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PREFACE 
 

The use of applied statistical methods is increasing in almost every branch of science. The papers presented 

at this conference alone confirm this statement, with 183 papers coming from medicine, climate change, 

agriculture, education, economics, sociology, psychology, forestry, biology, sports and several other fields, 

with some papers being interdisciplinary. 

Why is there so much need for statistical methods? Because deterministic models cannot explain the results 

of many researches, in other words, the effect of factors that are assumed to have an effect on the 

phenomenon under study cannot be explained without taking into account the random factor. Models that 

take into account the random factor are known as stochastic or statistical models. 

Those who conduct scientific research should know the subject they are studying, well theoretically, so 

they often have an expectation about the outcome of the research. This expectation is known as a hypothesis 

in statistical terminology. Again, in most cases, this expectation of the researcher is not the statistical 

control (or null) hypothesis, but the alternative hypothesis. In some cases where the hypothesis cannot be 

established or when the statistical control hypothesis is rejected, the question of "which value" for the 

parameter comes to the fore, and the methods that answer this question are called estimation methods. 

In all areas where scientific research is concerned, the decisions inferred by using statistical methods such 

as testing hypothesis and estimating parameters may be false. But you cannot get these conclusions by 

using methods other than statistical inference methods. The benefit of statistical methods is that they can 

calculate the probability of these conclusions being false. Statistical methods are needed in every situation 

where the concept of randomness is involved, and research topics where the concept of randomness is 

involved are found in almost every field of science. This is why statistical methods are used in almost every 

field of science. 

A chance factor can be defined as the total effect of unknown factors and the factors that are known but 

not included in the model because their effect is considered to be insignificant. In cases where a stochastic 

model is needed, even if experiments are planned to investigate the effect of all such factors that can be 

considered, there is still a residual, unexplained variation called random variation. This "remainder" is the 

main reason why statistical methods are needed. It would not be an exaggeration to say that if there is no 

unexplained variation, there is no need for statistical methods. Therefore, researchers should not see 

statistical methods as an ornamental material to decorate their research, and statistical methods should be 

used only if there is an unexplained variation among the data obtained at the end of the research. 

The 4 th International Congress on Applied Statistics, dedicated to me, was organized by Tokat 

Gaziosmanpasa University Faculty of Agriculture, hosted by International Sarajevo University and 

International Balkan University and Kayseri University contributed to the event as stakeholders. Tokat 

Teknokent A.ķ., Statistics Center, Ankara University Faculty of Agriculture and Turkish Journal of 

Applied Statistics supported the congress in some way. 
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I thank you all these institutions. I have seen the efforts of the chairmen of the Organizing Committee up 

close. As stated in the opening session of the meeting, these congresses have become a "loyalty" congress. 

I would like to express my gratitude to my friends who contributed to all four congresses, in the person of 

Assoc. Prof. Dr. Yal­ēn Tahtalē and especially to him. 

 

 
Prof. Dr. Orhan KAVUNCU 
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Abstract 

 
 

Philosophy, which means the search for truth or the love of wisdom, aimed to reach true knowledge on the basis of 

abstract concepts such as existence, knowledge, values and language until the emergence of sciences. However, 

since the 19th century, science in general and the disciplines that make up the social sciences in particular have 

accepted that there are laws of society like the laws of nature or physics and have tried to reach real knowledge in 

this way. This philosophy, called positivism, claimed that there are certain methods of attaining true knowledge and 

that it is only possible to attain knowledge through these methods. Since the 20th century, the production of 

knowledge has revealed the need for statistics in the social sciences. Because knowledge, like societies, was 

changing. Therefore, reaching true knowledge required an archeology of knowledge through various statistical 

methods and techniques. Research in the social sciences has gained a systematic structure, first with quantitative 

methods and later with qualitative methods. However, in the process, important criticisms were made against 

quantitative methods based on objective sensory data. Some of these criticisms were tried to be eliminated by some 

of the techniques developed in the qualitative method. Today, research in the social sciences shows a major trend 

away from positivism-centered methodology towards post-positivism, interpretivism and phenomenological 

approaches. The somatic method emerged as a consequence of this tendency. In contrast to the objective sense data 

of positivism, the somatic method claims that each researcher can produce knowledge through subjective sense data. 

The relationship of the somatic method, which can be evaluated within the post-positivist approach, with the science 

of statistics has also been questioned. This study will try to present a general framework of the somatic method, 

which has recently been used as a method in many fields of science, especially in countries such as the USA. Apart 

from this, the need of the somatic method for the science of statistics will also be questioned in this context. 

Key words: Social sciences, methodology, statistical science, somatic method 
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¥zet 

 
Yºneticilerin birer rol model olmalarēndan kaynaklē ­alēĸanlarēn bireysel ve ºrg¿tsel ­ēktēlarēnēn etkileneceĵi 

d¿ĸ¿n¿lmekte olup, pozitif etik lider davranēĸlarē sayesinde ºrg¿tlerdeki pozitif davranēĸlarēn artacaĵē 

deĵerlendirilmektedir. Bu kapsamda ­alēĸmanēn amacē, psikolojik rahatlēĵēn aracē olduĵu durumlarda etik liderlik 

davranēĸlarēnēn ºrg¿tsel aidiyet ¿zerindeki etkisini incelemektir. Bu amaca yºnelik Kayseriôde faaliyet gºsteren 

imalat iĸletmelerinde ­alēĸan 400 kiĸiye anket daĵētēlmēĸtēr. Halen veri toplama ­alēĸmasē devam etmekte olup, 

sonu­larēn hakemli bir dergide yayēnlanmasē planlanmēĸtēr. 

Anahtar Kelimeler: Etik liderlik, ºrg¿tsel aidiyet, psikolojik rahatlēk 

 
Abstract 

 

It is thought that the individual and organizational outcomes of employees will be affected because managers are 

role models, and it is evaluated that positive behaviors in organizations will increase according to the positive 

ethical leadership behaviors. In this context, the aim of this study is to examine the effect of ethical leadership 

behaviors on organizational identification via the mediating role of psychological safety. For this purpose, a survey 

was distributed to 400 people working in manufacturing organizations that are operating in Kayseri city. Data 

collection is currently ongoing, and the results are planned to be published in a peer-reviewed journal. 

Key words: Ethicak leadership, organizational identification, psychological safety 

 
GĶRĶķ 

 

Geliĸen ve hēzla deĵiĸen teknolojik yenilikler, bilginin ºnemini daha da ºn plana ­ēkartmēĸ ve ­eĸitli sektºrlerde 

faaliyet gºsterilen, klasik dºnemdeki beden g¿c¿n¿n aĵēr bastēĵē ve insanēn makina gibi algēlandēĵē dºnemin yerine, 

bilgiye dayalē yaklaĸēmlarē iĸletme baĸarēsēnda ºnemli bir faktºr olarak ortaya ­ēkartmēĸtēr. Sonu­ta iĸletmeler, 

nitelikli insanē daha ºn planda tutarak modern yºnetim teknikleriyle birlikte s¿rd¿r¿lebilir bir b¿y¿me saĵlama 

kapsamēnda bulunduklarē ­evreyi daya ­ok dikkate almaya baĸlamēĸlardēr. 
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Etik ve ahlaki a­ēdan doĵru kararlarē verebilmek bireysel, ºrg¿tsel hatta evrensel bir sorumluluktur. G¿n¿m¿z 

ortamēnda ­ok ­eĸitli girdilere maruz kalan ve b¿y¿k bir iliĸkiler aĵēnē vurgulayan sosyal ortamēnēn karmaĸēklēĵē ve 

insan iliĸkilerindeki a­mazlar, yºnetici pozisyonunda olan kiĸilere yeni ve zor gºrevler y¿klemektedir. Bu rol, 

yºnetilmesi ­ok zor olan insan unsurunu ele alērken liderlerin, etik deĵerler ve inan­lar sistemine sahip olmasēnē ve 

ºrg¿tteki ­aba ve eylemlerini bu sistemin s¿zgecinden ge­irmesini gerektirmektedir. 

Yºneticilerin birer rol model olmalarēndan kaynaklē ­alēĸanlarēn bireysel ve ºrg¿tsel ­ēktēlarēnēn etkileneceĵi 

d¿ĸ¿n¿lm¿ĸ ve bu kapsamda pozitif etik lider davranēĸlarē sayesinde ºrg¿tlerdeki sapkēn davranēĸlarēn azalacaĵē, 

ºrg¿tsel aidiyetin ise artacaĵē deĵerlendirilmektedir. Bu kapsamda ­alēĸmanēn amacē, psikolojik rahatlēĵēn aracē 

olduĵu durumlarda etik liderlik davranēĸlarēnēn ºrg¿tsel aidiyet ¿zerindeki etkisine yºnelik deĵerlendirmelerde 

bulunmaktēr. 

Alan yazēn incelendiĵinde, ­alēĸanlarēn olumlu davranēĸlara yºnlendirilmesi s¿recinde ºrg¿tsel k¿lt¿r¿n etkisini 

konu edinen ­ok sayēda ­alēĸma yapēldēĵē gºr¿lmektedir, ancak, bu ­alēĸma yoĵunluĵu ºrg¿tsel k¿lt¿r¿n birer 

yansēmasē olan psikolojik rahatlēk algēsē (Edmondson ve Mogelof, 2006: 111) konularēnda gºr¿lmemektedir. Benzer 

ĸekilde, Aranzamendez ve diĵerleri (2015: 176) psikolojik rahatlēk algēsēnēn ­alēĸan ve ºrg¿t a­ēsēndan ­ok sayēda 

pozitif ­ēktēya neden olduĵunu belirtmektedirler. Bu ­alēĸma, etik liderlik ve psikolojik rahatlēĵēn ­alēĸan davranēĸlarē 

¿zerindeki yansēmalarēna odaklanmēĸtēr. 

KAVRAMSAL ¢ER¢EVE VE LĶTERAT¦R ARAķTIRMASI 
 

¢alēĸma hayatēnda bireylerin i­ d¿nyasēnda yaĸadēĵē psikolojik durumlarēn herhangi bir ĸekilde etkilendiĵi ve bu 

etkilerin de farklē ĸekillerde ­alēĸma hayatēna yansētēldēĵē bilinmektedir. Bu nedenle, iĸletmelerin sahip olduĵu en 

ºnemli kaynak olan bireyin; huzurlu, mutlu, tatmin olmuĸ, umutlu ve dengeli bir ĸekilde yºnetimi i­in iĸyerinde 

psikolojik durumlarēnēn analiz edilmesi ve bu yºnde geri beslemelerin saĵlanmasē ºnem arz etmektedir. Bu noktadan 

hareketle, mevcut ­alēĸmada iĸletmelerde ­alēĸan bireylerin etik liderlik davranēĸlarēnēn psikolojik rahatlēĵēn aracē 

olduĵu durumlardaki ºrg¿tsel aidiyet ¿zerindeki etkisi incelenecektir. 

Liderlik kavramē; insanlarē kendisine katēlmaya ikna ederek yeni takip­iler oluĸturma becerisi, ikna ve etkileme 

ºzelliĵini kullanarak takip­ileri bir amaca yºneltme kabiliyeti ve vizyon oluĸturma yeteneĵi ĸeklinde 

tanēmlanmaktadēr (Bi­kes vd., 2017: 61). Etik liderlik ise, kiĸisel eylemler ve kiĸilerarasē iliĸkiler yoluyla normatif 

olarak uygun davranēĸlarēn sergilenmesi ve bu davranēĸlarēn iki yºnl¿ iletiĸim, g¿­lendirme ve karar verme yoluyla 

takip­ilere aktarēlmasē olarak tanēmlanmaktadēr (Walumbwa vd., 2017: 14). Shin (2012: 300) bir ºrg¿tte etik 

kurallarē belirleyen ve ºrg¿t¿n etik uygulamalarēnē ve faaliyetlerini yºnlendiren g¿c¿n liderler olduĵunu ifade 

etmektedir. Walumbwa ve diĵerleri (2017: 14) etik liderliĵin, ­alēĸanlarēn biliĸ, tutum ve davranēĸlarē ¿zerinde 

belirleyici bir etkiye sahip olduĵunu vurgulamēĸtēr. Edmondson (2003: 1423) ise lider desteĵi ve teĸviki olmaksēzēn 

­alēĸanlarēn kiĸilerarasē riskleri almakta zorluk ­ekebileceklerini dile getirmiĸtir. A­ēklamalar ēĸēĵēnda, etkili bir 

liderlik algēsēna sahip ­alēĸanlarēn diĵerlerine nazaran daha fazla gayret, fedak©rlēk ve adanmēĸlēk sergileyecekleri 

sºylenebilir (Bi­kes vd., 2017: 61). Yukarēda dile getirilen a­ēklamalara benzer ĸekilde Zaal ve diĵerleri (2017: 15), 

etik dēĸē davranēĸlara ve skandallara yol a­an yanlēĸ davranēĸ k¿lt¿r¿n¿n yaygēnlaĸmasēnda belirleyici olan en ºnemli 

faktºr¿n etik olmayan davranēĸlar sergileyen bir lider olduĵunu ifade etmektedirler. Bu a­ēklamalardan hareketle, 

­alēĸanlarēn olumsuz davranēĸlardan uzak tutulup olumlu davranēĸlara yºnlendirilmesi s¿recinde etik liderliĵin diĵer 

liderlik tarzlarēna nazaran daha ºnemli bir rol oynayacaĵē sºylenebilir. 
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Yapēlan uygulamalē ­alēĸmalar, etik liderliĵin bir­ok bireysel ve ºrg¿tsel deĵiĸkenin ºnc¿l¿ olduĵunu ortaya 

koymuĸtur. ¢alēĸmanēn deĵiĸkenleri dikkate alēnarak yapēlan literat¿r incelemesinde, etik liderliĵin psikolojik 

rahatlēk algēsē ¿zerinde pozitif (Walumbwa ve Schaubroeck, 2009) etkiye sahip olduĵu bulgusunu ortaya 

koymaktadēr. Liderler etik kurallar ­er­evesinde hareket ettiklerinde, etiĵin ºnemini vurgulamēĸ olmaktadērlar. Aynē 

zamanda etik davranēĸē teĸvik etmek i­in ºd¿l ve ceza mekanizmasēnē kullanmaktadērlar. Bºylelikle kabul edilebilir 

davranēĸlar i­in grup normlarē oluĸur ve ­alēĸanlarēn etik olmayan davranēĸlar sergileme olasēlēklarē azalēr (Mayer 

vd., 2012: 153). Dolayēsēyla, g¿venilir olarak algēlanan liderlerin var olduĵu ortamlarda ­alēĸma grubuna ya da ºrg¿te 

yºnelik olarak hissedilen aidiyet duygusunun y¿ksek olmasē beklenmektedir. ¥zellikle etik liderler proaktif olduklarē 

i­in bu liderlerin ºrg¿tsel aidiyeti teĸvik edecek ortamē oluĸturmalarē ­ok daha olasēdēr (Walumbwa vd., 2011: 206). 

Bu anlamda Demirtaĸ (2015), etik liderlerin ºrg¿tsel deĵerlerle ­alēĸanlarēn deĵerleri arasēnda uyum saĵlamalarē 

nedeniyle, etik liderliĵe maruz kalan takip­ilerin ºrg¿tlerine karĸē daha y¿ksek d¿zeyde aidiyet hissedeceklerini 

belirtmektedirler. 

Bu kapsamda mevcut araĸtērmada aĸaĵēdaki hipotezler oluĸturulmuĸtur. 
 

Å Hipotez 1: Etik liderlik davranēĸlarē ºrg¿tsel aidiyeti pozitif olarak etkilemektedir 

Å Hipotez 2: Etik liderlik davranēĸlarē psikolojik rahatlēĵē pozitif olarak etkilemektedir 

Å Hipotez 3: Etik liderlik davranēĸlarē ve ºrg¿tsel aidiyet iliĸkisinde psikolojik rahatlēk aracē role sahiptir. 
 

SONU¢ 
 

¥ncelikle psikolojik rahatlēk kavramēnēn ºzellikle T¿rk­e literat¿rde yeni yeni kavramsallaĸtērēlmasē ve ­eĸitli 

­ēktēlara etkisinin araĸtērēlmasē ­alēĸmanēn ºnemli bir katma deĵer yºn¿n¿ oluĸturmaktadēr. Ayrēca, psikolojik 

rahatlēk kavramē liderlik a­ēsēndan ºnemli bir konu olup ikisinin aynē modelde bireysel ­ēktēlara etkisinin aracēlēk 

etkileriyle incelenmesi alana ºnemli katkē saĵlayacaktēr. 

Araĸtērma, keĸfedici bir ­alēĸmadēr. Araĸtērmada kullanēlacak olan yºntem ¿­ ana ayak ¿zerine oturtulacaktēr. 

