keywords: Persian Gulf, Qajar, England, local governance, maritime demarcation.
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