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EDITORDEN
Degerli Istanbul Ticaret Universitesi Fen Bilimleri Dergisi Okurlari,

Dergimizin 23. yilinda, 2024 Giiz doneminde yayimlanan 46. sayiy1 degerli okurlara
ulastirmaktan onur duymaktayiz.

Dergimizin bu sayisinda Bilgisayar Miihendisligi, Matematik, Bilgi ve Bilgi isleme
Bilimleri, Makine Miihendisligi, Kimya, Endiistri Miihendisligi, Insaat Miihendisligi,
Gida Miihendisligi ve Malzeme Miihendisligi alanlarindan on bes makaleyi siz
okurlarimizin istifadesine sunmaktan mutluyuz.

Bu sayida, tniversitemiz iginden ve disindan c¢alismalarint bizim araciligimizla
okuyuculariyla paylasan yazarlarimiza, makalelerin hakemlik siireglerine itinali
calismalar ile katkida bulunan degerli akademisyenlere ve derginin hazirlanmasinda
emegi gecen ¢aligma arkadaglarimiza tesekkiirlerimizi sunariz.

Saymin fen bilimleri alaninda degindigi konulara 6zgiin ve giincel bakis acilart
kazandirmasini temenni eder, bir sonraki sayida okuyucularimizla bulusmayi dileriz.

Prof. Dr. Berk AYVAZ
Fen Bilimleri Dergisi Editorii

EDITORIAL POST
Dear Readers of Istanbul Commerce University Journal of Science,

In the 23rd year of our journal, we are honored to share with you our esteemed readers
the 46th issue of the Fall 2024 edition.

In this issue, we are pleased to publish fifteen articles from the fields of Computer
Engineering, Mathematics, Information and Computing Sciences, Mechanical
Engineering, Chemistry, Industrial Engineering, Civil Engineering, Food Engineering
and Materials Engineering to the readers.

We are eternally grateful to our writers who share their original scientific paper with the
readers and our colleagues who have contributed to the preparation of the journal and
the valuable academicians.

We hope that the issue will provide unique and actual scientific view into the subjects

of natural science. Looking forward to meet with the next issue.

Prof. Dr. Berk AYVAZ
Editor
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YAYIN POLITIKASI

Dergimizde yazarlarin g¢aligmalarimi makale olarak yayimlamalari, okuyucularin
makale okumalari1 ve indirmeleri {icretsizdir. Ayn1 sekilde hakem degerlendirmesi ve
yayimlanma siirecinde de iicret talep edilmemektedir. Dergimizin tiim sayilarina
https://dergipark.org.tr/tr/pub/ticaretfbd adresinden ulasilabilir.

Dergimize yayinlanmak tizere gonderilen caligmalar, benzerlik kontrol yazilimi olan
Intihal.Net ile kontrol edilir. Cift-kérleme hakem degerlendirme siirecine sadece
benzerlik oran1 < % 20 c¢alismalar alinir. Bu durumda degilse yazar/lar'dan ¢alismanin

tekrar revize edilerek yiiklenmesi istenir. Benzerlik oran1 % 20’den yiiksekse, basvuru
reddedilir.

Dergimize gonderilen makaleler i¢in degerlendirme asamalar1 asagidaki gibidir;
1. Makale On incelemeye alinir;
e Makalenin yazim formati incelenir ve Intihal.Net programi ile benzerlik
taramasi yapilir.
e  Makalenin 6rnek makale sablonuna uygunlugu kontrol edilir.
e  Sablona uymayan makaleler yazara bildirilir ve makalenin diizeltilmesi istenir.
e  Makale sunum ve telif hakk: devir formu bilgilerinin kontrolii yapulir.
2. Makale Degerlendirme agsamasina geger.
e Dergimiz makale degerlendirme siirecinde hakem ve yazarlar birbirlerinin
bilgilerini géremedigi ¢ift-korleme hakemlik sistemini kullanmaktadir.
e Makaleye en az iki hakem atamasi yapilir. Hakemlere degerlendirme i¢in 21
giin siire taninir. Degerlendirme siireci tamamlanmazsa ek 7 giin siire verilir.
e Makalenin sonucu ret, diizeltme ya da kabul olabilir. Sonuca gore asagidaki
madde/maddeler uygulanir:

o Hakem goriislerinin ¢ogunlugu dogrultusunda makale ret edilmigse
siire¢ sonlandirilir ve makale reddedilir. Esitlik durumu s6z konusu
ise liglincli hakem atamasi yapilir.

o Makale igin diizeltme istenirse hakem goriisleri dogrultusunda
yazarin diizeltmeleri yapmasi istenir.

o Makale kabul alirsa diizenleme agamasina gegilir.

3. Mizanpaj asamasinda, diizeltmeler gerekirse yazardan istenir.
4. Siire¢ tamamlanir ve yazara bilgilendirme mesaj1 gonderilir.
Makale kabul siireci ortalama 3 ay siirmektedir.

Istanbul Ticaret Universitesi Fen Bilimleri Dergisi Budapeste A¢ik Erisim Girisimi'ne
bagli kalir ve Ac¢ik Erisim politikasint orijinal BOAI'da gelistirilen tanima gore
tanimlar:

Acik Erisim, “Hakem denetimli bilimsel literatiiriin, internet araciligiyla; finansal, yasal
ve teknik engeller olmaksizin, erigilebilir, okunabilir, kaydedilebilir, kopyalanabilir,
yazdirilabilir, taranabilir, tam metne baglant1 verilebilir, dizinlenebilir, yazilima veri
olarak aktarilabilir ve her tiirlii yasal amag i¢in kullanilabilir olmasi”dir. [Bknz,
https://www.budapestopenaccessinitiative.org/translations/turkish-translation]
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PUBLICATION POLICY

In our journal, it is free for authors to publish their works as articles, and for readers to
read and download articles. Likewise, no fee is charged during the referee evaluation
and publication process. All issues of our journal can be accessed at
https://dergipark.org.tr/tr/pub/ticaretfbd.

Manuscript sent to our journal for publication are checked with intihal Net, a similarity
checking software. Only manuscript with a similarity rate < 20% are included in the
double-blind peer-review process. If this is not the case, the author/s are requested to
revise and upload the manuscript again. If the similarity rate is higher than 20%, the
application is rejected.

The evaluation stages for the articles sent to our journal are as follows;
1. The article is taken to Preliminary Review;

e The format of manuscript is checked and Intihal.Net programme is used for
the plagarism.

o Compliance of the article with the sample article template is checked.

e  Articles that do not fit the template are reported to the author and the article is
requested to be corrected.

e  Article presentation and copyright transfer form information is checked.

2. The article goes to the evaluation stage.

e The journal has double-blind peer-review system in which the referees and
authors cannot see each other's information in the article review process.

e At least two referees are assigned to the article. Referees are given 21 days for
review. If the evaluation process is not completed, an additional 7 days is
given.

e Conclusion to the article can be rejection, correction or acceptance. According
to the result, the following article/s are applied:

o If the article is rejected in line with the majority of the referee's
opinions, the process is terminated and the article is rejected. In case
of equality, the 3rd referee is appointed.

o If corrections are requested for the article, the author is requested to
make them in line with the referee's comments.

o Ifthe article is accepted, it goes to the editing stage.

3. At the layout stage, if some corrections needed, it is requested from the author.
4. The process is completed and a notification message is sent to the author.
The article review process is almost 3 months.

Istanbul Commerce University Journal of Sciences adheres to the Budapest Open
Access Initiative and defines Open Access policy according to the definition developed
in the original BOAI:

By "open access" to peer-reviewed scientific literature, we mean its free availability on
the public internet, permitting any users to read, download, copy, distribute, print,
search, or link to the full texts of these articles, crawl them for indexing, pass them as
data to software, or use them for any other lawful purpose, without financial, legal, or
technical barriers other than those inseparable from gaining access to the internet itself.
[See, https://www.budapestopenaccessinitiative.org/read]
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Abstract Oz

Alzheimer’s Disease (AD) is one of the most, if not the
most, devastating neurodegenerative diseases that are
incurable and progressive. Early diagnosis of AD comes
with many promises in terms of medicine, sociology, and
economics. Despite the existence of numerous studies that
aim for early diagnosis of AD, to the best of our
knowledge, there is not a publicly available tool that lets
end-users assess AD. To address this gap, we propose a
Graphical User Interface (GUI) powered by Machine
Learning (ML) that makes self-assessment of AD possible
— without any input from medical experts. The developed
GUI lets end-users enter various information considering
both commonly used features for the diagnosis of AD and
the questions available in the gold standard screening tool
for the diagnosis of AD, namely the Mini-Mental State
Exam. In addition to employing 11 traditional ML
algorithms, we propose a novel I-dimensional (1D)
Convolutional Neural Network (CNN). All ML models
were trained on a gold standard dataset that comprised 373
records from three subject classes as follows: (i) non-
demented, (ii) demented, and (iii) converted. Once the end-
user enters the required input through the developed GUI,
the previously trained ML model assesses the diagnosis of
AD through this input in a couple of seconds. According
to the experimental results, the proposed novel 1D CNN
outperformed the state-of-the-art by obtaining an accuracy
as high as 95,3% on the used gold standard dataset.

Keywords: Alzheimer’s Disease, classification, cognitive
disorder, deep learning, dementia, machine learning.

Alzheimer Hastaligi (AH), tedavi edilemeyen ve ilerleyici
olan en yikic1 norodejeneratif hastaliklardan biridir, belki
de en yikici olanidir. AH'nin erken teshisi, tip, sosyoloji
ve ekonomi agisindan birgok avantaj icermektedir. AH'nin
erken teshisine yonelik birgok ¢aligma olmasina ragmen,
bilgimiz dahilinde olan son kullanicilarm AH
degerlendirmesini yapmalarina olanak taniyan agik
erigimli bir ara¢ bulunmamaktadir. Bu boslugu doldurmak
i¢in, tibbi uzmanlardan herhangi bir girig olmadan AH'nin
kendi degerlendirmesini miimkiin kilan Makine
Ogrenmesi temelli bir grafiksel kullanici arayiizii
oneriyoruz. Gelistirilen grafiksel kullanici arayiizii, son
kullanicilara AH teshisi i¢in yaygin olarak kullanilan
Ozniteliklerle birlikte AH teshisi i¢in altin standart tarama
aract olan Mini-Mental Durum Testi’ndeki sorular1 da
dikkate alarak gesitli bilgiler girmelerine izin verir. 11
geleneksel makine grenmesi algoritmasinin
kullaniminin ~ yan1  sira, benzersiz bir 1-boyutlu
Konvoliisyonel Sinir Ag1 (KSA) 6neriyoruz. Tiim makine
Ogrenmesi modelleri, (i) bilissel bozuklugu olmayan, (ii)
biligsel bozuklugu olan ve (iii) doniistiiriilen olmak tizere
i¢ konu smifindan olusan 373 Orneklemli bir altin
standart veri setinde egitilmistir. Son kullanici, gelistirilen
grafiksel kullanici arayiizii araciligiyla gerekli girigi
yaptiginda, daha 6nce egitilmis makine 6grenmesi modeli
bu girdi tizerinden AH teshisini birka¢ saniye iginde
degerlendirmektedir. Deneysel sonuglara gére, onerilen
benzersiz 1-boyutlu KSA, kullanilan altin standart veri
setinde %95,3'e kadar yiiksek bir dogruluk elde ederek en
geliskin modelleri geride birakmugtir.

Anahtar Kelimeler: Alzheimer Hastaligi, biligsel
bozukluk, demans, derin 6grenme, makine &grenmesi,
siniflandirma.
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1. INTRODUCTION

Alzheimer's Disease (AD) is an irreversible neurodegenerative condition, representing
the most commonly diagnosed form of dementia. It is characterized by (i) disturbances
in cerebral perfusion, vasculature, and cortical metabolism, (ii) activation of
proinflammatory processes, and (iii) the accumulation of amyloid beta and
hyperphosphorylated Tau protein (Hnilicova et al., 2023). Patients with AD or dementia
(mild to severe) often face challenges in their daily activities and may require support
to ensure their lives are safe. As indicated by a recent study, there is a widespread
acknowledgment of the substantial impact of Alzheimer's Disease (AD) and dementia,
prompting calls for action from opinion leaders and policymakers worldwide. The
global estimate of individuals affected by dementia has surpassed 50 million, incurring
an annual cost exceeding 1 trillion US dollars (Gustavsson et al., 2023). Projections
suggest that the number of people affected by AD and other forms of dementia is
expected to reach 152 million by the year 2050 (Nichols et al., 2022). The global
trajectory of AD is illustrated in Fig. 1.
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Figure 1. The Plot Depicting The Global Trend of AD (Erdogmus & Kabakus, 2023).
By the year 2050, it is anticipated that the projected number of Alzheimer's disease
(AD) patients will reach 152 million.

As per a 2019 study proposal, the annual global societal costs of dementia were
estimated at approximately $1.313,4 billion for a population of 55.2 million
individuals with dementia, equivalent to $23,796 per person with dementia. Among
these costs, $213,2 billion was attributed to direct medical expenses, while $448,7
billion was associated with direct social sector costs, encompassing long-term care
(Wimo et al., 2023). Therefore, the early diagnosis of AD is quite important in terms of
sociology and economics. The advancement of AD can be more precisely characterized
using the 7-stage model proposed by (Reisberg et al., 1982). These stages are
categorized from 1 to 7, with corresponding values representing “No impairment”,
“Very mild cognitive decline”, “Mild cognitive decline”,
“Moderate cognitive decline”, “Moderately severe cognitive decline”,
“Severe cognitive decline”, and “Very severe cognitive decline”, respectively.
The early identification of Alzheimer's Disease (AD) is of considerable importance, as
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emphasized by (Rasmussen & Langerman, 2019). This is particularly crucial during
Stages 2 or 3, as per the 7-stage model, where patients remain functionally independent
and do not yet display evident signs of dementia. The potential for an early diagnosis
extends up to 8 years prior to the manifestation of symptoms linked to dementia (Saxton
et al., 2004).

The Mini-Mental State Exam (MMSE) (Folstein et al., 1975) is the gold-standard brief
screening tool for the diagnosis of AD that was originally proposed back in 1975. The
test consists of a series of questions and tasks that are designed to evaluate various
aspects of cognitive functions such as arithmetic, memory, orientation, and language.
The total score on the MMSE ranges from 0 to 30, with higher scores signifying better
cognitive function. The test is commonly used by healthcare professionals as a quick
and initial assessment of cognitive abilities.

Thanks to advances in computer software and hardware and the availability of big
datasets, Artificial Intelligence (AI) has made an impact on every part of humans’ lives
and the field of medicine is no exception. As outlined in the literature, Al finds
application in the medical domain through at least four distinct avenues: (i) evaluating
the risk of disease onset and predicting treatment efficacy before commencement; (ii)
addressing or mitigating complications; (iii) aiding in patient care during active
treatment or procedural phases; and (iv) contributing to research endeavors focused on
understanding the pathology, mechanisms, and optimal treatments for various diseases
(Becker, 2019). As can be observed from Fig. 2, which illustrates the number of studies
available on PubMed with the search term “artificial intelligence” by year for the last
decade, the papers related to Al in the context of biomedical and life sciences literature
consistently increase year-over-year.
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Figure 2. The Plot of the Number of Studies Available on Pubmed With The Search
Term “Artificial Intelligence” For The Last Decade

In this study, we combine the promises of Al and early diagnosis of AD. To this end,
we constructed a wide range of Machine Learning (ML) algorithms that were trained
on a gold standard dataset that comprised the critical features for the diagnosis of AD
such as MMSE score, age, gender, socioeconomic status based on the Hollingshead
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Index of Social Position (Hollingshead, 1975), and years of education. The ML
algorithms covered by this study include both widely used traditional ML algorithms
and a proposed novel 1-dimensional (1D) Convolutional Neural Network (CNN).
Finally, we propose a GUI for the end of real-life usage of the proposed model for early
diagnosis of AD.

The main contributions of this study can be outlined as follows:

o Self-diagnosis of AD. We provide an Al tool with a user-friendly GUI that
can be easily used by end-users to assess AD.

o A wide range of ML models. A total of 11 ML models were employed for
early diagnosis of AD. Additionally, a novel 1D CNN was proposed.

e High accuracy. The proposed novel 1D CNN outperformed the state-of-the-
art by obtaining an accuracy as high as 95.8% on a gold standard dataset.

e Broad audience. The developed GUI was intentionally implemented in the
Python programming language to ensure Operating System (OS)
independence. Therefore, it can be used seamlessly on any modern OS which
would let it be used by a broad audience.

o Alightweight model. The proposed system is a lightweight and nimble model
capable of classifying a given input in as low as 3 milliseconds on average.

o Comprehensive hyperparameter optimization. We systematically conducted
a comprehensive hyperparameter optimization task, encompassing a total of
254 trials, in an automated fashion. This process is crucial for determining
the optimal value for each hyperparameter in the proposed model, ensuring
the derivation of the most effective model that achieves the highest
classification accuracy.

The remaining sections of the paper are organized as follows: Section 2 provides an
overview of related work. Section 3 outlines the materials and methods employed in
the proposed study. Section 4 presents the experimental results and subsequent
discussion. Lastly, Section 5 concludes the paper, offering insights into future
directions.

2. RELATED WORK

AD is a progressive neurodegenerative disorder that mainly affects memory and
cognitive function. As per a recent report (Early-Onset Dementia and Alzheimer’s
Rates Grow for Younger Americans, 2022), individuals affected by any form of
dementia have an average age of 49, with diagnosis rates witnessing a 200% increase
from 2013 to 2017. The etiology of AD is still unclear. It is thought that the etiology of
AD is a combination of a lot of factors, such as genetic, environmental, and lifestyle
factors. Autosomal dominant mutations are effective in both late-onset AD and familial
AD (Ringman et al., 2015). The development of both Early-Onset Alzheimer's Disease
(EOAD) and Late-Onset Alzheimer's Disease (LOAD) is significantly influenced by
genetic factors, particularly mutations in APP, PSENI1, and PSEN2. In addition to
genetic factors, non-genetic factors, including occupational exposures (such as
exposure to pesticides, organic solvents, electromagnetic fields and volatile
anesthetics), pre-existing medical conditions (hypertension, diabetes, cerebrovascular
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disease, dyslipidemia, traumatic brain injury, depression, and cancer), and lifestyle
factors (such as coffee consumption, smoking, alcohol and physical activity, body mass
index and cognitive activity), contribute to the environmental determinants of the
conditions (Jiang et al., 2013). Since AD has become more widespread in recent years,
early diagnosis of AD is also becoming increasingly important. Many studies in the
literature aim for early diagnosis of AD, but these studies were not only proposed by
medical researchers but also by computer science researchers. The diagnosis of AD is
assessed by multiple evaluations, such as clinical evaluation using a person’s medical
history, cognitive assessment using some mental evaluation tests such as Mini-Mental
State Examination (MMSE) and a Clock Drawing Test (CDT) (Brown et al., 2019; Kato
et al., 2013), daily activities, genetic tests, imaging methods such as MRI, CT, PET and
SPECT and some medical tests (e.g., blood test). Plasma and cerebrospinal fluid (CSF)
p-tau217 demonstrated comparable diagnostic efficacy in identifying Alzheimer's
Disease (AD) based on biomarker definitions. A recent study revealed that CSF p-tau
biomarkers exhibited larger effect sizes compared to plasma p-tau biomarkers in
distinguishing between amyloid-PET positive and negative groups (Therriault et al.,
2023). In another recent study, it is suggested that phosphorylated ATM (pATM) and/or
phosphorylated APOE (pAPOE) could potentially serve as biomarkers for an early and
reliable diagnosis of Alzheimer's disease (AD) using fibroblast samples (Berthel et al.,
2023).

Neuroimaging plays a pivotal role in the diagnosis and progression monitoring of AD.
In contemporary contexts, the integration of neuroimaging with state-of-the-art Al and
Machine Learning (ML) approaches holds significant promise in enhancing diagnostic
and prognostic algorithms for identifying neurodegenerative disorders and assessing
the effectiveness of treatment regimens (Hnilicova et al., 2023). CNNs are specifically
employed in the diagnosis of AD. While, in some studies, 1D diagnostic features are
used to train 1D CNN:s, in others, imaging datasets are used to train 2D CNN:s. If the
dataset contains 1D signals and the training data is scarce, 1D CNNs have been
proposed and achieved state-of-the-art performance levels (Kiranyaz et al., 2021). 1D
features have been converted to 2D images to classify AD using 2D CNNs (Erdogmus
& Kabakus, 2023). Some notable large neuroimaging datasets are as follows:
Alzheimer s Disease Neuroimaging Initiative (ADNI), Australian Imaging, Biomarkers
and Lifestyle Aging Flagship Study (AIBL), DZNE-Longitudinal Cognitive Impairment
and Dementia Study (DELCODE), and Open Access Series of Imaging Studies
(0ASIS). Many novel CNN models were developed using these datasets for the
diagnosis of AD. Most of the time, 3D CNNs are used in related work to make more
accurate predictions. However, 3D CNNs require supplementary training data to
enhance their performance. When faced with limited data, combining a state-of-the-art
deep 2D CNN with a shallow 3D CNN might prove more effective than utilizing a
standalone 2D CNN or 3D CNN alone, as suggested by (Xu et al., 2023). According to
a recent study, neurological symptoms observed in COVID-19 patients may expedite
the onset of AD. In this study, researchers use speech as a non-invasive diagnostic
marker. Meaningful temporal speech features, directly extracted from the recordings of
the Dementia Bank, have been utilized for the classification of the AD-related
Dementia Group and the health control group. Support Vector Machine (SVM)
outperformed other ML algorithms with an accuracy of 87% (Karande & Kulkarni,
2023). For automated AD diagnosis in the preliminary stages, imaging methods and DL
approaches have been used together. (Sharma et al., 2023) submitted a comprehensive
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review focusing on automated early AD diagnosis through Deep Learning (DL)
methods, covering the period from 2009 to 2022.

There are also many recent studies using cognitive tests for the diagnosis of AD. In a
recent study, a novel architecture incorporating auditory, cognitive, and linguistic
aspects was employed to propose a multimodal ensemble system. Scores from the
MMSE have been used to assess AD severity (Sahu et al., 2022). In another study,
authors proposed a system that concentrates on the MMSE and Functional Activities
Questionnaire (FAQ) cognitive tests for the diagnosis of various stages of dementia
using both traditional ML algorithms and Neural Network (NN) (Joshi et al., 2009). In
another study, the neuropsychological dataset from the ADNI was used to classify MCI
(Mild-Cognitive-Impairment) from CN (cognitively normal) using SVM, Random
Forest, Gradient Boosting (GB), and AdaBoost (AB) classifiers. The SVM classifier
utilizing the Radial Basis Function (RBF) kernel demonstrated the highest performance
in MCI detection, achieving an average classification accuracy of 88.06% (Almubark
et al., 2020). Another study proposes an analysis of the performance of supervised
learning techniques to classify the data patterns of a real dataset of older adults from
Pernambuco, Brazil. The study made use of genetic markers (CYP46A1 and APOE),
demographic information (gender, age, and level of education, represented by study
time), cognitive test scores (MMSE, Clinical Dementia Rating, Ascertaining Dementia,
and Semantic Verbal Fluency Test). The objective was to develop a classifier capable
of discriminating healthy and pathological aging using ML techniques. The methods
applied included Artificial Neural Networks (ANNs), Random Forest, SVM, and
Stochastic Gradient Boosting, as detailed in the work by (Lins et al., 2019). In a recent
study, a novel multimodal deep regression model was introduced to forecast cognitive
test scores by leveraging diverse data types. The multimodal dataset included
cerebrospinal fluid (CSF) levels of tau and beta-amyloid, structural measurements from
magnetic resonance imaging (MRI), functional and metabolic data from positron
emission tomography (PET), and cognitive scores derived from neuropsychological
tests (Cog). The primary objective was to attain exceptionally accurate predictions of
future MMSE test scores for up to five years following the baseline biomarker
collection, as outlined by (Morar et al., 2020). A comparison of the related work is listed
in Table 1.

Table 1. A Comparison of The Related Work

Related Work Employed Method(s)

(Kiranyaz et al., 2021) CNN

(Erdogmus & Kabakus, 2023) CNN

(Xu et al., 2023) CNN

(Karande & Kulkarni, 2023) Traditional ML algorithms

(Joshi et al., 2009) Traditional ML algorithms and NN
(Almubark et al., 2020) Traditional ML algorithms

(Lins et al., 2019) Traditional ML algorithms and ANN
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3. MATERIAL AND METHOD

In this section, (i) the used dataset and the employed data preprocessing, (ii) the
proposed models, and (iii) the developed GUI are described in the following
subsections, respectively.

3.1. Used Dataset and Employed Preprocessing

An ML model’s success is greatly bound up with the dataset it was trained on.
Therefore, we used a gold standard dataset to train the proposed ML models. The used
dataset, namely OASIS Longitudinal MRI (Marcus et al., 2010) data, comprised 373
records from 150 subjects, where 64 of them were demented, 72 of them were non-
demented, and the remaining 14 subjects were regarded as converted, which means
they were not diagnosed with AD at the time of their initial visit; but later were
diagnosed with AD. The subjects' ages range from 60 to 98. The distribution of the
records available in the used dataset grouped by target class and gender is plotted in

Fig. 3.
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Figure 3. The Plot of the Distribution of the Records Available in the Used Dataset
Grouped By Target Class and Gender

As a part of the employed preprocessing, the records with at least 1 NA (Not Available)
value, which represents a missing or undefined value, were dropped from the dataset
using pandas (The pandas development team, 2020), a widely used, open-source
Python library for data manipulation and analysis. Consequently, the preprocessed
dataset comprised 354 records, where 150 of them and 204 of them came from male
and female subjects, respectively. The original dataset consists of 15 features as listed
with their data types and descriptions in Table 2. The features Subject ID and MRI ID
were dropped during the preprocessing since they are identically distributed. Also, the
feature Hand was dropped since all subjects in the dataset were right-handed.
Consequently, the preprocessed dataset consisted of the remaining 12 features. As a
part of the preprocessing employed, categorical features were converted into numerical
labels. All numerical features were normalized into the range of (0,1) using the
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MinMaxScaler utility of scikit-learn (Pedregosa et al., 2011), which is a widely used,
open-source ML library for the Python programming language. The data preprocessing
employed for the proposed study is illustrated in Fig. 4.

Table 2. The List of the Features of the Used Dataset

Feature Data Type Description

Group Categorical (Nominal) | The class of the record
Visit Numerical (Interval) The number of visits
MR Delay | Numerical (Ratio) The days between visits
M/F Categorical (Nominal) | Gender

Age Numerical (Interval) Age

EDUC Numerical (Ratio) Years of education

Socioeconomic status assessed by the

SES Categorical (Ordinal) Hollingshead Index of Social Position
MMSE Numerical (Ratio) MMSE score
CDR Numerical (Ratio) Clinical dementia rating
eTlv Numerical (Interval) Estimated total intracranial volume
nWBV Numerical (Interval) Normalized whole-brain volume
ASF Numerical (Interval) Atlas scaling factor
E 3 ‘ Elimination of records with ’ 3 ‘Normalization into the rangel 3 E
NA values using pandas of (0, 1) using scikit-learn
ot |::| pandas @ &2l st
1

Figure 4. The Illustration of the Employed Data Preprocessing for the Proposed Study
3.2. Proposed Model

A total of 12 models were implemented to cover a wide range of different classifiers
for the diagnosis of AD. More specifically, 11 of the covered models were traditional
ML algorithms, which are listed in Table 3. The implementations of these algorithms,
apart from Learning Vector Quantization, Light Gradient Boosting Machine (GBM),
and eXtreme Gradient Boosting (XGBoost), are available in scikit-learn and were
employed for the proposed study. For the implementation of the aforementioned three
missing ML algorithms, namely (i) Learning Vector Quantization, (if) Light GBM, and
(iit) XGBoost, open-source Python packages, namely (i) sklvg (van Veen et al., 2021),
(it) lightgbm (Ke et al., 2017; Light Gradient Boosting Machine, 2024), and (iii)
xgboost (Chen & Guestrin, 2016; XGBoost Documentation, 2024), were employed,
respectively.
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Table 3. The List of The Employed Traditional ML Algorithms With Their
Hyperparameters

Traditional ML Algorithm | Employed Hyperparameters

S t Vector Machi .
(;\P;ij[))r celor Machine - Kernel type: Linear

- Penalty: L2
Logistic Regression - Tolerance for stopping criteria: 1xe™*

- Inverse of regularization strength: 1,0

- Loss function: Linear SVM
- Penalty: L2

- Regularization multiplication constant: 0,0001
9

Stochastic Gradient Descent
(SGD)

Naive Bayes - Smoothing: 1xe™
- Number of trees: 100
- Quality measurement function: Gini

Random Forest

Decision Tree - Quality measurement function: Gini
k-Nearest Neighbors (kNN) | - Number of neighbors (k): 3
Linear Discriminant - Solver: Singular value decomposition
Analysis (LDA) - Threshold: 1xe™*

- Distance function: Squared Euclidean
Learning Vector - Activation function: Sigmoid
Quantization - Discriminant function: Relative Distance

- Solver: Steepest Gradient Descent

- Boosting type: Gradient Boosting Decision Tree
Light GBM - Learning rate: 0,1

- Number of trees: 100

eXtreme Gradient Boosting | - Number of trees: 100

(XGBoost) - Objective: Binary Logistic

In addition to the employed 10 traditional ML algorithms, a novel 1D CNN, which
comprised 5 layers, was proposed to benefit from the power of CNNs. TensorFlow
(Abadi et al., 2016), a widely used ML suite from Google, was employed as the DL
backend. Keras (Chollet, 2017), a high-level Application Programming Interface (API)
for TensorFlow, was employed for the implementation of the proposed CNN. The
proposed CNN starts with a 1D Convolutional layer (Conv1D) with 16 filters and a
kernel size of 3 which refers to the dimension of the filter. Conv1D layers are
responsible for the convolution operation on the input through its filters. Another
Conv1D layer with 32 filters and a kernel size of 5 followed the first Conv1D layer. A
third Conv1D layer with 32 filters and a kernel size of 7 followed the second Conv1D
layer. Then, a Flatten layer, which is responsible for reshaping the given input into a
vector, followed. A Dense layer, which is a deeply connected layer whose neurons are
connected to every neuron in the preceding layer, was employed as the final layer of
the proposed CNN. This Dense layer was responsible for the classification of the given
input into one of the three target classes, namely (i) demented, (ii) non-demented, and
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(iit) converted. To this end, this Dense layer was configured (i) to have as many units
as the number of target classes (3) and (ii) Softmax was employed as the activation
function which converts a vector of real numbers into a probability distribution and the
class with the highest probability is predicted as the output of the network. The loss
function of a Deep Neural Network (DNN) is responsible for estimating the loss of the
model. Categorical Cross — Entropy was employed as the loss function of the
proposed CNN. Fig. 5 illustrates an overview of the architecture of the proposed novel
CNN.

ConviD 4 ConviD R ( ConviD h
- Filters: 16 - Filters: 32 - Filters: 32
Input - Kernel size: 3 - Kernel size: 5 > - Kernel size: 7
- Stride: 1 - Stride: 1 - Stride: 1
- Activation: Leaky ReLU \ Activation: Leaky ReLU ) \ Activation: Leaky ReLU Y,
A 4
Demented ~
Dense ( )
Non-demented - Units: 3 < Flatten
- Activation: Softmax )
Converted ~

Figure 5. The Illustration of A High-Level View of the Architecture of the
Proposed Novel CNN

Hyperparameters of a DNN are the parameters that are set empirically and affect the
learning process (Chollet, 2017; Zhang et al., 2019). The official tuner of Keras, Keras
Tuner (O’Malley et al., 2019), was employed for the hyperparameter optimization of
the proposed CNN. The optimization algorithm chosen for the hyperparameter
optimization task was Hyperband (Li et al., 2018), a widely utilized method that
combines random search with aggressive early stopping to efficiently explore the
hyperparameter space. Hyperband offers several advantages, including efficiency,
scalability, flexibility, and the ability to provide state-of-the-art performance. The
objective of the optimization task was to minimize the loss obtained for the validation
set. An activation function is a mathematical operation that introduces non-linearity
into the model. The optimization algorithm of a DNN is responsible for adjusting the
parameters of a model to minimize the error or loss of the model calculated by the
employed loss function. The learning rate determines the size of the steps made to the
model's weights during the training. As listed in Table 4, the hyperparameters (i)
activation function, (ii) optimization algorithm, (iii) learning rate, and (iv) batch size,
which is the number of training examples utilized in one iteration, were optimized
through the employed hyperparameter optimization task. The obtained optimum value
for each hyperparameter is given in bold in Table 4. As can be seen in this table,
Leaky Rectified Linear Unit (ReLU), Adamax (Kingma & Ba, 2015), 1xe ™2, and
8 were employed as the activation function, optimization algorithm, learning rate, and
batch size of the proposed CNN, respectively. Leaky ReLU is a variant of ReLU that
has a small slope for negative values instead of a flat slope. Adamax is a variant of
Adam based on the infinity norm (Kingma & Ba, 2015).
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Table 4. The list of hyperparameters optimized through the employed
hyperparameter optimization task. The obtained optimum value for each
hyperparameter is given in bold.

Hyperparameter Evaluated Values

Activation function RelLU, eLU, Leaky ReLU, PReLU
Optimization algorithm Adam, Adamax, Adadelta, SGD, RMSprop
Learning rate 1xe 2, 1xe 3, 1xe™*

Batch size 8, 16, 32, 64

3.3. Developed GUI

For the self-assessment of the AD, we developed a GUI using the Python programming
language, which was intentionally chosen since it is platform-independent. Therefore,
the developed GUI can be run in any environment that supports the execution of
Python. More specifically, CustomTkinter (Schimansky, 2024), a modern and
customizable Python UI library based on the standard Python module tkinter, was
employed for the GUI implementation. The developed GUI assesses AD through the
features of the used dataset. The features that require medical experts’ input were
eliminated since we aim to provide a GUI capable of self-assessment of AD in a couple
of minutes. These features are (i) age, (ii) gender, (iii) years of education (EDUC), (iv)
socioeconomic status (SES), and (v) the score of the MMSE, which requires the exact
questions of MMSE that investigates the cognitive impairment of the subject.
Therefore, the answers to the questions in MMSE were taken through the keyboard and
microphone. To vocalize the sentences of MMSE, we employed a Python library,
namely g77S (Durette, 2023), that interfaces with the Google Text-to-Speech API. The
employed text-to-speech mechanism is illustrated in Fig. 6.

Google Text-to-Speech API

Text-to-speech conversion using ,)
Google Text-to-Speech API

Text Decoded speech

Figure 6. The Illustration of the Employed Text-to-Speech Mechanism

To evaluate the accuracy of the voice input taken from the microphone, it is necessary
to convert it to text. To this end, we employed OpenAl’s Whisper (Radford et al., 2023),
a versatile speech recognition model trained on a comprehensive dataset of diverse
audio inputs. Whisper computes the log-mel spectrogram of the given sound to make
the input ready to be yielded into the proposed 1D CNN. The output of the model is the
decoded text in the declared natural language, which was English in our case. It is worth
mentioning that Whisper requires the command-line tool FFmpeg (Bellard, 2023) to be
installed on the operating system. The employed speech-to-text mechanism is
illustrated in Fig. 7.
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@OpenAI

O Speech-to-Text conversion —
\IJ using OpenAl's Whisper -

Speech Decoded text

Figure 7. The Illustration of the Employed Text-to-Speech Mechanism

As can be observed from Fig. 8, which presents the developed GUI for early diagnosis
of AD, the developed GUI takes answers from end-users to the provided 21 questions.
While 4 of them, namely (i) “Select your gender”, (ii) “Enter your age”, (iii) “Enter
your years of education”, and (iv) “Enter your socioeconomic status” were taken from
the used dataset, the remaining 17 questions were taken from the gold standard MMSE.
The ground truths to the questions “Enter the current year”, “Enter the current season”,
“Enter the current month”, “Enter the current day of month”, “Enter the name of the
current day of month”, “Enter the country you live in”, and “Enter the city you're in”
were obtained programmatically. More specifically, the date and time were obtained
from the system. The location information was obtained from the IPInfo website
(IPinfo, 2023). It is worth mentioning that /PInfo provides the ISO-standard country
code of the current location instead of the country name. The retrieved country code
was mapped to the corresponding country name using a widely used, open-source
Python library, namely pycountry (Theune, 2023). The ground truths to the questions
“Enter the state you're in”, “Enter the name of the apartment you're in”, and “Enter
the floor you're on” were retrieved from a JSON file located in the same folder of the
developed GUI’s source code with the keys “state”, “apartment”, and “floor”,
respectively. Once the end-user clicks the “Evaluate Mini-Mental State Test” button
after entering the required inputs for the assessment of AD, a dialog window, such as
the one presented in Fig. 9, is displayed to inform the end-user regarding the diagnosis
result. This sample result was obtained when the input was evaluated with the best-
performing model, the proposed 1D CNN.
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Please fill in the blanks to evaluate your Mini-Menta| State Test.

Select your gender:

Enter your age:

Select your sociogconomic status:

Enter the current season:

Enter the current day of month

Enter the country you live:

Enter the state you're in.

Enter the floor you're on:

Count 5 times backwards from 100 by subtracting 7

Say the nama of the following object:

Say the name of the following object:

Repeat the sentence:
Click the Play button to listen to the sentence.

Type a meaningful sentence:

O Male Q Female

[ 0 e 00
T

& LN

(0] —— |

ug + Evaluate Mini-Mental State Test

Figure 8. The Main Ul of the Developed Tool for Early Diagnosis of AD

Your point card:

- Got 1 point for year [2023]

- Got 1 point for month [november]

- Got 1 point for day [20]

- Got 1 point for day name [monday]

- Got 1 point for season [autumn]

- Got 1 point for country [tiirkiye]

- Got 1 point for city [diizce]

- Got 1 point for state [merkez]

- Got 1 point for apartment [m2]

= Got 1 point for floor [3]

- Got 1 point for saying "table"

- Got 1 point for saying "flag"

- Got 1 point for saying "dress"

- Got 1 point for correctly counti

- Got 1 point for remembering "table"
= Got 1 point for remembering "flag"
- Got 1 point for remembering "dress"
- Got 1 point for recognizing "clock"

- Got 1 point for recognizing "pencil”
- Got 1 point for writing a grammatically correct sentence
[I'm happy]

Your Mini-Mental State Test score is 24 and our prediction
regarding your mental state is Nondemented.
The duration of the analysis took 4.76 seconds.

Figure 9. The UI of the Developed Tool That Displays the Diagnosis Result of AD
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4. EXPERIMENTAL RESULTS AND DISCUSSION

The metrics used to evaluate the classification performance of the proposed ML models
are described in the following subsection. Then, in the next subsections, we present the
experimental results and discussion for the proposed two approaches: (i) the ML
models based on the feature subset of the GUI, and (ii) the ML models based on all the
features available in the used gold standard dataset, respectively.

4.1. Evaluation Metrics

The de facto standard metrics that are used to evaluate the performance of classifiers,
namely (i) Accuracy, (ii) Precision, (iii) Recall, and (iv) F1 — score were
employed for the evaluation of the proposed ML models. Let P denote positives,
representing samples labeled with the target class, and N represent negatives, indicating
samples labeled with the complementary class of the target. TP, TN, FP, and FN
denote correctly predicted positives, correctly predicted negatives, positives incorrectly
predicted as negative, and negatives incorrectly predicted as positive, respectively.
Accuracy is the ratio of correctly predicted samples to the total number of samples.
The equation of accuracy is given in Eq. 1. Precision is defined as the ratio of
accurately predicted positive instances to the total number of instances predicted as
positive. The equation of precison is given in Eq. 2. Recall is the ratio of correctly
predicted positive instances to the total number of actual positive instances. The
equation of recall is given in Eq. 3. F1 — score is the harmonic mean of the Precision
and Recall and is more useful than Accuracy when dealing with imbalanced datasets.
The equation of F1 — score is given in Eq. 4.

Accuracy = (TP +TN) /(P +N) )
Precision = TP/ (TP + FP) (2)
Recall = TP / (TP + FN) 3)
F1 — score = 2 x (Precision x Recall) / (Precision + Recall) 4

When it comes to visualization of the evaluation results, we employed a confusion
matrix, which is a specific table that provides a comprehensive summary of the model's
predictions compared to the actual outcomes. The confusion matrix serves as a valuable
tool for understanding the strengths and weaknesses inherent in a classification model.

4.2. Experimental Results and Discussion of ML Models Based on the Developed
GUI

70% of the constructed dataset was allocated as the training set, while the remaining
30% was designated as the test set. Consequently, the training set comprised 283
samples, while the test set comprised 71 samples. Scikit-learn was employed for the
dataset splitting with shuffling. All the employed ML models were trained and tested
on the same designated subsets. More specifically, the proposed novel 1D CNN was
trained for 50 epochs and 30% of the training set was used as the validation set, which
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is a distinct subset of the data that the model has not seen during training. The accuracy
values for both the training and validation sets during the model's training are depicted
in Fig. 10, which confirms neither overfitting nor underfitting was the case for the
model.

—— Training
Validation

o
®

Accuracy
o
~

=
e
il

0.5
0 10 20 30 40 50

Epoch

Figure 10. The Graph Illustrating The Accuracy Values Acquired for Both The
Training and Validation Sets Throughout The Training Process of the Proposed Novel
1D CNN Based on the Developed GUI

As can be observed from Fig. 11, which presents the obtained accuracy values when
the employed ML models were evaluated on the test set, both Random Forest and kKNN
achieved the best accuracy, an accuracy of as high as 87,32%, among all the employed
ML models. The employed kNN achieved a higher F1-score (84.97%) compared to the
employed Random Forest (81,71%). Therefore, the employed kNN was regarded as the
best model for the early diagnosis of AD. As the confusion matrix of the evaluation
result of the employed kNN is presented in Fig. 12, 62 of 71 test samples were correctly
classified. The employed kNN was persisted into a file, allowing it to be utilized within
the developed GUI.

Support Vector Machine (SVM) [N 69.01
Logistic Regression [N 71.83
Stochastic Gradient Descent (SGD) [N 73.24
Naive Bayes [N 73.24
Random Forest [ 87 .32
Decision Tree |, 7465
k-Nearest Neighbors (kNN) [, 87 .32
Linear Discriminant Analysis (LDA) [ 70.42
Learning Vector Quantization [N 64.79
Light GBM | 78.87
eXtreme Gradient Boosting (XGBoost) [ 81.69
Proposed Novel 1D CNN [ 83.1
0 20 40 60 80
Accuracy (%)

Model

Figure 11. The Evaluation Results of the Employed ML Models Using The Dataset
That Covers The Feature Subset of the Developed GUI
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Figure 12. The Confusion Matrix of the Employed kNN, Which Achieved The Best
Classification Performance Among All The Employed ML Models

4.3. Experimental Results and Discussion of ML Models Based on Used Gold
Standard Dataset

Our study aimed to assess the performance of the proposed ML models in comparison
to the state-of-the-art. To provide a quantitative comparison of the proposed ML models
with the state-of-the-art, we also conducted experiments using all the features available
in the used gold standard dataset. The preprocessing employed in the previous approach
was also used for this experiment. Therefore, the training set comprised 283 samples
and the test set comprised the remaining 71 samples. Unlike the previous approach,
this time each sample of the dataset comprised 11 features instead of 5. All the
employed ML models were trained and tested on the same designated subsets. More
specifically, the training of the proposed novel 1D CNN utilized the Early Stopping
callback. This component actively monitored the model's performance on a validation
set throughout the training process and halted the training when signs of performance
degradation were detected. The Early Stopping callback was employed with the
following two hyperparameters: (i) the loss calculated for the validation set was
monitored, and (ii) the patience, which is the number of consecutive epochs with no
improvement on the monitored criterion before the training process is halted, was set
20. The training of the proposed novel 1D CNN was extended for a total of 58 epochs,
concluding when the Early Stopping callback intervened and terminated the training
process. Consistent with the prior approach, 30% of the training set served as the
validation set. The accuracy values for both the training and validation sets were plotted
during the model's training, as depicted in Fig. 13. The results indicate that neither
overfitting nor underfitting occurred in the model.
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Figure 13. The Plot Depicting The Accuracy Values Attained for Both The Training
and Validation Sets During The Training Phase of the Proposed Novel 1D CNN
Based on Used Gold Standard Dataset

As evident from Fig. 14, depicting the accuracy values obtained when evaluating the
employed ML models on the test set, the proposed novel 1D CNN outperformed all
other models with an accuracy as high as 95,8%. For a more comprehensive
classification comparison, the comparison of the employed ML models in terms of all
evaluation metrics is listed in Table 5.

Support Vector Machine (SVM) [N 91.55

Logistic Regression |, 90. 14

Stochastic Gradient Descent (SGD) [INNNENEGEGEGEN 01.55
Naive Bayes [N, 01.55

Random Forest [, 92.96

Decision Tree |, 87 .32
k-Nearest Neighbors (kNN) [N 831
Linear Discriminant Analysis (LDA) [N ©0.14
Learning Vector Quantization [N 77.47

Light cev I — 4.37

eXtreme Gradient Boosting (XGBoost) [IINININININGEE 02.96
Proposed Novel 1D CNN [ 95.8

0 20 40 60 80 100
Accuracy (%)

Model

Figure 14. The Evaluation Results of the Employed ML Models Using The Dataset
That Covers All Features
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Table 5. The evaluation results of the employed ML models based on all metrics
utilized, utilizing the dataset containing all features.

Model

Accuracy | Precision | Recall | F1-Score
() (“o) (o)

(%)

Support Vector Machine (SVM)

91,55 94,44 71,43 72,1

Logistic Regression

90,14 93,64 70,24 71,08

Stochastic Gradient Descent

(SGD) 91,55 94,44 71,43 72,1
Naive Bayes 91,55 84,37 75 77,06
Random Forest 92,96 95,21 76,19 79

Decision Tree 87,32 75,79 75,79 75,79
k-Nearest Neighbors (kNN) 83,1 70,11 68,39 69,01

Linear Discriminant Analysis
(LDA)

90,14 93,64 70,24 71,08

Learning Vector Quantization

77,47 56,41 55,96 54,22

Light GBM

94,37 96,02 80,95 84,62

eXtreme Gradient Boosting
(XGBoost)

92,96 87,64 80,03 82,33

Proposed novel 1D CNN

95,8 95,62 95,59 95,78

As listed in Table 6, this experimental result indicates that the proposed novel 1D CNN
outperformed the state-of-the-art that used the same dataset. As the confusion matrix of
the evaluation result of the proposed novel 1D CNN is presented in Fig. 15, 68 of 71
test samples were correctly classified. In other words, only 3 (1 demented and 2
converted) test samples were incorrectly classified. The recall of the target class
“demented” was calculated as high as 100%, which indicates that all demented subjects

were correctly identified.

Converted

Demented

Actual Class

Nondemented

5 1

o

-
o

Converted
Demented

Predicted Class

Nondemented

|30
-20

Figure 15. The Confusion Matrix of the Proposed Novel 1D CNN, Which Achieved
The Best Classification Performance Among All The Employed ML Models
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Table 6. A Quantitative Comparison of the Proposed 1D CNN With Studies in the
Literature That Used The Same Dataset

A

Related Work Employed Method ( o/cc)uracy

(1)
Amrutesh et al. (Amrutesh et al.,
2022) Traditional ML algorithms 92,13
Almubark et al. (Almubark et al.,
2020) Traditional ML algorithms 88,06
Chowdary et al. (Chowdary et al., 94
2021) Traditional ML algorithms 89,
AbdEIminaam et al. (Abdelminaam
etal., 2023) Traditional ML algorithms 86,9
Vidushi et al. (Vidushi et al., 2020) | Tyaditional ML algorithms 84,21
Kavitha et al. (Kavitha et al., 2022) Traditional ML algorithms 86,92
Jadhao et al. (Jadhao et al., 2023) Traditional ML algorithms 85,71
Ozhan et al. (Ozhan et al., 2022) Artificial Neural Network | 947
Shetty et al. (Shetty et al., 2022) Traditional ML algorithms 91,99
Arjaria et al. (Arjaria et al., 2022) Traditional ML algorithms 90
This study 1D CNN 95,8

4.4. Known Limitations

The developed GUI misses the features that require input from medical experts. Also,
we eliminated some questions of MMSE that require analysis of the performed actions.
Even though the developed GUI can record these actions through a webcam, as of now,
we are not able to programmatically interpret a given video recording. This limitation
is regarded as a future work of this study.

6. CONCLUSION

Al plays a crucial role in healthcare, contributing to a diverse range of key applications.
These include, but are not limited to, medical imaging and diagnostics, predictive
analysis for patient outcomes, virtual healthcare assistants, robot-assisted surgery, and
mental health monitoring. Similarly, Al is instrumental in facilitating early disease
diagnosis. In this study, we introduce a GUI integrated with machine learning
capabilities, enabling end-users to seamlessly assess the early diagnosis of AD, which
is one of the most, if not the most, devastating neurodegenerative diseases. To achieve
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this, we initially trained a variety of ML models using a gold standard dataset
specifically designed for early AD diagnosis, consisting of 373 records from 150
subjects. Addressing the lack of publicly available GUIs for early AD diagnosis, we
present a user-friendly interface powered by the proposed ML model. The proposed
models were evaluated on this gold standard dataset to reveal their efficiencies in terms
of classifying a given subject into one of the three target subject classes: (i) non-
demented, (ii) demented, and (iii) converted. According to the experimental results, the
proposed novel 1D CNN outperformed the state-of-the-art by obtaining an accuracy as
high as 95,8%.

In future endeavors, our aim is to incorporate features that were initially excluded from
consideration due to their reliance on input from medical experts. This entails finding
a method to interpret video recordings effectively. This enhancement would enable us
to (i) introduce an Al tool for the early diagnosis of AD that encompasses all the
standard questions of the MMSE and (ii) potentially enhance the classification
accuracy of the proposed model by leveraging the enriched feature set. Additionally,
we intend to explore the utilization of other types of DNNs (e.g., RNNs) to further
improve the obtained classification accuracy. Finally, we would like to employ data
augmentation techniques to achieve a balanced dataset.
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Abstract Oz

Transportation of dangerous goods involves many critical
situations that require safety and special precautions. In
accordance with the regulations, hazardous materials,
which include international standards, should be closely
monitored and precautions should be taken in advance
according to the situation. Artificial intelligence, image
processing and data analysis techniques can be used to
recognize and classify the labels of dangerous goods. This
is important for early action in case of an emergency. If
hazardous materials are not properly stored or transported
according to safety precautions and rules, they can cause
both material and moral damage. In this study, a hazardous
material detection and warning system using AKAZE,
ORB and SIFT image feature matching techniques is
developed. To test the system, a dataset of multiple
hazardous material labels with different scenes and
conditions was created. The performances of feature
matching techniques including image processing
algorithms are examined through comparative analysis. As
a result of image matching, label-related features and
intervention information were retrieved from the database
and displayed on the system interface. Experimental
results show that the ORB technique is the best method for
feature matching and accurate matching, and the AKAZE
technique is the fastest feature detection method.

Keywords: Image processing, image feature matching
techniques, AKAZE, ORB, SIFT, hazardous materials.

Tehlikeli maddelerin tagimasi giivenlik ve 6zel énlemler
gerektiren birgok kritik durumu icermektedir. Mevzuatlar
geregince uluslararasi standartlart  igeren tehlikeli
maddeler yakindan takip edilmeli ve duruma gore
onceden dnlemler alinmalidir. Yapay zeka, goriintii isleme
ve veri analizi teknikleri, tehlikeli maddelerin etiketlerini
tanima ve siniflandirma konusunda kullanilabilmektedir.
Bu durum acil miidahale aninda erken hareket etmek igin
onemlidir. Eger tehlikeli maddeler giivenlik onlemlerine
ve kurallarina gore uygun depolanmazsa veya taginmazsa
hem maddi hem de manevi zarara yol agabilmektedir. Bu
caliymada AKAZE, ORB ve SIFT gorinti ozellik
eslestirme tekniklerini kullanan tehlikeli madde tespit ve
uyart sistemi gelistirilmistir. Sistemi test etmek i¢in farkli
sahneleri ve kosullari i¢eren birden fazla tehlikeli madde
etiketinden elde edilen bir veri seti olusturulmustur.
Karsilagtirmali  analizler  ile  gorlinti  isleme
algoritmalarin1 igeren Ozellik eslestirme tekniklerinin
performanslart  incelenmistir. ~ Gorintii  eslestirmesi
sonucunda veri tabanindan, etiketle ilgili ozellikler ve
miidahale bilgileri almarak sistemin arayiiziinde
goriintiilenmesi  saglanmistir. Deneysel sonuglar ORB
tekniginin  ozellik eslestirmesi ve dogru esleme
konusunda en iyi yontem oldugunu ve AKAZE tekniginin
en hizli 6zellik bulan yontem oldugunu gostermektedir.

Anahtar Kelimeler: Goriintii isleme, goriintii 6zellik
eslestirme teknikleri, AKAZE, ORB, SIFT, tehlikeli
maddeler.
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1. INTRODUCTION

The identification and proper characterization of hazardous substances are critical for
industrial safety, public health, and environmental protection. Nowadays, hazardous
material labels appear in many areas almost every day (U.S. Environmental Protection
Agency, 2024). The transportation of hazardous materials involves both a challenging
process and considerable risks. It is not possible to give up many tools that make our
lives easier, such as cell phones, computer batteries, chemicals, gases, and explosives.
These substances have become an integral part of our daily lives (U.S. Department of
Transportation Federal Motor Carrier Safety Administration, 2022). Preventing or
minimizing the hazards that may arise during the use and transportation of these
substances requires an important area of expertise in terms of human health and the
environment (U.S. Environmental Protection Agency, 2024). Accidents during the
transportation of hazardous materials are usually caused by the lack of coordination,
ignorance, and carelessness of employees (National Academies of Sciences
Transportation Research Board and National Research Council, 2010). Some
hazardous materials transported in containers can lead to incidents such as leakage,
explosion, and combustion. As a result of these accidents, it is inevitable that the
material being transported and the employees working in the field will be damaged. In
order to prevent such accidents, solutions should be developed to increase automation
and reduce manpower in the field. Because the higher the human factor in these areas,
the higher the risk. In this context, measures can be taken with solution proposals on
issues such as storage of hazardous substances in accordance with the legislation, rapid
intervention in case of an accident, and informing the relevant persons (U.S.
Department of Transportation, 2004). After employees are warned about these
regulations, coordinated information on emergencies, risks, and protective actions
should be provided (Fingas, 2002). Image processing techniques can be used for the
detection and evaluation of hazardous substances against potential problems of
hazardous substances. This is done on the dataset, which is realized by pixel-based
preprocessing. An alternative approach is to analyze the images by training a machine
learning model on the datasets.

This study is associated with the database within the scope of the performance of
matching algorithms within image processing techniques. The target audience consists
of employees transporting hazardous materials. Safe stacking and storage of hazardous
materials requires knowledge of their characteristics and potential hazards (Sharifi,
2021). It is extremely important to know how to intervene if an emergency occurs
during stacking and storage. Within the scope of the proposed study, a study is carried
out by addressing the placement areas of hazardous substances, how these substances
can be distinguished in containers, and how they require intervention. Containers have
ADR (European Agreement concerning the International Carriage of Dangerous Goods
by Road) and IMDG (International Maritime Dangerous Goods) Code labels showing
the hazard class information of the transported substances. These labels provide
information on the hazardous status of the substance and how to intervene with the
hazardous substance. In this study, a database containing the hazard status of the
substance and response methods is created according to these labels. Although there
are not many similar studies, there are some examples in the literature on hazardous
material transportation (Ellena et al., 2004; Brylka et al., 2021). The aims and
contributions of the study are as follows:

272



Istanbul Commerce University Journal of Scince 23(46), Fall 2024, 271-291.

* Dataset Collection and Performance Measurement: The dataset based on
hazardous material labels was collected over different scenes, and the
performance of the matching algorithms was evaluated.

» Image Processing-Based Approach: An image processing-based approach is
proposed for the detection and feature recognition of hazardous substance
labels.

* User-Oriented Interface Design: The performance of the matching
algorithms was evaluated by designing a user-oriented interface based on
fast information access.

The content of the study was organized as follows: In Section 2, the feature matching
techniques are mentioned. Section 3 includes a literature review related to the study
topic. Section 4 presents the dataset used and the proposed approach. Section 5 contains
the experimental results and discussions. Finally, Section 6 summarizes the conclusions
of the study.

2. FEATURE MATCHING TECHNIQUES
2.1. Working Principles of Feature Matching Techniques

Feature matching techniques are algorithms used to determine the unique features of
an object in object detection. Using OpenCV’s feature detection capabilities, these
techniques find similar features on the image and place them in the corresponding area.
This process is similar to putting the pieces of a puzzle together. While humans perform
this process instinctively, for a computer to understand this process, certain features
need to be searched for and found. In feature matching techniques, vertices are used as
unique features. Since corners are interesting features in an image, feature detection
algorithms usually start by detecting corners. The reason for using corners is that they
always contain the same features in other areas. For this purpose, many techniques have
been proposed using OpenCV’s features. These techniques include Harris corner
detection, Shi-Tomasi corner detection, BRIEF (Binary Robust Independent
Elementary Features), AKAZE (Accelerated KAZE), SIFT (Scale-Invariant Feature
Transform), SURF (Speeded-Up Robust Features), FAST (Features from the
Accelerated Segment Test) algorithm for corner detection, and ORB (Oriented FAST
and Rotated Brief). SIFT and SURF are patented techniques and are not free for
commercial use. Table 1 provides detailed information about feature matching
techniques. All these techniques are used for corner detection. Feature matching is
performed with Brute-Force (BF) and FLANN (Fast Library for Approximate Nearest
Neighbors) based matchers. BF Matcher matches each of the features and keeps track
of the matches by rotating them by distance. It is slow because it looks for each point.
FLANN, on the other hand, looks at the nearest neighbors and optimizes accordingly.
This makes it faster than BF.
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Table 1. Feature Matching Techniques

Feature
Matching
Techniques

Author(s)

Year

Function

Haris
corner
detection

Harris &
Stephens

1988

The Harris algorithm measures the similarity of a
pixel in an image in a certain direction and to an
edge and uses the measured corner strength value
for edge or corner detection. A corner is detected
when the corner strength value is above a
specified threshold and significantly different
from other pixel values. It is represented as the
cv2.cornerHarris() function in the OpenCV
library.

Shi-Tomasi
corner
detection

Shi &
Tomasi

1994

It includes an algorithm that works better by
modifying and improving the function that gives
the corner strength value in the Harris corner
detector. It is represented as the
cv2.goodFeaturesToTrack() function in the
OpenCV library.

SIFT

Lowe

1999

It uses the Gaussian function to detect features of
different scales in the image and blur them. It
detects feature points using the difference of
Gaussian (DoG). False values are eliminated with
key points whose location and scale are
determined. Gradient orientation histogram values
are calculated for the key points. Descriptors and
detection values are generated according to the
orientation information. It is represented as
cv2.SIFT create() function in the OpenCV
library.

LBP (Local
Binary
Patterns)

Ojala et al.

2001

It shows the intensity values of neighboring pixels
around each pixel in the image in binary patterns.
The binary patterns are then transformed into a
histogram to obtain feature vectors. It is
represented as the cv2.LBP create() function in
the OpenCV library.

HOG
(Histogram
of Oriented
Gradients)

Dalal &
Triggs

2005

By measuring edge and intensity changes in
images, it generates feature vectors that identify
objects. HOG features are often used in
combination with machine learning algorithms
such as Support Vector Machines (SVM) for object
recognition and classification. It is not an efficient
algorithm for large images and real-time
applications. It is represented as the
cv2.HOGDescriptor() function in the OpenCV
library.
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SURF

Bay et al.

2006

The box-filtered convolution computes scale space
extrema using integral images. Using the
determinant of the Hessian matrix for both scale
and position, the constraints and scale of key points
are determined. Many features are added at each
step to increase speed. Good for blurred images
and rotated images. It is slower than SIFT and
optimized for use in real-time applications. It is
represented as the cv2.xfeatures2d.SURF _create()
function in the OpenCV library.

FAST

Rosten &
Drummond

2006

In the FAST algorithm, a circle of 16 pixels is
drawn around the point on the image, and the
brightness of the point and the surrounding pixels
are compared to find the corner point. If a certain
number of pixels around the center point are
brighter or darker than a set threshold, the center
point is considered a corner. It is several times
faster than other existing corner detectors but is not
robust to high noise levels. They are not fast
enough for real-time implementation. It is
represented as the
cv2.FastFeatureDetector create() function in the
OpenCV library.

BRIEF

Calonder et
al.

2010

It uses binary patterns to detect important points in
images. These patterns are created by comparing
the intensities of different regions in the image. It
is a particularly fast algorithm. BRIEF is preferred
in real-time applications for tasks such as image
matching and object recognition. It is represented
as the
cv2.xfeatures2d.BriefDescriptorExtractor_create()
function in the OpenCV library.

BRISK
(Binary
Robust
Invariant
Scalable
Keypoints)

Leutenegger
et al.

2011

BRISK is a fast and computationally efficient
feature descriptor that is robust to rotation and
scale changes. It is suitable for real-time
applications. It can sometimes produce incorrect
results in noisy images. It is represented as the
cv2.BRISK create() function in the OpenCV
library.

ORB

Rublee et
al.

2011

ORB is a combination of the FAST and BRIEF
algorithms and aims to overcome their
shortcomings. It first uses FAST to find key points,
then applies the Harris corner measure to find the
first N points between them. With BRIEF, the
patches around the key point are identified in
binary. The rotation is robust to scale change and
is fast and computationally efficient. It is
represented as the cv2.ORB_create() function in
the OpenCV library.
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AKAZE

It is an accelerated version of the KAZE (KAZE
Enhanced Zernike) algorithm. It uses a non-linear
diffusion filter to detect important points in the
2013 | image. It detects corner points by creating a
hessian matrix with linear filtering in scale space.
It is represented as the cv2. AKAZE create()
function in the OpenCV library.

Alcantarilla
et al.

There are several reasons for using the AKAZE, ORB, and SIFT methods in this study:

AKAZE uses a non-linear filter, which provides the advantage of preserving
details and accurate feature point detection. It is more suitable for real-time
applications due to its fast detection capability. Since the proposed system is
a real-time application, the ORB method is preferably chosen.

ORB method is an optimized method based on speed. It gives faster results
compared to SIFT and SURF. Along with speed, it also makes accurate
matches. ORB, like AKAZE, performs well when evaluated in terms of
rotation and scale. In the proposed study, ORB was chosen because the
dataset consists of images from different scenes and different angles.
Because it represents a robust method in terms of rotation and scale.

SIFT is a good method in terms of feature matching. It is highly
discriminative in terms of scale, rotation, and affine transformations. It can
perform well in complex scenes. Since a good method in terms of both scene
and scale will be preferred in this study, SIFT was used.

Methods such as SURF and BRISK give very good results. However, they
do not perform very well in terms of computation and memory compared to
methods such as AKAZE and ORB.

AKAZE and ORB are methods that give fast results. Speed is an important
factor in real-time applications. The proposed work has to be fast because it
provides simultaneous information to the user on an interface.

BRIEF is a fast-computing method. The SIFT method is preferred because
it produces detailed descriptors for complex and different scenes. SIFT was
chosen because the study includes datasets from different scenes.

The FAST method is also a method that produces fast results. However, it
does not perform well according to scale or rotation. AKAZE, ORB, and
SIFT are more robust in scale, rotation and affine transformations.

2.2. Advantages of Feature Extraction and Matching Algorithms

Feature extraction algorithms and matching algorithms are advantageous in image
processing, machine learning, and other fields:

Reduces data size by transforming complex structures on the image into
simple and meaningful features.

By finding the features, patterns, and corners of interesting areas in images
with algorithms, it enables object detection from different angles and under
different lighting conditions.

Feature extraction algorithms perform well in changes such as rotation,
scale, and reflection. This is important for object detection.
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* Some feature extraction algorithms perform well in fast and real-time
applications, extending the use case.

* Feature matching algorithms are generally less complex and capable of
direct implementation. They can be implemented quickly in small and
medium projects.

* There is no need for model training or lengthy tuning.

» Algorithms are easier to understand, interpretable, and explainable. Results
are easy to interpret.

Feature matching algorithms have disadvantages as well as advantages. They are fast,
computationally efficient, and easy to implement. However, high accuracy and
generalization capabilities such as machine learning may not be available in some
cases. This may vary depending on the subject being studied. Machine learning
involves a large dataset, and a complex system with a lot of computational capacity.
Which method to use depends on the requirements of the application, the dataset and
the available computational resources. Since the proposed work does not consist of a
very complex process, using image processing techniques was deemed appropriate for
this system.

3. LITERATURE REVIEW

There are many academic studies and applications for the use of feature matching
techniques on different datasets in different fields. Recently, there have been many
studies in the literature that aim to improve target detection and recognition processes
using image feature matching techniques. These improvement efforts aim to increase
the detection accuracy and reduce the completion time of the study.

Tareen and Saleem (2018) reviewed different techniques for feature matching
algorithms. They used SIFT (Lowe, 1999), SURF (Bay et al., 2008), ORB (Rublee et
al., 2011), KAZE (Non-linear Scale-Space Feature Detection) (Alcantarilla et al.,
2012), AKAZE (Alcantarilla et al., 2013), and BRISK (Leutenegger et al., 2011) as
feature matching techniques and evaluated the performance of each of them. The results
showed that ORB, BRISK, and SURF techniques are capable of detecting more features
than the others. In addition, SIFT, SURF, and BRISK are less variable in terms of scale
and perform better, while ORB shows less scale variation. In terms of speed, AKAZE,
KAZE, SIFT, ORB, BRISK, and SURF obtained the results in order from fastest to
slowest. Kamel et al. (2020) pointed out the shortcomings of feature matching
techniques in previous studies and proposed a hybrid method. They conducted separate
experiments on ORB, BRISK, AKAZE, SIFT, and SURF feature descriptors and
presented the comparison results. In the studies performed on the SRM dataset, the
ORB algorithm had the fastest execution time, followed by the BRISK algorithm. SIFT
algorithm detected the most keypoints, while AKAZE detected very few keypoints. In
the Airport dataset, the BRISK algorithm has the fastest execution time, while the
SUREF algorithm is the slowest. In the hybrid study, the ORB-BRISK pairing performed
better, while AKAZE-SURF was the slowest and did not perform well. Tareen and Raza
(2023) evaluated the potential of 14 feature detectors and 10 feature matchers,
including SIFT, SURF, KAZE, AKAZE, ORB, BRISK, AGAST (Adaptive and Generic
Accelerated Segment Test), FAST, MSER (Maximally Stable Extremal Regions), MSD
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(Maximally Stable Disjoint Regions), GFTT (Good Features To Track), Harris Corner
Detector based GFTT, Harris Laplace Detector, and CenSurE. The results showed that
SIFT outperformed SURF in detecting large feature matches with low parameter
thresholds. AKAZE detected fewer features than KAZE in all 10 scenes. The overall
ranking was MSD, MSER, CenSurE, FAST, AGAST, SIFT, ORB, BRISK, GFTT,
GFTT-H, KAZE, AKAZE, SURF, and Harris-L. These results were evaluated
separately on invisible dusty, smoky, dark, noisy, blurry, sunny, shadowy, and close-up
images in a variety of environments. SIFT was found to perform well for most scenes,
while MSD, MSER, SIFT, KAZE, GFTT, and CenSurE were found to be good at high
keypoint selection Comparative studies in the literature differ according to the subject
matter. For example, Oad et al. (2022) focused on brain images and showed
comparative performance metrics of brain hemorrhage status with matching methods.
Ihmeida and Wei (2021) performed performance evaluations using matching methods
on remote sensing images. Similarly, Forero et al. (2021) comparatively tested
matching methods on multispectral images for rice crop detection. Working on noisy
images, Kortli et al. (2018) showed that ORB works fast and SIFT performs better.
They also pointed out that the two methods are approximately similar in terms of
matching. Apart from matching methods, artificial intelligence methods have also been
applied to improve the performance of hazardous substance labeling detection by
applying artificial intelligence methods to noisy data (Brylka et al., 2021). During the
evaluation, it was observed that the success criteria of the matching algorithms differed
depending on the topics studied. The parameters may vary depending on the study
situation and affect the performance of the matching methods.

Clear and accurate labeling of hazardous materials can help prevent potential accidents.
Separation of items that can and cannot be stored next to each other and careful control
of check-in and check-out processes are important to minimize risks. Damage records
should be checked meticulously. These controls and transportation processes are
carried out with special training (Brylka et al., 2021). The new technologies developing
today should be taken into account in addressing these issues related to hazardous
materials. In this work, a fully automated approach for various detection and analysis
tasks is presented. The transportation and labeling of hazardous materials are based on
international global standards (UNECE, 2024). Each country develops solutions for its
own transportation within the framework of internationally standardized rules. Lu et al.
(2019) compared the relevant rules of the International Maritime Organization (IMO)
with the existing rules and standards in China and presented the results in a table. The
U.S. Department of Transportation Pipeline and Hazardous Materials Safety
Administration has a database of US safety information that is kept up-to-date by
analyzing the statistics of incidents involving hazardous materials by year (U.S.
Department of Transportation Pipeline and Hazardous Materials Safety Administration,
2022). Access to all and many statistical data is provided. Another study examining the
effects of hazardous material transportation in Thailand analyzes and evaluates the data
obtained through field work and provides recommendations on the current situation
(Watcharejyothin et al., 2022). Literature studies on hazardous materials show that it is
a very important area that requires attention.

The proposed work is realized within an interface. Previously, Ellena et al. (2004)

developed a system for the detection of trucks carrying dangerous goods. This system
evaluates the labels on the truck according to the hazardous material label and labels
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them as hazardous on the interface. As a result of the studies on matching methods in
the literature, our current study aims to match hazardous material labels between
images simultaneously and display the emergency response measure information stored
in the database on the interface. The proposed work also shows the performance
parameters of the matching methods on the interface. The image data contains different
backgrounds and was evaluated by giving parameter values according to these different
backgrounds. Thus, it was aimed at obtaining a more general result.

4. DEVELOPED HAZARDOUS MATERIAL DETECTION
AND WARNING SYSTEM

In this study, AKAZE, ORB, and SIFT feature extraction algorithms were used to detect
hazardous substance labels. These algorithms were chosen to identify the unique
features of the labels and to accurately detect the labels using these features. The
detected hazardous substance labels are matched with the relevant database information
and provide the user with information for warnings and precautions. This model was
based on success comparisons using feature matching to accurately detect hazardous
material labels. Hazardous materials need to be transported and stored safely. The
performance of the model was evaluated using various metrics. Particular attention was
paid to speed and matching points. The dataset used images taken under various
backgrounds and conditions.

The dataset, which constitutes the main source of the study, was tested for different
methods in the interface program. Method successes and performances were obtained,
and the results were detailed under other headings. All these operations were performed
on an interface designed by a Qt designer. First, the test data is selected, then the folder
containing the training data is selected, and the matching result parameters and run time
information are displayed on the screen.

4.1. Dataset Description

The dataset used for the study consists of Google images and a structure used for an
article. This dataset was used for hazardous material detection and database mapping.
The data in the database include the emergency response situations caused by the
hazardous substance and the properties of the hazardous substance. Hazardous material
labels appear in various fields of our daily lives. These labels, in different formats and
with international standards, are used in port, road, rail, and, to a lesser extent, air
transportation. Hazardous material labels are of great importance today in terms of
safety and security, both in robot rescue systems and in reporting the dangerous status
of materials transported by humans. Image processing, computer vision, and artificial
intelligence methods play an important role in the detection and recognition of such
important labels and the creation of an intervention warning system. In this study, a
comparative warning system was created based on matching algorithms used in image
processing.

This system should basically provide the key features created in the database. Also, it

should be measured to see how it reacts when the images vary in terms of their size and
attribute characteristics. In terms of requirements, the dataset collected basically meets
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the needs within the scope of the research topic. It provides a scientific contribution to
the identification and matching of hazardous substances.

4.1.1. Data collection

This study was created by selecting images expressing hazardous substance labels from
Google Images and collecting them from the websites where the datasets are available
(Mohamed et al., 2018). The dataset consists of data with different backgrounds and
taken from different angles. In total, 600 images were collected. The background
consists of hazardous material labels placed on sawdust surfaces, wooden structures,
and brick wall structures. The images obtained from Google Images include images
with labels on containers and images with hand-held labels. The dataset is based on 8
different types of flammable materials. All images are high resolution (5184x3456),
with different lighting conditions (dark, light), and blurred. The images were obtained
by creating different scenarios (Mohamed et al., 2018). The performance of the
methods presented in the related study on the collected data was evaluated. Before
using the raw data directly, certain image preprocessing methods were used to output
the proposed methods. This is because cleaning the areas that are not considered
important in the images to get better results from the images has a positive effect on the
method. The images were converted to black-and-white images. Table 2 gives an
overview of the dataset collection.

Table 2. Dataset Collection Overview

Session | Image Quantity
1 Hazardous Material Labeling Dataset | 600
2 Google Images 100

4.1.2. Data preprocessing

Within the scope of the study, certain image processing steps were applied to each
method without performance evaluations. After pre-processing, each image taken from
the test data was matched using matching algorithms on the training data. The matched
image was retrieved from the database, and its information was reflected on the
interface system. The splits for the training and test datasets to be used for the warning
system are presented in Table 3. It was resized to 225x225 pixels for matching images.
The collected dataset was divided into training (83%) and test (17%).

Table 3. Dataset Splits for Train and Test

Task Train Samples | Test Samples
Label matching | 500 100

4.2. Breakdown of the Tasks

Within the scope of the study, depending on the matching algorithms on the interface
program, information based on emergency response situations is retrieved from the
database and displayed simultaneously on the interface. AKAZE, ORB, and SIFT
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matching methods were preferred in the system. In order to find images similar to the
image given as each test data and to determine the characteristics of hazardous
materials, the relevant response information for hazardous materials is extracted from
the database depending on the UN (United Nations) number and reflected on the screen.
The parameters of the three methods were tested, and the best matching parameters and
threshold values were determined. Figure 1 shows the overall flowchart of the designed
and pro-posed system.

4.2.1. Models and algorithms

In the image processing process, we focused on AKAZE, ORB, and SIFT matching
methods based on the OpenCV library in Python programming language. AKAZE is an
algorithm for find-ing specific features in an image. Alcantarilla et al. (2013) presented
the AKAZE algorithm by im-proving the KAZE algorithm (Alcantarilla et al., 2012).
This algorithm is based on nonlinear diffu-sion filtering. It produces more efficient
results with Fast Explicit Diffusion (FED) in AKAZE. The descriptor of AKAZE is
based on the Modified Local Difference Binary (MLDB) algorithm and the determinant
of the Hessian Matrix, which is also highly efficient (Tareen & Raza, 2023).

Image matching
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Figure 1. Flowchart of the Developed System
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Lowe (1999) introduced the SIFT method, which has been used in many studies. The
SIFT detec-tor is based on the DoG operator, an approximation of the Laplacian-of-
Gaussian (LoG) (Tareen & Raza, 2023). It finds and detects local maxima in images of
various scales using DoG. However, its disadvantage is its high computational cost.

Rublee et al. (2011) presented a method called ORB. It first detects key points in images
using the FAST algorithm and then calculates BRIEF apertures around these key points.
It detects FAST corners at each layer of the scale pyramid and evaluates the corners of
the detected points using the Harris Corner score to filter out the highest quality points
(Tareen & Raza, 2023). ORB features are independent of scale, rotation, and limited
affine changes. It is the fastest and most efficient algorithm. ORB works faster than
SIFT and SURF and is especially suitable for real-time applica-tions and resource-
limited systems. The general flowchart of the matching algorithms implemented on the

interface is shown in Figure 2.
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Figure 2. General Flowchart of Matching Algorithms
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These methods are widely used in computer vision applications. They are frequently
encountered in tasks such as object recognition, image matching, 3D modeling, and
motion analysis. Each method has advantages and disadvantages. Which one to use
depends on the requirements of the applica-tion, the computational power, and the
characteristics of the dataset. The parameters used in these methods are given in Table
4. In the AKAZE method, BruteForce is calculated using the Hamming distance
relation. Hamming distance calculates the number of different bits between two
attribute vectors. Hamming distance is usually used on binary attributes (e.g., ORB,
BRIEF). With the near-est matching method, the number of neighbors between two
images is determined. For the pro-posed work, this value is taken as two. This returns
the two closest matching points for each refer-ence point. The nearest neighbor
matching ratio is set to 0.8. This ratio is considered the threshold for whether matching
points will be retrieved when using the nearest neighbor matching algorithm. It
prevents situations that can sometimes be caused by false matches. If the given ratio is
greater than the resulting ratio, the matching is accepted. The inlier threshold was given
a value of 2.5 as a distance threshold used to determine the inlier points with
homography control. Homography de-scribes the perspective transformation between
two different images.

If the average matching value after matching is greater than 49, the match is considered
correct. This value is determined by testing images within the system. In the ORB
method, the BruteForce value is determined using the Hamming norm. Cross-
validation is performed with the value, and if the resulting matching score is greater
than 108, the match is considered correct. In the SIFT meth-od, BruteForce is calculated
using Norm-L2. Cross-validation is performed, and if the resulting value is greater than
108, the match is considered correct. Table 4 shows the parameters and values used in
the system.

Table 4. Base Model Information for the Classification Task

Method | OpenCV’s Constructor Settings

AKAZE | cv2.AKAZE(cv.DescriptorMatcher BRUTEFORCE HAMMING,
knnMatch(desc1, desc2, 2), match_ratio = 0,8, inlier_threshold =
2.5,Match>=49) (OpenCV, 2024a).

ORB cv2.0RB(cv2.BFMatcher(cv2.NORM_HAMMING, crossCheck =
True), Match>= 108) (OpenCV, 2024b).
SIFT cv2.SIFT(cv2.BFMatcher(cv2.NORM L2, crossCheck=True),

Match>= 108) (Tareen & Saleem, 2018)

After the method outputs, a matching process was performed on a simple database
created in advance. The unique identifiers of the hazardous substances were
determined, and the tables were linked to each other. Important warning information
such as physical and chemical information about hazardous substances, safety
warnings, first aid information, what to do in case of emergency, compatibility
information of hazardous substances with other substances, and cleaning of hazardous
substances were recorded in the database. The data model was designed according to
this information and a useful design was created. Data information was entered into the
system by considering the data query situation. According to the uniquely selected UN
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number, access to the database is made, and querying and feature matching is
performed. All these situations are realized simultaneously on the interface, and the
information is reflected in the relevant fields on the interface.