Kavramsal tarama ºzellikle ºnemli bir karakteristiktedir. ¢¿nk¿, kavramsal olarak ºrg¿tsel davranēĸlar kapsamēnda 

­ok az ­alēĸmada hizmetkar liderlik kavramē ve etkileri ¿zerine bir araĸtērma yapēlmēĸtēr. Bu da, ­er­evesi yeni yeni 

ortaya konulmaya baĸlanan bu kavramēn ne d¿zeyde hassas ve saĵlam temeller ¿zerine oturtulmasē gerektiĵinin 

ºnemini iĸaret etmektedir. Bu nedenle, diĵer aĸamalara da alt yapē teĸkil edecek olan bu safhada literat¿r¿ saĵlam 

temelli bir model oluĸturulmuĸtur. 
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¥zet 

 

Literat¿rde Suriyeli ge­ici korunanlara yºnelik toplumsal algēnēn ºl­¿lmesinde geleneksel iletiĸim ara­larē 

¿zerinden analizler ger­ekleĸtirilmiĸtir. Ancak i­inde bulunduĵumuz dijital ­aĵ hasebiyle kamuoyunun nabzēnē ve 

bir konudaki yansēmalarēnē direk ºl­ebileceĵimiz sosyal medya araĸtērmalarē iletiĸim ­alēĸmalarē alanēna ivme 

kazandērmēĸtēr. Bu sebeple ilgili ­alēĸma ile T¿rkiyeônin uzun s¿redir y¿z y¿ze olduĵu Suriyeli ge­ici korunan 

meselesi 2023 se­imleri dºneminde ne d¿zeyde yankē bulduĵu ºl­¿lmek istenmiĸtir. ¢alēĸma kapsamēnda 

23.02.2023-14.04.2023 tarihleri arasēnda Twitter Platformu ¿zerinden ñsecim2023ò hashtagôini i­eren 1310 tweet 

toplanmēĸ, nitel analiz programē olan MAXQDA programē aracēlēĵēyla analizler ger­ekleĸtirilmiĸtir. Ķlgili ­alēĸma 

ile kullanēcē yorumlarē ¿zerinden Suriyeli ge­ici korunanlara yºnelik kamuoyu algēsē ºl­¿lmek istenmiĸtir. Kullanēcē 

yorumlarēnēn analizinde sēk kullanēlan kelimelerin frekansē gºrsel analiz ara­larēndan biri olan kelime bulutu ile 

sunulmuĸ, ilgili  paylaĸēmlarēn duygu y¿kleri ise duygu analizi ile a­ēklanmēĸtēr. ¢alēĸma i­in belirlenen kategorilerin 

kullanēcē yorumlarēnda ne sēklēkla bulunduĵuna bakmak i­in i­erik analizi kullanēlmēĸ, bulunan iliĸkilerin sunulmasē 

i­in kategorilerin aralarēndaki iliĸkileri gºstermek adēna aĵ analizi ve iliĸkilerin sēklēĵē i­in iliĸki matrisi ile 

sonu­larla desteklenmiĸtir. Analizin sonucunda siyasi kategorisinin ekonomik ve sosyok¿lt¿rel kategorilerine oranla 

daha fazla ºn plana ­ēktēĵē gºr¿lm¿ĸt¿r. Suriyelilerin T¿rkiyeônin demografik yapēsē ¿zerindeki etkileri ve T¿rk 

vatandaĸlēĵēna ge­melerine yºnelik olumsuz bir sºylem ¿retildiĵi gºr¿lm¿ĸt¿r. 

Key words: Suriyeli Ge­ici Korunanlar, Se­im 2023, T¿rkiye, Twitter, Ķ­erik Analizi 

mailto:abostan@msu.edu.tr


IV. International Applied Statistics Congress (UYIK - 2023) 

Sarajevo / Bosnia and Herzegovina, September 26-29, 2023 

29 

 

 

 

 

 
T¿rkiye Ķ­in Gº­ ve Ķĸsizlik ¦zerine Bir Uygulama 

 

 
Ayta­ Pekmezci1, Kurtuluĸ Bozkurt2, ¥zge Taĸ3* 

 
1 Muĵla Sētkē Ko­man ¦niversitesi, Fen Fak¿ltesi, Ķstatistik Bºl¿m¿,48000,Muĵla,T¿rkiye 

2 Aydēn Adnan Menderes ¦niversitesi, Sºke Ķĸletme Fak¿ltesi, Ekonomi Bºl¿m¿,09200, Aydēn, T¿rkiye 
3 Kapadokya ¦niversitesi, Kapadokya Meslek Y¿ksek Okulu, Bilgisayar Teknolojileri Bºl¿m¿, 

Bilgisayar Programcēlēĵē Pr, 50400, Nevĸehir, T¿rkiye 

 
*Corresponding author e-mail: ozge.tas@kapadokya.edu.tr 

 

¥zet 
 

Ķnsanlarēn zorunlu kaldēklarē i­in yaĸadēklarē yerden baĸka yerlere gitmesi yani gº­ etmesi ekonomik ve sosyal 

olarak g¿n¿m¿z d¿nyasēnēn en ºnemli sorunlarēndan biri  olan iĸsizlik ¿zerinde yºn¿ ve derecesine baĵlē olarak her 

¿lkenin bulunduĵu koĸullara gºre farklē etkiler meydana getirebilmektedir. Mevcut akademik kaynaklar da 

incelendiĵinde gº­ ve iĸsizlik arasēndaki iliĸkinin yºn¿ ve derecesi hakkēnda ortak bir gºr¿ĸ olmadēĵē gºr¿lm¿ĸt¿r. 

Dolayēsēyla bu ­alēĸmada T¿rkiye i­in 2015:01 - 2022:01 dºnemleri aylēk veriler kullanēlarak incelenen deĵiĸkenler 

arasēnda uzun ve kēsa dºnemli iliĸki olup olmadēĵē analiz edilmiĸtir. Elde edilen bulgular sonunda deĵiĸkenler 

arasēnda uzun dºnemli iliĸki olmadēĵē ancak sadece gº­ sayēsēndan iĸsizlik oranēna doĵru tek yºnl¿ kēsa dºnemli 

iliĸki saptanmēĸ ve gº­ sayēsēnēn iĸsizlik oranēnē negatif yºnde etkilediĵi veya iĸsizlik oranēnēn gº­ sayēsēndan 

etkilendiĵi anlaĸēlmēĸtēr. 

Key words: Eĸb¿t¿nleĸme analizi, Nedensellik analizi, Dēĸ gº­, Ķĸsizlik, Emek piyasalarē. 

mailto:%20ozge.tas@kapadokya.edu.tr


IV. International Applied Statistics Congress (UYIK - 2023) 

Sarajevo / Bosnia and Herzegovina, September 26-29, 2023 

30 

 

 

 

 

 
Yaĸlē N¿fusun Saĵlēk Harcamalarē ve GSYH ile Ķliĸkisi: Panel Eĸb¿t¿nleĸme ve Nedensellik Analizi 

 

 
Melek Terzi ¥zmen1*, Oĵuz Kara2

 

 

1 D¿zce ¦niversitesi, Ķĸletme Fak¿ltesi, Dekanlēk Binasē, Kat:1 Oda No:K105 81620 Yºr¿k/D¿zce Merkez/D¿zce 

 
*Corresponding author e-mail: melekterzi@duzce.edu.tr 
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N¿fusun yaĸlanmasē, ¿lkelerin iĸg¿c¿nde ve n¿fusun yaĸ gruplamasēnda ºnemli deĵiĸikliklere yol a­maktadēr. Bu 

deĵiĸiklikler, genel olarak ¿lkelerde ekonomik sorun olarak gºr¿lmektedir. ¢¿nk¿ yaĸlanan n¿fusun daha az verimli 

olacaĵē ve daha fazla saĵlēk hizmetine ihtiya­ duyacaĵē a­ēktēr. Benzer iliĸkilerin araĸtērēldēĵē ­alēĸmalarda net bir 

fikir birliĵi olmamakla birlikte, birbirinden farklēlēk gºsteren sonu­lar mevcuttur. Bu ­alēĸmanēn amacē, yaĸlē n¿fus 

oranēnēn saĵlēk harcamalarē ve ekonomik b¿y¿me ile iliĸkisi hakkēnda literat¿rdeki mevcut tartēĸmaya yeni bir kanēt 

sunmaktēr. Bu ama­ doĵrultusunda D¿nya Bankasē'nēn D¿nya Kalkēnma Gºstergeleri veri tabanēndan alēnan 

verilerle 21 yēl (2000-2021) ve 609 gºzlem i­eren dengeli bir panel veri seti oluĸturulmuĸtur. ¢alēĸmaya 27 AB 

¿lkesi ve AB aday stat¿s¿nde olan T¿rkiye ve Bosna-Hersek (29 ¿lke) dahil edilmiĸtir. ¢alēĸmada iki farklē model 

kurulmuĸtur. Ķlk modelde yaĸlē n¿fus oranē (YN) ile kiĸi baĸēna d¿ĸen saĵlēk harcamalarē (SH) arasēndaki iliĸki 

incelenmiĸtir. Ķkinci modelde ise yaĸlē n¿fus oranē (YN) ile kiĸi baĸēna d¿ĸen gayri safi yurti­i hasēla (GSYH) 

arasēndaki iliĸki ele alēnmēĸtēr. YN baĵēmlē deĵiĸken olup, SH ve GSYH baĵēmsēz deĵiĸkenlerdir. Deĵiĸkenler 

arasēndaki iliĸkinin tespiti i­in Westerlund ve Edgerton (2007) panel eĸb¿t¿nleĸme testi yapēlmēĸtēr. Eĸb¿t¿nleĸme 

iliĸkisinin tespitinin ardēndan uzun dºnem katsayē tahmini i­in Geniĸletilmiĸ Ortalama Grup (AMG) tahmincisi 

uygulanmēĸtēr. Son olarak deĵiĸkenler arasēndaki nedensellik iliĸkisinin tespiti i­in, Dumitrescu-Hurlin panel 

Granger nensellik testi yapēlmēĸtēr. Analizler sonucunda, YN ile SH arasēnda ve YN ile GSYH arasēnda eĸb¿t¿nleĸme 

iliĸkisi olduĵu tespit edilmiĸtir. Katsayēlar bazē ¿lkelerde anlamlē ve pozitif yºnl¿ iken, sayēlē birka­ ¿lkede anlamlē 

fakat negatif yºnl¿d¿r. Nedensellik analizi sonu­larēnda ise, YN ile SH arasēnda ­ift yºnl¿ bir nedensellik 

saptanmēĸken, GSYH ile YN arasēnda tek yºnl¿ bir nedensellik saptanmēĸtēr. Sonu­ olarak, yaĸlē n¿fusun saĵlēk 

harcamalarē ve gayri safi yurti­i hasēla ile iliĸkisi karmaĸēk ve ­ok yºnl¿d¿r. ¦lkelerin ekonomik durumu, saĵlēk 

hizmetlerinin kalitesi, teknolojik geliĸme seviyesi ve demografik yapēsē gibi bir dizi faktºr bu etkiyi ĸekillendirebilir. 

Politika yapēcēlar, yaĸlē n¿fusun artēĸēyla baĸa ­ēkmak ve s¿rd¿r¿lebilir bir toplum oluĸturmak i­in uygun stratejiler 

geliĸtirmelidir. 

Anahtar kelimeler: Yaĸlē n¿fus, Saĵlēk harcamalarē, Ekonomik b¿y¿me, Westerlund Eĸb¿t¿nleĸme, Nedensellik  
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Bu ­alēĸmanēn amacē, saĵlēk gºstergeleri altēnda yer alan saĵlēk arz ve talebinin saĵlēk sonu­larē ¿zerindeki etkisini 

belirlemektir. Belirlenen ama­ ­er­evesinde ­alēĸmada, beĸ baĵēmlē (hastane sayēsē, hekim sayēsē, yatak sayēsē, 

birinci basamak m¿racaat sayēsē, ikinci ve ¿­¿nc¿ basamak m¿racaat sayēsē) ve iki baĵēmsēz (ºl¿m oranē, taburcu 

olan hasta sayēsē) deĵiĸken yer almaktadēr. Araĸtērma deĵiĸkenlerine iliĸkin veriler, 2012-2020 periyodu gºz ºn¿nde 

bulundurularak SPSS ve AMOS paket programlarē yardēmēyla test edilmiĸtir. Tasarlanan yapēsal eĸitlik modeli 

aracēlēĵēyla verilerinin test edilmesinde yol analizi kullanēlmēĸtēr. Araĸtērma sonu­larēna gºre hekim sayēsē ile ºl¿m 

oranē (0,33) ve taburcu olan hasta sayēsē arasēnda olumlu (3,74) bir iliĸki bulunmaktadēr. Ayrēca birinci basamak 

m¿racaat sayēsē ile ºl¿m oranē arasēnda olumsuz (-0,48); taburcu olan hasta sayēsē ile de olumlu (0,61) bir iliĸki 

olduĵu sonucuna ulaĸēlmēĸtēr. Yatak sayēsē ile ºl¿m oranē arasēnda olumsuz (-0,04); hastane sayēsē ile taburcu olan 

hasta sayēsē arasēnda olumsuz (-0,03); ikinci ve ¿­¿nc¿ basamak m¿racaat sayēsē ile ºl¿m oranē arasēnda da olumlu 

(0,45) bir iliĸki olduĵu elde edilen diĵer sonu­lar arasēndadēr.. 

Key words: Saĵlēk Arzē, Saĵlēk Talebi, Saĵlēk Hizmetleri, Saĵlēk Ekonomisi 

 

Abstract 

 
The aim of this study is to determine the impact of health supply and demand that under health indicators on health 

outcomes. Within the framework of the determined purpose, the study includes five dependent (number of hospitals, 

number of physicians, number of beds, number of primary care applications, number of secondary and tertiary care 

applications) and two independent variables (mortality rate, number of discharged patients). The research data was 

tested with the help of SPSS and AMOS package programs, by taking into consideration the period 2012-2020. Path 

analysis was used to test the data with the designed structural equation model. According to the research results, 

the number of physicians has a positive relationship with the mortality rate (0,33) and the number of discharged 

patients (3,74). In addition, the number of primary care visits had a negative relationship with the mortality rate (- 

0,48), while it had a positive relationship with the number of patients discharged (0,61). Other results obtained 

include a negative relationship between the number of beds and the mortality rate (-0,04), a negative relationship 

between the number of hospitals and the number of discharged patients (-0,03) and a positive (0,45) relationship 

between the number of applications to secondary and tertiary care and the mortality rate. 

 

Key words: Health Supply, Health Demand, Health Services, Health Economics 
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GĶRĶķ 

 

Saĵlēk hizmetleri, ihtiya­ zamanēnēn belirsizliĵi, arz ve talebinin eĸzamanlē ger­ekleĸmesi ve ikamesinin 

bulunmamasē gibi nedenlerden hareketle diĵer hizmet t¿rlerinden farklēlēk gºstermektedir. Bu doĵrultuda saĵlēk 

hizmetlerinin arz ve talep s¿reci, hasta ve doktor arasēndaki iletiĸim doĵrultusunda tasarlanmakta ve her hastaya 

gereksinimleri doĵrultusunda farklē bir hizmet t¿r¿ sunulmaktadēr. Bu hizmet s¿recinde bir­ok faktºr rol oynamakta 

ve saĵlēk sonu­larē ¿zerinde etki oluĸturmaktadēr. 

 

Saĵlēk gºstergeleri olarak da ifade edilen bu faktºrler, saĵlēk hizmet s¿recini ve hizmet sonrasēnē etkilemektedir. Bu 

etki, arz ve talebin orta noktada buluĸma durumuna gºre olumlu ve olumsuz sonu­lar doĵurmaktadēr. Bu baĵlamda 

saĵlēk gºstergelerine iliĸkin ­eĸitli ­alēĸmalar yapēlmak suretiyle saĵlēk hizmet s¿re­leri ve sonu­larē hakkēnda 

iyileĸmeler elde edilmeye ­alēĸēlmaktadēr. 

 

Saĵlēk gºstergelerinin saĵlēk sonu­larē ¿zerindeki etkisine iliĸkin literat¿rde bir­ok ­alēĸma bulunmaktadēr. Bu 

­alēĸmalar genel olarak, saĵlēk kurumlarē, saĵlēk personelleri, saĵlēk harcamalarē gibi faktºrlere iliĸkin gºstergelerin 

gerek istatistiksel gerekse de ekonometrik yºntemler ile analiz edildiĵi ­alēĸmalar ĸeklindedir. Bu ­er­evede saĵlēk 

arz ve talep unsurlarē kapsamēnda deĵerlendirilebilecek ­alēĸmalar da yer almaktadēr. Fakat saĵlēk arz ve talebi 

doĵrultusunda deĵerlendirilen gºstergelerin yapēsal eĸitlik modeli ile test edildiĵi bir ­alēĸmaya literat¿rde 

rastlanēlamamēĸtēr. Bu durum ­alēĸmanēn ºzg¿n yºn¿ne iĸaret etmektedir. 

 

Yukarēda yapēlan deĵerlendirme doĵrultusunda ­alēĸmada, saĵlēk arz ve talebi kategorisinde yer alan deĵiĸkenlerin 

saĵlēk sonu­larē ¿zerindeki etkisini belirlemek ama­lanmaktadēr. Belirlenen ama­ ­er­evesinde elde edilecek 

sonu­lardan hareketle saĵlēk hizmetlerine yºnelik ºnerilerde bulunmak ­alēĸmanēn hedefleri arasēndadēr. 

 

SAĴLIK HĶZMETLERĶNDE ARZ VE TALEP KAVRAMI  

 
Saĵlēk personeli olarak deĵerlendirilebilen hekim, hemĸire ve diĵer saĵlēk ­alēĸanlarē saĵlēk hizmetleri arzēnē 

oluĸturmaktadēr (Durmaz ve Erdem, 2017: 581-582). Saĵlēk hizmetlerinin arzē, ­oĵunlukla hizmetler ve piyasanēn 

nitelikleri nedeniyle diĵer mal ile hizmetlerden farklēlēk gºstermektedir. Saĵlēk hizmetlerinde arz kavramē, saĵlēk 

kurum ve kuruluĸlarēnca ¿retilen saĵlēk hizmetlerinin tamamē olarak tanēmlanabilir. Ayrēca tēbbi sarf, tēbbi cihaz ve 

ila­larēn ¿retilmesi de saĵlēk hizmetleri arzē altēnda yer almaktadēr. Saĵlēk hizmetlerinin arzē, ¿lkelerin saĵlēk 

sistemleri yapēsē, finansman yºntem se­imleri ve uygulamada olan kamu politikalarēna baĵlē ĸekilde 

oluĸturulmaktadēr. Saĵlēk hizmetleri piyasasēnda kamu, sadece ¿retici olarak yer alabildiĵi gibi denetleyici ve 

d¿zenleyici olarak da bulunabilmektedir (B¿y¿kĸirin,2018: 9). Saĵlēk hizmetlerinde arzēn yapēsē ve kamu tarafēndan 

sunulma durumu, taleplerin ĸekillenmesinde rol oynamaktadēr. 

 

Talep kavramē, satēn alma g¿c¿ ile desteklenen bir istek olarak tanēmlanabilir. Fakat ekonomistlere gºre sºz konusu 

unsur saĵlēk hizmetleri talebi olduĵunda, bu istek ge­erli olmayabilmektedir. Saĵlēk hizmetleri talebine gereksinim 

duyan bireylerin, satēn alma g¿c¿n¿n bulunmamasē nedeniyle, hizmetin satēn alēnamamasē kendilerinin yanē sēra 

­evreleri a­ēsēndan da bir risk oluĸturmaktadēr. Ķfade edilen risk, bireyi ve dolayēsēyla toplumu doĵrudan 

ilgilendirdiĵi i­in kiĸilerin satēn alma g¿c¿ gºz ºn¿nde bulundurulmadan gereksinim duyulan saĵlēk hizmet talebinin 
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karĸēlanmasē gerekmektedir (¥zt¿rk Yaprak ve Ecevit, 2019: 1485). Saĵlēk hizmetlerinde ºnceden t¿retilmiĸ talep 

ya da talebin arza baĵlē ĸekilde ortaya ­ēkmasē durumu mevcuttur. Yani saĵlēk hizmetleri arzēnē sunan saĵlēk 

personelleri, bireylerin ilerleyen s¿re­te oluĸacak saĵlēk taleplerinin ĸekillenmesinde rol oynamaktadēr (B¿y¿kĸirin, 

2018: 11). Saĵlēk hizmetlerinde arz ve talebin ortak amacē, kiĸilerin saĵlēklē olmalarēnē saĵlama, mevcut saĵlēk 

durumlarēnē koruma ve bireyin saĵlēk durumunun koruyup geliĸtirilmesi yoluyla toplumu saĵlēklē kēlmadēr (Sargutan, 

2005: 403). 

 

LĶTERAT¦R TARAMASI 

 
Saĵlēk gºstergeleri kapsamēnda yer alan arz ve talep kavramlarē a­ēklandēktan sonra bu hususta literat¿rde yapēlmēĸ 

­alēĸmalara deĵinmek araĸtērma konusunun b¿t¿nl¿ĵ¿ a­ēsēndan ºnem arz etmektedir. 

 

Ersºz (2008) tarafēndan T¿rkiye ile OECD ¿lkelerinin saĵlēk d¿zeyleri ve saĵlēk harcamalarē ­ok boyutlu ºl­ekleme 

analizi yardēmēyla test edilmiĸtir. Araĸtērma sonu­larēna gºre T¿rkiyeônin Kore Cumhuriyeti, Meksika, Polonya ve 

Slovak Cumhuriyeti ile benzerlik, Avusturya, Almanya ve Norve­ ile farklēlēk gºsterdiĵi belirlenmiĸtir. 

 

T¿yl¿oĵlu ve Tekin (2009) tarafēndan gelir d¿zeyi ve saĵlēk harcamalarēnēn beklenen yaĸam s¿resi ve bebek ºl¿m 

oranē ¿zerindeki etkileri ­oklu regresyon analizi yardēmēyla test edilmiĸtir. Araĸtērmada saĵlēk harcamalarēnēn gelir 

d¿zeyine baĵlē olarak beklenen yaĸam s¿resi ve bebek ºl¿m oranē ¿zerinde etki oluĸturduĵu sonucuna ulaĸēlmēĸtēr. 

 

Yumuĸak ve Yēldērēm (2009) tarafēndan saĵlēk harcamalarē iktisadi b¿y¿me iliĸkisi ADF testi yardēmēyla analiz 

edilmiĸtir. Araĸtērma sonu­larēna gºre saĵlēk harcamalarē ve doĵuĸta yaĸam beklentisinden hasēlaya yºnelik bir 

nedensellik bulunmaktadēr. 

 

Nesanēr ve Erkman (2010) tarafēndan Kahramanmaraĸ aile saĵlēk merkezlerinde ­alēĸan saĵlēk personellerinin saĵlēk 

ocaklarē ve aile hekimliĵi sistemini deĵerlendirmelerine yºnelik karĸēlaĸtērmalē bir araĸtērma yapēlmēĸtēr. 

Katēlēmcēlarēn ­oĵunluĵunun aile saĵlēĵē merkezlerinde ­alēĸmaktan memnun olmasēnēn yanē sēra koruyucu saĵlēk 

hizmetlerinde aile hekimliĵi sisteminin eski sisteme kēyasla daha uygun olduĵu sonucuna ulaĸēlmēĸtēr. 

 

Ay ve diĵerleri (2013) tarafēndan saĵlēk gºstergeleri ile ekonomik b¿y¿me arasēndaki iliĸki araĸtērēlmēĸtēr. 

Araĸtērmada deĵerlendirilen saĵlēk gºstergelerinin ­oĵunluĵu ile ekonomik b¿y¿me arasēnda bir iliĸki olduĵu 

sonucuna ulaĸēlmēĸtēr. 

 

Gediz Oral ve Sayēn (2013) tarafēndan saĵlēk gºstergeleri kullanēlarak Manisaônēn saĵlēk stat¿s¿ araĸtērēlmēĸtēr. 

Araĸtērma sonu­larēna gºre Manisa, bºlgede en fazla hasta yataĵē bulunan ve yēllara baĵlē olarak en fazla saĵlēk 

personelinin istihdam edildiĵi il konumundadēr. Ayrēca uzman hekim ve pratisyen hekim baĸēna d¿ĸen n¿fus 

a­ēsēndan deĵerlendirildiĵinde ise Manisaônēn sadece bºlge deĵil aynē zamanda T¿rkiye a­ēsēndan da ortalamanēn 

¿zerinde olduĵu elde edilen sonu­lar arasēndadēr. 

 

Akar (2014) tarafēndan T¿rkiyeôde saĵlēk harcamalarē, saĵlēk harcamalarēnēn nisbi fiyatē ve ekonomik b¿y¿me 

arasēndaki iliĸki araĸtērēlmēĸtēr. Elde edilen sonu­lara gºre, saĵlēk harcamalarē ve harcamalara iliĸkin nispi fiyat ile 

ekonomik b¿y¿me deĵiĸkenleri arasēnda uzun dºnemli bir iliĸki bulunmaktadēr. ¥te yandan kēsa dºnemde sºz 

konusu iliĸkinin bulunmadēĵē ise elde edilen diĵer sonu­lar arasēndadēr. 
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Daĸtan ve ¢etinkaya (2015) tarafēndan OECD ¿lkeleri ile T¿rkiyeônin saĵlēk sistemleri, saĵlēk harcamalarē ve saĵlēk 

gºstergeleri karĸēlaĸtērēlmēĸtēr. Araĸtērma sonu­larēna gºre kiĸi baĸē saĵlēk harcamalarē ile bu harcamalarēn 

GSYĶHôdaki oranlarē bakēmēndan OECD ¿lkelerinde son 30 yēlda ºnemli artēĸlar bulunmaktadēr. Ayrēca farklē saĵlēk 

sistemleri doĵrultusunda saĵlēk harcamalarēnda farklēlēklar bulunsa da, bu farklēlēklarēn saĵlēk gºstergeleri ile saĵlēk 

sistemlerinin baĸarēsē ya da verimliliĵi ile doĵrudan bir iliĸki i­erisinde olmadēĵē belirlenmiĸtir. 

 

Sonĵur (2016) tarafēndan OECD ¿lkelerinde saĵlēk gºstergeleri k¿meleme analizi yardēmēyla test edilmiĸtir. Analiz 

sonu­larēna gºre T¿rkiyeônin saĵlēk gºstergeleri ile ķili, Ķsrail ve Meksika arasēnda benzerlikler bulunduĵu 

belirlenmiĸtir. ¥te yandan T¿rkiyeônin benzerliĵi bulunan ¿lkeler ile saĵlēk finansmanē bakēmēndan da benzer grupta 

yer aldēĵē sonucuna ulaĸēlmēĸtēr. 

 

G¿lery¿z ve Kºse (2017) tarafēndan T¿rkiyeôde iĸsizlik ve saĵlēk gºstergeleri panel veri analizi yardēmēyla test 

edilmiĸtir. Elde edilen sonu­lara gºre, iĸsizlik oranē ile yaĸam beklentisi arasēnda olumsuz ve konjonkt¿r yanlēsē, 

iĸsizlik oranē ile bebek ºl¿m, kaba ºl¿m ve doĵum oranē arasēnda ise olumlu ve konjonkt¿r karĸētē bir iliĸki olduĵu 

belirlenmiĸtir. Ayrēca yapēlan zaman serisi analizine gºre iĸsizlik oranē ile bebek ºl¿m, doĵum oranēyla ekonomik 

nedenlere baĵlē intihar sayēsē arasēnda olumlu ve konjonkt¿r karĸētē iliĸki olduĵu sonucuna ulaĸēlmēĸtēr. 

 

Mut ve Aky¿rek (2017) tarafēndan OECD ¿lkeleri k¿meleme analizi yardēmēyla sēnēflandērēlmēĸtēr. Araĸtērma 

sonu­larēna gºre T¿rkiyeônin saĵlēk gºstergelerine baĵlē olarak ķili ve Meksika ile aynē k¿mede bulunduĵu tespit 

edilmiĸtir. T¿rkiyeônin bulunduĵu k¿me doĵumda beklenen yaĸam yēlē ortalamasē a­ēsēndan en d¿ĸ¿k, bebek ºl¿m 

hēzē ortalamasē bakēmēndan ise en y¿ksek k¿me konumunda yer almaktadēr. 

 

Sayēlē ve diĵerleri (2017) tarafēndan T¿rkiye ile OECD ¿lkeleri saĵlēk gºstergeleri ve saĵlēk harcamalarē bakēmēndan 

karĸēlaĸtērēlmēĸtēr. Araĸtērma sonu­larēna gºre T¿rkiye, kadēn ve erkek yaĸam yēlē beklentisi a­ēsēndan d¿ĸ¿k 

seviyede, anne ºl¿m hēzē, beĸ yaĸ altē ºl¿m hēzē ve neonatal ºl¿m hēzē bakēmēndan ise y¿ksek seviyede anlamlē 

farklēlēĵa sahip olduĵu tespit edilmiĸtir. ¥te yandan saĵlēk harcamalarē konusunda T¿rkiye b¿t­edeki pay a­ēsēndan 

en d¿ĸ¿k, hastane, yatak ve saĵlēk personeli bakēmēndan da d¿ĸ¿k seviyede yer almaktadēr. Bununla birlikte tespit 

edilen sonu­lar istatistiksel a­ēdan anlamlēdēr. 

 

ķahin (2017) tarafēndan saĵlēk gºstergeleri gºz ºn¿nde bulundurularak T¿rkiyeônin Avrupa Birliĵi ¿lkeleri 

arasēndaki yeri analiz edilmiĸtir. 2000-2014 yēllarē gºz ºn¿nde bulundurularak yapēlan araĸtērma sonu­larēna gºre 

T¿rkiye, Slovakya, Letonya, Estonya, Polonya, Hērvatistan, Romanya, Bulgaristan, Litvanya, ¢ek Cumhuriyeti ve 

Macaristan ile aynē k¿mede yer almaktadēr. 

 

Bilir  ve Gºkdemir (2018) tarafēndan bireylerin yaĸam beklentisi, kalkēnma gºstergeleri doĵrultusunda incelenmiĸtir. 

Yapēsal eĸitlik modeli kullanēlarak yapēlan analiz sonu­larēna gºre, tasarruf, sabit sermaye yatērēmlarē, ekonomik 

b¿y¿me ve doktor baĸēna d¿ĸen n¿fusun yaĸam beklentisi ¿zerinde ºnemli bir etken olduĵu tespit edilmiĸtir. 

 

T¿rkoĵlu (2018) tarafēndan Avrupa ¿lkelerinde saĵlēk gºstergeleri TOPSĶS yºntemiyle deĵerlendirilmiĸtir. 2010- 

2014 dºnemi gºz ºn¿nde bulundurularak yapēlan ­alēĸma sonu­larēna gºre saĵlēk gºstergeleri a­ēsēndan T¿rkiye, 

Sērbistan ve Letonya ile birlikte son sēralarda yer almaktadēr. 
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Iĸēk ve Karaman (2019) tarafēndan T¿rkiye ve ķanhay Ķĸbirliĵi ¥rg¿t¿ ¦ye ¦lkeleri, saĵlēk harcamalarē ve saĵlēk 

gºstergeleri bakēmēndan araĸtērēlmēĸtēr. Elde edilen sonu­lara gºre T¿rkiyeôde kiĸi baĸē saĵlēk harcamalarē, 

araĸtērmada yer alan ¿lkelerin tamamēndan daha y¿ksektir. Doĵumda beklenen yaĸam s¿resi a­ēsēndan ise T¿rkiye, 

¢inôden sonra ikinci sēradadēr. Ayrēca bebek ºl¿m hēzē bakēmēndan deĵerlendirildiĵinde T¿rkiyeônin Rusya, ¢in ve 

Kazakistanôdan sonra en d¿ĸ¿k deĵere sahip olduĵu elde edilen diĵer sonu­lar arasēndadēr. 

 

ķener ve diĵerleri (2019) tarafēndan saĵlēk gºstergeleri yapēsal eĸitlik modeli yardēmēyla test edilmiĸtir. Araĸtērma 

sonu­larēna gºre saĵlēk harcamalarē yaĸam s¿resini olumlu etkilerken, bebek ºl¿m oranēnē olumsuz etkilemektedir. 

Ayrēca hekim sayēsēnēn saĵlēk harcamalarēnē olumlu etkilediĵi tespit edilen diĵer sonu­lar arasēndadēr. 

 

Deĵirmenci ve Yakēcē Akan (2020) tarafēndan OECD ¿lkeleri saĵlēk gºstergeleri a­ēsēndan deĵerlendirilmiĸtir. 

K¿meleme analizi sonucuna gºre T¿rkiyeônin Meksika, Kore ve Polonya ile aynē k¿mede yer aldēĵē tespit edilmiĸtir. 

Ayrēca kiĸi baĸē yatak sayēsē a­ēsēndan T¿rkiyeônin saĵlēk kaynaklarēnēn yetersiz olduĵu sonucuna ulaĸēlmēĸtēr. 

 

Saygēn ve Kundak­ē (2020) tarafēndan OECD ¿lkeleri saĵlēk gºstergeleri bakēmēndan ARAS ve EDAS yºntemleri 

kullanēlarak deĵerlendirilmiĸtir. Araĸtērma sonu­larēna gºre belirlenen saĵlēk gºstergeleri a­ēsēndan T¿rkiye, OECD 

¿lkeleri i­erisinde alt sēralarda yer almaktadēr. 

 

Saygēn ve Kundak­ē (2020a) tarafēndan OECD ¿lkeleri saĵlēk gºstergeleri a­ēsēndan karĸēlaĸtērēlmēĸtēr. WASPAS ve 

CODAS yºntemi kullanēlarak yapēlan ­alēĸmanēn sonu­larēna gºre T¿rkiye, Ķsrail, Meksika ve ķili ile aynē sēradadēr. 

¥te yandan beklenen yaĸam s¿resi a­ēsēndan T¿rkiye, Polonya ve Meksika ile aynē sēralamada yer alarak OECD 

¿lke ortalamasēnēn altēndadēr. Saĵlēk harcamalarēna ayrēlan pay a­ēsēndan ise T¿rkiye son sēralardadēr. 

 

Tekin (2020) tarafēndan pandemi dºneminde saĵlēk ve finansal gºstergeler bakēmēndan ¿lkeler sēnēflandērēlmēĸtēr. 

Araĸtērma sonu­larēna gºre T¿rkiyeôde iyileĸen hasta sayēsē oranēnēn en y¿ksek, bir milyon kiĸi baĸēna ºl¿m oranēnēn 

en az olduĵu belirlenmiĸtir. Geliĸmekte olan ¿lkeler grubunda bulunan T¿rkiye, ¢in, Meksika, Kolombiya ve 

Hindistan arasēnda saĵlēk harcamasēnda ilk, hemĸire sayēsēnda ¿­¿nc¿ ve doktor sayēsēnda ise dºrd¿nc¿ sērada olduĵu 

tespit edilmiĸtir. 

 

Alkaya ve Alkēĸ (2021) tarafēndan OECD ¿lkeleri saĵlēk gºstergelerine gºre sēnēflandērēlmēĸtēr. Araĸtērma 

sonu­larēna gºre T¿rkiye, saĵlēklē yaĸam beklentisi, saĵlēk personelleri sayēsē, saĵlēk harcamasē, yeni doĵan ºl¿m 

oranē ve yaĸam boyu anne ºl¿m riski a­ēsēndan geliĸmiĸ ¿lkelerle karĸēlaĸtērēldēĵēnda yetersiz seviyedir. 