4.2.2. Evaluation metrics

Evaluation of matching algorithms involves the use of various metrics. Firstly, the
accuracy of the algorithms is measured using the accuracy metric, which determines
how accurately the algorithms perform matching on a specific application or dataset.
Accuracy is calculated based on the images and matching values simultaneously
reflected in the system. Values higher than the given matching value for each method
indicate the correctness of the match. However, sometimes a match may appear to be
correct but may not actually reflect the matched value, making the match unacceptable.
In this case, the system compares the images considered to be matched with the actual
images, and when there is a false match, these images are labeled as unmatched.
Accordingly, the average accu-racy value is calculated for each method.

The speed metric expresses the processing time of the methods simultaneously running
on each image. In the proposed study, the total processing times for feature extraction
and matching are evaluated separately for each image and method, and the average
processing time is calculated. Pro-cessing speed evaluations are based on the time spent
on each image. The processing power of methods is directly proportional to speed.

The repeatability metric measures whether the same features can be correctly identified
in different images. This was tested and evaluated on the proposed system by providing
images taken in differ-ent scenes. The evaluation of noise resistance involved assessing
the results obtained from the im-ages against noise.

5. EXPERIMENTAL RESULTS AND DISCUSSION

Feature matching methods are applied in various fields, and some applications are of
critical im-portance. In this study, the effects of AKAZE, ORB, and SIFT feature
matching methods on haz-ardous material labels are evaluated. The accuracy metrics
are measured by taking into account the evaluation metrics given earlier, and the results
are presented in Figure 3 and Table 5. The collected dataset was divided into training
(83%) and test (17%) images, and matching methods (AKAZE, ORB, SIFT) were
applied. The results were meticulously evaluated. The AKAZE method showed an
average accuracy of 33%, the ORB method showed 91%, and the SIFT method showed
68%. The ORB method achieved the highest performance, demonstrating its efficiency.
It resulted in a 9% error rate by matching with too many points and considering those
matches as correct, exceed-ing the threshold. Additionally, the average execution times
are presented in Figure 3. Although AKAZE has the fastest processing time, it produces
incorrect results. The processing time for SIFT is considerably long.

Overall, when error rates were evaluated, it was observed that the error rate increased
when scene conditions changed, along with an increase in processing power. It was also
noted that matching algorithms alone were not sufficient for images taken in noisy
environments. ORB and SIFT per-formed almost equally well in noisy images. When
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the results were evaluated, AKAZE showed the lowest performance. AKAZE provides
more accurate feature detection by using nonlinear diffusion filters. However, the
computational cost and performance may decrease. The ORB algorithm shows the
highest performance. ORB is fast and robust to rotation and scale changes. SIFT
showed moderate performance. SIFT’s strengths are robust to scale and rotation but
limited in computational cost and speed.

0 200 400 600 800 1000 1200 1400
AKAZE ORB SIFT
Time (sec) 261 508 1351

Figure 3. Execution Time Graph of AKAZE, ORB, and SIFT Methods

Three different matching methods were used for the classification of hazardous
material labels. These methods enabled the identification of hazardous material
properties and provided representa-tion in the system for intervention measures. The
accuracy results are presented in Table 5.

Table 5. Accuracy Results for the Classification Task

Base Model Accuracy
AKAZE 33%
ORB 91%
SIFT 68%

According to the results in Table 5, ORB demonstrated high performance by matching
the most features and achieving accurate matches. While AKAZE showed lower
performance in terms of feature matching and accurate matching, it performed well in
terms of speed. When evaluating the results, it is observed that as scene conditions
change, feature matching and performance decrease, resulting in a decrease in the
matching ratio. These observations align with the findings from the literature review.
Two main issues related to feature matching have been identified:
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* Scene diversity: It reduces feature matching in matching methods and
decreases the number of features. To address this issue, accuracy can be
improved by adjusting parameter values and expanding them with new
values.

* Noisy environment: In such environments, matching results vary when the
object threshold decreases. Preprocessing the image and adjusting the
parameters used in matching can pro-vide a solution to this issue.

Figures 4 and 5 show the interface screens of the developed system. Figure 4 shows the
interface where the labels collected and created for hazardous substance detection are
detected. Figure 5 shows the classification and warning interface screen, where the
results of matching the label de-tected in Figure 4 with the database are displayed on
the screen. In Figure 4, images and the feature matching method are selected to extract
information from the image. There is also a time counter here. In Figure 5, there is a
separate button for each warning. Whichever information is needed, the information is
reflected on the screen by pressing the button.

[R cwssinen [ nerector

Figure 4. Label Detection Interface Screen
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[8 crassimer [ perecton

Figure 5. Classification and Warning Information Interface Display

6. CONCLUSION

This study focuses on the utilization of a dataset collected for the detection of hazardous
material labels and the application of matching methods. The matching results are
compared and evaluated against the features and intervention data concurrently
retrieved from the database. This compre-hensive research underscores the
contemporary significance of hazardous materials and contributes to a systematic
understanding of image processing techniques for their detection. Performance
analyses conducted on the dataset containing various scenes and noise data present a
comparative performance of matching methods and feature-intervention information in
the database. In future studies, the integration of these label systems with barcode
technology to transform them into ro-botic systems is recommended. This is crucial for
reducing human intervention in hazardous mate-rial transportation and introducing
semi-automatic systems to our country.

While the current system covers a section of transportation, it is envisaged to form a
chain of inter-connected systems that will create a seamless and integrated network.
Representing the next level of comprehensive hybrid technology, the system is
expected to seamlessly integrate with the exist-ing framework in today’s transportation.
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Abstract

Kara, deniz, hava ve uzay, savasin dort boyutu olarak kabul
edilir. Gorece yakin sayilacak bir donemde harbin besinci
boyutu olarak kabul edilen siber uzay, kendisinden once
anilan dort boyutu da etkileme kapasitesine sahiptir.
Glinlimiiz ¢atigmalarinin ve dahi savaglarin etkili bir
aktorii olan bu sahadaki etkin durusun saglanmasi ise
kuskusuz nitelikli insan giiciiniin varhigiyla olasidir. Siber
giivenlik gibi disiplinler arasihigi biinyesinde barindiran bir
alanda profesyonel diizeyde uzman yetistirmenin zorlugu
bilinmektedir. Siber giivenligin egitim yaklagiminda ise
alanin dinamiklerine uygun bir metodoloji ortaya konmasi
gerekliligi ortaya ¢ikmaktadir. Bu arastirmanin sonucunda
varilan noktada ulusal giivenligin yeni bir unsuru olan
siber uzaya devletlerin kamu ve ordu diizeyinde verdigi
onceliklerle siber giivenlik egitiminin ayni zamanda bir
devlet politikast oldugu goriilmiistir. Bu noktada siber
giivenlikte nitelikli is giicliniin yetistirilmesine yonelik
yaklagimlarin diinyada ve Tiirkiye’deki yerini aragtirmanin
yani sira bir egitim Onermesine de bu g¢aligmada yer
verilmektedir.

Anahtar Kelimeler: Siber giivenlik egitimi, siber
giivenlikte i giicii, bayragi yakala yarigmasi, ulusal
giivenlik.

The four dimensions of war are land, sea, air and space.
In a relatively recent period, the fifth dimension of
warfare, cyber space, has been accepted as a fifth
dimension of warfare. This has the capacity to affect the
four dimensions mentioned before it. It is possible to
ensure an effective stance in this field, which is an
effective actor in today's conflicts and even wars, with the
presence of qualified manpower. It is widely
acknowledged that it is challenging to train experts at a
professional level in an interdisciplinary field such as
cyber security. In the context of cyber security education,
it is essential to develop a methodology that aligns with
the dynamic nature of the field. This research has revealed
that cyber security education is also a state policy, with
the priorities set by the states regarding cyber space,
which is a novel element of national security at both the
public and military levels. In addition to investigating the
place of approaches to the training of a qualified labour
force in cyber security in the world and in Tiirkiye, this
study also includes an educational proposal.

Keywords: Cyber security education, workforce in cyber
security, capture the flag, national security.
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1. GiRiS

Siber giivenlik alani, iilkelerin en ist diizeyde varliklarimi etkin ve giiglii olarak
gostermek durumunda olduklar1 dijital bir sahadir. Bu yeni alan kara, deniz, hava ve
uzay kadar ulusal giivenligin saglanmasiyla dogrudan ilgilidir.

Tiirkiye’de siber giivenlik ¢ergevesinde ilk strateji belgesi 2013°te T.C. Ulastirma ve
Altyap1 Bakanliginca yaymlanmistir. “Ulusal Siber Giivenlik Stratejisi ve 2013-2014
Eylem Plan1” (T.C. Ulastirma Denizcilik ve Haberlesme Bakanligi, 2013) sonucunda
siber giivenlikle ilgili kamu kurumlarinin kurulmasina karar verilmistir. Yani sira
2015’te, Birlesik Krallik’ta yaymlanan “Ulusal Giivenlik Stratejisi ve Stratejik
Savunma ve Giivenlik Incelemesi” (Government of the United Kingdom, 2015) adlt
belgede siber tehditler, “Birinci Kademe Risk” olarak derecelendirilmistir (Haggman,
2019). 2016 yilinda ABD’de yayinlanan “Siber Giivenlik Ulusal Eylem Plani”nda
(Ford ve ark., 2017) siber giivenlik, ABD’nin karst karsiya oldugu en onemli
zorluklardan biri olarak ifade edilmektedir.

Ulusal ve uluslararasi literatiir caligmasi sonucunda giivenlik paradigmalarinin
biitiiniinii etkileyen bir konumda olan siber uzayda gorevlendirilecek nitelikli is giicline
yonelik ciddi ¢aligmalarin oldugu goriilmekle birlikte alanin goérece yeni olmasi ise
siber giivenlik alaninda yetistirilecek nitelikli ig giiclinlin egitim ve dgretimine yonelik
yaklagimlarin heniiz gidecek ¢ok yolun oldugu goriilmektedir.

Bu ¢aligma, diinyada ve Tirkiye’de siber giivenlik alaninda nitelikli is giicii yetistirme
yaklagimlarini incelenmektedir. Yapilan incelemelerin yani sira bir egitim modeli
onerisinde bulunulmaktadir. S6z konusu yaklasim ise terimsel olarak Capture the Flag
(CTF) adiyla bilinen Bayragi Yakala Yarigmast’dir (BYY). Farkli kitalardan farkli
tilkelerin akademik oOlgekteki ¢aligmalart incelenmis olup diinyanin farkli
cografyalarindaki siber giivenlikte uzman yetistirme perspektifine bir bakis ortaya
konmas1 amaglanmaktadir.

2. GENEL BiLGILER

Bu bdliimde BY'Y hakkinda genel bilgiler ortaya konacaktir. BY Y 'nin tarihsel ge¢cmisi,
kazanimlan ve Tiirkiye’de diizenlenen “Liseler Aras1 Bayragi Yakala Yarigmalari”na
deginilecektir.

2.1. Bayrag Yakala Yarismasi

Capture the Flag’in bir kisaltmasi olan CTF, Tiirkgede “Bayrag1 Yakala”, “Bayrak
Kapmaca” ve “Bayragi Yakala Yarigmasi1” gibi karsiliklarla anilir. Tiirkge literatiirde ve
sahada yaygin olarak CTF olarak bilinir. Bununla birlikte Tiirk¢e kisaltmasinin isleklik
kazanmas! 6nemlidir. Bu baglamda c¢aligma boyunca BYY kisaltmasinin kullanim
tercih edilecektir.

Genel bir aciklamayla BYY, siber giivenlik alanindaki yetkin kisilerin, kurgulanmis

senaryolardaki sorular1 ¢ozerek becerilerini gosterebildigi bir tiir teknik yarigmadir.
Miicadeleye dayali olarak siiren BYY’ler ayn1 zamanda kisiye farkli bakis agilari
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kazandiran yonii de i¢inde barindirir. Katilimei, sorulari ¢6zdiigiinii kanitlamak adina
sorunun igerisinde yer alan metin tabanli ifadeye ulasarak ilgili béliime bunu ekler ve
bdylece bayragi yakalamig/kapmis olur.

Her bayrak, sorunun zorluk diizeyine gore degisken bir puanlamaya sahiptir. Yarismaci
tek basina olabilecegi gibi takim halinde de katilarak yarisabilirler. Belli bir siirenin
sonunda yarisma biter ve en ¢ok puani toplayan kisi ya da takimlara organizasyonu
diizenleyenlerce belirlenen odiiller verilir.

Bayragi yakala yarismalarinin kendi i¢inde bir bayram bi¢imi bulunmaktadir. Genel bir
bayrak bicimi ise soyledir: flag{Diiz_Metin}. “flag” sdzcligii, BY'Y’yi diizenleyenlere
gore degisebilmektedir.

Bayragi yakala terimi, fiziksel olarak iki takim arasinda oynana agik hava oyununda
kullanilir. Amag, karsi rakibin bayragim (gizlenmis de olabilir) ele gegirirken ayni
zamanda kendi bayragini da kars1 takimdan korumay igerir.

1993 yilinda ilk defa DEFCON’da diizenlenen yarismada bu terim siber uzaya taginmis
oldu (Svabensky ve ark., 2020). DEFCON basladiginda bir grup siber giivenlik
uzmaninin ilgisi dahilindeydi. Cok gegmeden 6zel sektoriin ve kolluk giiclerinin de
ilgisini cekmeye basladi (Katzcy Consulting, 2016).

Aradan gegen otuz yildan sonra hacking temali konferanslar ve BYY’ler yalnizca
uzmanlar1 degil yeni baglayan kisiler i¢in de bir giris kapisi olma niteligi
tastyabilmektedir. Ozellikle oyunlastirma yaklagimlari diinya capindaki dgretmenlerin
egitim miifredatinda elini giiglendiren bir yontem olarak islevsellik gostermektedir
(Svébensky ve ark., 2020).

Chung ve Cohen (Chung & Cohen, 2014) caligmalarinda BYY’yi satranca
benzetmektedirler. Yazarlar, kurallarin basit oldugunu ancak ustalasmanin uzun yillara
dayanan bir deneyim gerektirdigine dikkat cekmektedir.

2.1.1. Kazamimlari

Siber giivenlikte nitelikli personel acigini kapatmada siber giivenlik yarigmalar1 tek
bagina yeterli olmayabilir. Bu kabulle birlikte yarismaya katilanlar 6zenle hazirlanmig
simiilasyonlarda gercek diinya sorunlarina benzer olarak uygulamali deneyimleri
edinebilmektedirler (Katzcy Consulting, 2016). BYY’ler, okul temelinde ele
alindiginda smif i¢inde ya da ders kitaplarindaki teorik konularin pratige dokiilmesine
zemin hazirlar. Normal sartlarda riskli olabilecek saldir1 ve savunma durumlarini
giivenli bir sanallagtirma ortaminda sinamalarina olanak taninir. Boylece katilimcilar,
tutuklanma ve yargilanma gibi herhangi bir yasal endise duymaksizin saldirilart
gergeklestirebilirler (Davis ve ark., 2014). Pedagojik acgidan degeri son zamanlarda
daha fazla 6ne ¢ikan BYY’ler, katilimcilarina uygulamali giivenlik becerilerini
deneyimleme sanst saglar (Wi ve ark., 2018). Buradan hareketle bir 6gretim araci
olarak BYY, 6grencinin performansina yonelik anlik geri bildirimler sunarak art1 ve
eksi yonlerin ortaya konmasinda 6grenciye yol gosterebilir. Ogrencinin derste gordiigii
konular1 ger¢ek hayatla bir bag kurabilmesi 6nemli bir ayrintidir (Leune & Petrilli,
2017). BYY ler, uygulama alani sunabilen bir formata sahip oldugundan dgrenciye
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teoride gordiigii konular1 pratikte uygulayabilecegi bir ortam sunabilmektedirler.
Gardner’in “Coklu Zeka Kurami”nda ortaya koydugu iizere her kisinin zeka tiirii
cesitlilik gosterebilmektedir. BY'Yler bu ¢oklu sunum yoniiyle 6grenime yiiksek katki
saglayabilmektedirler.

BYY’ler, katilimcisina biligim sistemlerine yapilan saldir1 vektorlerini tanima
noktasinda katki saglayabilmektedirler. Bununla birlikte BY'Y ler katilimcisina, ilgili
sistemlerin nasil savunulabilecegine yonelik etkili bir bakis kazandirabilmektedirler.

BYY’ler, gelecegin siber giivenlik profesyonellerini ve liderlerini hazirlamasinda
onemli bir katkilar1 vardir (Albert & Wallingford, 2010). BYY’de basar1 gosteren
Ogrencilere burs, staj ve is firsatlari sunulmaktadir (Cherinka & Prezzama, 2015; Conti
ve ark., 2011; Davis ve ark., 2014; Raman ve ark., 2014). Gelecegin is giiciine katki
saglamak i¢in BY'Yleri bir arag olarak degerlendirirken ayni1 zamanda mevcuttaki siber
giivenlik uzmanlarinin giincel kalmasi ve yeteneklerini yiikseltme olanagi da
tanimaktadir (Katzcy Consulting, 2016). BYY’ler kurum, kurulus ve sirketler igin
yetenekli kisilerin igse alimi i¢in is verenlere uygun ortamlar sunmaktadir (Matias ve
ark., 2018). BYY’lere katilim ve elde edilen basarilar, i verenin ige alim siirecinde
kisinin teknik becerileri hakkinda temel bir goriis saglar (Chung, Lowering the Barriers
to Capture The Flag Administration and Participation, 2017). Bu yoniiyle de bayragi
yakala yarismalarina katilmak, kisinin sayginligina da katki saglar (Conti ve ark.,
2011).

BYY’ler is verenlerin potansiyel olarak istihdam edecekleri is giiciiyle bulugmalari i¢in
bir tiir alan da saglayabilmektedir. Buna bir 6rnek olarak 2009 yilinda ABD’de
diizenlenen Ulusal Universite Siber Savunma Yarismasi'nda Boeing firmasimin
BYY’de basarili olanlara is teklif etmesi verilebilir (Katzcy Consulting, 2016).
Tiirkiye’de de benzer durumlarn yasandigi bilinmektedir (Unal, "Siber Y1ldiz" Olmak
icin 26 Bin Kisi Yarisacak, 2017).

Capture the Flag altyapist sunan CTFd ekibinden Kevin Chung’in da (Chung, Lowering
the Barriers to Capture The Flag Administration and Participation, 2017) vurguladigt
iizere BY'Y ler, rekabetgi yonleri ve ekip halinde yarisma olanagi sunduklarindan bilgi
giivenligi sektdriine girig olarak kabul edilir. Bayrag1 yakala yarigmalarinin ve buna
yonelik platformlarin artmasiyla siber giivenlik alanina giris engeli azalacaktr.

BYY’ler, yetkin kisilerin aralarinda yarigtigi ve bir tir govde gosterisi yapildig:
eglenceli ciddi oyunlardir. Katilimcilara farkli bakis agilar1 kazandiran bu tiir
yarismalarin yeni baslayanlar i¢in de siber giivenligi bir giris kapist olacagi
diisiiniilerek One siiriilen bu ¢alisma, siber giivenlik 6gretiminde BY Y nin biiyiik bir
potansiyele sahip olundugu fikriyle ele alinmaktadir.

BYY’ler ayn1 zamanda ekip i¢i yonetim ve is birligi gibi yeteneklerin de gelisimine
katki saglayabilmektedir. Yani sira BYYler, bir hacker nasil diistiniir, bunu anlamak
tizerine zihinsel bir beceri gelisimine zemin hazirlar, dahasi, katki saglayarak bir bakis
acis1 kazandirir. Analiz kabiliyetine katki saglayan bu siiregte noktalar1 birlestirici bir
perspektifle potansiyel olarak saldirganin diisiince yapisiyla konuya yaklagim
gosterebilir (Chase & Uppuluri, 2022; Eagle & Clark, 2004; Katsantonis ve ark., 2023;
Katzcy Consulting, 2016; Li & Kulkarni, 2016; Rowe ve ark., 2011; Son ve ark., 2012;
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Yasin ve ark, 2018). “Hacker bakis agisini edinmek” Oylesine bir sdylem degildir.
Nitekim kétii niyetli bir saldirganin konuya olan yaklasimini tanimak, gelebilecek olasi
saldir1 vektorlerini kestirebilmenin etkili bir yoludur. Sivil giivenlik aragtirmacilarinin
yani sira askeri akademideki arastirmacilarin (Conti ve ark., 2011) da dikkat ¢ektigi
nokta budur.

in’de yerlesik Tsinghua Universitesinden ;EYEAZ) Affan ve ark. (Yasin ve ark.,
M g

2018) 2018’de ele aldiklar1 ¢alismada, oyuncularin bir saldirgan gibi diisiinmelerini
saglayacak oyunlastirilmis bir egitim onermektedirler. Burada hacker ifadesini hangi
amacla kullanildigina agiklik getirmekte yarar goriinmektedir. Yaygin kaninin aksine
hacker, sistemleri bozan ve yikicit faaliyetleri gergeklestiren kisi degil bilisim
sistemlerini derinlemesine bilen, farkli bakis agilartyla ortaya iirlin/hizmet koyabilen
iist diizey kabiliyete sahip bilgisayar uzmanidir.

BYY’ye katilmanin 6grenci tizerindeki yararlarini siralarken son olarak benzer ilgiye
ve yoOnlere sahip kisilerin bir araya gelmesine olanak tanimasina deginmek
gerekmektedir. Bir tiir sosyal etkinlik olarak da goriilebilecek olan BYY’ler, bu yoniiyle
katilimcisina bir tanigsma ag1 da saglamaktadirlar (Eagle & Clark, 2004).

2.1.2. BYY platformlar

Siber giivenlige yeni baslayanlarin &grendiklerini uygulayabilecegi alanlar siber
giivenligin dogast geregi istenmeyen yasa digt sonuglara neden olabilmektedir.
Konuyla ilgili halihazirda var olan laboratuvar ortamlari ise 6zellikle siber giivenlik
temelleri olmayan ya da yeni baslayan ogrencilerin goziinde biyiiyebilmekte,
heveslerinin kirilmasina neden olabilmektedir.

Var olan BYY’ler degerli bir ¢6ziim olmalarinin yan1 sira yeni baglayan bir 6grenci
acisindan yaklagildiginda 6gretim materyali olarak goriilmekten uzaktirlar. Ayrica
yaygin olarak bilinen bu platformlarda iicretsiz olarak sunulanlar olsa da agirlikli olarak
icretlidir ve ek masraflar igerir Bu donem projesinde ortaya koyulan amag
dogrultusunda 6gretim temelli baslica bir BY'Y platformu gelistirilmesi 6nceliktir.

2.1.3. Liseler arasi1 bayragi yakala yarismasi

20 Ocak 2017°de Bilgi Teknolojileri ve Iletisim Kurumu (BTK) biinyesindeki Ulusal
Siber Olaylara Miidahale Merkezinin (USOM) “Siber Yildiz” adiyla diizenledigi
BYY’ye yaklasik 26.000 kisi basvuru yapmistir. Bu bagvurular incelendiginde
%84’lniin 18 yas altinda, %16’smnin ise 13-14 yas altinda oldugu sonucuna
varilmaktadir (Unal, 2017). Bu verilerden hareketle bu projenin de odak kitlesi olarak
belirledigi ilkdgretim ve ortadgretim ogrencilerinin ilgisinin ne denli oldugu agikca
goriilebilmektedir.

Tiirkiye’de ortadgretim diizeyinde siber giivenlik ¢alismalar1 2015’¢ degin gitmektedir.
2015-2016 egitim ve dgretim yilinda “LAB3: Liseler Arast Bilisim Kamp1” adiyla
baslatilan proje 2017°de Istanbul Il Milli Egitim Miidiirliigiince siber giivenlik
miifredat1 ve siber giivenlik lisesi calismalarina evrilmistir (Kiiciikcekmece Tlge Milli
Egitim Midiirligi, 2016) (Ulug, 2017). 15 Mayis 2020 yilinda ise biitiiniiyle siber
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giivenlik egitimi iizerine faaliyet gostermesi amaciyla Teknopark Istanbul Mesleki ve
Teknik Anadolu Lisesi (2023) kurulmustur.

Sekil 1°de “Liseler Arast Bayragi Yakala Yarismalari”na bagvuran 6grencilerin sayilart
yer almaktadir. 2018 ve 2019°daki yarismalar Istanbul il Milli Egitim Miidiirligii
biinyesinde diizenlenmistir. 2020°de Teknopark istanbul MTAL kurulup egitim ve
ogretime basladiktan sonra séz konusu yarisma TIMTAL’in ana sorumlulugunda
diizenlenmeye baglanmistir.
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Sekil 1. Yillara gore Liseler Arast Bayrag1 Yakala Yarismalarina Bagvuran
Ogrenci Sayisi

Ortaokul dgrencilerinin 0 (sifir) olarak goriildiigii 2018 ve 2022-1 yillarinda yarisma
yalnizca liselere yonelik diizenlenmistir. Kiiresel salgin Covid-19 nedeniyle 2020 ve
2021 yillarinda yarisma diizenlenememistir. ilk ii¢ yildaki yarigmalar, Istanbul’daki
okullarin katilimiyla sinirhidir. 2022-2°deki yarigma ise Tiirkiye genelindeki ortaokul
ve lise 6grencilerinin katilimiyla ¢evrim i¢i olarak gerceklestirilmistir.

Savunma Sanayii Bagkanlig1 (SSB) ve Dijital Doniisiim Ofisi Bagkanligi (DDO)
koordinasyonunda Tiirkiye Siber Giivenlik Kiimelenmesi tarafindan “Siber Giivenlik
Haftas1” diizenlenmektedir. Hafta kapsaminda, Teknopark Istanbul MTAL’nin
hazirladig1 ve 28-29 Kasim 2022°de ¢evrim i¢i diizenlenen BY Y ’lerde bireysel olarak
813 ortaokul, 444 lise olmak iizere 1.257 6grenci bayrag: yakalamak i¢in akranlariyla
yarismistir. 2024 yilinda ise Cumbhuriyetimizin ikinci 100 yilina dzel olarak tiim
Tiirkiye’den liselerin katilimina agik olarak diizenlenmistir. “Cumhuriyetimizin Ikinci
100 Yilinda Bayrak Sende Tiirkiye” deyisiyle 25 Mayis 2024°te ulusal olgekte
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gerceklesen “5. Liseler Arasi Ulusal Bayragi Yakala Yarismasi”na 46 farkl ilden 376
lise 6grencisi bagvuru yapmistir.

2.2. Ulusal Giivenlik Baglaminda Siber Uzay

Yeni teknolojilerin iilkelerin stratejik hedeflerinde yer almasiyla birlikte ordunun da
saldirt ve savunma sistemleriyle entegresi yerlesmeye basladi ve boylece askeri
anlamda savasin sahas1 da genislemis oldu. Ornegin hava sahasi, 1. ve II. Diinya
Savaslari’nda kara ve denizin yani sira yeni savas alani olarak varlik gosterdi. Soguk
Savas’in ardindan ise uzay, Bat1 ve Dogu bloklar1 arasinda yeni nesil bir savas alani
olarak goriildii. Takip eden siirecte elektronik bilegsenlerin gelisimiyle birlikte bilgisayar
ve Internet’in git gide askeri ve sivilde yer edinmesiyle dijital varliklar da ulusal
giivenligin bir pargast haline geldi. Bu gelismeler dogrultusunda siber uzay;
glinimiizde kara, deniz, hava, uzaya ek olarak besinci savas alami olarak
degerlendirilmekte, her firsatta giiglii bir vurguyla kendine yer bulabilmektedir (Dill,
2018).

Siber giivenligi yalnizca teknik bir disiplin olarak gérmek bu noktadaki yaklagimlarda
eksikliklere neden olmaktadir. Konvansiyonel bir savasta sahadaki askeri giiciin
varligiin yani sira cephe gerisindeki halkin durusu da belirleyici bir unsurdur. Yani
sira psikoloji, sosyoloji, ekonomi, biirokrasi ve diplomasi gibi faktdrler de en az
ordunun kapasitesi kadar etkili olabilmektedir. Dolayistyla giivenlik, biitiinciil bir
bakisla konuya yaklagimi gerekli kilmaktadir.

Giivenlik paradigmalarinin donisiimii, giivenligin yalnizca ordunun ve kolluk
gliclerinin geleneksel anlamda sorumluluk alanmin diginda bir yaklasimi zorunlu
kildig1 bir donemde, siber giivenlik de proaktif bir yaklasimla sivil unsurlar1 da siirece
dahil etmektedir. MIT’in 2024°te yaymladig1 “2023 Yili Faaliyet Raporu”nda (Milli
Istihbarat Teskilat;, 2024) dikkat cekildigi iizere bolgesel ve kiiresel dlcekteki
tehditlerin hibrit ve asimetrik boyut kazanmas1 ulusal giivenligin saglanmasini giderek
daha karmasik bicime getirmektedir. Bu durumda geleneksel giivenlik anlayislarinin
yetersiz kaldig1 ve ¢aga uygun yaklagimlarin uygulanmasina vurgu yapilmaktadir.
Teskilat, ilgili raporda siber giivenlige ayrica deginerek kurumun siber kapasitesinin
giiclendirilerek yeni nesil teknolojik atilimlarla Siber Vatan’da da etkin varlik
gosterildigine isaret etmektedir.

Siber uzayin yapisi dijital oldugundan konvansiyonel harp unsurlarii gérmek olasi
degildir. Bundan dolay1 devlet ve devlet dis1 aktorlerin siber giiciiyle ilgili bir ¢ikarimda
bulunmak isabetli olamamaktadir. Askeri doktrinleriyle sayginlik kazanan Prusyali
General Clausewitz’in su s6zii konuyu destekler niteliktedir: “Tiim insan faaliyetleri

>

agisidan savas, en ¢ok bir kart oyununa benzer.”.

Siber giivenlik, yapisinin yani sira dogrudan devlet ve devlet dis1 aktorlerin sistemlerine
dahi etki edebilecek diizeyde bir konumda oldugundan sdz konusu unsurlarin
korunmasina yonelik aksiyonlar karmasiklik igerir. Bu noktada &gretici faaliyetlerde
egitim amagh iceriklerin 6grenciye aktarilmasinda zorluklar yasanmasi sasirtict bir
sonu¢ degildir. Temel amag siber giivenlik teknolojilerinin ve giivenlik
paradigmalarinin 6grencide durumsal farkindaligini olusturmak ve bir bakis agisi
kazandirmak olmaktadir.
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2007°deki Rusya’nin Estonya’ya diizenledigi siber saldirilar sonucu NATO’nun
baskent Tallinn’e kurdugu ve Tiirkiye’nin de daimi bir temsilcisinin yer aldigt NATO
Miisterek Siber Savunma Miikemmeliyet Merkezi (CCDCOE) ise Estonya’y1 siber
giivenlik tatbikatlarmin merkez iissii konumuna getirmistir.

Siber giivenligin saglanmasi, siber uzayin yapisi geregi yalnizca giivenlik giiclerinin
iistlenebilecegi bir ¢erceve disindadir. Kolluk gii¢lerinin yani sira akademi, sektor ve
her bireyin bu noktada koordinasyonu gerekir. Nitekim yillar gectikce tehdit diizeyi
artarken zarar verici unsurlar1 gerceklestirmek icin gereken teknik becerilerde
yetkinligin Olciisii azalmaktadir. Dolayisiyla tehdidin nereden gelecegi (devlet ya da
devlet dis1) bilinmeyen bir yap1 s6z konusudur.

Giiniimiizde, diinyanin her tarafinda ve her an siber saldirilar yasanmaktadir. Her yil
artan boyutta ilerleyen bu saldirilara kars1 koymak ve verilerin giivenligini saglamak
isteyen kurum ve kuruluslar i¢in zorluklar da artmaktadir. Bu zorluklara kars1 giivenlik
ve bilisim teknolojileri personellerinin egitilmesi gerekmektedir (Noor Azam &
Beuran, 2018). 2011 yilinda ABD’de gergeklestirilen bir konferansta, akademik
kurumlarin siber tehditlere karsi yetenekli &grencilerin yetistirilmesi, ABD ve
miittefiklerinin egemenliginin korunmasina yardimci olacak bigimde kritik bir
konumda degerlendirilmektedir. ABD, iilkesine yapilacak siber saldirilari bir savas
eylemi olarak degerlendirirken Birlesik Krallik’in, geligmis bir askeri siber giivenlik
kapasitesi i¢in 2011 yilinda 1 milyar dolarlik bir yatirim yaptig1 belirtilmektedir (Rowe
ve ark., 2011). Maurice ve ark. (Hendrix ve ark., 2016) makalelerinde belirttikleri {izere
2016 yili i¢in Birlesik Krallik Kabine Ofisinin verisine gore siber suglarin iilke
ekonomisine maliyeti yilda yaklagik olarak 27 milyar pounddur. Ayrica yazarlar,
Birlesik Krallik’in siber giivenlik alanindaki ise aliminda oyunlastirmanin
kullanildigina deginmektedirler. Arastirildiginda, bu oyunun Birlesik Krallik
devletince desteklendigi (McGoogan, 2015) goriilmektedir.

Diinya genelinde milyonu asan boyutta siber giivenlik uzmani eksikliginden soz edilir.
Bu derinlik kamu kurumlari i¢in daha fazladir ¢linkii nitelikli uzmanlara 6zel sektorde
cesitli olanaklarla birlikte yliksek maaglar verilebilmektedir. Devlet kurumlarinda ise
standart bir maag s6z konusudur. Birlesik Krallik’taki bir ¢aligmada (Haggman, 2019)
da buna deginilmekte, ordunun ve istihbarat teskilatlarinin bile 6zel sektdrdeki
cezbedici maaslarin kamuda olmayisina dikkat cekilmekte, bunun da nitelikli
profesyonellerin kurum icinde istihdam edilememesi nedeniyle bir sorun oldugu
vurgulanmaktadir.

Bilisim teknolojilerinin yapisi, onu siirekli gelisen ve doniisen bir bigimde tutmaktadir.
Nitekim boylesi bir sahada etkin yer almanin yolu da bu dinamizme uygun bir insan
kaynagmin varhigryla miimkiindiir. Bu noktada ABD, o6zellikle kritik altyapilarinin
stirekli korunmasini saglayabilecek nitelikli is giiciine sahip olmak adina ciddi bir
yapilanmaya gittigi goriilmektedir. Siber giivenlik alanindaki mesleklere yonelik norm
ve standartlar1 olusturan bir kurumun varligi ABD’de goriilmektedir. Ulusal Standartlar
ve Teknoloji Enstitiisii (NIST: National Institute of Standards and Technology)
biinyesinde kurulan Ulusal Siber Giivenlik Egitimi Girisimi (NICE: National Initiative
for Cybersecurity Education) bulunmaktadir (Cusak, 2023). NICE devlet, akademi ve
ozel sektore arasinda bir is birligi saglayarak siber giivenlik egitimi ve is giiciiniin
gelisimine odaklanan bir ortakliktir (Katzcy Consulting, 2016).
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Diizenlenen NICE konferanslarinin temalari ise is giiciinii gelistirmek i¢in paydaslarin
bir arada ortak ¢aligmalar yiiriitmesine olanak tanimak, bilimsel ¢aligmalar ortaya
koymaktir. Bu c¢aligmanin ele alindigi 2024 yili icerisinde bakildiginda NICE
konferans1, 3-5 Haziran 2024 tarihinde Teksas’ta yapilmustir. ilgili web sayfasinda her
y1l olmak iizere 2028 yilina kadar haziran ay1 igerisinde gergeklestirilecegine yonelik
takvimin olmasi, NICE’nin istikrarli ¢aligmalarina dikkat ¢ekilmesi agisindan énemli
bir ayrintidir. 2024’te diizenlenecek olan konferansin (National Initiative for
Cybersecurity Education, 2024) temas: ise “Ekosistemin Giiclendirilmesi” ana
basliginda siber giivenlik alanindaki is giicii aciginin giderilmesinde paydaglarin bir
araya getirilmesidir. Cusak’in ele aldig1 makalede (Cusak, 2023) aktardigi izere NICE
konferanslarinda siber giivenlik egitiminin liseden de Once ortaokul diizeyinden
baslanmasia yénelik oneriler s6z konusudur. Ilgili konferansta gerceklestirilen
panellerin birinde GenCyber ve Cyber Patriot gibi BYY ¢alismalarinin basitlestirilerek
ortaokul seviyesine ¢ekilmesi ve Ogrencilerine egitimine katki saglayacak bigimde
kullanilmas1 vurgulanmaktadir. Béylece, yeni baslayan ve deneyimsiz 6grenciler goz
oOniine alinarak basarili sonuglara giden yolda basarisiz olmalarina izin verilebilecektir.

ABD’deki ¢alismalar incelendiginde {iniversiteden dnce lise diizeyinde siber giivenlik
egitimlerinin ders ici ve ders disi etkinliklerle giindemde tutuldugu goriilmektedir. Yant
sira ilkokul ve ortaokul diizeyinde de siber giivenlik ¢aligmalarinin kamu kurumlarinca
sorumluluk alanma alindig1 da s6z konusudur. Ornegin, ABD Hava Kuvvetleri, Cyber
Patriot programini genisleterek ilkdgretim 6grencilerine yonelik farkli konu modiilleri
hazirlamaktadir (Li & Kulkarni, 2016).

Cyber Patriot, 2009’da sekiz takimla faaliyetine baslamistir. 2013 yilina ait bir
calismada, havacilik ve savunma sirketi olan ve ABD ordusuyla is birligiyle bilinen
Northrop Grumman tarafindan 4,5 milyon dolar bagis yapildigi kaydedilmektedir
(Tadjdeh, 2013). Northrop Grumman, savunma sanayii sirketlerinin siralamasini
derlemede saygin bir yayin olan Defense News Top 100°de 3. siradadir. S6z konusu
listede (Defense News, 2024) iilkemizden de dort firma (ASELSAN, TUSAS,
ROKETSAN, ASFAT) bulunmaktadir. Cyber Patriot, 2024 yilinda halen faaliyetlerini
stirdiirmektedir.

ABD’deki  askeri kurumlar akademik c¢aligmalari da finansal olarak
desteklemektedirler. Ornegin, 2022 yilinda yazilan ve liseler icin siber giivenligi konu
edinen iki makalede acik olarak sOyle yazmaktadir: “Bu arastirma kismen NSA
(National Security Agency: Ulusal Giivenlik Ajansi), NSF (National Science
Foundation: Ulusal Bilim Vakfi) ve Cypherpath tarafindan finanse edildi.” (Chase &
Uppuluri, 2022). Bir diger makalede (Werther ve ark., 2011) ise ABD Hava Kuvvetleri
tarafindan desteklendigi yer almaktadir.

ABD Hava Kuvvetleri gorev tanimina “siber uzay savunmasi” ekleyerek “siber
komuta” yapisini olusturmustur. AFA, lise 6grencilerinin bilim ve teknoloji alanlariyla
birlikte siber giivenlik alaninda galismalarina yonelik bir dizi programlari diizenlemeye
basladig1 bilinmektedir. AFA, Teksas Universitesindeki Altyapt Giivence ve Giivenlik
Merkezi (CIAS: Center for Information Assurance and Security) ve Uluslararasi Bilim
Uygulamalar1 Birligi (SAIC: Science Applications International Corporation)
kurumlartyla is birligi icerisinde dogrudan lise dgrencilerine yonelik “Cyber Patriot”
egitim programini gelistirdiler ve bu programin ilki 2009 yilinda gergeklestirildi (White
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ve ark., 2010). Siber giivenlik konusu ABD tarafinda ulusal giivenligin ayrilmaz bir
pargas1 olarak goriilmekte ve her uygun firsatta buna dikkat ¢ekilmektedir. Cyber
Patriot’in adlandirmasimin da buna uygun olarak secildigi goriilmektedir. Tiirkgeye
“Siber Vatansever” olarak ¢evrilebilmektedir. White ve ark. (2010) ilerleyen yillarda
ogrencilerin hangi kariyer planint segerlerse segsinler sonug olarak Cyber Patriot’ta
aldiklar1 egitim sonucunda edindikleri becerilerin onlara ve ABD’ye yardimeci1 olacagint
animsatmaktadirlar.

Te-Shun ve Jones (Chou & Jones, 2018), ABD’nin siber giivenlik egitimini birincil
onceligi olarak belirledigini ifade etmektedirler. ABD’de yalnizca egitimle ilgili kamu
kurumlar1 degil askeri kurumlar da BY'Y etkinlikleri diizenlemekte ve diger yarismalara
sponsor olmaktadirlar (Cooper & Harris, 2022). ABD Donanma Hava Harp Merkezi
Egitim Sistemleri Boliimiinden Cooper ve Harris’in ele aldigi ¢alismada (Cooper &
Harris, 2022) BYY nin 6grenimdeki yararlarinin kabul edilmesiyle birlikte Savunma
Bakanligina (Department of Defense) bagli kuruluslar siber giivenlikteki is giiciiniin
olugmasina bu gibi siber giivenlik yarismalarinin gelistirilmesinde de etkin olarak yer
aldiklarma dikkat ¢cekmektedir.

Siber giivenlik alaninda profesyonel eksikligi birgok ¢alismada dile getirilmektedir. Bu
sorunu gidermek igin yetenekli kisilerin siber giivenlik alaninda kariyer hedefine
yonlendirmek adina ABD’de birtakim ¢alismalar yiiriitilmektedir (Ster, 2019). Siber
giivenlik profesyonellerinin eksikligi 2019’daki bir ¢alismada (Ster, 2019) belirtilmis
olup alana yonelik ilginin artirilmasi adina ¢aligmalar farkli bolgelerde siirdiiriilmeye
ve ¢esitlenmeye devam etmektedir. Olusan profesyonel boslugunu doldurmak adina
Kaliforniya Siber Giivenlik Enstitiisii, eyalet bazinda 6énemli kuruluslardan biri olarak
anilmaktadir. Enstitii, Kaliforniya Politeknik Eyalet Universitesine baglidur.
Yarismanin paydasglari arasinda ABD’nin istihbarat ve giivenlik giigleri olan Ulusal
Giivenlik Ajanst (National Security Agency), Ulusal Muhafiz Biirosu (National Guard
Bureau) ve Uzay Kuvvetleri (Space Force) bulunmaktadir (California Cybersecurity
Institute, 2024).

Cyber Patriot, ABD Hava ve Uzay Kuvvetleri Birligince yiiriitiillen savunma odakl1 bir
siber giivenlik yarigmasidir. Yarismanin amaci, ABD’nin siber giivenlik i giiciine
yonelik artan ihtiyact karsilamaktir. AFA, Cyber Patriot ile ulusal g¢apta lise
ogrencilerine yonelik BYY diizenlemek amaciyla faaliyetine baglamistir (Albert &
Wallingford, 2010). 2024 yili itibariyle 16. kez diizenlenecek olan Cyber Patriot,
“Ulusal Genglik Siber Egitim Programi” olarak kendisini tanitmaktadir. Lise
ogrencileri hedefiyle baglayan proje genisleyerek gilincelde ortaokul 6grencilerini de
kapsamaktadir (Cyber Patriot, 2024). Yan1 sira ilkokul diizeyinde dgretim igerikleri de
olusturmaktadirlar (Cyber Patriot, 2024). Cyber Patriot, I¢ Giivenlik Bakanlig
(Department of Homeland Security) ve Amerikan Askeri Universitesi (American
Military University) gibi kamu kurumu ve o&zel sirketlerin sponsorluguyla
yapilmaktadir. Agiklandig1 kadariyla (Cyber Patriot, 2024) -yapilan bagislar ve devlet
kurumlarimin fonlarmin disinda- yalnizca 2024’teki organizasyon igin sponsorlarin
katkilariyla 515 bin dolar biitge ile fonlanmaktadir.

Siber giivenlik her ne kadar teknik bir beceri istese de amacinin giivenligi saglamak

oldugu goz ardi edilmemelidir. Nitekim giivenlik, farkli disiplinlerin bir aradaligryla
saglamlik kazanir. Bunlarin en basinda iletisim ve yonetim gelir ki giivenligi
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saglanmasi amaglanan son kullaniciya yo6nelik ¢oziim sunulabilsin. Saldir tarafinda
olan bir siber giivenlik uzmani nasil diisliniirse savunma tarafinda calisan siber
giivenlik uzmanmin da bu diisiince yapisina kavusmasi gerekir. Bu da teknik ve
duygusal empatiyle miimkiin olabilmektedir. Yani sira gelistirilen sistemler ve
giiniimiizde yapay zekanin etkin bigimde yer almasiyla insan faktori belli bir dlglide
disarida tutulabilmektedir. Siber giivenlik s6z konusu oldugunda ifade edilen su meshur
sozde oldugu gibi giivenlikte en zayif halka insandir. Fakat sistemler her ne kadar
geligirse gelissin, teknik istihbarat alaninda oldugu gibi, insan temelli istihbarat
belirleyici ve karar verici noktadadir. Siber giivenlik konusunda da benzer bir yaklagim
yanlig olmayacaktir. Animsanmalidir ki bir savag oyunu, belirli bir stratejiyi ya da aract
test etmekten oOtede sagladigt daha onemli bir yonii vardir: O stratejiyi/araci
uygulayacak olan insan1 sinamak (Haggman, 2019).

Kanada Siber Giivenlik Merkezi tarafindan hazirlanan raporda (Canadian Centre for
Cyber Security, 2022) siber tehdit aktorleri ve motivasyonlart s6yle agiklanmaktadir:

e Ulus devletlerin siber tehdit aktorleri genellikle jeopolitik motivasyona
sahiptir.

o Siber suclular genellikle finansal motivasyona sahiptir.

e Hacktivistler genellikle ideolojik motivasyona sahiptir.

o Terorist gruplar genellikle ideolojik siddet motivasyonuna sahiptir.
Heyecan arayan maceraperestler genellikle tatmin ile motive olurlar.
Iceriden gelen tehdit aktorleri genellikle hognutsuzlukla motive olurlar.

Siber uzayn yapisi geregi savastan ziyade bir miicadele ortami1 olarak tanimlanmasini
gerekli kilmaktadr. Literatiirde siklikla gegtigi lizere siber savas terimi, Milli Istihbarat
Teskilatinin hazirladigi “MIT Sozliik”te (Milli Istihbarat Teskilati, 2024) soyle ifade
edilmektedir: “Zarar vermek, manipiile etmek, kendi ¢ikarlar1 ¢ergevesinde kullanmak,
kesinti yaratmak, tamamen hizmet veremez duruma getirmek iizere gergeklestirilen
saldirt faaliyetlerinin timii.”. Clarke’a gore (LeClair, Abraham, & Shih, 2013) ise siber
savas, bir devletin bagka bir iilkenin bilgisayarlarina ya da aglarina zarar vermek veya
kesintiye neden olmak amaciyla sizma eylemleridir. 2007°de Rusya tarafindan
Estonya’ya ve ABD-Israil tarafindan iran’a diizenlenen siber ataklar bir iilkenin bagka
bir tilkenin kritik altyapilarina yonelik diizenledigi etki diizeyi yiiksek saldirilar olarak
ornek verilebilir. 2010 yilinda donemin ABD Bagkani Obama, iilkesinin dijital
altyapilarinmi “stratejik ulusal varlik” olarak ilan etmis olmasi (The Economist, 2010),
alana yonelik verilen kritik hassasiyeti ortaya koymasi agisindan 6nemlidir.

ABD ordusundan Yarbay Karen J. Dill’in ele aldig1 bir ¢aligmada (Dill, 2018) siber
uzayin askeri yoniine dikkat g¢ekilmektedir. ABD Baskan:i tarafindan Savunma
Bakanligina ve ilgili kamu kuruluslarina siber giivenlik profesyonellerinin egitimi ve
iste tutulmasi konusunda uzun vadeli bir yol belirleme talimati verildigine vurgu
yapilmaktadir. ABD’de yiiriitiilen bir doktora tezinde (Wagner, 2023) siber giivenlik
alanindaki uzman eksikliginin ulusal giivenligi riske atacak durumda oldugu ifade
edilmektedir. ABD, ulusal hedeflerini korumak adina siber uzaydaki yeteneklerini
gliclendirmek adma sivil ve ordu kurumlartyla siber giivenlikte nitelikli is giicii i¢in
yetenek havuzunu giincel tutmaya ¢aligmaktadir (Dill, 2018). Siber giivenlik alaninda
nitelikli uzman agi1g1 birgok calismada yinelenmektedir. Bu ac¢ig1 kapatmaya yardime1
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olmak i¢in ABD Hava Kuvvetleri Birligi, siber giivenlik alaninda ¢alisan vasifli
bireylerin sayisin1 artirmak amaciyla 2008 yilinda Cyber Patriot (Manson ve ark., 2012)
yarismasini tasarladi ki daha dncesinde s6z konusu yarigma iizerine ayrintili bilgiye
onceki sayfalarda deginilmisti.

Siber giivenlikte etkin bir konumda olmak, konuyla ilgili uluslararasi niteliklerde gerek
akademik gerek teknik caligmalarla miimkiin olmaktadir. Konu kapsaminda bir 6rnek
olarak 2004°te ABD tarafindan kararlastirilan ekim ay1 kapsaminda “Siber Giivenlik
Farkindalik Ay1” (Cybersecurity and Infrastructure Security Agency, 2024) cesitli
etkinliklerle giindeme gelmektedir. Siber giivenlik ¢aligmalarinda ABD ordusunun ve
giivenlik birimlerinin onciiliigiinde ilerlemektedir. Bu durum sasirtict degildir nitekim
hem bilgisayarin hem de Internet’in cikis1 askeri amaglar dogrultusunda ortaya
konmustur.

ABD Donanma Yiiksek Okulunun bir girisimi olan CyberCIEGE, siber giivenlik
egitimi i¢in hazirlanan bir video oyunudur. Yani sira Avrupa iilkelerinin bolgesel olarak
is birlikleri icerisinde siber gilivenlik egitiminde gili¢ birligi saglamaktadirlar.
COLTRANE adindaki proje, Erasmus+ program1 kapsaminda bes iilkenin (Avusturya,
Finlandiya, Italya, Hollanda ve Birlesik Krallik) katkistyla olusturulan bir siber
giivenlik farkindalig1 egitim toplulugudur (Langner ve ark., 2021).

Bir biitiin olarak siber giivenlik terimi, iginde barindirdig1 giivenlik yaklagimlarindan
dolayi, askeri ve kolluk kuvvetlerinin alaninda degerlendirilebilir. Nitekim siber uzayimn
temellerinin atildig1 Internet, tam da bdyle bir ortamda, ABD ordusuna bagl Savunma
fleri Diizey Arastirma Projeleri Ajansinda (DARPA: Defense Advanced Research
Projects Agency) ARPANET (Advanced Research Projects Agency Network: Ileri
Diizey Arastirma Projeleri Ajans Ag1) adiyla ortaya ¢ikti. Daha da geriye gidildiginde
ise bilgisayar sistemlerinin askeri bir gerekgeyle II. Diinya Savasi sirasinda ortaya
¢iktig1 bilinmektedir. 1936 yilinda Kondrad Zuse tarafindan ilk programlanabilir
bilgisayar olan Z3, Almanlarca sifreli yazilar tiretmek i¢in kullanilmaktaydi. Daha
bilindik olan ENIAC (Electronic Numerical Integrator and Computer: Elektronik
Sayisal Entegratdr ve Hesaplayict) ise modern bilgisayarm ilk iiriinii olarak kabul
edilmektedir. ENIAC da ABD ordusunun istegi iizerine 1947 yilinda fiize ve top
atiglarinin  hesaplanmast i¢in John Mauchly ve J. Presper Eckert onciiliigiinde
gelistirilmisti.

NATO’nun Estonya’nin bagkenti Tallinn’de bulunan Siber Savunma Miikemmeliyet
Merkezinin (Cooperative Cyber Defence Centre of Excellence) 2010°da diizenlemeye
bagladig1 Kilitli Kalkan (Locked Shields) (The NATO Cooperative Cyber Defence
Centre of Excellence, 2024) siber tatbikatina 2014’ten bu yana Tiirkiye’den TSK Siber
Savunma Komutanliginin yani sira ilgili kamu ve &zel sektdr temsilcileri katilim
saglamaktadir (T.C. Milli Savunma Bakanligi, 2023). Buradan hareketle varilabilecek
sonuglardan biri de Bayrag1 Yakala Yarismasi’nin egitim ve dgretimdeki yayginlhigiyla
birlikte etkisinin de olduk¢a genis oldugudur.

Yukaridaki orneklerle ortaya konuldugu iizere ulusal giivenlikle ilgili sanal ve fiziki
unsur ayirt etmeksizin sicak catigmalar ya da askeri operasyonlar ordu ve kolluk
gliclerinin birincil sorumluk alaninda degerlendirilmektedir. S6z konusu siber uzay
oldugunda ise giivenlik, cok katmanli yapis1 dolayistyla toplumun biitiiniiyle dogrudan
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ilgili olmaktadir. Yani sira dijital teknolojilerin dogasi, alan iizerinde yiiksek niteliklerle
spesifik ¢aligmalar yiiriitebilen uzmanlari gerekli kilmaktadir. Gelismis iilkelerde ordu
ve emniyetin i¢inde yetisen mithendis siniflarinin yani sira akademisyen ve teknik
bireylerin is birligiyle ¢aligsmalar yapilmaktadir. Siber giivenlik, elbette yalnizca ordu
ve emniyetin sorumluluk alaninda tutulabilecek bir saha degildir. Nitekim akilli
telefonlar ve Nesnelerin Internet’i (IoT: Internet of Things) teknoloji yayginlagmasiyla
birlikte bilisim teknolojileri yalnizca askerinin/emniyetin hizmetinde degil her bir
vatandasin evindeki siipiirgeye, mutfak gereclerine, cebindeki telefona, odasindaki
lambaya, bilegindeki saate, kapisindaki kilide ve dahi kisilerin organlarina degin girmis
durumdadir. Klasik savaglar ya da sicak catismalardan once siber savaslar yasanmakta
ve kimileyin de savas ortami konvansiyonel olarak ortaya ¢ikmadan uzun siire iilkeler
arasindaki miicadele siber uzayda gii¢ yarisina evrilebilmektedir. Isbu gerekceler
nitelikli insan giiciiniin ne denli 6nemli oldugunu ortaya koymaktadir. Nitelikli insan
giicliniin var olmas1 da formal ve informal 6gretim igerikleri ve Ogretmenlerin
varligtyla miimkiin olabilmektedir.

2.3. Tiirkiye’nin Siber Giivenlik Alanindaki Nitelikli i Giicii Politikas1

Dil, toplumsal olaylardan etkilenerek yagayan canli bir varliktir. Toplumu ilgilendiren
ciddi konulardaki olaylarin dil iizerinde etkisinden soéz etmek olasidir. Konu
kapsaminda ele alindiginda savunma sanayii alanindaki gelismeler, dile yeni
kavramlarin girmesine zemin hazirlamustir. {lk olarak “Mavi Vatan” olarak iiretilen bu
s6z Obegi “Gok Vatan” ve “Siber Vatan” ifadelerinin kavramlagmasma zemin
olusturmustur. Nitekim bu kavramlarin yerlesikligi, devletin 6ncelik ve 6nem verdigi
giivenlik politikalarinin da bir gostergesi olarak yorumlanabilir. Bu yaklagimla Aydin
tarafindan (Aydin, 2022) siber vatan kavrami, “Tirkiye’nin dijital araglar1 ve kurumsal
Internet alanindaki altyapisini koruma doktrininin ad1.” olarak agiklanmaktadur.

Tiirkiye 6zelinde kamu kurumlarinin ¢esitlenerek kurulmasi ve hem lise hem de
iniversitelerde uzmanlik diizeyinde boliimlerin agilmasiyla akademik ve teknik
caligmalarin nicelik ve niteliklerinde artislar olmaktadir. Farkli alanlarda kurumlarinin
acilmasi, konunun ciddiyetinin ve hassasiyetinin devlet politikasi olarak etkin varlik
gosterdigine yonelik yorumlanabilir. Nitekim 2018 yilinda kurulan ve kamusal olarak
siber giivenlik faaliyetlerinin sorumlusu olarak kapsayici yetki alanina sahip Dijital
Doniisiim Ofisi (DDO) (T.C. Cumhurbaskanligi Dijital Doniigiim Ofisi Baskanligi,
2024), dogrudan Cumhurbaskanligmma bagli bir baskanlikti. DDO, Tiirkiye’de ilk
olarak kurulan Siber Giivenlik Meslek Yiiksekokullarinin kuruculugunu tistlenmistir.
Bununla birlikte DDO, Tiirkiye’nin ilk siber giivenlik lisesi Teknopark Istanbul
Mesleki ve Teknik Anadolu Lisesinin de kurucu unsurlar1 arasindadir. Ayrica, Dijital
Dontisiim Ofisi tarafindan Milli Egitim Bakanlig is birligiyle ilkokul, ortaokul ve lise
ogrencilerine yonelik “Siber Zeka Bilgi Yarigmasi” (T.C. Cumhurbaskanligi Dijital
Déniistim Ofisi Baskanligi, 2020) 2020°den bu yana diizenlenmektedir.

Siber giivenlik alanindaki nitelikli insan giiciiniin yetistirilmesi ¢aligmalarinda SSB
biinyesinde faaliyet gosteren Tiirkiye Siber Giivenlik Kiimelenmesinden (Siber Kiime)
s0z edilebilir. 2018 yilinda kurulan Siber Kiime, ¢evrim i¢i ve yiiz yiize olarak
Universite ogrencilerine yonelik yaz kampi, kis kampi ve gece egitim programlari
sunmaktadir. Bunlarin yani sira Siber Kiime de Teknopark Istanbul MTALnin
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paydaslar1 arasindadir. Bu ¢alismanin kapsami geregi Siber Kiime’nin iki hedefine
(Tiirkiye Siber Giivenlik Kiimelenmesi, 2024) burada yer verilebilir: /) Siber giivenlik
alamindaki insan kaynagi sayist ve niteligini arttirmak. 2) Toplumdaki siber giivenlik
bilincini arttirmak.

TRT Cocuk ve Emniyet Genel Miidiirliigii Siber Suclarla Miicadele Daire Baskanlig1
ortakligryla cocuklara yonelik hazirlanan ve 14 Mayis 2022 tarihinde yaymlanan
“Ekip: SIBERAY” (Siber Suclarla Miicadele Daire Baskanlig1, 2020) cizgi filmi dizisi
ayni zamanda sinema filmi olarak 5 Nisan 2024’te vizyona girmistir.

Yukaridaki ifadelerin yani1 sira bu alt baglikta, Cumhurbagkanligi ve Bakanlik
diizeyinde yayinlanan ilgili belgeler dogrultusunda Tiirkiye’nin siber giivenlik
alanindaki nitelikli is giicii politikasina genel bir bakis ortaya konacaktir. S6z konusu
belgelerde yer alan stratejik ifadeler, ayni zamanda ele alinan bu dénem projesinin bir
tiir dayanagi ve ¢iktisi olarak degerlendirilebilir. Ayrica, kiiresel anlamda bir sorun olan
nitelikli siber glivenlik uzmani yetistirilmesine yonelik Tiirk devletinin en iist diizeyde
isaret ettigi etkin politikasini gostermesi agisindan da 6nem arz etmektedir.

Giincel olarak iki belgenin varligi goriilmektedir. Resmi olarak belirtilen adlariyla:

1. 2024 Yili Cumhurbagkanligr Yillik Programi (T.C. Cumhurbagkanligi
Strateji ve Biit¢e Baskanligi, 2023)

2. Ulusal Siber Giivenlik Stratejisi ve Eylem Plani (2020-2023) (T.C. Ulastirma
ve Altyap1 Bakanligi, 2020)

2024 Yili Cumhurbagkanligi Yillik Programi’nda siber giivenlik 6gretimi ve alan
tizerine nitelikli ig giiciiniin yetistirilmesine yonelik eylem planlarinin yer aldigi
goriilmektedir.

o Tedbir 521.4 olarak yer verilen “Gerek savunma ve giivenlik gerekse sivil
alanda siber giivenlik ihtiyaclari, azami ol¢iide yerli ve yetkin ¢ézlimlerle
kargilanacaktir.” ile Kalkinma Plani p.582’de “Yerli siber giivenlik
ekosisteminin gelismesi, milli ¢dziimlerin yayginlagmasi ve uluslararasi
rekabet giicliniin artirilmasi saglanacaktir.” (T.C. Cumhurbagkanlig1 Strateji
ve Biitge Bagskanligi, 2023) yaklagimlar1 6nemlidir. Nitekim siber giivenlik
Ogretimi lizerine yabanci ¢oziimler yaygin olarak kullanilmaktadir.

e Cumbhurbagkanhig1 Yillik Programi’nda Kalkinma Plani p.452, Kalkinma
Plani p.557 ve Kalkinma Plani p.583 basliklarinda (T.C. Cumhurbagskanligi
Strateji ve Biitce Baskanligi, 2023) yapay zeka ve siber giivenligin de yer
aldig1 giincel teknolojilerin ihtiyag duydugu altyapilarin tesis edilmesi ve
ihtiyag duyulan nitelikli insan kaynagnin yetistirilmesine vurgu
yapilmaktadir.

Siber giivenlik, ekonomik boyutunun yani sira ulusal giivenlikle yakindan ilgilidir. Bu
yoniiyle kritik bir éneme sahip oldugu Cumhurbaskanligr Yillik Programi’nda da

yinelenmektedir.

o Tedbir 583.1°de (T.C. Cumhurbaskanlig: Strateji ve Biit¢e Bagkanligi, 2023)
“Siber gilivenlik alaninda nitelikli iggliciiniin yetistirilmesine ve kariyer
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olanaklarinin iyilestirilmesine yodnelik programlar gelistirilecektir.”
ifadesinde alt ifade olarak “Nitelikli geng istihdama yonelik siber giivenlik
yarigmalar1 diizenlenecektir.” denilmektedir.

o Tedbir 583.3’te (T.C. Cumhurbaskanlig1 Strateji ve Biit¢e Baskanligi, 2023)
“Sektor ihtiyaglarina uygun isgiliclinliin yetistirilmesi amaciyla egitim
icerikleri, niteligi ve ortami gelistirilecektir.” ifadesinin altinda “Cevrim ici
ve laboratuvar ortaminda siber giivenlik egitimleri gerceklestirilecektir.”
hedefi de siber giivenlik yarigmalarimin siiregte etkin yer almasina isaret
etmektedir.

o Tedbir 583.4’te (T.C. Cumhurbagkanlig1 Strateji ve Biitce Bagkanligi, 2023)
“Siber giivenlik farkindaligima yonelik seminer, egitim, yarigma gibi
etkinlikler gerceklestirilecektir.” ve “Ilk ve ortadgretim seviyesinde siber
giivenlige yonelik ders iceriginin gelistirilmesi ¢alismalar1 yapilacaktir.”
hedefleri yetkin siber giivenlik profesyonellerinin &rgiin  miifredat
araciligiyla yetistirilmesine yoneliktir.

Ulusal Siber Giivenlik Stratejisi ve Eylem Plam1 (2020-2023) belgesinde (T.C.
Ulastirma ve Altyap1 Bakanligi, 2020) nitelikli is glicliniin yetistirilmesine yonelik
“Stireclerin iyilestirilmesi, teknolojik bilesenlerden azami seviyede istifade edilmesi ve
insan kaynagmin gelistirilmesine yonelik eylemlerle siber giivenlik seviyesinin daha
da yiikseltilmesi amaclanmistir.” ifadeleri bulunmaktadir. Yani sira ilgili belgede “ilk
ve orta dereceli okullar ile yiiksekdgrenimde siber giivenlik egitim igeriklerinin
zenginlestirilmesi ve yaygmlastirilmasini hedef alan eylemlerle bu alandaki insan
kaynaginin artirilmast amaclanmigtir.” yine bu ¢aligmanin kapsaminda degerli
ifadelerdir. Tlgili belgenin Ulusal Siber Giivenlik Hedeflerimiz bashginda gecen su
ifadeler dikkat ¢ekicidir: “Siber giivenlige ilgi duyan veya uzmanlagsmak isteyen
bireylere yonelik projelerle insan kaynaginin giiclendirilmesi.”.

3. ONERILEN EGIiTiM SiSTEMi YAKLASIMI

Ele alinan ¢aligmanin ige yararliligini ortaya koymak ve disiplinli bir bicimde konular1
ele alabilmenin yolunun, oncelikli olarak s6z konusu projenin hedeflerinin agik
bi¢imde yazilmasindan gectigini diisinmekteyiz. Bu baslik altinda onerilen egitim
sisteminin hedefleri ve gergeklestiginde 6grencinin edinecegi ongoriilen kazanimlar
aciklanacaktir.

Bayrak Sende adinda bir platform iizerinde kurgulanan tiim senaryo ve sorularin,

amacina biitiiniiyle hizmet edebilmesi igin Sekil 2’de belirtilen hedeflerle uyumlu
olmasina 6zen gosterilmesi beklenmektedir.
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1. Ogrencinin, siber
guvelik alaninda kariyer
hedefi planlamasini
saglamak.

2. Ogrenciyi, liseden sonra
tniversitede siber gtivenlik
alaninda &grenim
gorebileceginin farkina
varmasini saglamak.

3. Ogrencide, gozlem ve
guvenlik hassasiyetinin
yerlesmesine zemin
olusturmak.

4. Gergek vakalarin okumasini
yapmasina olanak tanimak.

6. CTF mantgini kavratmak
ve boylece 6grencide CTF
temeli olusturmak.

7. CTF ¢ozme konusunda 6z
glven artisini desteklemek.

8. Siber guvenligin yalnizca
teknik bir disiplin olmadigini,
disiplinler arasi bir yaklasim
tzerine kuruldugu senaryo
bazl gercek vakalarla
glclendirerek dgrenciye
guivenlik anlayisi
kazandirmak.

9. Guvenligin ve siber uzayin
temel kavramlarinin farkina

varmalarini saglamak.

5. Teorik bilgilerin uygulamayla
pekistiriimesine ortam
hazirlamak.

10. Kendi kendine
6grenmelerine isaret
ederek buna tesvik etmek.

Sekil 2. Onerilen Egitim Sistemi Yaklagim1
1. hedef: Ogrencinin, siber giivelik alaminda kariyer hedefi planlamasim saglamak.

Kazanimui: Teknolojik cihazlarm toplum geneline yayginlasmasiyla Internet’e baglanan
bu cihazlar, siber uzaydaki varliklarin sayisinda devasa artiglara yol agmaktadir. Bu
geniglemenin bir sonucu olarak s6z konusu varliklara yonelik tehditlerin artmasi dogru
bir korelasyon gostermektedir. Bu noktada toplumsal bir siber giivenlik bilincinin
gerekliligi konusulurken alan iizerine profesyonellerin egitimi de diinya genelinde
glindemde olan bir konudur. Tipk: saglikli bigimde istihbarat ve giivenlik algisinin
toplumda yayginlagmasiyla olusacak bilingteki katkilarinda oldugu gibi siber
giivenlikte de kamusal bilincin benimsenmesi giivenligin temel catisindan ayr
goriilmemelidir. Siber giivenilir bir toplum ancak boylesi bir yaygin bilinglenmeden
geemektedir. Siber Vatan’in direnci nitelikli insan giiciiniin varligtyla olasidur.

Siber giivenlikte nitelikli is giliciiniin olusturulmas1 ve var olan potansiyelin
giiclendirilmesi, toplumda siber giivenligin bir kariyer yolu olarak goriilmesiyle
dogrudan baglantilidir.

Caroline Rose Ster, doktora tezinde (Ster, 2019) siber giivenlikte uzman eksikliginin
nedenlerinden  biri olarak siber giivenligin bir kariyer plant olarak
degerlendirilebileceginin farkinda olunmamasina baglamaktadir. Yazar, diizenlenen
siber giivenlik etkinliklerini uygun bir halkla iligkiler ¢alismalariyla desteklenmesini
bu yilizden 6nemsemektedir. Ster, halkla iligkiler ¢aligmasinda yalnizca 6grencileri degil
ailelerini de hedeflediklerini ifade etmektedir ¢iinkii siber giivenligin bir kariyer planina
dahil edilebilmesinde ebeveynlerin de etkisinin oldugunu diisinmektedir. Yazar, anne-
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babalarin siber giivenlik alaninda bir gelecek goriirlerse c¢ocuklarini da bu gibi
etkinliklere katilmalarinda tesvik edici olacaklarini ifade etmektedir. Elbette, Bayrak
Sende platformunun amaci dogrudan ailelere yonelik degildir. Bu ifadelere yer
verilmesindeki amag, siber giivenlikte kariyer planlamasi yapilmak istendiginde bunun
yalnizca 6grenciyle siirl olmadiginmi vurgulamaktir.

Tiirkiye’de oldugu gibi yurt disinda da nitelikli iiniversitelerden kabul almanin daha
rekabetei bir hale geldigi yapilan arastirmalarda (Ster, 2019) dile getirilmektedir.
Liseye gecis sinavinda da benzer bir zorlugun oldugu bilinmektedir. Bu rekabet daha
ortaokulda baslamaktadir. Ogrencinin, liseye giris sinavinda iyi bir siralamaya girmek
ve yiiksek puan alabilmek adina ilgi duydugu sanatsal ve/veya bilimsel faaliyetlerden
geri durmak zorunda kalmaktadir.

Ortaokul yillarinin ardindan liseye gegen 6grenci, ortaokuldaki gibi iiniversite sinavina
yogunlagsmadan Once siber giivenlik alanindaki ilgisini kariyere ydnlendirmek bu
acidan bir zaman aralig1 taniyabilmektedir. Boylesi bir sinav maratonunda ders disi
etkinliklerde heveslendirici ve heyecan uyandirici faaliyetlerin dnemi ve katkisi yiiksek
olmaktadir. Ortaokul ve lise yillarinda siber gilivenlik faaliyetleri igerisinde olan
Ogrenci, bir sonraki egitim diizeyine gececeginde bu alani deneyimlemis oldugundan
karar vermede daha isabetli ve stirdiiriilebilir bir sonuca ulagabilir.

White ve ark. (White, Williams, & Harrison, 2010) siber giivenlige olan hazirhigin
tiniversiteden Once baslatilmasini ifade ettikleri ¢aligmalarinda, ABD’de uygulanan
“Cyber Patriot”™1 incelemektedirler. Cilinkii lise diizeyindeki Ogrencilerin kariyer
planlamada heniiz yolun basinda ve ilgi alanlarini kesfetme siirecinde olduklari igin lise
ogrencilerine yonelik faaliyetlere dikkat ¢cekmektedirler.

ABD’de siber giivenlik alaninda galisacak nitelikli is giicliniin olusturulmast ve
gelistirilmesi gilivenlik teskilatlarinin da sorumluluk alaninda degerlendirilmektedir.
Oyle ki ABD Siber Komutanligi, Ulusal Giivenlik Ajans1 ve I¢ Giivenlik Bakanliginin
bu yoénde etkin yer aldig1 goriilmektedir. Universitelerle is birligi icerisinde olan bu
devlet kurumlart (White, Williams, & Harrison, 2010) siber giivenlik yarismalari
diizenlemektedirler. Yapilan akademik caligmalarla desteklenmektedir ki BYY gibi
siber giivenlik yarismalarinin 6grencilere siber giivenlik alaninda ufuklar actigt ve
kariyer olasiliklarini sunma konusunda basarilidir. Carnegie Mellon Universitesinin
siber gilivenlik programlari ve c¢alismalart dogrudan NSA ve DHS tarafindan
desteklenmekte ve ilgili web sayfasinda (Carnegie Mellon University CyLab, 2024)
acikca belirtilmektedir. ABD’deki siber giivenlik faaliyetlerinde kamu kurumlarinin
etkin bir yapilanma ve is birligi i¢inde oldugu goriilmektedir. ABD’nin etkin istihbarat
servislerinden olan ve Savunma Bakanligina bagl olarak faaliyet gosteren NSA bu
konuda, gocuklar ve gengler arasinda siber giivenlige olan ilginin artirilmasi noktasinda
gorev ustlenmektedir. Ulusal Bilim Vakfi ile destekledikleri GenCyber projesi,
dogrudan K-12 diizeyindeki 6grencilere odaklidir.

2022 yilinda ABD’de yapilan bir arastirmada liseden mezun olanlarin %75’inin
iniversite se¢iminde ve Kkariyer planlamada karar vermeye yeterince hazirlikli
olmadiklar ifade edilmektedir. Ogrenciler, is hayatna atilmada kendilerini yeterli
gormediklerini diisindiiklerini belirtmektedir (Wagner, 2023).
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2021 yilina ait bir arastirmada Avrupa ve ABD’nin siber giivenlik ig giiciinde %30’ luk
bir artig oldugu kaydedilse de siber giivenlik uzmanlarina yonelik kiiresel ihtiyactaki
mevcuttaki is giiciine kiyasla makasin agildigina dikkat ¢ekilmektedir. Ulkenin maruz
kaldig1 ve kalacagi siber ataklara karsi savunmanin 6n cephesini olusturan yetkin siber
giivenlik personelinin hazirbulunuglugunu zorunlu kilmaktadir. Bu hazirbulunuslugun
desteklenmesi ve kapasitenin artirilmasi i¢in de sirketler ve kurumlar hizmet i¢i egitim
ve 0gretimle buna katki saglayabilir. Yunanistan’da yapilan bir calismada (Katsantonis
ve ark., 2023) bu endiselere yer verilmektedir.

Microsoft’tan Lewis Shepherd’in (White ve ark., 2010) yetenekli siber giivenlik
personellerine olan ihtiyacin, yetistirilen 6grencilerin ¢ok 6tesinde oldugunu ifade
etmesi ve bunun ABD bagta olmak tizere diger iilkelerdeki egitim sistemlerinin yetersiz
kalmasina deginmesi onemli bir ayrintidir. Yam sira MITRE’den Cherinka ve
Prezzama’nin (Cherinka & Prezzama, 2015) da dikkat cektigi iizere kariyerinin
basindaki birey, kendince tecriibeli olan meslektaslarina goére daha yenilik¢i ve heyecan
verici fikirlerle atilim gosterme egilimindedirler.

2. hedef: Ogrenciyi, liseden sonra iiniversitede siber giivenlik alaminda &6grenim
gorebileceginin farkina varmasini saglamak.

Kazanimi: Ogrencilerin, liseden mezun olduklarinda {iniversite kariyerlerine dogrudan
siber giivenlikte devam etmeleri miimkiindiir.

Dijital Déniisiim Ofisi 6nciiliigiinde kurularak 2023-2024 yilinda egitim ve 6gretime
baglayan  Siber Giivenlik Meslek  Yiiksekokullart  bulunmaktadir  (T.C.
Cumhurbagkanligi Dijital Doniisiim Ofisi Bagkanligi, 2023). Yiiksekdgretim
Kurulunun On Lisans Atlasi’ndan edinilen bilgiler dogrultusunda Siber Giivenlik
MYO’larina ek olarak 6n lisans diizeyinde “Siber Giivenlik”, “Bilisim Giivenligi
Teknolojisi” adlariyla tercih edilebilirler. Lisans olarak “Adli Bilisim Miihendisligi” ve
“Bilgi Giivenligi Teknolojisi” adiyla iki boliim bulunmaktadir (Yiiksekogretim Kurulu,
2024). Lisansiistii diizeyinde ise vakif ve devlet iiniversitelerinde yiiksek lisans ve
doktora egitimleri oldukca ¢esitlidir. Tiirkiye’de siber giivenlik alaninda egitim ve
Ogretim programi uygulayan okullarin smiflandirmasi ve sayist Sekil 3’te
verilmektedir.
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Sekil 3. Tiirkiye Ozelinde Siber Giivenlik Alaninda Egitim Veren Okul Sayisi

3. hedef: Ogrencide, gozlem ve giivenlik hassasiyetinin yerlesmesine zemin
olusturmak.

Kazanimi: Kurgulanacak senaryolarda ve hazirlanacak sorularda yalnizca bilgisayar
bilimlerinde yetkinlik olusturmak/gelistirmekle yetinilmemesi 6nerilmektedir. Nitekim
siber giivenlik bir biitiin olarak ele alinmasi gereken bir disiplindir. S6z 6beginin
basinda “siber” olmasi, pesi sira gelen “giivenlik” ifadesinin diginda tutulmamalidir.
Bu arastirma ¢aligmasinda ayrica deginildigi iizere siber giivenlik, ulusal giivenlikten
bagimsiz degildir. Buradan hareketle senaryo ve sorularin igeriginde 6grencinin
gbzlem ve giivenlik hassasiyetinin olusmasina/gelistirilmesine katki saglayacak bir
yaklagim ortaya konulmalidir.

4. hedef: Gergek vakalarin okumasini yapmasina olanak tanimak.

Kazanimi: Bayrak Sende’de ortaya konan her bir gorev olabildigince yasanmis
vakalarla desteklenmelidir. Bu kazanim, 6zellikle 6grencinin teorik ya da uygulamali
gordiigli derslerde Ogretmenine yonelttigi “Bu bilgiler gercek hayatta ne isime
yarayacak?” sorgulamasini besleyen bir yone sahiptir. Ornegin, seyahat giivenligi
iizerine bir gorevdeki sorunlar ¢cozmeye ¢alistiginda bunun dylesine yazilmak igin ele
alman bir soru olmadiginin farkina varabilecektir ¢ilinkii seyahat giivenligi dikkate
almmadiginda st diizey gorevlilerin kriptolu cihazlarina bile sizilabildigini agik
kaynaklara yansiyan siber espiyonaj faaliyetiyle gorebilir olacaktir.

5. hedef: Teorik bilgilerin uygulamayla pekistirilmesine ortam hazirlamak.
Kazanimi: Uygulama yapmak, etkili bir 6grenme yontemidir. Siber giivenlik

¢oziimlerinde tek bir ¢dziim yonteminin olmayisi ona bir agik uglu sorulardaki gibi
yanit verirken 0zgilir bir ifade ortami sunabilmektedir. Bu da &grencinin bagimsiz
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diisiinebilmesi gibi biligsel becerilerini kullanmasina zemin birakir (Rowe, Lunt, &
Ekstrom, 2011). Ogrenimin pekistirilmesi adma uygulamali laboratuvarlarm
kullaniminin iretkenligi ve etki diizeyini arttirdig1 bilinmektedir (Son, Irrechukwu, &
Fitzgibbons, 2012). Pedagojik uygulama alanlarindan biri olan bu yontem egitim
bilimlerinde sik¢a vurgulanan Howard Gardner’n “Coklu Zeka Kurami”nda da
bulunmaktadir.

6. hedef: BYY mantigu kavratmak ve boylece ogrencide BYY temeli olusturmak.

Kazammi: Ogrenimin varacagi nihai nokta Ogrencisine bayragi yakalatmaktir.
Ogrenci, Bayrak Sende’deki gorevleri tamamladik¢a bir BYY’nin ne oldugunu,
katilimcisindan neler bekledigini, BYY’deki sorulara nasil yaklasilmasi gerektigi
noktalarinda bir kavrayis olusturulmasi hedeflenmektedir.