 

METODOLOJĶ 

 
Yapēsal eĸitlik modeli, deĵiĸkenler arasēndaki iliĸkiyi a­ēklamasēnēn yanē sēra modellerin bir b¿t¿n olarak da test 

edilebilmesine imk©n tanēyan istatistiksel bir yºntem olarak ifade edilebilir (Alkēĸ, 2016). Bununla birlikte gºzlenen 

ve gizil deĵiĸkenler arasēndaki iliĸkilerin analizinde yapēsal eĸitlik modeli kapsamlē bir yºntem olarak 

deĵerlendirilmektedir (Bilir  ve Gºkdemir, 2018). ¥te yandan hipotezlerin test edilmesinde ve deĵiĸkenler arasēndaki 

iliĸkinin analiz edilmesinde de yapēsal eĸitlik modeli bir yºntem olarak kullanēlmaktadēr (ķener vd., 2019: 270). Bu 

baĵlamda yapēsal eĸitlik modeli, birden fazla baĵēmlē ve baĵēmsēz deĵiĸkenler arasēndaki iliĸkinin incelenebilmesine 

olanak saĵlamaktadēr. Ayrēca yapēsal eĸitlik modeli, kapsamēnda bir deĵiĸkeni hem baĵēmlē hem de baĵēmsēz 

deĵiĸken olarak test edebilmeye de olanak tanēmaktadēr (Aslan, 2018). 
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¢alēĸmanēn amacē saĵlēk arz ve talebinin saĵlēk sonu­larē ¿zerindeki etkisini belirlemektir. Deĵiĸkenler arasēndaki 

etki durumu, SPSS 25.0 ve AMOS 24 paket programlarē kullanēlarak yapēsal eĸitlik modeli yardēmēyla test edilmiĸtir. 

2012-2020 periyodunda yer alan araĸtērma verileri, óSaĵlēk Ķstatistikleri Yēllēĵēô ve óOECD Saĵlēk Ķstatistikleriô veri 

tabanēndan alēnmēĸtēr. Araĸtērmanēn amacē ­er­evesinde tasarlanan yapēsal eĸitlik modelinde deĵiĸkenler, yol analizi 

aracēlēĵēyla test edilmiĸtir. Araĸtērma modeli ķekil 1ôde yer almaktadēr. 

 

 

 
 

ķekil 1. Deĵiĸkenlerin Yapēsal Eĸitlik Modeli 

Araĸtērmanēn baĵēmlē deĵiĸkenleri, hekim sayēsē, yatak sayēsē, hastane sayēsē, birinci basamak m¿racaat 

sayēsē, ikinci ve ¿­¿nc¿ basamak m¿racaat sayēsē; baĵēmsēz deĵiĸkenleri ise ºl¿m oranē ve taburcu olan 

hasta sayēsēdēr. Bu doĵrultuda tasarlanan model ile deĵiĸkenlerin etki durumlarē deĵerlendirilmiĸtir. 

Araĸtērmanēn hipotezleri ĸu ĸekildedir; 

¶ H1: Hekim sayēsē ile ºl¿m oranē arasēnda anlamlē bir iliĸki vardēr. 

¶ H2: Yatak sayēsē ile ºl¿m oranē arasēnda anlamlē bir iliĸki vardēr. 

¶ H3: Birinci basamak m¿racaat sayēsē ile ºl¿m oranē arasēnda anlamlē bir iliĸki vardēr. 

¶ H4: Ķkinci ve ¿­¿nc¿ basamak m¿racaat sayēsē ile ºl¿m oranē arasēnda anlamlē bir iliĸki vardēr. 

¶ H5: Hekim sayēsē ile taburcu olan hasta sayēsē arasēnda anlamlē bir iliĸki vardēr. 

¶ H6: Hastane sayēsē ile taburcu olan hasta sayēsē arasēnda anlamlē bir iliĸki vardēr. 

¶ H7: Birinci basamak m¿racaat sayēsē ile taburcu olan hasta sayēsē arasēnda anlamlē bir iliĸki vardēr. 

Araĸtērma deĵiĸkenlerinin etki durumlarē yapēsal eĸitlik modeli yardēmēyla test edilmiĸtir. Modele iliĸkin 

uyum iyiliĵi deĵerleri Tablo 1ôde sunulmuĸtur. 
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Tablo 1. Uyum Ķyiliĵi Deĵerleri 

 

 

Uyum 

Ķndeksleri 

 

En Ķyi Uyum 

Deĵerleri 

 

Kabul Edilebilir Uyum 

Deĵerleri 

 
Modelin Uyum Deĵerleri 

x2/sd 

 

Ò 3 
 

Ò 4-5 

 

4,4 

RMSEA Ò 0,05 0,06-0,08 0,06 

NFI  0,95 Ò NFI Ò 1 0,90 Ò NFI Ò 0,95 0,95 

CFI  0,95 Ò CFI Ò 1 0,90 Ò CFI Ò 0,95 0,95 

Kaynak: Schermelleh-Engel vd., 2003; Tor-Kadēoĵlu, 2021:68. 

Modelin uyum iyiliĵi deĵerleri incelendiĵinde; x2/sd deĵerinin 4,4; RMSEA deĵerinin 0,06; NFI deĵerinin 0,95; 

CFI deĵerinin 0,95 olmasēndan hareketle modelin kabul edilebilir bir uyum aralēĵēnda olduĵu ifade edilebilir. Modele 

iliĸkin yol analizi sonu­larē ķekil 2ôde hipotez sonu­larē Tablo 2ôde yer almaktadēr. 

 

 
ķekil 2. Yapēsal Eĸitlik Modeli Yol Analizi Sonu­larē 

Tablo 2. Modelin Hipotez Sonu­larē 
 

Hipotezler Yollar  
Yol 

katsayēsē 
P 

H1 Hekim => ¥l¿m 0,33 0,794 

H2 Yatak => ¥l¿m -0,04 0,971 
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H3 Birinci Basamak M¿racaat => ¥l¿m -0,48 0,012 

H4 Ķkinci ve ¦­¿nc¿ Basamak M¿racaat => ¥l¿m 0,45 0,003 

H5 Hekim => Taburcu Olan Hasta 3,74 0,003 

H6 Hastane => Taburcu Olan Hasta -0,03 0,889 

H7 Birinci Basamak M¿racaat => Taburcu Olan Hasta 0,61 0,001 

 

Analiz sonu­larēna gºre hekim sayēsē ile ºl¿m oranē (0,33) ve taburcu olan hasta sayēsē (3,74) arasēnda olumlu bir 

iliĸki bulunmaktadēr. Birinci basamak m¿racaat sayēsē ile ºl¿m oranē arasēnda olumsuz (-0,48); taburcu olan hasta 

sayēsē ile de olumlu (0,61) bir iliĸki olduĵu sonucuna ulaĸēlmēĸtēr. Ayrēca yatak sayēsē ile ºl¿m oranē (-0,04) ve 

hastane sayēsē ile taburcu olan hasta sayēsē (-0,03) arasēnda da olumsuz bir iliĸki olduĵu tespit edilmiĸtir. ¥te yandan 

ikinci ve ¿­¿nc¿ basamak m¿racaat sayēsē ile ºl¿m oranē arasēnda olumlu (0,45) bir iliĸki olduĵu elde edilen diĵer 

sonu­lar arasēndadēr. Belirlenen sonu­lardan birinci basamak m¿racaat sayēsē ile ºl¿m oranē (0,012 Ò0,05) ve taburcu 

olan hasta sayēsē (0,001 Ò0,05); ikinci ve ¿­¿nc¿ basamak m¿racaat sayēsē ile ºl¿m oranē (0,003 Ò0,05); hekim sayēsē 

ile taburcu olan hasta sayēsē deĵiĸkenleri (0,003 Ò0,05) arasēnda bulunan iliĸkilerin istatistiksel a­ēdan anlamlē olduĵu 

sonucuna ulaĸēlmēĸtēr. 

SONU¢ VE ¥NERĶLER 

Saĵlēk arz ve talebe iliĸkin faktºrlerin saĵlēklē olma hali ¿zerinde etkisi olduĵu bilinen bir ger­ektir. Saĵlēk arzlarē 

konusunda saĵlēk hizmetlerinin sunulduĵu kurum ve kuruluĸlarēn ekipmanlar bakēmēndan eksiksiz, hizmetler 

a­ēsēndan ise iĸlevsel olmasē ºnem arz etmektedir. ¥te yandan saĵlēĵa yºnelik taleplerin doĵru zamanda doĵru kiĸi 

ya da kuruma yºnelik yapēlmasē, saĵlēklē olma konusunda ºnemli rol oynamaktadēr. Bu ­er­evede saĵlēk arzēna 

yºnelik giriĸimler eksiksiz olsa dahi talep s¿reci doĵru ĸekilde yºnetilmediĵi zaman istenilen saĵlēk sonucuna 

ulaĸēlamamaktadēr. Saĵlēk hizmetlerinin talebinde bireylerin demografik ºzellikleri, yaĸadēklarē yer ve k¿lt¿r gibi 

unsurlarēnēn yanē sēra saĵlēĵēn tanēmē ve saĵlēk okuryazarlēk seviyeleri de etki oluĸturmaktadēr. Bu baĵlamda 

­alēĸmanēn amacē, saĵlēk arz ve talep unsurlarēnēn saĵlēk sonu­larē ¿zerindeki etkisini belirlemek ve sºz konusu etkiyi 

­eĸitli a­ēlardan deĵerlendirebilmektir. 

Analiz sonu­larēna gºre hekim sayēsē ile ºl¿m oranē arasēnda olumlu (0,33) bir iliĸki bulunmaktadēr. Yani hekim 

sayēsē arttēk­a ºl¿m oranē azalmaktadēr. Fakat ulaĸēlan sonu­, istatistiksel a­ēdan anlamlē deĵildir (0,794Ó0,05). 

Saĵlēk hizmet s¿recinde en ºnemli rol ĸ¿phesiz hekimlere aittir. Teĸhis ve tedavi s¿recinin belirlenip yºnlendirilmesi 

konusunda hekimlerin rol¿ yadsēnamaz derecede b¿y¿kt¿r. Bu baĵlamda hekimlerin gerek tedavi s¿recini gerekse 

de saĵlēk personellerini yºnlendirmesi bakēmēndan ºl¿m oranē ¿zerinde olumlu bir etkisi olmasē beklenilen bir 

durumdur. Ulaĸēlan sonu­, bu beklentiyi destekler nitelikte olmasēna raĵmen istatistiksel a­ēdan anlamlē deĵildir. 

Tespit edilen sonu­tan hareketle, ñH1: Hekim sayēsē ile ºl¿m oranē arasēnda anlamlē bir iliĸki vardēr.ò hipotezi 

reddedilmiĸtir. 

Yatak sayēsē ile ºl¿m oranē arasēnda olumsuz (-0,04) bir iliĸki bulunduĵu sonucuna ulaĸēlmēĸtēr. Baĸka bir ifade ile 

yatak sayēsēnēn artēĸē ºl¿m oranēnē artērmaktadēr. Ancak tespit edilen bu sonu­, istatistiksel a­ēdan anlamlē deĵildir 
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(0,971Ó0,05). Araĸtērmada ulaĸēlan sonu­, beklentilerin aksini ifade etmektedir. Yatak sayēsē artēĸē ile daha iyi  saĵlēk 

sonu­larēna ulaĸēlacaĵē, kiĸilerin saĵlēĵēn tanēmē ve saĵlēk okuryazarlēĵē kavramlarē ile iliĸkili bir durumdur. Bu 

baĵlamda ­ok fazla sayēda yataĵa sahip olmak, bazē yetkililerce daha iyi  bir saĵlēk hizmeti sunulabileceĵine yºnelik 

bir anlam taĸērken, diĵer yetkililere gºre bu durum, zaman ve maliyet israfē olarak deĵerlendirilebilmektedir. 

Dolayēsēyla yatak sayēsē ile ºl¿m oranē arasēndaki iliĸki durumu, deĵerlendirmeyi yapan kiĸilerin saĵlēk algēlarēna 

gºre ĸekillenebilmektedir. ¢alēĸmada ulaĸēlan sonu­tan hareketle yatak sayēsēnēn ºl¿m oranē ¿zerinde olumlu bir 

etkisi olmadēĵē sºylenebilir. Dolayēsēyla daha fazla yataĵa sahip olmanēn iyi bir saĵlēk hizmeti sonucunu 

oluĸturmadēĵē, aksine ­alēĸmada ulaĸēlan sonucun fazla yatak sayēsēnēn zaman ve maliyet israfēna neden olduĵu 

d¿ĸ¿ncesini destekler nitelikte olduĵu ifade edilebilir. Belirlenen sonu­tan hareketle araĸtērmanēn hipotezlerinden 

olan ñH2: Yatak sayēsē ile ºl¿m oranē arasēnda anlamlē bir iliĸki vardēr.ò hipotezi reddedilmiĸtir. 

Birinci basamak m¿racaat sayēsē ile ºl¿m oranē arasēnda olumsuz (-0,48); taburcu olan hasta sayēsē arasēnda olumlu 

(0,61) bir iliĸki olduĵu belirlenmiĸtir. Ayrēca ulaĸēlan sonu­lar, istatistiksel a­ēdan anlamlēdēr (0,012Ò0,05; 

0,001Ò0,05). Birinci basamak saĵlēk hizmetleri, hastalarēn mevcut saĵlēk durumlarēnē koruma ve hastalēklarēnē erken 

teĸhis etme konusunda ºnemli rol oynamaktadēr. Bu kapsamda óSaĵlēkta Dºn¿ĸ¿m Programēô ile T¿rkiyeôde saĵlēk 

hizmetlerinin sunumu, sevk sistemi ĸeklinde sunulmaya baĸlamēĸtēr. Sevk sistemi doĵrultusunda birinci basamak 

saĵlēk hizmetlerine yºnelik aile hekimliĵi uygulamasē baĸlatēlmēĸtēr. Saĵlēĵēn korunmasē ve hastalarēn diĵer 

basamaklarda yer alan saĵlēk kurumlarēna yºnlendirilmesinde aile hekimlikleri aktif rol oynamaktadēr. Dolayēsēyla 

birinci basamak saĵlēk hizmetleri aracēlēĵēyla saĵlēĵēn korunmasē, geliĸtirilmesi, hastalēklarēn engellenebilmesi ve 

sonu­ olarak ºl¿m oranlarēnēn azalmasē beklenmektedir. Fakat ­alēĸmada ulaĸēlan sonu­ bu beklentiye ters 

d¿ĸmektedir. T¿rkiyeônin saĵlēk sisteminde birinci basamak saĵlēk hizmetlerine baĸvuru konusunda bir zorunluluk 

bulunmamaktadēr. Hastalar direk olarak ikinci ve ¿­¿nc¿ basamak saĵlēk hizmetlerine baĸvuru da yapabilmektedir. 

Bu durum zaman ve maliyet israfēnēn yanē sēra ger­ek hastalarēn randevu alabilmeleri ¿zerinde de olumsuz bir etki 

oluĸturmaktadēr. Dolayēsēyla birinci basamak m¿racaat sayēsē ile ºl¿m oranē arasēnda belirlenen olumsuz etki 

durumunun, birinci basamak saĵlēk hizmetlerine baĸvuruda bir zorunluluk bulunmamasē ile ilgili olabileceĵi 

d¿ĸ¿n¿lmektedir. Elde edilen sonu­lara baĵlē olarak araĸtērmanēn hipotezlerinden olan ñH3: Birinci basamak 

m¿racaat sayēsē ile ºl¿m oranē arasēnda anlamlē bir iliĸki vardēr.ò ve ñH7: Birinci basamak m¿racaat sayēsē ile taburcu 

olan hasta sayēsē arasēnda anlamlē bir iliĸki vardēr.ò hipotezleri kabul edilmiĸtir. 

Ķkinci ve ¿­¿nc¿ basamak m¿racaat sayēsē ile ºl¿m oranē arasēnda olumlu (0,45) ve anlamlē (0,003Ò0,05) bir iliĸki 

bulunmaktadēr. Baĸka bir ifade ile ikinci ve ¿­¿nc¿ basamak m¿racaat sayēsē arttēk­a ºl¿m oranē azalmaktadēr. 

Saĵlēkta Dºn¿ĸ¿m ile uygulamaya konulan sevk sistemi kapsamēnda saĵlēk hizmetlerinde ­eĸitli iyileĸmeler 

meydana gelmiĸtir. Bu ­er­evede ikinci ve ¿­¿nc¿ basamak saĵlēk hizmetlerinde personel, ekipman, teknoloji ve 

bilgi sistemleri gibi konularda geliĸmelere yºnelik adēmlar atēlmēĸ ve kaliteli saĵlēk hizmeti hedeflenmiĸtir. 

¢alēĸmada ikinci ve ¿­¿nc¿ basamak m¿racaat sayēsēnēn artmasē ile ºl¿m oranēnēn azalmasē, sºz konusu hedefi 

destekler niteliktedir. Ulaĸēlan sonu­tan hareketle ñH4: Ķkinci ve ¿­¿nc¿ basamak m¿racaat sayēsē ile ºl¿m oranē 

arasēnda anlamlē bir iliĸki vardēr.ò hipotezi kabul edilmiĸtir. 

Hekim baĸvurularēnda -saĵlēk hizmetlerine yºnelik taleplerin artēĸēnda- ºnemli rol oynamēĸtēr. Bu ­er­evede 

­alēĸmada, hekim sayēsē ile taburcu olan hasta sayēsē arasēnda olumlu (3,74) bir iliĸki olduĵu belirlenmiĸtir. Ayrēca 

tespit edilen iliĸki, istatistiksel a­ēdan anlamlēdēr (0,003Ò0,05). Teĸhis ve tedavi s¿recinin yºnetilmesi konusunda 

hekimlerin rol¿ yadsēnamaz derecede b¿y¿kt¿r. Hekimlerin ¿stlendikleri rol¿ aktif olarak yerine getirmeleri, 
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hastalarēn tedavisi ve iyileĸme s¿reci ¿zerinde olumlu bir etki oluĸturmaktadēr. ¥te yandan Saĵlēkta Dºn¿ĸ¿m 

Programē ile uygulamaya konulan óGenel Saĵlēk Sigortasēô aracēlēĵē ile saĵlēk hizmetlerine baĸvuru konusunda 

eĸitsizlikler giderilmiĸtir. Bu doĵrultuda herkes, sosyal g¿venceye sahip olarak saĵlēk hizmetlerinden ¿cretsiz ĸekilde 

faydalanabilmiĸtir. Belirlenen sonuca gºre ñH5: Hekim sayēsē ile taburcu olan hasta sayēsē arasēnda anlamlē bir iliĸki 

vardēr.ò hipotezi kabul edilmiĸtir. 

Hastane sayēsē ile taburcu olan hasta sayēsē arasēnda olumsuz (-0,03) bir iliĸki bulunmaktadēr. Ancak ulaĸēlan bu 

sonu­, istatistiksel a­ēdan anlamlē deĵildir (0,889Ó0,05). Yani hastane sayēsē arttēk­a taburcu olan hasta sayēsē 

azalmaktadēr. Saĵlēk hizmetlerinde hastane sayēlarēna yºnelik farklē gºr¿ĸler bulunmaktadēr. ¢ok fazla hastaneye 

sahip olmak ile daha iyi saĵlēk sonucuna ulaĸēlabileceĵine yºnelik gºr¿ĸlere karĸēn ­ok fazla sayēda hastanenin 

bulunmasē maliyet israfē olarak da deĵerlendirilebilmektedir. Bu durum yetkili kiĸilerin ósaĵlēk algēlarēô 

doĵrultusunda ĸekillenebilen bir durumdur. Bu durumun bireylerin fazla hastaneye sahip olunmasē ile daha iyi 

olabileceĵine yºnelik d¿ĸ¿ncesinden kaynaklanabileceĵi d¿ĸ¿n¿lmektedir. Nitekim elde edilen bulgu, bu d¿ĸ¿nceyi 

desteklemektedir. Belirlenen bu sonu­tan hareketle ñH6: Hastane sayēsē ile taburcu olan hasta sayēsē arasēnda anlamlē 

bir iliĸki vardēr.ò hipotezi reddedilmiĸtir. 

¢alēĸmada ulaĸēlan sonu­lardan hareketle ĸu ºnerilerde bulunulabilir; 
 

¶ Sevk sistemi hakkēnda bireylerin bilgi seviyeleri artērabilir. 

¶ Birinci basamak saĵlēk hizmetlerine baĸvuru konusunda zorunluluklar oluĸturulmak suretiyle daha etkili bir 

saĵlēk sonucuna ulaĸēlabilir. 

¶ Saĵlēk algē seviyesini belirlemeye yºnelik ­alēĸmalar ger­ekleĸtirilebilir, elde edilen sonu­lardan hareketle 

hedef kitleye ºzel saĵlēk politikalarē tasarlanabilir. 

¶ Tasarlanan saĵlēk strateji ve politikalarēnda toplumun saĵlēk okuryazarlēk seviyesi gºz ºn¿nde 

bulundurulabilir. 
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Abstract 

 

Financial inclusion has long been recognized as an important determinant of poverty reduction. Easy available 

financial services enable businesses to assess affordable financial products that will help them to produce goods 

and services to satisfy customersô wants raising a hot debate on the environmental impacts of financial inclusion in 

the research community. The discussion on the environmental outcomes of financial inclusion is even more critical 

considering its major role in reaching the targets of Sustainable Development Goals 7 and 17. Against this backdrop, 

this study collected the data for the six oil exporting countries (United Arab Emirates, Saudi Arabia, Russia, Kuwait, 

Canada, and the United States) in the time-period from 1995 to 2019 to evaluate whether financial inclusion aids in 

to environmental deterioration of the underlying sample of countries. Using the Method of Moments Quantile 

Regression, our study authenticates the presence of environmental Kuznets curve (EKC) phenomenon positing the 

positive association between human development index and environmental deterioration in the early stages of 

economic emancipation whereas higher levels of environmental emancipation are associated with ameliorated level 

of environmental quality divulging an inverted U-shape linkage amid these variables. Energy consumption is not 

found effective in reducing the environmental deterioration of the on-hand sample whereas information and 

communication technology (ICT) aids into environmental preservation. Lastly, our findings show that financial 

inclusion reduces the environmental deterioration of the six oil exporting countries via the channel of ICT. 

Key words: Environmental deterioration, Financial inclusion, Information and communication technology, 

Environmental Kuznets curve 
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Abstract 

 
 

On 6 February 2023, two devastating earthquakes struck T¿rkiye and Syria, causing catastrophic loss of life and 

damage in the region. T¿rkiye is an active earthquake zone, and strategies for an effective disaster management 

have vital importance in the geography. In this study, Google search trends are analyzed for the period after the 

disaster in the region. Breakout search queries in the first week of the disaster are analyzed and categorized by 

topic. ñGeneral earthquake knowledgeò, ñComparison with previous disastersò, ñSituational awarenessò, and 

ñCommunity disaster recoveryò are 4 topics identified in queries. Interest in the topics are examined for the first 

week period. Additionally, community disaster resilience is assessed using YouTube search trends in Hatay, the 

province that had the largest damage. YouTube is considered here as a tool to measure resilient individual 

behaviors. Signs of community resilience and recovery are identified in search trends by the end of February. Lastly, 

distribution of Disaster and Emergency Management Authority (AFAD)-related search terms are analyzed to figure 

out the functions fulfilled by the authority in the aftermath of the earthquake. Results of this study has future 

implications for disaster management in phases of preparedness, resilience and recovery. 

Key words: T¿rkiye-Syria Earthquake Sequence, Google Trends, YouTube, Disaster Management 
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Abstract 
 

There has been a great increase in environmental problems in the last century due to many reasons such as rapid 

population growth, unconscious and rapid consumption of natural resources and pollution. If measures are not 

taken against increasing environmental problems, it is impossible to leave a livable world to future generations. In 

order to ensure environmental sustainability and to propose solutions to environmental problems, individuals, 

institutions and organizations need to be conscious about resources and energy consumption. Improving individual 

and social environmental awareness can be possible by increasing the level of environmental awareness. In this 

study, it was aimed to determine the level of knowledge of the users of Tokat Gaziosmanpaĸa University Taĸlē­iftlik 

Campus about environmental problems and to reveal their preferences for behaviors such as recycling and the use 

of renewable energy sources, which are individual measures that can be taken against environmental problems. The 

methodology of the study is based on a questionnaire survey using a 5-point Likert scale that aims to measure the 

attitudes, tendencies and opinions of campus users. In the survey, demographic information such as age, gender, 

education level, income level, etc. was requested from the participants, and 26 questions were asked about their 

habits and preferences regarding recycling and renewable energy use. The sample of the survey consists of students, 

academic staff and administrative staff who use TOGU Taĸlē­iftlik campus in their daily lives. The survey, which 

was prepared online and delivered to the units on campus, was applied to 516 of the campus users, with a total of 

approximately 22,000 students and staff, in the 2022-2023 academic year. The data obtained were evaluated with 

frequency analysis, descriptive analysis and chi-square analysis methods using SPSS software. As a result of the 

evaluation, 41.9% of the participants stated that they had a good level of knowledge about environmental problems, 

13.4% stated that they had a very good level of knowledge, and a significant majority stated that environmental 

problems directly affected their lives. When the answers of the participants regarding the use of renewable energy 

sources in daily life are compared, it is observed that the preferences for the use of renewable energy sources 

increase with the increase in age, education level and income level. The majority of the participants selected options 

indicating that they recycle waste such as glass, paper and plastic in their daily lives and that there are insufficient 

recycling points in the campus. This situation did not vary with the demographic data. However, in the questions 

related to the evaluation of shopping preferences, it was observed that environmentally friendly products were 

preferred by participants with higher income and education levels than young participants residing in student 

dormitories. As a result of the study, the renewable energy use and recycling preferences of TOGU campus users 

were examined and it was revealed how these preferences vary based on gender, age, education level, income level, 

accommodation and position in the univercity. 

Key words: Environmental awareness, recycling, use of renewable energy 
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Abstract 

 
 

In this study, it was aimed to determine the time-dependent flight efficiency of worker bees in honeybee (Apis 

mellifera L.) colonies. For this purpose, existing honey bee colonies in the Beekeeping Unit of Ondokuzmayēs 

University, Faculty of Agriculture, were used. Of the 15 randomly selected from the existing colonies, the workers 

who flew out of the hive and returned to the hive for 30 seconds at 10:00, 13:00 and 15:00 on the same day in the 

fourth week of May, the second and fourth week of June and July were counted. Mixed Pattern Analysis of Variance 

in Repeated Measurements was applied to the data. Sphericity was examined with Mauchly's Sphericity test. For 

those with equal variances (p>0.05), the Sphericity Assumed test was used. Epsilon value (Ў) was examined for cases 

where variances were not equal (p<0.05) and Greenhouse and Geisser tests were used when Ў<0.75 and Huynh- 

Feldt tests were used when Ў>0.75. Bonferroni test was used to determine the differences between the groups. The 

interaction groups were compared with Duncan multiple comparison test using one-way analysis of variance in the 

comparison of significant interactions. The number of worker bees flying during the measurement period differed 

between weeks (4.87Ñ0.29B, 4.26Ñ0.20B, 5.70Ñ0.46A, 3.18Ñ0.18C and 3.42Ñ0.16C, respectively) and hour*week 

interactions. A difference was determined between the hour*week interactions among the number of worker bees 

returning to the hive. As a result of the evaluation of the pollen carriers from the worker bees returning to the hive, 

weeks (1.47Ñ0.14A, 0.38Ñ0.05C, 0.34Ñ0.04C, 0.63Ñ0.09B and 0.40Ñ0.05C, respectively), hours (0.89Ñ0.11X, 

0.63Ñ0.06Y and 0.42Ñ0.05Z respectively) differences were determined between and hour*week interactions. 
 

Keywords: Honey Bee, Apis mellifera L., Behavior, Flight Activity 
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Abstract 

 

Zeytinyaĵē fiyatēnē etkileyen faktºrlerin analiz edildiĵi bu ­alēĸmada; zeytinyaĵē fiyatē baĵēmlē deĵiĸken olarak 

alēnmēĸtēr. Araĸtērmanēn materyalini, 1990-2021 yēllarēna ait zeytin fiyatē (TL/kg), zeytin ¿retim alanē (da), ithalat 

(ton) ve ihracat (ton) veri olarak alēnmēĸtēr. Zaman serilerinde gerekli olan birim kºk sēnamasē yapēlmēĸ ve d¿zeyde 

ihracat ile ¿r¿n fiyatē, birinci farkta ise diĵer deĵiĸkenlerin duraĵan olduĵu tespit edilmiĸtir. Farklē seviyelerdeki 

duraĵanlēklara yºnelik analiz imkanē veren ARDL modelinin ­alēĸma i­in uygun model olduĵuna karar verilmiĸ ve 

uygulanmēĸtēr. Kēsa dºnem ARDL modeli i­in en uygun gecikme uzunluklarē ARDL (3,4,3,4) olarak belirlenmiĸtir. 

Ayrēca seriler arasēnda otokorelasyona ve deĵiĸen varyansa rastlanmamēĸtēr. Uzun dºnem ARDL modelinin uygun 

gecikme uzunluĵu ise kēsa dºnem ARDL modeli ile aynē ĸekildedir. Yapēlmēĸ olan sēnēr testine gºre f istatistik deĵeri 

6.640481 bulunmuĸtur ve bu deĵere gºre %5 d¿zeyinde seriler arasēnda bir eĸb¿t¿nleĸme iliĸkisi sºz konusudur. 

Son olarak hata d¿zeltme modelinde yer alan CointEq deĵerine gºre kēsa dºnemde serilerin karĸēlaĸacaĵē bir ĸok 

uzun dºnemde 6 aylēk bir s¿rede normal hale gelmektedir. 

Keywords: Zeytinyaĵē, ARDL modeli, T¿rkiye 
 

Giriĸ 

 
Ķnsanlarēn yaĸamlarēnē s¿rd¿rebilmeleri i­in gēdaya olan ihtiya­larē gēdalarē zorunlu t¿ketim maddesi haline 

getirmiĸtir. Bu nedenle gēdalar devamlē olarak talep gºrmektedirler. Tarēm ve gēda ¿r¿nleri arzēndaki a­ēklar ise fiyat 

artēĸlarēna neden olmakta, bu da enflasyon gibi makroekonomik bir sorun yaratmaktadēr (¢ift­i 2015). 

Son yēllarda talep artēĸē olan zorunlu t¿ketim maddelerinden biri de yaĵlardēr ve hem bitkisel hem de hayvansal 

kaynaklardan elde edilmektedir (Arēoĵlu vd. 2003). Hayvansal kaynaklē yaĵlarēn arzēndaki yetersizlikler, y¿kselen 

fiyat trendi ile birleĸince bitkisel yaĵlara olan talep te artmēĸtēr. Bitkisel yaĵlar i­inde ºnemli yer tutan zeytinyaĵēnēn 

elde edildiĵi zeytin, Akdeniz ¿lkelerinin tarēm sektºrlerinde ºnemli yer tutan y¿ksek deĵerli bir tarēm ¿r¿n¿d¿r. 

Sofralēk zeytin olarak kullanēlmasēnēn yanē sēra yaĵa dºn¿ĸt¿r¿lebilmesi, yaĸamsal bir besin maddesi olmasē ve 

ºzellikle son yēllarda insan saĵlēĵē a­ēsēndan ºn plana ­ēkmasē zeytinin ºnemini artērmaktadēr (Duman 2003). 

 

D¿nya genelinde yapēlan zeytin ¿retimine baktēĵēmēzda bu ¿retimin yaklaĸēk %90'ē yaĵ yapēmēnda, kalan %10'u ise 

sofralēk zeytin yapēmēnda kullanēlmaktadēr (ANONĶM, 2021). Zeytinyaĵēna olan talep, Zeytin ¿retiminde s¿rekli bir 

geliĸmeyi beraberinde getirmiĸtir. D¿nyada 2021 yēlē itibariyle 10 milyon hektarlēk alanda ¿retilen yaklaĸēk 23 

milyon ton zeytinin %35ôini saĵlayan Ķspanya, %9ôunu karĸēlayan Ķtalya ile %7ôsini karĸēlayan T¿rkiye ilk ¿­ sērayē 

almaktadērlar (FAOSTAT,2021t.y.). T¿rkiyeônin zeytinyaĵē ¿retimi ise 225 bin ton kadardēr (TEBGE,2021). Ancak 

yurti­i talebini karĸēlayamadēĵē dºnemlerde ithalat yapmak zorunda kalmaktadēr. Ķthal etmek zorunda olduĵumuz 
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¿r¿nlerin yurt dēĸē ¿retim seviyeleri yeterli olmadēĵēnda ve ithalat­ē ¿lkelerdeki ekonomik koĸullarla birleĸtiĵinde, 

ithalat yetersiz gelmekte ve zaman zaman yurt i­i talebi karĸēlayamamamēza neden olmaktadēr. Bunun sonucunda 

¿r¿n fiyatlarēnda beklenmedik ve ani artēĸlar meydana gelmektedir. Tarēm ve gēda ¿r¿nlerindeki fiyat artēĸlarēnēn 

enflasyonu y¿kseltmesi, bu artēĸlarēn kaynaĵēna iliĸkin spek¿lasyonlarē kºr¿klemektedir (G¿nd¿z 2021). 

 

T¿rkiyeôdeki yaĵ fiyatlarēndaki artēĸ insanlar tarafēndan sēk­a konuĸulan ve uzmanlarēnda ­ºz¿m arayēĸē i­inde 

olduĵu bir konu haline gelmiĸtir. Yapēlan araĸtērmalarda fiyat artēĸlarēn nedenleri arasēnda; girdi fiyatlarēndaki 

artēĸlar, ¿retim aĵēndaki ¿retici sayēsēnēn azalmasē, stok­uluk, asēlsēz haberlerle fiyat trendini deĵiĸtiren toptancēlar 

ve iĸleme sanayisindeki maliyetleri gºsterilmektedir. 

 

Tarēm ve gēda ¿r¿nleri ºzelinde fiyat, ¿retim alanē, ¿r¿ne ait ithalat ve ihracat miktarlarē gibi deĵiĸkenlerin etkileĸimi 

ve nedenselliĵi ¿zerine yapēlmēĸ ­alēĸmalar, ¿r¿n bazēnda gºzlemlenen geliĸmeleri anlamaya yardēmcē olacaktēr. 

¢alēĸmada ARDL model analizi ile T¿rkiyeôde zeytinyaĵē fiyatēnē etkileyen faktºrler analiz edilmiĸtir. 