7. hedef: BYY ¢ozme konusunda oz giiven artisint desteklemek.

Kazanimi: Bayrak Sende’deki gorevler, 6greticilik saglarken BYY’lerdeki mantigi
temele alarak sorulari Ogrenciye yoneltir. Boylelikle 6grenci, platformu etkin
kullandik¢a BYY’leri c¢ozerek -elestirel bakis kazanabilecek, problem c¢ozme
becerilerini gelistirebilecek ve bir sonraki agsamalarda ulusal ve uluslararas1t BYY’lere
katilmada 6z giivenini giiclendirebilecektir. Oz giivenin olmasi kisisel hayatinda da etki
saglayabilecegi gibi teknik olarak da daha ileri 6grenmeler ve gelisimler i¢in saglam
bir temel olacaktr.

8. hedef: Siber giivenligin yalnizca teknik bir disiplin olmadigimi, disiplinler arasi bir
yaklasim tizerine kuruldugu senaryo bazli gercek vakalarla gii¢lendirerek 6grenciye
giivenlik anlayis1 kazandirmak.

Kazanimi: Siber uzayin, ulusal giivenlikle iliskisine yonelik yaklagimlar “Ulusal
Giivenlik Baglaminda Siber Uzay” bagliginda ortaya konmaya ¢alisilmisti. Bu bilgiler
dogrultusunda oOgrenciye gercek hayatta yasanan vakalar iizerinden senaryolar
sunularak 6grendigi/6grenecegi bilgilerin nerelerde hangi amaclar nasil kullanilacagi
noktasinda bir bakig kazandirilmasi dnceliklendirilmektedir.

9. hedef: Giivenligin ve siber uzaywn temel kavramlarmn farkina varmalarin
saglamak.

Kazanimi: Temel kavramlar ¢cogunlukla basit ve gecistirilecek konular gibi algilanir.
Ne ki, bu yaygin kanmin aksine yeni baglayan birisi i¢in temel kavramlarin dogru
bicimde edinilmesi sonraki 6grenme asamasinda saglikli bir zemin hazirlar. Temel
kavramlar1 6gretmek yalnizca terim agiklamalarimi retorik olarak ele almak olarak
degerlendirilmemelidir. Bu hedefle birlikte 6grenciye saglam bir temel olusturulmasi
amaglanmaktadir. Bdylece, saglam zemin {izerine insa edilecek bina 6grencinin kendi
¢abasiyla miimkiin olabilecektir.

10. hedef: Kendi kendine 6grenmelerine isaret ederek buna tesvik etmek.

Kazanmimu: Siber giivenlik alani siirekli 6grenimi gerektiren bir yapiya sahiptir. Konu
cesitliligi, derinligi ve hareketliligi yonleriyle tip bilimiyle benzerlik gostermektedir.
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Bu dogrultuda ogrencisinden Omiir boyu O6grenci kalabilmeyi bekler. Bayrak
Sende’deki iletisim yaklagimi ve gorevlerdeki igerikler de bu kapsamda ele
alinabilmelidir. Ogrenmeyi 6grenen bir dgrenci, 6z disiplinini edinebildiginde 6z
motifini bularak kendi hedefleri dogrultusunda kararli bir ilerleme ortaya
koyabilecektir.

6. SONUC

Siber uzay geleneksel harp sahalar1 olan kara, deniz, hava ve uzaydan sonra besinci
saha olarak giivenlik literatiiriindeki yerini almistir. Siber giivenlik gibi ¢ok yonlii bir
disipline sahip alandaki nitelikli profesyonel eksikligi ise gerek 6zel sektorde gerek
kamuda ciddi giivenlik sorunlarina neden olmaktadir. Bilisim teknolojilerinin toplumun
her alanina girmesi, devletin kritik altyapilarinin ve varliklarin dijitallesmesi gibi
gelismeler siber uzayi ulusal giivenligin merkez noktasina tasimaktadir. Bu noktada
tilkeler, siber giivenlikte yetkin insan giiclinii egitmek, gelistirmek ve istihdam etmek
adina cesitli faaliyetler ortaya koymaktadir. Bunlardan biri de bayragi yakala
yarigsmalaridir. Bu calismada, siber giivenlik alaninda istihdam edilecek nitelikli is
giicliniin yetistirilmesinde bir egitim yaklasimi olarak bayragi yakala yarismalarinin
gegerligi iizerinde durularak bir yaklagim sunmaya ¢alisilmis olup bir 6gretim modeli
hedefler ve kazanimlariyla aktarilmistir.

Yazarlarin Katkisi

Yazarlarin makaleye katkilar1 esit orandadir. Bu galismada Cafer ULUC fikir,
aragtirma, kaynak taramasi, degerlendirme, analiz, bilgisayar ortaminda testlerin
gerceklestirilmesi ve makalenin yazimi konusunda katkida bulunmustur. Can
EYUPOGLU fikir, elestiri, danismanhk, yazim dili, arastirma, kaynak taramasi,
makalenin yazim1 ve degerlendirilmesi konusunda katki saglamigtir.

Tesekkiir
Teknopark Istanbul Mesleki ve Teknik Anadolu Lisesi 6grencilerine arastirma boyunca

sagladiklari destekten dolay1 tesekkiir ederiz.

Cikar Catismasi Beyam
Yazarlar arasinda herhangi bir ¢ikar ¢atigsmasi bulunmamaktadir.

Arastirma ve Yayin Etigi Beyam
Yapilan ¢aligmada arastirma ve yayin etigine uyulmustur.
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Abstract Oz

Let R be a commutative ring with identity, M be a R —
module and N be a submodule of M. N is called to be
essential (large) in M if NN Rm # 0 for any nonzero
element m € M and we showed by N <, M. A sequence
of R — modules and R — morphisms

Jiza I

N VA N VR LN VAL

is called exact at M; if Im(f;_;) = Ker (f;). Also this
sequence is  called e—exact at M; if
Im(fi—1) <. Ker(f;) anditis called e — exact ifitis e —
exact at each M;. In this note, we present the concept of
the characterization of E —homotopy and E —
resolution with some results such as chain map for e —
exact sequence and comparing theorem for e — exact
sequence.

Keywords: E-injective modules, e-exact sequences,
contravariant functor, homological algebra.

R birimli ve degismeli bir halka, M bir R modiil ve N, M
‘nin bir alt modiilii olsun. Eger sifirdan farkl bir m € M
elemant i¢in N N Rm # 0 gergekleniyorsa N’ye M ‘nin
bir biiyiik alt modiilii denir ve N <, M ile gosterilir. Bir
R — modiil dizisi i¢in

fiz1 fi

M e e, B

her M; i¢in Im(f;_,) = Ker (f;) oluyorsa bu diziye tam
(exact) dizi denir. Ayrica her M; i¢in Im(f;_1) <. Ker(f;)
oluyorsa bu diziye e-exact dizi denir. Bu caligmada
tam (exact) diziler teorisinin bir genislemesi olan E —
exact diziler teorisi i¢in E — homotopy and E —
resolution tanmimlanmis ve zincir map ve karsilagtirma
teoremi gibi ilgili bir kisim sonuglar verilmistir.

Anahtar Kelimeler: E-injektif modiiller, e-tam diziler,
contravariant functor, homolojik cebir.

! Sakarya University, Faculty of Science, Department of Mathematics, Sakarya, Turkey.
abuzergunduz@sakarya.edu.tr, Orcid.org/ 0000-0003-3351-2443.

319


https://doi.org/10.55071/ticaretfbd.1434248
mailto:abuzergunduz@sakarya.edu.tr

A. Giindiiz E-Exact Sequence and Some Result

1. INTRODUCTION

Let R be a commutative ring with identity and M, A; be an R — module, for i = 1,2.
Consider

f f2

A —= A, "= A,

an exact sequence of R —modules. Hence we have Im(f,) = Ker (f;) (= f, - ({0})).
We can think a natural question: if we change a submodule U of R, what does happen
for the trivial submodule {0} in the above definition? This sequence is called U; —
exact at A5 if Im(f,) = £, *(Us), where U, is a submodule of As. Firstly, In (Davaz,
& Parnian-Garameleky, 1999), Davaz and Parnian-Garameleky answered this question.
Also, In (Davvaz, 2002), Davaz and Shabani-Solt obtained a generaliation of some
notations in homological algebra and new basic properties of U —homological algebra
for U — exact sequence theory. Besides, in (Anvariyeh, & Davvaz, 2002), Anvariyeh
and Davvaz studied over U — split sequences. In (Anvariyeh, & Davvaz, 2005),
Anvariyeh and Davvaz proved further results about quasi-exact sequences such as an
analogue of Schanuel’s Lemma for quasi-exact sequences. On the other hand, a
submodule N of M is said to be essential (large) in M if the intersection of N with each
nonzero submodule of M is nonzero, namely, N N Rm # 0 for any nonzero element
m € M and we showed by N <, M. A sequence of R — modules

Fi_a fi Fita

— M, M, M, e

is called exact at M; if Im(f;_;) = Ker (f;). In (Akray & Zebari, 2020), Akray and
Zebari introduced the e — exact sequences as a generalization of exact sequences, like
U — exact theory. The previous sequence is called e —exact at M; if
Im(f;_1) <. Ker(f;) and it is called e —exact if it is e —exact at each M;.
Particularly, they defined the sequence

0 Ay P4, g, 0

to be short e — exact if Ker (f;) = 0, Im(f;) <., Ker(f,) and Im(f,) <, A;. Also
from (Akray & Zebari, 2020), an R — morphism f;:A; —» A, is called epic if
Im(f;) <. A, and essential monic if Ker(f;) = 0. Obviously, the class of e — exact
sequences is larger than the class of exact sequences. For instance, consider the short
e — exact sequence

0 167 z—2 7162 ——=0

where f;(16n) = 8n and f,(n) = 8n + 16Z. Since f; is monic, Im(f;) <. Ker (f;)
and f, are epic, the sequence is e — exact. But the sequence is not exact, since f, is
not an epimorphism.
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In (Gunduz & Osama 2022), Gunduz and Osama defined a characterization of e-
injective module in terms of contravariant functor Hom(—, E).

We recall from (Tercan & Yiicel 2016) some basic definitions. An element m of M is
said to be torsion of M if the exists a regular element r € R such that rm = 0. The set
of all torsion elements T(M) is a submodule of M. Also, an R — module M is called a
torsion if T(M) = M and called torsion — free when T(M) = {0}.

The following theorem says that the contravariant functor Hom(—, M) is a left e —
exact functor when M is a torsion — free R — module.

Theorem 1. (Akray & Zebari, 2020) Suppose that the following sequence of R —
module and R — morphism

f i
M5 M, 5 My —0

is e — exact. Then for all torsion — free R — module M, the sequence

0 —— Hom(Ms, M) SN Hom(Ma, M) S Hom(M,, M)

is e — exact. The converse is true if M5 /Im(f,) and M, /Im(f;) are torsion — free
R — modules.

Defimition 1. (Gunduz & Osama, 2022) Let R be aring and E an R — module. E is
said to be e — injective if the following condition is satisfied: For any monic map
fi: A1 = A, and any map f,: A; = E, there exist 0 # r € R and f3: A, — E such that

fzfi=T1fs

f1

0——=A —— Ay

lth
E

Theorem 2. (Gunduz & Osama 2022) Let R be aring and E an R — module. Then the
following statements are equivalent:

i) E is an e — injective R — module.
il) Hom(—, E) is an e — exact sequence.

Throughout section 2, all modules are assumed to be torsion — free. In this section,

we introduce the definition of e — homotopy and e — resolution with some theorems
such as chain map for e — exact sequence comparing theorem for e — exact sequence.
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2. CHARACTERIZATION OF E-HOMOTOPY AND E-RESOLUTION

To define e — homotopy and e — resolution, recall that some basic definitions. Let
{Ky}nez be a family of R —modules and {d,:K, = K,_1} a family of R —
homomorphisms. The family {K,, d,,} is called chain complex if d,d,,_; = 0 for
each n.

We take K = {K,}, d = {d,,} and show a chain complexes as follows:

dnt1 d

(K-: ”j) : .. I{u+l I{n - K—n—l

We also recall that H,, (K, d) = Z,,/B,,, n € N is called n — th homology module of K,
where Z, = Ker(d,) and B, = Im(d,4+1).

Let (K, d) and (I, d") be chain complexes. The sequence f = {f,;: K, — L} is
called a chain map if the following diagram is commutative. In words for the diagram

dny1 . dy

(K, d) : K1 K, K1
l.lru—l lfﬂ lfﬂ—l
] f!:l_ n’f:l
(L.d): .. Lpii ——~ L, L1

that satisfies f,,_d, = d,f;

For the theory of e — exact, we will define f* = H,(f) from H,, (K,, d,) to
H, (L, dy) as follows:

Theorem 3. Let (I, d) and (L, d") be chain complexes. If f = {f;,} is a chain map
then it induces R — module homomorphisms as follows

Hy(f) = f* = Hp(Ky, dyp)— Hyp (L, dy)

such that x + B, » f,,(rx) + B,,, where B, = Im(d,,,), B, = Im(d,,,,) and for
some 0 # r € R.

Proof. To show f* is well defined, suppose that x + B, =y + B,,, then x —y € B,,.

Let x,y € Ker(d,,) and implies that x —y € Ker(d,,). Since Im(d,,;,) <. Ker(d,),
we have r(x — y) € Im(d,44) forsome 0 # r € R. Hence f,,(r(x — y)) = f,(r(x) —
r(y¥)) € By, and so f,(rx) — f,(ry) € By,. Therefore f,(rx) + By, = f,,(ry) + B, and
we get £ (x) = f,; (¥). Also, it can be seen that f* is a homomorphism. Let x + B,
y + B, € Hy(Ky,dy,)  then flCe+ By, +(y+ Bl = f'[(x +y) + By =
fur(x +y)) + By = fu(rx +1y) + By = f,(rx) + f(ry) + By = (fu(rx) + By) +
(fuGy) +By) = f*(x + B,) + f*(y + By,), as desired.

322



Istanbul Commerce University Journal of Science, 23(46), Fall 2024, 319-328.

Defimition 2. (E-homotopy). Let (K, d) and (IL,d") be two chain complexes and f =
{f,g:K = L} be two chain maps as 2.1. If there is a sequence s = {s,} such that
rlfn — gnl = dpp1Sp + 7 (Sp_1dy,) for all n € Z and for some 0 # r € R, then f and
g are chain e — homotopic which is denoted by f =, g, where s,: K, = L, is an
R — module homomorphism that is called a chain e — homotopy.

Lemma 1. The e — homotopy relation “f =, g” is an equivalence relation.

Proof. If we choose s, = —s, for all n € Z and for some 0 # r € R, then

r[fn - gn] = d';1+1(_5n) + T(( Sn— l)dn) and 1mphes that r[gn - fn] = d;1+1sn +
r(Sp_1dy,) , namely “g =, f” and “=~,” is symmetric.

If we choose s, = 0, Vn € Z and for some 0 # r € R, then r[f, — g,] = 0 and implies
that “f =, f” and “=,” is reflexive.

To check transtivity, let f ~, g and g ~, h. Then forsome 0 # 7;, r; € Rand i,j € I
(an index set) there exist s, t n : K, = L1, R — module homomorphisms such that
we have 1 [fn gn] - n+1sn + ri(sn—ldn) and n[gn - hn] = d;z+1tn +
7j(tp-1dy). Define x, : K, = Ly,; homeomorphism such that x,, = s, +t,,. This
implies that T[fn —h ] - T(fn n) + T(gn n) - n+15n + d;1+1tn +
T(Sp-1dn) + 17(tp-1dn) = dpys (Sp + ) + T((S‘n 1t b 1)dn) dpaXn +

7(Xp-1dy,), where for some 0 # r = r;7; € R. Namely “~,” is transitivity. Hence,
“=~,” is an equivalence relation.

Theorem 4. If “f ~, g” and “h =, k”, then “hf =, kg”, where hf isequal ho f.
Proof. Let f, g: (K,d) — (IL,d") be chain complexes. Then, there exist s,: K,, = Ly41
and t,: L, > M,,,, R — module homomorphisms such that #;[f,, — g] = dp+15, +

1i(Sp—1dy) and r;[hy, — k] = dy) 41ty + 17(tn_1dy), some 0 # 1,77 € R, where each
gn 1s defined as g,,: K;, = L,,.

i1 d

(K: d) : e Kvn+l I{u - -Krn—l
, d, d,
(]]-‘-: d ) : s Ln+1 = L-u L-u—l
Irh:% lhf/t,‘_l lh,._l
" 4y ]
(M: d ) : “us ;'1.-[“4,1 J‘llru ﬂf"’,l

Define x,: K;, & My, Vn € Z and some 0 # r = r;7; € R such that x, = hy,,15, +
tngn, then we get r[hyfy — kngnl = r[hnfn] — T[hagnl + rhngn]l — rlkngnl =
r(hn[fn - gn]) + r([hn - kn]gn = hn(r[fn - gn]) + r[hn - kn]gn = hn(d;‘wlsn +
r(sn—ldn)) + (d;ll+1tn + r(tn—ld;l))gn = hnd;1+15n + r(hnsn—ldn + d;{+1tn9n) +

Ttn1dngn = dys1[Pns1Sn + tagn] + 7(ApSnoq + tao1gn-1)dn = dyp1xn +

323



A. Giindiiz E-Exact Sequence and Some Result

r(xp_1d,), as desired. Here h,d;,; = dy1hn41 and d. gy, = gn_1d, are used by the
above diagram. Hence “hf =, kg” and the proof is completed.

Theorem 5. If two chain maps f, g: K — L are e — homotopic, then H, (f) = H,(g).

Proof. Suppose that r[f, — gn] = dp 415, + r(sp_1dy) for all 0 #7r € R. Let x +
B, € H,(K) for x € Z. Since d,(x) = 0 and H,(f) = f*: H,(K) = H,(L) such that
X+ By, —= furx) + B, ., then 7[fy — gnl(x) = dpiy5,(x) +7(sp-1dr) () =
dp+15n,(x). Since x € Ker(d,), d,(x) =0 and d;,,5,(x) € B, , we get r[f,, —
Inl(x) = f,(rx) — g,(rx) € B,, , which implies f,,(rx) € B;, = g,(rx) € By,. Hence
H,(f)(x + By) = Hy(g) (x + By), and so H,,(f) = H,(9).

To give the following theorems, recall that Let (X, €) be a left complex over a module
A, where

dp41 dy

X:... X, . X, do

Xo

and €: X, - Asuchthateod; = 0.

To get further results, we will give the following definitions.

Defimition 3. If the above sequence is e — exact then it is called e — resolution.
Moreover if each X, is an e — projective module then it is called e —
projective resolution .

Likewise, recall that let (Y, §) be the right complex over a module B, where

"T(?

1 n—1
Y:0 Yo yr_4 o A yn_d

and 6: B — Y, such thatdy o 6 = 0.

Definition 4. If the above sequence is e — exact, then it is called e — resolution.
Moreover, if each Y™ is an e —injective module then it is called e —
injective resolution.

Under the above new definitions, the following theorem is characterized by comparing
theorem for e — exact theory that explains why the above definitions are important.

Theorem 6. Let (X, €) be a left complex over R — module A, (Y, §) a left complex

over R —module B and f:A — B a homomorphism. If each X,, is e — projective
and (Y, §) is e — resolution, then
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dnt+1 dn 1 dy
n Xn -1 Xl XO A 0
f lfn -1 l fo l !
'
o d, d, d, 5
}fu n—1 s YYI }/l'l B 0

there exists a chain map f: {f} : X = Y such that the above diagram is commutative.
Moreover, if f' is another chain map that satisfies the same condition, then f =,f" .

Proof. To proof this, we will use induction. Since § is an epimorphism and X, is e —

projective, there exists a homomorphism f: X, = Y, such that § f, = r[f¢], for some
0 # r € R. Thus, we have the following diagram

Xo

fe
o
5 0

Y ——=B——=0

is hold. Now, suppose that f;, f5, ..., f, are homomorphisms. By hypothesis, we have
the following diagram

XH

fa—1dan
},«— - .ff[! l
- dn -
}/n n—1 ﬂ

such that d'f,, = r[f,,_1d,] for some 0 # r € R. By the above diagram d'f,d,,, =
T[fp-1dndns+1] = 0. Since d, d,.; = 0, it implies f,d,., € Ker(d,). Also, since
Im(dy41) <. Ker(dy), then r(f,d,4,) € Im(dy,,) for some 0 #r € R. This
implies that there exists fy,41: Xp42 = Y41 such that d;, 1 (fre1) = 7fndps1. Thus we
get the following diagram

Xn—l—l

) fnf-iu+l
}'.-' ern+1 l

d
n+1 ;
Yu+l —— I?n(dn-l-l) —0

is hold.

Hence, we can say that there exists an e — projective module X, such that the
above diagram is commutative.
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Now, let f' = f,,: X =Y be another chain map that make he following diagram
commutative

dnt1 dy, dn_1 dy

.- X'u anl - Xl Xf} = A 0
e |4 lf
d, d, . d, j’ -

Y, ey, Y, — Y, —2>B 0

To show f =, f', we will construct a homomorphism s,,. By induction, let fy — fy: X, =
Y, be a homomorphism. Since §(fy — fo) = 6f; —0fo = fe — fe =0, then f; —
fo € Ker(98). Since, Im(d;) <. Ker(9), that implies r(f; — f;) € Im(d;), for some
0 # r € R. So there exists an s,: X, — Y, with the commutative diagram

Xo

-"3[] lf{]_fn
e ]

d ,
Y, — Im(d,) —=0

such thatdisy = r(fy — fo). Since X_; = 0, we take s_; = 0. So, we getr[fy — fol =
diSo + r(s_1dy) for all n € Z and for some 0 # r € R.
Now, suppose that there exist sy, Sy, ..., S, then the equality

dy dp
X, —:—Xﬂ #’-0

" sg l $_1
i j’d’l ' ‘{'dl
1’1 —:a-}n—?-[)

rlfn — ful = dpy15n + 17 (s5—1d,,) for all n € Z and for some 0 # r € R is satisfied.
Now, we will show that there exists a homomorphism S,,1:X,41 = Y42 such that
Tlfns1 = fas1] = dni2Sner +7(Spdpye). Namely, it implies that dpy,Sp4q =
r[fr:+1 fn+1 Sn n+1]

Also, dni1([far1 = farr = Sn@nar]) = rdnsifuer — Tdniafoer — Tdnp1Sndngs =
Tfalnir = Thhdner — TdniiSndnes = Tlfn = fuldnyr — 7dpyiSpdng =

Tldni1Sn + 7(Spo1dn)ldngr — TdpiiSndner = TdpigSndngr + TSpo1dndngg —
rdy41Spdnsr = 0, since dpd,.; =0, where dy q1fni1 = fn’ ne1 from 2.4 and
dps1fnsr = [fndner from 2.3 If we take g = fri1 — frs1 — Sndnsq then we can see
that d;,,,(g) = 0. This implies g € Ker(dy,,,). Since Im(d,,,,) <, Ker(d,,;,), then
rg € Im(d;.,), forsome 0 # r € R, it means that, there exists an sn+1.XnJr1 - Yo
with the following commutative diagram
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JYH +1

]
L Bl l
£ g

n+42 ’
Yo —5 Im(d), ) — 0

is hold and such that r[f;,1 — fus1] = dny2Spe1 + 7(Spdns1). In conclusion that
f=,f"

Theorem 7. Let (X, ) be aright complex over R — module A4, (Y, §) a right complex
over R — module B and f: A - B a homomorphism. If each Y™ is e — injective and
(X,¢e) ise — resolution, then

0 1 n—1 n
0 A—ss x0T x1 4, A xn B
e |
. "o 1 fn—1 '
0 B ] YO d yl d d yn d

there exists a chain map f: {f} : X — Y such that the above diagram is commutative.
Moreover, if f' is another chain map that satisfies the same condition, then f ~e .

Proof. The proof can be done as Theorem 6 in similar way.

3. RESULTS AND RECOMMENDATIONS

In this paper, we present some new definitions, theorems and results about e-exact
sequences of theory, which is the generalization of exact sequence of module theory,
like U-exact sequence theory. Similarly, many results of homological algebra can be
obtained for e-exact sequences such as the Lambek lemma, Snake lemma, Connecting
homomorphism and Exact triangle for this theory.

Statement of Research and Publication Ethics
Research and publication ethics were observed in the study.
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Abstract

Bu c¢aligmanin amaci insan faktorii ve farkli insan
gruplarindan olusan paydaslarin (miisteri, proje yoneticisi,
proje ekibi ve iist yonetim) bilisim sistemi gelistirme
siireci (BSGS) basarisina etkisini ortaya ¢ikarmaktir. Bu
¢aliymanin yontemi nicel arastirma yontemidir. Bu
arastirmanin  ¢alisma grubu 387 kamu kurumlarinda
calisan katilimcilardir. Veri toplama araci li¢ boliimden
olusmaktadir. Birinci boliimde katilimcilarin demografik
bilgilerine yonelik alt1 soru bulunmaktadir. Ikinci bolimde
dort alt boyuttan ve 14 sorudan olusan Insan Paydaslari
Olgegi (IP-0), iigiincii boliimde de alti sorudan olusan
Bilisim Sistemi Gelistirme Siireci Bagarist Olgegi (BSGB-
0) bulunmaktadir. Veri toplama aracinda toplam 26 soru
bulunmaktadir. Arastirmanin verileri ¢evrimigi veya fiziki
olarak 20 Ocak 2023 ve 30 Mart 2023 tarihleri arasinda
arastirmacinin kendisi tarafindan toplanmustir. Verilerin
analizinde SPSS 21.0 ve AMOS 22.0 istatistik programlari
kullanilmistir. Olgegin gegerlik galigmalar1 kapsaminda
aciklayict ve dogrulayict faktdr analizleri; giivenirlik
¢aligmast  kapsaminda madde toplam korelasyonu,
Cronbach Alpha yéntemleri  kullanilmistir.  Analizler
sonucunda IP-O ve BSGB-O olgeklerinin gegerli ve
giivenilir araglar oldugu goriilmiistiir. Insan faktorii BSGS
basarisinin %28’ini agiklamaktadir. Miisteri ve proje
yoOneticisinin bilisim sistemi gelistirme siireci basarist
tizerinde istatistiksel olarak anlamli etkilerinin olmadig:
ama (st yonetim ve proje ekibinin bilisim sistemi
gelistirme siireci basaris1 lizerinde istatistiksel olarak
anlamli  etkilerinin  oldugu  gorilmistir.  Caliyma
sonucunda kurumlara, yoneticilere ve karar vericilere
onerilerde bulunulmustur.

Anahtar Kelimeler: Biligim sistemi, insan faktorii, proje
ekibi, list yonetim.

This study aims to investigate the influence of human
factors and stakeholders, including customers, project
managers, project teams, and senior management, on the
success of the information system development process
(ISDS). The study employs a quantitative research
method and includes participants from 387 public
institutions. The data collection tool comprises three parts.
The first part includes six questions about the
demographic information of the participants. The second
part consists of the Human Stakeholder Scale (HS-S),
which has four sub-dimensions and 14 questions. The
third part includes the Information System Development
Process Success Scale (ISDS-S), which has six questions.
The data collection tool comprises three parts. In total,
there are 26 questions in the tool. The researcher collected
the study data online and in person between January 20,
2023, and March 30, 2023. The statistical programs used
for data analysis were SPSS 21.0 and AMOS 22.0. The
validity studies of the scale included explanatory and
confirmatory factor analyses, while the reliability study
employed item-total correlation and Cronbach Alpha
methods. The analysis revealed that the HS-S and ISDS-
S scales are valid and reliable instruments. The human
factor accounts for 28% of ISDP success. The study found
no statistically significant effect of the customer and
project manager on the success of the information system
development process but identified a statistically
significant effect of top management and the project team.
The study resulted in recommendations for institutions,
managers, and decision-makers regarding the success of
the information system development process.

Keywords: Information system, human factor, project
team, top management.
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V. Simsek, V. Ates Bilisim Sistemi Gelistirme Siireci Basarisina insan Faktoriiniin Etkisinin Incelenmesi

1. GIRIS

Bilisim sistemi bilgiyi toplamak, islemek, depolamak ve dagitmak igin tasarlanmis
resmi, sosyoteknik, orgiitsel bir sistemdir. Sosyo teknik bir perspektiften bakildiginda,
bilisim sistemleri is stiregleri, insanlar, yap1 (veya roller) ve teknoloji olmak {izere dort
temel bilesenden olusur. Bilisim sistemleri giiniimiizde her kurulus icin degerli bir
varliktir ¢iinkii veri analitigi yoluyla karliligin ve otomasyon yoluyla verimliligin
artmasimna yardimci olabilir. Kurumlarin tasarruf etmek i¢in  gorevleri
otomatiklestirmelerine olanak tanir. Ayrica, yoneticilerin islerindeki veya genel olarak
kiiresel ekonomideki egilimleri anlayabilmek i¢in merkezi bir veri deposu saglar. Buna
ilaveten isletmelerin piyasadaki degisikliklere yanit verme siiresini hizlandirabilir. Bu
nedenle giiniimiizde her isletmenin veya kurumun var olabilmesi, biiyiiyebilmesi ve
kendini gelistirebilmesi i¢in iyi bir bilisim sistemine sahip olmasi zaruridir.

Biligim sistemi gelistirme siireci (BSGS) kurum veya kurulusa katma deger saglayacak
bilisim sisteminin planlama, analiz, tasarim, uygulama, bakim ve idamesini
gercgeklestiren siirectir. Bilisim sistemi gelistirme, bir sistemi analiz etme, yeni bir
sistem tasarlama veya eski sistemde degisiklikler yapma, gerekli donanim ve yazilimi
edinme ve yeni veya degistirilmis sistemi calistirmay1 da igerir. BSGS’nin arzu edilen
amaca ulagmasi i¢in organizasyon, insan, siireg, tedarik ve proje yonetimi gibi faktorler
on plana ¢ikmaktadir. Ciinki bilisim sistemine ihtiya¢ duyan kurum sistemin hayata
gecirilememesinden dolay:r ortiilii veya agik maddi ve maddi olmayan maliyetlere
katlanmaktadir. BSGS’den kaynakli bu durum maliyet artiglart veya diisiik verimlilikte
faaliyet gostermeye sebep olabilir ve bu durumda kamu kurumlarinda kaynaklarimn etkin
kullanilmamasindan dolay1 toplumun refah seviyesinin diigmesine neden olabilir.

Diinya genelinde ve iilkemizde kamu ve 6zel sektor ayrimi olmaksizin birgok biligim
projesi ¢esitli nedenlerle basarili olamamaktadir. OASIG 1995 yilindaki raporunda
bilisim projelerinin sadece %10 ila %20’sinin basaril1 olabildigini biiyiik cogunlugunun
ise basarisiz oldugunu rapor etmistir (Pells, 2010). Basarisiz projelerin basarisizlik
nedenleri incelendiginde bu projelerin %75’inin is veya teknolojik amaglara uygun
olmadig1, %85’inin amacina ulasmadig1, %40’ inin basarisiz oldugu veya terk edildigi,
%80’inin geg teslim edildigi veya biitgesini astig1 sdylenebilir (Al-Karaghouli, 2005).
Literatiir taramasi sonucunda BSGS basarisi i¢in ortaya konulan kritik bagar1 faktorleri;
gliclii ve tecriibeli iist yonetim destegi, projenin hedefi, reel ve uygulanabilir proje
takvimi, etkili yonetisim, gergekci biitce yonetimi, tutarli ¢aligma plani, risk yonetimi,
yeterli insan kaynagi, tecriibe aktarimi, politik tutarlilik, hata payi1 olarak siralanabilir
(Bryde & Robinson, 2005; Fortune & White, 2006; Pinto & Slevin, 1987; Pinto &
Prescott, 1988; Pinto & J.Mantel, 1990; Shenhar & Dvir, 1996; Shenhar ve ark., 2001;
Sanjuan & Froese, 2013; Thomas & Fernandez, 2008).

BSGS’de insan faktdriiniin rolil ortaya konmus olmasina ragmen yazilim gelistirme ve
yazilim mithendisligindeki arastirmacilar tarafindan gerekli 6nem verilmemis olup g6z
ard1 edilmistir. Yazilim mithendisligindeki arastiricilarin ilgisini ¢eken ¢alisma alanlart
genellikle tasarim mimarisi, programlama dilleri, teknik miihendislik ve yazilimin
bakim yoluyla daha etkin kullanimi olarak siralanabilir (Pirzadeh, 2010).

Bilisim sistemleri hem sosyal hem de teknik sistemleri iginde barindiran disiplindir.
Bilisim sistemi gelistirmenin insan odakli siire¢ olmasinin yani sira, biligim sisteminin
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performans ve basarisinda insan faktoriinlin etkisi ¢ok biylktir. Bu, gelistirme
stirecindeki insan kaynaginin rolii, miisteri yoniiyle yazilimin yani bilgi sistemde
kullanilacak uygulamanin veya programin talep ve arz ekonomisini etkilemesi, proje
ekibi yoniiyle proje gelistirme siirecindeki rolii nedeniyle siireci etkilemesi ve son
olarak da yonetici yoniiyle projenin istenen sekilde ve zamanda tamamlanmasina
yénelik etkisi olmast ile aciklanabilir. insan faktoriiniin oldugu bu siirecler psikolojik,
yonetimsel, biligsel, sosyolojik ve teknik yonlerden de incelenebilir.

Bu aragtirmada bilisim sistemi gelistirme siireci basarisina insan faktorii ve farkli insan
gruplarindan olusan paydaslarin etkisinin incelenmesi amaclanmistir. Bu amag
dogrultusunda ¢alismanin aragtirma sorulari (AS) su sekildedir:

ASI: insan Paydaslar1 Olgegi (IP-O) gegerli ve giivenilir bir arag midir?

AS2: Bilisim Sistemleri Gelistirme Siireci Basaris1 Olcegi (BSGB-O) gecerli ve
giivenilir bir arag midir?

AS3: Farkli insan gruplarindan olusan paydaglarin bilisim sistemi gelistirme siireci
basarisi tizerinde anlamli etkisi var midir?

AS4: Miisterilerin bilisim sistemi gelistirme stireci basarisi iizerinde anlamli etkisi var
midir?

ASS5: Proje yoneticisinin biligim sistemi gelistirme siireci basarisi tizerinde anlaml
etkisi var midir?

AS6: Proje ekibinin bilisim sistemi gelistirme siireci basarisi tizerinde anlamli etkisi
var midir?

AS7: Ust yénetimin bilisim sistemi gelistirme siireci basaris1 iizerinde anlaml etkisi
var midir?

BSGS kritik basari faktorlerinden en 6nemli etkenlerden biri olan BSGS etki eden farkli
insan gruplarmnin etkisini arastiran ulusal bir ¢alisma olmayip yurt disinda yapilan
aragtirmalarda da kisitli sayidadir. Bu nedenle, bu ¢caligma BSGS basarisini etkileyen
farkli insan gruplarindan olusan paydaslar1 ortaya cikaracagi ve her birinin BSGS
basarisina etkisini ortaya koymaya ¢aligacagi icin 6nemli olup literatiirdeki bu boslugu
dolduracag: diisiiniilmektedir. Ayrica literatiire Insan Paydaslar1 Olgegi (IP-O) ve
Bilisim Sistemleri Gelistirme Siireci Basaris1 Ol¢egi (BSGB-0O) de kazandiracagi icin
degerlidir.

Bu caligma alt1 boliimden olugmaktadir. Ik béliimde giris sunulmus olup sirastyla

literatiir taramasi, yontem, bulgular ile besinci bdliimde de sonug¢ ve onerilere yer
verilmistir. Son olarak da ¢aligmada referans verilen kaynaklar yer almaktadir.
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2. LITERATUR TARAMASI

Bu boliimde yapilan literatiir taramasi sonuglart sunulmustur. BSGS kritik basart
faktorlerini inceleyen c¢aligmalar kronolojik olarak sunulmus ve BSGS basarisina etki
eden farkli insan paydaslar belirlenmistir.

Viktor ve ark., (2014) yilinda Nijerya'nin Rivers eyaletinde bilgi teknolojileri
projelerini etkileyen faktorlerin etki degerlendirmesi iizerine ¢alisma yapmuislardir.
Calisma sonucunda miisteri ve kullanicilarin etkisinin en iist diizeyde oldugu sonucuna
ulagmuslardir). lhuah ve ark., (2014) da ayni yilda yaptiklar1 arastirmada Nijerya'da
stirdiiriilebilir sosyal konut i¢in kritik proje yonetimi basar1 faktorlerini incelemislerdir.
Calisma sonucunda kritik basar1 faktorlerinin liderlik, iletisim, takim c¢alismasi,
organizasyon ve projenin yapisi oldugu ve proje yoneticilerinin proje basarisi igin en
onemli faktdr oldugu sonucuna ulagsmislardir. Fayaz ve ark. Pakistan’da yapilan bilgi
teknolojileri projelerinde kritik basar1 faktorleri tizerine (2016) arastirma yapmislardir.
Calisma sonucunda iist yonetim destegi, proje ekibinin yetkinlikleri, etkili ve stirekli
iletisimin projelerdeki en O&nemli kritik basar1 faktorleri oldugu sonuglarina
ulagsmuslardir. Literatiirde ilgili yakin tarihli ¢aligmalar incelendiginde Hassan ve
arkadaslarinin (2018) projelerde kritik basar1 faktorleri lizerinde ¢aligma yapmis ve
¢ikan sonucta projede kritik basari faktoriinii etkileyen faktorlerin ilk besini takim
caligmasi, iletisim, organizasyon yapisi, projenin dogasi ve liderlikten olustugunu rapor
etmiglerdir. Yasan’in (2019) proje yonetiminde basari faktorleri ilizerine yaptigt
aragtirma da goriilmektedir. Calisma sonucunda projelerde basar1 kriterini ii¢ gruba
ayirmis olup bunlart zaman, maliyet ve kalite gibi kisitlarin belirlenen hedeflerle
karsilanmasi, proje yonetiminin kalitesi, proje paydaslarmin memnuniyeti olarak
belirtmistir. Ayni yildaki diger calismada insaat projelerinde insansiz hava araglarinin
etkinliginin basar1 faktorleri aragtirilmistir. Buna gore kritik basar1 faktorleri i¢ ve dis
faktorler olarak siniflandirilmistir. Bu dogrultuda i¢ faktorler teknoloji, organizasyon,
proje ekibi olarak tanimlanmis dis faktorler ise piyasa kosullari, yasal ve cevresel
faktorler olarak tanimlamistir (Hajj, 2019).

Literatiir taramas1 sonucu BSGS basarisina etki eden farkli insanlarin miisteri, proje

yOneticisi, proje ekibi ve iist yonetim olarak rapor edildikleri goriilmiistiir. Hangi
¢alismalar oldugu ve hangi insan paydaslarinin vurgulandigi Tablo 1’de dzetlenmistir.
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Tablo 1. BSGS Basarisina Etki Eden Farkli Insan Paydaslar

3 5
glg|a|S|8|e S~ Sla
~ — | fany ~ = —~
BSGS RN EEEEEHEREEEEERNER
S Basarisma Etki |S| 4|~ | =G| = || (x| 2|z o219 =
z Qlslclelgl el ZlQlzals| T |l gl =S
=[EdenFarkh |Z| 5 |% |83 |E|E|Z|Q| =2 2lq| =24
= . O>NQ_"QSN'M'\_/~Z>(\]°LL1$—1:\
@ (Insan SISl el 2l<|ElelEla|d |l E gl T
Olg| 22| S5 = |5|2|5(R|5 |3 5|8 |5
Paydaslar: IE|= | |S Q|2 g o %DQB Zlelglz 38
NEEECIE R EIEEINEEEEEE
HEEIEEEEEEEEEEEEEE
O|<|S|C|AR|IC|IE|I<C|E(FIE (<A |S|Z
1 |[Proje Yoneticisi | X X[ X | X[ XX X XXX X[ X[ X[X|X
2 [Ust Yonetim X XXX X X X|X X | X X
3 [Proje Ekibi X XX XX X X X
4 Miisteri XX X X XXX XX

BSGS kritik insan basar1 faktorlerinin etkisini ele alan 18 ¢aligmaya Tablo 1’de yer
verilmistir. Buna gore farkli insan paydaglari 4 ana baglikta toplanmis olup bunlar proje
yOneticisi, list yonetici, proje ekibi ve miisterilerdir. En fazla rapor edilen insan grubu
15 ile proje yoneticisi olup onu 11 ile {ist yonetim izlemektedir. Miisteri dokuz
¢aligsmada proje ekibi de sekiz ¢aligmada vurgulandigi Tablo 1’de goriilmektedir.

3. YONTEM

Calismanin bu boliimiinde aragtirma yontemi, calisma grubu, veri toplama araci,
aragtirmanin modeli, verilerin toplanmasi ve verilerin analizine ait siire¢ ve bilgilere
yer verilmistir.

3.1. Arastirmanin Yontemi

Bu calismanin yontemi nicel arastirma yontemidir. Nicel arastirma, deneysel veya
deneysel olmayan olaylarin bilimin ve toplumsal yargilarindan bagimsiz olarak elde
edilen verilerin sayisallagtirilarak tasnif edilmesi, analiz edilmesi ve g¢ikarim elde
edilmesidir. Bu yontem, genis veri setlerini analiz etmek ve istatistiksel anlamlilig1
belirlemek i¢in ¢esitli istatistiksel teknikleri kullanarak, arastirmacilara sayisal verilerle
sonuglar elde etme imkan1 sundugundan tercih edilmistir. Arastirmanin deseni ise genel
tarama modellerinden iliskisel tarama modelidir. Bu model durumlarin statik
resimlerini saglamanin yani sira farkli degiskenler arasinda iligki kurmay1 amaglayan
arastirmalarda kullanilir.

3.2. Calisma Grubu

Bu calismanin caligma grubuna kolayda ulasilabilir ve 6l¢iit drnekleme yontemleri ile
ulasilmigtir. Kolayda ulasilabilir 6érneklemenin tercih edilmesinin nedeni aragtirma
konularina veya gruplarina katilimi veya bunlara erisimi kolaylastirdig1 ig¢in olup
calisma grubu se¢imindeki Ol¢iit ise katilimcilarin bilgi iglem biriminde calisiyor
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olmalar ile bir bilisim sistemi gelistirme projesi siirecine katki vermis olmalaridir.
Calisma grubunu bilgi islem biriminde ¢alisan kamu kurumlari ¢aliganlart ve kamu
istirakleri ¢alisanlarindan olusan 387 katilimcidir.

3.3. Veri Toplama Araci ve Arastirmanin Modeli

Veri toplama aracmin gelistirilmesi siirecinin ilk asamasinda kapsamli bir literatiir
taramasi yapilmistir. Literatiir taramasi sonucunda bilisim sistemi geligtirme siirecine
etki eden farkli insan gruplari ortaya ¢ikarilmistir. Bu paydaslarin proje yoneticisi (PY),
proje ekibi (PE), iist yonetici (U) ve miisteri (M) oldugu goriilmiistiir. Ikinci asamada
bu farkli insan gruplarinin spesifik olarak incelendigi ¢calismalar taranmis ve Tablo 1°de
bu 10 ¢aligmanin kiinyesi sunulmustur. Tablo 2 incelendiginde 10 ¢aligmanin bir bildiri,
bir doktora tezi, alti arastirma makalesi ve iki yiliksek lisans tezinden olustugu
goriilmektedir.

Tablo 2. Olgcek Maddeleri i¢in Yararlanilan Calismalar

Yazarlar ve

Yaym Yili Yaym Ad1 Tiirii Ol¢cek Maddesi
Project Success Perception
and Critical Success Factors
Uluocak, Affecting Project Doktora Pl\f(lé 1;/[3’71\/[[?2’
(2014) Performance: The Case of Tezi ’Bl 0 P
Turkish Information
Technology Sector
A Survey Study of Critical
Stankovic ve Success Factors in Agile Makale M5, B1, PE4,
ark., (2013) Software Projects in Former PY2, B8, B9
Yugoslavia IT Companies
Proje Yonetiminde Basari Yiiksek
Yasan, (2019) Faktorleri: Bir Uygulama Lisans Tezi B2, B3, BS,

Identifying Critical Success
Arnaiz ve ark., | Factors in Continuous
(2022) Improvement Projects in A
Steel Company

Makale PE2, PES, PE6

The Critical Success Factors
for Manufacturing Execution
Systems (MES) Adoption in Yiiksek
The Defense Industry of Lisans Tezi
Turkey: An Industrial Case
Study

Yavuz, (2018) B7, U4
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A Survey Study of Success

Martinez ve Factors in Data Science Tam. Me.t mn PY3,PY4, B4
ark., (2021) . Bildiri
Projects
Ozeiiler ve Impact of Personal
g Characteristics on Project Makale PE1, PYS5, B5
ark., (2016)
Management
Ceschi ve ark., | Project Management in Plan- Makale PY1, M3

(2005) Based and Agile Companies

Critical Success Factors for

g%sll E )V ar ark., Software Projects: A Makale M, I;)IE%’ PES,
Comparative Study ’

Chow & Cao. | G occt o mAgtle | Makale | M 010305

(2008) s PE7

Software Projects

Ayrica Tablo 2’de hangi calismadan hangi maddelerin esinlenerek hazirlandigi da
goriilmektedir. 10 caligmanin yazarlar1 ile e-posta ile iletisime gecilmis ve
¢aligmalarinda kullanmis olduklar1 6lgeklerin veya dlgek maddelerinin bu ¢alismada
kullanilmasina iliskin izinler alinmigtir.

Orijinali Ingilizce olan maddelerin dilsel esdegerligini saglamak igin ilk olarak iki alan
uzmani tarafindan Tiirkgeye ¢evrilmistir. Tiirkgeye ¢evrilen maddeler iki Tirk Dili
Edebiyati Boliimii uzmani tarafindan anlasilabilirlik ve uygunluk a¢isindan kontrolleri
yapilmigtir. Taslak maddelerin alana uygunlugu i¢in uzman goriisleri alinmigtir. Elde
edilen taslak 6lgcek maddeleri 10 farkli uzmana gonderilmis olup uzmanlara iligskin
demografik bilgiler Tablo 3 de goriilmektedir.

Tablo 3. Olgek Maddeleri igin Goriisii Alinan Uzmanlarin Demografik Bilgileri

Cinsiyet Yas Gorevi Hizmet Siiresi Kurumu
Erkek 49 Daire Bagkani 25 Kamu
Erkek 51 Daire Bagkani 29 Kamu
Erkek 38 Sube Miidiirii 18 Kamu
Erkek 47 Sube Miidiirii 23 Kamu
Kadin 46 Sube Miidiirii 30 Kamu
Erkek 42 Sube Miidiirii 17 Kamu
Erkek 40 | Bilgisayar Miihendisi 20 Kamu
Kadin 35 | Bilgisayar Miihendisi 16 Kamu
Erkek 27 | Bilgisayar Miihendisi 8 Kamu
Erkek 45 Direktor 21 Kamu Tstiraki
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Tablo 3 incelendiginde yas ortalamasinin 42, hizmet siiresinin ise 20.7 yil oldugu
goriilmektedir. Ayrica uzmanlarin gorevleri incelendiginde altt uzman iist yonetici
pozisyonunda ii¢c uzmanda bilgisayar mithendisi oldugu goriilmektedir. Yas, hizmet
stiresi ve gorevleri diisiiniildiigiinde uzmanlarin alanda yeterli bilgi ve deneyime sahip
olduklar1 sdylenebilir. Uzman goriisleri sonucunda maddelerde gerekli ekleme,
cikarma ve diizeltmeler yapilmistir. Olgek maddelerinin son hali arastirmacilar
tarafindan gerekli kontroller yapilarak verilmig ve taslak veri toplama aracina
ulasilmigtir.

Veri toplama aracit ii¢ bolimden olusmaktadir. Birinci béliimde katilimeilarin
demografik bilgilerinin elde edilmesine yonelik alt1 soru (cinsiyet, yas, egitim durumu,
hizmet siiresi, parcasi olduklar1 bilisim sistemi gelistirme proje sayisi, projedeki
gorevleri) bulunmaktadir. Ikinci boliimde ise Insan Paydaslari Olgegi (iP-O)
bulunmaktadir. iP-O dért alt boyuttan olusmaktadir. Bunlar ve soru sayilari sirastyla
iist yonetim (UY) bes soru, miisteri (M) alt1 soru, proje yoneticisi (PY) yedi soru, proje
ekibi (PE) sekiz soru seklindedir. IP-O’de toplam 26 soru bulunmaktadir. Ugiincii
béliimde 10 sorudan olusan Bilisim Sistemi Gelistirme Siireci Basaris1 Olgegi (BSGB-
O) yer almaktadir. Veri toplama aracinda toplam 45 soru bulunmaktadir. iP-O ve
BSGB-0’de toplam 36 soru bulunmaktadir. Sorularin yanitlar1 5°1i Likert 6lcegi ve 1-
5 seklinde (1. Kesinlikle katilmiyorum - 5. Kesinlikle katiltyorum) 6lgeklendirilmigtir.
Arastirma modeli ve arastirma soru (AS) numaralar1 Sekil 1’de sunulmustur.

Miisteri AS4
Proje Y 6neticisi A5 > Bilisim Sistemi
AS6 Gelistirme Siireci
] - I Bagarisi
Proje Ekibi AS7
Ust Yonetim

Sekil 1. Arastirma Modeli

Calismanin aragtirma modelinde dort tane bagimsiz degisken, bir tane bagimli degisken
vardir (Sekil 1). Bagimsiz degiskenler IP-O’niin dért boyutu olan iist yonetim, miisteri,
proje yoneticisi ve proje ekibidir. Bagimli degisken ise bilisim sistemi gelistirme siireci
basarisidir.

3.4. Veri Toplama Siireci

Verileri toplamadan &nce Ankara Yildirim Beyazit Universitesi Sosyal ve Beseri
Bilimler Etik Kurulundan veri toplama aracinin etik olarak uygun olduguna dair 18
Ocak 2023 tarih ve 01-03 sayili Etik Kurul Onay1 alinmistir. Veriler ¢evrimigi veya
fiziki olarak 20 Ocak 2023 ve 30 Mart 2023 tarihleri arasinda arastirmacinin kendisi
tarafindan toplanmistir. Cevrimigi olarak arastirmaya katilan katilimei sayis1 387 olup
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190 katilimer da ¢iktr halindeki veri toplama aracimi yanitlamis 197 katilimer ise
¢evrimici olarak veri toplama aracini yanitlamislardir. Cevrimigi veri toplama aracini
olusturmak i¢in Google Forms kullanilmigtir.

3.5. Verilerin Analizi

Katilimeilarin her bir 6l¢ege verdikleri yanitlar arastirmaci tarafindan Microsoft Excel
programina girilmistir. Analizlerde SPSS 21.0 ve AMOS 22.0 istatistik programlari
kullanilmistir. Olgegin gecerlik ¢aligmalar1 icin aciklayici ve dogrulayici faktor
analizleri (DFA) sonuglar1 degerlendirilmistir. Olgeklerin giivenirliklerini test etmek
icin de madde toplam korelasyonlari ile Cronbach Alpha yontemleri kullanilmistir.

Aciklayici faktor analizi (AFA) degisken sayilarini azaltarak faktorler arasindaki coklu
baglanti ve korelasyonu degerlendirmek, bu yapilarin tek boyutlulugunu, yapi
gegerliligini degerlendirmek, faktorler iligkisini inceleyerek yapilarin gelistirilmesi ve
onerilen teorilerin gegerliliginin sianmasidir (Thompson, 2004). Bu calismada,
orneklem sayisindan elde edilen verilerin yeterlik durumu Kaiser-Meyer-Olkin (KMO)
ve Barlett testi ile test edilmistir. Kaiser-Meyer-Olkin (KMO) testi i¢in sonucun
0,70°den biiyiik olmas1 ve Barlett’s Kiiresellik Testi i¢in ise p degerinin 0,05°den kiigiik
olmasi varsayilmistir. AFA’da faktér bulmaya yonelik ¢ok sayida teknik olmasina
ragmen bu ¢alismada Oriintii tanimlama ugraglarinda yaygin kullanima sahip olan ve
bir alt uzay iz diigiim teknigi olan Asal Bilesen Analizi (Temel Bilesen Analizi) teknigi
kullanilmistir. AFA analizleri ile Olgeklerin faktdr sayilari belirlendikten sonra
dogrulayic1 faktor analizleri ile Onceden belirlenmis olan yapi sinanmistir. Bu
¢aligsmada gelistirilen iki 6l¢me aracinin faktor yapisinin orijinal formu ile uyarlanmaya
calisildigr kiltiirde tutarlilik gosterip gostermedigi DFA analizi ile belirlenmistir.
Ayrica DFA analizleri ile 6lgeklerin yap1 gecerligi stnanmustir.

4. BULGULAR

Bu boliimde sirasiyla katilimcilarin demografik bilgilerine ve dlgeklerin gegerlik ve
giivenirlik analizleri bulgulart sunulmustur. Daha sonra 6l¢eklere ait betimsel
istatistikler ile farkli insan gruplarindan olusan paydaslarin bilisim sistemi gelistirme
stireci basarisi iizerindeki etkisine ait bulgulara yer verilmistir.

4.1. Katihmeilarin Demografik Ozelliklerine Ait Bulgular

Veri toplama aracmin birinci boliimiinde katilimcilara demografik bilgilerinin elde
edilmesine yonelik cinsiyet, yas, egitim durumu, hizmet siiresi, parcasi olduklari
bilisim sistemi gelistirme proje sayisi, projedeki gorevleri olmak iizere alt1 soru
sorulmustur. Bu sorulara katilimcilarin yanitlar: Tablo 4’de 6zetlenmistir.

Tablo 4 incelendiginde 387 katilimcinin %70’1 erkek, %30’u kadin olup %9,8°1 23-27
yas, %19,9’u 28-32 yas, %27,9’u 33-37 yas, %22’si 38-42 yas, %15,2’si 43-47 yas,
%23,2’s1 48 yag ve iizeri yas araligindadir. Katilimcilarin yarisinin 28-37 yas araliginda
oldugu soylenebilir. Katilimcilarin %57,4’1 lisans, %25,8’1 yiiksek lisans, %8,3’1
doktora diizeyindedir. Katilimeilarin biiyiik ¢ogunlugu (%91,5) lisans ve iizeri bir
egitim almistir. Ayrica Tablo 4’de katilimcilarin bilisim sistemi gelistirme projelerinde
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aldiklar rollerde goriilmektedir ve ilk ii¢ sirada sistem analisti, proje koordinatorii ve
proje ekip iiyesi yer almaktadir.

Tablo 4. Katilimcilarin Demografik Bilgileri

Yas Say1 % Egitim Durumu Say1 %
23-27 yas 38 9,8 | Lise 10 2,6
28-32 yas 77 19,9 | On lisans 23 5,9
33-37 yas 108 27,9 | Lisans 222 57,4
38-42 yas 85 22 | Yiiksek Lisans 100 25,8
43-47 yas 59 15,2 | Doktora 32 8,3
3;%’35 ve 20 | 52 | Projedeki Gérevleri Sayt | %
Cinsiyet Say1 % Proje Koordinatorii 76 19,6
Kadin 116 30 Proje Ekip Uyesi 64 16,5
Erkek 271 70 Slst§m Analisti Yazilim g7 225
Gelistirme
Proje Sayisi Say1 % Ag Uzmani 39 10,1
1-5 108 | 27,9 | Is analisti 34 8.8
6-10 71 18,3 | Veri Taban: Tasarimcisi 23 5,9
11-15 79 20,4 | Ust Yonetici 23 5,9
16-20 40 10,3 | Kurumsal Mimari Uzmani 24 6,2
21-25 41 10,6 | Giivenlik uzmani 17 4,4
26-50 = 17 4.4 Toplam Katilimci Sayisi: 387
51 ve lstii 31 8

4.2. insan Paydaslanr Olgeginin Gegerlik ve Giivenirlik Bulgular

Insan Paydaslar1 Olgegi icin 387 katilimcidan toplanan veriler ile SPSS programi
kullanilarak agiklayict faktor analizi yapilmigtir. AFA sonuglart incelenmis ve
KMO=0,879 ve Bartlett Kiiresellik testi ki-kare istatistiginin (Barlett’s X?=5 102,112;
p<0,05) anlamli oldugu goriilmiistiir. Bu sonu¢ da arastirma Ornekleminin yeterli
oldugunu gostermektedir. Insan Paydaslar1 Olgeginin yamag birikinti grafigi
incelendiginde dordiincii noktadan itibaren egimin yataya dondigii goriilmiis ve
Olcegin dort boyutlu yapisiyla daha uygun oldugu sonucuna varilmistir.

AFA varimax dondiirmesi sonucunda 26 madde ile alti1 faktdrde agiklanan toplam
varyans %63,77 diizeyinde oldugu ancak Olcegin planlanan yapist 4 boyutlu
oldugundan madde boyut iliskisine uymayan (ait oldugu faktordeki yiikii diger
faktordeki yiiklere gore daha diisiik olan, faktdr yiikleri arasindaki farkin 0.10°dan
diisiik oldugu, ait oldugu faktordeki faktor yiikii 0,40’tan diisiik olan) maddeler
asamal1 olarak oOl¢ekten cikarilmistir. Miisteri alt boyutundan M1 ve M3, proje
yoneticisinden PY1, PY2, PY6, PY7 ve proje ekibinden PE1, PE2, PE7, PES ile iist
yénetimden UY2, UY5 olmak iizere 12 madde toplamda ¢ikarilmis ve Tablo 5’deki
sonuclar elde edilmistir.
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Tablo 5. insan Paydaslar1 Olgegi AFA ve Giivenirlik Bulgulart

Boyut Adi ve Madde No 1 2 3 4 r
Miisteri

M2 0,714 0,486
M4 0,642 0,610
M5 0,831 0,534
M6 0,799 0,630
Proje Ydneticisi

PY3 0,782 0,572
PY4 0,719 0,607
PY5 0,673 0,615
Proje Ekibi

PE3 0,726 0,321
PE4 0,686 0,517
PES 0,634 0,265
PE6 0,678 0,570
Ust Yénetim

UY1 0,824 0,302
UY3 0,668 0,505
UY4 0,714 0,548
Ozdeger 5,079 1,744 1,233 1,009

Varyans (%) 18,662 | 17,506 | 15,480 | 13,109

Toplam Varyans (%) 64,757

Cronbach Alpha (o) 0,823 | 0,786 | 0,681 | 0,703 |
Cronbach Alpha (o) (iP-0) 0,855

-

: Madde toplam korelasyonu

Olcekte sorunlu maddeler ¢ikarilarak tekrarlanan AFA sonucunda kalan 14 madde ile
4 faktorde agiklanan toplam varyans %64,76 diizeyine ulasmistir. Son asamada 4
boyut ve 14 madde ile elde edilen toplam varyansin baglangictaki 26 madde ve 6 boyut
ile elde edilen toplam varyanstan (%63,76) daha yiiksek oldugu gériilmiistiir. Madde
faktor yiikleri incelendiginde ait oldugu boyuttaki faktor yiikii 0,40’tan diisiilk madde
olmadig1, birden fazla boyuttaki faktor yiikleri arasindaki farkin da 0,10’dan yiiksek
oldugu tespit edilmistir. Glivenirlik analiz incelendiginde madde toplam
korelasyonlarinin 0,30’dan yiiksek oldugu; IP-O’nin geneline ait Cronbach Alpha ig
giivenirlik katsayis1 0,85; alt boyutlarin Cronbach Alpha i¢ giivenirlik katsayilarinin
sirasiyla 0,82; 0,79; 0,68; 0,70 diizeyinde oldugu tespit edilmistir.

[P-O’niinl4 madde ve 4 boyutlu yapist igin dogrulayict faktér —analizi
gergeklestirilmistir. Insan Paydaslar1 Olgeginin dogrulayic1 faktdr analizinden elde
edilen katsayilari, katsayilara ait t degerlerine Sekil 2 ve Tablo 5’te yer verilmistir. Ilk
olarak t degerlerinin anlamlilik diizeyleri ve hata varyanslar1 incelenmistir. Her bir
maddenin t degerleri 1,96'y1 asarsa 0,05 diizeyinde ve 2,56'y1 agarsa 0,01 diizeyinde
manidar olup hata varyanslarinin 0,90’dan diisiik olmasi gerekmektedir (Cokluk,
Sekercioglu ve Biiylikoztiirk, 2010). Tablo 5 incelendiginde ise her bir maddeye ait t
degerlerinin 0,01 diizeyinde anlamli oldugu goriilmektedir. Sekil 2’ye gore de hata
varyanslari 0,22 ile 0,63 arasinda oldugu tespit edilmistir. incelenen bir diiger deger de
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faktor yiikleri olup maddelerin faktor yiiklerinin 0,46 ile 0,79 arasinda degistigi Sekil
2 ve Tablo 6°da goriilmektedir.
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Sekil 2. insan Paydaslar1 Olcegi I¢in Yol Analizi
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Tablo 6. insan Paydaslar1 Olgegi DFA Bulgulari

Eski Yeni Faktor
kodu | numara Madde Yiikleri t
Miisteri

Miisterilere goriislerinin proje planina dahil
edilip/edilmedikleri konusunda bilgi
verilmesi bilisim sistemi gelistirme
siirecinin basariya ulagsmasi i¢in gereklidir.
Proje yonetiminin miisteriyle iyi iliskilere
M4 2 sahip olmasi bilisim sistemi gelistirme 0,77 12,65%*
siirecinin basarisini olumlu yonde etkiler.
Miisterilerin, proje gereksinimlerini ve
degisikliklerini onaylama ve
onceliklendirme gibi kararlar alma
konusunda yetkiye sahip olmasi bilisim
sistemi gelistirme siirecinin basarisini
olumlu yonde etkiler.

Miisteri katilimina gerekli 6zenin

M6 4 lgosterilmesi bilisim sistemi gelistirme 0,75 12,32%*
slirecinin basarisini olumlu yénde etkiler.

M2 1 0,71 13,36%*

M5 3 0,63 10,54**

Proje Ydneticisi

Proje yoneticisinin ekip i¢i igbirligi ve
koordinasyona dnem vermesi biligim
sistemi gelistirme siirecinin basarisi i¢in
gereklidir.

Proje yoneticisinin proaktif ekip iletisimi
PY4 |6 ortami saglamasi biligim sistemi geligtirme 0,74 12,86**
stirecinin basarisi icin gereklidir.

Proje yoneticisinin proje planlarinda yer
alacak tiim ¢aligsanlarin gérev ve
PYS5 7 sorumluluklarmin agik¢a belirtmesi biligim 0,76 13,03**
sistemi gelistirme siirecinin basarisi i¢in

ereklidir.

PY3 5 0,72 11,65%*

Proje Ekibi

Proje ekibinin tutarli, kendi kendini
organize eden bir ekip ¢aligmasi tarzinda
caligmasi bilisim sistemi gelistirme siireci
basarisini olumlu yonde etkiler.

Proje ekibinin motivasyona sahip olmasi
ve kendilerini proje basarisina adamalari
bilisim sistemi gelistirme siireci basarisint
olumlu yonde etkiler.

Proje ekibinin igerisinde tiim paydaglardan
PE5 10 temsilcilerin bulunmasi bilisim sistemi 0,46 6,46**
gelistirme siirecinin basarist i¢in gereklidir.

PE3 8 0,48 5,86%*

PE4 |9 0,67 | 7,95%*
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Proje ekibinin tecriibelerinden
PE6 11 faydalanmasi bilisim sistemi gelistirme 0,78 8,20%*
stirecinin basarisini olumlu yénde etkiler.

Ust Yonetim

Ust yonetimin informal olarak bilisim
sistemi gelistirme siirecini desteklemeleri
bilisim sistemi gelistirme siirecinin basarisi
icin gereklidir.

Biligim sistemi gelistirme siirecindeki bir
kriz anini iist yoneticilerin desteklemesi
bilisim sistemi gelistirme siirecinin basarisi
icin gereklidir.

Bilisim sistemi gelistirme siirecinin gii¢lii
Uy4 |14 ist yonetim destegi almas1 basarisint 0,79 8,25%*
olumlu yonde etkiler.

oyr |12 0,47 7,85%*

UYy3 |13 0,77 8,24**

Tablo 5°de IP-O’niin son hali ve maddeleri goriilmektedir. DFA analizi sonrasi elde
edilen IP-O 6lgegine ait uyum indeksleri de Tablo 7°de yer almaktadir.

Tablo 7. IP-O DFA Sonucu Elde Edilen Model Uyum Indeksleri

Model Uyum Indeksleri Iyi Uyuvag:m l.lleferans Deger
Degerleri
X2/sd <5 2,949
RMSEA <0,10 0,071
SRMR <0,08 0,052
GFI >0,90 0,933
NNFI >0,90 0,907
CFI >0,90 0,929
Faktor yiikii 0,46/0,79
Kovaryans baglanti sayisi m5-m6
I: Cokluk, Sekercioglu ve Biiyiikéztiirk, 2010 *Kovaryans baglantilari yapildi.

DFA analizi sonrasi elde edilen uyum indeksleri Tablo 7°de goriilmektedir. Tablo 7
incelendiginde uyum indekslerinin iyi uyum diizeyi referans degerlerine sahip olduklari
ve yalnizca bir kovaryans baglantisi yapildigi goriilmektedir. Sonug olarak aragtirma
sorusu 1 (AS1) yanitlanmis olup Insan Paydaslar1 Olgeginin gecerli ve giivenilir bir
arag oldugu soylenebilir.

4.3. Bilisim Sistemi Gelistirme Siireci Basaris1 Ol¢eginin Gegerlik ve Giivenirlik
Bulgulan

Bilisim Sistemi Gelistirme Siireci Basaris1 Olgegi igin ilk olarak AFA
gerceklestirilmistir. Faktor analizi sonuglari yorumlanmadan énce BSGB-O icin
ulagilan 387 katilimci sayisinin uygunlugu kontrol edilmistir. Kontrol icin incelenen
KMO=0,867 ve Bartlett Kiiresellik testi ki-kare istatistiginin (Barlett’s X2=1 591,33;
p<0,05) istatistiksel olarak anlamli oldugu goriilmiistiir. Buradan arastirmadaki
orneklem biiyiikliigiinlin analiz i¢in yeterli sayida oldugu sonucuna varilmistir.

342



Istanbul Ticaret Universitesi Fen Bilimleri Dergisi 23(46), Giiz 2024, 329-353.

Ik AFA analizi varimax déndiirmesi sonucunda 10 madde ile iki faktorde agiklanan
toplam varyansin %58,68 diizeyinde oldugu goriilmiistiir. Ancak 6l¢egin planlanan
yapisi tek boyutlu oldugundan madde boyut iligkisine uymayan (ait oldugu faktérdeki
yiiki diger faktordeki yiiklere gore daha diisiik olan, faktor yiikleri arasindaki farkin
0,10’dan diigsiik oldugu, ait oldugu faktordeki faktor yiikii 0,40’tan diisiik olan)
maddeler asamali olarak Ol¢ekten (B1, B2, B3, B4) cikarilmistir. AFA analizi
tekrarlanmis ve Tablo 8’de sunulan sonuglar elde edilmistir.

Tablo 8. BSGB-O AFA ve Giivenirlik Bulgular:

Madde No Faktor Yiikleri r
B5 0,598 0,457
B6 0,750 0,575
B7 0,726 0,594
B8 0,739 0,587
B9 0,782 0,627
B10 0,785 0,648
Ozdeger 3,178

Varyans (%) 52,964

Cronbach Alpha (o) 0,811

-

: Madde toplam korelasyonu

AFA sonucunda kalan 6 madde ile tek faktorde agiklanan toplam varyans %52,96 olup
faktor yiikleri incelendiginde ait oldugu boyuttaki faktor yiiki 0,40’tan diisiik madde
olmadig1 tespit edilmigtir. Gilivenirlik analizi incelendiginde madde toplam
korelasyonlarmin 0,30°dan yiiksek oldugu; dlgegin geneline ait Cronbach Alpha
katsayisi 0,81 diizeyinde oldugu Tablo 8’de goriilmektedir.

BSGB-O’niin yap1 gegerligini test etmek i¢in DFA analizi gergeklestirilmistir. BSGB-
O’niin dogrulayict faktdr analizinden elde edilen katsayilari, katsayilara ait t
degerlerine Sekil 3 ve Tablo 9°da yer verilmistir. Ilk olarak t degerlerinin anlamlilik
diizeyleri ve hata varyanslari kontrol edilmistir. Tablo 8 incelendiginde ise her bir
maddeye ait t degerlerinin 12,5 ila 20,48 arasinda degistigi ve bu degerlerin 0,01
diizeyinde anlamli oldugu sdylenebilir. Sekil 3’e gore de hata varyanslari 0,29 ile 0,48
arasinda oldugu goriilmektedir. incelenen bir diiger deger de faktdr yiikleri olup

maddelerin faktor yiiklerinin 0,54 ile 0,70 arasinda degistigi Sekil 3 ve Tablo 9’da
goriilmektedir.
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Tablo 9. BSGB-O DFA Analizi Sonuglari

Eski Yeni Faktor

Numarasi | No Madde Yiikleri ¢
Bilisim sistemi ¢iktilarindan {ist ydonetimin
B5 1 imemnun olmasi bilisim sistemi gelistirme 0,54 12,5%*

siireci basarisinin bir gostergesidir.
Bilisim sisteminin kurum kiiltiiriine uygun
B6 2 lolmast basarili bir sistem gelistirme 0,67 20,48%*
stirecinin sonucudur.

Bilisim sisteminin kuruma rekabet avantaji
B7 3 saglamasi bilisim sistemi gelistirme siireci| 0,70 16,00%**
basarisinin bir gdstergesidir.
Miisterilerin sistemden memnun olmasi

B8 4  |pasaril bir sistem geligtirme siirecinin 0,62 13,95%*
sonucudur.
Bilisim sisteminin igletmeye net fayda

B9 5 saglamasi basarili bir sistem gelistirme 0,62 13,45%*

stirecinin sonucudur.

Bilisim sisteminin ilgili
ihtiyacin/problemin ¢6ziimii yoniinden en
ideal ¢6ziimii sunmasi basarili bir sistem
gelistirme siirecinin sonucudur.

B1

S
(@)}

0,69 14,57**

28

b5

br

Biligim Sisterni Geliglirme
Sireci Bagans

b10

Sekil 3. Bilisim Sistemi Gelistirme Siireci Basaris1 Olgegi Yol Analizi

BSGB-O’de yer alan maddelerin ait olduklar1 boyutlardaki faktor yiiklerinin 0.40’tan
yiiksek (Tablo 9, Sekil 3) ve tiim maddelerin t degerlerinin anlamli oldugu (p<0,01)
goriilmektedir. Hata varyanslar1 da 0,90’dan kiiciik olup 0,29 ile 0,49 arasindadir. Daha
sonra BSGB-O’niin dogrulanip dogrulanmadigini kontrol etmek igin DFA sonucu elde
edilen model uyum indeksleri incelenmis ve Tablo 10°da sunulmustur.

344



Istanbul Ticaret Universitesi Fen Bilimleri Dergisi 23(46), Giiz 2024, 329-353.

Tablo 10. BSGB-O DFA Sonucu Elde Edilen Model Uyum Indeksleri

Iyi Uyum Modifikasyon Modifikasyon
Ii\:gglilsllej Zium Referans Oncesi Uyum indeks |Sonrasi Model Uyum
Degerler! Degerleri Indeks degerleri
X?%/sd <5 6,762 2,412
RMSEA <0,10 0,122 0,060
SRMR <0,08 0,047 0,023
GFI >0,90 0,951 0,986
NNFI >0,90 0,882 0,971
CFI >0,90 0,929 0,986
Falaoryiikleri | 50 49 0,49-0,76 0,54-0,70
araligi
Kovaryans B8-B9, B9-B10
baglantilari

! Cokluk, Sekercioglu ve Biiyiikdztiirk, 2010

Tablo 10°da goriildiigii gibi model uyum indekslerinin uygun diizeylere ulagmasi igin
kovaryans baglantis1 gerceklestirilmistir. Modifikasyon oOnerilerine uygun iki
kovaryans baglantis1 (B8-B9, B9-B10) sonucunda model uyum indekslerinin ¢ok iyi
diizeylere ulastig1 Tablo 10’da goriilmektedir.

Aciklayic1 faktor analizi, dogrulayici faktor analizi, madde toplam korelasyonu ve
Cronbach Alpha katsayilarindan olusan gegerlik ve giivenirlik bulgularina gére BSGB-
O alt1 madde ve bir boyutlu yapisi ile gegerli ve giivenilir bir dlcek oldugu
sOylenilebilir. Arastirmanin ikinci aragtirma sorusu da yanitlanmigtir.

4.4. Olgeklere Ait Betimsel Istatistikler

Tablo 11°de IP-O ve BSGB-O’niin toplam ve alt boyut puanlarma ait betimsel
istatistiklere (Minimum (Min), Maksimum (Mak), Ortalama (X), Standard Sapma
(SS), Carpiklik (C) ve Basiklik (B)) yer verilmistir.

Tablo 11. Olgeklere Ait Betimsel Istatistikler

Olcekler ve Alt . <

Boyatlan N | Min | Mak | X SS C B

Miisteri 387 | 1,00 | 500 | 404 | 076 | 039 | -0,12
Proje Yoneticisi 387 | 2,00 | 500 | 438 | 064 | 0,73 | 0,07
Proje Ekibi 387 | 225 | 500 | 441 | 051 | 051 | 0,12
Ust Yonetim 387 | 2,00 | 500 | 452 ] 053] 098 | 0097

Insan Paydaslar

PO 387 2,81 | 5,00 | 434 | 046 -0,61 0,41
Olgegi

Biligim Sistemi
Gelistirme Siireci 387 1,00 | 5,00 | 4,34 | 0,56 -0,25 0,21
Basaris1 Olcegi
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Insan paydaslar1 6lgegi toplam puan ortalamasi 4,34+0,460larak tespit edilmis olup
Olgekten alinabilecek en diigiik (1) ve en yiiksek (5) puanlara gore katilimcilarin insan
paydaslar1 puani yiiksek diizeydedir. Insan paydaslarinda en yiiksek éneme sahip
boyutlar sirasiyla tist yonetim (4,52+0,53), proje ekibi (4,41+0,51),proje yoneticisi
(4,37+0,64) olarak tespit edilmis olup yine yiiksek puana sahip olmakla birlikte en
diisiik 6neme sahip boyut miisteri (4,04+0,76) olarak tespit edilmistir.

Bilisim sistemi gelistirme siireci 6l¢egi toplam puan ortalamasi 4,34+0,56 olarak tespit
edilmis olup dl¢ekten almabilecek en diisiik (1) ve en yiiksek (5) puanlara gore bilisim
sistemi gelistirme siireci bagarisina iligskin puanlarmin da yiiksek diizeyde oldugu
sOylenebilir.

4.5. insan Paydaslan ile Bilisim Sistemi Gelistirme Siireci Basaris1 Arasindaki
Iliskiye Ait Bulgular

Tablo 12’de insan paydaslari ile bilisim sistemi gelistirme siireci basaris1 puanlari
arasindaki Pearson korelasyon analizi sonuglarina yer verilmistir.

Tablo 12. IP ile BSGB Puanlar1 Arasindaki Iliski

Olgek veAlt | gembol | 1| 2 3 4 5 6

Boyutlar:
Miisteri 1 1 |0,56%* | 0,34** | 0,38** | 0,80%* 0,27**
Proje Yoneticisi 2 1 0,47** | 0,44%* | 0,83%%* 0,30%**
Proje Ekibi 3 1 0,43** | 0,68%* 0,42%*
Ust Yonetim 4 1 0,70%* 0,47%*
Insan s
Paydaslar > ! 0,43
Bilisim Sistemi
Gelistirme 6 1
Siireci Bagarist

#p<0,05 * #p<0,01

Tablo 12’e gore insan paydaslar 6lgeginde yer alan misteri (r=0,27; p<0,05), proje
yoneticisi (1=0,30; p<0,05), proje ekibi (r=0,42; p<0,05),iist yonetim (r=0,47; p<0,05)
alt boyut puanlar1 ve insan paydaslar1 6lgek puani (r=0,45; p<0,05) ile biligim sistemi
gelistirme siireci basar1 puani arasinda pozitif yonlii ve anlamli iliski oldugu tespit
edilmistir.

4.6. Farkh insag Gruplarindan Olusan Paydaslarin Bilisim Sistemi Gelistirme
Siireci Basaris1 Uzerindeki Etkisine Ait Bulgular

Calismanin arastirma modeli Yontem boliimiinde Sekil 1°de verilmistir. Bu boliimde

caligmanin arastirma sorularina (AS3, AS4, AS5, AS6, AS7) yanitlar arastirilacaktir.
Arastirma sorulari ig¢in g¢oklu regresyon analizi gergeklestirilmistir. Tablo 13°de
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arastirma modeline iliskin ¢oklu regresyon analizi ve arastirma sorularinin cevaplarina
yer verilmistir.

Tablo 13. Insan Paydaslarmin Bilisim Sistemi Gelistirme Siireci Basaris

Uzerindeki Etkisi

Bagimsiz AS B SH B ¢ P

Degisken
Sabit 0,763 0,104 7,358 0
Miisteri AS4 0,065 0,062 0,055 1,04 0,299
Proje Yoneticisi AS5 0,003 0,075 0,002 0,036 0,971
Proje Ekibi AS6 0,411 0,081 0,26 5,081 0,000
Ust Yonetim AS7 052 0,078 0,34 6,684 0,000

R?=0,285 AR*=0,277 F,352=38,012  p=0,000 Cohen’s /=0,399

*:p<0,05 **:p<0,01 AS: Aragtirma sorusu

Tablo 13°de elde edilen bulgulara gére goére farkli insan paydaslarindan olusan
gruplar olan miisteri, PY, PE ve UY’nin bilisim sistemi gelistirme siireci basaris
iizerindeki etkisini gosteren modelin uygun oldugu (F1; 355=151,25; p<0,05) ve bu
gruplarin bilisim sistemi gelistirme siireci basarisindaki degisimin yaklasik %28’ini
(AR?>=0,277) agikladig1 goriilmiistiir. Elde edilen R? istatistiginden hesaplanan (R? /
(1-R?)) Cohen’s f etki biiyiikliigii yaklasik olarak 0,40 olarak hesaplanmis olup
insan paydaglarinin bilisim sistemi gelistirme siireci basaris1 iizerindeki etkisi
“biiyiik etki” (f2=0,399) diizeyindedir.