 

MATERYAL VE METOD  

 
Materyal  

 
¢alēĸmada zeytinyaĵē ¿r¿n fiyatē ile ¿retim alanē, ithalat ve ihracat miktarlarē arasēndaki iliĸkiyi incelemek ve ¿r¿n 

fiyatēnē etkileyen deĵiĸkenlerin belirlenmesi amacēyla 1990-2021 dºnemlerine ait veri seti kullanēlmēĸtēr. Zaman 

serisi analizlerinde tarēmsal istatistiklere ge­miĸe yºnelik verilere farklē deĵiĸkenlerde ulaĸēlmasē zor olduĵu i­in bu 

dºnem tercih edilmiĸtir. Veriler T¿rkiye Ķstatistik Kurumu (T¦ĶK) ve Food and Agricultural Organization (FAO) 

elde edilmiĸtir. 

 

Metod 

 
Birim kºk testlerine yºnelim zaman serilerinin genellikle duraĵan olmadēĵē ger­eĵi ile ger­ekleĸmiĸtir. Dickey ve 

Fuller (1981) tarafēndan geliĸtirilen Geniĸletilmiĸ Dickey-Fuller (ADF) testi ile Phillips ve Perron (1988) tarafēndan 

geliĸtirilen Phillips-Perron (PP) tesleri ile serilerin hangi t¿rden trende sahip olduklarē belirlenmektedir. 

 

Granger ve Newbold (1974) tarafēndan belirtildiĵi gibi, zaman serilerinin ­oĵunlukla ortak yºnde eĵilim i­ermesi, 

seriler arasēnda sahte iliĸkilerin ortaya ­ēkmasēna neden olmaktadēr. Ger­ekte var olmayan bu sahte regresyon y¿ksek 

R2, d¿ĸ¿k Durbin-Watson deĵerleri ve y¿ksek t istatistikleri ile ge­ersiz istatistiki sonu­lara neden olmaktadēr. T¿m 

bu yanlēĸlēklarē gidermek i­in, serilerin duraĵanlēktan kurtulmasē yani farklarēnēn alēnmasē gerekmektedir. Ancak bu 

durumda kēsa dºnem bilgileri elde edilmekte fakat uzun dºnem bilgisinin kaybolmaktadēr. 

 

Granger (1981) ile Engle ve Granger (1987), uzun dºnem bilgisinin kaybolmasē durumundan kaynaklanarak hem 

sahte regresyon sorununu aĸmak hem uzun dºnem katsayēlarēnē kullanabilmek i­in kointegrasyon yºntemini 

geliĸtirmiĸlerdir. Ancak geliĸtirilen bu yºntemde bir baĵēmlē ve bir baĵēmsēz deĵiĸken bulunmaktadēr. Johansen 

(1980), Stock ve Watson (1988) ve Johansen ve Juselius (1990) kointegrasyonun hesaplanmasēna yºnelik Johansen 

Eĸb¿t¿nleĸme Yºntemini geliĸtirmiĸlerdir ve bºyle iki ya da daha fazla sayēda deĵiĸken arasēndaki uzun dºnem 

iliĸkisini tespit edebilmiĸlerdir. 
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Ancak bu yºntemlerin uygulanabilmesi i­in serilerin aynē seviyede duraĵan olmalarē gerekmektedir. Deĵiĸkenlerin 

farklē seviyelerde duraĵan olmasē durumunda Peseran ve Shin (1997) tarafēndan ortaya konulan ARDL 

(Autoregressive Distrubuted Lag) Yºntemi kullanēlmaktadēr. Bu test ayrēca Sēnēr (Bound) testi olarak bilinmektedir 

ve deĵiĸkenlerin hem d¿zey hem de birinci farkta duraĵan olmalarē durumunda kullanēlabilmektedir. Engle ve 

Grangerôēn (1987) ortaya koyduĵu yºnteme benzer ĸekilde iki aĸamada uygulanmaktadēr. 

 

Bu yºntemin ­eĸitli avantajlarē literat¿rde bahsedilmektedir. Diĵer yºntemlere nazaran bu yºntemin en ºnemli 

avantajē kullanēlacak serilerin d¿zeyde veya birinci farkēnda duraĵan olmasēnēn sorun teĸkil etmemesidir. Yºntemin 

bir diĵer avantajē ise eĸb¿t¿nleĸme testlerine gºre hata d¿zeltme modelinde istatistiksel olarak daha g¿venilir 

sonu­lar vermesidir. ARDL modeli; aynē anda modele dahil edilen seriler arasēndaki hem kēsa hem uzun dºnem 

iliĸkilerine yºnelik bilgi vermektedir (Belen ve Karamelikli, 2016: Akel ve Gazel, 2014). Kullanēlmēĸ olan ARDL 

modeli (1) numaralē denklemde gºsterilmiĸtir. 
 

Yt = ‌0 + ‌1t + Вὴ ‌2Ὥ YὸὭ + Вή ‌3Ὥ ὢὸὭ +  ‘ (1) 

Ayrēca kēsa dºnem katsayēlarē tahmin etmek amacēyla yapēlan hata d¿zeltme modeli ise (2) numaralē denklemde 

gºsterilmiĸtir. 

ЎYὸ = ‌0 + ‌1t + ‌1ECὸ1 + Вὴ ‌3Ὥ ЎYὸὭ + В
ὴ
 ‌4Ὥ ЎXὸὭ +  ‘ὸ (2) 

¢alēĸmada yer alan t¿m serilerin ºncelikle doĵal logaritmalarē alēnmēĸ ve ardēndan serilerin duraĵan olup olmadēĵēnēn 

kontrol¿ i­in Geniĸletilmiĸ Dickey-Fuller (ADF) ve Phillips-Perron (PP) birim kºk testlerinden yararlanēlmēĸtēr. 

Sonrasēnda zeytinyaĵē fiyatē baĵēmlē deĵiĸken alēnarak diĵer deĵiĸkenlerin ekili alan ¿zerindeki etkilerini araĸtērmak 

amacēyla ARDL yºntemi kullanēlmēĸtēr. 

ARAķTIRMA BULGULARI 

 
Serilerin duraĵanlēklarēnēn test edildiĵi birim kºk sēnamasē ¢izelge 1ôde verilmiĸtir. Buna gºre d¿zeyde ADF ve PP 

birim kºk testlerinde ekili alan, ¿r¿n fiyatē ve ithalat miktarē birim kºk i­ermektedir. Ancak birinci farklarē 

alēndēĵēnda t¿m deĵiĸkenlerin birim kºk i­ermediĵi sonucunu ulaĸēlmēĸtēr. Serilerin farklē d¿zeylerde duraĵan olmasē 

I(0) ve I(1) araĸtērmada ARDL modelinin kullanēlmasē gerekliliĵini doĵurmuĸtur. 

 

¢izelge 1. ADF ve PP birim kºk sēnamasē 
 

D
¿
z
e
y

 

 Deĵiĸkenler ADF PP 

B
ir
in

c
i 
F

a
rk

la
r 

Deĵiĸkenler ADF PP 

 

 

Sabit 

Ekili Alan 

(ha) 
-0.6624 -0.5643 

Ekili Alan 

(da) 
-6.4586***  -6.6558***

 

¦r¿n Fiyatē 

(TL/kg) 
-1.2548 -1.2711 

¦r¿n Fiyatē 

(TL/kg) 
-4.1877***  -5.6369***

 

Ķthalat (Ton) -2.1645 -2.0467 Ķthalat (Ton) -7.8759***  -8.2893***
 

Ķhracat (Ton) -4.5783***  -4.5818***  Ķhracat (Ton) -5.3272***  -19.6697***  

 

Sabit+Trend 

Ekili Alan 

(ha) 
-2.6156 -2.5722 

Ekili Alan 

(da) 
-6.3452***  -6.5292***

 

¦r¿n Fiyatē 

(TL/kg) 
-3.8337* -1.4218 

¦r¿n Fiyatē 

(TL/kg) 
-4.2512**  -5.7109***
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  Ķthalat (Ton) -2.6744 -2.5971  Ķthalat (Ton) -5.0854***  -10.7952***  

Ķhracat (Ton) -4.5807***  -4.5754***  Ķhracat (Ton) -5.3968***  -21.9549***  

*, **, ***, sērasēyla %10, %5 ve %1 d¿zeylerinde anlamlēlēĵē ifade etmektedir. 

 
Eĸb¿t¿nleĸme testine ait sonu­lara ¢izelge 3ôte yer verilmiĸtir. Eĸb¿t¿nleĸme iliĸkisinin oluĸabilmesi i­in Peseran 

tarafēndan belirlenen ¿st kritik deĵerlerinden F istatistik deĵerinin y¿ksek olmasē gerekmektedir. ¢izelge yer alan 

sonu­lara gºre F istatistik deĵeri 6.640481 olarak bulunmuĸtur ve serilerin arasēnda eĸb¿t¿nleĸme iliĸkisinin varlēĵē 

kabul edilebilir. Sonu­ olarak ARDL modelinin kurulmasē uygundur ve seriler arasēnda uzun ve kēsa dºnemde 

iliĸkiler belirlenebilir. 

¢izelge 2. Eĸb¿t¿nleĸme testi sonu­larē (F Bound Test) 

Test istatistiĵi Deĵeri K 

F- istatistiĵi 6.640481 3 

 Kritik Sēnēr Deĵerleri  

Anlamlēlēk D¿zeyi Alt sēnēr ¦st Sēnēr 

%10 2.37 3.20 

%5 2.79 3.67 

%2.5 3.15 4.08 

%1 3.65 4.66 

 

ARDL modelinin optimum d¿zeyindeki gecikme uzunluĵunun tespit edilmesinde AIC (Akaike Information 

Criterion) kullanēlmēĸtēr ve ayrēca SC (Schwarz Criterion) ve HQ (Hannan-Quinn Criterion) ilave olarak verilmiĸtir. 

Maksimum gecikmenin uzunluĵu modelde yer alan deĵiĸkenlerin yēllēk veri seti olduĵu i­in 4 alēnmēĸ ve uygun 

gecikme uzunluĵu ile tahminleme yapēlmēĸtēr. Ayrēca belirlenen gecikme uzunluĵunun uygunluĵuna yºnelik 

otokorelasyonun ve deĵiĸen varyans testleri ile bu testlerin ortak sonucunda ARDL (3,4,3,4) ĸeklindeki modeli 

¢izelge 3ôde verilmiĸtir. Uzun dºnem tahmin sonu­larēna gºre deĵiĸkenlerin farklē ºl­¿tlerde bulunmasēndan 

kaynaklē d¿zeltilmiĸ R2 0.993057 bulunmuĸtur. Deĵiĸkenlerin yēllar itibariyle farklarēnēn alēndēĵē gecikmeler anlamlē 

p deĵerlerini vermektedir. 

¢izelge 3. ARDL (3, 4, 3, 4) modeli ile uzun dºnem tahmini 

Deĵiĸken Katsayē Std. Hata t-istatistiĵi P. value 

¦r¿n Fiyatē (-1) 0.466520 0.251927 1.851805 0.1065 

¦r¿n Fiyatē (-2) 0.609880 0.261140 2.335454 0.0522 

¦r¿n Fiyatē (-3) -0.231588 0.278463 -0.831665 0.4330 

Ķhracat Miktarē -0.098055 0.055355 -1.771376 0.1198 

Ķhracat Miktarē (-1) 0.055415 0.054748 1.012174 0.3452 

Ķhracat Miktarē (-2) 0.080642 0.057031 1.414005 0.2003 

Ķhracat Miktarē (-3) 0.026709 0.050315 0.530849 0.6119 

Ķhracat Miktarē (-4) 0.095136 0.049556 1.919782 0.0964 

Ķthalat Miktarē 0.017437 0.019763 0.882303 0.4069 

Ķthalat Miktarē (-1) -0.007568 0.017375 -0.435562 0.6763 

Ķthalat Miktarē (-2) -0.002376 0.014596 -0.162811 0.8753 

Ķthalat Miktarē (-3) 0.024381 0.014518 1.679339 0.1370 
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¦retim Miktarē -1.033853 0.904020 -1.143617 0.2904 

¦retim Miktarē (-1) -0.887793 0.947130 -0.937351 0.3798 

¦retim Miktarē (-2) -0.095090 0.949233 -0.100176 0.9230 

¦retim Miktarē (-3) -0.780885 0.991387 -0.787669 0.4567 

¦retim Miktarē (-4) 2.974669 0.916798 3.644068 0.0082 

C -3.827396 12.50049 -0.306180 0.7684 

R2    0.997975 

Adjusted R2
    0.993057 

Prob (F-statistic)    0.000000 

Akaike info criterion     -1.692074 

Schwarz criterion    -0.814483 

Hannan-Quinn criterion     -1.448668 

 
 

¢izelge 4ôte ARDL (3, 4, 3, 4) modelinin uygunluĵuna dair yapēlmēĸ olan sēnamalara yer verilmiĸtir. Modelin 

anlamlēlēĵēna dair Breusch-Godfrey Otokorelasyon testi, ARCH Deĵiĸen varyans testi ve Jarque-Bera Normallik 

testine yer verilmiĸtir. ¢izelgeye gºre Otokorelasyon testi olasēlēk deĵeri 0.5939 bulunmuĸtur ve modelde 

otokorelasyon tespit edilmemiĸtir. ARCH deĵiĸen varyans testi olasēlēk deĵeri ise 0.9467 olarak bulunmuĸ ve 

modelde deĵiĸen varyans tespit edilmemiĸtir. Elde edilen bu sonu­lar uygulanan modelin ­alēĸma i­in uygun bir 

model olduĵu sonucunu doĵurmaktadēr. 

¢izelge 4. Modelin ge­erliliĵi i­in yapēlmēĸ olan sēnamalar 
 

Breusch-Godfrey (LM) Otokorelasyon Testi 

Gecikme Uzunluĵu LM -Test Ķstatistiĵi Olasēlēk Deĵeri 

(3, 4, 3, 4) 0.807716 0.5939 

Heteroskedasticity ARCH Deĵiĸen Varyans Testi 

Gecikme Uzunluĵu F-Test Ķstatistiĵi Olasēlēk Deĵeri 

(3, 4, 3, 4) 0.177592 0.9467 

 Normallik Testi   

Gecikme Uzunluĵu Jarque-Bera Olasēlēk Deĵeri 

(3, 4, 3, 4) 2.994481 0.223747 

 

ARDL (3, 4, 3, 4) modelinde uzun dºnem katsayēlarē ¢izelge 5ôte verilmiĸtir. Test sonu­larēna gºre zeytinyaĵē ¿r¿n 

fiyatē ¿zerinde analize konu olan deĵiĸkenlerin pozitif ya da negatif yºnde bir etkisi sºz konusu deĵildir. 

¢izelge 5. ARDL (4, 4, 4, 3, 3) modelinden elde edilen uzun dºnem katsayēlarē 
 

Deĵiĸkenler Katsayē Std. Hata t-istatistiĵi P. value 

Ekili Alan  1.152464 5.263861 0.218939 0.8329 

Ķhracat Miktarē 1.030026 0.955317 1.078204 0.3167 

Ķthalat Miktarē 0.205391 0.232368 0.883907 0.4061 

C -24.66307 78.40005 -0.314580 0.7622 
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EC=¦r¿n Fiyatē ï(1.0300*Ķhracat Miktarē + 0.2054* Ķthalat Miktarē + 1.1525*Ekili Alan ï 24.6631) 
 

Modelde kullanēlan deĵiĸkenler arasēnda bir kēsa dºnemdeki iliĸkisini tespit etmek amacē ile ARDL modeline baĵlē 

hata d¿zeltme yºnteminden faydalanēlmēĸtēr. ARDL (3, 4, 3, 4) modeline baĵlē hata d¿zeltme modelinin sonu­larē 

¢izelge 6ôda verilmiĸtir. Hatanēn d¿zeltilmesine yºnelik katsayēnēn negatif bir iĸarete sahip olmasē ve istatistiksel 

olarak anlamlē olmasē durumunda denge d¿zeyinden sapma durumunda tekrardan denge d¿zeyine yºnelik bir hareket 

olduĵu sonucu ­ēkmaktadēr (Bozkurt, 2007). Elde edilen sonu­lara gºre istatistiksel olarak anlamlē olan CointEq 

deĵeri -0.155187 olarak bulunmuĸtur ve negatif bir deĵer taĸēmaktadēr. Bu sonuca gºre kēsa dºnemde denge halinden 

bir sapma olmasē durumunda tekrardan dengeye yºnelik bir hareketin varlēĵēndan sºz edilebilir. Kēsa dºnem 

sonu­larēna gºre kēsa dºnemde serilerin karĸēlaĸacaĵē bir ĸokun uzun dºnemde normale gelmesi 6 yēlē bulabileceĵi 

sºylenebilir. 

¢izelge 6. ARDL (4, 4, 4, 3, 3) modelinden elde edilen kēsa dºnem tahmini 
 

Deĵiĸken Katsayē Std. Hata t-istatistiĵi P. value 

¦r¿n Fiyatē (-1) -0.378293 0.139007 -2.721386 0.0297 

¦r¿n Fiyatē (-2) 0.231588 0.112159 2.064825 0.0778 

Ķhracat Miktarē -0.098055 0.030403 -3.225202 0.0145 

Ķhracat Miktarē (-1) -0.202487 0.035122 -5.763669 0.0007 

Ķhracat Miktarē (-2) -0.121846 0.036518 -3.336587 0.0125 

Ķhracat Miktarē (-3) -0.095136 0.030079 -3.162905 0.0159 

Ķthalat 0.017437 0.008574 2.033734 0.0815 

Ķthalat (-1) -0.022005 0.010190 -2.159529 0.0667 

Ķthalat (-2) -0.024381 0.008760 -2.783249 0.0272 

¦retim Miktarē -1.033853 0.525284 -1.968181 0.0897 

¦retim Miktarē (-1) -2.100494 0.539490 -3.893484 0.0059 

¦retim Miktarē (-2) -2.195584 0.476057 -4.612024 0.0024 

¦retim Miktarē (-3) -2.976469 0.612697 -4.857976 0.0018 

CointEq(-1)* -0.155187 0.021848 -7.223241 0.0002 

R2    0.942974 

Adjusted R2
    0.875579 

Akaike info criterion     -2.012074 

Schwarz criterion    -1.329504 

Hannan-Quinn criterion     -1.822758 

 

ķekil 1 ve ķekil 2ôde CUSUM test sonucuna ve CUSUM of Squares Test sonucuna yer verilmiĸtir. Buna gºre 

deĵiĸkenlere ait deĵerlerin %5 deĵer bandē i­erisinde yer aldēĵē ve uzun dºnem katsayēlarēnēn istikrarlē olduĵunu 

gºstermektedir. 
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   CUSUM  5% Significance 

   CUSUM of Squares  5% Significance 
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ķekil 1. CUSUM Test Sonucu 
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ķekil 2. CUSUM of Squares Test Sonucu 
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Se­ilmiĸ olan zeytinyaĵē ¿r¿n fiyatē (TL), zeytin ekili alan (ha), zeytinyaĵē ithalat ve ihracat miktarē (ton) 

deĵiĸkenleri ile uygun model se­ilerek zeytinyaĵē ¿r¿n fiyatē (TL) ¿zerinde diĵer deĵiĸkenlerin etkisi araĸtērēlmēĸtēr. 

Birim kºk sēnamasē yapēlarak deĵiĸkenlerin farkē d¿zeylerde duraĵanlēk i­erdikleri belirlenmiĸ ve farklē d¿zeyler 

i­in en uygun model olan ARDL modeli uygulanmēĸtēr. Yēllēk veri seti kullanēldēĵē i­in uygun gecikme uzunluĵu 4 

olarak alēnmēĸ ve ARDL (3, 4, 3, 4) modeli belirlenmiĸtir. Uzun dºnemde test sonu­larēna gºre baĵēmlē deĵiĸkenler 

ile baĵēmsēz deĵiĸken arasēnda negatif veya pozitif yºnde bir iliĸki bulunmamēĸtēr. Deĵiĸkenler arasēnda kēsa dºnem 

iliĸkisini test etmek amacē ile ARDL modeline baĵlē hata d¿zeltme yºnteminden faydalanēlmēĸtēr. ARDL (3,4,3,4) 

modeline baĵlē hata d¿zeltme modelinin sonu­larēna gºre istatistiksel olarak anlamlē olan CointEq deĵeri negatif bir 

deĵer taĸēmaktadēr. Bu sonuca gºre kēsa dºnemde denge halinden bir sapma olmasē durumunda tekrardan dengeye 

yºnelik bir hareketin varlēĵēndan sºz edilebilir. Kēsa dºnem sonu­larēna gºre kēsa dºnemde meydana gelen bir 

deĵiĸme uzun dºneme 6 yēllēk bir s¿rede etki ettiĵi sºylenebilir. 
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Abstract 

 
 

Canonical correlation analysis (CCA) is a multivariate method that examines the relationship between two sets of 

variables consisting of a large number of variables. In this study, the relationships between soil reaction (pH), 

salinity (EC), lime and organic matter contents of 36 soils taken from Konya province and micro and macro nutrients 

of soils, respectively, were determined using CCA. The micronutrient variable group (MiBE) includes iron (Fe), zinc 

(Zn), copper (Cu), manganese (Mn) and boron (B), while the macronutrient variable group (MaBE) includes soil 

properties such as inorganic nitrogen (NH4-N+NO3-N), plant-available phosphorus, extractable calcium (Ca), 

magnesium (Mg) and potassium (K) contents. There were 4 different pairs of canonical variables obtained both in 

the micronutrient variable group and in the macronutrient variable group and the first one was found to be 

significant (p<0.001). While the highest statistically significant canonical correlation coefficient within MiBE was 

determined as 0.936, the highest canonical correlation coefficient within MaBE was determined as 0.744. According 

to the results of CCA; soil salinity and boron content were the most contributing characteristics to the explanatory 

power of canonical variables for micronutrients, while soil reaction and calcium content were the most contributing 

characteristics for macronutrients. 

Key words: Canonical correlation analysis, Canonical variate, Macro nutrient element, Micro nutrient element, Soil 

properties 

mailto:fgokmen@selcuk.edu.tr


IV. International Applied Statistics Congress (UYIK - 2023) 

Sarajevo / Bosnia and Herzegovina, September 26-29, 2023 

56 

 

 

 

 

 
Effect of Biochar and Rhizobacteria Applications on the Development and Bioactive Compound Content of 

Purple Pansy (Viola Wittrockiana) Plant 

 

 
G¿zella Yēlmaz Vural1* , Sefa G¿n2, Sabriye Belg¿zar3, Kenan YILDIZ 1, Burhan ¥zt¿rk2

 

 

1 Tokat Gaziosmanpaĸa ¦niversitesi, Ziraat Fak¿ltesi Bah­e Bitkileri Bºl¿m¿, 60000,Tokat, T¿rkiye 
2 Ordu ¦niversitesi, Ziraat Fak¿ltesi, Bah­e Bitkileri Bºl¿m¿,52200, Ordu, T¿rkiye 

3 Tokat Gaziosmanpaĸa ¦niversitesi, Ziraat Fak¿ltesi Bitki Koruma Bºl¿m¿, 60000,Tokat, T¿rkiye 

 

 
*Corresponding author e-mail: guzella.yilmaz@gop.edu.tr 

 
Abstract 

 

Edible varieties of pansy, which is widely used among ornamental plants, have also become widespread in recent 

years. The beneficial nutrients and biochemical content of their leaves and flowers make the consumption of these 

plants as food important. In this regard, it has become important to determine applications that will increase the 

nutrition of pansies. In this study, the effects of biochar and rhizobacteria applications on the development and 

bioactive compound contents of purple pansy (Viola wittrockiana) plant were examined. When the plants grown 

from seeds reached 4-6 leaves, they were placed in environments that would serve as trial subjects. Study, were 

carried out in different growing environments; Control (1:1 soil+peat mixture), PGPR (1:1 soil+peat mixture + 

PGPR), 2CBGPR (1:1 soil+peat mixture + 2% walnut biochar + PGPR), 5CBGPR (1:1 soil + peat mixture + 5% 

walnut biochar + PGPR), 2FBGPR (1:1 soil + peat mixture + 2% hazelnut biochar + PGPR) and 5FBGPR (1:1 

soil + peat mixture + 5% hazelnut biochar + PGPR). A week later, a combination of the prepared rhizobacteria 

was applied to the potted plants, 50 ml per pot. The second and third applications were made one and two weeks 

after the first application. At the end of the growing season, the number of flowers per pot, flower diameters, stem 

lengths, stem weights, root lengths and root weights were determined. Individual phenolics, total phenol contents 

and antioxidant activities of the plants were analyzed. After the data obtained were analyzed by analysis of variance, 

the application averages were compared with the Duncan multiple comparison test. Statistical analyzes were 

performed using the SAS package program (9.0). As a result of the analyses, it was determined that biochar and 

PGPR provided significant increases in plant height and number of flowers when applied together. Lower flavonoid, 

phenolic substance and anthocyanin contents were determined in biochar and PGPR applications compared to the 

control application. Biochar and PGPR applications also caused decreases in the antioxidant capacities of plants. 

The effects of treatments on individual phenolics varied. 

Key words: Antioxidant activity, individual phenolic, rhizobacteria, edible flower, biochar 
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¥zet 

 

Ķstatistik, olaylarēn ve olgularēn gºzlemlenmesi yoluyla elde edilen tekniklerin t¿m¿n¿ belirli bir ama­ i­in veri 

toplama, tablo ve grafiklerle ºzetleme, sonu­larē yorumlama, sonu­larēn g¿ven derecelerini a­ēklama, ºrneklerden 

elde edilen sonu­larē kitle i­in genelleme, ºzellikler arasēndaki iliĸkiyi araĸtērma, ­eĸitli konularda geleceĵe iliĸkin 

tahmin yapma ve bilgi kirliliĵinin ºn¿ne ge­ilerek ihtiya­ duyulan g¿venilir bilginin oluĸmasēnē saĵlayan bir bilim 

dalē olarak ­aĵēmēzēn pusulasē haline gelmiĸtir. G¿n¿m¿zde bu pusulanēn gºrevi; devletlere, araĸtērmacēlara ve 

bilim adamlarēna, d¿n¿ anlayēp bug¿n¿ yorumlama dolayēsēyla geleceĵi inĸa ederek bilgi toplumu olma yolunda 

rehberlik etmek olarak karĸēmēza ­ēkmaktadēr. 

Ķstatistik ve bilgi toplumu arasēndaki bu iliĸki, adalet alanēndaki geliĸim ve deĵiĸimleri de istatistik perspektifiyle 

yakēndan takip etmeyi gerekli kēlmēĸtēr. Dijitalleĸmenin insan hayatēnē t¿m yºnleriyle kuĸattēĵē ­aĵēmēzda; istatistik; 

disiplinler arasē bir iletiĸim aracē ve nesnel bir bilgi kaynaĵē olarak da deĵerlendirilmektedir. Bu bakēmdan adalet 

istatistikleri, bu bilimin yargē alanēna ºzg¿lenmesiyle ortaya ­ēkmēĸ ve ºzellikle son dºnemde yargē politikalarēnēn 

belirlenmesinde en ºnemli unsurlardan biri haline gelmiĸtir. 

Hukuk sistemimizin iĸleyiĸi ile ilgili eksikliklerin ve aksaklēklarēn giderilip d¿zeltilmesi, ileriye yºnelik plan ve 

programlarēn yapēlmasē, yeni projelerin ¿retilmesi s¿recinde bu alanla ilgili  olarak gºstergelere ihtiya­ duyulacaĵē 

inkar edilemez bir ger­ektir. Bu gºstergelerin hesaplanmasēnda kullanēlan verilerin ºnemli bir kēsmēnē adalet 

istatistiklerinde bulmak m¿mk¿nd¿r. Bu anlamda adalet istatistiklerinin hukuk ile istatistik biliminin kesiĸme noktasē 

olduĵunu sºylemek m¿mk¿n olabilecektir. 

Anahtar Kelimeler: Yargē sistemi, istatistik, yargē istatistikleri 
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Abstract 

 

In this presentation, we remedy the problem of multicollinearity surrounding the local Geographically Weighted 

Regression (GWR) coefficients and the overall correlation between GWR coefficients associated with two or more 

exogenous variables. The consequence of local collinearity in GWR leads to a large standard error on estimated 

regression coefficients. Hence, the population values of the coefficients cannot be estimated with great precision or 

accuracy. Hence, we propose a new machine learning method to deal with the local collinearity effects in GWR 

models using Liu estimation. We investigate the performance of the suggested estimators via a Monte Carlo 

simulation study. As a result, we demonstrate the superiority of the proposed estimator. 

Key words: Spatial Regression, Machine Learning, Simulated Data 

mailto:b.yzb@hotmail.com


IV. International Applied Statistics Congress (UYIK - 2023) 

Sarajevo / Bosnia and Herzegovina, September 26-29, 2023 

59 

 

 

 

 

 
Geopraphically Weighted Regression Using Minkoski Distance: An Application of European Union Carbon 

Footprint Data 

 

 
Bahadir Yuzbasi1*, Zuhal Kucukarslan Yuzbasi2 

 

1 Inonu University, Faculty of Economics and Administrative Sciences, Department of Econometrics, 44280, 

Malatya, Turkey 
2 Firat University, Faculty of Science, Department of Mathematics, 23100, Elazig, Turkey 

 
*Corresponding author e-mail: b.yzb@hotmail.com 

 
Abstract 

 

Geographically Weighted Regression (GWR) is a spatial statistical analysis technique used to investigate 

geographical differences in the influence of one or more predictor variables on a response variable. The selection 

of distance metrics plays an important role in the performance of the model. The Euclidean distance is the most 

commonly used metric to determine geographical weights. This metric assumes the locations have a straight-line 

distance. However, in most applications, these statements are not valid. The Minkoski distance, which is an extension 

of the Euclidean distance, enables an optimal metric selection from a continuous range of metrics for a given GWR 

model. In this presentation, we investigate the use of the Minkowski distance approach by using carbon footprint 

data over European Union countries. 

Key words: Spatial Regression, Minkowski Distance, Carbon Footprint Data 
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Abstract 

 
 

Drought is a complex natural disaster that starts slowly and reveals its effects years later. Compared to other natural 

disasters, it seriously affects water resources, agriculture, ecosystems, and human society. Therefore, drought 

occurrence, prediction, and monitoring are significant. For drought analysis, the Standardized Precipitation Index, 

which depends only on the precipitation parameter, is often used in the literature. However, in recent years, the 

Standardized Precipitation Evapotranspiration Index (SPEI), which is based on many climate parameters other than 

precipitation, has been preferred. In this study, Mugla province drought analysis was made using the SPEI index. 

The appropriate statistical distribution for the index calculation algorithm has been determined. The Weibull 

distribution for the SPEI-12 time series and the Logistic distribution for the SPEI-24 time series were determined to 

be the best distributions representing the data. The existence of a statistically significant trend in the calculated 

SPEI values was investigated with the Innovative Trend Analysis (ITA) test and the Mann-Kendal Trend test. No 

statistically significant trend was detected in both SPEI drought series. 

Key words: Drought, Standardized Precipitation Evapotranspiration Index, Probability Distribution, Trend Analysis 
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Abstract 

 

n this article, a novel one parameter continuous model is proposed and called Ezz distribution. We investigate 

several properties of this distribution such as rth moment, moment generating function, skewness, coefficient of 

variation, kurtosis, index of dispersion, order statistics, survival function, hazard function, mean residual life 

function, reversed hazard rate function, odds function, Lorenz and Bonferroni curves, Gini index, stochastic 

ordering, Fisher information, Renyi entropy, mean deviations about mean and median. The parameter of the 

distribution is estimated using maximum likelihood method. Applications to COVID-19 data sets are presented to 

show the flexibility of the suggested distribution. It is found that the proposed distribution are more flexible than 

some other competitive distributions in fitting such data. 

Key words: Mixture distributions, Weighted distributions, Moments, Reliability analysis, Maximum likelihood 

estimation, Order statistics, Stochastic ordering, Stress-strength reliability, Lorenz and Bonferroni curves, RËenyi 

entropy, Fisher information. 

 
 

Many researchers have been proposed many distributions of one parameter or more for modeling data and 

statistical analysis. Some of these distributions are discrete and the other are continuous, as exponential 

distribution, gamma distribution, normal distribution, Poisson distribution, geometric distribution and 

binomial distribution. These distributions are also well used in the literature. But because of the evolution 

in this time we need more appropriate distributions for all types of real data. Therefore, many new 

distributions have been proposed based on some base distributions that could be more mathematically 

tractable and flexible which may give good fit in compare to other distributions. That is the main 

motivation for proposing new distributions and applying them to real data. In this thesis, the idea of 

mixture distributions is used in which we proposed a new one parameter distribution named Ezz 

Distribution (ED). 

 

A mixture distribution is two or more probability distributions combined to form a new probability 

distribution, where these probability distributions are all continuous or are all discrete. The distribution 

f(x) is a mixture of n components distributions g1 (x) , . . . , gn (x) if  

where pi  is the mixing weights, such that Вὲ ὴὭ = 1 and 0 Ò pi Ò 1. As the mixture distributions 

were i=1 
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of great interest; for example, Shanker (2017) suggested Akshaya distribution and its application. Benrabia 

and AlZoubi (2021) proposed Alzoubi distribution. Al -Omari and Shraa (2019) suggested Darna distribution 

and its application. Shanker and Mishra (2013) proposed new Quasi Lindley distribution. Shanker and 

Shukla (2017a) suggested Ishita distribution. Gharaibeh (2021) proposed Gharaibeh distribution with an 

application to real data, Gharaibeh and Sahtout (2022) suggested Karam distribution. Recently, Al- 

Taaniand Gharaibeh (2023) proposed Ola distribution with applications to Engineering and Covid-19  

data. 

 
This paper is organized as follows. The pdf and cdf of the proposed Ezz distribution are defined in 

Section 2. Moments and Associated measures of the ED are derived in Section 3. Bonferroni and Lorenz 

curves and Gini index of the ED are given in Section 4. Order statistics of the ED is discussed in 

Section 

5. Mean deviation about mean and median are investigated in Section 6. Reliability analysis functions are 

provided in Section 7. ReËnyi   entropy  and  Fisher  information  of  the  ED  are  studied  in  Sections  8 

and 9. Maximum likelihood estimate is given in Section 10. Stress-strength reliability and Stochastic 

ordering ofthe ED are studied in Sections 11 and 12. Applications to Real Data for Covid-19  are 

presented in Section 

13. The paper is concluded in Section 14. 

 

Ezz Distribution 

 

In this section, we define the suggested EDôs probability density function and cumulative distribution 

function. 

Ezz Distribution (ED) is defined by mixing of three distributions: exp (ɗ) , G (3, ɗ) and G(7, ɗ) with 

mixing 

 

proportions ὖ1 =  
—6 

 

—6+—4+1  
, ὖ2 =  

—4 
 

—6+—4+1  
, and ὖ3 =  

1 

—6+—4+1  
, respectively. 