Regresyon katsayisi () ve katsayinin anlamliligina iligkin t istatistigi incelendiginde
miisterilerin ($=0,055; t=1,040; p>0,05) bilisim sistemi gelistirme siireci basarisi
tizerinde anlamli etkiye sahip olmadig: tespit edilmistir. Ayni sekilde regresyon
katsayis1 (B) ve katsaymin anlamliligina iligkin t istatistigi incelendiginde proje
yoneticisinin de (f=0,002; t=0,036; p>0,05 ) bilisim sistemi gelistirme siireci
basarisi tlizerinde istatistiksel olarak anlamli etkiye sahip olmadigi goriilmektedir.
Buna gore miisterilerin ve proje ydneticisinin bilisim sistemi gelistirme siireci
basaris1 lizerinde istatistiksel olarak anlamli etkilerinin olmadig1 sylenebilir.

Regresyon katsayisi (B) ve katsayinin anlamliligina iliskin t istatistigi incelendiginde
proje ekibi (p=0,26; t=5.08; p<0,05) bilisim sistemi gelistirme siireci basarisi
iizerinde pozitif yonlii ve anlamli etkiye sahip oldugu gériilmiistiir. Ust yoneticilerin
analiz sonucundaki regresyon katsayist (B) ve katsayinin anlamliligina iligskin t
istatistigi incelendiginde iist yonetim (B=0,34; t=6,68; p<0,05) bilisim sistemi
gelistirme siireci basarisi izerinde pozitif yonlil ve istatistiksel olarak anlamli etkiye
sahiptir. Sonug olarak iist yonetim ve proje ekibi bilisim sistemi gelistirme siireci
basarist lizerinde istatistiksel olarak anlamli etkilerinin oldugu goériilmiistiir.
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Miisteri Anlamh etkisi
yoktur.
Proje Yéneticisi e Anlamh ctkiSi\.
yoktur. =—————p] Biligim Sistemi

Anlaml pozitif g Geli%irme Siireci
Bk asarisi
Proje Ekibi b otkisi vardir. /' ¥

Anlamh pozitif
Ust Yonetim / etkisi vardir.

Sekil 4. Arastirma Modeli ve Aragtirma Sonuglari
Arastirma modeli ve arastirma sonuglarina iliskin sonuglar Sekil 4°de gosterilmistir
Tablo 13’e gore regresyon modeli asagidaki sekilde yazilabilir:
Bilisim Sistemi Gelistirme Siireci Basaris1 = 0,76+0,52UstY énetim+0,41ProjeEkibi

Modelde de goriildiigii gibi iist yonetim ve proje ekibi ile bilisim sistemi gelistirme
stireci bagarist arasinda anlamli iliskiler saptanmistir. S6z konusu iki degisken birlikte
bilisim sistemi gelistirme siireci basarisinin %28 kadarini yordadig1 goriilmiistiir (Tablo
13). Ust yonetimin proje ekibinden daha fazla bilisim sistemi gelistirme siireci
basarisint arttirdig1 sdylenebilir.

5. SONUC VE ONERILER

Bu ¢alismada bilisim sistemi gelistirme siireci basarisina insan faktorii ve farkli insan
gruplarindan olusan paydaslardan miisteri, proje yoneticisi, proje ekibi ve st
yonetimin etkileri arastirilmistir. Calismada dért boyuttan olusan Insan Paydaslari
Olgegi ve Bilisim Sistemleri Gelistirme Siireci Basaris1 olmak iizere iki dlcek
kullanilmustir. {1k olarak dlgeklerin gegerli ve giivenilir araglar olup olmadig1 kontrol
edilmistir. Agiklayict ve dogrulayici faktor analizleri sonucu iP-O ve BSGB-O’nin
gecerli ve giivenilir araglar oldugu goriilmistiir. Bilisim sistemi gelistirme siireci
basarisina insan faktorii ve farkli insan gruplarindan olusan paydaslar olan miisteri,
proje yoneticisi, proje ekibi ve {ist yonetimin etkilerini aragtirmak i¢in ¢oklu regresyon
analizi uygulanmistir. Analiz sonucunda insan faktoriiniin bilisim sistemi gelistirme
siireci basarisinin %28’ini agikladig1r goriilmiistiir. Miisteri ve proje yoneticisinin
bilisim sistemi gelistirme siireci basarisi iizerinde istatistiksel olarak anlamli etkilerinin
olmadig1 goriilmiistiir. Diger taraftan {ist yonetim ve proje ekibi bilisim sistemi
gelistirme siireci basaris1 lizerinde istatistiksel olarak anlamli etkilerinin oldugu
goriilmiistiir.

Bilisim sistemleri projelerinin basarisinda {ist yonetimin rolii, bir takim Onemli
sorumluluklari igermektedir. ilk olarak y&netim, projenin temel hedefleri ve kurumun
genel stratejik vizyonuyla tutarli bir tahmin olusturmalidir. Bu, proje hedeflerini
tanimlamayi, kilometre taglarini belirlemeyi ve basariyr dlgmek icin bir gergeve
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olusturmayi igerir. Ayrica, bilisim sistemleri projesi genellikle ytiksek biitgeli ve kaynak
gerektiren projeler oldugundan, ydneticilerin biit¢elerini ve kaynaklarimi etkin bir
sekilde yonetmeleri gerekebilir. Bu, proje finansmanini giivence altina almak,
kaynaklar1 gerektigi gibi tahsis etmek ve projenin finansal basarisinin devamini
saglamak igin stratejik planlamay1 da igerebilir. Ayrica yoneticilerin paydaslarla etkin
iletisim kurmasi ve onlarin beklentilerini dikkate almas1 gerekmektedir. Bu, biligim
sistemi gelistirme siiresince diizenli giincellemeleri, olas1 degisikliklere esnek
adaptasyonu ve ilgili kisiler arasindaki koordinasyonun desteklenmesini igerir.
Yonetimin bir diger gorevi de bilisim sistemi gelistirme siirecinde ortaya ¢ikabilecek
riskleri belirlemek ve degerlendirmektir. Bu, potansiyel tehditlere karsi stratejiler
gelistirmek, proje esnekligini artirmak ve beklenmedik sorunlara hazirlanmak anlamina
gelir.

Ust yénetim bir projeyi desteklediginde, projenin gelistirilmesinde yer alan kisilere
olumlu bir sinyal iletilir ve bu da onlarin performanslarini olumlu yonde etkiler. Bu
¢alisma sonucundaki ayni paralel sonuca literatirde de rastlanmaktadir (Ahmed,
Mohamad & Ahmad, 2016; Augustine ve ark., 2005; Chow & Cao, 2008; Hassan ve
ark., 2018; Hughes, 2022; Ihuah ve ark., 2014; Kir, 2007; Lindvall ve ark., 2004; Pinar
ve ark., 2020; Pinto & Slevin, 1987; Sanjuan & Froese , 2013). Ayrica Zwikael (2008)
caligmasi sonucunda biligsim sektoriindeki yoneticilerin ¢ogunlugunun kurumsal
konularin teknik konulardan daha 6nemli oldugunu algiladiklarina da dikkat ¢ekmistir
(Zwikael, 2008). Buna ilaveten bilisim sistemi gelistirme siireci ile alakali literatiirde
en ¢ok vurgu yapilan kritik bagar1 faktorii “{ist yonetim destegi”dir (Fortune & White,
2006).

Ust yoneticiler aym1 zamanda bilisim sistemi gelistirme siirecinde ¢alisan ekiplere etkin
bir sekilde liderlik etmeli, motivasyonu artirmali ve ekiplerin potansiyellerini en st
diizeye ¢ikaracak sekilde gelisimlerine katkida bulunmalidir. Ayrica projenin teknik
gerekliliklerine uygunlugu saglamak ve sektordeki yeniliklere ayak uydurmak igin
teknolojik gelismelere ayak uydurmalari gerekmektedir. Bu, gelecekteki biligim
projelerinde daha iyi sonuglar elde etmek icin devam eden ¢abalar1 desteklemektedir.
Tim bu sorumluluklar bir araya getirildiginde bilisim sistemleri gelistirme siireci
basarisinda ydneticilerin oynayacagi merkezi rol, projeyi stratejik hedefler
dogrultusunda yonetmek, kaynaklar1 verimli kullanmak ve ekip dinamiginin projenin
basarisina olumlu katkida bulunmasini saglamak olabilir.

Bu calismanin sonuglarindan bir digeri de proje ekibinin bilisim sistemi gelistirme
siireci basaris1 lizerinde istatistiksel olarak anlamli etkilerinin oldugudur. Proje
ekibinin etkili olduguna dair literatiirdeki ¢alismalar Cadle & Yeates (2008), Chow &
Cao (2008), Hughes (2022), lhuah ve ark., (2014), Sanjuan& Froese (2013) ile Pmar
ve ark., (2020) olarak siralanabilir. CHAOS 2015 yili raporunda da proje ekibine
vurgu yapilmistir.

Proje ekibi ayni zamanda bilisim sistemi geligtirme siirecinin basarisinda da kilit rol
oynayabilir. Tasarim ekibi, isbirligi, uzmanlik ve etkili iletisim yoluyla bilisim
sisteminin hedeflerine ulagsmaya Onemli Ol¢iide katki saglayabilir. Her {iyenin,
belirlenen hedeflere odaklanmak, proje siireclerini yonetmek ve projenin genel
basarisina katkida bulunmak igin belirli sorumluluklari olmalidir. Oncelikle proje ekibi
iiyeleri arasinda acik ve etkili iletisimin saglanmasi onemlidir. lyi iletisim bilgi
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aligverisini artirir, bilisim sistemi gelistirme siirecinin ilerleyisini seffaf hale getirir ve
ekibin birbirine destek olmasina olanak tanir. Ekip icerisinde isbirligi, tartisma ve
yapici fikir aligverisi kiiltiiri olusturulursa biligim sistemi gelistirme siirecinin basarisi
artirilabilir. Proje ekibinin her iiyesi kendi uzmanlik alanina odaklanmali ve bu
alanlardaki becerilerini en iist diizeye ¢ikarmalidir. Bu, projede karsilasilan zorluklara
daha etkili ¢oziimlerin bulunmasina yardimci olur ve projenin genel kalitesini
artirabilir. Ekip tiyeleri arasindaki giiven, isbirligi ve sorunlar1 ¢6zme yetenekleri, BT
sistemi gelistirme siirecinin basarisini etkileyen temel unsurlar olarak gdsterilebilir.

Proje ekibinin motivasyonunun yiiksek tutulmasi 6nemlidir. Ekip iiyelerinin proje
hedeflerine bagliliklar1 ve projenin genel basarisina olan tutkulari, proje zorluklarinin
istesinden gelme ve ¢6zme kararliliklarini artirabilir. Ayrica bilisim sistemi gelistirme
siirecinde ekip iiyelerine 6grenme firsatt vermek onlarin motivasyonunu artirarak
kisisel ve mesleki gelisimlerine de katki saglayabilir. Proje ekibinin de esnek olmasi ve
degisen kosullara hizli uyum saglamasi da gereklidir. Projenin uygulanmasi sirasinda
ortaya ¢ikabilecek degisikliklere uyum saglamak, ekip iiyelerinin uyum yetenegini
artirabilir ve projenin siirekliligini saglayabilir.

Bu baglamda bilisim sistemleri gelistirme siirecinde etkili bir proje ekibinin, etkili
iletisim, yeterlik, motivasyon ve esneklik gibi temel unsurlari igeren bir takim
ozelliklere sahip olmasi gerekir. Her ekip tiyesinin kendi roliinii iistlenmesi ve proje
hedeflerine odaklanmasi bilisim sistemleri projelerinin basarisint artirabilir.

Ust yonetim ile proje ekibi arasindaki etkilesim de bilisim sistemleri gelistirme
siirecinin basarisi igin ¢ok onemlidir. Her iki taraf arasindaki etkili isbirligi, siire¢
basarisi i¢in 6nemli bir temel olusturur. Ekibin iist yonetim tarafindan belirlenen
stratejik hedeflere odaklanmasini saglamak, agik iletisim kanallarmi siirdiirmek ve
proje siireci boyunca karsilikli gliven olusturmak, projenin basarili yonetimine ve
tamamlanmasina katkida bulunabilir Ayrica her iki tarafin 6grenmeye ve siirekli
iyilestirmeye acgik olmasi, gelecekteki projelerde kazanilan deneyimlerden
yararlanilarak daha etkili stratejilerin gelistirilmesine olanak saglar. Bu baglamda
yoneticilerin yonetsel vizyonu ile proje ekibinin isbirligi ve bilgi diizeyi arasindaki
uyum, bilisim sistemleri projelerinin basarisini etkileyen temel faktorlerdir. Basarili
projeler esnek, motive ve iletigimsel bir igbirligi ortaminda, hedef odakli bir sekilde
hayata gecirilir ve her iki tarafin katkis1 en {ist diizeye ¢ikarilir.

Cikar Catismasi Beyam
Yazarlar arasinda herhangi bir ¢ikar ¢atigsmasi bulunmamaktadir.
Arastirma ve Yayin Etigi Beyam
Yapilan ¢aligmada arastirma ve yayin etigine uyulmustur.
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Abstract Oz
Drag links are used in the automotive industry mostly, and Rot  kolu  ¢ogunlukla  otomotiv  endiistrisinde

during painting, their ends are protected against paint by
two types of cap productions. While one is machined, the
other is cold formed. In this study, a finite element
simulation for the deformation process of a drag link’s cap
made from St52 alloy is performed. For the plasticity
model, Chaboche’s nonlinear kinematic hardening rule is
used with the associated flow rule and Von Mises yield
criterion. Chaboche’s parameters are determined by low
cycle fatigue test by applying curve fitting methods to one
hysteresis loop. Furthermore, the Chaboche model
parameters are calibrated by the optimization process. The
final diameters of the cap measurements are compared
with those obtained from the optimized model. Therefore,
a comprehensive methodology is presented for the
determination and calibration of Chaboche kinematic
hardening model parameters. Chaboches calibrated
parameters are Y$=370,73 MPa, C=3513,5 MPa, and
7=47,958 while their initial values are YS=360 MPa,
C=3500 MPa, and »=90.

Keywords: Chaboche model, kinematic hardening,
optimization, low cycle fatigue, Cold forming, plasticity.

kullanilmakta ve boyama sirasinda uglari iki tip kapak

dretim  yontemiyle boyaya karsi korunmaktadir.
Bunlardan biri talagh imalat, digeri ise soguk
sekillendirmedir. Bu c¢aligmada, St52 alasgimindan

yapilmis bir rot kolunun kapagmin deformasyon islemi
i¢in bir sonlu elemanlar simiilasyonu gergeklestirilmistir.
Plastisite  modelini olusturmak igin Chaboche'nin
dogrusal olmayan kinematik peklesme kural, iliskili akis
kurali ve Von Mises akma kriteri kullanilmigtir. Chaboche
parametreleri, bir histerezis dongiisiine egri uydurma
yontemleri uygulanarak diisiik ¢evrimli yorulma testi ile
belirlenmigtir. Ayrica, Chaboche model parametreleri
optimizasyon islemi ile kalibre edilmistir. Kapak
Ol¢timlerinin nihai caplari, optimize edilmis modelden
elde edilenlerle karsilastirilmistir. Chaboche kinematik
peklesme modelinin parametrelerinin  belirlenmesi ve
kalibrasyonu i¢in kapsamli bir yontem sunulmustur.
Kalibre edilen Chaboche parametreleri YS=370,73 MPa,
C=3513,5 MPa ve »=47,958 iken baslangi¢ degerleri
Y§=360 MPa, C=3500 MPa ve y=90'dr.

Anahtar Kelimeler: Chaboche modeli, kinematik
peklesme, optimizasyon, diisiik ¢evrimli yorulma, soguk
sekillendirme, plastisite.
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1. INTRODUCTION

Drag links are used to change the direction of the vehicle by transferring the steering
movement to the wheels in heavy and light commercial vehicles (Ditas, 2019). The
drag link consists of 33 critical parts, including two rod ends. One of the most critical
parts of a drag link is the ball joint. An example of the drag link and details of the rod
end are shown in Figure 1.

= Ball joint

(a) The assembly of the drag link (b) Details of the rod end
Figure 1. Drag Link

Drag links are mounted on the vehicle with the help of a ball joint and nut. Fixing of
the drag link to the vehicle is shown in Figure 2.

’Ball‘!omt ) o '
_Difag link /)y

~3

-ii 4}

Figure 2. Drag Link Assembly on The Vehicle

As shown in Figure 2, the ball joint and nut are of high importance during assembly.
Therefore, any faults in the ball joint and nut threads will become a problem during the
assembly phase. In this regard, the most common fails are seen in the machining and
painting process. Fails in the painting process are shown in Figure 3-a.
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Figure 3. Process Faults and Cleaning Brush
(a) A Fail in The Painting Process (b) Cleaning Brush

Because of this fail, the ball joint threads must be cleaned with an additional brushing
operation to ensure well-suit between the joint and the nut. The cleaning brush is shown
in Figure 3-b. Kaizen studies were conducted in Ditas Corp. to prevent these fails in
the painting operation (Ditas, 2019). It was decided to make paint protection caps based
on the results of these Saizen studies. Paint protection caps are shown in Figure 4.

Capl

Cap?2

_

Figure 4. Paint Protection Caps

The cap 1 is produced during the machining operation. It is for clamping the end of the
ball joint. Thus, it allows connection with cap 2. The cap 2 is produced in the cold
forming process. Any small defect seen in the paint process affects the vehicle
assembly. Thus, the cold-forming process must be performed accurately. Therefore,
accurate mold dimensions and forming force are required for accurate results. Finite
element simulations are an effective tool for predicting process parameters by
simulating deformation processes (Kacar, 2023). Plasticity theories are used to
determine the amount of plastic deformation (¢”) in a deformation process. However,
the determination of the plastic part of the deformation requires a flow criterion, a
hardening rule, and a flow rule. There are 2 types of hardening rules in the simulations.
These are the isotropic and the kinematic rule. Combining of both is possible. In this
study, Chaboche’s hardening model, which is a type of kinematic hardening model, was
used.

First, with Prager’s hardening rule (Prager, 1949), linear kinematic hardening was
included in simulations and then modified by (Ziegler, 1959). However, these linear
hardening plasticity models are not sufficient to predict the Bauschinger effect,
multiaxial ratcheting, plastic strain accumulation, or shakedown. Therefore, nonlinear
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kinematic models were developed on the basis of the equation of Armstrong and
Frederick (Armstrong and Frederick, 1966). Armstrong and Frederick’s rule includes a
strain hardening and recovery term in their equation. Then, based on changing the
dynamic-recovery term in the formula of Armstrong and Frederick, many other
hardening plasticity models were developed, one of which was Chaboche’s plasticity
model (Chaboche, 1986; Chaboche, 1989, Cruise & Gardner, 2008).

In industry, there are many applications of cold forming processes performed on many
materials. In addition, cold forming is used in most materials, including stainless steel
[8] and two grades of carbon steel (Kuhn et al., 1973). However, there is no study on
the 70x3-mm pipe made from St52 alloy which is cold-formed for the paint protection
caps. It has axially symmetrical geometry (Sevenler et al., 1987).

The aim of this study is to determine the best hardening model parameters for the
production of the protection caps made by cold deformation. It is a process in which
plastic flow occurs due to both contact and large deformation. In order to simulate this
process with high accuracy, a constitutive model should be used in the simulation. A
constitutive model includes 3 aspects: Yield criterion, hardening rule, and flow rule.
However, the selection of the constitutive equation model and its parameters is a big
problem. Because many issues require fine tuning the model parameters such as
different material, different deformation process, different geometry, different
temperature, different deformation rate, etc.. This fine tuning process is called
calibration. In this study, the constitutive equation is established and the hardening rule
is calibrated to be used for cap deformation.

In this study, the Chaboche’s nonlinear kinematic hardening parameters for 70x3-mm
St52 steel pipe are determined by applying curve fitting methods to the tension—
compression cycling test data. These data are used to constitute a plasticity model for
simulation based on finite element method. The deformation has cold forming process
of the painting protection cap on the drag link. Furthermore, the Chaboche model
parameters were calibrated by an optimization process. Finally, the directional
deformations measured experimentally are compared with those obtained from the
optimized model. Therefore, a comprehensive methodology is presented for the
determination and calibration of Chaboche kinematic hardening model parameters.

2. COLD FORMING

Plastic deformation of the work piece with a load applied without the need for
temperature is called cold forming. The heating phase applied in hot forming processes
is not present in cold forming. Because of the friction force during deformation, a slight
increase in temperature can be observed in the work piece. In addition, cold forming
processes in small diameters are preferred because they are faster than hot forming.
Figure 5 shows the setup of the cold forming process. Figure 5-a shows the location of
the punch, pipe, and die. Figure 5-b shows their details.
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(b)

Figure 5. Set-up of The Cold Forming Process
(a) Mold and Work Piece (b) Cutaway View

In general, cold forming is performed on a work piece placed on a fixed bottom mold
by the load application of the movable upper punch. While one end contracts, the other
end's diameter does not change. However, between both ends, large deformation
occurs. In the finite element simulation, we must create frictional contacts between the
pipe and the mold surface. To provide permanent deformation on the cap (deformed
pipe), the analysis must include a plasticity model. Frictional contact, large deflection,
and plastic deformation lead the analysis to nonlinear behaviour inherently.

3. MATERIAL AND METHOD
As material, St52 alloy is used. Its elemental composition is given in Table 1.

Table 1. Chemical Composition (weight %) of The St52 Alloy

C Si Mn P S Cr Ni Mo
0,19 0,406 1,37 0,018 0,0072 0,04 0,08 0,015
Al Cu % Co Ti Nb A% W Pb

0,047 0,04 0,005 | <0,0010 | <0,0030 | <0,0010 | 0,025 <0,0030
B Sn Zn As Bi Ca Ce Fe
<0,0005 | 0,0085 | 0,0044 | 0,008 | <0,0020 | 0,0005 | <0,0030 <97,7

The hardening model parameters' determining and calibration is given in Figure 6
schematically. It describes the plasticity model.
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Figure 6. Schematic Representation of The Calibration of A Plasticity Model
3.1. Monotonic Tensile Test

A tensile test bench was used to determine the mechanical properties of the St52 alloy.
Rectangular dog-bone-shaped specimens are prepared following the ASTM ES8
standard [25]. The dimensions of the specimen are shown in Figure 7-a. Tensile tests
were performed on a Shimadzu Autograph 100 kN testing machine with a data
acquisition system maintained by a digital interface board using a specialized computer
program. Material deformation is measured using a video-type extensometer
measurement system. The tensile tests are performed at 25 mm/min (0,0083 Hz for a
50-mm gage length) strain rate. The test is performed at room temperature. The result
of monotonic tensile test is shown in Figure 7-b. The diagram includes the true stress
and true total strain.

600
540
480
420
360 ! ! g 1 ]
300
240

Stress(N/mm2)
A

70

120

] I: 12.520.25 80

R13 0
210 20 4 8 12 16 20 24 28 32
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Figure 7. (@) Specimen Dimensions For Monotonic Tensile Test (in mm)
(B) Test Data
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Table 2. Mechanical Properties of St52 Steel

Property Value
Density (gr/cm?) 7,85
Young modules 8GPa) 207
Poisson ratio 0,28
Yield strength (MPa) 373,806
Ultimate tensile strength (MPa) 414,047

3.2. Low Cycle Fatigue Test

Low cycle fatigue (LCF) tests give curves called hysteresis loops. Since these curves
exhibit the material's hardening, they are also used to determine the hardening model
parameters. In fact, one loop is sufficient to determine the Chaboche model parameters,
(YS, C, and y). The test is performed using strain-controlled method. Symmetric strain
amplitude is applied. The dimensions of the samples are shown in Figure 8-a. In
addition, there are holes on the specimen. These holes ensure that cantilever supports
are ensured at the ends of the specimen during the tension and especially compression
strokes. Figure 8-b shows a stable loop obtained at room temperature using a
symmetrical strain-controlled loading method. The diagram includes the true stress and
true plastic strain where its elastic portion is removed. The deformation ranges are +
0,08, 0,06, £0,03, £0,05 (strain ratio R = —1). The test is conducted at a strain rate of
1 mm/min (0,00033 Hz for a 50-mm gage length). The Shimadzu-Autograph 100 kN
tensile testing machine is also utilized to perform this test. The test is performed at
room temperature. The experimental data were pre-processed to remove for
smoothness in the loop shape.

=
4
True &
138,71 T
m 4 o1
\S\ /(),/ 2[
| 50.71 | _/‘

Figure 8. (a) Test Specimens (b) Low Cycle Fatigue Test Data (3 loops)

The Chaboche hardening rule consists of one term. Table 3 shows the coefficients.
Since the deformation is low in the pipe bending process, only the innermost of the 3
loops in the graph is used. Nonlinear regression is performed on this loop data. The
"preprocessor—material Props—materials models—structural»>nonlinear—inelastic-
plastic curve fitting" module in the mechanical APDL module of Ansys© is used for
the regression. {Y'S, C,y} are considered as the parameters. Initially, these parameters
were set to 1. The maximum number of iterations was limited to 1000 in order to control
the computational process. Additionally, normalized error, residual, and coefficient
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tolerance were utilized as additional criteria to stop the iterations. In order to achieve
the best fit, the goals for these criteria were set to zero. For the error minimization, the
Levenberg-Marquard's optimization algorithm was employed. The confidence level for
the curves was set at 95%, ensuring a reliable estimation of the results. After the
regression, Table 3 shows Chaboche's parameters.

Table 3. Chaboche Parameters

YS (MPa) C (MPa) y
Values | 360 3500 90

4. CONSTITUTIVE EQUATION
Also referred to as the plasticity model, the constitutive equation consists of a yield
hypothesis, a hardening rule, and a flow rule. The following section delves into the
plasticity model utilized in the study.
4.1. Yield Criteria

General equation of the Von Mises yield function is given in Eq. (1).

f(o'ij) = ®(01,2,3) -(@?2*=0 (1a)

o2 o2 2
®(01,2,3) _ lo1-02|"+|o, 203| +loz—o| (15)

where 7 is the equivalent stress, ®(01_2_3) is its yield function and o , 3 are principal
stresses. Similarly, the Tresca yield function is given in Eq. (2).

f(oi;) = 8(0123) = (@) (2a)
®(U1,2,3) = max(|loy — 6, , |0y, — 03], |03 — 04| ) (2b)
4.2. Hardening Rule

Equation (3) is a general yield function which includes both kinematic (a;;) and
isotropic (0y) hardening rules.

E(O'ij—aij)—ah=0 (3)

where, the term a;; is called "back stress" and some a;; functions «;; suggested by
Prager, Armstrong-Frederic, Chaboche, Yoshida-Uemori etc... In this study, only
Chaboche rule is used. Therefore g, = 0 as seen in Eq. (4). The term a;; which is
involved in the equation, indicates that the origin of the surface drawn by the equation
will change from center to @;;. Thus, different hardening formations are possible in the
tensile and compression zones.
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E(O-ij - a’i]-) =0 (4)

In this study, the back stress equation of Chaboche is used and is given in equation (5).

. 2 . . 1 oC, .
(“ij)ngcm gijp_Vm(“ij)m 3% 'giip+C7 oT (aij)mT

lineer terim recall term Isitma hizi terimi

m

m=1,2,...n (5)

where, the T temperature, C,, hardening module and y,, are the coefficients of the
reduction of the hardening ratio. These parameters have different values for each term.
All of these parameters are determined in the same regression process. The regression
process is applied to one hysteresis loop obtained from low cycle fatigue test.
Chaboche’s back stress equation is a first-order ordinary differential equation. For the
single-termed case (first-order), and no change in temperature, Eq. (6) will be achieved
when this differential equation is integrated explicitly integrated according to sipj.

a=g¢ 5 + (ao — s) e=0¥(eP <) (6)

In the equation, @, initial back stress value, £} is the initial plastic deformation value,
@ is the sign depending on the tension/compression cases, ¢ = sgn(c —a) = +1. In
the case of uniaxial tensile, ¢ = 1 =1 and ¢ = —1 in case of compression. In uniaxial
tensile tests, assume the initial back stress @, = 0 and the initial plastic deformation
sg = 0. In this case, the back stress equation is given by Eq. (7).

a = %(1 — e 7(EN) in tensile stroke (7a)

a= %(—1 +e7M) in compressive stroke (7b)

The Chaboche equation gives a;;. It is necessary to substitute it in the equivalent stress
equation of the yield criterion as 6(@- i j) — 0y = 0 where oy is the initial yield
strength. In the case of uniaxial tensile, since the stress value in the tensile axis is
already the principle stress, the equivalent stress in the uniaxial tensile will also be
equal to the tension in the main axis x as 6(@- i a; j) = 0,. In this case, the equivalent
stress becomes as follows.

(o, —a,) =0 (8a)
Oy — 0, =0 (8b)

If the expressions in Eq. (7) are moved to Eq. (8), then the stress value will be added to
the yield criterion function (Eq. 9).

(o) = % + % (1 — e—Y(Sﬁ)) in tension (9a)

(0x)c = — % + % (—1 + ey(gg)) in compression (9b)
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4.3. Flow Rule

A flow rule is required to calculate the plastic strain (sipj) and its direction. It provides

the relationship between plastic deformation and stress. There are two types as
associated flow rule and non-associated flow rule. The general equation of a flow rule

is dsfj = dl% and the term A is called the plastic multiplier. The expression fis a

scalar function and is also called the plastic potential. If the yield stress is taken as the
potential function, this equation becomes "associated flow rule". Otherwise, it is called
non-associated flow rule. The associated flow rule is good at metals, while the non-
associated flow rule is good at soil material.

5. CAP DEFORMING SIMULATIONS

Utilizing ANSYS© software, the deformation process is simulated through finite
element analysis using an axial symmetric model for convenience, owing to all bodies
have cylindrical shape. In the model, the y-axis is the axial symmetry axis. The cross-
section of the geometry must be in the positive x-direction. The friction coefficient of
0,125 is established between the punch, die, and pipe. Punch and die tools are modeled
as rigid bodies to shorten the calculation time of the simulation. The pipe is modeled
as a flexible body using St52 material and Chaboche’s plasticity model. Both bodies
are assigned elastic properties from Table 2, while plastic properties from Table 3 are
specifically designated for the pipe body. The punch is progressively moved towards
the pipe body, as depicted in Figure 9. Initially, a dynamic analysis is conducted to
induce plastic deformation in the pipe, followed by an optimization process aimed at
calibrating the parameters of Chaboche model.

Axis of symmetry

(a)

Linear displacement
- of punch

4

Fixed support

51
5
5
;’ f
]
i
i
5
5
5

Figure 9. An Axial Symmetric Model of The Cold Forming Process and Its Finite
Element Model (a) Axial Symmetric Model (b) Section View of The Finite
Element Model
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First, a mesh independence analysis is performed to ascertain the most suitable mesh
size (Akkus and Demir, 2016). The primary focus of this investigation lies in the
evaluation of equivalent stress. It is observed that the stress results exhibit minimal
variations beyond the utilization of 6845 elements. Consequently, the case with 6845
elements is chosen as the optimal element count. The simulations were executed on a
computer equipped with a quad-core processor operating at 3,40 GHz and 8 GB of
RAM.

6. OPTIMIZATION

The concept of optimization in mathematics involves the determination of the
maximum, minimum, root, or any other value of a given function. In the optimization
process, the effects of the Chaboche coefficients (S, C, y) on the pipes four diameters
measured experimentally is determined using various combinations of YS, C, and y.
The combination providing the best simulation results closest to the experimentally
obtained diameter values, will be selected as a candidate point of optimum value.
Subsequently, these candidate points undergo verification through analyses.

(@) (b)

Outer diameter Inner diameter of

of the cone \ / the cone (mm)

Bottom
diameter

Conical
diameter

Figure 10. Cold Forming Process of The Pipe (a) Before and (b) Cold Forming

The experimental measurements are presented in Table 4. Figure 10 shows the cap
before and after the deformation. At the beginning, the pipe’s outer diameter is 70 mm
and thickness is 1,5 mm. The pipe is shown in Figure 10-a and b before and after cold
forming, respectively.
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Table 4. Experimental Measurements of The Pipe

Before shrinking After shrinking
Inner Outer Bottom Inner Conical
radius of | diameter | diameter radius diameter
the pipe of the (mm) reduction (mm)
(mm) pipe (mm)

(mm)

Nominal: | Nominal: | Nominal:7 | Nominal: Nominal:
21,00 45,00 3,00 12,50 70,00
21,52 45,44 72,67 12,335 69,85
21,94 45,24 73,03 12,515 70,00
21,75 44,77 73,08 12,540 70,37
21,79 45,20 73,00 12,500 71,09
21,83 45,23 72,95 12,475 69,59
21,78 45,57 72,90 12,450 69,44
21,96 45,21 73,57 12,785 70,12
21,75 45,45 72,79 12,395 69,98
21,81 45,29 72,97 12,485 70,38
21,92 45,45 73,37 12,685 70,40

In this study, for optimization, the constraints and the goals are applied as follows:

No constraint for Y, which is an input variable

No constraint for C, which is an input variable

No constrain for 7, which is an input variable

Bottom diameter should be 73 mm, which is an output variable

Inner radius reduction should be 12,5 mm, which is an output variable

To achieve these aims and constrains, the upper and lower limits of the parameters are
determined as in Table 5.

Table 5. Lower and Upper Limits of Design Variables Entered Into The Software

YS(MPa) | C(MPa) | y
Initial values 360 3500 90
Lower bound 300 2500 10
Upper bound 400 4000 100

7. RESULTS AND DISCUSSIONS
7.1. Response Surface of Optimization
The optimization module calculates the 56 design points (DPs) inside the upper and
lower limits. DPs created by the optimization module and the outputs (inner radius

reduction, bottom diameter) obtained at the end of the solution for each point are
presented in Table 6.
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Table 6. DPs and Corresponding Response Points

Number Inputs Outputs
of DPs | y§(MPa) | C; (MPa) | y; Inner radius Bottom
reduction (mm) | diameter (mm)

1 370,000 | 3500,000 | 0,000000 | 12,1962 73,18609
2 369,9711 | 3007,191 | 23,31146 | 12,1962 73,23054
3 379,8293 | 3919,364 | 28,29513 | 12,19175 73,22193
4 374,3359 | 3995,884 | 2,593364 | 12,19129 73,20807
5 365,3523 | 3500,196 | 48,50218 | 12,19688 73,29505
6 360,0188 | 3597,085 | 13,16833 | 12,19694 73,17549
7 375,5858 | 3528,72 | 49,69065 | 12,19314 73,23783
8 369,9043 | 3984,597 | 46,55082 | 12,19621 73,21676
9 378,6832 | 3037,863 | 0,003689 | 12,19362 73,24799
10 379,8508 | 3994,644 | 49,5338 | 12,19223 73,22158
11 360,5086 | 3123,173 | 0,524996 | 12,1951 73,22787
12 364,6386 | 3958,324 | 2,361524 | 12,19671 73,29525
13 367,9182 | 3015,39 | 17,99522 | 12,19234 73,22602
14 379,8719 | 3744,171 | 16,69261 | 12,19223 73,18767
15 360,2709 | 3459,992 | 21,42955 | 12,19711 73,19113
16 379,1344 | 3374,817 | 15,78162 | 12,15288 73,23748
17 372,1451 | 3747,933 | 22,95937 | 12,19506 73,28925
18 372,3878 | 3220,819 | 48,0699 | 12,19375 73,19387
19 364,8329 | 3337,762 | 16,75598 | 12,19473 73,20053
20 364,6629 | 3218,356 | 30,47663 | 12,19671 73,22603
21 379,2263 | 3827,115 | 16,58148 | 12,17777 73,18016
22 365,1178 | 3678,777 | 21,36091 | 12,19606 73,26566
23 373,4013 | 3253,686 | 12,63112 | 12,19525 73,18251
24 375,741 3991,505 | 26,64477 | 12,19304 73,18009
25 366,0642 | 3000,393 | 49,55488 | 12,19675 73,25046
26 369,791 3801,112 | 4,127309 | 12,19623 73,18312
27 360,0526 | 3950,603 | 16,39369 | 12,19689 73,69971
28 360,8615 | 3688,096 | 44,36721 | 12,19486 73,2176
29 369,1803 | 3413,615 | 27,79114 | 12,19628 73,18089
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30 370,3936 | 3673,645 | 49,64961 | 12,19613 73,22739
31 360,0542 | 3009,542 | 45,66033 | 12,19677 73,23484
32 373,0768 | 3011,189 | 5,623021 | 12,195 73,24051
33 365,2109 | 3980,406 | 30,26518 | 12,1969 73,25545
34 361,0191 | 3325,248 | 48,40544 | 12,19626 73,23605
35 366,8857 | 3168,001 | 5,677711 | 12,19667 73,27455
36 375,6488 | 3043,843 | 29,27166 | 12,19282 73,20419
37 379,8477 | 3990,551 | 4,899942 | 12,19223 73,24825
38 379,3254 | 3724,445 | 48,87776 | 12,19349 73,27701
39 378,7645 | 3315,722 | 45,24926 | 12,1312 73,40294
40 364,7521 | 3448275 | 8,176088 | 12,1967 73,23751
41 365,8018 | 3783,93 | 46,40871 | 12,19682 73,24381
42 365,3909 | 3610,448 | 11,61875 | 12,19682 73,23469
43 363,2213 | 3000,526 | 17,08417 | 12,19505 73,24944
44 370,6 3981,152 | 17,16523 | 12,1961 73,21002
45 375,2963 | 3875,633 | 49,06934 | 12,19313 73,24169
46 373,5455 | 3519,123 | 26,83396 | 12,19524 73,23474
47 369,4801 | 3299,906 | 15,08326 | 12,19602 73,2461

48 379,6503 | 3048,764 | 48,05395 | 12,19231 73,20726
49 360,7634 | 3996,324 | 19,5934 | 12,19487 73,17475
50 379,8577 | 3127,642 | 26,50647 | 12,19223 73,23571
51 376,4269 | 3692,453 | 31,80996 | 12,13284 73,16684
52 367,9349 | 3315,648 | 48,59544 | 12,13438 73,28147
53 360,0196 | 3189,515 | 20,8113 12,19678 73,2991

54 379,9752 | 3554,105 | 0,61561 12,19173 73,28128
55 379,413 3525,533 | 37,95053 | 12,15377 73,19382
56 372,3861 | 3000,841 | 43,86515 | 12,19375 73,18608

It should be noted that these values are the values obtained as a result of simulation.
The optimisation module uses them to determine a function based on curve fitting. This
function is called response surface. It is shown in Figure 11. Both are created by an
artificial neural network with one hidden layer and 3 neurons in. It is a type of multi-
layer perceptron.
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Figure 11. For (a) Outer Diameter and (b) Inner Radius, Response Surface Diagrams
Showing The Relationship Between Input and Output Design Variables in The
Optimization

7.2. Optimum Values

The optimum parameters are suggested as given in Table 7. Four optimization methods
are employed such as MOGA (Multi-Objective Genetic Algorithm), NLPQL
(Nonlinear Programming with Quadratic Lagrangian), MISQP (Mixed Integer

Sequential Quadratic Programming), and screening.

Table 7. Candidate Points Suggested by Optimization Methods

Optimization | C (MPa) 1% YS (MPa) | Inner radius | Bottom
methods reduction diameter (mm)
(mm)
Screening 3440,9 47,627 375,65 12,49878 73,18470
MOGA 3062,2 43,567 379,73 12,50156 73,16972
NLPQL 3513,7 47,955 370,78 12,50063 73,01945
MISQP 3513,7 47,955 370,78 12,50063 73,01945

The optimization module suggests the candidate points as optima. However, these
values are obtained from the response surface by the optimization tool and need to be
verified by re-simulating. The verification results are given in Table 8. As seen from
table, NLPQL and MISQP provides the best fit where ¥5=370,73 MPa, C=3513,5 MPa,
and y=47,958.
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Table 8. Verified Results

Optimization | C % YS (MPa) Inner radius | Bottom
methods (MPa) reduction diameter
(mm) (mm)
Screening 3440,5 | 47,658 | 375,676 12,49685 73,18470
MOGA 3062,6 | 43,556 | 379,77 12,50685 73,19265
NLPQL 3513,5 | 47,958 | 370,73 12,50058 73,01964
MISQP 3513,5 | 47,958 | 370,73 12,50058 73,01964

7.3. Stress and Strain Response

As initial values YS=360 MPa, C=3500 MPa, and y=90 are used, the obtained
deformation results are given in Figure 12. Figure 13 gives the total strain and stress
responses of the material collected from simulation. Figure 12 also gives Von Mises
stress distribution on the deformed cap. The results are captured in the last sub-step of
the last step.
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Figure 12. (a) Load Steps Applied and () Total Deformation Results (c) Von Mises
Stress Distribution When YS=360 MPa, C=3500 MPa, and =90

504,71 \
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|
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g
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Figure 13. Stress and Total Strain Diagram Obtained From The Analysis
As the optimum values Y5=370,73 MPa, C=3513,5 MPa, and y=47,958 are used, the

obtained deformation results (inner diameter reduction) are given in Figure 14. Figure
15 gives Von Mises stress distribution.
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8. CONCLUSIONS
The drag links play a crucial role in the automotive industry. This research employs a

finite element simulation to analyse the deformation process of a drag link's cap made
from St52 alloy. The plasticity model incorporates Chaboche's nonlinear kinematic
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hardening rule, along with the associated flow rule and Von Mises yield criterion. The
Chaboche parameters are determined through low cycle fatigue tests, utilizing curve
fitting techniques on a single hysteresis loop. Additionally, the Chaboche model
parameters are fine-tuned through various optimization techniques. Four optimization
methods were performed to calibrate these test data. The main findings obtained from
the investigations are listed below:

e The most consistent results are obtained without any dependency on initial
values by the NLPQL and MISQP central differences method. Therefore,
Chaboche's calibrated parameters are YS=370,73 MPa, C=3513,5 MPa, and
=47,958.

e Response surfaces are obtained using the neural network method with one
hidden layer and 3 neurons.

e The success of optimization methods strongly depends on both the initial
values and the lower-upper bounds of the input variables. Any initial value
can be selected technically. However, the raw parameters determined after
curve-fitting can be used as initials. Their bounds should be set as half and
two-times below and above their initial values, respectively.

o This study has future work potentials to investigate the combined hardening
rules with more terms.
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Abstract Oz

Benidipine hydrochloride, being the derivate of 1,4-
dihydropyridine is a calcium channel blocker
antihypertensive drug. The aromaticity, natural bond
orbital (NBO) and Nonlinear Optical (NLO) parameters
properties of Benidipine (BEN) and BENHCI compounds
were theoretically investigated using density functional
theory (DFT) electronic structure method. Among the
values of common aromaticity indices, the Harmonic
Oscillator Aromaticity Model (HOMA) and BIRD's
(Aromaticity Index) for electronic delocalization show that
the aromaticity of the nitrophenyl group is higher in BEN
and BENHCI compounds, and also the aromaticity in the
gas phase is higher than that in water, octanol and DMF
phase. In compound BEN, it was observed that as the
dielectric constant of the medium increased, the
aromaticity difference increased slightly. In the compound
BEN, the correlation coefficient between HOMA values
and aromatic fluctuation index (FLU), para delocalization
index (PDI) and para-linear response (PLR) for the
nitrophenyl group is higher than that the phenyl group.
Donor-acceptor  transitions,  stabilization  energies,
intramolecular charge transfer were determined by natural
population analyses. NLO parameters such as dipole
moment, polarisibility and first order hyperpolarizability
values of the BEN and BENHCI compound were also
studied.

Keywords: Benidipidine, HOMA, BIRD, natural bond
orbital, NLO.

1,4-dihidropiridin'in tiirevi olan benidipin hidrokloriir, bir
kalsiyum kanal bloker antihipertansif ilagtir. Benidipin
(BEN) ve BENHCI bilesiklerinin aromatiklik, dogal bag
orbital (NBO) ve Dogrusal Olmayan Optik (NLO)
parametrelerinin &zellikleri, yogunluk fonksiyonel teorisi
(DFT) elektronik yap: yontemi kullanilarak teorik olarak
arastirlldi.  Ortak aromatiklik indeksi degerlerinden
Harmonik Osilatér Aromatiklik Modeli (HOMA) ve
elektronik delokalizasyon igin BIRD's (Aromatiklik
Indeksi), BEN ve BENHCI bilesiklerinde nitrofenil
grubunun aromatikliginin daha yiiksek oldugunu, ayrica
gaz fazindaki aromatik de su, oktanol ve DMF
fazindakinden daha yiiksektir. BEN bilesiginde ortamin
dielektrik sabiti arttikca aromatiklik farkinin bir miktar
arttig1 gozlendi. BEN bilesiginde nitrofenil grubu igin
HOMA degerleri ile aromatik dalgalanma indeksi (FLU),
para delokalizasyon indeksi (PDI) ve para-lineer yanit
(PLR) arasindaki korelasyon katsayisi fenil grubuna gore
daha yiiksektir. Dondr-alict  gegisleri, stabilizasyon
enerjileri, molekiil i¢i yiik transferi ve dogal popiilasyon
analizleri ile belirlendi. BEN ve BENHCI bilesiginin
dipol momenti, polarizasyon ve birinci dereceden
hiperpolarizasyon degerleri gibi NLO parametreleri de
incelenmistir.

Anahtar Kelimeler: Benidipin, HOMA, BIRD, dogal
bag orbital, NLO.
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F. Kandemirli, D.H. Tuncel, F. Geng Calculation of Homa and Bird Aromaticity Indices,
NLO and NBO Properties of Benidipine

1. GiRiS

Aromatics are encounter in our daily lives. The chemistry of our body would be
distorted in the absence of aromatic molecules in our system, also, we would be lacking
many materials needs. Many industrial raw materials are aromatics based, ranging from
polymer, medicine and various other industries (Edim et al., 2021).

Aromaticity, one of the most important concepts in chemistry, still does not have a
unified definition (Krygowski et al., 2000). Since aromaticity is a collective
phenomenon, various criteria must be used to discuss this term in any particular
research topic (Matito et al., 2005).

Benidipine, also known as Benidipinum or Benidipine hydrochloride, a Long-acting T-
type Calcium Channel Blocker, is commonly used to treat hypertension and angina
pectoris (Seino et al., 2007; Tuncel & Kandemirli, 2024).

Benidipine is a triple calcium channel blocker that inhibits T type as well as L and N
type calcium channels. The vasodilator effect of Benidipine, whose molecular formula
is CosH3,CIN3Og, is due to its affinity for dihydropyridine binding sites in calcium
channels. Since Benidipine binds to calcium channels, it blocks calcium flow. The onset
of action is slow, resulting in minimal tachycardia or palpitations (Gopika & Remi,
2018).

In this article, we introduced HOMA, BIRD, PDI, PLR, NLO and FLU indices for BEN
and BENHCI compoud in gas, n-octanol, DMF and water phases. Furthermore, we
were led to NBO studies on BEN and BENHCI due to their pharmacological
importance, but for which there are limited reports on their structural properties.
Observations from NBO analysis will shed further light on understanding the stability
of the molecule.

2. MATERIAL AND METHOD
2.1. Computational Methods
The structures of BEN and BENHCI molecules in gas, n-octanol, DMF and water
phases were realized with Density Functional Theory (DFT) calculations using the
Gaussian09 program, with the B3LYP hybrid functional and 6—311G(d,p) basis set and

is displayed in Figure 1. n-octanol, DMF and water modeled by the conductor-like polar
continuum model (CPCM).
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Figure 1. Optimized Molecular Structure with The Atomic Number

HOMA, BIRD, PDI, PLR indices were used to describe the aromaticity of these
systems. HOMA index is known as displacement in cyclic structures and was defined
by Kruszewski and Krygowski (Krygowski, 1993). PDI and FLU are both based on
electron delocalization indices. A detailed NBO (Read et al., 1988) analysis was
performed to understand the hyper conjugation interaction, which chiefy contributes
for stabilization of BEN and BENHCI compound. With NBO analysis, the role of
intermolecular orbital interactions or exchange transfer within a molecule is
understood. It is calculated by taking into account all possible interactions between
occupied donor and empty acceptor NBOs. Additionally, their energetic importance is
predicted by second-order perturbation theory.

2.2. Result and Discussion

When the length of each bond is the same as the optimal value Rrer, HOMA is equal to
1 and the ring is completely aromatic. If HOMA is equal to 0, the ring is not aromatic;
if it is negative, the ring is anti-aromatic.

A decrease in the aromatic character of the n-electron system can be recognized by the
increase in bond length change and the observed increase in the average bond length of
the respective system.

In the DFT method, HOMA and BIRD indices in gas, n-octanol, DMF and water phases
are calculated with B3LYP functionals and 6-311G(d,p) basis set and are given in Table
1 and Table S2-S4. The HOMA indices of the phenyl group of the BEN compound in
the gas, n-octanol, DMF and water phases were found to be 0,986921, 0,982769,
0,982299 and 0,9822, respectively. The difference between the HOMA value of the
phenyl group of the BEN compound in the gas phase and the HOMA values in n-
octanol, DMF and water environments is very small and is, found to be as 0,004152,
0,004622 and 0,004721.
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The HOMA indices of the nitrophenyl group of the compound BEN in the gas, n-
octanol, DMF and water phases were found to be 0,988998, 0,987661, 0,987495,
0,987461, respectively. The difference between the HOMA value of the nitrophenyl
group of the BEN compound in the gas phase and the HOMA values in n-octanol, DMF
and water environments is very small and is found to be as 0,001337, 0,001503 and
0,001537, respectively.

As the dielectric constant of the medium increased, a slight decrease was observed in
the aromaticity of the phenyl group and nitrophenyl group in the BEN compound.
However, a slightly irregular change was observed in the BENHCI compound (Gajda
et al., 2018). Since the aromaticity values of the phenyl and nitrophenyl groups of BEN
and BENHCI compounds are close to 1, HOMA analysis shows that they have
relatively strong aromaticity. In BEN and BENHCI compounds, the HOMA values of
the nitrophenyl group are higher than the HOMA values of the phenyl group. This
excess was found as 0,002077, 0,004892, 0,005196, 0,005261 for the BEN compound
and 0,001083, 0,004274, 0,004892, 0,004543 for the BENHCI compound in gas, n-
octanol, DMF and water environments.

In compound BEN, it was observed that as the dielectric constant of the medium
increased, the aromaticity difference increased slightly in Table 1 and Table S.2-S.4.

Table 1. HOMA and BIRD Values of BEN and BENHCI Compounds
in Gaseous Phase

Comp | Group | Atoms Contribution | Bond Lengths | N-term Bond Lengths
C32-C25 -0,00176 1,394405 1,787283 1,394405
C25-C19 -0,00297 1,39631 1,777747 1,39631
= C19-C24 -0,00515 1,398955 1,764574 1,398955
E C24-C31 -0,00049 1,391371 1,802555 1,391371
A~ C31-C35 -0,00199 1,394801 1,7853 1,394801
C35-C32 -0,00072 1,392099 1,798884 1,392099
E Aromaticity HOMA 0,986921 BIRD 97,85646
=) C36-C33 -0,00025 1,390401 1,807459 1,390401
= C33-C27 -0,00016 1,389932 1,809832 1,389932
E C27-C22 -0,00212 1,395022 1,78419 1,395022
= C22-C28 -0,00672 1,400506 1,75688 1,400506
E C28-C34 -0,00157 1,394036 1,789136 1,394036
z C34-C36 -0,00019 1,390125 1,808855 1,390125
Aromaticity HOMA 0,988998 BIRD 96,82656
C32-C25 -0,00169 1,394273 1,787946 1,394273
C25-C19 -0,00307 1,396449 1,777057 1,396449
=S C19-C24 -0,00506 1,398851 1,76509 1,398851
_§ 24C-C31 -0,00053 1,391516 1,801822 1,391516
A~ C31-C35 -0,00194 1,394726 1,785678 1,394726
) C35-C32 -0,00077 1,392235 1,798198 1,392235
= Aromaticity HOMA 0,986943 BIRD 97,9114
E C36-C33 -0,00054 1,391534 1,80173 1,391534
R = C33-C27 -0,00047 1,391323 1,802797 1,391323
E C27-C22 -0,00158 1,394058 1,789027 1,394058
= C22-C28 -0,00753 1,401244 1,75323 1,401244
= C28-C34 -0,00178 1,394438 1,78712 1,394438
z C34-C36 -0,00073 1,389302 1,813023 1,389302
Aromaticity HOMA 0,988026 Bird 96,79117
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The calculated BIRD indices of the phenyl group of the compound BEN in the gas, n-
octanol, DMF and water phases were found to be 97,85646, 97,7685, 97,75407 and
97,74762, respectively. The difference between the BIRD value of the phenyl group of
the BEN compound in the gas phase and the BIRD values in n-octanol, DMF and water
environments is very small and was found to be 0,08796, 0,10239 and 0,10884,
respectively.

Aromaticity was assessed at the same level of theory as: geometry-based HOMA of
aromaticity, PDIs, FLU (Matito et al., 2005; Krygowski, 1993; Kruszewski &
Krygowski, 1972; Poater et al., 2003).

In the DFT method, FLU, PDI, PLR indices of BEN and BENHCI compounds in gas,
n-octanol, DMF and water phase with B3LYP functionals and 6-311G(d,p) basis set are

calculated and given in Table 2-Table 4.

Table 2. FLU Values of BEN and BENHCI Compounds in Gas, n-octanol,
DMF and Water Environment

Phase BEN BENHCI

Phenyl Nitrophenyl Phenyl Nitrophenyl
Gas 0,000908 0,002913 0,000901 0,003198
n-octanol 0,000909 0,00306832 0,000916 0,003422
DMF 0,000910 0,003084 0,000916 0,003446
Water 0,000910 0,003087 0,000915 0,003451

Table 3. PDI Values of BEN and BENHCI Compounds in Gas, n-octanol,
DMF and Water Environment

PDI1 BEN BENHCI

Phenyl Nitrophenyl Phenyl Nitrophenyl
Gas 0,101226 0,091941 0,101181 0,090456
n-octanol | 0,101343 0,091098 0,101256 0,089383
DMF 0,101352 0,091015 0,101267 0,089274
Water 0,101353 0,091000 0,101269 0,089253

Table 4. PLR Values of BEN and BENHCI Compounds in Gas, n-octanol,
DMF and Water Environment

PLR BEN BENHCI

Phenyl Nitrophenyl Phenyl Nitrophenyl
Gas 0,609000 0,549424 0,609012 0,537577
n-octanol 0,608863 0,542532 0,608711 0,528510
DMF 0,608828 0,541857 0,608694 0,527615
Water 0,608819 0,541732 0,608689 0,527444

The correlation between the HOMA values of the phenyl and nitrophenyl groups of
BEN and BENHCI compounds and the FLU, PDI and LPR values were examined and

given in Figure 2-Figure 4.
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In compound BEN, the correlation coefficient between HOMA values and FLU, PDI
and LPR for the phenyl group was found to be 0,8435, 0,9986 and 0,986, respectively,
and for the nitrophenyl group, 0,9996, 0,9994 and 0,9994, respectively. The close
similarity between them can be partially attributed to the fact that FLU was created to
some extent follow the HOMA philosophy, that is, to measure aromaticity by
comparing it with the values of an aromatic substance (Pasban et al., 2016). NBO
analysis is an effective method used to study intra- and intermolecular bonding,
conjugate interactions and charge transfer. The larger the E, value, the stronger the
interaction between the electron donor and electron acceptor. Delocalization of electron
density between electron-filled Lewis-type NBO orbitals and electron-empty non-
Lewis orbitals corresponds to a stable acceptor-donor interaction (Foster & Weinhold,
1980). NBO analysis has proven to be an effective tool for the chemical interpretation
of hyperconjugative interaction and electron density transfer from the unpaired
electron. These changes in electron density are called "delocalization" corrections to
the zero-order native Lewis structure, a stabilizing donor-acceptor interaction. It has
been used to consider the different quadratic perturbation energies (E») between
occupied orbitals of one subsystem and unoccupied orbitals of another subsystem,
predicting delocalization or hyperconjugation. The stabilization energy associated with
delocalization for each donor (i) and acceptor (j) can be calculated from the equation
given below:

Fizj
B2 = ARy =aqiG0s (1)

i, Ei Fjj indicate donor orbital occupancy, diagonal NBO Fock matrix elements, and
non-diagonal NBO Fock matrix elements, respectively. Interactions greater than or
close to 5 kcal.mol™! in gas, n-octanol and water environments for molecules of BEN
and BENHCI compounds are given in Table 5 and Table S.4. The occupancy rate and
hybritization of unshared electron pairs are given in Table 6. The strong intramolecular
hyperconjugative interaction of the C33—C36 bond of the compound BEN is formed
by the overlap of the tC33—C36 bonding orbital with the n*O5—N9 antibonding orbital,
the ©*C22—C27 antibonding orbital and the n*C28—C34 antibonding orbital in the gas
phase, and the electron density increases by 0,61996, 0,31343, and 0,30309, leading to
stabilization energy of 25,06, 20,27, and 16,81 kcal.mol™!, resulting in intramolecular
charge transfer leading to stabilization of the molecule. This stabilization energy is
28,53, 28,91 and 28,13 kcal.mol™! in the interaction of the ©C33—C36 bonding orbital
and the n*O5—N9 antibonding orbital in the n-octanol, DMF and water phases,
respectively. The overlap of the nC33—C36 bonding orbital and the w*C22-C27
antibonding orbital is 20,12, 20,11 and 19,95, and the overlap of the nC33—C36
bonding orbital and the n*C28—C34 antibonding orbital is 16,53, 16,51 and 16,29
(Table 5).
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Table 5. Second Order Perturbation Theory Analysis of Fock Matrix in BEN

Compound Based on NBO
Bonds | Bonding Bonds Ant.l Occupancy| Gas |n-octanol| DMF | Water
bonding

02-C18 T C17-C21 * 0,22837 4,94 4,69 4,66 4,66

05-N9 T LP(3)06 1,45495 12,37 12,11 12,09 12,09

0O5-N9 T 05-N9 * 0,61996 7,52 7,56 7,56 7,57
Cle6-C17 c C21-C26 c* 0,01851 5,41 5,21 5,18 5,39
C16-C20 c C23-C30 c* 0,01804 5,25 5,06 5,05 4,32
Cl17-C21 T 02-C18 * 0,10065 22,28 23,86 24,07 | 24,11
C19-C25 T C24-C31 * 0,31444 19,41 19,41 19,41 19,41
C19-C25 m C32-C35 n* 0,32677 20,62 20,6 20,60 20,6
C20-C23 T 04-C29 * 0,02368 21,44 23,27 2347 | 23,51
C22-C27 m C28-C34 n* 0,30309 20,48 20,39 20,38 | 20,38
C22-C27 T C33-C36 * 0,38927 21,86 21,71 21,69 | 21,69
C24-C31 m C19-C25 n* 0,35134 21,48 21,32 21,30 | 21,41
C24-C31 T C32-C35 * 0,32677 20,36 20,14 20,11 20,29
C27-C33 c C33-C36 o* 0,02368 5,43 5,47 5,47 5,53
C28-C34 T C22-C27 * 0,31343 19,58 19,61 19,61 19,21
C28-C34 m C33-C36 * 0,38927 24,29 24,74 24,78 | 25,09
C30-H58 c C20-C23 ¥ 0,21836 5,63 5,73 5,74 5,69
C32-C35 T C19-C25 * 0,35134 20,08 20,03 20,02 | 20,11
C32-C35 m C24-C31 n* 0,31444 20,19 20,29 20,31 20,3
C33-C36 c C27-C33 c* 0,02371 5,55 5,6 5,60 5,63
C33-C36 m 05-N9 * 0,61996 25,06 28,53 28,91 28,13
C33-C36 T C22-C27 * 0,31343 20,27 20,12 20,11 19,95
C33-C36 m C28-C34 * 0,30309 16,81 16,53 16,51 16,29
C34-C36 c N9-C33 c* 0,10829 4,87 4,92 4,92 4,87
C36-H65 c C27-C33 c* 0,02371 4,95 4,95 4,95 4,94
LP(2)01 02-C18 * 0,10065 42,5 44,28 44,49 | 42,95
LP(2)02 01-C18 o* 0,10019 31,42 30,22 30,07 | 31,16
LP(2)02 C17-C18 o* 0,05911 16,22 15,66 15,59 16,22
LP(1)03 04-C29 o* 0,01805 6,14 6,24 6,24 6,15
LP(2)03 04-C29 * 0,29315 44,59 45,33 45,38 44,5
LP(2)04 03-C29 o* 0,10065 31,85 31,02 30,95 | 31,92
LP(2)04 C20-C29 o* 0,06150 16,67 16,1 16,03 16,73
LP(2)05 06-N9 o* 0,05591 18,86 18,75 18,74 19,56
LP(2)05 N9-C33 o* 0,10829 13,13 12,53 12,48 13,42
LP(2)06 05-N9 o* 0,05480 18,67 18,65 18,66 13,48
LP(2)06 N9-C33 c* 0,10829 13,02 12,45 12,40 144
LP(3)06 05-N9 w* 0,61996 161,07 157,9 157,66 | 137,41
LP(1)N7 C12-H42 o* 0,03746 7,95 7,81 7,79 7,96
LP(1)N7 C14-H45 o* 0,03871 7,98 7,65 7,60 7,95
LP(1)N7 C15-H47 o* 0,03339 7,64 7,40 7,37 7,61
LP(1)N8 C17-C21 w* 0,22837 36,84 38,36 38,55 7,95
LP(1)N8 C20-C23 n* 0,21836 35,94 38,04 38,29 | 36,85
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Table 6. Hybridization of Unshared Electron Pairs in The BEN Compound

Occupancy Hybridisation

LP(2)0O1 1,80995 p p(99,96%)

LP(2)02 1,85116 p p(99,93%)

LP(1)0O3 1,96559 sp'-% $(39,12%), p(60,85%)
LP(2)03 1,79534 p p(99,95%)

LP(2)04 1,84767 p p(99,92%)

LP(2)0O5 1,89923 p p(99,90%)

LP(2)06 1,90029 p p(99,90%)

LP(3)06 1,45495 p p(99,88%)

LP(1)N7 1,87087 sp>* s(14,40%), p(85,57%)
LP(1)N8 1,66339 sp**? s(0,88%), p(99,12%)

The strong intramolecular hyperconjugative interaction of the C33—C36 bond of the
compound BENHCI is formed by the overlap of the ®C33—C36 bonding orbital with
the m¥*O5-N9 antibonding orbital, the n*C22—C27 antibonding orbital, and the
n*C28—C34 antibonding orbital. This leads to stabilization energy of 28,13, 19,95 and
16,29 kcal.mol ! in the gas environment, which results in intramolecular charge transfer
that causes stabilization of the molecule.

This results in intramolecular charge transfer resulting in stabilization of the molecule.
This stabilization energy is 31,96, 32,39, and 32,47 kcal.mol ™! in the interaction of the
nC33—C36 bonding orbital and the 7*O5—N9 antibonding orbital in the octanol, DMF
and water phases, respectively, and The overlap of the the tC33—C36 bonding orbital
and n*C22—C27 antibonding orbital was found to be 19,95, 19,95, 19,94 and 19,94,
and the overlap of the C33—C36 bonding orbital and the n*C28—C34 antibonding
orbital is found to be 16,07, 16,05 and 16,05 kcal.mol™', respectively. The overlap of
nC28—C34 bonding orbitals with 7*C22—C27 and n*C33—C36 antibonding orbitals led
to 19,21 and 25,09 kcal.mol™! stabilization in the gas environment, 19,24 and 25,59
kcal.mol™ in the octanol environment, 19,23 and 25,62 kcal.mol™ in DMF medium
and 19,23 and 25,63 kcal.mol ! in water (Table S.4).

According to the NBO analysis of the BEN compound in the gas phase, the second of
the unshared electron pairs of the O atoms has a p character. The unshared first electron
pair of the O3 atom has sp'-* character. The third unshared electron pair of the O6 atom
has p character. The hybridization of the first unshared electrons of N7 and N8 atoms
is sp>°* and sp®>%, respectively, and their occupancy is 1,87087 and 1,66339. Unshared
electron pairs cause strong stabilization (Table 6). Therefore, p orbitals, which are
unshared electron pairs, interact by donating electrons to the orbitals opposite the bond.
The strongest stabilization energy was seen in the LP(3)0O6— n*O5-N9 interaction,
where the electron density increased by 0,61996 and the stabilization energy was found
to be 161,07 kcal.mol™'. The stabilization energy calculated in n-octanol, DMF and
water phases were 157,9, 157,66 and 137,41 kcal.mol™!, respectively, and as the
dielectric coefficient of the medium increased, the stabilization energy decreased.
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In the interaction of LP(2)06—c*05-N9 and o*N9-C33, the electron density
increased by 0,05480 and 0,10829 and the stabilization energy became 18,67 and 13,02
kcal.mol!. Calculated stabilization energies in the n-octanol, DMF and water phase in
the LP(2)O6—c*05-N9 interaction are 18,65, 18,66 and 13,48 kcal.mol!,
respectively. In the LP(2)0O6—c*N9-C33 interaction, the stabilization energies
calculated in n-octanol, DMF and gas phase are 12,45, 12,40, 14,4 kcal.mol !,
respectively.

NLO effects arise from the interactions of electromagnetic fields in various
environments (Sun et al., 2009). NLO is at the forefront of current research due to its
importance in providing essential functions such as frequency shifting, optical
modulation, optical switching, optical logic, and optical memory for emerging
technologies in areas such as telecommunications, signal processing, and optical
interconnects (Andraud et al., 1994; Geskin et al., 2003; Dege et al., 2013).

In order to investigate the relationships between molecular structures and NLO
properties, the dipole moment, polarizability and first-order hyperpolarizability of the
BEN compound, in gas, n-octanol, DMF and water media was calculated with B3LYP
functional and 6-311G(d,p), 6-311++G(d,p) and 6-311++G(2d,2p) and for BENHCI
only 6-311G(d,p) was used.

The electric dipole moment, a vector quantity significantly affected by molecular
symmetry and flexibility, characterizes both the magnitude and direction of electric
charge separation within the molecule and is equal to the vector sum of the electric
dipole moments of the individual bonds. If there is perfect symmetry in a molecule's
structure and charge distribution, individual bond moments will cancel each other,
causing the overall dipole moment to disappear. However, if the molecule is not
symmetrical, the dipole moment increases, reflecting the increased charge separation
within the molecule.

The dipol moment of the compound BEN, in the gas, n-octanol, DMF, and water phase
calculated with B3LYP functional and basis sets 6-311G(d,p), 6-311++G(d,p),
6-311++G(2d,2p), and the dipol moment of the compound of the BENHCI compound
calculated in the gas, n-octanol, DMF, and water phases with the B3LYP functional and
6-311G(d,p) basis set are given in Figure 5.
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Figure 5. Dipole Moment Values of The Compound BEN and BENHCI
in Debye Units

As seen in Figure 5 the dipole moment (i) of the BEN compound varies depending on
the basis set used (Alhanzal et al., 2023). The fact that the dipole moment value of the
BENHCI compound is higher than the dipole moment value of the BEN compound
shows that it affects the charge distribution of the HCI group.

The dipole moment values of the BEN molecule when we pass from gas to n-octanol,
from gas to DMF and from gas to water, increases 1,37 (23,29%) respectively; 1,53
(20,72%), 1,57 (26,70%), respectively, while that of the BENHCI molecule increases
to 0,89 (10,79%), 1,00 (10,86%) 1,03 (12,47%), respectively.

The polarizability, kappa and anisotropic polarizability of the compound BEN, in the
gas, n-octanol, DMF, and water phase calculated with B3LYP functional and basis sets
6-311G(d,p), 6-311++G(d,p), 6-311++G(2d,2p), and the dipol moment, the
polarizability, kappa and anisotropic polarizability of the compound of the BENHCI
compound calculated in the gas, n-octanol, DMF, and water phases with the B3LYP
functional and 6-311G(d,p) basis set are given in Figure 6-Figure 8.

The response of a system to an applied electric field is called polarizability. They
determine not only the strength of molecular interactions (long-range intermolecular
induction, dispersion forces, etc.) and the cross-sections of different scattering and
collision processes, but also the nonlinear optical properties of the system (Safronova
et al., 2015).

From Figure 6, it was found that the polarizability of BEN and BENHCI compounds
changed with the addition of the solvent phase. Additionally, there is a visible change
in the polarization values of both molecules from the gas phase to the solvent phase.

The polarizability of atoms and molecules and the concepts of hardness and softness
are closely linked. It is assumed that softness and polarizability are related. Soft
molecules can be polarizable more easily. The fact that the polarizability value of the
BENHCI compound is higher than the polarizability value of the BEN compound
means that the BENHCI compound is softer.
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Figure 6. Polarisibility Values of The Compound BEN and BENHCI (107** esu)

Calculated polarizability for BEN and BENHCI in different basis sets shows that the
polarizability gradually increases as we go from lower dielectric constant to higher
dielectric constant that supports that as the polarity of the solution increases, the
reactivity of the molecule increases, and this is due to the fact that HOMO and LUMO
orbitals are affected differently in solvents with different dielectric coefficients (Khan
et al., 2017).

Both isotropic polarization and anisotropy are used to understand how functional
groups act as sources of linear optical responses. It is used to determine how they
interact with each other in a way that strengthens the macroscopic optical behavior
within the material and how non-covalent interactions such as covalent bonds and
hydrogen bonds determine refractive indices and birefringence (Liu & Ueda, 2009; Jose
et al., 2023).

The anisotropy of BEN and BENHCI molecules increased in the transition from the gas
phase to the solvent phase. In the calculations made with the 6-311G(d,p) basis set, this
increase was found to be 31,98% in the BEN molecule and 31,35% in the BENHCI
molecule.
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Figure 7. Anisotropic Polarizability Values of The Compound BEN and BENHCI
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Kappa values give a measure of deviations from spherical symmetry. In a spherically
symmetric charge distribution, the Kappa value will be zero (Hinchliffe et al., 2004).
Kappa values calculated in gas, n-octanol, DMF and water phases are given in Figure
7.
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Figure 8. Kappa Values of The Compound BEN and BENHCI

Calculation results showed that both BEN and BENHCI compounds had high
hyperpolarization values. The hyperpolarizability value of the carbamide molecule was
found to be 0,1944x10-* esu and in the calculation made with the 6-311G(d,p) basis set
for those of BEN and BENHCI compound were found as 1,146 and 6,341x10- esu,
respectively, (Figure 9).
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Figure 9. Hyperpolarisibility Values of The Compound BEN and BENHCI

These values are 10 times higher than the hyperpolarizability values of carbamide.
Therefore, it has a good NLO feature. The hyperpolarizability values of the BENHCI
compound are greater than the hyperpolarizability values of the BEN compound. The
magnitude of hyperpolarizations depends on the chemical reactivity and structural
properties of the molecule. The large value of the first hyperpolarizability (B), a
measure of nonlinear optical activity, is attributed to the intramolecular charge transfer
that occurs due to the movement of the electron cloud from the electron donor to the
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acceptor groups through a n-conjugated framework (Chen et al., 2014; Varghese et al.,
2019).

3. CONCLUSION

The aromaticity of BEN and BENHCI compounds were evaluated indices of
aromaticity such as HOMA, BIRD, PDI, PLR, NLO and FLU. NBO calculations
reveals that BEN and BENHCI compounds have types of interactions like c—oc*,
n—n*, c—n* and lone pair of O and N atoms — ©*. Dipole moment, polarizability,
anisotropic polarizability, and hyperpolarisibility values of the BENHCI compound is
found higher than the polarizability value of the BEN compound. Dipole moment,
polarizability, anisotropic polarizability, and hyperpolarisibility values vary depending
on the basis set used.
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Abstract

Sehir igme sularinda bulunan olast bazi agir metaller,
sularda yiiksek oranlarda bulunduklarinda, canlilar i¢in
zararlt etkilerde bulunabilmektedir. Isparta igme sular
orneginde yapilan bu calijmanin amaci, sehir igme
sularinda bulunabilecek bakir, demir ve kadmiyum gibi
agir metallerin bir ligand ile komplekse alinarak,
olusturulacak bu komplekslerin  UV-goriiniir  bolge
spektroskopisinde analizlerini yapmak ve elde edilen
verilere en kiigiik kareler kalibrasyon yontemini (PLS)
uygulamaktir. Oncelikle kalibrasyon derisim seti 32 adet
olacak sekilde hazirlanarak ¢alisilan agir metallerin
arasindaki iligkiler belirlenmistir. Takiben 15 adet
validasyon seti hazirlanarak sonuglarin uygun olup
olmadigi belirlenmistir. UV-goriiniir
spektrofotometresinden elde edilen sayisal verilerin
degerlendirilmesi de gii¢lii bir kemometrik yontem olan
PLS ile yapilmis ve dogru, hassas ve tekrarlanabilir
sonuglar elde edilmistir.

Anahtar Kelimeler: Agir metaller, UV-goriiniir bolge
spektroskopisi, en kiigiik kareler kalibrasyon yontemi.

Some possible heavy metals found in city drinking water
can have harmful effects on living things when they are
found in high amounts in water. The aim of this study,
conducted on the Isparta drinking water sample, is to
complex heavy metals such as copper, iron and cadmium,
which may be found in city drinking water, with a ligand,
to analyze these complexes in UV-visible region
spectroscopy and to apply the least squares calibration
method (PLS) to the data obtained. First of all, the
calibration concentration set was prepared as 32 pieces
and the relationships between the heavy metals studied
were determined. Subsequently, 15 validation sets were
prepared and it was determined whether the results were
appropriate or not. The evaluation of the numerical data
obtained from the UV-visible spectrophotometer was
made with PLS, a powerful chemometric method, and
accurate, sensitive and reproducible results were obtained.

Keywords: Heavy metals, UV-vis spectrophotometry,
partial least square calibration method.
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1. GiRiS

fgme suyu politikalar1 ve arastirmalari birbiriyle yakindan baglantihdir. Igme
suyundaki toksik iriinlerin tanimlanmasi ve kontrol edilmesinde son 25 yilda
kaydedilen bilimsel ilerlemeler sayesinde diizenlemeler, halk sagliginin su kaynakl
hastaliklardan korunmasini biiyiik 6l¢iide iyilestirecek sekilde gelistirildi (Quevauviller
&e Thompson, 2006). Giinlimiizde igme suyunun kalite kontrolii biiyiik onem
tasimaktadir. igme suyu iiretimi icin genellikle yiizey suyu veya yeralt1 suyu alimlar
kullanilmaktadir. Iyi ve giivenli igme suyu sadece hijyen gerekliliklerini karsilamamal,
ayn1 zamanda lezzetli, temiz, tortu ve kotii koku igermemelidir. igme suyunda ii¢ ana
kirletici bulunmaktadir. Bunlar, suyun dagitimi ve depolanmasi ile su aritma
proseslerinden kaynaklanan endiistriyel ve tarimsal kirlilikten kaynaklananlardir
(Utylska ve ark., 2021). Bu kirleticilerin insanlar {izerindeki en 6nemli zararlarindan
biri kanser gibi saglik sorunlarina yol agabilen metaller ve metaloidlerdir. Cinko, demir,
selenyum, krom, kobalt, vanadyum veya bakir gibi bazi metaller ve metaloidler,
insanlarin diizgiin biiyiimesi igin gerekli elementlerdir ancak bunlarin viicutta asiri
birikmesi istenmeyen sonuglara neden olabilir. Gelisen teknoloji ve sanayilesmeyle
birlikte Cd, Cu, Pb, gibi elementlerden kaynaklanan g¢evre kirliligi her gegen giin
artarak sadece insan yasamini degil, diger tiim canlilar1 ve bitkileri de tehlikeye
atmaktadir. Kentlesme, endiistriyel gelisme ve yogun trafik kosullari da nehirlerde,
okyanuslarda, yeraltinda vb. sularin agir metallerle kirlenmesine neden olur (Melek ve
ark., 2006, Silva ve ark., 2009, Altundag ve ark., 2015).

Kursun, insan viicudunda uzun siireli maruziyetle ciddi saglik sorunlarina yol agabilen
toksik bir agir metaldir. Normalde viicutta bulunmasi istenmeyen kursun, gesitli
nedenlerle (6rnegin, g¢evresel maruziyet, kirli su veya yiyecek tiiketimi) viicuda
girebilir. Insan viicudundaki kursun diizeylerinin 25 pg/dL'nin altinda olmas1 genellikle
ciddi saglik sorunlari olusturmayacak kabul edilen bir smirdir. Ancak, bu seviyenin
iizerinde kursun birikimi, 6zellikle ¢ocuklar i¢in beyin ve sinir sistemi gelisimini
olumsuz etkileyebilir ve yetiskinlerde ise bobrek hasari, yiliksek tansiyon gibi
problemlere neden olabilir. Bundan daha fazla kursun birikmesi durumunda kursun
zehirlenmesi denen olay meydana gelebilir ve bu da istenmeyen bir ¢ok kotii sonuglar
dogurabilir (Demir ve ark., 2014). Bakir, hayati 6neme sahip bir mineral oldugundan
tim canlilar hayatlarini siirdiirebilmek igin bakira gereksinim duyarlar. Normal bir
yetiskinde yaklagtk 50-120 mg bakir bulunur (Johnson & Larry, 2008). insan
viicudunda bakir 6zellikle kas, kemik ve karacigerde bulunur (Bremner & Beattie,
1995). Kadmiyumun viicuda havadan soluma yoluyla, besinlerle ve sigara ile girdigi
tespit edilmistir (Boga, 2007). igme suyundan alinabilecek olan deger ise maksimum
0,006 mg/mL dir (Hayes, 1997).

Bu ¢alismada, igme suyunda bulunabilecek bazi agir metallerin belirlenmesi amaciyla
amonyum pirolidin ditiyokarbamat (APDC) selatlastiricist kullanilmisti. APDC'nin
amac1 incelenen metallerin kat1 fazini olusturmak ve metal iyonlari ile kararli yapilar
olugturmaktir. Bu nedenle selatlayict olarak kullanilan APDC ile Pb, Cu ve Cd
metallerinin kompleksleri olusturulmus ve geri kazamimlar1 incelenmistir. APDC
(amonyum pirolidin ditiyokarbamat, CsH2N»S,, 165 g/mol), Sekil 1'de goriildiigii gibi
kiikiirde bagli amin grubu araciligryla metal iyonlar1 ile kompleksler olusturabilen
gliclii anti-oksidasyona sahip bir selattir. Bu 6zelligi ile yaygin olarak kullanilmaktadir
(Malissa & Schoeffmann, 1955).
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Icme suyunda bulunan agir metal iyonlarinin insan saghg iizerindeki olasi zararli
etkileri ve ek ¢evresel toksisite nedeniyle, bu tiir potansiyel zararli metallerin tespitine
yonelik hassas, basit ve tekrarlanabilir analitik yontemlerin gelistirilmesi 6nemlidir. Bu
amagla bakir, kursun ve kadmiyumun kombine tayini i¢in literatiirii arastirdigimizda
pek ¢ok yontem dikkatimizi ¢ekmektedir. Bunlar arasinda atomik absorpsiyon
spektrofotometrisi (AAS) (Bagheri ve ark., 2012), ICP- OES (Smirnova ve ark., 2021),
elektrokimyasal sensér (Zhang ve ark., 2023) ve spektrometri (Vukovic ve ark., 2007)
yer alir.

Son yillarda kemometrik ¢aligmalarda yasanan gelismeler, karsilastigimiz karmasik
sistemleri kolaylikla ¢dzebilecek ¢cok degiskenli kalibrasyonlarin gelistirilmesine yol
acmistir. Bu yontemlerle birden fazla bilesen igeren numunelerdeki bilesenler, birgok
dalga boyu (Martens & Naes, 1992) kullanilarak niceliksel olarak kolaylikla
belirlenebilmektedir. Bu ¢aligmanin amaci ayni ortamda bulunan bazi agir metal
iyonlariin bir arada kompleks olusturarak tespit edilmesidir. Agir metallerin bireysel
tespitlerinde, ayirma ve maskeleme sirasinda matris ortaminda bulunabilecek tiirlerin
bir kismi1 analite en azindan kismen benzerdir ve ayirma islemi sirasinda bir miktar
analit ortamdan uzaklastirilabilir. Boyle durumlarda hata yapma gercegiyle karsi
karsiya kalmabilmektedir (Zarei ve ark., 2006). Dolayisiyla ¢aligmalarda {izerinde
durulan metallerin bir arada oldugu sentetik matriks ortamlari olusturulmus ve giiclii
bir kemometrik yontem olan en kiigiik kareler kalibrasyon yontemi kullanilarak
herhangi bir 6n ayrim yapilmadan bunlarin tespiti basariyla yapilmistir.

2. MATERYAL VE METOT
2.1. Kullanilan Cézeltiler

Deneylerde (Genger, 2023) analitik saflikta kimyasallar kullanildi. Kullanilan maddeler
kursun asetat trihidrat, kadmiyum asetat dihidrat ve bakir nitrat trihidrat bakir (II) nitrat,
pH calismalarinda kullanilan hidroklorik asit, potasyum kloriir, asetik asit, sodyum
asetat, amonyum kloriir ve amonyak maddeleri Merck ve Aldrich markalarinin saf
maddeleridir. Tiim maddelerin stok c¢ozeltileri 100 ppm olarak hazirlandi ve bu
maddeler esas alinarak deneyler yapildi. 2g APDC tartild: ve 100 mL'ye tamamlanacak
sekilde az miktarda metanol igerisinde ¢oziildii.
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2.2. Cihaz

Calismada hazirlanan ¢ozeltilerin - spektrumlart UV 1700 PHARMASPEC
SHIMADZU cihazinda elde edildi. Elde edilen spektrum degerleri igme suyundaki
bakir, kursun ve kadmiyum miktarlarinin belirlenmesine ve sonuglarin kemometrik
olarak degerlendirilmesine yardimci oldu.

2.3. Deneysel Yontem

Calismada oOncelikle olusturulacak komplekslerin en uygun parametre g¢alismalari
yapilarak optimum kosullar saglandi. Takiben metallerin spektrumlar1 6nce bireysel,
daha sonra da karisimlar hazirlanarak alindi. Spektrumlardan alinan veriler PLS
kalibrasyon yontemi ile degerlendirildi. Bu iglem sirasinda stoklardan derigimleri 2-10
ppm araliginda hazirlanan metallerin son hacmi 25 mL’ye tamamlanarak ¢ozeltiler
hazirlandi ve spektrumlart alindi. Daha sonra her madde farkli ama birbirine yakin
dalga boylarinda maksimum verdigi i¢in saf maddelerden olusturulan sentetik
karigimlarin UV spektroskopisinde absorbans okumalar1 yapildi ve maddeler herhangi
bir 6n ayirmaya gerek kalmadan yan yana incelendi. Son asamada hazirlanan sentetik
numune ¢ozeltileri incelenerek, validasyonu yapilan yontem su numunelerine basarili
bir sekilde uygulandu.

3. SONUCLAR VE TARTISMA

Bu tip c¢alismalarda segilen matriks ortamimni en ¢ok etkileyen parametre ortamin
pH’sidir. Her bir metalin APDC ile etkilesmesi, sonucu olusan komplekslerin
davranigini en ¢ok etkileyen pH’dir. Segilen ii¢ agir metalin tayinlerinde en uygun pH’
y1 bulmak igin gesitli pH’larda deneyler yapilmis ve en uygun pH degeri 10,0 olarak
tespit edildi. Farkli metallerle ve farkli ligandlarla olusturulan kompleks ¢aligmalarinda
bu pH degeri 4,0 (Aktas & Mutlutiirk, 2014) bir baska ¢aligmada ise pH degeri yine 4,0
olarak bulundu (Kaba & Aktag, 2014). Kozmetik {iriinlerindeki agir metallerin PAR
ligand: ile yaptig1 kompleksleri tayin etmek i¢in bulunan en uygun pH degeri de 10,0
olarak bulundu (Aktas & Aydm, 2016). Bu islem i¢in pH 6,0 ile 10,0 arasinda
olusturulan ¢6zeltilerin yapilan spektrum ¢aligmalarinin grafikleri Sekil 2 ile Sekil 4°de
gosterildi. Grafiklerden de goriildiigii lizere en yiiksek absorbans degerleri pH 10,0 da
goriildiigiinden dolay1 ¢alismanin pH’1 10,0 olarak kabul edilerek kalibrasyon ve
validasyon iglemlerine gecildi.
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Surface Plot of Absorbans vs pH; Dalga boyu
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Sekil 2. Cd2+-APDC Kompleks Olusumunda pH’nin Etkisi

Surface Plot of Absorbans vs pH; Dalga boyu

Absorbans

105
0,0 9,0
pH

200
400 6,0
Dalga boyu

Sekil 3. Pb2+-APDC Kompleks Olusumunda pH’nin Etkisi
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Surface Plot of Absorbans vs pH; Dalga boyu

Absorbans

600
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Sekil 4. Cu2+-APDC Kompleks Olusumunda pH’nin Etkisi

Bu islem tamamlandiktan sonra metal derisimi-absorbans iliskisi ¢aligmalar1 yapildi.
10 ppm'lik metal g¢ozeltilerinden sirastyla 0,5; 1,0; 1,5; 2,0 ve 2,5 pmm alinarak
komplekslestirici ve pH tamponu eklenerek spektrofotometrede spektrum alindi. Tablo
1'de gosterildigi gibi her metal kompleksinin maksimum absorbansi verdigi dalga boyu,
kalibrasyon denklemi ve korelasyon katsayist belirlendi.

Tablo 1. Olusturulan Metal Komplekslerinin Verileri

Metal Maksimum . . Korelasyon
kompleksi absorbans Kalibrasyon denklemi katsay?s1
Pb?"-APDC 339,3 nm y=0,0355x+0,1933 0,9763
Cu**-APDC 346,2 nm y=0,1492x-0,0694 0,9926
Cd**-APDC 344,5 nm y=0,053x+0,2774 0,9870

Calismada bundan sonraki asama spektral kosullarin optimizasyonu olarak belirlendi.
Spektrofotometrik calismalarda olusturulan kompleksler i¢in bu ¢alismada en uygun
¢oziiciiniin 0,1 M HCL ¢oziiciisii olduguna karar verildi. Pb™-APDC, Cu™2-APDC,
Cd*>-APDC komplekslerinin ve bunlara karsilik gelen karisimlarin 0,1 M HCL i¢indeki
spektrumlart 305-445 nm dalga boyu araliklarinda Sl¢iildi (Sekil 5). Sekil 5'dende
goriildiigi tizere her ii¢ bilesigin de aynmi dalga boyu araliginda spektrum degerleri
verdigi goriildii. Bundan dolay1 klasik spektroskopik islemlerle her ii¢ bilesigin ayn1
anda miktarinin belirlenmesi olas1 olamayacagindan PLS kemometrik ydntem
kullanildi.
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Sekil 5. Pb*2--APDC, Cu"2-APDC ve Cd*>-APDC ile Ug Bilesige Kars1 Gelen
Karisimin Absorpsiyon Spektrumlari (0,1 M HCl i¢inde)

Calismanin bu asamasinda elde edilen spektroskopik verilere en kiiglik kareler
kalibrasyon (PLS) yontemi uygulandi. Bu amagla PLS yonteminin validasyonu igin
Pb?"-APDC, Cu?*-APDC, Cd**-APDC ile 0,25-0,9 ppm calisma araliginda 15 adet
karisim ¢ozeltisi hazirlandi. Bu validasyon seti kullanilarak PLS kalibrasyonu yapildi.
Boylece hassasiyet ve dogruluk test edilerek geri kazanim degerleri hesaplandi.
Sentetik karigimlara PLS yontemi uygulanarak elde edilen sonuclar da Tablo 2'de
gosterildi. Ayni yontem demir, titanyum ve aliiminyum Orneklerine (Safavi ve ark.,
2003) basart ile uygulandi. Yine PLS yonteminin ¢esitli ilag drneklerine basari ile
uygulandig birgok ¢aligma belirlendi (Pektas ve ark., 2008; Din¢ & Baleanu, 2002).

Tablo 2. PLS Yo6nteminin Geri Kazanma Degerleri

Karigim Bulunan Geri Kazanim (%)

Pb | Cu | Cd Pb Cu Cd Pb Cu Cd

0,25 1 0,10 | 0,60 | 0,239 0,104 | 0,643 95,680 104,880 | 107,308

0,25 1 0,20 | 0,60 | 0,260 0,208 | 0,644 | 104,111 104,216 | 107,491

0,251 0,30 | 0,60 | 0,247 0,293 | 0,602 | 99,010 97,885 | 100,360

0,251 0,40 | 0,60 | 0,261 0,384 | 0,593 | 104,654 96,227 98,956

0,25 | 0,50 | 0,60 | 0,242 0,482 | 0,613 97,048 96,527 |102,298

0,251 0,25 | 0,10 | 0,266 0,255 | 0,105 | 106,503 102,236 | 105,882

0,25 0,25 | 0,30 | 0,235 0,247 | 0,291 94,114 98,962 97,266

0,251 0.25 | 0,50 | 0,268 0,244 | 0,479 | 107,444 97,710 95,216

0,251 0,25 | 0,70 | 0,265 0,263 | 0,671 | 106,317 | 105,322 | 95915

0,25 ] 0,25 | 0,90 | 0,251 0,247 | 0,897 | 100,577 99,137 99,755

0,10 | 0,25 | 0,60 | 0,102 0,251 | 0,595 | 102,547 | 100,544 | 99,267

0,20 | 0,25 | 0,60 | 0,207 0,248 | 0,592 | 103,963 99,438 98,736

0,30 | 0,25 | 0,60 | 0,298 0,252 | 0,613 99,643 101,050 | 102,262

0,40 | 0,25 | 0,60 | 0,379 0,251 | 0,576 | 94,969 100,720 | 96,013

0,50 | 0,25 | 0,60 | 0,489 0,264 | 0,593 97,827 105,783 | 98,870

Ortalama 100,960 100,715 | 100,420

RSD* 4,456 3,175 3,903

RSD* Standart sapma
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En kiiciik kareler kalibrasyon yonteminde geri kazanimlar yiiksek bir dogrulukla elde
ettikten sonra, uygulanan ydntemin validasyon islemine sira geldi. Kemometrik
yontemin validasyonu i¢in en ¢ok basvurulan iglemlerin baginda karelerin tahmin hatasi
toplam1 denilen ve PRESS ile gosterilen deger hesaplanir (Otto, 1998). Hesaplanan
PRESS degerleri i¢in agagida verilen formiil kullanildi.

PRESS = Z?zl(cieklenen — Cibulunan )2 (1)

Kemometrik kalibrasyonlarin validasyonu i¢in kalibrasyon ve validasyon adimlarinda
kalibrasyonun standart hatas1 — SEC parametresi kullanilir. SEC degerini en aza
indiren kalibrasyon kosullar1 ve F istatistikleri kullanilir. Arastirmada hesaplanan SEC
degerleri icin asagidaki formiil kullanild.

n eklenen_ ~bulunany2
SEC:\/ZL=1(CL G ) (2)

n-1

Burada n sentetik karigimlarin toplam sayisidir. Bulunan sayisal degerlerin sifira
yakinligr uygulanan yodntemin dogrulugunun gostergesidir (Kramer, 1998). PLS
kalibrasyonuna iliskin validasyon tahmini ve istatistiksel veriler Tablo 3’de gdsterildi.

Tablo 3. PLS Yénteminin Istatistiksel Analiz Sonuglar1

Parametre Pb Cu Cd
PRESS 0,0001 0,0076 0,0004
SEC 0,0118 0,0087 0,0206
r 0,9831 0,9943 0,9854
Kesim 0,0180 0,0201 0,0029
Egim 0,9368 0,9252 0,9967

PLS kalibrasyon yonteminin dogrulugunu ve kesinligini test etmek amaciyla elde
edilen verilere ANOVA testi (Akyildiz, 2009) uygulandi. ANOVA testinde F-
hesaplanan<F-tablosu ve p-degeri>p=0,05 oldugundan %95 giiven araliginda elde
edilen sonuglar arasinda anlamli bir fark olmadigi tespit edildi. Varyans analizinde iki
serbestlik derecesi kullanilir. Gruplar arasi serbestlik derecesi = 1 Grup i¢i serbestlik
derecesi = 29. F-hesaplanan<F-tablosu ve p-degeri> p=0,05 oldugundan bu modelin
dogal su drneklerinin incelenmesinde kullanilabilecegine karar verildi.

Calismada gelistirilen ve validasyon asamasinda yiiksek geri kazanim gdsteren
kemometrik yontem Isparta sehir suyuna ve Siileyman Demirel Universitesi kampiis
suyuna uygulanarak asagidaki sonuglar elde edildi. Analizi yapilan su numuneleri
kompleks olusumu igin saglanan optimum kosullar altinda UV spektrofotometrede
okundu. Ortaya ¢ikan grafiklerden Isparta Sehir suyu 6rnegi Sekil 6’da, bulunan geri
kazanim degerleri de Tablo 4' de gdsterildi.
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Sehir Sebeke Suyu

Mumune-1

— Numune 2
e Numune 3
| Mumune 4

0.2 \_//x Numune 5

e Numune §

Absorbans

5 365 - 3ES ) o] &3

Dalga boyu (nm)

Sekil 6. Sehir Merkezinden Alinan Dogal Su Numunesinin Spektrumu
(0.1 M HCl i¢inde)

Tablo 4. Dogal Su Orneklerinde Bulunan Degerler (Ethic Wate, 2024)

Kaynak Pb (ppm) | Cu (ppm) | Cd (ppm)
Isparta sehir suyu 2,8308 0,0084 0,0542
Siileyman Demirel Universitesi kampiis suyu 2,7854 0,0072 0,0528
Diinya Saglik Orgiitii (WHO)* 10,0000 2,0000 3,0000
Tiirk Standartlar1 266* 10,0000 2,0000 5,0000
Saglik Bakanligi* 10,0000 2,0000 5,0000

Tablo 4’ dede goriildiigii gibi, Isparta sehir suyu ve Siileyman Demirel Universitesi
kampiis suyu analiz sonuglar1, Diinya Saghk Orgiitii (WHO), Tiirk Standartlar1 266 ve
Saglik Bakanlig1 degerleri ile karsilastirildiginda, elde edilen degerlerin sinir degerlere
gore oldukea diistik oldugu gozlendi. Hiraide ve Hora tarafindan 1999 yilinda yapilan
calismada da benzer sonuglar elde edildigi goriildi. Bu sonuglar bize Isparta ili ve
Siileyman Demirel Universitesi kampiis sularmin giivenilirligini gostermektedir.

Bu c¢alisgma sonucunda uygulanan kemometrik yontemin Cd**, Cu? ve Pb*"
karigimlarinin analizinde uygun sonuglar verdigi, uygulanan yontemlerin ise hassas ve
dogru sonuglar verdigi goriilmiistiir.

4. SONUC

Bu caligmada, dogal su 6rneklerinde gevreden ve dogal kaynaklardan kaynaklanmasi
muhtemel ii¢ agir metalin APDC ligandiyla kompleksleri olusturularak es zamanl
spektrofotometrik yontem onerildi. Onerilen yontem sonucunda elde edilen verilere en
kiigiik kareler kalibrasyon kemometrik yontemi basariyla uygulandi. Onerilen
yontemin birbirine ¢ok yakin absorbans veren agir metallerin belirlenmesinde dogru ve
hassas sonuglar verdigi belirlendi. Onerilen yontemin, herhangi bir 6n ayirma islemi
gerektirmeden, dogal sularda agir metallerin belirlenmesinde rutin analizler i¢in son
derece uygulanabilir oldugu sonucuna varildi.
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Yazarlarin Katkisi

Yapilan ¢alisma bir yiiksek lisans c¢alismast oldugundan, c¢aligmanin deneysel
planlamasi 1. yazar tarafindan, laboratuvar ortamindaki deneysel ¢calismalar ise 2. yazar
tarafindan yapilmis olup, yazarlar makalenin son halini onaylamislardir. Yazarlar
makaleye esit oranda katki saglamis olduklarini beyan ederler.

Tesekkiir

Bu calisma Siileyman Demirel Universitesi Bilimsel Arastirma Projeleri Yonetim
Birimi Baskanligr tarafindan FYL-2022-8682 nolu proje ile desteklenmistir.
Desteklerinden dolay1 Siileyman Demirel Universitesi Bilimsel Arastirma Projeleri
Yonetim Birimi Baskanligina tesekkiir ederiz.

Cikar Catismasi Beyam
Makale yazarlari, aralarinda herhangi bir ¢gikar ¢atigmasi olmadigini beyan ederler.

Arastirma ve Yayin Etigi Beyam
Yapilan galismada arastirma ve yayin etigine uyulmustur.
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Abstract

Artan niifus ve gelisen kiiresel tiiketici davranislari, diinya
capinda kapsamli ticari etkilesimleri tesvik etti. Ancak bu
genisleme gevre kirliliginin artmasina neden oldu. Sonug
olarak iilkeler, dzellikle ulagim ve nakliye faaliyetlerinden
kaynaklanan hava kirliligini azaltmak i¢in Onlemler
almaya bagladi. Bu ¢abanin bir pargasi olarak, fosil yakit
tiiketen araglarin yerini alan ve hizla yaygilasan elektrikli
araglar, uygulanabilir bir ¢éziim olarak ortaya ¢ikti. Bu
¢aligma, ulasim amaciyla kullanilan elektrikli kamyonlarin
se¢im konusundaki ikilemlerini incelemektedir. Karar
vericilerin  seg¢im siirecinde dikkate almasi gereken
kriterleri tanimlar ve piyasada mevcut alternatifleri bu
kriterlere gore degerlendirir. Karar verme siirecinin
dogasinda olan belirsizlik ve 6znellikle miicadele etmek
icin dairesel sezgisel bulanik sayilar kullanildi.
Alternatiflerin degerlendirilmesinde bu sayilara dayali
VIKOR yontemi tercih edilen yaklasim olmustur. Bu
arastirma, strdirtlebilir ulagim alanindaki kritik bir
ihtiyaci ele aliyor ve karar vericilere elektrikli kamyonlarin
onceden tanimlanmus kriterlere gore degerlendirilmesi igin
sistematik bir ¢ergeve sagliyor. Dairesel sezgisel bulanik
sayilardan ve VIKOR yonteminden yararlanan bu ¢alisma,
elektrikli kamyon se¢iminin  dogasinda  bulunan
karmasikliklarm {istesinden gelmek ic¢in saglam bir
metodoloji sunuyor ve boylece hava kirliligini azaltma ve
gevresel agidan siirdiiriilebilir ulasim uygulamalarim
tesvik etme ¢abalarini ilerletiyor.

Anahtar Kelimeler: VIKOR, dairesel sezgisel bulanik
kiime, karar verme, elektrikli kamyon, gevre kirliligi.

The increasing population and evolving global consumer
behaviors have fostered extensive commercial
interactions worldwide. However, this expansion has
resulted in heightened environmental pollution.
Consequently, nations have initiated measures to mitigate
air pollution, particularly stemming from transportation
and shipping activities. As part of this endeavor, electric
vehicles have emerged as a viable solution, steadily
replacing  fossil  fuel-consuming  vehicles and
experiencing rapid proliferation. This study delves into
the selection quandary surrounding electric trucks
employed for transportation purposes. It delineates the
criteria that decision-makers ought to consider during the
selection process and evaluates market-available
alternatives against these criteria. To contend with
uncertainty and subjectivity inherent in the decision-
making process, circular intuitive fuzzy numbers were
employed. The VIKOR method, predicated on these
numbers, was the preferred approach for assessing the
alternatives. This research addresses a critical need in the
realm of sustainable transportation, providing decision-
makers with a systematic framework for evaluating
electric trucks based on predefined criteria. By leveraging
circular intuitive fuzzy numbers and the VIKOR method,
the study offers a robust methodology for navigating the
complexities inherent in selecting electric trucks, thereby
advancing efforts to curtail air pollution and promote
environmentally sustainable transportation practices.

Keywords: VIKOR, circular intuitionistic fuzzy set,
decision making, electric truck, environmental pollution.
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E. Caloglu Biiyiikselguk Elektrikli Kamyon Se¢iminde Dairesel Sezgisel Bulanik Kiimelere Dayali
VIKOR Yo6nteminin Uygulanmasi

1. GiRiS

Birlesmis Milletler Siirdiiriilebilir Kalkinma Hedefleri arasinda yer alan on ii¢iincii
hedef iklim degisikligi ve etkileri ile miicadele etmek {izere yayinlanmistir (Waseem ve
ark., 2023; United Nations, 2024). Bu hedef ile tim iilkelerde iklim degisikligi ile ilgili
olarak acil eylem planlarinin olusturulmasi ve iklim degisikligine neden olan
etmenlerin minimize edilmesi veya yok edilmesi gerekmektedir. 29 Mart 2023 yilinda
Tiirkiye Istatistik Kurumu tarafindan hazirlanan rapora gére toplam sera gazi emisyonu
2021 yilinda 564,4 milyon ton karbondioksit (CO,) esdegeridir. Bir dnceki yil ile
kiyaslandiginda %7,7 oraninda artis olmustur. 1990 yilinda kisi bas1 4 ton CO» esdegeri
olan deger 2021 yilinda 6,7 ton CO, esdegerine yiikselmistir (TUIK, 2023). Kiiresel
1sinmaya dolayistyla iklim degisikligine neden olan sera gazlari miktarinin sektorlere
gore dagilimi ve hangi gazlarin hangi oranlarda bulundugu Sekil 1’de verildigi gibidir.

Sektorlere gore sera gazi emisyon oranlari, 2021 Gazlara gore sera gazi emisyon oranlar, 2021("

%26 %13

P

564,4 Mt
CO; esd

564,4 Mt

€Oz e5d

=Eneri  «Endastriyel Islemier ve Uron Kullanimi = Tanm  « Atik =CO2 +CH4 =N20 - F.gazlar

Sekil 1. Sektorlere ve Gazlara Gore Sera Gazi Emisyon Oranlari (TUIK, 2023)

Sekil 1°’den de goriilecegi iizere sera gazlari ozellikle enerji sektoriinden (%71,3)
kaynaklanmaktadir. Sera gazlarmin kiiciik bir oran1 dogal yollarla ortaya cikarken
%90’Iik gibi biiylik kismi insanlarin faaliyetleri sonucunda ortaya g¢ikmaktadir
(Erdogan, 2020). Bu gazlarin igerisinde de en fazla olan1 karbondioksit gazidir (CO»).
Enerji sektoriinde ise en 6nemli sera gazinin sebebi ise ulasim amactyla kullanilan
otomobil, midibiis, minibiis, otobiis, kamyonet, kamyon tir, tren ve ugaklardir (Caloglu
Biiyiikselguk & Tozan, 2022; Valavanidis, 2012). 2021 yilinda Amerika Birlesik
Devletleri’'nde, atmosfere salinan sera gazlarinin %28’i ulasgim sektoriinden
kaynaklanmaktadir (Pennington ve ark., 2024). Artan niifus yogunlugu, degisen
tikketici davraniglari, teknoloji ve internetin gelisimi ile kiiresel Olcekte ticari
faaliyetlerin yogunlugu da artmistir. Bu faaliyetler sonucunda, 1960 yilinda havada
birim hacimdeki karbondioksit miktar1 300 ppm iken, bu miktar 2010 yilinda 390
ppm’e, 2018 yilinda ise 410 ppm’e yiikselmistir. Atmosferde giivenilir karbondioksit
yogunlugu ise 350 ppm olmalidir. Bu artigta Hindistan, Cin, Tiirkiye gibi gelismekte
olan iilkelerin katkis1 bityiiktiir (Erdogan, 2020).

Sera gazlarinin artmasi ile kiiresel 1sinma ve dolayistyla iklim degisikligine neden
olmakta, bunun sonucunda da insan yasami olumsuz yonde etkilenmektedir.

Stirdiiriilebilir bir diinya i¢in tlkeler sera gazlarimin azaltilmasi amaciyla birtakim
onlemler almaya baslamiglardir. Sera gazinin artisinda 6nemli bir yeri olan ulasim
araglarindan kaynakli fosil yakitlarin kullanimini ortadan kaldirmak i¢in elektrikli arag
kullanim zorunlulugu getirmislerdir. 2025 yilindan itibaren Norveg’te, 2030 yilinda
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Almanya’da ve bu tilkeleri takiben diger Avrupa iilkelerinde benzinli ve dizel araglarin
satiginin yasaklanacagi ilan edilmistir (Shammut ve ark., 2019; Wappelhorst, 2020).
Boylece elektrikli araglarin kullanimmin gerekliligi kaginilmaz olmustur. Elektrikli
araclarin yayginlasmasi ile hedeflenen sifir CO, seviyelerine ulasilacaktir (Efendi &
Fahmi, 2021).

Diinya Saghk Orgiitii tarafindan yapilan aciklamaya gore hava kirliligi her yil 6,7
milyon erken dliime neden olmaktadir. Ayrica diinya niifusunun %99 undan fazlasi
hava kirliliginin Diinya Saglik Orgiitii hava kalitesi yonergelerinin iizerinde oldugu
bolgelerde yasamaktadir. Hava kirliliginin en temel kaynaklar1 arasinda ise ulagim,
sanayi, enerji vb. amaglarla fosil yakitlarin kullanimi sonucu agiga ¢ikan CO» gazi
gelmektedir (World Health Organization, 2024). Gelisen ve artan ticari faaliyetler ile
birlikte iilkelerin koyduklar1 yaptirimlar géz o6niine alindiginda hava kirliliginin
azaltilmasi i¢in benzinli veya dizel araglar yerine elektrikli araglarm kullanimi sart
olmustur. Bunun sonucunda tiim diinyada elektrikli araglarin satiginda artiglar olmustur.

Elektrikli araglarin kullanimiyla atmosfere salinan sera gazlarinin miktari ile orantili
olarak kirletici yiikii ve karbon ayak izi de azalacaktir. Kiiresel dl¢cekte dnemli bir yere
sahip olan elektrikli araglarin se¢imi tiiketiciler i¢in ise zorlu bir karar verme siirecidir.
Bu calismada da, yesil lojistik faaliyetleri kapsaminda elektrikli kamyon se¢iminde
dikkat edilecek kriterlerin belirlenmesi ve piyasada mevcut olan alternatiflerin bu
kriterlere gore degerlendirilmesi amaglanmaktadir. Belirsizlik ve siibjektifligi en aza
indirgeyebilmek amaciyla dairesel sezgisel bulanik setlerden yararlanilacaktir.

Calismanin ikinci boliimiinde konu hakkinda literatiir taramasi yapilacak, tgiincii
boliimde ise dairesel sezgisel bulanik setlere dayanan VIKOR yontemi tanitilacaktir.
Dordiincii boliimde elektrikli kamyon se¢imi uygulamasi yapilacaktir. Besinci boliimde
elde edilen bulgular ile birlikte duyarlilik analizi yapilacaktir. Son boliimde ise
¢aligmada elde edilen sonuglar verilecektir.

2. LITERATUR TARAMASI

1 Mayis 2024 tarihinde Web of Science veri tabaninda konu aramasinda “electric
vehicle” anahtar kelimesi kullanilarak yapilan arama sonucunda 42.755 adet sonug
bulunmustur. Bu sonuglardan 24.355 tanesi makale, 17.585 tanesi bildiri, 1.396 tanesi
derleme makale ve 138 tanesi kitap boliimii gibi farkl tiirlerde yaymlanmistir. 2000-
2024 yillar1 arasinda elektrikli araclar hakkinda yapilan arastirmalarin yillara gore
sayilar1 Sekil 2°de verilmistir.
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Sekil 2. Elektrikli Arag icin Yillara Gore Makale Sayisi1 (Web of Science, 2024a)

Sekil 2’den de goriilecegi lizere elektrikli araglar iizerine yapilan caligmalarin sayisi
yillar gectikce artmaktadir. Pasha ve arkadaglar1 2024 yilinda yaptiklar1 ¢alismada,
simirli stirlis menzili, yakit ve tasima kapasite kisitlart altinda en iyi elektrikli arag
dagitim planlamasinin yapildigi g¢alismalart incelemislerdir. Toplanan c¢aligmalar
ayrintili bir inceleme ic¢in ii¢ kategoride gruplandirilmistir: genel elektrikli arag
planlama, elektrik sebekesi dikkate alinarak elektrikli ara¢ planlama ve gevresel
hususlar dikkate alinarak elektrikli ara¢ planlama. Her ¢alisma grubu igin detayli
raporlar sunulmustur (Pasha ve ark., 2024). Farinloye ve arkadaslar1 ise yaptiklari
calismada Nijerya’da Elektrikli araclarin benimsenmesine iligkin dnemli aragtirma
bosluklarimi ele almiglardir. Calisma kapsaminda, siirdiiriilebilir ulagim ¢dziimleri igin
teorik ve pratik ¢ikarimlar sunulmakta, gelismekte olan iilkelerde elektrikli araglarin
benimsenmesine degerli bilgiler saglanmaktadir (Farinloye ve ark., 2024). Bhavsar ve
calisma arkadaslart iki tekerlekli elektrikli araglarin gercek caligma kosullart altindaki
performanslarim dlgmiislerdir. Invertdrden gelen ve ¢ikan gercek zamanl akim ve
gerilim, motorun c¢alisma frekansi, gii¢ faktorii, katedilen mesafe ve hiz gibi
parametrelere ait verileri toplamiglardir. Toplam siiriis sliresinin %80’inin {izerinde
invertoriin verimliliginin %95’in iizerinde oldugu, toplam siiriis siiresinin %50’sinde
ise motorun gii¢ faktoriiniin 0,8’in iizerinde oldugu sonucuna ulagmislardir (Bhavsar
ve ark., 2024). Deng ve arkadaglan gelistirdikleri ve adina IDE (Improved Differential
Evolution) dedikleri algoritmalari ile elektrikli ara¢ rotalama problemini ele alarak
gercek hayat problemlerinde kirlilik yiikiinii azaltici yesil lojistik faaliyetleri
destelemeyi amaglamislardir (Deng ve ark., 2024). Benzer sekilde literatiirde kirletici
yiikiinli azaltarak tagima maliyetleri ve teslimat siirelerini en aza indirgemek {izere
gelistirilmis sezgisel algoritmalar bulunmaktadir (Wang ve ark., 2024; Kim, 2024).

Ozellikle son 20 yildir hayatimizda yer alan siirdiiriilebilir ve yesil lojistik kavramlar
pek cok arastirmacinin odak noktasi haline gelmistir. Bu noktada elektrikli araclar i¢in
de c¢ok farkli bakig agilar ile farkli problemler ele almarak ¢oziimler gelistirilmeye
calisilmaktadir. Bu problemlerden bir tanesi de karar vermedir. En uygun alternatifin
belirlenmesi ya da secilmesi gibi problemler tipik ¢ok kriterli karar verme (CKKYV)
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problemleri grubuna girmektedir. Mevcut alternatifler belirlenen kriterler 15181 altinda
onerilen uygun CKKYV yoéntemleri kullanilarak degerlendirilirler.

2 May1s 2024 tarihinde Web of Science veri tabaninda konu aramasinda “multi-criteria
decision making” anahtar kelimesi kullanilarak yapilan arama sonucunda 14634 adet
sonu¢ bulunmustur. Bu sonuglardan 11.798 tanesi makale, 2.616 tanesi bildiri, 354
tanesi derleme makale ve 124 tanesi kitap boliimii gibi farkl tiirlerde yaymlanmstir.
2000-2024 yillar1 arasinda CKKV hakkinda yapilan aragtirmalarin yillara gore sayilari
Sekil 3°de verilmistir.
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Sekil 3. Cok Kriterli Karar Verme i¢in Yillara Gore Makale Sayist

(Web of Science, 2024b)

CKKYV problemleri ¢ok farkli aragtirmacilar tarafindan g¢ok farkli sektorler icin
calisilmis ve bu problemlere ait caligmalar Tablo 1°de 6zetlenmistir.

Tablo 1. Cok Kriterli Karar Verme Arastirmalarmin Ozeti

2023

asinin degerlendirilmesi

Yazar(lar) Arastirmanin Amaci Kullanilan Yéntem
Pouresmaeil ve | CKKYV problemlerini ¢6zmek tizere Aralik nétrozofik
ark., 2022 yeni bir algoritma 6nerilmesi tabanlit TOPSIS
Al Hazza ve S g . .

ark., 2023 Tedarik¢i secimi ve degerlendirilmesi SOCCER ve AHP
Manik, 2023 Tedarikgi se¢im problemi AHP

Albayrak & . . -

Turanl, 2022 Hidroelektrik santral segimi TOPSIS

Giileg ve Ayvaz, Itfevuye lstgsyonlgrlndakl tehlikelerin AHP-TOPSIS
2021 degerlendirilmesi

Opricovic, 2011 | Su kaynaklarinin planlamasi Bulanik VIKOR
Meniz & Ozkan, | COVID-19 pandemi doneminde ideal VIKOR

Hassan ve ark.,
2023

Insaat sektoriinde dongiisel ekonomik
faaliyetlerin degerlendirilmesi

Bulanik SWARA ve
VIKOR

Ada ve ark.,
2023

Elektronik atiklar i¢in akilli
teknolojilerin degerlendirilmesi

Bulanik ANP ve
VIKOR
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Ourya & Temiz ve yenilenebilir hidrojen tiretim | Bulanik AHP ve

Abderafi, 2023 | siireci degerlendirmesi VIKOR

Singh ve ark., Yazihm siireclerinin deserlendirilmesi Bulanik AHP ve

2023 azilum siireglerinin degerlendirilmesi | +opq)c

Huang ve ark., Aliiminyum endiistrisinde ¢alisma

2023 kosullarinin degerlendirilmesi CRITIC ve TOPSIS

;;"2“; veark., Giines enerjisi panel secimi Entropy-TOPSIS

Rani ve ark., N L Pisagor bulanik

2020 Giines paneli se¢imi sayilara dayali
SWARA ve VIKOR

Arslan, 2018 Arag se¢imi problemi AHP-VIKOR

Yik tasimaciliginda elektrikli araglarin degerlendirilmesinde CKKV ydntemlerinin
kullanilmasina iliskin arastirmalara rastlanmaktadir. Jaller ve Otay (2020) yiik
tasimaciliginda kullanilabilecek siirdiiriilebilir araglarin kiiresel bulanik setlere
dayanan AHP-TOPSIS yontemi ile degerlendirilmesine yonelik alternatifleri finans, is
ve pazar, ¢cevresel ve yasal, bakim ve onarim, giivenlik ve ara¢ performanslari gibi farkl
kriterler agisindan degerlendirmislerdir. Watrébski ve arkadaglart da PROMETHEE 11
ve bulanik TOPSIS yontemlerini kullanarak elektrikli yiik tasitlarinin degerlendirilmesi
i¢in bir ¢aligma yapmislardir (Watrdbski ve ark., 2017). Artan kiiresel ¢evre bilinci ve
hava kirliliginin 6nlenmesi adina ulagim ve nakliye i¢in geleneksel araglarin yerine
sirdiiriilebilir ve ¢evre dostu araglarin kullanilmasi ve degerlendirilmesi igin
aragtirmalar yapilmis ve yapilmaya devam etmektedir (Kijewska ve ark., 2019; Das ve
ark., 2019; Kijewska ve ark., 2019; Wang ve ark., 2023; Aiello ve ark., 2024; Boskovi¢
ve ark., 2023; Tian ve ark., 2023; Pathak ve ark., 2021).

3. MATERYAL VE YONTEM

Cok kriterli karar verme problemleriyle giinliik hayatin her alaninda karsilagilmaktadir.
Bu sorunlar1 ¢ézmek icin Analitik Hiyerarsi Siireci (AHP), VIseKriterijumska
Optimizacija I Kompromisno Resenje (VIKOR), ideal Coziimlere Benzerlige Gore
Siralama Tercihi Teknigi (TOPSIS), Analitik Ag Siireci (ANP) ve Karmasik Orantili
Degerlendirme (COPRAS) gibi birgok yontem kullanilmaktadir. Probleme ait ¢evre
kosullar1 ve elde edilen bilgiler hakkinda belirsizlik olmas1 durumunda sezgisel bulanik
kiimeler kullanilir. Klasik kiime veya mantik teorisinde bir elemanin bir kiimeye ait
olmasi 0 ve 1 sayilar1 kullanilarak keskin bir sekilde derecelendirilir. Yani eleman ya o
kiimeye dahildir (durum 1) ya da dahil degildir (durum 0) (Zimmermann, 2001).
Bulanik mantik, zor ve karmasik problemlerin ¢dziimiinde kolay ve kullanislt ¢6ziim
bulma yaklagimi sayesinde genis bir uygulama alani bulmustur. Genel olarak tip,
sosyoloji, mithendislik, psikoloji, yapay zeka, akilli sistemler, robotik, sinyal isleme,
kavsak, ulasim problemleri gibi bir¢ok alanin konusu olmustur. Bulanik kiimeler Zadeh
(1965) tarafindan gelistirilmis ve daha sonra bircok arastirmaci bulanik kiimeler
iizerinde aragtirmalar yapmis ve literatiirde siradan bulamik kiimelerin uzantilar
tanimlanmigtir. Bulanik kiimelerin ortaya ¢ikisinin kronolojik sirast Sekil 4'te
verilmistir.

407



Istanbul Ticaret Universitesi Fen Bilimleri Dergisi

23(46), Giiz 2024, 402-427.

Klasik bulanik
kiimeler (Zadeh,
1965)

Tip-2 Bulanik
Kiimeler (Zadeh,
1975)

Arahkl bulamk
kiimeler (Zadeh,
1975; Sambuc, 1975;
Jahn, 1975; Grattan-
Guiness, 1975)

Sezgisel bulanik
kiimeler (Atanassov,
1986)

Kararsiz bulanik
kiimeler (Torro, 2010)

Duragan olmayan
bulanik kiimeler
(Garibaldi&Ozen,
2007)

Nétrozofik bulamk
kiimeler
(Smarandache, 1999)

Bulanik ¢oklu
kiimeler (Yager,
1986)

Pisagor bulamk
kiimeler (Yager,
2013)

Goriintii bulamk
kiimeler (Cuong,
2014)

Ortoper bulanikm
kiimeler (Yager,
)

Kiiresel bulanik kiimeler
(Kutlu
Giindogdu&Kahraman,
2019)

Disc Pisagor bulanik
kiimeler (Khan et al.,
2023)

Dairesel sezgisel
bulanik kiimeler
(Atanassov, 2020)

kiimeler (Senapati and
Yager, 2020)

Sekil 4. Bulanik Kiimelerin Tarihsel Gelisimi

Dairesel sezgisel bulanik kiimeler, sezgisel bulanik kiimelerin uzantilaridir. Atanassov
tarafindan 2020 yilinda gelistirilen, tyelik fonksiyonunun iigiincii boyutlu
belirsizliginin bir daire ile temsil edildigi bu bulanik kiimelerde, karar vericiler bu
belirsizligi iceren yargilari da dikkate almaktadir (Atanassov, 2020; Khan ve ark., 2022;
Chen, 2023; Kahraman & Alkan, 2021).

3.1. Dairesel Sezgisel Bulanik Kiimelere Dayanan VIKOR Yontemi

Bu bélimde ¢alismada kullanilacak olan CKKV  yoénteminin islem adimlari
verilecektir. Sezgisel bulanik (IF) ve dairesel sezgisel (C-IF) bulanik bir saymin
geometrik gosterimi Sekil 5’te verildigi gibidir.

Degree of non-
membership
¥

IF number

.0 . C-1F number

.(m,(u), ¥ (1)
O ’a
T

- (m, (), ¥, (u)

(0,0) (1.0)

Degree of

membership

Sekil 5. Sezgisel Bulanik ve Dairesel Sezgisel Bulanik Sayilarin Geometrik Gosterimi
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Dairesel sezgisel bulanik kiimelere dayanan VIKOR yonteminin islem adimlarn
asagidaki gibidir (Chen, 2023:

Adim 1. Alternatiflere ait baglangi¢ karar matrisi, Tablo 2’de verilen dilsel degiskenlere
karsilik gelen sezgisel bulanik sayilar kullanilarak olusturulur.

Tablo 2. Alternatiflerin Kriterlere Gére Degerlendirme Olgegi

. Sezgisel Bulanik Sayilar
Dilsel Ifadeler
< ¥
Cok ¢ok yiiksek degerli (EHV) 0,90 0,10
Cok yiiksek degerli (VHV) 0,80 0,15
Yiiksek degerli (HV) 0,70 0,25
Ortalama tistii degerli (AAV) 0,60 0,35
Ortalama degerli (AV) 0,50 0,45
Ortalama alt1 degerli (BAV) 0,40 0,55
Diisiik degerli (LV) 030 0,65
Cok diistik degerli (VLV) 0,20 0,75
Cok ¢ok diisiik degerli (ELV) 0,10 0,90

Adim 2. Degerlendirme birden fazla kisi tarafindan yapildiysa her bir karar verici
tarafindan yapilan degerlendirme sonuclart asagidaki denklem kullanilarak tek bir
degere doniistiiriilir.

- 1Wk*mu Th= 1Wk 4
1

Z) (1)

(my, %) =

Burada m;; iyelik derecesini, ¥;; iiyelik olmama derecesini, wydegerlendirmeyi yapan

karar Verlcl bireylerin tecriibe, deneyim ve bilgi birikimlerine gore aldiklar1 agirlik
degerini ve [ ise karar verici birey sayisini ifade etmektedir.

Admm 3. Her bir sezgisel bulanik sayiya ait yarigap degerleri asagidaki denklem
kullanilarak hesaplanir.

2 2
— k k
ry; = rrllczlxl J( m;; = mij) + ( ¥ij — ¥ij )

Burada r;; sezgisel bulanik sayiya ait yarigap degerini ifade etmektedir.

Adim 4. Yaricap degerleri hesaplandiktan sonra agagidaki gibi dairesel sezgisel bulanik
kiime matrisi olusturulur.

409



Istanbul Ticaret Universitesi Fen Bilimleri Dergisi 23(46), Giiz 2024, 402-427.

M = (X)) = ((my, ¥5 vy ) i = 12,0, m5j = 1,.2,0,m (3)
Burada m alternatif sayisini ifade ederken, n kriter sayisin1 gostermektedir.

Adim 5. CKKYV problemlerinin ¢éziimiinde kriter agirliklarinin belirlenmesi 6nemli
adimlardan biridir. Gergek hayat problemlerinde kriter agirliklarinin her birinin
birbirine esit olmas1 durumu gergegi ¢ok yansitmamakla birlikte bazi durumlarda
kullanilabilir. Aksi durumda Tablo 3’te verilen dilsel 6lgek kullanilarak kriterler
degerlendirilir. Agirlik vektorii, Denklem 4°te verildigi gibi Ki-Kare mesafeye dayali
sapma Olciisii kullanilarak hesaplanir.

Tablo 3. Kriterlere Ait Degerlendirme Olgegi

Dilsel ifadeler <Sezgisel Bulamk Sayllar¥

Cok ¢ok yiiksek dnemli (EHI) 0,90 0,10
Cok yiiksek dnemli (VHI) 0,80 0,15
Yiiksek 6nemli (HI) 0,70 0,25
Orta iistii onemli (AAI) 0,60 0,35
Orta 6nemli (AI) 0,50 0,45
Orta alt1 6nemli (BAI) 0,40 0,55
Diisiik 6nemli (LI) 0,30 0,65
Cok diisiik 6nemli (VLI) 0,20 0,75
Cok ¢ok diisiik 6nemli (ELI) 0,10 0,90

b= {(ui’ <p, (W), ¥P1(ui)irpl(ui)) |i=1,2, ...,n}
ve
00P; = {(ui’ipz(ui)' ¥p, (u;); 1p, (ui)) |i=1,2, ...,n}

gibi iki farkli dairesel sezgisel bulanik say1 tanimlansin. Bu iki say1 arasindaki mesafe
Ki-Kare mesafeye dayali sapma 6lgiisiine gore Denklem 4 kullanilarak hesaplanir.

2 2 2
n [Gri@o-<p, )" (¥p, up-¥p, ()" (1py (up—rp,(up)
= 14<p (up)+<p, () 1+¥p, (u)+¥p, () L+rpy (up)+rp, (uy)

E(PliPZ): (4)

1
n

Mesafe odlgiileri belirlendikten sonra Denklem 5 kullanilarak kriterlere ait agirliklar
hesaplanir.

- %(Z?Q The1 [_)k(Xierkj))
g T (BT TR Die(Xij X))

j=12,..,n (5)

Adim 6. Her kriter icin pozitif ideal (PI) ve negatif ideal (NI) dairesel sezgisel bulanik
degerler (C-IFV) vardir. Bu degerler en iyi alternatife ulasmaya ve en kotii alternatiften
uzaklagmaya yardimci olur. Bu degerler agsagidaki denklemler kullanilarak hesaplanir:
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Pl ={(,max (=), min. (%); max (v;))} ©

yeey

Vg ={( min (<), max (%;); min ()} Q)

Adim 7. Yukarida verilen sapma 6l¢iisii, her bir C-IFV'ler, PI-C-IFV'ler ve PI-NI C-
IFV'ler arasindaki sapmay1 hesaplamak i¢in kullanilir.

Adim 8. Her alternatif igin grup fayda endeksi (S), bireysel pismanlik endeksi (R) ve
uzlasma endeksi (Q) asagidaki denklemler kullanilarak hesaplanir.

Ek(PIj,Xij)

_ on .
Su) = Xjaaw; Dy(PIj.NI}) ®)
Y j=1,n 1 Di(PIjNIg)
st () aoa- o o)
Qw;) = — S—(uf)z_l'"ﬁ-n () T Tmax A(u ,)izi};}': ") (10)
P=tom N imtm N0 imm NV feim N
burada X;j, i. alternatifin j. kritere gore dairesel sezgisel bulanik sayisidir ve v

maksimum grup faydasini ifade etmektedir. v 0 ile 1 arasinda degisiklik gosterirken
genellikle 0,5 olarak Kabul edilmektedir.

Adim 9. S, R, and Q degerleri kiiciikten biiyiige dogru siralamir. Asagida verilen iki
kosulun saglanmasi durumunda; alternatifler Q degerlerine gore kiiciikten biiyiige
dogru siralandiginda ilk sirada yer alan alternatif uzlasik ¢6ziim olarak kabul edilir.

Kosul 1. Kabul edilebilir avantaj kosulu: Asagidaki kosul saglanmalidir. Burada X"
ikinci sirada yer alan alternatif, X' ise ilk sirada yer alan alternatiftir. m ise alternatif
sayisidir.
X -x=-= 11
- m-1 ( )
Kosul II. Karar alma siirecinde kabul edilebilir istikrar kosulu: Alternatif X', S veya/ve
R ile yapilan siralamada en az birinden en iyi skoru elde etmis olmahdir. Bu uzlagik
¢Ozlim bir karar verme siireci iginde istikrarlidir.

Yukarida tanimlanan kosullardan birinin saglanamamasi durumunda uzlagik ¢6ziim
setleri asagidaki gibi Onerilir:

e Yalnizca ikinci kosul saglanamiyorsa alternatifler X' ve X"’ birlikte uzlagik
¢Oziim olarak kabul edilir.

e Eger birinci kosul saglanamiyorsa alternatifler X', X",..., X,, olmak iizere
ve X,,,, maksimum m i¢in asagidaki bagintidan tanimlanir.
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m_y o~ L
XM =X < — (12)
Bu kosul saglaniyorsa Q degerine gore siralama yapilir ve en diisiik Qdegerine sahip
olan alternatif en iyi olan segenektir.

4. ELEKTRIKLIi KAMYON SECIiM PROBLEMi

Bu boliimde yesil lojistik faaliyetleri kapsaminda piyasada satigi olan kamyonlarin
belirlenen se¢im kriterlerine gore degerlendirmesi ele alinacaktir. Degerlendirme i¢in
dairesel sezgisel bulanik sayilara dayanan VIKOR yontemi kullanilacaktir. VIKOR
ozellikle dikkate alinmasi gereken birden fazla kriterin oldugu ve bu kriterlerin
birbirleriyle c¢atigabilecegi durumlarda faydalidir. Karar vericilerin ¢esitli hedefleri
dengeleyen uzlasmaci bir ¢dziim bulmasina yardimer olan karar verme siirecine
sistematik bir yaklagim saglar. Ayrica mevcut problemdeki belirsizlik ve siibjektifligi
de en aza indirgeyebilmek i¢cin VIKOR ydnteminin temeli dairesel sezgisel bulanik
sayilara dayandirilmistir. VIKOR yontemi hem basit iglem adimlart hem de literatiirde
siklikla kullanilmasi sebebiyle tercih edilmistir. VIKOR, karar vericilere farkli
alternatifler arasinda bir denge saglayarak en iyi karma ¢6ziimii veren bir yontemdir.
Cok sayida kritere gore alternatiflerin degerlendirilerek uzlasik bir ¢6ziim elde edilir.
Ayrica VIKOR yonteminde en kotii durum dikkate alinarak her bir alternatifin en koti
performans gosterdigi kriterler iizerinden degerlendirme yapilir. Bu da kritik kriterler
de performansin iyilestirilmesine olanak saglar. Kriterlerin 6nem dereceleri gz 6niinde
bulundurularak alternatifler degerlendirilir. Bu yontemin uygulanmasinda daha az
sayida bilgiye ihtiya¢ duyuldugundan siklikla kullanilir. Cesitli agirliklandirma ve
performans 6lgiitleri ile kolaylikla uyum saglayabilen bir yontemdir. Calismanin akis
semast1 Sekil 6’da verildigi gibidir.

Adim 3
L) i ; Duyarlilhik
tanimlanmasi A]gg::gtelrf;e analizi
degerlengiiril-
Kapsaml mesi
literatiir
taramlmmn Sonuglarin
yaprmest Bulamk degerlendiril-
mesi ve
Alternatif ve VIKOR Yorum
kriterlerin
belirlenmesi
Sonuglarin

elde edilmesi

Sekil 6. Akig Semasi
4.1. Kriterlerin ve Alternatiflerin Belirlenmesi
Literatiirde yapilan incelemeler sonucunda elektrikli araclar i¢in 6nemli olan kriterlerin

Tablo 4’te verildigi gibi oldugu belirlenmistir. Tiim kamyonlara ait ortalama fiyatlar
benzerlik gosterdiginden degerlendirme kriteri olarak dikkate alinmamugtir.
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Tablo 4. Kriterler, Kodlar1 ve Tanimlari

Kriter Ad1 ll((l:(t;: Tanim

Batarya kapasitesi

(Rong & Pedram, C Kullanilan bataryanin biiyiikligii aracin menzilini

2003; Voelckar, ! etkileyeceginden dnemli bir kriterdir.

2021)

Sarj siiresi Zaman acisindan bataryanin en kisa siirede dolmast

(Kerem, 2014; G beklenmektedir.

Cogen, 2010) )
Bir elektrik motorunun giici, onun ig yapma

- kabiliyetini gosteren ¢ok dnemli bir 6zelliktir.

Motor giicti 11 o .

(Sejwal ve ark., Cs Elektrllkl! qrac;la.lr,.endustrlyel makineler veya ev

2022) alevtler.l gibi cesitli uygl.llarpglarfiq motorun gii¢
degeri, hiz, tork ve verimlilik gibi performans
ozelliklerini belirler.

Tork (Sonar & Tork, d?nme hareketiu olugt.urmak i(,lin gerelflidir.

Kulkarni, 2021) Cy Daha y.uksgk tork degerleri, daha yiliksek donme
kuvvetine isaret eder.
Nakliye ve lojistikte, 6zellikle de gekme veya tasima
gorevlerinde yer alan araglar igin 6nemli bir

Toplam katar C 6l¢timdiir. Araglarin giivenli agirlik sinirlari

agirlig > dahilinde ¢alismasinin ve yol giivenligi ve ara¢ yiik
kapasitelerine iligkin diizenlemelere uymasinin
saglanmasina yardimci olur.

Ortalama hiz

(Caloglu Cs Aracin ortalama hizini ifade eder.

Biiyiikselguk & ’

Tozan, 2022)

Menzil (Sanguesa C Aracin dolu batarya ile normal kosullar altinda

ve ark., 2021) ’ kattedecegi mesafeyi ifade eder.

ESn:r?al rgkenm] Cs 100 km mesafe i¢in aracin ne kadar enerji

Kulkarni, 2021)

tiikkettiginin gostergesidir.
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Tablo 5. Alternatiflere Ait Bilgiler

?gﬁ;ﬂatlf Agiklama
A, alternatifi, 1927 yilindan beri otomotiv sektorii basta olmak {izere
Ay cesitli alanlarda hizmet veren sirket Isvigre menseili sirketin elektrikli
kamyonudur.
A, alternatifi, 1900°lii yillardan beri tim diinyada otomotiv sektoriinde
A onemli bir yere sahip olan Alman mengeili firmanin elektrikli
kamyonudur.
Az alternatifi, 2003 yilinda enerji ve otomotiv sektdriinde faaliyet
Az gosteren Amerika Birlesik Devletleri menseili firmanm elektrikli
kamyonudur.
A A4 alternatifi, 1758 yilinda Almanya’da kurulan firmanin elektrikli
kamyonudur.

Calismada bes kisiden olusan ve elektrikli ara¢ konusunda tecriibe sahibi olan
uzmanlardan yiiz ylize veya telefon ile yapilan gérlismeler sonucunda kriterleri Tablo
3’de verilen degerlendirme dlgegine gore degerlendirmeleri istenmis ve Tablo 6’daki
sonuglar elde edilmistir. Karar verici takim, elektrikli ara¢ konusunda akademik
makaleleri olan iki akademisyen ve elektrikli kamyon ve arag satisinda profesyonel
olarak galigan ii¢ satig temsilcisinden olugsmaktadir. Her bir elektrikli kamyona ait
teknik Ozellikler ilgili firmalarin resmi web sayfalarindan temin edilmistir.
Alternatiflerinde bu teknik verilere gore Tablo 2’deki dilsel degerlendirmelere gore
degerlendirmesi yapilmis ve sonuglar Tablo 7°de verilmistir.

Tablo 6. Kriterler i¢in Karar Verici Takim Tarafindan Yapilan

Degerlendirme Sonuglari

Karar Verici KV1 KVv2 KV3 Kv4 KV5
C HI HI HI HI BAI
G VHI EHI EHI VHI VHI
G HI Al HI HI BAI
Cs AAI BAI HI HI Al

Cs HI VLI HI HI BAI
Cs Al LI ELI HI BAI
Gy EHI EHI EHI VHI VHI
Cs EHI HI ELI AAI AAI
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Tablo 7. Alternatiflere Ait Baglangi¢ Karar Matrisi

Karar | Alternatifler Kriterler
Verici Cl C2 C3 C4 C5 C6 C7 C8
DM, A AAV | AV | AAV| AV | EHV | BAV | LV HV
A HV | EHV | BAV | LV AV AV HV AV
Aj EHV | HV | EHV | EHV | HV HV | EHV | HV
Ay AV HV | AAV | BAV | AV | VLV | AV AV
DM, A AV | AAV | AV | AAV | HV AV | VLV | VHV
A VHV | EHV | AV LV AV | AAV | HV | BAV
Aj EHV | HV HV | VHV | HV | VHV | EHV | EHV
Ay BAV | AAV | AV | BAV | BAV | LV | AAV | AAV
DM; A AAV | BAV | AAV | AV | EHV | BAV | VLV | HV
Ay HV | VHV | BAV | BAV | AAV | AAV | VHV | AAV
Aj EHV | BAV | EHV | HV HV HV | EHV | VHV
Ay AAV | AAV | AV AV | BAV | VLV | BAV | AAV
DM, A AAV | BAV | AV | AAV | EHV | BAV | LV HV
Ay HV HV | BAV | LV | BAV | BAV | VHV | AV
Aj HV HV | EHV | VHV | VHV | HV | EHV | HV
Ay AV | AAV | AV AV AV LV | AAV | AV
DM; A AAV | AV | AAV | AV HV | BAV | LV | VHV
A HV HV | BAV | VLV | BAV | AV HV | AAV
As EHV | HV HV | EHV | HV HV | VHV | HV
Ay AV HV AV | BAV | BAV | LV AV | AAV

4.2. Birlestirilmis Karar Matrisi ve Kriter Agirhiklari

Denklem (1) kullanilarak bes karar vericinin yaptigi degerlendirmeler tek bir matrise
indirgenmistir. Bu birlestirilmis bulanik sayilarin yaricap degerleri Denklem (2)
kullanilarak elde edilmistir. Kriter ve alternatiflerin sonuglar1 Tablo 8 ve 9'daki gibidir.
Bes karar vericinin her birinin konu hakkindaki bilgi ve deneyimi esit kabul edilmistir.

Tablo 8. Kriterlere Ait Birlestirilmis Matris ve Maksimum Yarigap Degerleri

Kriter m ¥ Maksimum Yaricap (r)
C 0,128 0,062 0,6021
C 0,168 0,026 0,7357
Cs 0,120 0,070 0,6073
Cq 0,116 0,074 0,6099
Cs 0,108 0,082 0,6743
Cs 0,080 0,112 0,7883
Cs 0,172 0,024 0,7320
Cs 0,116 0,078 0,8222
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Tablo 9. Birlestirilmis Baglangi¢ Karar Matrisi

C. C2 Cs Cs Cs Cs Cy Cs

A:| (0,116, [ (0,074, | (0,096, | (0,094, | (0,112, | (0,078, | (0,108, | (0,082,
0,074; | 0,096; | 0,094; | 0,112; | 0,078; | 0,108; | 0,082; | 0,164;
0,557) | 0,565) | 0,559) | 0,56) | 0,739) | 0,545) | 0,63) | 0,661)

A | (0,144, [(0,046,| (0,16, | (0,034, | (0,084, | (0,106, | (0,06, | (0,13,
0,046; | 0,16; | 0,034; | 0,084; | 0,106; | 0,06; | 0,13; | 0,096;
0,664) | 0,743) | 0,545) | 0,636) | 0,565) | 0,562) | 0,661) | 0,562)

As| (0,172, [(0,026, | (0,128, | (0,062, | (0,164, | (0,032, | (0,164, | (0,03,
0,026; | 0,128; | 0,062; | 0,164; | 0,032; | 0,164; | 0,03; | 0,144;
0,732) | 0,602) | 0,739) | 0,739) | 0,664) | 0,664) | 0,728) | 0,75)

As| (0,1, | (0,09, | (0,128, | (0,062, | (0,104, | (0,086, | (0,088, | (0,102,
0,09; |0,128; | 0,062; | 0,104; | 0,086; | 0,088; | 0,102; | 0,088;
0,564) | 0,602) | 0,562) | 0,546) | 0,546) | 0,63) | 0562) | 0,559

Denklem (4) kullanilarak Ki-Kare mesafe sapma olgiileri hesaplandiktan sonra
Denklem (5) kullanilarak kriter agiliklari hesaplanmis ve sonuglar Sekil 7’de
verilmistir.

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16

Sekil 7. Kriter Agirliklar

Sekil 7’den de anlasilacag: lizere en 6nemli kriterin enerji tiiketimi oldugu (%14,6)
sonucuna varilir. Onu takip eden kriterler ise menzil (%13,5), sarj siiresi (%13,1) ve
ortalama hiz (%13,1) olarak bulunmustur.

4.3. Alternatiflerin Degerlendirilmesi
Piyasada satislar1 s6z konusu olan dort farkli elektrikli kamyonu degerlendirmek igin,
pozitif ideal ve negatif ideal dairesel sezgisel bulanik degerler Denklem (7) ve (7)

kullanilarak hesaplanmistir. Bu degerlerden, her bir kriter i¢in en uygun ve en az tercih
edilen alternatiflerin belirlenmesinde yararlanilmigtir (Tablo 10). Ki-Kare mesafe
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Olciim sapmalart Denklem (4) kullanilarak hesaplanmigs ve sonuglar Tablo 11'de

verilmistir.

Tablo 10. Pozitif ideal ve Negatif ideal Dairesel Sezgisel Bulanik Sayilar

Kriter PI; NI;

C1 (0,172, 0,026; 0,732) (0,100, 0,090; 0,557)
Cz (0,160, 0,034; 0,743) (0,096, 0,094; 0,565)
Cs (0,164, 0,032; 0,739) (0,084, 0,106; 0,545)
Ca (0,164, 0,030; 0,739) (0,060, 0,130; 0,546)
Cs (0,164, 0,032; 0,739) (0,088, 0,102; 0,546)
Cs (0,144, 0,046; 0,664) (0,052, 0,138; 0,545)
Cr (0,176, 0,022; 0,728) (0,052, 0,138; 0,562)
Cs (0,152, 0,040; 0,750) (0,104, 0,086; 0,559)

Tablo 11. C-IFVs-PIj and PIj-NIj ler Kullanilarak Mesafe Olgiim Sapmalar1

D = CIFVs,PI;| Ci C Cs Cs Cs Cs Cs Cs
As 0,0178| 0,0207 | 0,0183 {0,01890,0001 |0,0271|0,0270|0,0028
Az 0,00291 0,0000 | 0,0263 |0,02100,0201|0,0191|0,0030|0,0191
As 0,0001 | 0,0098 | 0,0000 |0,00000,0028|0,0028 |0,0003|0,0002
As 0,0199| 0,0100 | 0,0193 |0,0256 |0,0256|0,0254(0,0193|0,0184
D = PI;,NI; |0,02110,0201 | 0,0264 |0,0338|0,0253|0,0207 | 0,0362 |0,0196

Denklem (8), (9) ve (10) kullanilarak Q, R ve S degerleri hesaplanmis ve sonuglar
Tablo 12’de verilmistir.

Tablo 12. Q, R ve S Degerlerine Gore Alternatiflerin Siralanmasi

v=0.5 Al A2 A3 A4 Ranking
s 0,6643 | 0,5666 | 0,0989 0,8298 As>Ar> AL > Ay
R 0,1726 | 0,1419 | 0,0643 0,1614 As>Ar> Ar> AL
Q 0,8868 | 0,6781 | 0,0000 0,9483 As>Ar> AL > Ay

Kosul I ve Kosul II de saglandigindan dolay1 Aj; alternatifi en iyi elektrikli kamyon
olarak belirlenmistir. Tkinci sirada ise A alternatifi yer almaktadir.
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4.4. Duyarhhk Analizi

Bu boliimde arastirma probleminin ¢dziimiinde alternatiflerin siralamasiin gesitli
kosullar altinda nasil degistigini arastirmak i¢in duyarlilik analizi yapilacaktir.
Baglangigta, uzlagsma endeksi degerini hesaplamak icin kullanilan grup faydasinin
maksimum degerleri degistirilmis ve bunun sonucunda alternatiflerin siralamasinda
meydana gelen degisiklikler goézlemlenmistir. Sonuglar, maksimum grup fayda
degerlerinin 0 ila 1 araliginda onda bir oraninda kademeli olarak artirilmasiyla
degerlendirilmigtir. Elde edilen sonuclar ve ilgili degisiklikler Sekil 8’de
gosterilmektedir.

——Al —@=—A2 A3 A4

v=0.9

v=0.8

v=0.7 v=0.5

Sekil 8. Farkli v Degerleri igin Alternatiflerin Siralanmasi

Sekil 8 incelendigi zaman tiim v degerleri igin (0 ile 1 araliginda) ilk sirada yer alan
alternatifin (A3) degismedigi ve ikinci sirada yer alan alternatifin (A2) degismedigi
sonucuna vartlmistir. Ugiincii ve dordiincii sirada yer alan alternatiflerin ise kendi
araliginda degisiklik gosterdigi tespit edilmistir. v degerinin 0, 0,1, 0,2, ve 0,3 olmasi
durumunda {giincii sirada dordiincii alternatifin (A4) yer aldigi; v degerinin 0,4’e esit
ve biiylik oldugu degerler i¢in (1.0’a kadar) dordiincii alternatifin (A4) dordiincii sirada
yer aldigi tespit edilmistir.

Her bir kriterin “¢ok ¢ok yiiksek dnemli (EHI)” degerlendirme dlgeginden “cok ¢ok
diisik onemli (ELI)” degerlendirme Olgegine gore degerlendirmesi sonucunda
alternatif siralamalarinda herhangi bir degisiklik olmadig1 sonucuna varimistir (Sekil
9).

418



E. Caloglu Biiyiikselguk Elektrikli Kamyon Se¢iminde Dairesel Sezgisel Bulanik Kiimelere Dayali
VIKOR Yo6nteminin Uygulanmasi

——Al —@—A2 A3 A4

3.5

Sekil 9. Farkli Kriter Onem Diizeyleri i¢in Alternatiflerin Siralanmasi
4.4. Karsilastirma Analizi

Bu bolimde ayni problemin farkli CKKV yontemleri kullanilarak ¢oziilmesi
sonucunda alternatiflerin siralamalariin nasil degisecegine deginilecektir. Problemin
klasik bulanik kiimelerden ti¢ggensel bulanik sayilara dayanan farkli CKKV yontemleri
ile ¢oziimiinde Python yazilimi kullanilmistir. Farkli CKKV yontemleri ile ¢6ziim
gerceklestiginde alternatiflerin siralamasinda degisiklik olmamistir. Sadece TOPSIS ile
yapilan ¢oziimde A4 alternatifi en iyi alternatif olarak bulunmustur (Tablo 13).

Tablo 13. Karsilagtirmali Analiz

Yontem Alternatiflerin Siralanmasi
Fuzzy OCRA (Ulutas, 2019) A>A>A>Ay4
Fuzzy TOPSIS (Chen, 2000) A>A>A>A3
Fuzzy EDAS (Zindani ve ark., 2019) As>Ar>A>Ay
Fuzzy ARAS (Fu ve ark., 2021) A>A>A>Ay4
Fuzzy CODAS (Panchal ve ark., 2017) A>A>A>Ay4
Fuzzy COPRAS (Narang ve ark., 2021) A>A>A>Ay4
Fuzzy MABAC (Bozanic ve ark., 2018) As>A>A>A4
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5.SONUC VE ONERILER

Niifusun hizl artisi, teknolojinin geligsmesi ve internetin yayginlagmasi, tiiketicilerin
aligkanliklarinin degismesi sonucunda lojistik faaliyetlerde de gelismeler meydana
gelmistir. Ozellikle Birlesis Milletler Siirdiiriilebilir Kalkinma Hedefleri dogrultusunda
hiikiimetler, yerel yonetimler, sivil toplum kuruluslari, kiiresel, uluslararasi ve ulusal
sirketler bu noktada faaliyetlerini yeniden organize etmektedirler. Ulagim
faaliyetlerinden kaynaklana gevre kirliligi ve hava kirliligini 6nlemek iizere isletmeler
tedarik zincirlerini yeniden tasarlamaktadirlar. Yayginlasan kiiresel ticari faaliyetler
atmosfere yogun miktarda sera gazi salinimina neden olmaktadir. Bu nedenle bu
calismada sirketlerin karsilastiklari lojistik faaliyetlerinde yesil faaliyetlerin dnemli bir
pargasi olan ulasim araglarinin en az kirletici yiikiine sahip olan araglar olmasina dikkat
edilmektedir. Elektrikli kamyon se¢im problemi ele alinarak karar vericilere destek
olunmasi amaglanmustir. Bu problem tipik bir CKKV problemidir. ilk olarak alternatif
ve kriterler belirlenmis, belirlenen alternatifler bu kriterler ¢ergevesinde dairesel
sezgisel bulanik kiimelere dayanan VIKOR yoéntemi kullanilarak degerlendirilmistir.
Belirsizlik ve siibjektifligin yogun olmasi sebebiyle bulanik kiimeler kullanilmistir.

Yapilan literatiir taramas1 ve uzman goriigmeleri neticesinde sekiz farkli degerlendirme
kriteri belirlenmistir. Degerlendirme sonuglarina gore enerji tilketimi en 6énemli kriter
olarak belirlenmistir. Kamyonlarin bir y1l i¢erisinde katettikleri yol diisiiniildiigiinde bu
kriterin ilk sirada yer almasi sasirtict degildir. ikinci sirada menzil kriteri yer
almaktadir. Bir dolu batarya ile kamyonun alacagi mesafenin maksimum diizeyde
olmasi tercih edilmektedir. Sarj siiresi ve aracin ortalama hizi da 6nemli kriterler olarak
karsimiza ¢ikmaktadir.

Bu kriterlere gore dort farkli alternatif degerlendirildiginde isvigre menseili kamyonun
en iyi alternatif oldugu sonucuna varilmistir. Gerek binek gerekse ticari araglarda bu
marka kiiresel dlgekte iistiin basarilara imza atmaktadir. Tkinci sirada yer alan alternatif
ise Almanya’nin en koklii otomobil iiretici firmasidir. Gerek binek gerekse ticari
araglarinda kiiresel 6l¢ekte biiyiik bir pazar payina sahiptirler.

Calisma i¢in karsilasilan en 6nemli sinirlilik alternatif sayisinda yasanmistir. Piyasada
¢ok fazla sayida elektrikli kamyonlara ait veriye ulasilamadigindan, verilerine
ulasilabilen sadece dort alternatif degerlendirmeye alinabilmistir. Daha genis bir kriter
havuzu ile de ¢alisilmas1 durumunda sonucun nasil degisecegi gézlenmelidir. Elektrikli
kamyonlarin  kullanimi son yillarda arttigindan dolayi, elektrikli kamyon
kullanicilarimin =~ geri  doniislerine  yonelik  herhangi bir  degerlendirmeye
ulasilamadigindan c¢alismada daha ziyade kamyonlarin teknik o&zellikleri dikkate
almmustir. Ayrica ¢alismanin uluslararasi dlgekte yapilmasi da daha saglikli sonuglar
elde edilmesine yardimer olacaktir.

Gelecekte ayni ¢alisma farkli CKKV yodntemleri ile yeniden degerlendirilebilir. Ayrica
kullanilan dairesel sezgisel bulanik kiimeler yerine farkli bulanik kiimlerde kullanilarak
degerlendirmeler yapilabilir. Daha fazla alternatif ve kriter ilavesi ile problem yeniden
¢oziilebilir. Ele alinan teknik kriterlere ilave olarak elektrikli kamyon siiriiciilerinin
kullanimlarina yonelik deneyimlerin de yeni kriterler olarak probleme ilave edilebilir.
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Arastirma ve Yayin Etigi Beyam
Yapilan galismada arastirma ve yayin etigine uyulmustur.
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Abstract

Uluslararas1 ticarette énemli bir paya sahip olan denizcilik
sektoriindeki gemilerin operasyona baglamadan Once
yapilmasi gereken islemlerden biri olan bayrak g¢ekme
islemi, armatorler igin bilyiik 6nem tagimaktadir. Bayrak
¢ekme islemiyle birlikte gemiler bir sicile sahip olmaktadir
ve bu sicilde gemilerin sahiplik durumu, tescil tarihi, genel
ozellikleri ve diger 6nemli bilgileri yer almaktadir. Gemi
sicili, bankalara, gemi sahiplerine ve sigorta sirketlerine
geminin yasal statlisi ve ge¢misi hakkinda bilgi
saglamaktadir. Bu siciller genellikle iilkelerin denizcilik
otoriteleri tarafindan yonetilmektedir. Bu c¢aligmada,
denizyolu tagimacihigi alaninda faaliyet gosteren
armatorlerin  bayrak secimini etkileyen faktorler ve
Tiirkiye'nin bu alandaki rekabetgiliginin olgiimlenmesi
amaglanmaktadir. Bu amaci gergeklestirmek igin Michael
Porter'n gelistirdigi Elmas Modeli'ne gére bayrak segim
kriterleri belirlenecek. Belirlenen bu kriterler SWARA
yontemi kullanilarak onceliklendirilecek ve COPRAS
yontemiyle Tiirkiye'nin rekabet¢i pazarmnda bulunan
tilkeler degerlendirilecektir.

Anahtar  Kelimeler: Bayrak c¢ekme, denizcilik,
uluslararas ticaret, elmas modeli.

Ship registration, which is one of the procedures that must
be carried out before the ships in the maritime sector,
which has an important share in international trade, start
operating, is of great importance for ship owners. With the
ship registration procedure, ships gain a registry, and this
registry includes the ownership status, registration date,
general characteristics and other important information
about the ships. The ship registry provides information
about the legal status and history of the ship to banks, ship
owners and insurance companies. These registries are
generally managed by the maritime authorities of the
countries. This study aims to determine the factors
affecting the flag selection of ship owners operating in the
field of maritime transportation and to measure Turkey's
competitiveness in this field. To achieve this goal, flag
selection criteria will be determined according to the
Diamond Model developed by Michael Porter. These
determined criteria will be prioritized using the SWARA
method and countries in Turkey's competitive market will
be evaluated using the COPRAS method.

Keywords: Ship registration, maritime, international
trade, diamond model.
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1. GiRiS

Deniz tagimaciligi, uluslararasi ticaretin ve kiiresel ekonominin omurgast olarak
bilinmektedir. Mallarin uluslararasi ticaret hacminin %80'inden fazlasi deniz yoluyla
tasinmaktadir ve bu oran ¢ogu gelismekte olan iilke i¢in daha da yiiksektir (UN Trade
and Development [UNCTAD], 2021). Deniz tagimaciliginin en dnemli araci olan
gemilerin operasyonel siireclerinin en iyi sekilde yonetilmesi, denizyoluyla yapilan
ticaretin isleyisini derinden etkilemektedir. Operasyonel siireclerden biri olan bayrak
cekme siireci, bir gemiyi bir devletin bayragma kaydettirmek, o devlete karst
sorumluluklar yiikleme anlamina gelmektedir. Bunlarin arasinda geminin durumunu,
miirettebatini1 ve operasyonunu kontrol etmek gibi uygulamalar yer almaktadir. Eger
bir gemi bayraksiz olursa hicbir sekilde uluslararasi kanun altinda korunma hakkina
sahip olamamaktadir. Bir geminin uyrugu, geminin bdlgesel hakimiyetini etkilemekte
ve bayrak devletindeki iligkilerini olusturmaktadir. Boylelikle devletin vergilendirme
stirecine, dis ticaret ve diger kurallara tabi olmaktadir. Bir gemiyi, bir iilkenin siciline
kaydettirmek, o lilkenin kamu kayitlarina girmesi anlamina gelmektedir. Bu yiizden
bayrak ¢ekme yalnizca bir 6n kosul degil ayni zamanda bir geminin uyrugunun
belirlenmesi olarak diigiiniilmektedir (Coles & Watt, 1998). Gemi kayit islemi, deniz
tasimaciliginin emniyeti ve giivenligi acisindan zorunlu bir islev olarak goriilmekte ve
deniz ortaminin korunmasina ve muhafazasina énemli 6l¢iide katkida bulunmaktadir.
Bir geminin uyrugunu belirlemenin genel mekanizmasi, geminin belirli bir devlette
kaydi olarak goriilmektedir (International Maritime Organization [IMO], 2024). 2023
yil1 verilerine gére Yunanistan, 393 milyon deadweight (6lii agirlik - DWT) asan gemi
kapasitesiyle ilk sirada yer alirken, onu Cin (302 milyon DWT) ve Japonya (238 milyon
DWT) takip etmektedir. Sahip olunan toplam DWT hem Singapur'da hem de Hong
Kong'da (Cin) 100 milyonun iizerindedir. En biiyiik bes gemi sahibi ekonominin
birlesimi, diinya filosu tonajinin %53'"iinii olugturmaktadir. Liberya (378 milyon DWT),
Panama (365 milyon DWT) ve Marshall Adalar1 (299 milyon DWT), tescil edilen dnde
gelen bayraklar1 temsil etmektedir. Panama'nin sicil kaydi biyiikliigi son on yilda
neredeyse hi¢ degismemis olsa da Marshall Adalar1 ve Liberya bu biiyiiklige
yetismistir ve Liberya'nin kayitlar1 2018'den bu yana hizla artmistir (UNCTAD, 2024).

Denizcilik sektdriinde agik, kapali ve ikinci sicil (yari agik) olarak ii¢ ana sicil kayit
sistemi bulunmaktadir. Kapalir gemi sicili, en eski gemi sicil sistemidir. Kapali gemi
sicil sistemine dahil olarak bazi iilkeler, gemilerinin yalnizca vatandaslar1 ya da
sirketleri tarafindan yonetilmesine izin verirken, bazilar ise vatandas olmayan ancak
iilkelerinde kalic1 yerlesime sahip olan kisilerin gemileri yonetmesine izin vermektedir.
Kapali gemi sicilinin daha kat1 hale getirmis lilkelerde ise tiim miirettebatin, geminin
sahiplerinin ve ortaklarinin o iilke vatandasi olma zorunlulugu getirilmistir. Kapali,
ayni zamanda ulusal gemi sicili olarak bilinen bu sicil tiiriiniin geminin sahibinin,
miirettebatinin hatta insasimin bile o iilke igerisinde yapilmasimi sart kosmaktadir
(Galley, 2013). Ote yandan, acik gemi sicilinin en 6nemli &zelligi, devlet igin gelir
akisini gelistirmek olarak bilinmektedir. Bir diger dnemli 6zelligi ise denizcilikle ilgili
ekonomik iligkileri ilerletmek olarak goriilmektedir (Hosanee, 2009). Diisiik
vergilendirme siiregleri, gemi sahibi {izerindeki nispeten esnek uygulamalar,
hafifletilmis miirettebat gereklilikleri ve kurallara kati bir sekilde uyulmama gibi
ozellikler ¢ogu agik gemi sicillerinde bulunmaktadir. Literatiirde agik gemi sicili, ayn1
zamanda kolay bayrak olarak da adlandirilmaktadir (Balik, 2023). Acik gemi sicilinin
avantajlar1 genel olarak sdyle siralanmaktadir: gemilerin kendi {ilkelerinin
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vatandaglarina veya sirketlerine sahip olmasi zorunlulugunun aranmamasi, gemiler
yabanct uyruklu kisiler veya sirketler tarafindan agik gemi siciline sahip tlkelere
kaydettirebilmesi, yabanct uyruklu miirettebata izin verilmesi, kayit iicretleri ve
vergilerin olduk¢a diisiik olmasi (Yuanyuan, 2021). Geleneksel iilkeler tarafindan
gemilerinin kendi ulusal sicillerinden tamamen uzaklasmadan kontrolii elinde tutmasi
icin kurulmus bir sicil olan ikinci gemi sicilleri ya da uluslararasi siciller, “ulusal bayrak
sicili kurallarindan farkli kosullarin yaratildig:1 ancak ulusal bayragin kullanilmasina
izin verilen siciller” olarak da bilinmektedir (Tanaka, 2015). Kapali sicil ve agik sicil
arasinda bulunan ikinci gemi siciline sahip olan bayrak devletleri, ayni anda hem kapali
sicillerini hem de ikinci sicillerini yliriitmektedirler. Bu uygulamay1 segen iilkelerin
amaci, ilkelerine kayitli gemilerin kendi {ilkelerinden acik sicillere transferlerini
engellemektir. Tkinci gemi sicilleri, kapali sicillere gére daha seyreltilmis kurallara
sahiptir (Hamad, 2016). Ote yandan, ikinci gemi sicili, gemi sahiplerine kolay bayrak
siciline benzer avantajlar saglanmaktadir (Karatas & Simdi, 2019). Bu gemi sicil tiirii,
etkili denizcilik idaresi, uygulanabilir kurallari, standartlari, iilke bazli ¢aligmalar ve is
imkanlart sayesinde filolarin1 daha iyi kontrol etmeyi saglamistir (Anderson &
Fitzpatrick, 2005).

Diinyada bazi iilkeler gemi sicil kurallart sayesinde yabanci armatorlere kendi
bayraklarint tercih edebilme imkani sunmaktadir. Gemi sicili uygulamasi iilkeler
arasinda bir pazar olarak goriilmektedir ve bu da iilkeler arasinda rekabetciligi
sebebiyet vermektedir. Ozellikle, acik gemi sicillerinin kapali sicillere oranla daha ¢ok
tercih edilmesi agik gemi siciline sahip olan iilkelerin armatdrlere sundugu firsatlar
sayesindedir (Haider, 2013; Rogers, 2010; Shaheen, 2016). Tiirkiye ise 1999 yil
sonunda kurmus oldugu Tiirk Uluslararasi Gemi Sicili (TUGS) ile uluslararast pazarda
rol sahibi olmustur (Celik ve ark., 2009).

Bu baglamda ¢alismada denizyolu tagimaciliginda firmalarin bayrak se¢imini etkileyen
faktorler ve Tiirkiye’nin bu alandaki rekabet¢iliginin 6lglimlenmesi amaglanmaktadir.
Bu amag¢ dogrultusunda uluslarin rekabet avantajini degerlendirmek i¢in Michael
Porter’in gelistirdigi Elmas Modeli’ne (Porter, 1990) gore bayrak se¢im kriterleri
belirlenecek, belirlenen bu kriterler SWARA (Step-Wise Weight Assessment Ratio
Analysis-Adim Adim Agirlik Degerlendirme Oran Analizi) ile 6nceliklendirilecek ve
COPRAS (Complex Proportional Assessment-Karmagik Orantili Degerleme) ile
Tirkiye nin rekabetci pazarinda yer alan iilkelerin degerlendirmesi yapilacaktir.

Bu calisma bes bolimden olugmaktadir. Caligmanin amacinin sunuldugu giris
boliimiinden sonra ikinci boliimde gemiler i¢in bayrak sicil se¢imi ile iliskili literatiir
incelenmis, elmas modeli agiklanmistir. Ugiincii boliimde; bu ¢alismadaki bayrak
secim kriterleri ve degerlendirilen iilkeler hakkinda detayl bilgi verilerek ¢aligmaya
yonelik kavramsal ¢erceve olusturulmus, SWARA ve COPRAS metodunun kullanim
alanlarma yonelik literatiir taramasi yapilmis ve yontemlerin teorik altyapilaria
deginilmigtir. Dordiincii boliimde biitiinlesik SWARA ve COPRAS metodu ile analizler
yapilacaktir. Son bdliimde, analiz sonuglart yorumlanarak bayrak se¢iminde uluslarin
rekabet¢iligi degerlendirilecektir.
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2. LITERATUR TARAMASI
2.1. Gemi Bayrak Sicil Se¢cimi

Gemiler i¢in bayrak seciminin armatdrler tarafindan hangi kriterlere bagli olarak
yapildigma dair birgok caligma yiirtitiilmiistiir. Ag¢ik, kapali ve ikinci sicilleri
degerlendirerek yapilan calismalar, gelismis modeller kullanilarak literatiire katki
saglamistir. Asagida bu caligmalardan bazilarina deginilmistir.

(Chung & Hwang, 2005)’un caligmasinda Tayvan'daki dokme yiik tagimaciligt
firmalariin gemi kayitlaria olan etkisini 6l¢mek i¢in, AHP yontemi ile uygulanan dort
farkli hedef yoniinden olusan hiyerarsik bir analiz ¢ergevesi gelistirilmistir. Bes
secilmis kamu dokme yiik tasimaciligi firmasinin operasyonel performanslart Veri
Zarflama Analizi (VZA) yontemi kullanilarak analiz edilmistir. Girdiler ve ciktilar
tiretim fonksiyonu kavramlarina gore sec¢ilmekte ve kiigiik 6rneklem biiyiikliiklerinin
siirlamasini agmak i¢in pencere analizi yontemi kullanilmistir.

(Bergantino & Marlow, 2006) ise calismalarinda, ekonometrik bir yaklagim kullanarak
Birlesik Krallik tasimacilik sektoriinde gergeklestirdikleri anketler ve kisisel
gorligmeler vasitastyla orijinal verilere ulagmiglardir. Calismalarinin sonuglari, tanker
ve kargo gemileri olmak iizere iki gemi tipi ile ilgili olmustur ve bayrak ¢ekme
olgusunun temel olarak gemi sahibinin hem maliyetleri hem de igletme 6zgiirliigi
tizerindeki kisitlamalar1 en aza indirme arzusundan kaynaklandig1 yaygin olarak kabul
edilmektedir. Bu ¢aligmanin nicel kismi, geminin yasi, faaliyet gosterdigi ticaret, temel
ticret maliyetleri, ulusal sigorta 6demeleri ve egitim maliyetleri gibi faktorlerin bayrak
¢ekme kararinda 6nemini dogrulamistir.

(Kandakoglu ve ark., 2009) caligmalarinda, birden fazla kriter altinda gemi sicil
secimine iliskin kritik karar siirecini desteklemek i¢in SWOT analizi, AHP ve TOPSIS
yontemlerinin sistematik uygulamasina dayali bir yaklasim onermektir. Onerilen
yaklagimda, SWOT analizi gemi sicil se¢imi kararindaki temel degerlendirme
faktorlerini belirlemek ve karar hiyerarsisini yapilandirmak i¢in kullanilmistir. AHP bu
karar hiyerarsisinde degerlendirme kriterlerinin goreceli Onemini &lgmek igin
kullanilirken, TOPSIS gemi sicil se¢imi alternatiflerini siralamak i¢in uygulanmustir.

(Haider, 2013) calismasinda, gemi kayitlarina genel bir bakis sunarak degisen kiiresel
ekonomideki yeni egilimleri ele almaktadir. Eyalet bazinda bayrak girig/¢ikigini
incelemek icin bir panel veri analizi uygulamaktadir. Kapali gemi sicili ile a¢ik gemi
sicili arasindaki net ayrimin azaldigini ve iki bayrak tiirii arasinda bir yakinlasma
gozlemledigini belirtmektedir.

(Fan ve ark., 2014) ¢alismalarinda, Lloyd's gemi sicilindeki ger¢ek gemi kayit verilerini
Paris MOU (Paris Liman Devleti Kontrolii Mutabakati), Tokyo MOU (Tokyo Liman
Devleti Kontrolii Mutabakati) ve Hindistan MOU (Hindistan Liman Devleti Kontroli
Mutabakati)’dan almis oldugu Port State Control (PSC - Liman Devleti) kayitlariyla
birlestirerek, bayraktan ¢ikma kararlart icin ikili bir lojistik regresyon modeli ve
dogrusal bir model olan Ug asamali en kiigiik kareler (3AEKK) ydéntemine entegre
etmigtir. Deneysel sonuglar, PSC denetimlerinin aslinda bayrak c¢ekme olasiligini
artirdigini gostermektedir. Bu artis, yalnizca yiiksek denetim orani nedeniyle degil, ayn1
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zamanda gemi yasi gibi denetim onceliginin belirlenmesinde kullanilan degiskenler
araciligiyla da gerceklesmektedir.

(Alcaidea ve ark., 2016) calismalarinda gemileri hurdaya ¢ikarmak igin segilen en
yaygin bayraklari analiz etmislerdir. Devletler ve gemi sokiim endiistrisi arasindaki
iliskiyi belirlemek i¢in arastirma c¢ok degiskenli istatistik teknigi kullanilarak
yuritilmiistiir. Sonuglar, gemi sicil se¢imi ile yalnizca hurdaya g¢ikarma amaciyla
yeniden bayrak se¢imi yapan ve hurdaya gonderilmek iizere olan gemiler arasinda bir
iliski oldugunu gostermektedir.

(Mitroussi & Arghyrou, 2016) ¢aligmalarinda, gemi kayitlarinda yeni bir kavram olan
net bayraktan ¢ikma oranmi tanitmaktadir. Korelasyon ve Regresyon analizleri
kullanilarak yapilan ¢aligmada yolsuzluk metriklerinin ve kurumsal dnlemlerin bayrak
secimini agiklamada belirleyici faktorler olarak potansiyel katkisini incelemektedir.

(Koseoglu ve ark., 2017) calismalarinda, Tiirk ticaret filosunda énemli rol oynayan
denizcilik sirketlerinin ve gemi sahiplerinin bayrak se¢imi kararii etkileyen faktorleri
belirlemistir. Bu karar {izerinde 6nemli etkileri olan faktorlerin iliski durumu veri
madenciligi uygulamasiyla gosterilmistir. Elde edilen ¢iktilarla Yapay Sinir Aglari
uygulamasi gergeklestirilmis ve bayrak se¢imi karari i¢in bir model 6nerilmistir.

(Chou, 2018) ¢alismasinda gemi sahipleri tarafindan gemi bayrak sicili se¢imi i¢in ¢ok
kriterli karar verme analiz hiyerarsisini yapilandirmaktadir. Sicil se¢imi karar verme
prosediiriinde etkili faktorleri bulmak icin Analitik Ag Siireci (ANP) metodolojisi
kullanmistir. Temel hiyerarsi yapilandirildiktan sonra, ANP modeli Tayvan gemi
siciline uygulanmistir. Sonuglarin isletme maliyetlerinin en 6nemli faktér oldugunu,
bunu piyasa kosullari, ulusal politikalar ve yasalar ile uluslararasi yasalar ve
kisitlamalarin izledigini gostermektedir. Tasima vergilendirmesi, finans kosullari,
ticaret kisitlamalar1 ve engelleri, miirettebat maliyetleri ve tesvikler en 6nemli bes alt
kriterdir. A¢ik gemi sicili olarak bilinen elverisli bayrak sistemi, bir gemi sicili sistemi
olarak en iyi se¢imin oldugu, bunu ikinci gemi sicili takip ettigi bulunmustur.

(Yin ve ark., 2018) calismalarinda ikinci gemi sicilinin bayrak se¢imi mekanizmast
iizerindeki etkisini, lojistik regresyon modeli ile incelemistir. Ampirik tahmin, ikinci
gemi sicilleri kurma politikasinin, gemilerin kendi iilkelerine gemi kayit sayisini
onemli oOl¢iide etkiledigini, ancak bu etkinin farkli iilkeler icin degistigini One
sirmektedir. Bu calisma, Cin'in denizcilik politikasini, denizcilik sirketleri icin
rekabetci bir operasyonel ortam saglamak ve bdylece bir denizcilik faaliyetlerini tesvik
etmek icin Hong Kong'u ikinci gemi siciline dahil ederek yeniden yonlendirmesini
onermektedir.

(Okpara, 2020), calismasinda Nijerya’nin Rivers Eyaletindeki yerel gemi sahipleri ve
operatorlerinin  gemi kayit politikasinin etkisini incelemisti. Bu ¢aligmadaki
hipotezlerin testinden, gemi sicil kayit politikasinin Rivers Eyaletindeki yerel gemi
sahipleri ve operatorlerinin istthdaminda artis ve yerel gemi operatdrleri tarafindan
hiikiimete saglanan gelir arasinda anlamli bir iligkinin oldugu ortaya ¢tkmustir.

(Park ve ark., 2022) calismalarinda agik gemi siciline bir cevap olarak Kore’de 2003
yilinda kurulan ikinci gemi sicili sistemi Jeju Ozel Gemi Kayit Bélgesi Sistemi’ne
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deginmiglerdir. Bu sistemin performansinin ulusal ekonomi iizerindeki etkisini analiz
etmek igin sentetik kontrol ydntemini kullanarak Jeju Ozel Gemi Kayit Bolgesi
sisteminin performansini nicel olarak degerlendirerek bu alanda ilk ¢alismaya imza
atmiglardir.

(Chen ve ark., 2024) ise caligmalarinda, kiiresel uluslararast gemi kayit sisteminin
gelisim siirecini ve temel dzelliklerini karsilagtirmali analiz kullanarak islemislerdir.
Bu sistemdeki temel sorunlari belirterek diinya capinda uluslararast gemi kayit
sisteminin inovasyonu ve yonetimi i¢in Onemli yonler onermektedirler. Kiiresel
uluslararas1  gemi kayit sisteminin gelisim gecmisini gdzden gecirerek,
uygulanmasindaki temel sorunlar1 degerlendirerek ve gelecekteki reform ve yonetim
yonlerini olusturarak, kiiresel denizci uluslarin gemi kayit politikasi reformlart igin
politika inovasyon 6nerileri sunmay1 amaglamislardir.

2.2. Elmas Modeli

Bu ¢alismada kullanilacak olan Elmas Modeli, ilk olarak Amerikali strateji profesorii
olan Michael Porter tarafindan 1990 yilinda yaymlanan “Uluslarin Rekabet Avantaji”
kitabinda bahsedilmistir (Diallo, 2021). Porter’in ¢alismalar1 arasinda dikkat ¢eken
elmas modelinde uluslarin rekabetgilik avantajlarini karsilagtirmali iistiinliikler teorisi
temelinde daha iyi hale getirecek strateji analizlerinin yapilmasinda onciiliik eden farkli
bir yorumlama yapmaktadir (Eren, 2013). Bir {ilkenin refah seviyesine ulasma amaci o
tilkenin uluslararasi rekabet ortaminda nasil ilerledigiyle dogrudan baglantilidir. Bu
yiizden o iilkedeki sirketlerin nasil rekabet ettigi uluslararasi rekabet ortaminda hangi
konumda olacagini da belirlemektedir (Herciu, 2013). Bu modeli olusturan ana temalar,
bir lilkede faaliyetini siirdiiren isletmelerin ortaya ¢iktig1 ve rekabet ettigi bir yapiy1
kapsamaktadir. Belirtilen bu yapi ise belli bir sektdrdeki rekabet avantaji i¢in var olan
kaynagin nasil kullanilacagini, bulunan firsatlarin ve kaynaklarin idare edilme seklini,
isletmeyi yoneten ekibin rekabet etme siirecindeki koydugu hedefleri nasil
yonetecegini olugturmaktadir (Keser, 2011). Bu modelde ayni zamanda bazi faktorler
bulunmaktadir. Bu faktdrler mikro ekonomik ve makro ekonomik olarak ikiye
ayrilmaktadir. Modelde bir faktoriin aktif hale gelmesi i¢in diger faktorlerin durumunu
incelemek gerekmektedir. Daha detayli agiklamak gerekirse, bir faktor tek basina
yeterli olmamakta, diger faktorlerle uyum igerisinde olarak rekabet avantaji elde
edilebilmektedir (Erarslan ve ark., 2007).

Global rekabet ortaminda dogrudan etkili olan mikro faktorler, Faktor Kosullari, Talep
Kosullari, Tlgili ve Destekleyici Kuruluslar ve Firma Yapis1 ve Stratejisi seklinde
siralanmigti. Bu dort mikro faktorler haricinde rekabetleri dolaysiz bir sekilde
etkileyen iki makro faktor olan Devlet ve Sans faktorleri de bulunmaktadir (C. Erkan
& H. Erkan, 2004). ilgili elmas modeli Sekil 1°de gdsterilmistir.
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Sekil 1. EImas Modeli

Faktor kosullarini olugturan temel etkenler genel olarak bilgi kaynaklari, altyapi, fiziki
kaynaklar, hammadde, teknolojik kaynaklar ve yoneticilerin yetkinlikleriyle birlikte
inovasyonu kapsamaktadir. Porter faktor kosullarmi iki gruba indirgemistir. Bunlar
gelismis faktorler ve temel faktorler seklinde siralanmaktadir. Gelismis faktorlerde
enerji, hammadde ve insan kaynaklari seklindeki kaynaklari siralarken, temel
faktorlerde ise insan kaynaklari, teknoloji ve bilgi seklideki uzmanlik isteyen
kaynaklar1 siralamigtir. Temel faktorler olusturulmasi basit olarak goriilmektedir,
gelismig faktorler ise rekabet avantaji i¢in daha ¢ok dnem arz etmektedir (Riasi, 2015).

Talep Kosullari, miisterilerin siireklilik isteyen kalite ve gesitlilik talepleri, isletmeleri
zamanla yenilik yapmaya zorlamaktadir. Isletmeler, yeni hizmetler ve iiriinler
gergeklestirerek rekabet ortaminda 6n plana ¢ikmayi amaglamaktadirlar. Bulunduklar
pazarda talep oraninin fazla olmasi halinde isletmeler, daha fazla yatirim yapmak igin
biitgelerini bulunduklar1 pazar i¢in arttirma yoluna gitmektedir (Glimiis & Bayat,
2021).

Ilgili ve Destekleyici Kuruluslar, bir iilkenin i¢ pazarindaki giiclii sektorlerde yer alan
isletmeleri dogrudan veya dolay1 olarak etkileyen destekleyici sektorel kuruluslar
bulunmaktadir. Bu kuruluslarm biiylimesi ve gelismesi, iilkenin 6nemli sektorlerindeki
isletmelerin ilerlemesini saglamaktadir. Porter’a gore bu kuruluslar desteklendikge iilke
ekonomisine katki saglayan firmalar da ayni sekilde giiglenmektedir (Hiziroglu &
Glimiis, 2015).

Firma Yapis1 ve Stratejisi, isletmelerdeki yonetim ekibinin sirket i¢indeki ekibi nasil
olusturdugunu ve yonettigini gosteren faktorleri kapsamaktadir. Belirli bir sektdrde
rekabet giicii, o iilkede uygulanan yonetim ve organizasyon uygulamalariyla ve nasil
yonetildigiyle belirlenmektedir (Hiziroglu & Giimiig, 2015). Olusturulan ekipteki
motivasyonunun 6nemi ve rekabet etme yontemleri de 6nem arz etmektedir (Giiltekin,
2017).

Sans Faktorii, genellikle hicbir sekilde ongoriilemeyen gelismeleri gostermektedir
(Diallo, 2021). Sans faktoriiniin uluslararasi bir pazarda rekabet giiciine sahip olan
isletmelerin basarilt veya basarisiz olmalariyla ilgili goriilmektedir. Sektorlerdeki
firmalar bazen olumsuz olaylarla karsilagabilirken bazen de yepyeni firsatlar karsilarina
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¢ikarak firmalarinda olumlu etkilere sahip olabilmektedirler (Hiziroglu & Giimiis,
2015).

Devlet Faktorii, isletmelerin uluslararasi anlamda rekabet giiciinii elde etmeleri igin
devletlere diisen bazi sorumluluklar bulunmaktadir. Bu sorumluluklar arasinda
sektordeki isletmelerin performanslarint yiikseltmek igin imkanlar saglamak,
tekellesmeyi dnlemek, talep gorecek potansiyel {irtinleri 6nceden goriip bilgilendirmek
vardir (Tiirkiye Odalar ve Borsalar Birligi [TOBB], 2012). Ulke icerisindeki maliye ve
para politikalariyla birlikte egitim de 6nemli bulunmaktadir (Diallo, 2021). Devletin
yasalar, diizenlemeler ve korumaci politikalariyla giiglii bir etkinliginin oldugu
bilinmektedir (Giiltekin, 2017).

3. KAVRAMSAL VE METODOLOJIiK CERCEVE
3.1. Metodolojik Cerceve

Giliniimiizde gerek kurumsal gerekse bireysel islemlerimiz i¢in birden fazla kriteri
dikkate alarak kiigiik veya biiyiik dl¢ekli karar almak zorunluluk haline gelmistir. Bu
calismada amaglanan denizyolu tasimaciliginda bayrak se¢imini etkileyen faktorler ve
Tirkiye'nin bu alandaki rekabetciliginin degerlendirilmesidir. Bu amagla, dncelikle
literatiir taramasiyla elde edilmis degerlendirme kriterlerinden bahsedilerektir.
Ardindan, Tiirkiye ve Tiirkiye'nin rekabetgilik iginde bulundugu tilkeler hakkinda bilgi
verilecektir. Kullanilacak c¢ok kriterli karar verme yontemlerinden kriter Gnem
diizeylerinin belirlenmesi igin SWARA ve alternatif iilke degerlendirmeleri igin
COPRAS hakkinda literatiir incelemesi ve yoOntemlerdeki asamalar aktarilacaktir.
Hata! Basvuru kaynagi bulunamadi.’de uygulanacak metodoloji fazlar bazinda
belirlenmistir.

N
Asama 1: Secim ana ve alt
FAZ 1 kriterlerinin belirlenmesi.
Asama 2: Alternatif iilkelerin
N
KRITER i i i
FAZ 2 ACIRLIKLAN SYVARA ile kriterlerin
DIRMA agirhklandiriimasi
A 4
FAZ 3 ALTERNATIF COPRAS ile iilkelerin
DEGEI,SAI;ENDI degerlendirilmesi

Sekil 2. Metodoloji
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3.2. Kriterlerin Belirlenmesi
Yapilan literatiir taramasinda asagidaki kriterler belirlenmistir.

Miirettebat Vatandaslik Ozgiirliigii (K1): 1980’lerde yasanan uzun kriz siirecini takiben
gemi sahipleri ya denizcilik sektoriinti terk etmis ya da agik gemi sicillerine gecis
yapmislardir. Ozellikle 1950’lerden beri Amerika Birlesik Devletleri’nde (ABD) bu
sikca goriilmektedir. Bunun sonucunda diinyada gemiler i¢in miirettebat is alimlarin
yoneten sirketler olusmaya baglamistir. 21. Yiizyilin baglarinda ise bu sirketler
Almanya, ABD, Hong Kong, Singapur, Yunanistan gibi {ilkelerde bulunmaktadir ve
miirettebat ise alimi pazarinin ¢ogunu bu iilkeler yonetmistir. Bu ilkelerle birlikte
Uluslararas1 Gemi Yoneticileri Birligi kurulmus ve bu iiye iilkeler 1800 adet gemiyi
yonetmistir. Bu gemilerin %80°1ik kism1 da agik gemi sicillerinde kaydolmustur. Acik
gemi siciline kaydettirmelerinin baglica sebebi miirettebat maliyetlerini en aza
indirmektir. Bu gemi sicil tiiriindeki yabanci miirettebat alimi sayesinde miirettebat ise
aliminda daha 6zgiir hissetme imkani taninmustir (Silos ve ark., 2011). A¢ik gemi sicili
kanunlar kiiresel isci havuzundan ucuz miirettebat cekmeye izin vermektedir. Ozellikle
diisiik asgari iicret ve yetersiz yasam kosullar1 olan iilkelerden miirettebatin se¢ildigi
goriilmektedir. Diisiik is¢i maliyetleri agik gemi sicillerinin tercih edilmesinin en biiyiik
sebebidir (Fossen, 2016).

Bayrak Rengi (K2): PSC rejimleri arasinda en dnemlisi olarak degerlendirilen Paris
MOU tarafindan her sene yaymlanan Kara, Gri ve Beyaz liste, armatorlerin takip ettigi
ve bayrak seciminde biiyiik 6nem arz eden bir listedir. Her sene yayinlanan listedeki
gemiler li¢ seneyi kapsayan denetimlerin sonucunda bir puanlamaya tabi tutulur ve
performansa gore bayrak rengi belirlenmektedir. Bu sayede bayrak devletinin yiiksek
ve diigiik riskli olup olmadigi anlasilmaktadir (Bolat & Alpaslan, 2021). Yiiksek
derecede tutuklanma oranlarina sahip olan bayraklar kara listede, orta derecede
tutuklanma oranina sahip olan iilkeler gri listede, diisiik derecede tutuklanma oranina
sahip olan iilkeler ise beyaz listede yer almaktadir (Hickman, 2012). Paylasilan bu
listede tiim bayrak tipleri yer almaktadir. Kolay bayrak iilkelerinin sayisindaki keskin
artig, gemi sahiplerinin ilgisini ¢ekmek i¢in bir miicadelede aralarinda yeni rekabet
bi¢imlerinin ortaya ¢ikmasina neden olmaktadir. Armatérler i¢in ilk izlenim, bayrak
devletinin Paris MOU'nun yaymladig1 listede hangi renkte oldugudur. Bayragin
glivenilirligi, armatorler igin, bir geminin ugrak limanlarinda tutuklanma riskini
azaltmaktadir. Geminin seyriisefer halinin devamlilig1 geminin istikrarli performansina
glivenilirligini artirmaktadir. Bu da bir gemi sahibinin geminin tiim c¢alisma siiresi
boyunca iyi iicretlerle kiralanmasmna imkan vermektedir (Akimova ve ark., 2013).
Gemiler, 6miirlerinin tamamlamaya yakin zamanda sokiilmeye gonderilmeden dnce
gegici olarak bayrak ve miilkiyet degisikliklerine girmektedir. Paris MOU tarafindan
yayinlanan listede beyaz listede bulunan gemiler sokiim isleminden hemen oOnce
genellikle gri veya kara listedeki iilkelere transfer edilmektedir (Alcaidea ve ark.,
2016).

2024 yilinda yayimlanan verilere gore aralarinda Birlesik Krallik, Kibris, Cin, Tiirkiye,
Marshall Adalari, Liberya gibi toplam 42 iilke beyaz listede yer alirken, 2023 yilinda
beyaz listeden gri listeye diisen Panama ile Saint Vincent ve Grenadinler, Cook Adalari,
Saint Kitts ve Nevis gibi denizcilik iilkeleri gri listede yer alan 17 iilkenin iginde
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bulunmaktadir. Beyaz ve gri liste disinda kalan kara listede ise 12 iilke bulunmaktadir.
Bu iilkeler arasinda denizcilik iilkeleri olan Palau, Vanuatu ve Comoros yer almaktadir
(Paris MOU, 2024).

Gemi Yasi (K3): Ulastirma ve Altyap1 Bakanligi’nin yaymlamis oldugu Gemilerin
Teknik Yonetmeligine gére gemi yasi, omurganin konulma veya blok insaatinin
baslangic tarihinden itibaren hesaplanan zaman olarak bilinmektedir. Avustralya Deniz
Emniyeti Idaresi’ne gére 15 yas ve iistii gemiler yiiksek riskli, 10-14 yas arasi orta-
yiiksek riskli, 5-9 yag aras1 orta-diisiik riskli, 5 yi1ldan az yasli gemiler ise diigiik riskli
olarak degerlendirilmektedir (Tozar & Giizel, 2012). Baz1 bayrak devletleri arasinda,
sicillerine kabul edecekleri gemilerin yasimi smirlayarak kolay bayrak etiketinden
uzaklagma yoniinde bir hareket vardir. Bu ylizden gemi sahipleri de geminin yasina
gbre bayrak se¢meyi dikkatlice yapmak zorundadir. Ornegin agik gemi sicillerinden
Liberya ve Vanuatu, 20 yas sinir1 uygularken, Kibris 17 yag ve Bahamalar kayit sicili
ise 12 yas sinir1 uygulamaktadir. Ancak daha yasghi gemiler bayrak ¢ekme Oncesi
denetim ile kabul edilebilir (Galley, 2013). Bir armatoriin gemisi igin yabanct bir
bayrak segme olasilig1 gemi yasiyla birlikte azalir. Bu sonug, agik sicillerin genellikle
standart alt1 gemilerle iligkilendirilme egiliminde olmasi ve dolayistyla daha eski olma
olasiliklarint yiikseltmektedir. Bazi sicillerin daha geng¢ ve yiiksek tonajli gemileri
¢ekmek i¢in girigimlerde bulunmasi, onlara indirimler ve diger avantajlar sagladigi
bilinmektedir. Ayrica, daha eski gemiler uluslararasi standartlara uymakta ve bu
nedenle uluslararasi ticaret yapmakta zorlanmaktadir (Hoffmann ve ark., 2005).

Gemi Rotasi (K4): Gemi rotasi, bir geminin yiikiinii yiikledigi ve bosalttig1 limanlara
ulasmak i¢in izledigi giizergahtir. Bu giizergdh kapsaminda da bayrak se¢imi 6nem
kazanmaktadir. Izledigi giizergah {izerinde ugrak limanlarmin iilkeleri ve o iilkelerin
yasalar1 énemlidir. Ilaveten eger geminin tasidig1 yiik, kabotaj mevzuati kapsaminda
ise farkli uygulama s6z konusudur. Deniz kabotaj mevzuatlari ve politikalari, tilkenin
ulusal ticaret araglarina karasularinda ticari faaliyetler yiiriitme hakkint sakl
tutmaktadir. Bu, bir geminin milliyetinin ve miilkiyetinin éneminin bir yiikiimliilik ve
sorumluluk perspektifinden ziyade ulusal bir kalkinma perspektifinden goriildiigiiniin
bir gostergesidir. Bu nedenle, gemilerin o iilkenin vatandaglarina ait olmasi ve o iilkede
kayithh olmasi gerektigini ongdren ulusal kabotaj mevzuatlari, ulusal ekonomik
kalkinmanin kolaylastirilmas1 amaciyla tasarlanmigtir. Bunun sonucunda ulusal sularda
ticari aktivite yapmak isteyen armatorler kendi {ilkelerinde sicil tercihi yapmaktadir
(Akpan, 2016).

Deadweight Orani (K5): Olii Agirlik Tonaji (DWT), bir geminin kargo, yakit, su, erzak
ve miirettebat dahil olmak iizere tam yiiklii halde tasiyabilecegi maksimum agirligi
ifade eden bir denizcilik terimidir (McKittrick, 2015). 2022 yilinda diinyadaki gemi
sicilleri arasinda ilk 10 siralamasinda yedi iilke agik sicil iilkeleri olan Panama, Liberya,
Marshall Adalari, Malta, Bahamalar, Hong Kong, Cin ve Singapur olurken, geriye
kalan {i¢ iilke olan Cin, Yunanistan ve Japonya, kapal: sicil iilkeleriydi. Bu on iilke,
diinyanin toplam DWT oranmin %78,5'ini temsil etmekteydi (UNCTAD, 2023).
Kiiresel gemi filosunun DWT tonaj1 artarken, geleneksel denizcilik iilkelerinin ulusal
gemilerinin DWT'si azalmaktadir. A¢ik gemi sicili sahibi gemiler, bircok geleneksel
denizcilik iilkesinde ulusal gemilerin yerini almak tizere siirekli olarak biiytimektedir
(Chung & Hwang, 2005).
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Tasinan Yiik (K6): Petrol ve dogal gaz gibi siv1 yiikleri tagiyan gemiler tanker gemi
olarak bilinirken, tahil, kdmiir, demir, tugla gibi mallar1 tagiyan gemilere ise kuru yiik
gemisi denilmektedir. Tankerlerin, konteynir ve kargo gemilerine kiyasla ulusal
bayraklarinda kaldig1 goriillmektedir. Bunun en 6nemli sebebi petrol sizdirma riski ve
stk1 c¢evresel koruma kurallarinin olmasidir. Petrol tankerlerinin yiiksek giivenlik
gereksinimleri diinya ¢capinda oldukga yiiksektir ve yabanci bayrak devletleri tarafindan
tamamen saglanamamaktadir. Kuru yiik gemileri siki kurallar ve kisitlamalardan
kaginmak i¢in baska bir bayraga gecerken, petrol gemilerinin baska bayraga
gegmesinin maliyet olarak ciddi bir farki yoktur (Haider, 2013). Ancak tanker isleten
bazi armatdrler, sicil kayit ticretleri, bakim masraflari ve ekstra yasal gerekliliklerden
kaginmak icin daha diisiik giivenlik seviyesine sahip olan agik gemi sicillerine
kayitlarint yaptirmaktadir. Sonug olarak ise agik gemi sicilinde kayithi olan tankerler,
kapali sicile sahip olan tankerlere goére daha fazla kazaya karigmaktadir. Bir agik gemi
siciline sahip olan Marshall Adalari’na kayith olan tankerlerin, kapali sicillere oranla
%2.767 daha az kazaya karistig1 goriiliirken yine agik gemi siciline sahip olan Panama
ve Liberya ise kapali sicillere oranla sirasiyla %9.9 ve %8.0 daha fazla kazaya
karigmaktadir (Mengjie ve ark., 2019). Bazi petrol sirketleri kendi denetim
programlarina sahip olduklari i¢in bu denetimlerle gemilerin ¢evresel uygunluk ve
isletme kurallarina uyumlulugunu saglayarak olast bir tutuklanmayi onlemeyi
amaclamaktadir (Arican & Kara, 2023).

Klas Kuruluslar (K7): Klas kuruluslar, gemilerin fiziki durumlarinin belirlenmesi,
denetim ve incelemeler gergeklestirme siireglerinde derecelendirme ve sertifikasyonu
saglayan kuruluglardir (Kaya A. Y., 2013). Yashi gemiler ve Uluslararasi Klas
Kuruluslar Dernegi (International Association of Classification Societies - IACS) {iyesi
olmayan klas kuruluslarin denetime ¢iktigi gemiler genellikle kendi iilkelerinde
kalmaktadir. Gemi tiirlerinden yasina ve klas kuruluglarina kadar Panama ve Antigua
bayrakli gemilerin Liman Devleti tarafindan daha diistik ihtimalle tutuklanabilecekken,
ornegin St. Vincent ve Grenadinler, Belize, Honduras ve Bolivya gibi iilkelerin gemileri
Liman Devleti tarafindan daha yiiksek ihtimalle tutuklanmaktadir (Hoffmann ve ark.,
2005). Acik sicil iilkelerinin neredeyse hicbiri, filolarina kayitli gemilerin 6zel
denetimini gerceklestirmek icin yeterli personele veya kaynaga sahip olmadigindan, bu
faaliyeti bu klas kuruluslara devretmektedirler. Bu kuruluslar 6nemli bir kamusal islevi
yerine getirir. Bir diger deyisle, agik siciller, klas kuruluslarina yeni bir hayat vermistir
(Piniella ve ark., 2017).

Broker Firmalar: (K8): Gemi broker firmalari, gemi alicilar1 ve saticilar1 arasinda araci
olarak hareket etmektedir. Bu firmalar, armatorlerle firsatlar1 ve piyasa egilimlerini
goriisen, satiglar hakkinda rapor veren, gemileri degerlendiren, navlun kazanglarimi
hesaplayan, finans konusunda tavsiyelerde bulunan ve belirli istihdam firsatlar icin
gemiler bulan firmalardir (Keradinidis ve ark., 2012).

Isletme Giderleri (K9): Bir geminin isletme maliyetleri personel maaslari, ekipman,
sigorta, bakim ve onarim, genel giderler seklinde siralanmaktadir (Erol, 2016).
1970'lerden beri, kapali gemi siciline sahip olan iilkeler, yiiksek standartli bir ulusal
filoyu korumak i¢in operasyonel maliyetleri diisiirirken, acik gemi sicili iilkelerinin
baz1 politikalarin1 benimsemistir ve denizcilik politikalarim1 gézden gecirerek ikinci
gemi sicil sistemini tanitmigtir. Bu gemi sicili, denizcilik endiistrilerini canlandirmay1
amaglayan bir kurumsal degisim bigimidir. Ikinci gemi sicili, gemi sahipleri igin iyi bir
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isletme ortami yaratmistir ve operasyonel maliyetleri diisiirmiistiir. Bu ekonomik
¢ekicilik ikinci gemi sicil sistemini birgok armatdr i¢in ilk tercih haline getirmistir ve
boylece tilkenin uluslararasi denizcilik sektoriindeki statiisiinii ve etkisini artirmigtir.
Ek olarak, vergi politikalar1 ve finansman kosullari armatérler igin 6nemli ekonomik
faydalar saglamis, operasyonel maliyetleri diislirmiis ve pazar rekabet giiciini
artirmigtir (Chen ve ark., 2024).

Vergilendirme ve Filo Indirimi (K10): A¢ik gemi sicillerinin denizcilik sirketlerine
vergi muafiyeti sundugu bilinmektedir. Gemi sahipleri bu sicile sahip bayraklara
gemilerinin kaydettirerek vergi avantajindan yararlanmaktadir. Bu durum, iilkelerinde
kayitlt olan gemilerini agik gemi sicil bayraklarina transferlerini engellemek isteyen
denizci llkeleri benzer vergilendirme siirecleri igin tesvik etmistir. Ancak gemi
sahipleri i¢in agik gemi sicillerine sahip olan iilkeler, yiiksek vergilendirme ve kati
kurallarin olmadigi bir liman haline gelmistir. Giiniimiizde en biiyik agik gemi
sicillerine sahip olan Panama, Marshall Adalar1 ve Liberya, yabanci denizcilik
sirketlerine vergi indirimi saglamaktadir (Merk, 2020).

Politik Sebepler (K11): Bazi armatorler, kendi devletlerini etkileyen politik veya
ekonomik nitelikteki engelleri veya kisitlamalar1 asmak icin yabanci bayraklar altinda
kayit yaptirmaktadir. Acik gemi sicili gemi sahipleri tarafindan tarihsel olarak
genellikle ekonomik, politik veya giivenlikle ilgili ¢esitli amagclar i¢in kullanilmistir.
1930'larda, Avrupa'daki kétiilesen politik durum, agik sicillere gegis icin 6nemli bir
ivme saglamistir ve birgok Avrupalt armatdr bu yiizden Panama bayragina gegmistir.
II. Diinya Savagi'ndan sonra, Panama'nin politik istikrar1 konusundaki belirsizlik ve
yiiksek konsolosluk iicretlerinden duyulan memnuniyetsizlik, Liberya denizcilik
otoritesi adinda bir agik gemi sicili kurulmustur ve 1948'de Liberya Denizcilik
Yasasi'nin taslaginin hazirlanmasiyla Liberya, gemi sicili New York'ta bulunan ve onu
cazip bir ABD segenegi haline getiren agik sicilli bir devlet olmustur (Rogers, 2010).
Ozet olarak savaslar, devrimler, darbeler, diismanliklar, yabanci varliklarin siyasi
millilestirilmesi ve grevler gibi politik olaylarin hepsinin denizcilik talebi iizerinde
dolayli bir etkisi olmaktadir (Okpara, 2020).

Bayrak Cekme Yasal Siiregleri (K12): Bayrak ¢ekme siireglerinde en gok tercih edilen
sicil, agik gemi sicilidir. Yabanc1 bir sirket veya yabancilar tarafindan yonetilen bir
geminin agik gemi siciline kaydolmasi ¢ok kolaydir. Ayrica agik gemi sicilinin, gemi
sahiplerinin kendi iilkelerindeki mali ylikiimliiliiklerden kaginma amacuyla tercih ettigi
bilinmektedir. Kiiresel pazarda agik gemi sicili iilkelerinde kayit islemleri 24 saat
icerisinde yapilmaktadir. Bu da bayrak ¢ekme i¢in biiyiik bir tercih sebebidir (Mitroussi
& Arghyrou, 2016). Panama Denizcilik Otoritesinin diinya ¢apinda 64’ten fazla
denizcilik konsoloslugu ve 9 teknik ofisinin olmasindan dolay1 bayrak ¢ekme siireci en
fazla 4 saatte tamamlanmaktadir. Buna karsin kapali gemi siciline sahip olan Pakistan’1
ornek vermek gerekirse, gemi kayit islemleri uzun ve karmasik bir siire¢ olarak
goriilmektedir (Ali Shah & Kanwar Muhammad, 2021).

flgili kriterler Porter Elmas Modelindeki ana kriterlere gére gruplandirilmistir. Hata!

Basvuru kaynag bulunamadi.’de bayrak se¢im kriterleri Elmas Modelinin Ana
kriterleri altinda belirlenmis, tanimlamasi yapilmig ve referanslar1 belirtilmistir.
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Tablo 1. Bayrak Se¢im Kriterleri

yaptirarak yillik oraninda vergi
indiriminden yararlanma firsati.

Kriter Alt Kriter Tamm Referans
Miirettebat Gemilerde ¢aligan miirettebatin (Silos ve ark
Vatandaglik | bayrak devleti harici bagka bir 2011) °
Ozgiirliigii iilkeden istthdam edilmesi.
Paris MOU tarafindan her sene .
Faktor Bayrak Rengi | yayimnlanan performans listesinde (Paris MOU,
. o . 2024)
Kosullar1 belirlenen rengin énemi.
Gemi yas1 bir geminin denize ilk (Cariou & Wolff,
. A . 2011)
Gemi Yasi indigi tarihten itibaren gegen (Galley, 2013)
stireyi ifade eder. (Ho ffmy’ann ve
ark., 2005)
Geminin yiikiinii yiikledigi ve
Gemi Rotas1 | bosalttigi limanlara ulagmak i¢in | (Bergantino &
izledigi giizergahtir. Marlow, 2006)
Talep
Kosullar Deadweight | Bayrak devletinin diinya gemi (UNCTAD,
Orani filosundaki deadweight orani. 2023)
Geminin tastyacagi yiike bagl
Tasinan Yik | olarak kiracmnin talebi (Haider, 2013)
dogrultusunda se¢im yapilmasi.
Belirli araliklarda yapilan
Klas denetimleri gergeklestirecek (Piniella ve ark.,
Kurulusglar survey veya klas kuruluslarm ilgili | 2017)
Tlgili ve bayrakta yetkili olmas.
Destekleyici Broker, bir tarafta yiikiin sahipleri
Kuruluslar ve yiikiin gqndeplen@erl, diger (Alcaidea ve
Broker tarafta gemi sahipleri veya ark., 2016)
Firmalar1 isleticileri arasinda araci olarak (Ca.llmak 2024)
hareket eden kisi veya kuruluslara ’
denir.
isletme Isletme %1dl(erler1barqsc,11nclla yer 2.1.1an (Bergantino &
Giderleri onartm, baxim vb gAerierin 8021 \rarlow, 2006)
. Oniine alinmasi.
Firma
Yapisi ve Bayraklarin net ve briit tonaj
Stratejisi 5 5
! Vergilendirme | NeSaplamasina gore yapmis oldugu | . r oy 505
. yillik vergi 6demesi ve birden
ve Filo fazla gemiyle bayraga sicil kaydi (Marlow &
indirimi gemiyle bayrag YA Mitroussi, 2011)

(Haotian, 2013)
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Politik Bayrak devletinin siyasi. istikyara (Rogers, 2010)
Sebepler sahip olmas1 ve diinya ticaretinde | (Shaheen, 2018)
Devlet taninirliginin olmast. (Okpara, 2020)
Bayrak ¢ekme isleminin hizli
gziﬁg Yasal olmasi ve daha az (Mitroussi &
Siiregleri dokiimantasyonla siirecin Arghyrou, 2016)
tamamlanmasi.

Belirlenen kriterler dogrultusunda
olusturulmustur.

Sekil 3’te Bayrak Secim Elmas Modeli

Faktior Kosullan

Miirettebat Vatandashk Ozgiirliigii (K1)
Bayrak Rengi (K2)
Gemi Yag1 (K3)

Talep Kosullan

\ Firma Yapis: ve Stratejisi
\
Gemi Rotast (K4) - | isletme Giderleri (K9)
Deadweight Orant (K5) el - * Vergilendirme ve Filo Indirimi (K10)
Tagnan Yiik (K6) T . ‘-\

oy

Devlet

ilgili ve Destekleyici
\
Kuruluslar K] Politik Sebepler (K11)
Bayrak Cekme Yasal Siiregleri

Klas Kuruluglar (K7) (K12)

Broker Firmalar (K8)

Sekil 3. Bayrak Se¢cim Elmas Modeli
3.3. Alternatiflerin Belirlenmesi
(Balik, 2023) yaptig1 ¢alismasinda sahipligin Tiirk oldugu gemilerin % 38,7’ sinin
ulusal bayrak tercih ederken geri kalaninin yabanci bayrak tasidigini belirtmektedir.
Yabanci bayrak tasiyan gemilerin segtigi iilkeler Tiirkiye nin rekabet iginde oldugu

bayrak sicilleri olarak degerlendirilmis ve asagida belirlenen iilkeler tanitilmigtir.

Barbados Denizcilik Idaresi (41): 1994 yilinda kurulan Barbados Denizcilik Idaresi,
2023 yili itibariyle 272 gemiye sahiptir. Bu gemilerin 90’1 dokme yiik gemisi, 149°u
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genel kargo, 5’1 tanker ve geri kalan 28 gemi ise diger gemi tiirlerinde yer almaktadir
(Central Intelligence Agency [CIA] - The World Fact Book, 2024). Barbados bayragi
Temmuz 2024-Temmuz 2025 arasi gegerli olan Paris MOU bayrak performansi
listesinde beyaz bayrak olarak nitelendirilmistir (Paris MOU, 2024).

Italya Uluslararasi Gemi Sicil Idaresi (42): Italyan Uluslararas1 Gemi Sicili, 30 Aralik
1997 tarihinde kurulmus olup, 27 Subat 1998 tarihinde baz1 degisikliklerle
diizenlenmistir. Bu sicil, ii¢ boliime ayrilmustir. {lk béliim, Avrupa Birligi (AB) ve
Italyan sirketlerine veya bireylerine ait gemilerle ilgili olurken, ikinci béliim, bir AB
veya Italyan sirketi veya bireyi tarafindan devralman AB disi iilkelerde kayitli
gemilerle ilgilidir. Ugiincii boliim ise bir Italyan gemi kiralayan yiiziinden AB iiyesi
olmayan bir iilke tarafindan gecici olarak askiya alinmis olan AB digindaki vatandaglar
ve sirketler tarafindan isletilen gemiler i¢in olusturulmustur (Lauro ve ark., 2020). 2024
yilindaki UNCTAD raporuna gére Italya bayragi 1240 gemiye sahiptir ve an itibariyle
Paris MOU tarafindan beyaz bayrak olarak nitelendirilmektedir (UNCTAD, 2024).

Liberya Denizcilik Idaresi (A3): 1948 yilinda kurulan Liberya Denizcilik Idaresi,
(UNCTAD, 2024) raporuna gore Liberya, 5215 gemi, 408.369 DWT tonuyla diinyadaki
en biiyiik filoya sahiptir. A¢ik gemi siciline sahip olan Liberya, Paris MOU tarafindan
beyaz bayrak olarak nitelendirilmistir. Liberya, an itibariyle diinyadaki gemi filosunun
%16’s1na sahiptir (Liberian Registry History, 2024).

Malta Denizcilik Idaresi (A44): 1973 yilinda yiiriirliige giren Malta Denizcilik Yasast ile
kurulan Malta Denizcilik Idaresi, 2024 yil1 itibariyle 1867 gemisiyle Avrupa’nin en
biiyiik gemi filosuna sahiptir. Paris MOU tarafindan beyaz bayrak olarak goriilmektedir
(UNCTAD, 2024).

Marshall Adalart Denizcilik Idaresi (A5): 1948 yilinda kurulan Marshall Adalari
Denizcilik Idaresi, Eyliil 2024 itibariyle 5772 gemisiyle 201,987,707 briit tonaja
sahiptir. Bu gemilerin 1953’1 dokme yiik gemisi, 1331’1 tanker, 276’s1 genel kargo
gemisidir. Paris MOU tarafindan beyaz bayrak olarak nitelendirilen Marshall Adalari
bayragi, agik gemi siciline sahiptir (International Registries, 2024).

Panama Denizcilik Idaresi (46): 1917 yilinda kurulan Panama Denizcilik Idaresi,
(UNCTAD, 2024) raporuna gore 8338 gemiye sahiptir. 379.833 DWT tona sahip olan
Panama Denizcilik Idaresi, Haziran 2023 tarihinde yaymmlanan Paris MOU bayrak
performans listesinde beyaz bayraktan gri bayraga diismiistiir (Paris MOU, 2023).
Panama Denizcilik Idaresi, gri bayraga diismesinin sebebini yasli gemiler ve yogun
yasanan tutuklanmalar oldugunu bildirmistir (Panama Maritime Authority, 2023).

Rusya Denizcilik Idaresi (47): 1913 yilinda kurulan Rusya Denizcilik Idaresi, 2024 y1li
itibariyle 2902 gemiye sahiptir. Kapali bir sicil olarak kurulmus olan sicil, 2006 yilinda
ikinci sicil uygulamasiyla yabanci gemilere de Rusya bayragi ¢cekme imkan1 tanimistir
(UNCTAD, 2024), (Yuanyuan, 2021).

Singapur Denizcilik Idaresi (A8): 1966 yilinda kurulmus olan Singapur Denizcilik
Idaresi, 2024 yil1 itibariyle 3245 gemiye sahiptir. 141.013 DWT ton verisi diinyadaki
filolarin %6’sina denk gelmektedir (UNCTAD, 2024). Paris MOU’nun bayrak
performans listesinde 4. Sirada yer alan Singapur, UNCTAD’a gore a¢ik gemi sicili
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olarak goriiliirken, Uluslararas1 Tasimacilik Iscileri Federasyonu tarafindan yayimlanan
acitk gemi sicili listesinde bulunmamaktadir (International Transport Workers’
Federation , 2024), (UNCTAD, 2023).

St. Kitts ve Nevis Denizcilik Idaresi (49): 2005 yilinda kurulan St. Kitts ve Nevis
Denizcilik Idaresi, 2023 yili itibariyle 341 gemiye sahiptir. Bu gemilerin 22’si dékme
yik gemisi, 16’si konteynir gemisi, 85’1 genel kargo, 59°u tanker ve geri kalan 159
gemi ise diger gemi tiirlerinde yer almaktadir (CIA - The World Fact Book, 2024).
Barbados bayragi Temmuz 2024-Temmuz 2025 aras1 gegerli olan Paris MOU bayrak
performansi listesinde gri bayrak olarak nitelendirilmistir (Paris MOU, 2024).

Tiirkiye Denizcilik Idaresi (A10): 1956 yilinda kurulan Tiirk Milli Sicili, Tiirk bayrag:
¢ekmek isteyen kisiler i¢in olusturulmustur. Yabanci kisiler i¢in diizenlenmis olarak
Tiirk Uluslararasi Gemi Sicili ise 1999 yilinda yiiriirliige girmistir (Giizel, 2012). 2024
yili itibariyle diinyada 1203 Tiirk bayrakli gemi bulunurken, toplamda 7.230 DWT tona
sahip olan bu gemilerin diinya filosuna katkisit 0.3 olarak olgiilmiistir (UNCTAD,
2024). Tirkiye, Paris MOU’nun yayimladigi listede beyaz bayrak olarak
nitelendirilmektedir.

Belirlenen bu kriterler ve alternatifler sonucunda bayrak se¢iminin hiyerarsik ¢ergevesi
Hata! Bagvuru kaynagi bulunamadi. ‘de belirtilmigtir.

Barbados (A1) |
Faktor Kogullart
Miirettebat Vatandaglik Ozgiirligii (K1)
Bayrak Rengi (K2) italya (A2) |
Gemi Yas1 (K3)
Liberya (A3) |
— Talep Kosullari
Gemi Rotasi (K4) |
Deadweight Oran1 (K5) Malta (Ad)
Tagman Yik (K6)
E
g Marshall Adalari (A5) |
5 [gili ve Destekleyici Kuruluglar
@ Klas Kuruluglar (K7)
E Broker Firmalar1 (K8) Panama (A6) |
. Firma Yapisi ve Stratejisi Rusya (A7) |
— Isletme Giderleri (K9)
Vergilendirme ve Filo Indirimi (K10)
Singapur (A8) |
Devlet St. Kitts ve Nevis (A9) |
Politik Sebepler (K11)

Bayrak Cekme Yasal Siiregleri (K12)

Tiirkiye (A10) |

Sekil 4. Bayrak Se¢im Problemi Hiyerarsik Cergeve
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3.4. SWARA (Step-Wise Weight Assessment Ratio Analysis- Adim Adim Agirhk
Degerlendirme Oran Analizi) Yontemi

(Giirler, 2024)’e gore SWARA yontemi, uzman goriislerini dikkate alarak her bir
kriterin goreceli dnemini belirleme teknigidir. Bu teknikte uzmanlar kriterlere azalan
onemlerine gore agirlik degerleri atarlar. Kriterlerin dnemini belirlemek i¢in ¢iftler
halinde karsilagtirma matrisi olusturulur ve 6ncelik agirliklart belirlenir. SWARA, diger
Cok Kiriterli Karar Verme yontemlerine gére daha kolay ve daha rahat yapilabilir bir
yontemdir. SWARA'nin karari, uzmanin bilgi ve deneyimine dayanir. Bu yontem, bir
niteligin diger niteliklerden daha yiiksek veya daha diisik oneme sahip oldugu
gercegini dikkate almaktadir (Prajapati ve ark., 2019). SWARA yontemi, karar vermede
niteliklerin 6nem oranini bulur (Kersuliené ve ark., 2010), kriterin géreceli agirliklarini
bulmak i¢in asagidaki 5 adim uygulanmaktadir:

Adim 1: Uzman, kriterleri 6nem sirasina gore biiyiikten kiigiige dogru belirler.

Adim 2: Uzman, ikinci kriterden baslayarak kriter j'nin bir 6nceki kriter j—1'e gore ne
kadar 6nemli olduguna karar verir. Bu géreceli 6nem orantili olarak hesaplanir ve s; ile
gosterilir.

Adim 3: Asagidaki denklemi kullanarak katsay1 k;'1 hesaplanir:

T s+ 1 j>1

Adim 4: Asagidaki denklemi kullanarak yeniden degerlendirilen agirlik g;'1 hesaplanir:

1 j=1 )
q; = kj-1
kj

Adim 5: Her degerlendirme kriterinin géreceli dnemi asagidaki formiille belirlenir:

N G)
k=1 4k
n toplam kriter sayisidir ve j kriterinin agirhigi wy ile gosterilir.

3.5. COPRAS (Complex Proportional Assessment) Yontemi

Zavadskas ve Kaklauskas 1996 yilinda gelistirilen COPRAS yodntemi, catisan
kriterlerin varliginda mevcut alternatiflerin 6nem ve fayda derecelerine odaklanir.
Alternatiflerin farkl kriterlere ve ilgili kriter agirliklarina gore performansini dikkate
alir. Bu yontem hem fayda hem de zarar kriterlerini dikkate alir ve en iyi alternatifi
secer (Zavadskas & Kaklauskas, 1996).

COPRAS yontemi, diger Cok Kriterli Karar Verme yontemlerinden farkli olarak,
alternatifleri karsilastirirken her bir alternatifin digerlerinden ne kadar iyi veya kotii
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oldugunu yiizde olarak belirler. COPRAS yonteminin avantajlari arasinda, ¢dziim
adimlarmin kisa ve kolay olmasi, 6zel bir bilgisayar yazilimi gerektirmemesi
sayilabilir. Bu yontem, farkli ¢6ziim yollar1 dikkate alinarak farkli sayida adimdan
olugsa da genellikle alt1 adimda hesaplanir (Arsu, 2022). Asagida COPRAS ydnteminin
asamalar1 detaylandirilarak belirtilmistir (Organ & Yalgin, 2016).

Adim 1: Karar Matrisinin Olusturulmasi

Tim ¢ok kriterli karar verme problemlerinde oldugu gibi Oncelikle karar matrisi
olusturulur. Karar matrisi su sekildedir:

AirXi1 X1z X3 - Xin (1)

Ay | X21 X2 X3 - Xon
D= A3z |X31 X3z X33 - X3n

Am Xm1 Xm2 Xms3 - Xmn
Adim 2: Karar Alma Matrisinin Normalizasyonu
Dikkat edilen alternatiflerin performanslarini karsilastirilabilir boyutsuz degerlere
donistiirmek icin normalizasyon prosediirii kullanilir. COPRAS yonteminde

normalizasyon i¢in asagidaki formiil kullanilir:

o Xij (2)

Adim 3: Agirliklandirilmis Normalize Karar Matrisi Belirleme

Normalize edilmis karar alma matrisi olusturulduktan sonraki asama, agagidaki formiil
kullanilarak agirlikli normalize edilmis karar alma matrisinin olusturulmasidir:

Adim 4: Her Alternatif i¢in Maksimize ve Minimize Etme Endeksinin Hesaplanmasi

Bu asamada her alternatif, maksimize ve minimize etme endeksi olarak kategorize
edilir:

Sip = Zle d;j j=1,2...k maksimizasyon endeksi “4)
Si_ = Z;lzkﬂ d;; j=k+4, k+2..., n minimizasyon endeksi (5)

Adim 5: Her Alternatifin Goreceli Agirliklarinin Hesaplanmasi
i. alternatifin agirhigi Q; asagidaki sekilde hesaplanir:
miin S XS, (6)
min S_;
l
S-i

Q= Sy +

m
S_i2it1
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Adim 6: Alternatiflerin Oncelik Sirasin1 Belirlenmesi
Karsilastirilan alternatiflerin 6ncelik sirasi, goreceli agirliklarina gore belirlenir. Daha

yiiksek goreceli agirliga sahip alternatif daha yiiksek dncelige (siralamaya) sahiptir ve
en yiiksek goreceli agirliga sahip alternatif, en kabul edilebilir alternatiftir.

- {Ai

miax Q; } (7

Adim 7: Her Alternatif i¢in Performans Endeksi (P;) Degerinin Hesaplanmasi
Son boliimde, P; degerleri asagidaki formiil kullanilarak hesaplanir:

P = Q .100 % ®)

Qmax

100 dereceye sahip olan alternatif alternatiflerin en iyisidir. Alternatiflerin siralamasi
biiytikten kiigiige dogru yapilir.

4. UYGULAMA

Bu caligmada, bayrak ¢ekmede tercih edilen ve Tirkiye’nin de dahil oldugu ilke
sicillerinin  rekabetgiligi  biitlinlesik SWARA ve COPRAS yontemleri ile
degerlendirilerek, iilkelerin rekabetgiliginin belirlenmesi amagclanmustir. Ik olarak
SWARA ile kriter agirliklart bulunmus ardindan COPRAS yontemi kullanilarak bayrak
seciminde alternatif 10 iilkenin degerlendirmesi yapilmistir.

4.1. Kriterlerin SWARA ile Agirhiklandirilmasi

Bu asamada Boliim 3.3’te belirtilen adimlar takip edilmistir. Adim 1°de

Tablo 1’de ozellikleri belirtilen ve firmalarinda bayrak sicil se¢imi yapan 7 karar
vericiye kriterlerin en 6nemliden en az 6nemliye gore siralamasi istenmistir. Adim 2’°de
Karar vericiler (KV) her kriterin kendisinden bir sonraki kritere gére gorece olarak ne
diizeyde oOnemli oldugunu (Ortalama degerin karsilagtirmali  6nemi (s;))
belirlemislerdir. Karar vericilerin kriter siralamalar1 ve s; degerleri Tablo 2’ da
belirtilmistir.

Tablo 1. KV’lerin Ozellikleri

Egitim Calisma
Durumu Siiresi Firmadaki Gorevi
KV1 | Lisans 16-20 y1l | Karada Gorevli Kisi (DPA)
KV2 | Lisans 11-15 yil | Finans Sorumlusu
KV3 | Lisans 16-20 y1l | Karada Gorevli Kisi (DPA)
KV4 | Lisans 6-10 y1l Karada Gorevli Kisi (DPA)
KV5 | Lisans 11-15 yil | Karada Gorevli Kisi (DPA)
KV6 | Lisans 21+ y1l Karada Gorevli Kisi (DPA)
KV7 | Doktora 11-15 yil | Sirket Giivenlik Zabiti, Teknik Enspektor
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ISM Koduna gore (International Safety Management Code), Karada Gorevli Kisi
(DPA), Giivenlik Yonetim Sisteminin etkili bir sekilde uygulanmasinda 6nemli bir rol
oynar ve tim giivenlik ve Kkirlilik onleme faaliyetlerinin dogrulanmas: ve
izlenmesinden sorumludur (International Maritime Organization [IMO], 2014)

Tablo 2. Kriterlerin KV’ler Diizeyinde Karsilastirmali Onemi

o KV1 KV2 KV3 KV4 KV5 KVo6 KV7

g

z |z z z 7 7 5 5

1 K9 K10 K2 K11 K2 K9 K11

2 K10 | 0,50 | Kl 0,10 | K11 | 0,50 | K12 | 0,80 | K3 0,30 | K10 | 0,50 | K2 0,30
3 K11 |1 0,50 | K9 | 0,10 | KI 0,40 [ K2 | 0,50 | K1 0,50 | K12 | 0,60 | K12 0,60
4 K2 | 0,25 K2 0,25 | K9 | 0,40 | K3 1,00 [ K7 | 0,30 | K3 1,00 | K10 0,10
5 K7 | 0,25 Ké6 | 0,10 | K7 | 0,60 | KI 0,25 | K11 | 0,20 | K4 | 0,60 | K7 0,50
6 K1 0,50 | K7 0,10 | K10 | 0,45 K7 | 0,60 | K10 | 0,50 | K1 0,50 | K5 0,60
7 K12 | 0,50 | K8 0,05 | K12 | 0,35 K8 | 0,50 | K9 | 0,10 | K5 1,00 | K1 0,05
8 K6 | 0,50 | K3 0,05 K8 | 0,55 K6 | 0,80 | K12 | 0,50 | K7 | 0,40 | K9 0,40
9 K3 0,50 | K4 | 0,15 K5 | 0,30 | K10 | 0,25 K4 | 0,70 | KI1 | 0,70 | K3 0,50
10 K8 | 0,25 | KI1 | 0,05 K6 [ 020 | K9 | 0,50 [ K8 | 0,10 | K6 | 0,40 | K8 0,80
11 K5 0,50 | K12 | 0,10 | K3 | 0,25 K5 [ 0,50 | K6 | 0,20 | K8 0,30 | K6 0,50
12 K4 | 0,50 | K5 0,05 | K4 030 | K4 | 0,25 K5 | 0,10 | K2 0,30 | K4 0,40

Adim 3, 4 ve 5’teki formiiller kullanilarak katsayi (kj) degerlerine ulagilmigtir. Her
kritere i¢in 6nem vektdr (qj) degerleri ve kriterlere ait agirliklar (wj) hesaplanmigtir.
KVT1’e ait kj, qj ve wj degerleri Tablo 4’de gosterilmistir.

Tablo 4. KV1 Kriter Agirliklart Hesaplama

Kriter Onem Sirasi | s K; qj Wi

K9 1 1,00 1,00 0,303
K10 2 0,50 1,50 0,67 0,202
K11 3 0,50 1,50 0,44 0,135
K2 4 0,25 1,25 0,36 0,108
K7 5 0,25 1,25 0,28 0,086
K1 6 0,50 1,50 0,19 0,057
K12 7 0,50 1,50 0,13 0,038
K6 8 0,50 1,50 0,08 0,026
K3 9 0,50 1,50 0,06 0,017
K8 10 0,25 1,25 0,04 0,014
K5 11 0,50 1,50 0,03 0,009
K4 12 0,50 1,50 0,02 0,006
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KV 1 i¢in yapilan hesaplamalar diger KV’ler i¢in de yapilmis ve kriter agirliklar1 Hata!
Basvuru kaynagi bulunamadi.’de gosterilmistir.

Tablo 5. KV Kriter Agirliklar

KV1 KV2 KV3 KV4 KV5 KVé KV7

K1 0,057 0,128 0,150 0,059 0,134 0,033 0,048

K2 0,108 0,093 0,314 0,147 0,262 0,003 0,211

K3 0,017 0,070 0,011 0,074 0,201 0,079 0,023

K4 0,006 0,060 0,009 0,004 0,020 0,049 0,006

K5 0,009 0,050 0,017 0,005 0,014 0,016 0,050

K6 0,026 0,084 0,014 0,014 0,016 0,005 0,008

K7 0,086 0,077 0,067 0,037 0,103 0,012 0,080

K8 0,014 0,073 0,022 0,025 0,019 0,004 0,013

K9 0,303 0,116 0,107 0,007 0,052 0,380 0,034

K10 0,202 0,140 0,046 0,011 0,057 0,253 0,120

K11 0,135 0,058 0,209 0,398 0,086 0,007 0,275

K12 0,038 0,052 0,034 0,221 0,035 0,158 0,132

KV’lerin kriter agirliklarinin ortalamasiyla bulunan kriter agirliklar1 Hata! Basvuru
kaynagi bulunamadi.’ da belirtilmistir. KV’lerin degerlendirmelerine gore en dnemli
ana kriter % 34,98 ile Faktor Kosullar1 olurken alt kriterlerde Devlet ana kriterinin
icinde yer alan Politik Sebepler (K11) %19,50 ile birinci sirada yer almistir.

Tablo 6. Kriter Agirliklart

Kriter Alt Kriter Kriter Agirhg:
Miirettebat Vatandashk Ozgiirliigii (K1) | %8,47
Faktor Kosullar1 | Bayrak Rengi (K2) %18,75 %34,98
Gemi Yasi (K3) %7,76
Gemi Rotasi (K4) %1,77
Talep Kosullar1 | Deadweight Orani (K5) %2,05 %4,95
Tasman Yiik (K6) %1,13
lgili ve Klas Kuruluslar (K7) %5,97
Destekleyici ] . %7,60
Kuruluslar Broker Firmalari (K8) %1,63
Firma Yap]s] ve 1§letme Giderleri (K9) %11,61 %2137
Stratejisi Vergilendirme ve Filo Indirimi (K10) | %9,76 i
Politik Sebepler (K11) %19,50
Devlet - - %31,10
Bayrak Cekme Yasal Siire¢leri (K12) %11,60
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4.2. Tiirkiye’nin Bayrak Sicil Seciminde Rekabet icerisinde Oldugu Ulkelerin
COPRAS Yontemi ile Degerlendirilmesi Asamasi

Bu agamadan sonra Bolim 3.4.’de belirtilen adimlar takip edilmistir. Adim 1°de
KV’lere bayrak sicil se¢imine Tiirkiye’nin de iginde yer aldig1 bayrak sicil se¢iminde
Tiirkiye’ nin rekabet icerisinde oldugu toplamda 10 tilkenin 12 farkli kritere gére ne
derece iyi olduklarmi 1 ile 5 arasinda (1 en az 5 en cok olacak sekilde) bir
degerlendirme yapmalar1 istenmistir. KV’lerin ilgili degerlendirmeleri Tablo 3’da

verilmistir.
Tablo 3. KV'lerin Alternatif Ulkeleri Degerlendirmesi
K1 K2 K3
KVI [KV2|KV3 [KV4|KV5|KV6 [KV7 |KVI [KV2|KV3 [KV4|KV5|KV6 |KV7[KV]|KV2[KV3|KV4|KV5|KV6 [KV7
Al| 2 4 3 5 5 5 1 2 5 2 5 4 1 1 3 5 3 3 3 5 1
A2 | 5 3 2 3 2 1 1 5 5 5 5 2 1 1 4 3 4 3 1 1 1
A3 | 3 3 4 5 2 5 5 4 5 4 5 5 1 5 4 4 4 4 1 5 3
A4 5 4 4 5 2 5 4 5 5 5 5 5 1 4 4 4 5 5 1 2 3
A5 | 5 5 5 5 5 5 5 4 5 5 5 5 1 5 4 4 5 5 1 2 3
A6 | 4 5 4 5 5 5 5 3 4 4 4 3 1 2 4 5 4 5 4 5 2
A7 3 3 3 3 1 1 1 3 4 3 1 1 1 1 3 4 3 5 2 1 1
A8 | 4 4 5 5 1 5 1 5 5 5 5 2 1 1 4 4 5 S 2 1 1
A9 | 3 4 1 5 5 5 1 2 3 1 2 2 1 1 4 4 1 5 2 5 1
Al0| 4 3 2 1 2 1 2 3 5 4 3 5 1 4 4 4 4 5 2 2 3
K4 KS K6
KV1|KV2|KV3|KV4 |KVS5 [KV6 |KV7 [KV1|KV2[KV3|KV4|KV5|KV6[KV7|KVI1 |KV2[KV3|KV4|KVS5|[KV6 |KV7
a3 s {3 |s |3 |s|1|3]a|2|4]3]|3|tv]3]|s|3]3]|3]s]1
A2 | 5 4 4 5 3 3 1 5 4 4 4 3 3 1 5 3 4 S 2 S 1
A3 | 5 3 5 5 4 5 1 5 2 5 5 5 5 4 5 3 5 5 5 5 1
A4 | 5 4 5 5 4 5 1 5 5 5 5 5 3 2 5 4 5 5 5 5 1
A5 | 4 5 5 5 4 5 1 5 4 5 5 5 5 3 5 4 5 5 5 5 1
A6 | 5 5 5 5 4 5 1 5 5 5 5 5 5 5 4 5 5 5 5 5 1
A7 | 3 1 3 5 1 1 1 3 3 3 4 1 1 1 3 3 3 S 2 1 1
A8 | 4 5 5 5 3 5 1 4 4 5 5 4 3 1 4 4 5 5 3 5 1
A9 | 4 5 1 5 2 5 1 3 4 1 5 3 3 1 4 4 1 S 2 2 1
Al0| 4 4 4 4 2 5 1 4 3 4 5 2 3 1 5 4 4 4 2 S 1
K7 K8 K9
KVI1 [KV2|KV3 [KV4|KV5|KV6 [KV7 |[KVI [KV2 |KV3 [KV4 |KV5|KV6 |KV7[KV1|KV2 [KV3|KV4|KVS5|KV6 [KV7
Al 2 5 3 5 4 5 1 3 4 2 5 3 4 1 2 1 3 4 4 1 5
A2 | 5 5 5 5 5 5 1 5 5 5 5 4 5 1 3 3 2 4 2 4 5
A3 | 5 3 5 5 5 5 5 5 3 5 5 5 5 1 2 2 1 1 3 1 1
A4 5 5 5 5 5 5 4 5 5 5 5 5 5 1 2 3 1 3 3 2 4
A5 | 4 4 5 5 5 5 5 5 4 5 5 5 5 1 2 2 1 1 4 1 2
A6 | 4 5 4 5 5 5 4 5 4 5 5 4 5 1 3 1 1 1 5 1 3
AT 2 3 3 1 1 1 1 2 2 3 1 2 1 1 2 3 3 5 4 5 5
A8 | 5 4 5 5 2 5 1 5 4 5 5 3 5 1 2 2 1 4 4 3 5
A9 | 2 4 1 5 3 2 1 2 4 1 5 4 3 1 1 2 5 2 3 4 5
Alo| 3 4 5 5 2 5 3 3 4 4 5 2 5 1 2 3 2 4 5 4 5
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K10 K11 K12
KV1|KV2|KV3|KV4 |KVS5 [KV6 |KV7 [KV1|KV2[KV3|KV4|KV5|KV6 [KV7|KVI |KV2[KV3|KV4|KV5|[KV6|KV7
Al 3 5 3 4 1 4 1 3 5 2 5 1 5 1 4 5 3 3 1 5 1
A2 | 3 3 4 3 3 2 1 5 4 4 3 3 5 1 4 2 5 3 4 2 1
A3 | 4 4 5 5 2 5 1 5 3 5 3 4 5 3 4 3 5 5 3 5 4
A4 3 3 5 4 2 4 2 5 4 5 3 4 5 5 3 4 5 5 3 5 2
A5 | 4 4 5 5 5 5 5 5 5 3 4 5 4 4 5 5 5 2 5 5
A6 | 4 5 5 5 1 5 3 4 5 5 5 4 5 2 4 5 5 5 1 5 3
A7 3 3 3 1 2 1 1 2 1 3 1 1 1 1 3 2 3 1 1 1 1
A8 | 3 3 5 4 2 2 1 5 3 5 2 4 5 1 4 3 5 2 3 2 1
A9 | 4 4 1 4 3 5 1 3 5 1 2 4 3 1 4 5 1 3 4 5 1
Al0o| 3 3 4 3 1 2 1 3 3 4 3 2 5 1 5 3 4 3 1 2 1
Tablo 3’deki KV’lerin degerlendirmelerinin ortalamasi alinarak Tablo 4°de
sunulmustur.
Tablo 4. Alternatif Ulke Secimi Igin Kriterlerin Degerleri
Agirik Alternatif Ulkeler
Min/ lar Kriter
Maks | (SWA | ler | A1 | A2 | A3 | A4 | A5 | A6 | AT | A8 | A9 | AlO
RA)
Maks | %847 | K1 | 3,57 | 243 | 3,86 | 414 | 500 | 471 | 1,71 | 3,57 | 343 | 2,14
Maks | %18,75 | K2 | 286 | 343 | 4,14 | 429 | 429 | 300 | 1,57 | 343 | 1,71 | 357
Maks | %7,76 | K3 | 329 | 243 | 3,57 | 343 | 343 | 414 | 229 | 3,14 | 3,14 | 343
Maks | %1,77 | K4 | 3,57 | 3,57 | 400 | 414 | 414 | 429 | 1,71 | 400 | 329 | 343
Maks | %2,05 | K5 | 2,86 | 343 | 443 | 429 | 457 | 500 | 186 | 3,71 | 2,86 | 3,14
Maks | %I1,13 | K6 | 329 | 3,57 | 414 | 429 | 429 | 429 | 2,04 | 38 | 2,71 | 357
Maks | %598 | K7 | 3,57 | 443 | 471 | 486 | 471 | 457 | 129 | 38 | 2,57 | 3386
Maks | %1,63 | K8 | 3,14 | 429 | 4,14 | 443 | 429 | 414 | 1,29 | 400 | 2.8 | 343
Min | %I1,61 | K9 | 2,86 | 329 | 1,57 | 2,57 | 1,86 | 2,14 | 386 | 3,00 | 3,14 | 357
Maks | %9,76 | K10 | 3,00 | 2,71 | 3,71 | 329 | 429 | 400 | 1,57 | 2,86 | 3,14 | 243
Maks | %19,50 | K11 | 3,14 | 3,57 | 400 | 443 | 443 | 429 | 1,00 | 3,57 | 2,71 | 3,00
Maks | %11,60 | K12 | 3,14 | 3,00 | 4,14 | 3,86 | 443 | 400 | 1,29 | 286 | 3,29 | 2,71
Adim 2’ye gore Tablo 9’ de karar matrisi normalize edilmistir.
Tablo 9. Karar Matrisi Normalizasyonu
Min/ | Agirhiklar | Kriter Alternatif Ulkeler
Maks | (SWARA) ler [ Al | A2 | A3 | A4 | A5 A6 A7 A8 A9 [ Al0
Max | %847 | KI | 0,10 [ 0,07 | 011 | 0,12 | 0,4 | 0,14 | 005 | 0,10 | 0,10 | 006
Max | %1875 | K2 [0,09[011] 013 [ 013 [ 013 | 009 | 005 | 011 | 005 | o1t
Max | %7,76 | K3 |00 [0,08 ] 011 [ 011 [ 011 | 043 | 007 | 0,10 | 0,10 | 0,11
Max | %1,77 | K4 |010[010[ o011 [ 011 | o1t | 012 | 005 | 011 | 009 | 009
Max | %205 | K5 |0,08[009] 012 [ 012 ] 013 | 014 | 005 | 010 | 008 | 009
Max | %113 | K6 |009[010[ 011 [012] 012 | 012 | 006 | 011 | 008 [ 0,10
Max | %598 | K7 |009[012] 012 [ 013 ] 012 | 012 | 003 | 010 | 007 | 0,10
Max | %1,63 | K8 [0,09[012] 012 [ 012 ] 042 | 012 | 004 | 011 | 008 | 0,10
Min | %IL61 | K9 [010]012] 006 | 009 | 007 | 008 [ 014 [ 011 | 01l | 013
Max | %9,76 | K10 | 0,10 [0,09 | 0,12 [ 0,11 | 014 | 013 | 005 | 009 | 0,10 | 008
Max | %19,50 | KIl | 0,09 [010] 012 [ 013 | 013 | 013 | 003 | 010 | 008 [ 009
Max | %11,60 | K12 | 0,10 [0,09 [ 013 [ 012 | 014 | 012 | 004 | 009 | 010 | 008
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Hata! Basvuru kayna@ bulunamadi.’deki normalize edilmis karar matrisi degerleri
Adim 3’e gore kriter agirliklart ile carpilmig ve Tablo 5’deki agirliklandirilmig karar
matrisine ulasilmistir.

Tablo 5. Agirliklandirilmis Normalize Karar Matrisi

Maks | Maks Maks Maks Maks Maks Maks Maks Min Maks Maks Maks
K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12
Al | 0,0087 | 0,0166 | 0,0079 | 0,0017 | 0,0016 | 0,0010 | 0,0056 | 0,0014 | 0,0119 | 0,0094 | 0,0179 | 0,0111
A2 | 0,0059 | 0,0199 | 0,0058 | 0,0017 | 0,0019 | 0,0011 | 0,0069 | 0,0019 | 0,0137 | 0,0085 | 0,0204 | 0,0106
A3 | 0,0094 | 0,0241 | 0,0086 | 0,0020 | 0,0025 | 0,0013 | 0,0073 | 0,0019 | 0,0065 | 0,0117 | 0,0228 | 0,0147
A4 | 0,0101 | 0,0249 | 0,0082 | 0,0020 | 0,0024 | 0,0013 | 0,0076 | 0,0020 | 0,0107 | 0,0103 | 0,0253 | 0,0137
A5 | 0,0122 | 0,0249 | 0,0082 | 0,0020 | 0,0026 | 0,0013 | 0,0073 | 0,0019 | 0,0077 | 0,0135 | 0,0253 | 0,0157
A6 | 0,0115 | 0,0174 | 0,0100 | 0,0021 | 0,0028 | 0,0013 | 0,0071 | 0,0019 | 0,0089 | 0,0126 | 0,0245 | 0,0142
A7 | 0,0042 | 0,0091 | 0,0055 | 0,0008 | 0,0011 | 0,0007 | 0,0020 | 0,0006 | 0,0161 | 0,0049 | 0,0057 | 0,0046
A8 | 0,0087 | 0,0199 | 0,0076 | 0,0020 | 0,0021 | 0,0012 | 0,0060 | 0,0018 | 0,0125 | 0,0090 | 0,0204 | 0,0101
A9 | 0,0084 | 0,0100 | 0,0076 | 0,0016 | 0,0016 | 0,0009 | 0,0040 | 0,0013 | 0,0131 | 0,0099 | 0,0155 | 0,0117
A10| 0,0052 | 0,0207 | 0,0082 | 0,0017 | 0,0018 | 0,0011 | 0,0060 | 0,0016 | 0,0149 | 0,0076 | 0,0171 | 0,0096

Adim 4 takip edilerek her alternatif i¢in Tablo 6’de maksimize ve minimize etme
endeksi hesaplanmistir.

Tablo 6. Si+ ve S;. Degerleri

Al A2 A3 A4 AS A6 A7 A8 A9 | Al0
Si+ | 0,083 | 0,085 | 0,106 | 0,108 | 0,115 | 0,105 | 0,039 | 0,089 | 0,072 | 0,081
Si. | 0,012 10,014 | 0,007 | 0,011 | 0,008 | 0,009 | 0,016 | 0,012 | 0,013 | 0,015

Her bir alternatife ait goreli onem agirligi (Qi) Adim 5’e gore hesaplanmis ve Tablo
7’te verilmistir. Tablo 7’e gore, en yiiksek goreli 6neme sahip iilke 0,115 degeriyle “AS-
Marshall Adalar1” oldugunu gorebiliriz.

Tablo 7. Qi Degerleri

Al | A2 A3 A4 AS A6 A7 A8 A9 Al0
Qi 0,083] 0,085 ] 0,106 | 0,108 | 0,115 | 0,106 | 0,039 | 0,089 | 0,072 | 0,081

Adim 6 ve 7 ile her bir alternatif iilkenin performans indeks degerleri hesaplanmistir.
Hesaplama sonucunda elde edilen veriler Tablo 8’da gosterilmistir. “A5 — Marshall
Adalar1” 100 performans indeks degeri ile bayrak sicil tilkelerinde birinci sirada yer
alirken, “A10 — Tiirkiye” 70,3 performans indeks degeri ile sekizinci sirada yer almigtir.
“A7 —Rusya” 34,2 performans indeks degeri ile sonuncu olmustur. Alternatif tilkelerin
siralamalar1 Tablo 8’da son sirada verilmistir.
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Tablo 8. P; Degerleri ve Alternatif Ulkelerin Siralamasi

Al A2 A3 A4 | AS A6 A7 A8 A9 | Al0
P 72,3 73,9 1923 | 93,8 | 100 | 91,6 | 34,2 | 77,3 | 63,0 | 70,3
Sira 7 6 3 2 1 4 10 5 9 8

5. SONUC VE ONERILER

Bayrak ¢ekme islemi, deniz hukukunda gemiler icin elzem bir islem olarak
goriilmektedir. Bu islem, armatorlerin isletmekte oldugu gemilerin operasyonu igin
bliylik 6nem tagimaktadir. Bayrak se¢imiyle birlikte gemiler, bir {ilkenin siciline
kaydolmaktadir ve operasyona baglamasi ic¢in gerekli adimlardan biri
tamamlanmaktadir. Denizci kokenli iilkelerin gemi sicil uygulamalariyla bir pazar
yaratip rekabet olusturdugu bilinmektedir. Bu baglamda iilkelerin rekabetgiligine gore
pazardaki konumlar1 sekillenmektedir. Michael Porter’in uluslarin rekabetgiligini
Olciimlemek i¢in gelistirdigi Elmas Modeli’ne gore bir sektdrde bir iilkenin rekabetgilik
avantaji Faktér Kosullari, Talep Kosullar, lgili ve Destekleyici Kuruluslar, Firma
Yapisi ve Stratejisi ve Devlet kosullarinin gelismisligine gore belirlenmektedir. Ulkeler
kendi denizcilik filolarina dahil ederek sicil verdikleri firmalardan vergi ve kayit iicreti
gibi gelir elde etmektedirler. Bu sebepten iilkelerin bayrak ¢cekmedeki se¢im oncelikleri
rekabetgilik agisindan 6nem tegkil etmektedir. Ancak bayrak ¢ekmeyle iligkili literatiir
incelendiginde bayrak ¢cekme kriterleriyle alakali ¢aligmalar yapilmig olmakla birlikte
uluslarin rekabetgiligiyle iliskilendirilmis bir ¢alismaya rastlanilmamistir.

Bu ¢aligmada Tiirkiye’nin bayrak ¢ekmedeki rekabetgilik avantaji incelenmis ve kriter
onceliklerine gore yapmasi gereken stratejik adimlar degerlendirilmistir. Arastirmanin
sonucunda SWARA yontemiyle bulunan Elmas Modeli’ndeki ana maddelerden Faktor
Kosullar1 etkisinin %34,98 ile ilk sirada, Devlet etkisinin %31,10 ile ikinci sirada,
Firma Yapist ve Strateji etkisinin %21,37 ile iiglincii sirada, Ilgili ve Destekleyici
Kuruluslar etkisinin %7,60 ile dordiincii sirada ve Talep Kosullari etkisinin %4,95 ile
besinci sirada yer aldig1 sonucuna varilmigtir. Faktér Kosullari ana baglhiginda yer alan
Bayrak Rengi kriterinin %18,75 ile, Devlet ana basliginda yer alan Politik Sebepler
kriterinin %19,50 ile, Bayrak Cekme Yasal Siire¢leri kriterinin %11,60 ile, Firma Yapisi
ve Stratejisi ana baghginda yer alan Isletme Giderleri kriterinin %11,61 ile belirleyici
oldugu gorilmistir. Katilimcilara sunulan on iilkenin COPRAS ydntemiyle
degerlendirilmesi sonucunda karar vericilerin en ¢ok tercih ettigi bayraklar sirasiyla
Marshall Adalari, Malta, Liberya, Panama, Singapur, Italya, Barbados, Tiirkiye, St.
Kitts ve Nevis ve Rusya olmustur. Kriter bazli olarak Tiirkiye’nin rekabet¢iligini
incelemek gerekirse %19,50 agirlikla birinci sirada yer alan Politik Sebepler (K11)
kriterinde Tiirkiye, sekizinci sirada yer alirken, Malta birinci, Marshall Adalar ikinci,
Panama iigiincii siradadir. %18,75 agirlikla ikinci sirada yer alan Bayrak Rengi (K2)
kriterinde ise Tiirkiye, dordiincii sirada yer almaktadir. Bu kriterde Malta birinci,
Marshall Adalar ikinci, Liberya tigiincii siradadir. Kriter agiklamasinda belirtildigi
tizere bayragin giivenilirligi armatorler i¢in bir geminin ugrak limanlarinda tutuklanma
riskini azaltmakta, bu da gemi sahibinin tercih onceligi icerisinde yer almaktadir.
Nitekim, Tiirkiye Paris MOU tarafindan yillik olarak yayimlanan performans listesinde
en giivenilir renk olan beyaz bayrak statiisiindedir, bu da Bayrak Rengi (K2) kriterinde
Tiirkiye’ nin siralamada yukarilarda olmasini agiklamaktadir. %11,61 agirlik ile {igiincii
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sirada yer alan Isletme Giderleri (K9) kriterinde Tiirkiye, dokuzuncu sirada yer
almaktadir. Yash bir filoya sahip olan Tiirkiye’nin bu alanda iyilestirme yapmasi 6nem
arz etmektedir. %11,60 agirlik ile dordiincii sirada yer alan Bayrak Cekme Yasal
Siirecleri (K12) kriterinde Tiirkiye, dokuzuncu sirada yer almaktadir. Tiirkiye’deki
biirokratik siiregler, bayrak ¢ekme isleminde uzun bekleme siirelerine sebep olmaktadir.

Calismada karar vericilerin a¢ik gemi sicili bir diger adryla elverisli bayraga sahip olan
iilkelerden politik olaylar agisindan risksiz iilkeleri tercih ettikleri gézlemlenmistir.
Bayrak ¢cekme islemlerini daha rahat ve hizli yaptirabildigi, bayrak rengine bagli olarak
daha iyi performans sergileyen iilkeleri tercih etmektedirler. Ote yandan karar
vericilerin gemilerine bayrak segerken kendi iilkeleri Tiirkiye’nin ilk tercih ettigi
tilkeler arasinda yer almadigi goriilmektedir. Tiirkiye’nin sicil kurallar geregi elverisli
bayrak olmadigi i¢in zorlu kayit siire¢lerine sahip olmast ve vergilendirmesinin
maliyetli olmas1 nedeniyle karar vericilerin Tiirkiye’yi ilk tercihlerinde yer vermedigi
gorilmistiir.

Yazarlarin Katkisi
Yazarlarin makaleye katkilar1 esit orandadir.

Cikar Catismasi Beyam
Yazarlar arasinda herhangi bir ¢ikar ¢atigmast bulunmamaktadir.

Arastirma ve Yayin Etigi Beyam
Yapilan ¢alismada arastirma ve yayin etigine uyulmustur.

Etik Kurul Onay Beyani
Istanbul Ticaret Universitesi’nin 8.10.2024 tarihli E-65836846-044-334211 numarali
karariyla Etik Kurul Onay1 alinmistir.
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Abstract Oz

The increasing technological innovations in the maritime
industry, which plays an important role in the global
supply chain, have the potential to introduce significant
risks in terms of cyber threats. Therefore, this study
proposes a cybersecurity risk assessment approach using
spherical fuzzy (SF) set information based on the Fine-
Kinney method to prioritize potential cyber threats/hazards
for navigation systems in maritime transportation. The
Fine-Kinney risk parameters (probability (P), exposure (E)
and consequence (C)) are weighted using SF-based the
LOgarithmic DEcomposition of Criteria Importance
(LODECI) approach. The ranking of potential
cybersecurity threats/hazards is evaluated using SF-based
the Alternative Ranking Technique based on Adaptive
Standardized Intervals (ARTASI), which provides more
adaptability in managing the uncertainty present in expert
assessments. The integration of these methodologies with
the employment of SF sets results in the formulation of the
proposed hybrid SF-LODECI-SF-ARTASI based on Fine-
Kinney risk assessment model. Upon evaluation of the
proposed model, it becomes evident that the most
significant cyber threat/hazard that can impact the cyber
security of critical systems on a ship is CYBI "Accessing
the AIS network to obtain vessel position, speed and route
information." In general, when the top five most important
cybersecurity threats are analyzed, it is determined from
the results that the most vulnerable systems to cyber
threats/hazards are AIS, GPS and ECDIS, respectively.
Finally, a comparative analysis is conducted using an
alternative methodology to test the results of the model.

Keywords: Cybersecurity, maritime transportation, risk
assessment, spherical fuzzy sets, ARTASI.

Kiiresel tedarik zincirinde O6nemli bir rol oynayan
denizcilik sektoriindeki artan teknolojik yenilikler, siber
tehditler agisindan 6nemli riskler getirme potansiyeline
sahiptir. Bu nedenle, bu ¢alisma, deniz tagimaciligindaki
navigasyon sistemleri igin olas1 siber tehditleri/tehlikeleri
onceliklendirmek igin Fine-Kinney yontemine dayali
kiiresel bulanik (SF) kiime bilgilerini kullanan bir siber
givenlik risk degerlendirme yaklasimi Onermektedir.
Fine-Kinney risk parametreleri (olasilik (P), maruz kalma
(E) ve sonug (C)), SF tabanli Kriter Oneminin Logaritmik

Ayristirilmast (LODECI)  yaklasimi  kullanilarak
agirliklandirihir. Olast siber giivenlik
tehditlerinin/tehlikelerinin siralamast, uzman

degerlendirmelerinde mevcut olan belirsizligi yonetmede
daha fazla uyarlanabilirlik saglayan SF tabanli Adaptif
Standartlastirilmis Araliklara Dayali Alternatif Siralama
Teknigi (ARTASI) kullanilarak degerlendirilir. Bu
metodolojilerin SF setlerinin kullanimi ile entegrasyonu,
Fine-Kinney risk degerlendirme modeline dayali olarak
onerilen hibrit SF-LODECI-SF-ARTASI modelinin
formiile edilmesiyle sonuglanmistir. Onerilen model
degerlendirildiginde, bir gemideki kritik sistemlerin siber
givenligini  etkileyebilecek en  Onemli  siber
tehdit/tehlikenin CYB1 “Gemi konumu, hizi ve rota
bilgilerini elde etmek igin AIS agma erisim” oldugu
ortaya ¢ikmaktadir. Genel olarak, en onemli bes siber
giivenlik tehdidi analiz edildiginde, sonuglardan siber
tehditlere/tehlikelere kargi en savunmasiz sistemlerin
sirastyla AIS, GPS ve ECDIS oldugu tespit edilmektedir.
Son olarak, modelin sonuglarini test etmek igin alternatif
bir metodoloji kullanilarak karsilastirmali bir analiz
gergeklestirilmistir.

Anahtar Kelimeler: Siber giivenlik, deniz tasimaciligi,
risk degerlendirmesi, kiiresel bulanik kiimeler, ARTASI.
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1. INTRODUCTION

The issue of cybersecurity represents a crucial security concern for the maritime
industry, which plays a substantial role in international trade. The necessity for precise
cyber-risk assessments is becoming increasingly crucial in order to guarantee economic
and physical security, given the growing technological dependence and sophistication
of maritime systems (Tam & Jones, 2019). Maritime cyber risk is defined as the degree
to which a technology asset is vulnerable to a potential incident that could result in
operational, safety or security failures in the context of shipping. Such incidents may
arise from the corruption, loss or compromise of information or systems (IMO, 2022).
Maritime cyber security may be defined as the policies, procedures and technologies
employed to safeguard vessels, ports, shipping companies and associated infrastructure
from the risks resulting from cyber-attacks (Haugli-Sandvik et al., 2024). The remote
and secure control of marine system parameters offers a number of advantages with
regard to more sustainable operations. These include improved human performance
through closer cooperation between ship and shore personnel, a reduction in
greenhouse gas emissions, an enhanced emergency response capability, and the ability
to determine the location of a vessel (Bolbot et al., 2022a). Nevertheless, despite the
aforementioned advantages, it is susceptible to a multitude of cybersecurity risks.

In the publication on cybersecurity on ships by the Baltic and International Maritime
Council (BIMCO), the concept of cybersecurity is described as the protection of
Information Technology (IT), Operational Technology (OT), information and data
against unauthorised access, manipulation and disruption (BIMCO, 2020). In
evaluating the cybersecurity of the Ship Security Assessment (SSA), it is essential to
consider the distinctive IT and OT configurations of each vessel. In general, a greater
reliance on IT and OT systems should be associated with an increased cybersecurity
risk, given that the consequences of a potential cyber attack would be significantly more
disruptive (EMSA, 2023). The utilization of cybertechnologies has become a
fundamental aspect of the operation and management of a multitude of systems that are
of paramount importance to the safety and security of maritime transportation and the
sustainability of the marine environment. The aforementioned critical systems can be
summarised as follows (Svilicic et al., 2019; IMO, 2022):

* Bridge navigation and radio systems
* RADAR (Radio Detection And Ranging)
* ECDIS (Electronic Chart Display Information System)
* AIS (Automatic Identification System)
* GPS (Global Positioning System)
* VDR (Voyage Data Recorder)
* GMDSS (Global Maritime Distress And Safety System)
* Cargo handling and management systems
* Control systems
* Monitoring systems
* Alarm systems
* Access control systems
* Passenger servicing and management systems
* Passenger facing public networks
* Administrative and crew welfare systems
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» Communication systems

Figure 1 presents a summary of the critical systems of ships.
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Figure 1. Critical Systems of Ship (IMO, 2022)

The maritime transportation sector has been significantly impacted by cyber attacks,
resulting in prolonged operational disruptions and substantial economic and
reputational losses for numerous companies (Uflaz et al., 2024). A shipboard incident
resulted in the disruption of the vessel's operations and the imposition of significant
economic costs due to an infection in the Electronic Chart Display Information System
(ECDIS) (Bolbot et al., 2020). The potential for vulnerabilities to arise in the AIS
system of a ship, which is of great significance in ensuring the safe passage of maritime
traffic, can present significant challenges for the relevant authorities in making critical
decisions in the event of an attack involving the use of malware (Soner et al., 2024). In
light of the growing importance of autonomous ships in the future of maritime trade, it
is imperative to address potential security gaps in the AIS system and guarantee
navigational safety. This can be achieved by meticulously examining the
interrelationship between safety and cybersecurity (Chaal et al., 2023). In the cyber
security guide for ships published by the Baltic and International Maritime Council
(BIMCO), the stages of cyber security risk management for the maritime industry are
shown in Figure 2.
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Figure 1. Cybersecurity Risk Management Framework (BIMCO, 2020)

A variety of methods have been employed in the field of risk assessment of in the
maritime sector. Wan et al. (2019) proposed an innovative fuzzy Bayesian-based
Failure Mode and Effects Analysis (FMEA) approach for the assessment of maritime
supply chain risks. Tam and Jones (2019) proposed the Maritime Cyber-Risk
Assessment (MaCRA), a model-based risk assessment framework that considers a
combined analysis of cyber and maritime factors. Bayazit and Kaptan (2023) presented
a risk assessment model based on the Fuzzy Bayesian Network approach to identify
sources of marine pollution from ship operations. Park et al. (2023) developed a new
model, FMEA with a Rule-based Bayesian Network (RBN), within the scope of risk
management of maritime cyber threats. Bolbot et al. (2020) developed a novel model,
designated as the Cyber Preliminary Hazard Analysis (CPHA), for the assessment of
cyber risks associated with the navigation and propulsion systems of inland waterway
autonomous ships. Bolbot et al. (2022b) utilized a model based on Failure Modes,
Vulnerabilities and Effects Analysis to identify potential cyber attack scenarios on a
marine dual fuel engine.

The present study employed the traditional Fine-Kinney methodology for the purpose
of conducting a risk assessment. In the classic version of the Fine—Kinney model, as
initially proposed, a risk value is derived through a calculation involving the
multiplication of probability (P), exposure (E), and consequence (C) parameters (Gul
et al., 2021a). Nevertheless, the most significant limitations of the Fine-Kinney risk
assessment model are that it fails to account for the inherent uncertainty in expert
opinions and that it does not incorporate the relative importance weights of risk
parameters in the risk rating (Wang et al., 2024). In this context, numerous studies have
addressed the problem of risk assessment by integrating the transformation of uncertain
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risk rating information, fuzzy set versions, and a number of techniques with the Fine-
Kinney method (Ilbahar et al., 2018; Wang et al., 2023; Ayvaz et al., 2024).

The motivation behind this study is to develop a hybrid cyber security risk assessment
tool for potential cyber threats/hazards in maritime transport. This is to address the gap
in the existing literature on this topic. The assessment tool will use spherical fuzzy set
(SFS) information. In this context, a hybrid cybersecurity risk assessment model based
on Fine-Kinney is presented, which integrates spherical fuzzy sets (SFSs), Spherical
Weighted Geometric Mean (SWGM) operator, ARTASI (Pamucar et al., 2024) and
LODECI (Pala, 2024).

1.1. Study Objectives and Contributions

The present study aims to advance the existing literature on maritime transportation
cybersecurity in a more nuanced manner. This objective is to be attained by identifying
novel perspectives for prospective research and furnishing policymakers with
recommendations regarding measures that can be implemented to develop resilient
maritime cybersecurity critical infrastructure, designed to address both current and
future threats/hazards.

The following is a summary of the contributions made by this study:

e Construction of a Cybersecurity Decision Support System: The study
presents a novel cybersecurity decision support model, designated as the SF-
LODECI-SF-ARTASI method on the basis of Fine-Kinney, which is
proposed as a cybersecurity risk assessment in the maritime sector. This
model incorporates SFSs, SWGM, LODECI, ARTASI, and Fine-Kinney
methods, thereby offering a novel perspective in the existing literature.

e Reasonable Cybersecurity Risk Assessment: The risk assessment provided
by experts can be modelled utilizing the SFSs-based formulation method.
The SFSs facilitate the expression of experts' cognitive judgments and
subjective assessments of cybersecurity risk in a more reasonable and
compelling manner.

e Dynamic Rating of Risks: The ARTASI approach to risk ranking permits the
expansion of uncertainty degrees in expert evaluations, thereby facilitating
the development of more malleable and adaptable risk analysis in the context
of critical maritime transportation systems.

e The Weighting of Risk Parameters Based on Equilibrium: The LODECI
methodology has been selected as the risk parameter weighting approach in
the hybrid model due to its efficacy in consolidating situations that may be
susceptible to instability when utilizing alternative criterion weighting
methods. This increases the stability of the risk assessment model based on
the element of equilibrium.
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e The Reverberations for Theory and Management: The study presents a novel
methodology based on spherical fuzzy sets for risk assessment model, while
simultaneously paving the way for future research endeavours and offering
policymakers a distinctive decision-support model to construct resilient
maritime cybersecurity systems that can effectively address both current and
future threats/hazards.

1.2. The Organizational Structure of the Study

This study is organized into four sections. In Section 2, the methodological framework
is described, including steps of the SF-LODECI-SF-ARTASI based on the Fine-Kinney
hybrid model and the preliminary phases of the SF process. Section 3 presents a
numerical case study that exemplifies the application of the proposed model to a
cybersecurity risk assessment.Furthermore, a comparative analysis is provided,
comparing the proposed methodology with an alternative approach. Section 4 presents
the conclusion, in which the results are discussed in detail. Additionally, this section
addresses the limitations of the research and offers recommendations for future studies
in this field.

2. METHODOLOGY
2.1. Spherical Fuzzy Sets (SFSs)

The SFSs theory proposed by Kahraman and Kutlu Giindogdu (2018), is an integration
of Pythagorean fuzzy sets and neutrosophic sets. In SFSs, the levels of membership,
non-membership and hesitancy must conform to the constraint 0 < u? +v? + 72 < 1,
where u , v and 7 are the respective values of the aforementioned levels, respectively.
Moreover, each parameter can be defined independently in the interval [0,1] (Kutlu
Gilindogdu and Kahraman, 2019). The distinctive capacity of the SFS to address
uncertainty and ambiguity sets it apart from other fuzzy set models (Akram et al.,
2020). An overview of the fundamental terminology, symbols, and functions associated
with the SFSs is provided below (Kutlu Glindogdu and Kahraman, 2020):

Definition I: The description of an SFSs, T;, of the universe of discourse U is as
follows.

P U - [0,1],g7: U > [0,1], v7: U — [0,1]

and
0<pr(W+oz+rz (W) <1 (MeEU) (1)
7 = {ts, (b, (W), 07,00, 17,00 )) ju € U} 2)
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For each, pz (1), g7 (1), and r7 (1) are the degree of membership, nonmembership,
and hesitancy of s to TJ;, respectively. The degree of refusal is 9(u) =
J1—p2(w) — g?(u) — r2(u) (Ali and Garg, 2023).

Definition II: The basic mathematical operations are described as follows.

Addition:

T dV = 2 2 _p2 p2 42 .42 1—p2 )2 1—1p2 )12 — 2 .12 3
s @ s — st + st PTS-DVSI qj"s-qu; DVS I'TS + st er I'TS.I'VS ( )
Multiplication:

TRV =1v2.p2 |42 2 _ 42 42 1—q2 )12 1—q2 )12 —¢2 .12 4
S® s = pTSDVS; qg} + qu qTS-qVS, qu rTs + qTS er l‘:];.l‘vs ( )

Multiplication by a scalar:

ﬁ®x={Jl—(l—pé)x,qi,\/(l—pzfs)x—(1—p§s—r§s)x} ®)

x. Power of 7;:

= (s -0 a) (- a) (w9 ) ©

Definition III: The formulation of SWGM with w=(w,, w,, ...w,); Xl w; =1 is
described as follows:

SWGOMW(Tyy, Tagy v, Ton) = Togt 4+ Tg2 + -+ T
{ B 1= (1-a, )™ 1t (-, ) - T (1 a3, -5 ‘} )

Definition IV: The score function, designated as § (Ts), can be defined as follows
(Ashraf and Abdullah, 2019):

S@) = (5) (2+ (o) — (a5) - (7)); S(T) € 0,11, (8)

2.2. The LODECI Technique

The LODECI (Pala, 2024) technique is predicated on the principle of maximal
decomposition of each alternative in relation to all other alternatives with respect to
each criterion. The decomposition value (DV) of an alternative can be readily
determined for each criterion by calculating the maximum distance between the

alternative and the others. LODECI utilizes the decision matrix X = ||xi]-|| (nxem)

468



V. Tatar A Decision Support Model for Cybersecurity Risk Assessment in Maritime Transportation
Based On Spherical Fuzzy Information

comprising of A;(i = 1, ...,n) alternatives and C;(j = 1, ...,m) benefit criteria a;; =
min

xml{lx and cost criteria a;; = i is the maximum normalization techniques.
J ij

Normalized decision matrix components are utilized to compute each decision matrix
element's DV (DVl-j = max{|al-j - arj|} (r+i,r=1, ...,n)). Subsequently, the

logarithmic DV (LDVj =In <1 +%)> is calculated. Finally, the relative

. . . LDV ;
importance of the criteria W; = ——2— are calculated.
I, LDV

2.3. The ARTASI Concept

The ARTASI (Pamucar et al., 2024) method is recommended as an alternative to
traditional normalization techniques for standardizing the elements of decision matrices
when the decision maker's subjective evaluations and the specificity of the addressed
problem are taken into account. This method is particularly suited to the standardization
of criteria values in multi-criteria models with more than ten alternatives, where it is
appropriate to set the range of values to [1, 100]. This allows for a sufficient range to
be established for matching the original criteria values. In the case of smaller-scale
multi-criteria models, it is possible to adopt a smaller range threshold for the criteria.
The method calculates the aggregated utility levels of the alternatives by defining the
utility level of the alternatives with respect to the ideal and anti-ideal value. Finally, it
ranks the alternatives according to their aggregated utility levels. Two parameters, ¢
and ,\y are used to to define the alternatives' utility function. The stabilization
parameter of the aggregation function, denoted by the parameter ¢, which can assume
values within the range [1, +0]. The parameter { € [0, 1] is employed to define the
influence of the aggregated levels of the utility of the alternatives in the ultimate
decision-making process.

2.4. The Proposed Model for Cybersecurity Risk Assessment Based Fine-Kinney

The Fine-Kinney technique is a methodology that offers an analytical approach to the
quantitative assessment of risk (Gul et al., 2018). The calculation of each risk is based
on the multiplication of the risk parameters probability (P), exposure (E) and
consequence (C). In the proposed hybrid method, the Fine-Kinney risk parameters (P,
E and C) are weighted by the SF-LODECI (Yal¢in et al., 2024) method and
subsequently integrated into the SF-ARTASI (Yalcin et al., 2024) method, thereby
determining the cyber threat ranking. The proposed hybrid cybersecurity risk
assessment framework is presented in Figure 3.
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Determine risk parameters
Identify the cyber threats (Fine-Kinney risk
parameters; P, E and C)

Use the SF-LODECI

Use the SF-ARTASI
y o == i y method to calculate the
Comparative analysis method to rank the cyber weights of the risk

threats

parameters P, E and C

Figure 2. The Proposed Hybrid Cybersecurity Risk Assessment Framework

The cybersecurity risk assessment problem with spherical fuzzy risk information
addressed by the ARTASI hybrid model, which is based on the Fine-Kinney approach.
Let (CYB;) = {CYB,,CYB,, ...,CYB,, }(i = 1,2, ..., m) be cyber threats/ hazards and

nrisk parameters (cj) ={c;, ¢y, cp}(G=12,..,n), and experts (EXy)=
{EXl, EX,,..,EX q}(k = 1,2, ..., q) for the cybersecurity risk assessment problem. The
proposed hybrid model consists of the following steps detailed in Table 1.
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Table 1. The Steps of the Proposed Hybrid Cybersecurity Risk Assessment Model

Fine Kinney risk parameter weighting based on SF-LODECT:

Step 1. The evaluation of each potential cyber threat'hazard (CYE;) by each expert (EX})
concerning each risk parameter {cj } iz conducted with reference to the linguistic terms (LTs)
illustrated in Table la. Subsequent to thiz evalvation, the LTs are transformed into

corresponding SFSs, as delineated in Table 1a, thereby establishing the initial cybersecurity
decizion risk matrices [RLH* ] where T

L
mEn ﬁ: f

¥ ”t:.(ll]-qj'_:“.k:l(ll],rrjr:}_”:l(u] (i=12..mj=12,...m:k=12..q)

i oy M

The initial cybersecurity decision risk matrices 7 = [ﬂ[';] e for each expert k by using

SFNs.
€L " fp
CYBI ﬂu ﬂi{l
[ 1-':|1"|.1r:'1 - : : (%)
CYE,h ke oo AR

Here, ﬁz-‘}: T (pn"-*q:.'*-'r:.{*-j refers to the dergree of membership, the non-membership
degree, and the hesitancy value of cyber threats CVB; regard to criterion oy (Fine-Kinney risk
parameter; P, E. C) (i = 12,...,mand j = 1.2, ....n).

Step 2. The agoregated decizion risk matrix 7 = [ﬂ'”]mm 1z computed utilizing the
SWGM aggregation operator, as detailed in Eq. (10). In Eq. (10), the weight vector of the
expert is represented as wj, = (1, ™5, ..., g ), with mye[0,1] and Ty = 1.

S‘NG\-{m(ﬁlE"‘" ) ﬁ'lf.'s'_- ) ﬂ'[EE,‘.I:I — Eq mkﬂlf.k‘;, |
={rl:'1 B e 'L— Y CETAMY \Jn. (1= nn) " T (1= oy~ Bty }
(10)

w=0
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Table 1. Continued

Table 1a. Linguistic terms for SFSs (Kutlu Gindogdu and Kahraman, 2020)

Linguistic terms Spherical fuzzy number (SFN)
P q r
Absolutely more importance (AMI) 0.9 0.1 0.0
Very high importance (VHI) 0.8 02 0.1
High importance (HI) 0.7 03 0.2
Slightly high importance (SHI) 0.6 04 03
Equal importance (EI) 0.5 0.4 0.4
Slightly low importance (SLI) 0, 0,6 03
Low importance (LI} 0.3 0.7 0.2
Very low importance (VLI) 0.2 0.8 0,1
Absohitelv low importance (ALT) 0.1 0.9 0.0

Step 3. Use the score function (S{’_ﬁ"u]) in Eq. (11) (Ashraf and Abdullah, 2019) to
calculate the crisp values, and generate a crisp cybersecurity decision risk matrix

(e=[8],...)

S(3y) = (5) (2 + (v, (0) = (o, ) = (30, () ) S(Fy) € 041 (A1)
Step 4. Use Eq. (12) to calculate the normalized cybersecurity decision risk matrix

(N = [Mf]ma.?r)'

&
E’?’-%'-" i fi€benefit criteria
Ny=1" (12)

j gmin
L__ | fjEcoer eriteria

Step 5. Use Eq. (13) to calculate the decomposition value matrix (553 =[® }-]m)_
Dy = max{|Ni; — M|} forr = i and (13)

¥ {r=12,..mi=1..mj=1..n)
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Table 1. Continued

Step 6. Use Eq. (14) to calculate the logarithmic decomposition matrix (L = []Lf]y.- }

Elr; h'l'l'
L; = In (1 +==20) (14)

Step 7. Use Eq. (15) to calculate the final weighting of the risk parameter matrix
(w = [w-r]ﬂ}

L;
W, ==
1 il

(1)

Threathazard ranking based on SF-ARTASI:

Step 8 The crisp cybersecurity decision risk matrix ((E = [G"-f]mm}= calculated in

accordance with the procedures in Step 3, provides an initial cybersecurnity decision risk

assessment matrix for the SF-ARTASI method. The crisp cybersecurity decision risk matrix

employed in order to calculate the absolute maximum values matrix({E”"“” = [(E:“'”E ]“} and

the absolute minimum values matrix {Em”‘ = ['EE}"”‘]‘1 } as per the formulae provided in Eqs.

(16) and (17), respectively.

i/

max _ . - m

o™ = max %+ {max o) ae
min __ s L 3 .. m

o = min = {min, e} a
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Table 1. Continued

Step 9. In the following step, the standardized cybersecurity decision risk assessment
matrix 1z derived by applying it to two sub-steps.

Step 9i. The cvbersecurity nisk assessment matrix can have two types of criteria: cost and
benefit. The criteria values must be transformed to a standard base or interval This approach
uses subjective preferences to convert criterion values into a standardized range, unlike
traditional normalizing methods that use a criteria interval of [0,1]. The components of the

defuzzified cybersecurity decision risk matrix [Q‘:,-J,—]m” are assigned to a randomized range

of criteria [£7, €], where (E') represents the lower limit of the range and (%) represents the
upper limit. The first level of the standardized cybersecurity decision risk matrix [, i]mr°

standardize each element of the defuzzified cybersecurity risk matrix is computed via the
application of Eq. (18). Furthermore, the standardized interval [£%, £%] values equal [1, 100]
(Pamucar et al., 2024).

g gl E:;MH-EI—E::IHH-E“
%I'_i'- = &?lnx _ E:::”m G!j + E;;mr _ |E:::ml: (1 8:'

Step 9ii. The second-level standardized cybersecurity decision risk matrix [.’ci,-J,—]m” is

derived from the application of Eq. (19).

1=i=m

%, = ({-{i;) = (—EBL-J- + max B;; + min iBL-J-):Efi € cost c?"fterfa) 19)
(£y) = (By): ifj € benefit criteria
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Table 1. Continued

Step 10. In this step, the degree of usefulness of the threats for the ideal and anti-ideal

values is determined through the application of two sub-steps.

Step 10i. The degree of usefulness of the ideal wvalue cybersecurity risk matrix
T+ = [TJ e is derived from the application of Eq. (20).

T

where £% = 100 and W; are criterion weights.

Sy W, su) for (i=1, 2.....m; j=1.2,...n) (20)

L=izm

Step 10ii. The degree of usefulness of the anti-ideal value cybersecurity risk matrix
T-= [:q;]mm is derived from the application of Eq. (21).

Ty =-M; + max

1sism

+ min "]"r:-‘r- for(i=1.2,.. . m;j=1.2.. . n) (21)

ij :
i lsism

where 0;; is the degree of usefulness. ;; derived from Eq. (22).
min £, . -
R, = ((-‘L-—:—w} su)) for (i=1,2.....m: j=1,2,....1) 22)
i

where £% = 100 and W; are criterion weights.
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Table 1. Continued

Step 11. The aggregate degree of utility of the threats’hazards for the ideal value
cybersecurity risk matrix (8* = [8],,) and anti-ideal value cybersecurity risk matrix
(8~ = [8] 1), as calculated via the application of Eqs. (23) and (24), respectively.
3t = Tf (23)

J-I.
=Y Ty (24)

Step 12. The final utility functions cybersecurity risk matrix § = [5;],,, is determined
through the utilization of the equation provided in Eq. (25). Subsequently, the highest value
of the final utility functions cybersecurity risk matrix represents the most significant
threats/hazard.

S0} + 07} (. FB? + 1 — ). FB?*}*; w e [0,1]; ¢ € [1,+00] (25)

and f(97) = 1 represented the additive functions. The two

where f(8) = v

a++a-
parameters of the utility fonction of the threats/hazards are assumed tobe ¢¢ = 1 and § =
0.1.

3. NUMERICAL CASE FOR CYBERSECURITY RISK ASSESSMENT

This section presents a numerical case of the application and usability of the proposed
cybersecurity risk assessment model, specifically focusing on the evaluation of
cybersecurity risks associated with cyber threats in the maritime transportation systems
sector. In order to provide the comparability of the implementation of the Fine-Kinney
based SF-LODECI-SF-ARTASI hybrid model, a numerical case was adapted from the
study conducted by Uflaz et al. (2024) in the literature. Furthermore, this numerical
case is employed to assess the validity and dependability of the proposed framework
through a comparative analysis. The sub-sections that follow are structured to illustrate
a particular application and comparative analysis process.

3.1. The Description of the Procedure to Assess Cybersecurity Risk
The issue of cyber risk represents a significant security threat in the maritime sector, as
in all other domains. A potential cyberattack on a maritime vessel could have

ramifications for the vessel's safety and personnel, the company in terms of economic
cost and reputation, the cargo, and potentially the environmental impact in terms of
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pollution (Kechagias et al., 2022). In this context, a risk assessment is conducted with
the objective of identifying and ranking potential cyber threats/hazards to a ship's
critical systems. This is a process of analysing the potential vulnerability of digital
systems on a vessel, with the intention of reducing the risk of cyber attacks. The
potential nineteen cybersecurity threats/hazards (CYB1,CYB2,...,CYB19) outlined in
this paper adapted from cyber attacks against ships, as described in Ref. Uflaz et al.
(2024). The potential cybersecurity threats/hazards are presented in tabular form in
Table 2.

Table 2. The Potential Cybersecurity Threats/Hazards to the Ship's Critical Systems

No Threat/Hazard

CYBl  Accessing the AIS network to obtain vessel position, speed and route information

CYB!  Infection of the AIS network with malicious software such as viruses or worms to damage
or disrupt critical data and systems

CYB3  Accessing the ECDIS network to remove or manipulate vital data including charts, routes or
navigation plans

CYB4  Malicious software to infect the ECDIS network, causing damage or corruption of sensitive
data and equipment

CYBS  Blocking signal access and causing message interruptions due to excessive traffic in ATS,
ECDIS, GPS, NAVTEX, GMDSS, VDR, SSAS networks

CYB6  Diverting GPS signals for the purpose of providing incorrect position, speed or timing
information to the receiver

CYBT  Compromising GPS receivers with excessive noise or radio interference, causing the receiver
to lose signal or provide inaccurate data

CYBS  Diverting radar to give the incorrect information about the position. speed. or routea ship
position, speed or route of a vessel or object

CYB?  Interfering with excessive noise or electromagnetic waves, which may cause the radar signal
to be lost or provide incorrect data

CYBI0 Diverting the NAVTEX data to provide incorrect data about the meteorological information,
navigational hazards, or other safety-vital information

CYBIl  Accessing the GMDSS network to extract or change vital information, including distress
messages or navigational data

CYB1? Diverting the GMDSS data to provide incorrect information about the location or identity of
a vessel, or the details of an emergency situation

CYBI3  Malicious software to infect the GMDSS system, compromising its performance or rendering
1t incapable of providing accurate data

CYBl4  Accessing the VDR system without permission, causing change or delete information,
including safety, security, navigation and communications data

CYBIS  Malicious software to infect the VDR system, compromising its correct functioning or
rendering the data it provides inaccurate

CYBl6 Diverting the VDR data by changing the timestamps or sensor data, to cause in inaccurate
data recording

CYB17  Accessing the SSAS system to change secunty alert messages

CYBI8  Malicious software to infect the SSAS system, causing it to work incorrectly or provide
1naccurate data

CYBI? Diverting the SSAS data to provide inaccurate information about the location or identity of
a security risk or the status of the vessel

In order to conduct the risk assessment for potential cybersecurity threats/hazards
identified through the proposed framework, a cybersecurity risk assessment team was
constituted, comprising nine experts {EX;, EX;, ..., EXo} in maritime and IT fields,
selected on the basis of their competence and experience. Following that, experts are
asked to evaluate the risk associated with the aforementioned potential cybersecurity
threats/hazards, according to the three risk parameters of the Fine-Kinney method (i.e.,
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probability (P), exposure (E), and consequence (C)), using the linguistic scale provided
in Table 1a. P, E, and C risk parameters are all considered to be benefit criteria (Gul et
al., 2021b). The SFN-based risk evaluation matrix for each expert is presented in Table
3.

Table 2. The SFNs-based Risk Evaluation Matrix of Experts

| P | E - P | E - | F B -
EX] VAl VHI  AMI EX1 H VHI H EX1 HI HI VHI
B H AMI  VHI EX2 Ml HI VHI B HI VML VHD
EX3 VHI VHI VHI EX3 VHI VHI VHI EX3 VHI HI VHI
EX4 HI HI VHI EX4 HI HI VHI EN4 HI HI VHI
CYBl EX5 AMI VHI AMI | CYBZ EX5 HI VHI VH | CYB?} EX5 HI VHI VHI
EX6 AMI  VHI VHI EX6 AMI VHI VHI EX6 HI HI VHI
EXT  VEL  VHl Vel EX7T  WHI VHI VHI EXT  VHI HI HI
EXE HI VHI AN EX8 HI VHI HI EXE HI HI VHI
EX9 VHI VHI AN EXP VHI VHI HI EX9 HI VHI HI
P E P [z T E e
EX1 HI SMI AN EX1 HI HI VHI EX1 HI VHI HI
EX2  VHI HI VHI EX2 HI VHI H B HI HI VHI
EX3 HI LAl VHI EX3 VHI VHI VHI X3 VHI VHI VHI
EX4 VHI SMI VHI EX4 HI HI VHI EX4 HI HI VHI
CYB4 EX5 HI HI VHI | CYBS EX5 HI VHI VHI | CYBS EXS HI VHI VHI
EX6 HI VHI AMID EX§ HI HI VHI EX6 AMI VHI VHI
EXT  VHI HI VHI EX?  WHI HI H EXT  VHI VHI  VHI
EXE HI HI VHI EX8 HI HI VHI EXE HI VHI ANIT
EX0 HI VHI VHI EXo HI VHI HI EX9 VHI VHI AMT
P E - P E - P B -
EXI VHI WVHI HI EXI ] VHI  VHI EX1 HI Hl VHI
B HI HI VHI B Hl HI VHI B HI VHI HI
EX3 VHI VHI VHI EX3 VHI VHI VHI B3 VHI VHI VHI
EX4 HI HI VHI EX4 HI HI M1 EX4 HI HI VHI
CYB? EXS5 AN WVHI VHI | CYBE EX5 H WHI SMI | CYB? EXS HI VHI VHI
EXs  AMI  VHI VI EX6 Hl VHL  VHI EX4 HI Bl VHI
EX? VHI VHI VHI EX? Hl VHI VHI EX7 VHI SMI HI
EX8 HI VHI AN EX8 HI VHI VHI EX8 HI HI VHI
EX8 VHI VHI AN EX9 VHI WHI HI EX9 HI VHI HI
P E - P E - b E -
EX1 HI HI VHL EX1 il VHI VHI EX1 HI HI HI
EX2 VHI M VHL EX2 VHI HI HI ExX2 VHI SN HI
EX3 HI HI Ad EX3 HI HI HI EX3 HI HI VHI
EX4 VHI M VHI EX4 HI HI AMI EX4 VHI ShID VHI
CYBID EX5 VHI HI AMT [ CYBIl EXS HI HI VHI | CYBII EX5 VHI HI VHI
EX6 VHI SMIT VHIL EX6 WVHI HI HI EX6 VHI SMI HI
EX7 HI M AdQT EX7? HI VHI AMI EX7? HI SN HI
EX3 HI M Ad EXE HI VHI VHI EXS§ HI SMI AN
EXP  VHI  SMI  AMD EX9 EHI VHI HI EX9  WHI  SMI AMD
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Table 3. Continued

P | E - P I E - P E
EX1 HI HI HI EXI HI ik VHI EX1 HI VHI VHI
EX2  VHI  sMI HI EX: VHI M VHI EX2 HI HI VHI
EX3 HI HI aM EXS  HL  SM1 WHI EX3  WVHI  VHL  VHI
EX4 VHI ada VHI EX4 VHI 0] VHI EX4 HI HI 5
CYBI3 EX5 VHI HI VHI |CYBI4 EX® HI HI VHI | CYBLF EX5 HI VHI SMI
EX6  VHI  sMI HI EX6 HI H  VHI EXS HI VHI  VHI
EX7 HI M HI EXT OVHD  VHI  AMI EX7 VHI VHI VHI
EXB HI sa AN EX8 HI VHI VHI EX8 HI VHI HI
EXS  VHL  SM1 AMD EXe HI  VHI VHI EXS  VHI  VHI  HI
r I E - P I E - P E
EX1 HI VHI VHI Ex1 HI HI VHI Ex1 HI SMI HI
ExX2 VHI sail VHI EX2 VHI HI HI EX2 HI M M
EX3 HI VHI VHI B3 HI HI VHI EX3 SMIT SMI SMI
EX4d  VHI  SM1 VHI EX4 HI HI  AMD EX4 S\ SMI HI
CYBl6 ENS H VHI  VHL [CYBI7 OENS  VHD  SMI 0 VHD | CYBIE EXS Hl H H
EXd AT HI VHI EX6 VHI HI VHI EXd HI HI VHI
EXT  AMI  SMI HI EXT H @ VHI H EX7 VHI VHI HI
EXE HI M1 VHI EXE HI HI  VHI EXE WVHI HI HI
EXY HI VHI VHI EX0 HI HI AMI EX9 HI SMI HI
I S —— |
EX1 HI SMI HI
EX2 HI by VHI
EX3 VHI El VHI
EX4 VHI HI HI
CYBI? EX5 M HI VHI
EX6 HI HI HI
EX7 HI b VHI
EX8 VHI ot HI
EX0 HI HI VHI

Based on Table 3, the aggregated cybersecurity decision risk matrix is computed
utilizing the SWGM aggregation operator, as presented in Eq. (10). The aggregated
cybersecurity decision matrix is provided in Table 4. The weights of the risk parameters
(P, E, and C) are calculated by applying the equations in Steps 3, 4, 5, 6, and 7 of SF-
LODECI, as outlined in Table 1. The calculated risk parameter weights are presented
in Table 5.

Table 4. The Aggregated Cybersecurity Decision Risk Matrix

No P E Cc

CyB1 | 0,785 0,225 | 0,136 | 0,799 | 0,206 | 0,112 | 0,843 | 0,164 | 0,075
CyB2 | 0,753 | 0,255 | 0,162 | 0,777 | 0,227 | 0,131 | 0,765 | 0,239 | 0,143
CyB3 | 0,721 | 0,281 | 0,184 | 0,732 | 0,271 | 0,175 | 0,777 | 0,227 | 0,131
CyB4 | 0,732 | 0,271 | 0,175 | 0,685 | 0,322 | 0,229 | 0,821 | 0,183 | 0,089
CyB5 | 0,721 | 0,281 | 0,184 | 0,743 | 0,261 | 0,165 | 0,765 | 0,239 | 0,143
CyB6 | 0,753 | 0,255 | 0,162 | 0,777 | 0,227 | 0,131 | 0,809 | 0,198 | 0,107
CyB7 | 0,785 0,225 | 0,136 | 0,777 | 0,227 | 0,131 | 0,809 | 0,198 | 0,107
CyB8 | 0,721 | 0,281 | 0,184 | 0,777 | 0,227 | 0,131 | 0,739 | 0,271 | 0,184
CyB9 | 0,721 | 0,281 | 0,184 | 0,730 | 0,276 | 0,184 | 0,765 | 0,239 | 0,143
CYB10 | 0,754 | 0,250 | 0,155 | 0,632 | 0,371 | 0,273 | 0,854 | 0,153 | 0,067
CyB11 | 0,721 | 0,281 | 0,184 | 0,743 | 0,261 | 0,165 | 0,774 | 0,237 | 0,148
CYB12 | 0,754 | 0,250 | 0,155 | 0,632 | 0,371 | 0,273 | 0,774 | 0,237 | 0,148
CYB13 | 0,754 | 0,250 | 0,155 | 0,632 | 0,371 | 0,273 | 0,784 | 0,230 | 0,145
CyB14 ] 0,732 | 0,271 | 0,175 | 0,695 | 0,313 | 0,222 | 0,811 | 0,192 | 0,094
CyB15] 0,732 | 0,271 | 0,475 | 0,777 | 0,227 | 0,131 | 0,729 | 0,281 | 0,192
CYB16 | 0,762 | 0,248 | 0,159 | 0,694 | 0,317 | 0,229 | 0,788 | 0,214 | 0,116
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CYB17

0,732

0,271 | 0,175

0,698

0,304

0,208

0,797

0,212 | 0,122

CYB18

0,697

0,309 | 0,215

0,652

0,353

0,258

0,687

0,317 | 0,222

CYB19

0,719

0,286 | 0,192

0,630

0,360

0,279

0,754

0,250 | 0,155

Table 5. The Weights of the Risk Parameters

P

E

C

W
W;

0,1908

0,4030

0,4062

Subsequently, following the calculation of the risk parameter weights, the SF-ARTASI
steps are implemented. Eqs. (16) and (17) are used to compute the absolute maximum
values matrix and the absolute minimum values matrix, respectively. Table 6 provides
the absolute maximum values and minimum values matrices.

Table 6. The Absolute Maximum and Minimum Values

(7 P E C
il 1,7972 1,8170 1,8710
Q';;’"'" -0,2589 -0,3160 -0,2668

The utility functions of threats/hazards for the ideal value cybersecurity risk matrix are
calculated by applying steps 9, 10, 11, and 12 of SF-ARTASI, as outlined in Table 1.
Table 7 presents the final utility functions cybersecurity risk matrix. The most
significant threat/hazard is indicated by the final utility functions cybersecurity risk
matrix's highest value.

Table 7. The Utility Functions and Ranking Threats/Hazards

No a; a7 S; Rank
CYB1 0,49989 0,50011 99,699 1
CYB2 0,49915 0,50085 96,160 4
CYB3 0,49885 0,50115 94,671 5
CYB4 0,49912 0,50088 94,521 9
CYB5 0,49888 0,50112 94,599 7
CYB6 0,49929 0,50071 97,517 3
CYB7 0,49937 0,50063 98,014 2
CYBS8 0,49923 0,50077 94,513 10
CYB9 0,49881 0,50119 94,080 13

CYB10 0,49993 0,50007 93,893 15
CyB11 0,49888 0,50112 94,665 6

CYB12 0,49935 0,50065 91,243 17
CYB13 0,49936 0,50064 91,479 16
CYB14 0,49902 0,50098 94,553 8

CYBI15 0,49928 0,50072 94,327 11
CYB16 0,49891 0,50109 94,075 14
CyB17 0,49886 0,50114 94,194 12
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CYB18 0,49975 0,50025 87,891 19
CYB19 0,49934 0,50066 90,181 18

As seen from Table 7, CYB1, CYB7 and CYBG6 represent the most significant
threat/hazard to be considered respectively. Figure 4 provides a visual representation
of the utility functions associated with the identified threats/hazards.

) C"%

Figure 3. The Utility Functions of Threats/Hazards

100,000

Utility functions of threats/hazards
2
2
=

3.2. Comparative Analysis

The findings of the risk assessment model proposed in this study are compared in this
section with a different ranking method applied in the literature, which is Fine-Kinney
based and employs SFSs. A comparative analysis was conducted to evaluate the
efficacy of the proposed model in relation to the Fine-Kinney-based SF-TOPSIS
methodology, as presented by Tatar et al. (2023). The results of the analysis are

presented in Figure 5.
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Figure 5. The Results of the Comparative Analysis
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Figure 5 illustrates that the threat/hazard rankings are highly similar, as revealed by the
findings of the comparison analysis. This stability underscores the efficacy and
reliability of the proposed Fine-Kinney-based SF-ARTASI hybrid model.

4. CONCLUSION

The maritime sector is of critical importance in the global supply chain, representing
approximately 90% of global trade in the transportation of goods (Alcaide and Llave,
2020). While the pervasive implementation of digital technologies in the maritime
industry facilitates operational advancement, it concurrently engenders a series of
disadvantages pertaining to cybersecurity (Uflaz et al., 2024). The maritime industry is
susceptible to a range of cyber risks, particularly those targeting ship critical systems,
and in-port information systems (Ben Farah et al., 2022).

The Fine-Kinney approach provides an efficacious methodology for risk assessment
problems (Wang et al., 2023). Nevertheless, this approach is limited in its ability to
accurately reflect the judgments of experts under conditions of uncertainty. In order to
address the aforementioned cyber security risk assessment problem, which is based in
Fine and Kinney, the SWGM operator, LODECI and ARTASI methods are integrated
using spherical fuzzy sets. Subsequently, the model is utilized to conduct a risk
assessment study for potential cyber threats/hazards to critical maritime transportation
systems. Furthermore, the proposed model's robustness and reliability are tested by
comparing it to another approach that has been employed in the literature. The findings
demonstrate that the proposed model has the potential to provide a beneficial tool for
stakeholders engaged in the cybersecurity risk assessment process. Accordingly, the
hybrid model developed in this study will guide risk managers and other stakeholders
in the identification and ranking of cybersecurity risks related to maritime
transportation operations.

The present study has determined 19 potential cyber threats/hazards. According to the
study results, the threat/hazard CYB1 “Accessing the AIS network to obtain vessel
position, speed and route information” represents the most significant cyber
threat/hazard and necessitates the most rigorous attention and protective measures.
AlS-transmitted signals lack both encryption and verification, which renders them
susceptible to exploitation by malicious actors. This deficiency can facilitate a range of
attacks, including the spoofing of messages, the fabrication of ghost ships, the
dissemination of false alerts or meteorological data, and other forms of interference
(Ribeiro et al., 2023). AIS systems play an important role in maritime communication,
providing information about a ship's route and location using GPS coordinates.
However, AIS is one of the electronic communication equipment vulnerable to
potential cyber attacks (Alcaide and Llave, 2020). Infection of the ECDIS system and
its subsequent manipulation have the potential to significantly impact ship operations,
resulting in considerable financial losses (Bolbot et al., 2020). The systems that
facilitate the navigation of maritime vessels, including AIS, GPS and ECDIS, are
dependent on signal processing and transmission principles. Consequently, this
structure can make these systems vulnerable to cyber threats (Tusher et al., 2022).
Organizations in the maritime sector must to take a proactive stance against cyber
threats (Afenyo and Caesar, 2023). In the maritime transportation, weaknesses in a
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vessel's bridge system (Uflaz et al., 2024) may give rise to considerable issues with
regard to cyber threats to navigation systems. Such challenges have the potential to
result in significant financial losses with global trade.

The remaining ones have been ranked as follows: CYB7 “Compromising GPS
receivers with excessive noise or radio interference, causing the receiver to lose signal
or provide inaccurate data”>CYBG6 “Diverting GPS signals for the purpose of providing
incorrect position, speed or timing information to the receiver”>CYB2 “Infection of
the AIS network with malicious software such as viruses or worms to damage or disrupt
critical data and systems”>CYB3 “Accessing the ECDIS network to remove or
manipulate vital data including charts, routes or navigation plans”>CYB11 “Accessing
the GMDSS network to extract or change vital information, including distress messages
or navigational data”>CYBS5 “Blocking signal access and causing message
interruptions due to excessive traffic in AIS, ECDIS, GPS, NAVTEX, GMDSS, VDR,
SSAS networks”>CYB14 “Accessing the VDR system without permission, causing
change or delete information, including safety, security, navigation and
communications data”>CYB4 “Malicious software to infect the ECDIS network,
causing damage or corruption of sensitive data and equipment”>CYBS8 “Diverting
radar to give the incorrect information about the position, speed, or routea ship position,
speed or route of a vessel or object”>CYB15 “Malicious software to infect the VDR
system, compromising its correct functioning or rendering the data it provides
inaccurate”™>CYB17 “Accessing the SSAS system to change security alert
messages”>CYB9 “Interfering with excessive noise or electromagnetic waves, which
may cause the radar signal to be lost or provide incorrect data”>CYB16 “Diverting the
VDR data by changing the timestamps or sensor data, to cause in inaccurate data
recording”>CYB10 “Diverting the NAVTEX data to provide incorrect data about the
meteorological  information, navigational hazards, or other safety-vital
information”>CYB13 “Malicious software to infect the GMDSS system,
compromising its performance or rendering it incapable of providing accurate
data”>CYB12 “Diverting the GMDSS data to provide incorrect information about the
location or identity of a vessel, or the details of an emergency situation”>CYB19
“Diverting the SSAS data to provide inaccurate information about the location or
identity of a security risk or the status of the vessel”>CYB18 “Malicious software to
infect the SSAS system, causing it to work incorrectly or provide inaccurate data”.

It is recommended that future research address the limitations of the proposed
approach, which are as follows: First, the incorporation of data concerning cyber threats
to ship navigation systems, in addition to the potential for cyber attacks on satellite link
systems between land and sea, may have an impact on the results. Second, the different
parameters can be added in addition to the three risk parameters. Furthermore, the
integration of diverse weighting methodologies may provide a more rational approach
to parameter weight calculation. In addition, for future research, the Fine-Kinney based
ARTASI risk assessment strategy can be integrated with various ranking techniques
using different fuzzy sets rather than spherical fuzzy sets. Moreover, future studies may
utilize the presented hybrid methodology in disparate domains, such as finance and
energy, and subsequently undertake a comparative analysis of the outcomes.
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Abstract Oz

Shared micro-mobility services have swiftly become
widely adopted in major urban centers globally. In
particular, individuals are encouraged to transition to
environmentally friendly modes of transportation to
support a sustainable transportation system. For this
reason, the tendencies and potential of individuals to use
micro-mobility vehicles are being investigated. This paper
focused on university students, analyzing their preferences
for using micromobility vehicles, particularly for first-mile
or last-mile trips in terms of gender and travel time
variables. In the study, k-Nearest Neighbors (kNN) and
Logistic Regression (LR) algorithms are used in machine
learning approach and they were compared. A face-to-face
survey was conducted with 150 students randomly to
measure the potential use of micromobility vehicles among
university students. As a result, LR model is better than
kNN model according to the accuracy of the models, 0,63
and 0,43 respectively. On the other hand, 51,82% of male
students and 62,50% of female students participating in
our study reported that they are not inclined to prefer
micromobility vehicles at any stage of their trips, and the
main challenge for the potential users is safety.

Keywords: Gender, k-nearest neighbors, logistic
regression, machine learning, micro-mobility.

Paylasimli mikro-mobilite hizmetleri, diinya genelinde
ozellikle biiylik sehirlerde hizla benimsenmistir. Son
zamanlarda, bireylerin siirdiiriilebilir bir ulasim sistemini
desteklemek amaciyla ¢evre dostu ulagim modlaria gegis
yapmalari tesvik edilmektedir. Bu nedenle, literatiirde, yol
kullanicilarinin -~ mikro-mobilite  araglarini  kullanma
egilimleri ve potansiyelleri aragtirilmaktadir. Bu ¢aligma,
tiniversite 6grencilerini hedef alarak, cinsiyet ve yolculuk
stiresi degiskenleri agisindan ilk ve son kilometre (ilk ve
son adim) yolculuklart igin mikro-mobilite araglarini
kullanma egilimlerini analiz etmektedir. Calismada,
makine o6grenmesi yaklasimiyla k-En Yakin Komsu
(kNN) ve Lojistik Regresyon (LR) algoritmalari
kullanilmis ve karsilastirilmistir. Universite 6grencileri
arasinda  mikro-mobilite araglarinin  potansiyel
kullanimini 6lgmek amaciyla 150 6grenciyle yiiz yiize
anket yapilmistir. Sonug olarak, LR modelinin dogruluk
agisindan kNN modelinden (sirasiyla 0,63 ve 0,43) daha
iyi oldugu goriilmiistiir. Ote yandan, ¢aligmamiza katilan
erkek Ogrencilerin  %51,82'si ve kadin ogrencilerin
%62,50'si, yolculuklarmimn herhangi bir asamasinda
mikro-mobilite  araglarin1  tercih etme egiliminde
olmadiklarm belirtmis, potansiyel kullanicilar i¢in ana
zorlugun “giivenlik” kriteri oldugu sonucuna ulagilmistir.

Anahtar Kelimeler: Cinsiyet, k-en yakin komsu, lojistik
regresyon, makine 6grenmesi, mikro-mobilite.

'istanbul Aydin University, Faculty of Engineering, Department of Civil Engineering, istanbul, Tiirkiye.
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1. INTRODUCTION

As cities grow rapidly, transportation demand continues to increase. As increasing
travel demand brings more mobility, the issue of traffic congestion begins to emerge in
cities. Traffic congestion is seen as one of the most significant problems, especially in
cities with large populations and urban areas. In recent times, micro-mobility solutions
have started to be preferred as a solution to traffic congestion, which brings substantial
costs that can be defined as negative externalities such as time loss, fuel consumption,
and air and noise pollution.

Recent transportation approaches have emerged to reduce the negative externalities of
traffic and promote public transportation, particularly in self-driving vehicles and the
mobility-as-a-service (MaaS) model. MaaS provides on-demand mobility via
crowdsourced or privately owned vehicles, and this concept has expanded to include
on-demand mobility via smaller vehicles (Sun et al., 2021). Small vehicles which can
be classified as bicycles, scooters, e-bikes, e-scooters, etc. are defined as micro-
mobility vehicles. Personal vehicles that are significantly lighter and smaller than cars
are referred to as "micro-mobility" (Forum, 2024).

The use of micro-mobility vehicles is increasing in many countries and becoming a
trend especially for increasing the use of public transportation. As it is stated that the
absence of convenient first leg and last leg of travel options to access transit stops
constitutes a significant obstacle for many individuals to utilize public transit (Yin et
al., 2024). According to the report generated by National Association City
Transportation Officials (NACTO), ridership in station-based bike-sharing systems has
shown robust growth, reaching 67 million rides in 2022, a 17% increase compared to
the previous year across the United States and in Canada (NACTO, 2023), and in line
with a North American Bikeshare & Scootershare Association (NABSA) report, 37%
of shared micro-mobility trips take the place of a car trip (NABSA, 2022). Moreover,
in comparison to 2021, the growth rate of shared micro-mobility services in Europe
was 39% in 2022 (Portal, n.d.). These results show that micro-mobility vehicles are
considered a potential solution for traffic impact and it is considered that it can
minimize the usage of private vehicles, particularly for short trips, and represent a
transition toward more environmentally friendly modes of transportation (Jaber et al.,
2024). In addition to becoming a trend, shared micro-mobility offers a practical
substitute for conventional urban transportation (Wolnowska & Kasyk, 2024).

In literature, the 18-44 age range is generally more represented, while individuals aged
45 and above are not sufficiently represented in micro-mobility usage studies (Delbosc
& Thigpen, 2024; NABSA, 2022; Roig-Costa et al., 2024). In other words, when
considering age group variables, the studies predominantly include the younger
population. This may be due to the younger population's ability to more easily follow
developing technology and their physical advantages.

Typically, studies in literature analyze the micro-mobility usage behaviors of all users.
However, as seen in these studies, micro-mobility users are generally within the
younger age group. Furthermore, it is considered that the younger population's
tendency to use micro-mobility will indicate the potential user base for both the present
and future. On the other hand, this study generates invaluable data to the literature
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which is missing especially in Tiirkiye. To fill this gap in the literature, this paper
focused on the young population and a survey was conducted with university students,
analyzing their preferences for using micro-mobility vehicles, particularly for first-mile
or last-mile trips in terms of gender and travel time variables.

2. LITERATURE REVIEW

Shared micro-mobility services have swiftly become widely adopted in major urban
centers globally (Reck & Axhausen, 2021). Recently, there have been numerous studies
regarding micro-mobility vehicles, which are seen as a potential solution, particularly
in the context of reducing the use of private cars (Li et al., 2024). These studies often
provide approaches aimed at prioritizing such initiatives within cities (Adnan et al.,
2019). Micro-mobility vehicles, along with their routes and connections to public
transportation systems, should be considered as an integrated system. The micro-
mobility system has been examined from various perspectives in the literature. Spatio-
temporal travel patterns of micro-mobility (Li et al., 2024), safety of micro-mobility
system (Comi et al., 2024; Ignaccolo et al., 2022; Tzouras et al., 2024), user interest
and segments (Degele et al., 2018; Hensher et al., 2024), transport equity (Guan et al.,
2024), defining a procedure for data collection and analysis (Dozza et al., 2022), user
satisfaction (Cheng et al., 2024).

In studies found in the literature that focus on modeling the behaviors or preferences of
micro-mobility users, the most significant challenge is data acquisition. To address this,
many studies have collected field data using the stated preference survey method
(Adnan et al., 2019; Cho & Shin, 2022; Espino, 2023; Hong et al., 2023; Sarker et al.,
2024). The prevalence of stated preference survey studies suggests that there may still
be a significant number of potential users for this mode of transportation that have not
yet been fully identified.

The successful integration of the micro-mobility system into public transportation is
seen as a potential solution to address the traffic problems experienced in major cities.
In such an integration process, the primary focus should be on establishing safe routes
for micro-mobility users. Safety problems are greatly decreased in small to medium-
sized cities due to lower traffic congestion (Adnan et al., 2019). Once a safe route is
established, the potential for private vehicle users to switch to micro-mobility options
may emerge. Studies have shown that individuals are more inclined to use micro-
mobility vehicles when a dedicated lane is available (Tait et al., 2022) and it is
necessary to ensure the safety and comfort of road users to provide efficiency of
transportation infrastructure (Zhang et al., 2023).

Studies have shown that young individuals exhibit a higher tendency to use micro-
mobility vehicles compared to other age groups. Research indicates that students and
individuals aged 18-30 demonstrate a greater affinity for cycling than full-time
employees and those aged 31-60 (Adnan et al., 2019), a trend also observed in the
findings of (Ji et al., 2017).

On the other hand, micro-mobility has been analyzed by using various modeling
approach. In order to compare the user characteristics, univariate and multivariate
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probit model (Reck & Axhausen, 2021), to model user satisfaction shared mobility the
structural equation model (Cheng et al., 2024), logistic binary regression model to
investigate the distinguishing characteristics between e-scooter and shared bike users
(Roig-Costa et al., 2024), agent-based approach to model Micro-mobility trips
conducted in diverse and perceived unsafe road conditions (Tzouras et al., 2024), and
some machine learning algorithms which are kNN model (Campisi et al., 2024),
Extreme Gradient Boosting model (Sarker et al., 2024), XGBoost-SHAP and random
parameters binary logit model (Sadeghi et al., 2024).

3. EXPERIMENTAL DESIGN AND DATA

In Tirkiye, the concept of micro-mobility is not yet fully understood, nor is it widely
adopted as a mode of transportation. Even in large cities, the lack of adequate
infrastructure makes it difficult to obtain data of sufficient size to study user behavior.
As data generated or provided by private companies offering shared micro-mobility
services, municipalities, and relevant ministries are not shared, new data must be
collected from the field and this situation makes the data invaluable. Since the scope of
this study is to examine the micro-mobility usage preferences of young individuals,
university students were selected, as in previous literature studies (Espino, 2023;
Ozdemir, 2023). In this context, Istanbul Aydin University was chosen as the study area
due to its campus, which houses approximately 40,000 domestic and international
students and is located near public transportation system connection points.

As part of the study, a survey was conducted to measure the potential use of micro-
mobility vehicles among university students and a face-to-face survey was conducted
with 150 students randomly. To determine the sample size for this study, Cochran's
formula was utilized, as it is commonly applied in cases where the population is large
or considered infinite. Cochran’s formula is shown in Eq.1 (Cochran, 1963).

_Z*p(1—-p)
S

(M

0

where np minimum sample size, Z is z-value of the confidence interval, p is estimated
population proportion (0,5 is used if there is no information), and e is margin of error.

The formula indicates that beyond a certain threshold, population size has minimal
impact on the required minimum sample size. In this study, the sample size is deemed
adequate at a 90% confidence level. Specifically, with a population of 40,000 (which
is approximate), a Z-value of 1,645, and a p-value of 0,5, the minimum required sample
size is calculated to be 68. Consequently, the number of surveys conducted is sufficient
to meet the 90% confidence level criteria.

Given its connections to the Metrobus and bus systems, as well as its large and diverse
student population, data obtained from the students are expected to better reflect the
tendencies of university students in general. As shown in Figure 1, the campus area of
Istanbul Aydin University and nearby public transportation connection points are
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provided. The focus is particularly on the tendency of university students to choose
micro-mobility vehicles for first-mile and last-mile connections. When considering the
distance from the nearest public transportation connection point to the university
campus (or vice versa), two different routes were observed. The walking distance from
the Besyol Bus Rapid Transit (BRT) station and bus stop to the campus is 520 meters,
while the walking distance from the Sefakoy BRT station to the campus is 945 meters.

-,

o

iy

Figure 1. Study Area and Closest BRT Stations and Bus Stops

The face-to-face survey is generally composed of three main sections. The first section
focuses on socio-demographic characteristics, asking individuals about their gender,
age, scholarship status, income, travel time, travel cost, the number of days per week
they attend university, living arrangements, and the distance from their home to the
university. The second section inquiries about the individuals' daily routines, or typical
trips, including questions about their preferred mode of transportation, the availability
of micro-mobility options for the first and last steps of their trip, and which
transportation mode they choose for these steps. The third part explores the factors that
are most influential in determining their micro-mobility preferences, the factors that
deter them from using micro-mobility, and their likelihood of using services like
Binbin, Marti, and the Bisim Smart Bicycle System under different scenarios. The
survey was conducted in April 2024. During this period, the average fees of service
providers operating in Istanbul, such as Binbin, Marti, and Bisim, were calculated.
Accordingly, the unlock fee was determined to be 5,49 Turkish Liras (TL), and the fee
per minute was 5,99 TL/min for shared e-scooter. Additionally, for Mart1 motorcycles,
the unlock fee was 7,69 TL, and the fee per minute was also 7,69 TL. Participants were
asked which of these alternatives they tended to prefer.

The descriptive statistics for the survey study are presented in Table 1. Of the students

who participated in the survey, 76,67% are between the ages of 20 and 25, and 26,67%
are female. The majority, 76%, are in their second, third, or fourth year of study. Nearly
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half (46%), live with family members, while 22,67% live alone. A significant
proportion, 73,33%, are continuing their education with a merit-based scholarship.
Only 8,67% of the students have an income at or below the minimum wage in Tiirkiye,
and the average monthly income of the students is 20,475 TL.

In the survey, students were asked whether it is possible to use micro-mobility for their
first-mile trip that starts from home and ends at the nearest public transport station or
car park area. 69,33% of participants responded that micro-mobility could be used for
the initial phase of their trip if desired, regardless of the availability of sufficient and
safe infrastructure. Similarly, 82% of participants answered "yes" to the question of
whether it is possible to use micro-mobility for the last-mile trip that starts from the
nearest public transit station or car park and ends at the campus.

For the home-to-campus trip, the most commonly preferred mode of transportation is
public transportation, at 78%. Only 5,33% of participants commute to the university by
private car, while 16,67% walk to campus. The factor most influencing students'
decision to use micro-mobility was identified as safety, cited by 32,67% of respondents.
Other important factors included time savings and cost-effectiveness, at 18% and
15,33%, respectively.

On average, students spend 13,29 TL per trip and travel for 40,3 minutes on their trip
from home to campus. The average distance from their residence to the campus is
12,136 meters. When considering all participants, the average monthly expenditure on
transportation is 578 TL.
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Table 1. Descriptive Statistics of the Data

Number Number

Attributes Levels () Percentage  Attributes Levels () Percentage
Gender Male 110 73.33% < 11,700 13 8.67%
Female 40 26.67% Income  Gr 20,001-30,000 29 19.33%
17-19 30 20.00% come  GIOUPS  30001-40000 54 36.00%
20-22 66 44.00% (TL) 40,001-50,000 39 26.00%
Age Groups  23-25 49 32.67% 50,000 > 15 10.00%
Is it available to
26+ 5 333% use micro. No 46 30.67%
mobility in your
first mile?
1 29 19.33% (;;im“:tf, Yes 104 69.33%
campusi
What . Is it available to
jayearin o 34 22.67% use micro- No 27 18.00%
university? mobility in your
last mile? (Home
3 41 27.33% to campus) Yes 123 82.00%
4 39 26.00% Walking 25 16.67%
5 7 1.67% Typical Mode Public Transit 117 78.00%
:ferr‘::)’;rs 69 46.00% (Main mode) Private Vehicle 8 5.33%
Whodoyou Friends 43 28.67% S;:;ivmss 23 15.33%
LYo oy .
live with? \'?”m““” 4 2.67% Convenience 16 10.67%
Alone 34 22.67% What is the most  Environmental 5 8.67%
important factor ~ 1mpact
100% 110 7333% that would Safety 49 32.67%
influence your Availability  of
75% 4 2.67% decision to use micro-mobility 17 11.33%
micro-mobility options
Scholarship vehicles? Infrastructure
50% 5 333% (e.g., bike lanes, 5 3.33%
scooter parking)
25% 16 10.67% I )
No 15 10.00% Saving time 27 18.00%
Attributes Mean St.dv. Attributes Mean St.dv.
(1;‘["‘)""1 Cost 13.29 29.12 Distance (Between Home - Campus) (m) 12,136 7,572
T::[‘:;"l Time 4439 2278 Monthly Payment for Transportation (TL) 578 1,500

4. METHODOLOGY

To identify the factors influencing university students' preferences for micro-mobility
vehicles, k-Nearest Neighbors (kKNN) and Logistic Regression (LR) models with
machine learning were employed. Each approach in the literature has different
advantages and disadvantages. In this study, kNN and LR machine learning methods
were chosen because they are faster and more efficient for studies with smaller datasets.
With LR, the model is easier to interpret, and with kNN, a more flexible model can be
obtained by not making prior assumptions. On the other hand, approaches like Support
Vector Machines, Decision Trees, or Artificial Neural Networks are also potential
alternatives. However, such approaches require a large dataset. Therefore, it is
considered that the most suitable approaches are kNN and LR. Following the
preprocessing and organization of the survey data to fit the kNN and LR models, the
dataset was randomly split into training (60%), validation (20%), and testing (20%)
subsets for machine learning. The dependent variable in the machine learning process
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was "preference" (i.e., whether students preferred to use micro-mobility vehicles for
any part of their trip: Yes or No). Graphical analyses revealed that "gender" and "travel
time" had a stronger influence on the "preference" variable, leading to their inclusion
as independent variables in the machine learning models. On the other hand, the
correlation between gender and travel time also tested and the value R is 0,0019.

4.1. k - Nearest Neighborhood Model (kNN)

The kNN classification algorithm, originally introduced by Cover and Hart in 1967
(Cover & Hart, 1967), is recognized for its simplicity among machine learning
algorithms and is extensively applied in classification tasks due to its highly adaptable
and straightforward design (Mahesh, 2019). In this method, observations are classified
using the kNN algorithm based on the majority class of the 'k' closest neighbors within
the feature space (Alrefaei & Ilyas, 2024). Generally Eucledian algorithm is used to
find the nearest point in this method (Cunningham & Delany, 2021). The kNN classifier
categorizes a query by assigning it to the class that is most commonly represented
among its k-nearest neighbors in the training set, based on the majority voting principle
(Uddin et al., 2022; Wang et al., 2022). The kNN classifier requires calculating the
distance between the input sample and each individual sample in the training dataset.
(Gallego et al., 2018).

The kNN classifier first calculates the Euclidean distances dix ;) between the test
sample x and each training sample y; which is element of training set. Next, the kNNs
of x are identified and sorted in ascending order based on their Euclidean distances
(Wang et al., 2020). The Euclaedian distances is calculated as in Eq. 2.

dx,y) =/ —y)Tx—y), i>0 (2)

Lastly, the test sample x is classified into class wc based on a majority voting process,
as expressed in Eq.3 (Trevor, Hastie; Tibshirani, Robert; Friedman, 2019; Wang et al.,
2020) .

we = argmax,; 2 5(wj =), j>0 3)

NN NNYeNNTT (x)

6(wj = CLNN) is the Kronecker delta function. It takes “1” if w; = eV or <07
otherwise. “/” is the number of classes, 7r presents the training samples, c; corresponds
class label of y;and ¢; € {w4, w,, ..., wy}, NN specifies nearest neighbor.

4.2. Logistic Regression Model (LR)

LR is a widely used statistical model designed for analyzing categorical data with a
binary dependent variable (Regulski et al., 2024). This classification method estimates
the likelihood of an outcome falling into one of two categories based on independent
variables, such as a rolling median and time (Regulski et al., 2024; Rymarczyk et al.,
2019). LR is also recognized as a statistical approach within the domain of machine
learning (Maalouf, 2011; Rymarczyk et al., 2019). The LR model employs a sigmoid
function to map real-valued independent variables to a range between 0 and 1, thereby
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converting the continuous output from a linear regression into a categorical output
(Geeksforgeeks, 2024). LR works as follow:

Xs are independent input features, and they are stored in a matrix. Y represents the
dependent variable which is binary coded. The independent and dependent variables
are shown in Eq. 4.

X11--X1m 0if Cl 1
= [X21-X2m = | neass
X wh | and Y {1 if Class 2 @
Xn1..Xnm

After that, in LR model the multi-linear function to input variables X is applied by
using Eq.5.

Y=a-X+b (5)

Here Y is dependent variable and it can be defined as the preference of choosing micro-
mobility vehicle or not. Since the dependent variable “preference” binary coded, there
will be two functions and each of “Yjeference” functions can be named as “utility
function” of the “prefer” and “not prefer” options. “a” is the coefficient of independent
variable and “b” is bias term which is also known as intercept. As it is stated that LR
employs the Sigmoid function to estimate the probability that the dependent variable
belongs to a specific class, which converts any continuous variable into a value between
0 and 1. In the binary logit model, the likelihood that preference 1 will be picked is
given by the preference set, which includes “prefer (which is coded “1”)” and “not
prefer (which is coded “0”) (Ergin & Tezcan, 2022).
eal-X1+b1

Py = 1 X1+b1 4 oAz Xa+by

, and P,=1-P, (6)

In the Eq. 6, P; represents the probability of selecting choice 1, (a; - X; + b;) represents
the utility functions of alternatives 1 and 2.

5. MODEL ESTIMATION RESULTS

In the machine learning-based kNN and LR models, the dependent variable
"preference," indicating whether individuals would choose micro-mobility vehicles at
any stage of their trip under suitable conditions, was used alongside the independent
variables "gender" and "travel time." The same variables were applied to both models
(kNN and LR). For the kNN model, it is necessary to determine the number of classes,
which was done using the Elbow method (Figure 2). In this figure, Within-Cluster Sum
of Squares (WCSS) acts as an indicator of the error or variability within clusters. It
shows how closely data points are positioned within a cluster, highlighting the
compactness and uniformity of the clusters. Accordingly, the optimal number of
neighbors was determined to be 3, and the analyses were conducted based on this
selection.
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Figure 2. Elbow Method Result

As part of the machine learning process, the KNeighborsClassifier and
LogisticRegression algorithms, which are included in the open-source machine
learning library scikit-learn, were utilized (Scikit-learn, n.d.-a, n.d.-b). Model results
are given in Table 2.

Table 2. kNN and LR Model Results

Sentiments kNN Model Result LR Model Result
Precision Recall Fl-score  Support  Precision Recall Fl-score  Support
0 05 0.29 0.37 17 0.75 0.53 0.62 17
1 04 0.62 0.48 13 0.56 0.77 0.65 13
Evaluation Measures

accuracy 0.43 30 0.63 30
macro avg 0.45 0.45 0.43 30 0.65 0.65 0.63 30
weighted avg 0.46 0.43 0.42 30 0.67 0.63 0.63 30

The model results are compared based on precision, recall, and F1-score metrics.
Precision evaluates the accuracy of positive predictions by determining how many of
the predicted positives are truly positive, with higher precision indicating fewer false
positives. When examining the precision values, the LR model's results (0,75; 0,56) are
significantly better than those of the KNN model (0,5; 0,4). On the other hand, recall
measures the model's ability to identify all true positive events, with higher recall
indicating fewer false negatives. In this assessment, the LR model also outperforms the
kNN model, with recall values of (0,53; 0,77) compared to (0,29; 0,62) for kKNN. The
F1-Score offers a comprehensive metric by balancing both precision and recall, making
it especially valuable in situations with imbalanced class distributions. The superiority
of the LR model over the kNN model is further evident in the F1-score. Additionally,
the accuracy rate of the LR model (0,63) is better than that of the kNN model (0,43).
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6. DISCUSSION AND CONCLUSION

This study aims to identify the factors influencing the use of micro-mobility vehicles,
with a particular focus on the effects of gender and travel time variables. Shared micro-
mobility vehicles are especially preferred by the younger population, which is why
research in the literature has often focused on the preferences of university students
(Ozdemir, 2023) or examined the status of being a university student (Hong et al.,
2023). In parallel to this study, it is found that younger individuals, particularly students
in universities, are more inclined to cycle compared to older adults and full-time
employees (Adnan et al., 2019).

Some studies claim that e-scooters provide a faster, cost-effective, and environmentally
friendly alternative to walking and driving, with easier accessibility than taxis, and are
especially popular among young people for short-distance travel (Ozdemir, 2023).
However, in cities with high population density such as Istanbul, where infrastructure
services are insufficient for the use of micro-mobility vehicles, their usage is quite
dangerous. Consequently, 51,82% of male students and 62,50% of female students
participating in our study reported that they are not inclined to prefer micro-mobility
vehicles at any stage of their trips. Similarly, the literature indicates that micro-mobility
is not exclusively favored by low-income individuals or students as a mode of
transportation (Campisi et al., 2024). The primary factor causing the lack of preference
for micro-mobility vehicles among university students is "safety." For 36% of male
students and 35% of female students, "safety" was reported as the most important
factor. Likewise, Wolnowska and Kasyk (2024) stated that the student group is closely
linked to the perception that cycling is highly unsafe (Wolnowska & Kasyk, 2024).

In the literature, there are studies that examine the tendencies of young individuals to
prefer micro-mobility vehicles through various independent variables. In these studies,
latent variable model and error component model (Hong et al., 2023), logit model (Cho
& Shin, 2022), hybrid choice model (Adnan et al., 2019), multilevel linear mixed
effects model (Cubells et al., 2023) and so on are used. In this study, LR model and
kNN model results are compared in order to show the performance of the models in
terms of gender and travel time independent variables which are used to train the
dataset. In accordance with the model results, it can be obviously claimed that the LR
model generally outperforms the kNN model. Particularly, the high recall and F1-score
values in the "would prefer" category indicate that this model better identifies this class
and minimizes the number of false negatives. Given that the independent variables,
gender and travel time, are included in the data used to train these models, it can be
said that these variables are more influential in the LR model. This, in turn, has
contributed to the model making more accurate predictions.

Current technological advancements allow for a deeper analysis of the data obtained.
Therefore, in this study, the dataset was trained using the independent variables of
gender and travel time, and the effects of gender and travel time were observed more
strongly. Since the results of models obtained using different variables were quite low,
only the independent variables of gender and travel time were considered.

The study also has some limitations. More comprehensive analyses can be conducted
once these limitations are addressed. Although the study focuses on students, it could
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also analyze larger datasets based on students' income levels, scholarship status, and
the geographic locations of their homes relative to the university. Additionally,
overcoming these limitations may enable more detailed analyses in future studies using
different methods, potentially shorter surveys, and larger sample sizes.

As a result, increasing the use of micro-mobility vehicles as an environmentally
friendly mode of transportation is essential for a cleaner future and sustainability.
Hence, it is necessary to implement geometric arrangements in urban areas to
specifically address safety issues and to provide a good price-performance ratio service
that encourages the use of micro-mobility vehicles. Geometric arrangement, education,
legal rights, and supervision could lead to the acceptance of micro-mobility vehicles as
a mode of transportation and increase their preference rate. Following the adoption of
this usage as a behavior, a cultural change will also be experienced. Studies have shown
that young individuals are more inclined to use micro-mobility vehicles compared to
other age groups. Therefore, targeting young individuals as the primary focus of
strategies aimed at promoting the widespread use of micro-mobility in society would
be a more effective approach.

Research and Publication Ethics Statement
Research and publication ethics have been complied with in the study conducted.
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Abstract

“Tiirkiye’yi Doyuran iI” olarak isim yapmus Balikesir,
gida  ¢esitliligi  konusunda Tiirkiye’de onde gelen
illerimizden bir tanesidir. Balikesir ili ve ilgelerinde
tretilen birgok yoresel yiyecek tiirline ait tanitim
faaliyetleri giinden giine artmaktadir. Bu ¢alismada cografi
isaret tescili olan Balikesir ili yoresel {riinlerinden
Savastepe Saribeyler Seferberlik Coregi arastirilmistir. Bu
arastirma ile Savagstepe Saribeyler Seferberlik Coregi igin
standart iiretim metodu olusturulmus, bazi kimyasal
Ozellikleri incelenmis ve diger ekmek cesitleri ile
karsilastirlmistir.  Kimyasal analiz sonuglari, iiretilen
Savagstepe Saribeyler Seferberlik Coregi’nin “Tirk Gida
Kodeksi Ekmek ve Ekmek Cesitleri Tebligi” nde belirtilen
limitlere uygun igerige sahip oldugunu géstermistir. Nem,
asitlik, kiil, pH ve tuz degerleri ortalamalar1 sirasiyla
%36,3, %4,97, 1,089, 5.77, ve %1,26 olarak belirlenmistir.
Savastepe Saribeyler Seferberlik Coregi yapim metodu
incelendiginde eksi hamur metodu ile yapilan ekmek
yapim metotlariyla benzerlik gosterdigi tespit edilmistir.
Savastepe Saribeyler Seferberlik Coregi gibi yoresel
irtinlerin literatiire kazandirilmas: sayesinde tiiketicilerin
daha besleyici ekmek iiriinlerine olan ilgisinin daha da
artacag1 varsayilmaktadir.

Anahtar Kelimeler: Savastepe Saribeyler Seferberlik
Coregi, Balikesir, yoresel gida iiriinii, ekmek.

Balikesir, known as the ‘Province that Feeds Turkey’, is
one of the leading provinces in Turkey in terms of food
diversity. Promotional activities for many local food types
produced in Balikesir province and its districts are
increasing day by day. In this study, Savastepe Saribeyler
Seferberlik Coregi, one of the local products of Balikesir
province with a geographical indication registration, was
investigated. With this research, a standard production
method was created for Savastepe Saribeyler Seferberlik
Coregi, some of its chemical properties were examined
and compared with other types of bread. Chemical
analysis results showed that the produced Savastepe
Saribeyler Seferberlik Coregi has a content that complies
with the limits specified in the “Tiirk Gida Kodeksi
Ekmek ve Ekmek Cesitleri Tebligi”. The average values
of moisture, acidity, ash, pH and salt were determined as
36,3%, 4,97%, 1,089, 5,77, and 1,26%, respectively.
When the Savastepe Saribeyler Seferberlik Coregi
making method was examined, it was determined that it
was similar to the sourdough bread making methods. It is
assumed that thanks to the introduction of local products
such as Savastepe Saribeyler Seferberlik Coregi into the
literature, consumers' interest in more nutritious bread
products will increase even more.

Keywords: Savastepe Saribeyler Seferberlik Coregi,
Balikesir, local food product, bread.
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1. GiRiS

Ulkemiz, cografi konum olarak ii¢ kitanin birlestigi bir bolgede olmasi, burada uzun
yillar hiikkiim siirmiis bir toplum yapisinin varligi, ¢ok fazla farkli etnik kdltiiri
biinyesinde barindirmasi, endemik bitki zenginligi ve iklim kosullar1 gibi nedenlerle
oldukea fazla yiyecek cesitliligi potansiyeline sahiptir (Teyin, 2020; Ozbey & Kosker,
2021). Bu ¢esitlilik yoresel iirlinlerin korunmasinda cografi isaretin 6nemini ortaya
koymaktadir. Balikesir ili de bu {iriin zenginligi acisindan {iilkemizde iyi bir
konumdadir. Balikesir ili ve ilgelerinde iiretilen Savastepe Saribeyler Seferberlik
Coregi cografi isaret alan yoresel iiriinlerden bir tanesidir. “Mahrec Isareti” tiiriinde
cografi isaret tescilini 12.09.2022 tarihinde almigtir (Saritas, 2023). Bu iiriin Kurtulus
savasi yillarinda askerlerin yiyecek ihtiyacini karsilamak amagcli liretilmis ve giiniimiize
kadar da yapimma devam edilmistir. Seferberlik adini bu savas nedeniyle almistir.
Kokeni Balikesir Savastepe ilgesine bagli Saribeyler mahallesi olsa da zamanla diger
gevre ilgelerde ve il merkezinde de iiretilmeye baglanmistir. Giiniimiizde Balikesir’de
diigiin, bayram ve 6zel davetlerde yerini almaktadir.

Coregin iceriginde un, su, seker, tarhana, yogurt, zeytinyagi ve susam bulunmaktadir.
Enerji ve besin 6geleri bakimindan zengin 6zelliklere sahip olmakla birlikte yaklasik
iki ay kadar uzun bir siirede dayanikliligin1 korumaktadir (Saritag, 2023). Seferberlik
Coregi ismi ile anilmasina ragmen yapimi incelendiginde eksi mayali ekmek iiretimine
benzer bir yontem ile {retildigi gozlemlenmistir. Bir ekmek ¢esidi olarak
degerlendirilebilir.

Igerisinde bulunan tarhana ekmegin besleyici degerini artirmaktadir. Tarhana; laktik
asit fermantasyonu sonucunda fretilen, yiiksek besin degeri olan fermente bir
yiyecektir (Giilbandilar ve ark., 2012; Cekal & Aslan, 2017). Tarhana kolay
sindirilebilir, mineral igerigi yliksek (demir, kalsiyum, potasyum, sodyum, bakir, ¢inko,
magnezyum gibi) ve bunun yanisira A ve B grubu vitaminler bakimindan da oldukga
zengindir. Besin degeri yogurt, un ve diger bilesenlerin oranlarina bagli olarak
degisiklik gosteren tarhana, ortalama %15 protein igerigiyle yiiksek proteinli ve faydali
bir besin takviyesi olarak degerlendirilmektedir (Daglioglu, 2000; Gé¢men ve ark.,
2003; Ozdemir ve ark., 2007; Yildirim & Giizeler, 2016). Yapilan bu ¢alismada yoresel
bir ekmek ¢esidi olan Savastepe Saribeyler Seferberlik Coregi incelenmistir. Coregin
iretim yontemi sematize edilmis ve literatiirde bahsi gecen benzer {iriinlerle
kiyaslanarak bazi kimyasal, kalitatif ve besleyici 6zellikleri hakkinda bilgi verilmistir.
Boylece yillardir tiiketilen ve yakin zamanda cografi isaret tescili alan bu iirtin hakkinda
elde edilen bulgularin literatiire katki saglayacag: diisiiniilmektedir.

2. MATERYAL VE METOT

Savastepe Saribeyler Seferberlik Coregi yapiminda kullanilmak {izere Balikesir ili
Savastepe ilgesinden Tirk Gida Kodeksi Bugday Unu Tebligi’nde (TGK, 2013a)
belirtilen (nem degeri en ¢ok %14,5, kurumaddede kiil degeri %0,7<kiil <0,8, protein
miktar1 en az %10,5) 6zelliklere uygun ekmeklik bugday unu, eksi hamur mayasi, su,
tuz, kabugu ayrilmis beyaz susam, yogurt, zeytinyagi, beyaz toz seker ve tarhana temin
edilmistir.
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2.1. Tarhananin Hazirlanmasi ve Ekmek Uretimi

Ekmek yapimindan oncelikle tarhana hazirlanmistir. Tarhana yapiminda sirasiyla su
islemler gergeklestirilmisti. Kaynayan suya ekmeklik bugday unu ilave edilmis
ortalama 55 °C sicaklikta gida iiretimine uygun bir tahta kiirek ile karistirilarak pisirme
islemi (10-15 dakika) yapilmistir. Bir kap igerisinde yogurt ve haglanmis nohut
karigtirilarak yogrulmustur. Elde edilen hamur biiyiik parcalar halinde sekillendirilmis
ve lizeri yogurt ile kaplanmistir. 12 saat 21 °C oda sicakliginda dinlendirilmis ve sonra
kiiciik parcalara ayrilmigtir. Temiz bir bez {izerinde oda sicakliginda 2 saat kadar
dinlendirilmistir. Elle ovulmak suretiyle pirin¢ tanesi boyutuna getirilerek giineste 1
glin siireyle kurutulmaya birakilmisti. Hazirlanan tarhana, eksi hamur mayasi
hazirlanmadan 6nce 8 saat suda bekletilmistir. Bu islem tarhananin hamur igerisinde
daha homojen dagilimi i¢in gereklidir.

Eksi mayali ekmek iizerine bir ¢ok arastirma bulunmaktadir (Sokmen ve ark., 2022).
Ekmek tretimi Tip I eksi mayali ekmek yapim metotlart revize edilerek
gergeklestirilmistir (Corsetti & Settanni; 2007; Yildiz, 2020; Demir, 2021). Eksi hamur
mayasiin hazirlanmasinda su, yogurt, ekmeklik bugday unu, zeytinyagi, seker ve
tarhana (suda bekletilmis) karisim homojen oluncaya kadar yogrulmustur. Sonrasinda
hamur 12 saat oda sicakliginda dinlendirilmistir.

Eksi hamur ve tarhana hazirlandiktan sonra Savastepe Saribeyler Seferberlik Coregi
(ekmegi) yapimina geg¢ilmistir. Bunun i¢in ekmeklik bugday unu ve su belirli oranlarda
karigtirilmigti,.  Daha sonra tuz ve eksi hamur mayasi ilave edildikten sonra
yogrulmustur. Elde edilen hamur 1 saat oda sicakliginda dinlendirilip her biri 500 gram
olan bezeye boliinmiistiir. Bezeler 20 dakika dinlendirildikten sonra daire sekli verilmis
tizerleri susam ile kaplanmustir. 1 saat daha dinlendirilmis ve odun atesiyle yaklagik 250
°C sicaklikta tas firinda 10-15 dakika arasinda pisirilmistir. Pigen Savastepe Saribeyler
Seferberlik Coregi temiz bir bez iizerinde 1 saat kadar bekletilmistir. Caligmada
kullanilan Savastepe Saribeyler Seferberlik Coregi bilesenleri Tablo 1’ de verilmistir.

Tablo 1. Savastepe Saribeyler Seferberlik Coregi’nde Kullanilan Bilesenler

1 adet 500 gr ik Savastepe Saribeyler
Kullanilan bilesen Seferberlik Coregi yapimi icin kullanilan
bilesenlerin karisimdaki oranlari (%)
Ekmeklik bugday unu 53,6
Eksi hamur mayast 5,4
Su 32,2
Tuz 0,21
Kabugu ayrilmig beyaz susam 8,6

Eksi hamur mayas1 hazirlamak i¢in kullanilan bilesenlerin miktari: 500 ml su, 500 g
yogurt, 2 kg ekmeklik bugday unu, 100 ml zeytinyagi, 100 g beyaz toz seker ve 250 g
(8 saat suda bekletilmis) tarhana

Tarhana i¢in kullanilan bilesenlerin miktart ise 10 kg ekmeklik bugday unu, 5 kg su, 3
kg yogurt ve 1 kg nohuttur.
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2.2. Kimyasal Analizler

Savastepe Saribeyler Seferberlik Coregi kimyasal analizlerinde nem, pH, asitlik, kiil ve
tuz igerigi incelenmistir. Asagida kimyasal analiz metotlar1 hakkinda bilgi verilmistir.

1. Corekte nem icerigi gravimetrik olarak AACC Method 44-01.01°e gore
yapilmistir (Elgiin ve Ertugay, 2002).

2. pH ol¢iimii AOAC Metod no 981.12°de gore yapilmistir (AOAC, 1998).
Ornekler saf su ile seyreltilmis (1/10) ve sonra homojen hale getirilerek pH
metre cihazinda 6l¢iilmiistiir.

3. Toplam titrasyon asitligi (TTA) AACC Metod no 02-31’e goére yapilmistir
(AACC, 2000; Katina, 2006). Ornekler pH &lgiimiindeki gibi hazirlanmus,
0.1 N NaOH ¢ozeltisi ile titre edilmistir. Harcanan 0.1 N NaOH miktari
biiretten okunmus ve titrasyon asitligi hesaplanmustir.

4. Ekmek orneklerinde kiil analizi, organik maddelerin yakilmasi ve kalan
inorganik madde miktarinin tespit edilmesi esasina dayali AACC Method
08-01.01’¢ gore gergeklestirilmistir (Elgiin ve Ertugay, 2002).

5. Tuz miktar1 analizi, Mohr yontemi modifiye edilerek yapilmigtir (AOAC,
2000). Ogiitiilmiis kuru ekmek ornekleri (1/10) saf su ile seyreltilerek
stiziilmiistlir. Stiziintii potasyum kromat indikatorii esliginde 0.1N AgNO3
¢Ozeltisi kullanilarak titre edilmistir. Yontemde belirtilen formiil
kullanilarak % tuz miktar1 hesaplanmigtir.

3. BULGULAR VE TARTISMA

Savastepe Saribeyler Seferberlik Coregi yapimi incelendiginde indirekt hamur metodu
(eksi hamur) ile yapilan ekmek {iretimine benzerlik gostermektedir. Ekmek yapiminda
en ¢ok tercih edilen metot indirekt hamur metodu olarak da bilinen eksi hamur ekmek
yapim yontemidir. Son yillarda eksi hamur ekmegi ile ilgili bircok aragtirma yapilmistir
(Durmus, 2019; Kotancilar ve ark., 2022).

Savastepe Saribeyler Seferberlik Coregi yapimi incelendiginde Tiirk Gida Kodeksi
Ekmek ve Ekmek Cesitleri Tebligi (Teblig No: 2012/2) Madde 4’de belirtilen “Eksi
hamur ekmekleri” tanimina benzerlik gosterdigi gozlemlenmistir (TGK, 2012).
Tanimda belirtilenden farkli olarak ¢oérek hamuru karisiminda dinlendirilmis (fermente
edilmis) tarhana kullanilmgtir.

Savagtepe Saribeyler Seferberlik Coregi’ ne benzeyen bir ekmek arastirmasi
yapilmistir. Bu caligmada ekmek unu ve tarhana karisimindan hazirlanan hamurlara
farkli oranlarda (%0, 2,5, 5, 7,25) maya ilave edilmistir. Kontrol 6rnegi dahil tim
ekmek karigimlarinda tarhana kullanilmistir. Yapilan ekmeklerin duyusal analiz
sonuglart olumlu sonuglanmigtir. Kullanilan maya miktar1 arttik¢a ekmek i¢i 6zellikleri,
ekmek hacmi ve duyusal 6zelliklerinin daha iyi yonde arttig1 gozlemlenmistir (Gogus
ve Aleyna, 2023). Bu ¢alismadan farkli olarak Savastepe Saribeyler Seferberlik Coregi
yapiminda tarhanali eksi maya kullanilmigtir. Sénmez (2023), bir arastirmasinda
Balikesir ili yoresel {iriinleri gastronomik olarak degerlendirilmistir. Savastepe
Saribeyler Seferberlik Coregi’ne ait duyusal analiz sonuglar1 kendine has tat ve lezzeti
ile tiiketiciler i¢in kabul edilebilir bir begeni kazandigin1 ortaya koymustur.
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Demirci (2022) yaptig1 calismasinda, tarhanay:r farkli oranlarda gevrek iiretiminde
kullanmistir. Tarhana orani arttikca gevreklerdeki fitik asit miktarinin azaldigini ve
gevrekteki bugday ruseymi oranmin artmastyla ise fitik asit miktarinin arttigini
gozlemlemistir. Fitik asit, insan beslenmesinde olumsuz yonleri ile bilinmektedir.
Onemli minerallerle kompleks olusturarak hem minerallerin hem de proteinlerin
sindirim sistemindeki emilimlerini olumsuz yonde etkilemektedir (Bilgi¢li, 2002).
Fitik asit, belirli pH ve sicaklik sartlarinda fitaz enzimi sayesinde parcalanmaktadir
(Bektas, 2018). Eksi maya fermantasyonu sonucu pH disiisii ile fitaz aktivitesi
artmakta ve hamur fitat igeriginde %50'nin iizerinde diigiis meydana gelmektedir
(Gobbetti ve ark., 2019; Babaoglu ve ark., 2022). Bu ¢alismadan yola ¢ikarak
Savastepe Saribeyler Seferberlik Coregi yapiminda kullanilan eksi mayali tarhanada
fitaz aktivitesi sayesinde fitik asit miktar1 tizerine olumlu etkisi olacagi ve bunun
sonucunda saglik ve beslenme yoniinden eckmege daha da deger katacagi
varsayilmaktadir.

Savastepe Saribeyler Seferberlik Coregi iiretimine ait islem basamaklar1 Sekil 1°de
gosterilmigtir. Sekil 2°de Savastepe Saribeyler Seferberlik Coregi pistikten sonraki
gOriiniimii verilmistir.

Tarhananin hazirlanmas: (su, Savastepe Saribeyler Seferberlik
ekmeklik bugday unu, yogurt ve Coregi (ekmegi) yapim
nohut)
Hamur karigimi olugturma
Tarhanann 8 saat suda (ekmeklik bugday unu, su, tuz
bekletilmesi eksi maya, dinlendirilmig tarhana)

Tarhanali eksi hamur mayast
hazirlanmasi (yogurt, ekmeklik
bugday unu, su, geker, zeytinyagi
ve suda bekletilmis tarhana)

Yogurma

Ara dinlendirme (1 saat oda
sicaklifinda)

Sekil verme (susam ilavesi)
Fermantasyon (12 saat oda
sicaklif1 sartlarinda)

Son dinlendirme (1 saat oda
sicakliginda)

Pigirme (250 °C Tag firmn 10-15
dak.)

Sogutma - Paketleme

Sekil 1. Savastepe Saribeyler Seferberlik Coregi Uretimi Islem Asamalari
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Sekil 2. Savastepe Saribeyler Seferberlik Coregi

3.1. Ekmegin Kimyasal Ozellikleri
Savastepe Saribeyler Seferberlik Coregi kimyasal igeriginin incelenmesinde nem, pH,
asitlik, kiil ve tuz icerigine bakilmistir. Analiz sonuglar1 Tablo 2’ de sunulmustur.

Analizler iki paralelli olarak yapilmustir.

Tablo 2. Savagtepe Saribeyler Seferberlik Coregi Bazi Kimyasal Analiz Sonuglart™®

Yapilan Nem pH Asitlik Kiil** Tuz **
analizler
Ortalama | %36,3 £0,1 | 5,77+0,0 | 4,97 +0,02 | %1,0894+0,006 |%1,26+0,02

*: Analizler 2 paralelli yapilmsgtir.
**: Kurumaddede 6lgiilen degerlerdir.

“Tirk Gida Kodeksi Ekmek ve Ekmek Cesitleri Tebligi” (teblig numaras1 2012/2)
Madde 5’de en ¢ok olmasi gereken nem degerlerinin ekmek cesidine gore beyaz
ekmekte %38, tam bugday ekmeginde %42, cavdarli ekmekte %43, kepekli ekmekte
%43, yulafli ekmekte % 43 ve misirli ekmekte ise % 42 olmasi gerektigi belirtilmistir
(TGK, 2012). Kodekste eksi mayali diger ekmek tiirleri i¢in herhangi bir nem
siirlamasi yapilmamistir. Corekte bulunan nem yiizdesine bakildiginda %36,3 oldugu
tespit edilmis (Tablo 2) ve bu degerin ekmeklerde belirlenen kodeks limitlerinin altinda
oldugu goriilmiistiir. Bu durum ekmek raf dmriine olumlu yonde yansimaktadir. Yildiz
ve ark. (2021), eksi maya kullaniminin ekmekte nem degerlerini diisiirdiigiinii ve buna
bagl olarak da raf omriinii artirdigini ortaya koymuslardir. Bu ¢alismada ekmek
denemelerine ait kontrol 6rneklerinde nem oranlar1 %39,05 - 40,00 arasindayken eksi
mayali ekmek Orneklerinde %34,65 - 37,18 araligina diigmiis ve ekmegin raf omrii
artmistir (Y1ldiz ve ark., 2021). Eksi mayali ekmeklerde yapilan diger bir arastirmada
10 farkl firindan 6rnek alinmistir. Eksi mayali ekmek 6rneklerindeki nem oranlarinin
%33,6 - 43,7 arasinda degistigini tespit etmiglerdir. Ekmeklerde nem oranindaki diisiis
ile depolama siiresinin arttig1 rapor edilmistir (Giil ve ark., 2021). Bu g¢aligmalara
paralel olarak, Savastepe Saribeyler Seferberlik Coregi’ndeki diisiik nem igeriginin de
depolama siiresine olumlu yonde etki edecegi diigiiniilmektedir.

Tarhana, maya ve laktik asit bakterilerinin birlikte ¢alismasi sonucu meydana gelen
organik asitler nedeniyle eksi bir aromaya sahip fermente bir {riindiir. Asitlik,
tarhananin bozulmadan uzun siire dayanikli olmasinda ve tiiketicilerin duyusal olarak
kabul edilebilir lezzet diizeyinde olmasi agisindan 6nemlidir (Erdem, 2008). Bu
nedenle, ¢orekte bulunan asitlik degerinin 4,97 ve pH’nin ise 5,77 olmasinin sebebinin
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ilave edilen tarhanali eksi maya hamurundan kaynaklandig: ortaya ¢ikmaktadir. Eksi
maya karisiminda yer alan yogurt ve tarhanadaki asitlik sayesinde fermantasyon siiresi
azalmakta, ekmek bayatlama siiresi gecikmektedir. Bilgi¢li ve ark. (2006), farkli
oranlarda bugday ruseymi ve ekmeklik bugday ununu tarhana iretiminde
kullanmislardir. Karigimlarda bugday unu miktar1 azaldikga asitlik ve pH degerinin
arttig1 tespit edilmistir. Bu sonug¢ tarhananin, asitligi artirict ve pH disiiriicti etkisi
oldugunu ispatlamaktadir.

“Tiirk Gida Kodeksi Ekmek ve Ekmek Cesitleri Tebligi” (teblig numarast 2012/2)
Madde 5’de % kiil degerlerinin ekmek ¢esidine gore beyaz ekmekte % 0,65-1,1, tam
bugday ekmeginde % 1,2-2,9, cavdarli ekmekte % 0,7-2,5, kepekli ekmekte % 1,2-2,5,
yulafli ekmekte % 0,7-1,5 ve musirli ekmekte ise % 1,1-2,0 araliginda olmasi gerektigi
belirtilmigtir (TGK, 2012). Bu degerlere gore, Savastepe Saribeyler Seferberlik
Coregi’nin ekmeklerde arzu edilen kiil igerigi sinirlarinda oldugu goriilmektedir. Farkli
ekmek iceriklerine ait kiil igeriklerinin kargilastirildigi bir ¢alismada, beyaz ekmegin
kiil igeriginin yulaf ekmegi, ¢avdar ekmegi, kepekli ekmek ve tam bugday ekmegine
gore ¢ok daha diisik oldugu tespit edilmistir. Bunun sebebinin diisiik randimanli
unlardan yapilan ekmeklerde mineral madde miktarinin 6nemli diizeyde azaldigindan
kaynaklandig1 belirtilmistir (Karaagaoglu ve ark., 2008). Corekte tespit edilen kiil
oranmin (Tablo 2) kodekste belirtilen beyaz ekmek limitlerine daha yakin oldugu
goriilmektedir. Corekte kullanilan unun diisiik randimanli ekmeklik bugday unu olmasi
nedeniyle beyaz ekmege yakin sonuglar ¢ikmasi bu durumu dogrulamaktadir.

Ekmek iretiminde tuz (NaCl) katkis1 olarak sofra tuzu, kaya tuzu veya deniz tuzu
kullanilabilmektedir. Ekmekte kullanilan tuz {irline tat vermekte bunun yanisira
hamurun fiziksel 6zelliklerini de etkilemektedir. Tuz, maya faaliyeti lizerine olumlu
etkisi olmakla birlikte gluteni giiglendirerek yumusamayi onlemektedir. Yabanct
mikroorganizma gruplarinin ¢alismasini engelleyerek istenmeyen tat ve asitligin
olugmasini 6nlemektedir. Tuz oram1 %2’nin iizerine ¢ikmasi dururumda maya
faaliyetini diisiirerek gaz iiretim giiciimii azaltir ve fermantasyonu yavaslatir (Ozkaya,
2021). Tirk Gida Kodeksi Ekmek ve Ekmek Cesitleri Tebligi (TGK, 2012) 'nde
Degisiklik Yapilmasina Dair Teblig (TGK, 2013b) 'de tiim ekmek cesitleri i¢in
belirlenen tuz miktarmin %1,5 (kuru maddede) olmasi gerektigi belirtilmistir. Ekmek
yapiminda ¢ogunlukla %1,0-1,5 oraninda tuz kullanilmaktadir (Mondal & Datta, 2008;
Ozkaya, 2019). Yigit ve Dogan (2010) ¢alismalarinda, Agri1 ilindeki 30 firindan alman
ekmeklerin % tuz degerlerini aragtirmis ve sonuglarin %1,02-2,43 arasinda degistigini
gozlemlemislerdir. Firinlarin iigte birinde tuz oranlar1 yasalarda belirtilen limitlerin
iizerinde ¢ikmistir. Avrupa Birligi’nin ulusal eylem planlarindan biri de bazi besinlerde
tuz miktarmin azaltilmasi gerektigine ydnelik diizenlemelerdir. Insan sagligi agisindan
risk olusturan yiiksek tuz kullanimi bazi {iriinlerde diistiriilmiistiir. Bunlardan bir tanesi
de ekmektir (Grubu, 2016). Ulkemizde Tarim ve Orman Bakanlig1 Gida Kontrol Genel
Midiirliigii de basta ekmek olmak tizere pastirma, peynir, salga, gibi bir¢ok gidada tuz
igerigine yonelik diizenlemeler yapmistir. Tirk Gida Kodeksi Ekmek ve Ekmek
Cesitleri Tebligi’nin (Teblig No:2012/2) yiiriirliige girmesi ile ekmeklerin kuru
maddesindeki tuz miktart %2,5 veya 2,0 g’dan 1,5 g’a azaltilmistir (TGK, 2013Db).
Arastirmacilara gore diinyada kisi bagina tiiketilen tuz miktarin o6nerilen diizeye
diigiiriilmesiyle her yil yaklasik 2.5 milyon insanin 6liimiiniin engellenebilecegini
varsayilmistir (Grubu, 2016). Islenmis gidalarda (peynir, ekmek, zeytin vb.) tuzun daha
da azaltilmasi, bilingli toplumun katkis1 ve gida etiketlerinde daha detayli bilgi
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paylasimi sagligin korunmasinda onemli faydalar saglayacaktir (Gillespie ve ark.,
2015). Tuz kullanimini azaltmaya yonelik politikalar giderek artmaktadir. Devlet
politikasi olarak gergeklestirilen yasal sinirlamalar (ekmekte tuz miktarint diigiirmek
gibi) daha basarili sonuglar ortaya koymaktadir (Wilson ve ark., 2015; Oztiirk ve
Garipagaoglu, 2018). Yiiksek tuz kullaniminin hipertansiyon, kemik erimesi, inme ve
mide kanseri gibi saglik sorunlarina neden oldugu bilinmektedir. Bu bilgiler
dogrultusunda Savastepe Saribeyler Seferberlik Coregi (ekmegi) incelendiginde (Tablo
2) tuz igeriginin %1,26 oldugu ve bu sonucun yasal sinirlarin altinda olmasi nedeniyle
tiiketim acgisindan uygun bir ekmek iiriinii oldugu gézlemlenmistir.

4. SONUC VE ONERILER

Balikesir ili ekmek cesitlerinden biri olan Savastepe Saribeyler Seferberlik Coregi
cografi isaret alarak tiiketime uygun bir gida olarak iiretimine devam edilmektedir.
Canakkale ve Kurtulus savaslarindan itibaren giiniimiize kadar yore halki tarafindan
giinliik diyetlerde yerini almigtir. Glinliik beslenmemizde tiikettigimiz gidalarin en
basinda olan ekmek, besince olduk¢a zengin fermente gidalardan olan tarhana ile
hazirlanarak duyusal ve yapisal 6zellikleri farkli olan bir {iriin haline doniistliriilmiigtiir.
Calismada tiretilen ekmegin iiretim metodu ve tiiketime uygun olup olmadig1 kimyasal
analizlerle tespit edilmis ve yasal sinirlamalara uygun olup olmadig1 incelenmisgtir.
Savastepe Saribeyler Seferberlik Coregi bolgede iistlin bir tat ve aromaya sahip, gec
bayatlayan bir ekmek olarak bilinmektedir. Eksi mayali olmasi ve tarhananin ¢éregin
karisimda kullanilmast hem lezzetini hem de raf Omriini artirict bir fayda
saglamaktadir. Kimyasal igerik olarak incelendiginde Tirk Gida Kodeksi yasal
simirlarina uyumlu bir icerikte oldugu tespit edilmisti.  Yapim metodu olarak
degerlendirildiginde eksi mayali hamur yapim metotlarina benzer bir iiretimi oldugu
gozlemlenmistir. Diger eksi mayali ekmeklerden farkliliginin eksi mayada kullanilan
formiilasyondan ve fermantasyon siirelerinden kaynaklandigi belirlenmistir. Ekmek
bilesiminde kullanilan eksi maya i¢in formiilasyonda, yoreye has nohutla hazirlanmis
tarhananin eksi mayali hamuru kullanilmaktadir. Ulkemizde besince zengin igerige
sahip bircok ekmek bulunmaktadir. Uretilen bu ekmeklerin pazara kazandirilmasi ve
besin igeriklerinin incelenmesine yonelik arastirilmalarin hizlanmasi, marka degeri
olusturulmasi agisindan yoresel iiriinlerde cografi isaret tescil ¢aligmalarinin daha da
artirtlmasi 6nerilmektedir.

Yazarlarin Katkisi
Yazarlarin makaleye katkilar1 esit orandadir.

Cikar Catismasi Beyam
Yazarlar arasinda herhangi bir ¢ikar ¢atigmasi bulunmamaktadir.

Arastirma ve Yaymn Etigi Beyam
Yapilan ¢aligmada arastirma ve yayin etigine uyulmustur.
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Abstract Oz

The ease of processing aluminum due to its mechanical
and chemical properties, along with various manufacturing
methods, has increased its usage in the industry. This study
involves tests conducted on the samples produced from EN
AC-43000 (AISi10Mg) aluminum casting material, which
finds applications in machine manufacturing. The tests
aimed to determine the mass loss and friction coefficients
of the test specimens. Wear experiments were carried out
according to ASTM G99 using a specialized test machine.
The abrasive disc used in the wear machine has a surface
hardness of 62 HRC and a surface roughness value (Ra) of
1,6 um, and it is made of 1,2379-X155CrVMol2-1 cold
work tool steel. Adhesive wear tests were conducted on the
test specimens under loads of 14,7, 24,5, and 34,3 N. When
the mass losses of the samples were examined, the wear
rate decreased as the aging temperature increased up to 200
°C. On the other hand, it was observed that the wear rate
increased at 220 °C, unlike aging at lower temperatures.

Keywords: Aging temperature, wear, adhesive wear,
friction coefficient.

Aliminyumun mekanik ve kimyasal o6zelliklerinin
yanisira farkli imalat yontemleri ile islenebilirliginin
kolaylig1 endiistride kullanimini arttirmustir. Calismada
makine imalatinda da kullanim alani bulan EN AC-43000
(AISi10Mg) aliminyum dokiim malzemeden iiretilen
numuneler ile yapilan testler ile test numunelerinin kiitle
kayb1 ve siirtiinme katsayilari saptanmigtir. Arastirmada
asinma deneyleri; ASTM G99’a gore imal edilmis 6zel bir
test makinesi ile gergeklestirilmigtir. Asinma
makinesinde kullanilan asindirict disk 62 HRC yiizey
sertligi ve 1,6 pm yiizey piiriizliilik degerine (Ra) sahip;
1,2379-X155CrVMol2-1 soguk is takimi geliginden
dretilmistir. Calismada kullanilan test numunelerinin
14,7; 24,5 ve 34,3 N yiik altinda adhezif aginma testleri
gergeklestirilmistir. ~ Numunelerin ~ kiitle  kayiplan
incelendiginde, yaslandirma sicakligi 200 °C'ye ¢iktikga
aginma oraninin azaldig1 goriildii. Ote yandan, daha diigitk
sicakliklardaki yaslandirmanin aksine, 220 C'de aginma
oraninin arttigi gézlendi.

Anahtar Kelimeler: Yaslandirma sicakligi, asinma,
adhezif aginma, siirtiinme katsayisi.

" Bu yayin Halit ERCAN isimli 6grencinin Tekirdag Namik Kemal Universitesi Fen Bilimleri Enstitiisii, Makine Miihendisligi

Programindaki Yiiksek Lisans tezinden iiretilmistir.

! Tekirdag Namik Kemal Universitesi, Corlu Miihendislik Fakiiltesi, Makine Miihendisligi Béliimii, Tekirdag, Tiirkiye.

halittecann@gmail.com. Orcid.org/0009-0007-5454-2664.

2 Tekirdag Namik Kemal Universitesi, Corlu Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii, Tekirdag, Tiirkiye.

kcan@nku.edu.tr. Orcid.org/0000-0003-1770-1180.

3 Tekirdag Namik Kemal Universitesi, Corlu Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii, Tekirdag, Tiirkiye.

idalmis@nku.edu.tr. Orcid.org/0000-0002-4401-9155.


https://doi.org/10.55071/ticaretfbd.1470743

H. Ercan, K. Can, I.S. Dalmis Effect of Heat Treatment on Wear Behavior oF AlSil0Mg Alloy Fabricated by Casting

1. INTRODUCTION

The prevalent use of aluminum alloys in the industry is primarily due to their high
specific strength, commendable corrosion resistance, and excellent thermal and
electrical conductivity (Zang et al., 2023; Yan et al., 2020, Maji et al.,2020). Among
aluminum alloys, Al-Si casting alloys, such as AlSilOMg, play a crucial role in
automotive and aerospace applications, particularly in components like combustion
engines, clutches, pistons, pulleys, rockers, pivots, and liners (Gabor et al., 2022; Liu
et al., 2021; Gite et al., 2023; Shakil et al., 2021; Shankar & Elango, 2017; Prasat et al.,
2011; Dwivedi, 2006). Addition of silicon is known to enhance wear resistance in Al-
Si alloys (Dwivedi, 2006; Kan et al., 2021).

Researchers have extensively investigated the mechanical and tribological behavior of
Al-Si alloys. For instance, Prasat et al. (2011) studied the dry sliding wear and friction
coefficient of AlSi10Mg-Fly ash—graphite hybrid composites, finding that sliding
distance was the predominant factor influencing wear and friction coefficient.
Senthilkumar et al. (2015) explored the dry sliding wear and friction behavior of
AlSi10Mg alloy reinforced with rice husk ash, observing that the wear rate and friction
coefficient were mainly influenced by the ratio of reinforcing particles, followed by
applied load and sliding speed. Jiang et al. (2024) examined the effects of Mg-Gd
master alloy addition on the microstructure and mechanical properties of Al-10Si
aluminum alloy. As a result of the studies, they concluded that the addition of these
alloys caused changes in the microstructure of the Al-10Si aluminum alloy and caused
a significant increase in its mechanical properties. Kan et al. (2021) conducted a
comprehensive investigation into the tribological properties of AISilOMg alloy
fabricated by laser powder bed fusion. They subjected the alloy to dry sliding wear tests
against both a bearing stainless steel and silicon carbide. The results indicated that the
T6 heat treatment, either had no statistically significant effect or, in certain cases,
adversely influenced the alloy's performance. Nirish and Rajendra (2022) investigated
the wear and friction behavior of AlSi10Mg alloy produced through selective laser
melting (SLM). They compared it to a conventionally cast Al6061 alloy. The
researchers used a pin-on-disc machine to test the wear of the materials under different
conditions. The findings unequivocally demonstrated that the SLM-AISi10Mg alloy
exhibited superior wear resistance and overall mechanical properties in comparison to
as-cast Al16061. Gong et al. (2023), investigated the wear resistance of two aluminum
alloys, Al-12Si and Al-2.5Fe, fabricated using laser powder bed fusion (LPBF). Their
findings demonstrated that alloys produced via LPBF can exhibit exceptional wear
resistance. They attributed this to the increased hardness resulting from the rapid
cooling rate in the LPBF process, as well as the significant dispersion of fine secondary
phases.

AlSil0Mg alloy, belonging to the hypoeutectic aluminum alloys group, typically
contains 10 wt% Si and less than 0,45 wt% Mg (Gite et al., 2022; de Moura et al.,
2022). This alloy is notable for not requiring preheating before and after casting
(Senthilkumar et al., 2015). In this study, different aging temperatures and durations
were applied to AlSi10Mg alloy after solution heat treatment at 540°C for 2 h and
subsequent quenching. The precipitation hardening process yielded a coefficient of
friction and adhesive wear values, determined by a test device conforming to ASTM
G99.
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2. MATERIAL AND METHOD

The material employed in the experimental studies is the AISi10Mg casting alloy. The
density of the test material is 2,66 g/cm?. Test specimens prepared with dimensions of
?10x20 mm were used in the experiment. The mass of the specimens was weighed
before and after sliding wear by weighing machine with an accuracy of 0,0001 g after
cleaning with alcohol.

All samples were solution heat treated at 540°C for 2 h and then quenched in water at
room temperature. Then, artificial aging processes were carried out at temperatures of
160°C, 180°C, 200°C and 220°C (Table 1 and Figure 1). Girelli et al. (2018) applied
precipitation hardening heat treatment to AlSil0Mg aluminum alloy in their study. In
the experiments, the samples were solution heat treated at 480°C, 510°C and 540°C,
and were artificially aged at 160°C for 4 h.

Table 1. Age Hardening Treatments

Specimen Temperature (°C) (Tx) Time (h)
1 160 4
2 180 4
3 200 4
4 220 4

Solution heat treatment

540
o
2
g 5
' =
o S
7] o
=%
g
=
Aging treatment
L [ ?
JD L
0
[ 2 a 6
Time (h)

Figure 1. Diagrams Showing the Three Steps of Precipitation Hardening Applied
to the 6 Test Specimens

A test machine designed and manufactured according to ASTM G-99 was used to

evaluate the dry sliding wear and friction response of the specimen (Figure 2). @100x20
mm disc made of 1.2379-X155CrVMo12-1 cold work tool steel having a surface
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hardness of 62 HRC and a surface roughness of 1,6 pm was used during the dry sliding
wear test.

a b
Figure 2. a) Adhesive Wear Testing Machine, b) Test Specimen Dimensions

Wear and friction characteristics of samples were evaluated at 1000 m sliding distances,
0,1 m/s sliding velocities, and 14,7 N, 24,5 N, and 34,3 N applied loads respectively.
The tangential frictional force was obtained using the pin-on-disc machine during the
sliding wear test. The coefficient of friction was calculated with the formula in Equation

(D).
Fs =FN.,u (1)

where Fsis the tangential frictional force, Fy is the normal force and y is the coefficient
of friction. The most used measurement method for calculating wear is the weight
difference method. The Equations (2) and (3) used in the weight difference method are
presented below (Soydas, 2006).

Wa = —= (mm3/N.m) )

where Wa (mm?/N.m) is the wear rate, 4G(mg), is the mass loss, M is the load (N), S is
the wear distance (m), and d is the density (gr/cm?).

Wear resistance (W) is defined as the inverse of the wear rate and is shown in Equation

).

W, = wi (N.m/mm?) (3)

The wear surfaces of the samples were examined with an Optika B-500 MET optical
microscope. To determine the hardness of samples, a microhardness test was performed
with an HV hardness scale under 100 g loads by a Microbul 1000-DN test device.
Microhardness measurements were carried out by taking the average of a total of 5
measurement values taken from each sample. (Can et al., 2022)
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3. RESULT AND DISCUSSION

Mass losses of the specimens and microhardness values are given in Table 2. Figure 3
also shows the mass losses of specimens depending on the applied loads. Averages of
the F values and coefficient of friction (CoF) are given in Table 3.

Table 2. Age Hardening Treatments

. Applied Load (N) Total Hardness
Specimen 14,7 N 245N 343N mass loss
Mass loss | Mass loss Mass loss (mg) HVo,1
(mg) (mg) (mg)
1 5,3 7,8 10,2 23,3 79,3
2 5,4 7,6 10 23 85,16
3 4,6 7,2 9,8 21,6 133,14
4 6,3 8,5 11 25,8 68,8

It has been determined that the coefficient of friction “u” values obtained as a result of
the wear tests for each sample with different weights have approximately the same
values even if the weight increases. The highest coefficient of friction value is seen in
the 4th sample with an average value of 0,883, and the lowest coefficient of friction
value is seen in the 3rd specimen with an average of 0,785 (Figure 4).
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Figure 3. Variation in (a) Mass Loss of Specimens and
(b) Average Friction Coefficient of Specimens Under Different Loads
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Table 3. Values of Average F and Coefficient of Friction (COF)

Applied Load (N)
Specimen 14,7 N 245N 343N AVCeZaFge

Fav CoF Fav CoF Fav CoF
1 11,03 0,75 21,32 0,87 33,61 0,98 0,867
2 10,73 0,73 19,85 0,81 30,87 0,9 0,813
3 10,44 0,71 19,36 0,79 29,36 0,856 0,785
4 11,17 0,76 21,81 0,89 34,23 0,998 0,883

1 —a— Average Cof ---#3--- 14,7N —-m—=-24,5N — & =343 N A
0,95 S~ ~.
0,9 o 'S

Sample

Figure 4. Average CoF Values of All Specimens

When Figure 5 is examined, mass losses depending on the hardness of the samples can
be seen. The graph shows us the relationship between hardness and wear, and as
hardness increases, wear decreases accordingly. Beder et al. (2023) also stated that
hardness affects wear.

27 140
eeeokeres Wear —a- -HV0,1 ,\
N 130
/ \ R
/ X J 120
25 !
— / \ 110
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Figure 5. Total Mass Loss Versus Hardness of Samples
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Average wear rates and average wear resistances of the samples are presented in Table
4 and Table 5. Figure 6 and Figure 7 obtained from these tables show us the relationship
between the CoFs and wear rates of the samples and the relationship between hardness
and wear resistance, respectively.

Table 4. Values of Average Wear Rate

" Applied Load (N)
=
3 147N 245N 343N Average wear rate
3 -4
E Wear rate Wear rate Wear rate (mm/N.m) x10
(mm*/N.m) x10* | (mm3/N.m) x10* | (mm3N.m) x10-
1,36 1,20 1,09 1,21
2 1,38 1,17 1,06 1,20
3 1,18 1,10 1,04 1,11
4 1,61 1,30 1,17 1,36
Table 5. Values of Average Wear Resistance
" Applied Load (N)
E 14,7 N 245N 343N Average wear
= resistance
e Wear resistance Wear resistance | Wear resistance | (mm3/N.m)'x10*
(mm*/N.m)'x10* | (mm*N.m)'x10* | (mm?*N.m)'x10*
1 0,74 0,84 0,92 0,83
2 0,72 0,86 0,94 0,84
3 0,85 0,91 0,96 0,90
4 0,62 0,77 0,85 0,75
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Figure 6. The Wear Rate and Average Friction Coefficient at the Samples

A comparison of the average steady-state coefficient of friction (CoF) values for the
samples is shown in Fig. 6. The CoF values for all samples ranged between 0,80 and
0,89, with minimal variation, except for a slightly higher value observed for sample S4.
These CoF values are consistent with the range typically seen in aluminum alloys under
dry sliding conditions, which generally spans from 0,4 to 0,9, depending on the specific
test conditions and alloy used (Straffelini, 2015). Therefore, it can be concluded that
the heat treatment conditions and the resulting differences in microstructure and
hardness for the AISi10Mg alloy (as seen in Fig. 6) do not significantly impact the CoF,
as noted in previous studies (Straffelini, 2015; Ren et al., 2023).
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Figure 7. The Average Wear Resistance and Hardness of the Samples
After conducting the wear tests, the worn surfaces of the samples were observed using

an optical microscope. It was identified that there are variations in elevation between
the dark and bright areas, attributed to adhesive fractures. Furthermore, the lines
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observed in the sliding direction within the bright areas were identified as abrasive wear
lines, formed by the adhesive wear debris that accumulated on the surface of the
abrasive disc.

Numerous studies on wear mechanisms validate the link between adhesive and abrasive
wear, as well as the subsequent formation of wear lines during sliding. Adhesive wear
typically begins when surfaces come into contact, leading to material transfer. Over
time, this transferred material becomes embedded between the surfaces, contributing
to the formation of abrasive wear patterns, often observed as grooves or lines parallel
to the sliding direction (Chawla & Chawla, 2013). The presence of wear debris on the
abrasive surface further intensifies the wear process, resulting in visible scratches,
especially in the bright areas, where the material becomes more polished due to
prolonged friction (Straffelini, 2015).

Figure 8. Wear Surface of Specimens, a) S1, b) S2, ¢) S3, d) S4 (200x Magnification)

The differences in CoF trends in Fig. 6 can be explained by the stability of the transfer
layers formed at the contact interface during wear tests. The second hard phase,
composed of Si particles, plays a significant role in this. These particles can cause
localized fracture phenomena, thereby disrupting the formation of a protective transfer
layer on the worn surface. This is evident in Fig. 8(a—d), where thick transfer layers
formed on the counter material surfaces due to severe adhesive wear of the AlSi10Mg
disk (Fig. 9(e—d)). The presence and stability of these layers correlate with wear depth
(WD).

From the observations, the average WD values suggest that WD is lower for sample S3
compared to S1, and in general, WD increases as hardness decreases (as shown in Fig.
7). This trend is linked to the microstructural differences in the alloy, particularly the
distribution of silica grains and the o phase, which are crucial for determining
mechanical properties.

Moreover, aging heat treatments induce the nucleation of 0 particles within the o grains,
contributing to the alloy's mechanical behavior. Although these 0 particles are too small
to detect optically, their influence can be indirectly observed via hardness tests. The
microstructural images in Fig. 9 also show that the silica grains are partially reduced
after aging, further influencing mechanical performance (Beder et al., 2023).
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Figure 9. Light Microscopy (LM) Image of the Microstructure of Hypoeutectic
AlSil0Mg Alloy
a) S1,b) S2, ¢) S3, d) S4 (mass loss are 3<2<1<4, respectively) (X250)

The decline in mechanical properties of aluminum alloys when aging temperatures
exceed 200°C is primarily attributed to overaging. During this process, the
microstructure of the alloy coarsens, weakening the strengthening effect achieved
through the precipitation of fine particles. Up to 200°C, precipitates like the B” phase
in Al-Mg-Si alloys form and are finely dispersed, which impedes dislocation motion,
thereby strengthening the material via precipitation hardening (Ren et al., 2023; Chang
et al., 2024).

However, when the aging temperature surpasses 200°C, these precipitates begin to
grow and coarsen. The larger precipitates are less effective at blocking dislocations,
resulting in decreased mechanical strength and hardness. At 220°C and higher, this
coarsening becomes more pronounced, making the alloy softer and more susceptible to
wear (Chang et al., 2024). Additionally, higher temperatures can lead to the formation
of secondary or unstable phases, which further degrade the alloy's resistance to
mechanical stress.

In samples aged at higher temperatures, such as S4, the dissolved silicon (as seen in
Fig. 9) increases, indicating a need to examine the long-term stability of mechanical
properties in as-built structures. Up to 200°C, precipitates survive and grow, filling the
cell centers and contributing to higher hardness values through both precipitation
hardening and Hall-Petch strengthening mechanisms, as observed in Fig. 6. The
presence of Mg,Si particles also contributes to this enhanced hardness, although the
influence of dislocations becomes limited at higher temperatures (Ren et al., 2023).
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4. CONCLUSION

In the study, the effects of different aging temperatures applied to test samples produced
from EN AC-43000 (AISi10Mg) aluminum casting material were examined. It was
observed that although sample number 1 suffered more mass loss than sample number
2 at 24,5 and 34,3 N loads, it showed a lower mass loss than sample number 2 under
14,7 N load, unlike the other loads. It is thought that the reason for this is that the wear
mechanism changes from adhesive wear to abrasive wear. When Figure 3b is examined,
under 14,7 N load, the CoF graph of sample 1 tends to decrease, while the CoF graph
of sample 2 tends to increase, and this strengthens our opinion that the wear mechanism
has changed. Considering the result of the wear values obtained from the samples, the
mass loss of sample 4 is higher than the other samples. It has been observed that as a
result of adhesive wear, the fragments pulled off from the samples adhered to the
abrasive disc surface, resulting in abrasive wear and serious scratches. Considering the
total mass losses, the samples with the least mass loss are 3<2<1<4, respectively. In the
tests performed, the CoF value was low in samples 2 and 3. The wear to which these
samples are exposed is considered to be mostly abrasive wear. It was seen that the CoF
value was high in numbers 1 and 4, and when the microstructures were examined, it
was concluded that the wear type here was adhesive wear. Finally, when the mass losses
of the samples were examined, it can be said that the increase in aging temperature
increased the wear resistance but after 220 °C depending on the hardness loss wear
resistance decreased.
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Abstract Oz

Linear low-density polyethylene (LLDPE) is widely used
in many areas in daily life because it is both light and
flexible. In this study, clay/LLDPE and
organoclay/LLDPE nanocomposites were obtained by
melt intercalation method, incorporating small amounts
(1- 5 wt.%) of nanosized clay and organoclay modified
with a positively charged salt to enhance the mechanical
properties of the polymer. Characterization and
mechanical tests showed that the mechanical strength of
the composites increased with additive content, though
some flexibility was partially lost. FTIR and XRD analyses
confirmed that clay and organoclay interacted with
polymer chains and dispersed homogeneously. ANOVA
results demonstrated that both filler type and concentration
significantly influence the mechanical properties, with
organophilic organoclay showing superior interaction to
the LLDPE matrix compared to hydrophilic clay.
Specifically, the addition of 5 wt.% organoclay resulted in
increases of 56,67%, 58,73%, and 39,53% in elastic
modulus, yield strength, and tensile strength, respectively.
Additionally, the observed 5% rise in melting temperature
suggests potential for expanding the application range of
these nanocomposites to areas requiring thermal stability.

Keywords: Clay, LLDPE, mechanical properties,
nanocomposite, organoclay.

Lineer diisiik yogunluklu polietilen (LLDPE), hem hafif
hem de esnek olmasi nedeniyle giinliik yasamda bir¢ok
alanda yaygin olarak kullanilmaktadir. Bu calismada,
polimerin mekanik ozelliklerini iyilestirmek amaciyla
pozitif yiiklii tuz ile modifiye edilmis organokil ve nano
boyutlu kilin diisiik miktarlarinin (ag. %1-5) kullanildig:
eriyik interkalasyon yontemi ile kil/LLDPE ve
organokil/LLDPE nanokompozitleri elde edilmistir.
Karakterizasyon ve mekanik testler, katki miktarinin
artistyla kompozitlerin mekanik dayaniminin arttigini
ancak esnekliklerinin kismen azaldigini gostermistir.
FTIR ve XRD analizleri, kil ve organokilin polimer
zincirleriyle etkilesime girerek homojen bir sekilde
dagildigini dogrulamistir. ANOVA sonuglari, dolgu tipi ve
konsantrasyonunun mekanik ozellikler tizerinde 6nemli
bir etkiye sahip oldugunu ve organofilik organokilin,
hidrofilik kile kiyasla LLDPE matrisi ile daha iistiin bir
etkilesme gosterdigini ortaya koymustur. Ozellikle, %5
agirhk oraninda organokil ilavesi ile elastik modiilde
%56,67, akma dayaniminda %58,73 ve ¢ekme
dayaniminda %39,53 oraninda artis gozlenmistir. Ayrica,
erime sicakhigindaki %5°’lik artis, bu nanokompozitlerin
sicaklik degisimlerine karst dayamklilik gerektiren
uygulama alanlarinda kullanim potansiyelini
artirabilecegini gostermektedir.

Anahtar Kelimeler: Kil, LLDPE, Mekanik ozellikler,
Nanokompozit, Organokil.
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1. INTRODUCTION

Polyethylene (PE), a widely used petroleum-based polymer as a under the group of
polyolefins, encompasses various types with distinct chemical structures, depending on
production conditions like pressure and temperature. These types are categorized by
density and branching characteristics and labelled such as high density polyethylene
(HDPE), low density polyethylene (LDPE), ultra high molecular weight polyethylene
(UHMWPE), and cross-linked polyethylene (PEX). Among these, linear low density
polyethylene (LLDPE) is defined by its unique structure: it consists of a linear carbon
backbone with short, evenly spaced alkyl branches, which disrupt crystalline formation
(Peacock, 2000). As a result, LLDPE exhibits enhanced stiffness and strength than
LDPE, and better ductility than HDPE while maintaining a density range of 0,915—
0,940 g/cm>.

Structurally, LLDPE combines the flexibility of LDPE with the strength of HDPE,
leading to superior chemical and mechanical resilience. These qualities make it ideal
for applications in flexible plastic sheeting, packaging, and transportation. Therefore,
LLDPE is widely used in various industries for products such as packaging films,
agricultural mulch, lay-flat pipes, water tubing, and low-temperature food containers,
making it one of the most produced common plastics worldwide due to its flexibility,
strength, and durability. Enhancing LLDPE’s properties can expand its usage, achieved
by incorporating fillers or active functional particles to tailor characteristics as needed.

Research on improving LLDPE’s application potential has surged since the 1980s,
especially as nanoparticles became popular additives in the 1990s (LeBaron et al.,
1999). Recent studies underscore LLDPE's role in agriculture, where its use as a
mulching film enhances soil protection, water retention, and weed control, while also
extending durability under weathering (Liu et al., 2002; Mansoor et al., 2021;
Wadgaonkar & Mehta, 2019). To enhance LLDPE economically, various additives—
such as clay (As’Habi, 2013; Durmus et al., 2007; Mir et al., 2017; Mousavi et al.,
2016; Sabetzadeh et al., 2016; Said et al., 2020; Stoeffler et al., 2011), silica (Kontou
& Niaounakis, 2006), carbon (Liu et al., 2002), carbon nanotubes (Mezghani et al.,
2011), and graphene oxide (Li et al., 2019)—have been explored for their effects on
LLDPE’s gas barrier, thermal stability, UV resistance, and fatigue properties. Hotta and
Paul (2004) demonstrated that organoclays, within a 0,8—6,9 wt.% range, improve the
mechanical performance of LLDPE.

In this study, the montmorillonite clay from Turkiye was used to investigate the effect
of nanofiller on the mechanical properties of LLDPE. Given its hydrophilic nature, the
clay was converted to an organoclay via interaction with a cationic surfactant (Gunister
et al.,, 2004) to enhance compatibility with the LLDPE matrix. Besides mechanical
improvements, this study also targets enhanced thermal stability. While prior studies
incorporated up to 10 wt.% of nanosized clay, this research aims to achieve comparable
or superior mechanical performance at lower concentrations.
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2. NANOCOMPOSITES PREPARATION AND TESTING
2.1. Materials

The clay sample was sourced from the bentonite deposits in Edirne-Lalapasa, Turkiye.
Analysis identified the dominant clay mineral as 98 wt.% montmorillonite, with minor
components of 0,51 wt.% illite, 1-2 wt.% calcite, 0—1 wt.% feldspar, and 0-0,2 wt.%
quartz. The chemical composition, determined using atomic absorption spectroscopy
(Perkin Elmer 3030) except for silica (measured gravimetrically), was as follows:
56,77% SiOa, 19,27% Al203, 3,50% CaO, 4,54% Na,0, 4,48% MgO, 2,33% Fe;0s,
0,41% K>0 and 0,22% TiO,. The clay particles consist of two tetrahedral silica sheets
sandwiching a central octahedral alumina sheet, with exchangeable Ca?’ cations
between the layers. To modify the clay’s surface properties, Na* activated clay was
treated with the cationic surfactant hexadecyltrimethylammonium bromide (HDTAB,
Ci9H4NBr, molecular weight 364,46 gr/mol, supplied by Merck) following the
procedure outline by Canbaz & Gungor (2009). This treatment expanded the clay layers
by exchanging Na*" ions with HDTABr, converting the clay from hydrophilic to
organophilic; the resulting product is termed organoclay.

The LLDPE was supplied by Borouge (Abu Dhabi, UAE) with its density 0,931 g/cm?.
The melt flow index measured per ASTM D 1238-10 procedure A at 190°C with a 2,16
kg load was 0,2 g/10 min.

2.2. LLDPE Nanocomposites Preparation

The samples were prepared by melt intercalation method, adding 30 mg, 90 mg, and
150 mg of clay (Clay) per 3 g of LLDPE in mini-compounding machine to achieve 1
wt.%, 3 wt.%, and 5 wt.% Clay/LLDPE nanocomposites. The extrusion parameters
were optimized based on the pretesting results of pure LLDPE samples with the LLDPE
pellets melted and mixed in a Haake Minilab Rheomex CTW S mini-compounder at
temperatures 180-200 °C, rotation speed of 50-100 rpm and mixing times of 5 — 10
minutes. The same procedure was followed using organoclay (OClay) to produce 1
wt.%, 3 wt.% and 5 wt.% OClay/ LLDPE nanocomposites.

2.3. Methods for Characterization and Testing of Nanoparticles, LLDPE and
LLDPE Nanocomposites

The expansion of clay layers in the presence of LLDPE was analyzed using X-ray
diffraction (XRD). PANalytical's X'Pert PRO Materials Research Diffractometer with
copper X-ray source was used to determine the expansion of clay layers caused by
cationic salt and LLDPE chains. Shifts of the characteristic peaks of LLDPE, Clay and
OClay were identified using Bragg’s Law from the intensity vs. diffraction angle (26)
plot. This peak shift provided evidence of expanded interlayer spacing, indicating the
interaction between LLDPE and the nanoparticles covering its surface. Moreover, the
intensity drop of the peaks also implies the disturbing of crystalline structures.

The bonding interactions between additives (Clay and OClay) and LLDPE were

examined by using Thermo Scientific Nicolet iS10 FT-IR spectrometer. The samples
for FTIR analysis were prepared as pallets with KBr. The transition temperatures of
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LLDPE and its composites were determined using differential scanning calorimetry
(DSC) performed on a DSC 204 F1 Netzsch at a heating rate of 10 °C /min.

The dumbbell shape specimens for the mechanical testing were prepared according to
ISO527 standard using a Haake Minijet I Thermo Scientific mini-molding machine at
600 bar and 50 °C. Prior to testing, the uniform distribution of the clay particles in the
LLDPE matrix, as well as agglomerations and air bubbles was examined under an
optical microscope. The tensile properties of LLDPE and its nanocomposites were
determined by using the Testometric M350-10CT tensile tester at a strain rate of 5
mm/min, following ISO527. Additionally, the hardness tests were conducted on 2 mm
thick specimens of LLDPE and its nanocomposites using a Shore Durometer Model
902-51 Operating Stand, following ASTM D2240. Each test was repeated at least 10
different points across the sample surface to ensure consistent measurements.

The two-way analysis of variance (ANOVA) was applied to evaluate the effect of filler
(Clay and OClay) presence and filler material content on the mechanical properties of
LLDPE. The two factors are: filler type (Clay and OClay), and amount of filler (1, 3,
5 wt.%).

The mechanical properties assessed included elastic modulus, yield strength, and
tensile strength. The ANOVA analysis was based on repeated measurements obtained
for each filler concentration. A 95% confidence level was used in all analyses, and
factors were considered statistically significant when the p-value was less than 0,05
(Yassin & Gunister, 2023).

3. RESULTS AND DISCUSSION
3.1. The Structural and Thermal Characterization
The d-spacing for each scattering angle in all the samples was calculated using Bragg’s
equation, following the same steps given in the previous work (Li at al. 2019). XRD

patterns of clay, organoclay, polymer and polymer nanocomposites are given in Figure
1 a, b and c respectively.
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Figure 1. XRD Analyzing Results of a) Clay and OClay, b) LLDPE and Clay/LLDPE
Nanocomposites, and ¢) LLDPE and OClay/LLDPE Nanocomposites

Due to surfactant interaction through cation exchange, the interlayer spacing of clay
expanded from 1,26 nm to 3,65 nm (Figure 1a). In the Clay/LLDPE nanocomposites,
polymer chains were intercalated between the clay layers, expanding the interlayer
spacing from 1,26 nm to 1,47 nm (Figure 1b). For the OClay/LLDPE nanocomposites,
the polymer chains similarly intercalated with the organoclay layers; however,
interactions were more prevalent on the larger organophilic surfaces of OClay, resulting
in LLDPE chains encapsulating the organoclay particles (Figure 1c). If exfoliation of
additives within the LLDPE chains occurred, the crystalline peaks of additives would
disappear in the characteristic crystalline peak regions of Clay and OClay. However, in
both Clay and OClay samples, the XRD results indicate predominantly intercalated
structures, as the additives’ crystalline peaks remain visible in Figure 1. For both Clay
and OClay, the intensity of the LLDPE crystalline peak slightly decreases inversely
with the additive weight %, as shown in Figures 1b and Figure 1c.

Based on the DSC results given in Figure 2, the melting temperature of LLDPE was
determined to be 129 °C, with degradation beginning above 200 °C. Accordingly, the
optimal processing conditions were set at 180 °C, mixing time of 7 minutes, and screw
rotation speed of 50 rpm to prevent degradation and avoid air bubbles in the
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composites. All LLDPE nanocomposites were prepared under these optimized
conditions. In Figure 2, the heat flux (W/g, with endothermic reactions shown as
upward peaks) is plotted vs. temperature up 200 °C, as measured by DSC.

3
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o
T

T

—— LLDPE
1 wt.% Clay/LLDPE
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Figure 2. Heat Flux vs. Temperature Graphs of Pure LLDPE, Clay/LLDPE and

OClay/LLDPE Nanocomposites

The derivatives of the DSC curves were analyzed to determine the transition
temperatures. The melting temperature of pure LLDPE was found to be 129,8 °C. With
the addition of clay at concentrations of 1, 3, and 5 wt.%, the melting temperature
increased to 130,9, 132,5, and 134,1 °C, respectively. When OClay was added to
LLDPE in the same concentrations, the melting temperature increased slightly more,
shifting to 133,8, 134,3, and 136,3 °C, respectively. As a result, the melting temperature
of LLDPE is improved 5 % with addition 5 wt.% of OClay.

The FTIR spectrum of LLDPE, and its composites are given in Figure 3.
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Figure 3. FTIR Results of Pure LLDPE, Clay/LLDPE and OClay/LLDPE
Nanocomposites

Analyzing FTIR spectrums, the characteristic peaks band of LLDPE and its composites
are given in Table 2.

Table 2. FTIR Results of Pure LLDPE, Clay/LLDPE and OClay/LLDPE

Nanocomposites
A:al'l?ililtlil::f H-OH | C-H| C-H| H-O-H c=C |cc|cC| Si-0 |C-H| AI-OH | Si-O
0 3384-3386 | 2916 | 2848 1654 1587 -1591 | 1462 | 1378 - 719 -

1wt.% Clay | 3404-3409 | 2916 | 2848 | 1660-1666 | 1588 -1592 | 1462 | 1378 | 1048 -1048| 719 | 631-632 | 525
3wt% Clay | 3407-3411 | 2916 | 2848 | 1660 | 1588 -1591 | 1462 | 1378 |1046-1048| 719 | 624625 | 525
5 wt.% Clay | 3457- 3459 | 2916 | 2848 1711 1591 -1593 | 1462 | 1378 |1048 -1048| 719 628 525
1 wt.% OClay | 3388-3405 | 2916 | 2848 1651 1588 -1592 | 1462 | 1378 | 1046 -1047| 719 | 623-625 525
3 wt.% OClay | 3352-3366 | 2916 | 2848 1651 1587 -1588 | 1462 | 1378 | 1045 -1046| 719 | 622-622 525
5 wt.% OClay | 3427-3445 | 2916 | 2848 1651 1586 -1592 | 1462 | 1378 | 1044 -1045( 719 625 525

According to Table 2, the FTIR spectrum of pure LLDPE shows the characteristic CH»
asymmetric and symmetric stretching bands, with peaks at 2916 cm™ and 2848 cm™,
respectively. The peak at 1462 cm™! was attributed to the bending deformation of the
C-H bond. The CH; symmetric deformation band appeared at 1378 cm™! and the C-H
rocking deformation occurs at 719 em™!. (Gulmine et al. 2002)

For the clay and organoclay, the shifts around 621 - 630 cm™! indicated the presence of
central cations (such as Mg) in the octahedral sheet. Peaks in the range of 1045-1050
cm ! were associated with the stretching of Si—O bonds. A strong peak at 525 cm™! is
attributed to the Si—O-Al bending (Madejova 2003; Durmus & Macosko, 2007).
Characteristic absorption peaks of the clay structure are shifted in the FTIR spectrum
of the LLDPE nanocomposites, suggesting an interaction between the LLDPE chains
and clay layers. In Table 2, a broad band 3351 - 3459 cm’!, observed clearly in the
spectra of montmorillonite is due to hydrogen bond between LLDPE branches and H—
O-H vibrations of adsorbed water.
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3.2. The Mechanical Testing

Testometric M350-10CT was used for the tensile tests of pure LLDPE and its
composites following ASTM638 standard and each test was repeated twenty times. The
mechanical properties such as elastic modulus, yield strength, tensile strength, tensile
strain, elastic storage energy (resilience) and durability of materials (toughness) are
determined from the stress-strain diagrams of LLDPE (Figure 4a), Clay/LLDPE
nanocomposites (Figure 4b-d), and OClay/LLDPE nanocomposites (Figure 4e-g).
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Figure 4. The tensile stress — strain diagram of samples for a) LLDPE, b) 1 wt.%
Clay/LLDPE, ¢) 3 wt.% Clay/LLDPE, d) 5 wt.% Clay/LLDPE, e) 1 wt.%
OClay/LLDPE, f) 3 wt.% OClay/LLDPE, g) 5 wt.% OClay/LLDPE nanocomposites.

The tensile (elastic) modulus of the samples was determined by the slope of linear
portion in elastic region of the curves. The yield point is the where noticeable plastic
deformation starts on the stress-strain graph leaving from the linearity. The yield
strength is the stress value at the yield point. Tensile strength is the maximum stress of
the samples under the applied load, and corresponding strain is called tensile strain.
The stored elastic energy is called resilience which is the area under the stress-strain up
to yield point, and stored energy up to rupture is called toughness which is the area
under the stress-strain curve up to failure. Stiffness, the resistance to elastic
deformation, is the key parameter for many applications of LLDPE measured by elastic
modulus, higher resilience means better stiffness.

The resistance to localized plastic deformation of LLDPE and its nanocomposites was
determined through hardness testing, with the results presented in Figure 5. The type
and amount of filler had a slight effect on the hardness values of LLDPE. The observed
variability in hardness can be attributed to factors such as minor inconsistencies in filler
dispersion during the mixing process or localized microstructural differences within the
composite matrix, including variations between amorphous and crystalline regions. To
ensure reliable measurements, all samples were carefully examined under an optical
microscope prior to testing, and any specimens containing air bubbles were excluded.
As a result, air bubbles are not considered a contributing factor to the observed spread
in values. The variability is more pronounced at lower filler concentrations, likely due
to greater challenges in achieving complete homogeneity in the composite matrix,
which may also influence mechanical properties.

537



E. Giinister, E.A.A. Iracheta Mechanical Properties of Clay/LLDPE and Organoclay/LLDPE Nanocomposites

46

45 ® ’

44

0 : |

2 43
& ' [ ]
£ |
5] ® ® ! ®
= : s .

40 I ; L

39 ® pi

38

0 1% Clay 3% Clay 5% Clay 1% OClay 3% OClay 5% OClay
Concentration of additives to LLDPE (wt.%)

Figure 5. Shore D hardness values of pure LLDPE and its nanocomposites
All twenty samples of each LLDPE and its nanocomposites were examined from their
stress-strain diagram, the results are given in Table 3 including their standard deviations

for each mechanical property, and hardness values.

Table 3. Mechanical Properties of LLDPE and LLDPE Nanocomposites

o Elastic Yield Tensile Tensile .-
A(:jlll‘tll)vlflszto Modulus Strength Strength Strain st\:ll;)e:)ce To(lﬁll;';;ss Hardness
(MPa) (MPa) (MPa) (%)
0 195,89+8,88 | 9,79+0,44 19,63+£0,65 | 17,8242,64 | 0,24+0,01 | 8,85+1,50 | 39,84+0,54

1 wt.% Clay |218,77+12,44 | 11,01+0,89 | 19,85+£0,90 | 17,15£1,69 | 0,27+0,02 | 8,16+0,75 | 40,24+0,59
3 wt.% Clay |224,89+11,83 | 11,12+0,68 | 20,18+0,74 | 15,70+1,86 | 0,28+0,01 | 7,84+0,97 | 40,44+0,38
S wt.% Clay |236,78+10,76 | 11,68+0,64 | 20,63£0,78 | 13,14+1,35 0,30+0,01 | 6,16+0,64 | 42,18+1,38
1 wt.% OClay |277,45+£14,02 | 12,49+4,33 | 24,44+0,76 | 9,73+0,64 0,35+0,02 | 5,09+0,45 | 41,95£1,00
3 wt.% OClay |294,11+£24,21 [ 14,71£1,21 | 26,01+£1,27 9,23+0,73 0,37+0,03 | 4,86+0,46 | 42,40+1,03
5 wt.% OClay [310,81+28,15| 15,54+1,41 | 27,39+1,43 8,67+0,74 0,39+0,04 | 4,50+0,55 | 42,98+1,21

By addition of Clay and OClay up to 5 wt.% significantly most mechanical properties
of LLDPE, except for tensile strain and toughness. Specifically, the addition of 5 wt.%
Clay enhanced the elastic modulus, yield strength, tensile strength, resilience, and
hardness of LLDPE by 20,87%, 19,31%, 5,09%, 25,00%, and 5,87 %, respectively.
Similarly, incorporating 5 wt.% OClay increased these properties by 56,67%, 58,73%,
39,53%, 62,50%, and 7,88%, respectively. The stiffness of LLDPE evaluated based on
elastic modulus improved from 195,89 MPa to 310,81 MPa is the key parameter for
many applications as given in Figure 6. 58,67% improvement on LLDPE’s stiffness
without using any compatibilizers or modifiers, just by adding 5 wt.% organoclay is a
huge effect comparing to previous works done by other researchers (Hotta & Paul,
2004). However, tensile strain and toughness of LLDPE decreased by 26,27% and
30,40% with 5 wt.% Clay, and by 51,38% and 49,15% with 5 wt.% of OClay.
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Figure 6. Comparison of a) Elastic Modulus, b) Yield Strength, and c) Tensile
Strength of LLDPE and LLDPE Nanocomposites

The ANOVA results confirm that filler type, filler amount, and their interaction
significantly influence the mechanical properties of LLDPE composites, with all p-
values far below 0,05, providing strong evidence against the null hypothesis (Table 4).
Among these factors, filler amount exhibits the strongest effect, as indicated by the
highest F-values across elastic modulus (F = 13208,16), yield strength (F = 2412,40),
and tensile strength (F = 26703,41), highlighting its dominant role in enhancing
mechanical performance. Filler type also shows a notable effect, with F-values ranging
from 59,23 to 191,11, while the interaction between filler type and filler amount, though
statistically significant (F-values from 47,53 to 87,43), has a comparatively smaller
influence. P-values are presented in scientific notation (e.g., p < 1E-30) to clearly
convey their extreme significance. All p-values in Table 4 are well below conventional
thresholds (e.g., 0,05 or 0,0001), underscoring the robust effects of filler type, filler
amount, and their interaction on the mechanical properties of LLDPE composites.
These findings highlight the critical role of optimizing filler amount to achieve
improved mechanical properties in LLDPE composites.

Table 4. Analysis of Variance (ANOVA) for Elastic Modulus, Yield Stregth and
Tensile Strength of LLDPE and LLDPE Nnaocomposites

Elastic Modulus Yield Strength Tensile Strength
Sou.rc.e of F P-value F P-value F P-value
Variation
Filler Type 59,23 p <0,001 106,14 | p<0,001 191,11 p <0,001

Filler Amount 13208,16 | p<0,0001 | 241240 | p<0,0001 | 26703,41 | p <0,0001

Filler Type x
Filler Amount 53,77 p <0,001 47,53 p <0,001 87,43 p <0,001
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Organophilic clay (OClay) layers, due to their finer dispersion within the LLDPE
matrix, interact more readily with the non-polar LLDPE chains than do hydrophilic
clay (Clay) layers. This results in improved compatibility of OClay with the LLDPE
matrix. However, both Clay and OClay dispersed in an intercalated rather than
exfoliated in LLDPE matrix revealed by XRD results caused increment in the standard
deviation for each mean value of improved properties. Consequently, OClay exhibited
a more positive effect on the mechanical properties of LLDPE compared to Clay at the
same amount of addition.

4. CONCLUSION

In this study, LLDPE nanocomposites were fabricated via melt intercalation using 1-5
wt.% of nanosized clay and organoclay to enhance mechanical properties. The results
showed that increasing additive concentration improved mechanical strength, albeit
with a slight decrease in flexibility. FTIR and XRD analyses confirmed homogeneous
dispersion and interaction between the fillers and polymer chains. The ANOVA
findings further revealed that both the type and amount of the fillers have a statistically
significant effect (p<0,05) on mechanical properties, providing a comprehensive
understanding of the comparative performance of clay and organoclay at different
levels. Specifically, organophilic organoclay exhibited superior interaction to the
LLDPE matrix compared to hydrophilic clay, leading to greater mechanical
enhancements. At 5 wt.% organoclay, the elastic modulus, yield strength, and tensile
strength increased by 56,67%, 58,73%, and 39,53%, respectively. Additionally, the 5
wt.% OClay/LLDPE nanocomposite showed a 5% rise in melting temperature suggests
expanded application potential in thermally demanding environments. Adding
organoclay effectively enhances the durability of LLDPE and may help reduce
microplastic generation, making it suitable for high-performance applications. Future
studies could further explore its long-term stability and environmental resistance.
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