The pdf for the proposed ED is defined as by inserting the pdf s and their mixing proportions 

from in (1.1) . 

f (x, ɗ) = 
7

 

720(ɗ6 + 

ɗ4 +1) 

720 + 

360x2
 

eī 
+ 
ɗx 

x6 

 

, x > 0, ɗ > 0. (2.1) 
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Figure 1: The pdf and cdf of ED with different values of ɗ 
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Figure (1) shows the pdf and cdf of ED with different values of the distribution parameter. It 
is clearthat the ED is skewed to the right. 

 
 

Moments and Associated measures of the ED 

 

For the ED, the nth moment and the moment generating function are deduced in this part. In addition, the 

exploration of the mean, variance, coefficient of variation, skewness, kurtosis, and index of dispersion are 

done. These measures evaluated at various distribution parameter values are also supplied. 

f(
x
) 

0
.0

 
0
.2

 
0
.4

 
0
.6

 
0
.8

 
1
.0

 

F
(x
) 

0
.0

 
0
.2

 
0
.4

 
0
.6

 
0
.8

 
1
.0

 



IV. International Applied Statistics Congress (UYIK - 2023) 

Sarajevo / Bosnia and Herzegovina, September 26-29, 2023 

64 

 

 

Theorem 3.1. Assuming that X has an ED, the moment generating function of X is given by 
 

 

 

 
Proof. Using f (x) in (2.1), the EDôs moment generating function may be demonstrated to be 

 

Theorem 3.2. The nth moment of the random variable X has ED is given by 
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Proof. Using (2.1), the nth moment of the ED can be determined as follows: 
 

From (3.2), the first four moments of the ED, respectively, are 
 

Õ = E(X) = 
  1 

ɗ6 + 3ɗ4 + 7  , (3.3) 

ɗ (ɗ6 + ɗ4 + 1) 

E(X2) = 
  1 

2ɗ6 + 12ɗ4 + 56 , (3.4) 

ɗ2 (ɗ6 + ɗ4 + 1) 

E(X3) = 
  1 

6ɗ6 + 60ɗ4 + 504 , (3.5) 

ɗ3 (ɗ6 + ɗ4 + 1) 

E(X4) = 
  1 

24ɗ6 + 360ɗ4 + 5040 . (3.6) 

ɗ4 (ɗ6 + ɗ4 + 1) 

 
By (3.3), (3.4) the variance of ED is given by 

 

 

 
 

Therefore, the coefficient of variation (CV), skewness (SK), kurtosis (KU) and index of 

dispersion (DIS) 
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are given as follow 
 
 

In Table (1), for the ED with various values of ɗ, we calculate the mean, variance, coefficient of variation, standard 

deviation, skewness, kurtosis, and index of dispersion values. Table demonstrates that when the value of the 

parameter ɗ increases, the mean and standard deviation and variance values drop. According 

Table 1: The mean, variance, coefficient of variation, skewness, kurtosis, and index of dispersion for 

ED 

ɗ mean 
standard 

deviation 
CV SK KU DIS 

0.5 13.362 5.667 0.424 0.522 3.653 2.403 

1.0 3.667 3.145 0.858 1.027 3.695 2.a697 

1.5 1.283 1.381 1.077 2.057 8.627 1.488 

2.0 0.735 0.788 1.073 2.222 10.434 0.845 

2.5 0.518 0.549 1.059 2.191 10.309 0.582 

3.0 0.402 0.423 1.051 2.170 10.129 0.444 

3.5 0.330 0.344 1.044 2.158 10.045 0.359 

4.0 0.280 0.290 1.038 2.148 9.991 0.301 

4.5 0.243 0.251 1.033 2.137 9.938 0.259 

5.0 0.215 0.222 1.028 2.126 9.879 0.228 

 

to Figure (1), the right skewness of the ED is indicated by the positive values of skewness. Also, the 

higherɗ values, the greater the kurtosis. Additionally, the DIS column highlights that the ED is under- 

dispersed when ɗ > 1.5 and over-dispersed when ɗ < 1.5 . 
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Bonferroni and Lorenz curves and Gini index of the ED 
 

In many fields including insurance, medicine, demography, and economics, especially when 

examining pat- terns of income and poverty, the Bonferroni and Lorenz curves and Gini index  

are used. They are defined, 

respectively, as 
 

where q = Fī1(p); p ɴ  (0, 1] and Õ = E(X) 

For ED with pdf in (2.1), we have 

 

 

 

 

 

 

 

Order statistics of the ED 

 
 

Let X1, X2, ... , Xn be a random sample of size n. The corresponding order statistics is X(1) 

Ò X(2) Ò ... Ò 

X(n) . The pdf of the i th order statistics (see David and Nagaraja (2005)), is given as 
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Therefore, by plugging (2.2) and (2.1) in (5.1) with using binomial series, the pdf of the i th 

order statistic 

 

of ED is given by 
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Mean deviation about mean and median of the ED 

 
 

Mean deviations about mean and median are used in the statistical modelling literature and 

discussions onseveral controversial issues, they can be expressed as 

where Õ = E(X) and mĕ  is the population median 

 
The mean and median deviations for the ED are defined in Theorem (6.1) based on 

Equations (6.1) and(6.2). 

Theorem 6.1. The mean and median deviations of the ED are, respectively given by 
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Hence, the median deviation for the ED is given by 
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Reliability analysis of the ED 
 

In this part, we calculate the reliability function R(x), hazard function h(x), cumulative hazard 

function 

 

H(x), reversed hazard rate function rh(x), odds function O(x) and mean residual life function 

MRL(x) for 

 

ED. For ED with pdf in (2.1) and cdf in (2.2), the reliability function is defined as 
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The mean residual life function is 

 

Figure 2: The reliability, hazard, and cumulative hazard functions of ED with different 

values of ɗ 
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Figure 3: The reversed hazard, odds, and mean residual life functions of ED with different 

values of ɗ 
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Figures (2) and (3), show the survival, hazard, cumulative, reversed, odds and mean residual life functions 

graphs for various values of ɗ. As can be observed, as the parameter ɗ increases, the values of the 

cumulative 

hazard, and odds functions increase while the values of the survival, reversed hazard and MRL 

functionsdecrease. 

 
Entropy is a fundamental concept in information theory and it is heavly  used in the  physics literature. 

It isa measure of uncertainty variation. The ReËnyi entropy (Renyi (1961)) can be defined as 
 

The ReËnyi entropy for ED it is given in Theorem ( 8.1). 

 

Theorem 8.1. The ReËnyi entropy of ED random variable X is 
 
 

 

 

 

Proof. By plugging (2.1) in (8.1) and using the binomial series, we have 
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The 

Fisher 
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the ED 
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Fisher 
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method 

of 

calcula 

ting 

how 
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inform 
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rando 

m 

variable 

X carries 
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unknown 
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affects 

its 

likelihoo 

d. Let f 

(x; ɗ) is 

the pdf 

of X. 

The 

Fisher 

informati 

on is 

defined 

as 
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The Fisher information for ED is given in Theorem (9.1) 

 

Theorem 9.1. Assume that f (X; ɗ) denotes the probability density function of ED for X 

based on the valueof ɗ. The Fisher information is given by 

I (ɗ) = 

ɗ12 + 8ɗ10 + 3ɗ8 + 44ɗ6 + 26ɗ4 + 7 

ɗ2 (ɗ6 + ɗ4 + 1)2 
, ɗ > 0

 

Proof. By using Equation (2.1), we get 
 

Now, 
 

Maximum likelihood estimate of the ED 
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Let X1, X2, . . . , Xn be a random sample from ED with pdf in (2.1) and parameter ɗ. 

The likelihood functionis defined as 

and its derivative with respect ɗ is 
 

Stress-strength reliability of the ED 

The stress-strength reliability defines the life of a component being exposed to random Y 

stress and random X having strength with pdf f(x) and cdf F(x) is defined as 
 
 

 

The stress-strength reliability of ED is defined as 
 

Stochastic ordering of the ED 

 
 

A useful method for comparing the behavior of two positive continuous random 

variables is stochasticordering. A random variable X is smaller than random 
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variable Y in 

1- Likelihood ratio order (X ÒLR fYY  (x)) if fX (x)   decreases in x. 

2- Hazard rate order (X ÒHR Y ) if hX(x) Ó hY (x) for all x. 

3- Mean residual life order (X ÒMRL Y ) if MRLX(x) Ò MRLY (x) for all x. 

4- Stochastic order (X ÒST Y ) if FX(x) Ó FY (x) for all x. Shaked and Shanthikumar 
(1994) showed that 

 

X ÒLR  Y ᵼ   X ÒHR Y ᵼ X ÒMRL Y 

ᵽ 
 

X ÒST  Y . 

 

Theorem 12.1. Let X Ḑ Ezz(ɗ1) and Y Ḑ Ezz(ɗ2). If ɗ1 > ɗ2, then X ÒLR Y and 

thus X ÒHR Y, X ÒMRL 

X and X ÒST Y . 

 

 
Proof. Using the pdf of ED (2.1), we have 

Applications to Real Data 

 
 

In this section, we justify the flexibility  of the ED Goodness  of fit in practical  applications  

using two setsof real data. The first data (presented in Table (2)) represents the number of deaths 

due to COVID-19 in Europe from 1st March 2021 to 30 March 2021. The second data (presented 

in Table (3)) represents the number of deaths in Latvia from infection due to COVID-19 which   

is recorded from 12 May 2021 to 13 April 2021. These data sets are reported in 

(https://covid19.who.int/) . 

The fit of the ED for the data sets is compared to the following distributions: 

 

Exponential distribution: 
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2 

 

f (x) = ɗeīxɗ x > 0. 

 
Lindley distribution ( Ghitany et al. (2008)): 

 

f (x) =ʃ+1ɗ
2 

(1 + x)eīɗx x > 0, ɗ > 0. 

 
Akash distribution (Shanker (2016) ) : 

 

f (x) =ʃ2+2ɗ
3 

(1 + x2)eīɗx, x > 0, ɗ > 0. 

Ishita distribution (Shanker and Shukla (2017b)): 
 

 

 

 
Gharaibeh distribution (Gharaibeh (2021)) : 

 

f(x) = ɗ6 

 
 

120(ɗ6+ɗ4+ɗ2+1) 

(x5 + 20x3 + 120x + 120ɗ)eīɗx; x > 0, ɗ > 0. 

 

Karam distribution (Gharaibeh and Sahtout (2022)) : 
 
 

 

Rose distribution (Tahat (2023)): 
 

f(x) = ɗ7 ɗ6+6ɗ3+720 
 

(1+ x3 + x6) eīɗx, x > 0, ɗ > 0 

Shanker distribution (Shanker (2015)) 

 

f (x) =ʃ2+1ɗ (ɗ + x)eīɗx, x > 0, ɗ > 0 

Table 2: The number of deaths due to COVID-19 in Europe from 1st  March 2021 

to 30 March 2021 
 

 
18 29 28 47 55 40 150 129 184 236 237 336 219 612 434 
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  648 706 838 1129 1421 118 116 1393 1540 1941 2175 2278 2824 2803 2667 

 

 

Table 3: The number of deaths in Latvia due to COVID-19 from 12 March 2021 

to 13 April 2021 
 

 
11  9   11 10  2 8   12  12  10  10  5  2 12  11  13  3   5 

 

  6 5  10  6 14  9  1 8 3 3 9   17 18  5 0 4  

 

using  -2  log  likelihood  (ī2logL),  Akaike  Information  Criterion  (AIC),  Bayesian 

Information Criterion (BIC), Kolmogorov Smirnov (KS) statistic and p-value and the results 

are given in Table 5. It is found that the ED provides a better fit than all other distributions 

because it has the highest p-value and the loweststatistical values of ī2logL, AIC, BIC and 

KS . 

Table 4: -2logL, AIC, BIC, KS statistic and its p-value for ED and other fitted 

distributions. 

 

 Distributio 

n 

ī2log 

L 

AIC BIC KS p- 

value 

 

 

 

 

 

 

 

 

 

 
Dat 

a 1 

Lindley 200.993 202.99 
3 

204.73 
0 

0.17 
4 

0.14 
0 

Gharaibeh 198.566 200.56 
6 

202.30 
3 

0.14 
8 

0.28 
6 

Exponentia 

l 

195.006 197.00 
6 

198.74 
4 

0.11 
6 

0.58 
4 

Karam 251.546 253.54 
6 

255.28 
3 

0.29 
8 

0.00 
1 

Rose 264.521 266.52 
1 

268.25 
9 

0.32 
1 

0.00 
0 

Akash 207.057 209.05 
7 

210.79 
5 

0.20 
0 

0.06 
1 

Shanker 205.832 207.83 
2 

209.56 
9 

0.18 
7 

0.09 
3 

Ishita 210.748 212.74 
8 

214.48 
6 

0.20 
3 

0.05 
4 

Ezz 193.067 195.067 196.805 0.11 
1 

0.634 

 

 Lindley 195.202 197.202 198.699 0.172 0.283 

Gharaibeh 190.561 192.561 194.057 0.146 0.487 

Exponential 203.243 205.243 206.740 0.222 0.076 

Karam 206.512 208.512 210.009 0.178 0.245 

Rose 215.711 217.711 219.208 0.209 0.113 
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Data 

2 

Akash 191.955 193.955 195.452 0.163 0.342 

Shanker 195.535 197.535 199.031 0.175 0.262 

Ishita 193.543 195.543 197.040 0.173 0.274 

Ezz 188.621 190.621 192.117 0.116 0.762 
 

Table 5: The MLEs of the parameters of ED and other fitted distributions and their 

confidence intervals. 

 

 
Distribution MLE Erorr 

CI 

lower limit 

CI 

upper limit 

 

 

 

 

 

Data 1 

Lindley 0.451 0.050 0.352 0.549 

Gharaibeh 0.948 0.050 0.849 1.047 

Exponential 0.267 0.041 0.186 0.348 

Karam 1.462 0.087 1.292 1.632 

Rose 1.770 0.095 1.584 1.956 

Akash 0.696 0.060 0.579 0.813 

Shanker 0.502 0.050 0.404 0.600 

Ishita 0.745 0.057 0.632 0.858 

Ezz 0.992 0.048 0.897 1.087 

 

 

 

 

 

Data 2 

Lindley 0.227 0.028 0.172 0.282 

Gharaibeh 0.622 0.039 0.545 0.699 

Exponential 0.125 0.022 0.082 0.168 

Karam 0.731 0.052 0.629 0.832 

Rose 0.873 0.057 0.761 0.985 

Akash 0.360 0.036 0.290 0.429 

Shanker 0.245 0.029 0.188 0.302 

Ishita 0.372 0.036 0.301 0.443 

Ezz 0.712 0.039 0.636 0.788 

 
Summary and Conclusions 

In this paper, a new continuous distribution with one parameter is proposed and called Ezz 

distribution.The ED is introduced by mixing two well-known gamma and exponential distributions 

Several statistical properties of the ED have been demonstrated and described including The pdf, 

cdf, reliability analysis, moment and moment generating function, mean and median deviations, 

Bonferroni and Lorenz curves and Gini index, Renyi entropy, order statistics, stochastic ordering, 

Fisher information and MLE. Applications to real data sets for Covid-19 are presented, and it was 

found that the proposed distribution is more flexible for modeling such real data, as they showed 

good results in their compatibility with the real data sets compared to some other distributions 

considered in this study. 
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Abstract 

 

Following the series of massive earthquakes struck T¿rkiye-Syria region on 6 February 2023 a huge 

amount of Tweets were posted both by victims and the community as a whole. Social media has long been 

used as a crisis communication tool and proved to supply valuable information in rescue management, and 

in delivering informative content as well, both by the government and the press. We analyze more than 

400,000 tweets posted between 6-21 February 2023, and explore different use cases of Twitter networking 

site aftermath of the quake series. We handle Turkish and English tweets separately to distinguish between 

the topics discussed on-site and abroad. Retweet and like numbers are also analyzed to gain an overview 

on the possible information diffusion characteristics of tweets. We aim this study to shed some light on the 

possible opportunities social networking sites may offer in the aftermath of an earthquake. 

Key words: T¿rkiye-Syria Earthquakes, Content Analysis, Twitter, Disaster Management 
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Geometric Connections Between Curves and the Hirota Equation in Euclidean Space 
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Abstract 

 

This work presents a novel connection between the integrable equation and the dynamics of curves in a 

three-dimensional Euclidean space. In this study, we demonstrate the relationship between the extended 

Landau-Lifschitz equation and the Hirota equation. This is achieved by the utilization of complex functions, 

which are generated based on the characteristics of three distinct curves and their corresponding Frenet 

frames in a 3-dimensional Euclidean space. 

Key words: Hirota Equation, Curve Flow, Euclidean Space 

mailto:zuhal2387@yahoo.com.tr


IV. International Applied Statistics Congress (UYIK - 2023) 

Sarajevo / Bosnia and Herzegovina, September 26-29, 2023 

85 

 

 

 

 

 

 
 

New Geometric Methods for Integrable Equations in Minkowski Space 

Z¿hal K¿­¿karslan Y¿zbaĸē1*
 

1Firat University, Faculty of Science, Department of Mathematics, 23100, Elazig, Turkey 
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Abstract 

 

This study introduces an innovative connection between the motion of curves in 3-dimensional Minkowski 

space and integrable equations, utilizing the extension of the Heisenberg spin chain. As a result, we present 

a geometric logic to demonstrate the geometric origination of the derived integrable equations in 3- 

dimensional Minkowski space. 

Key words: Motion of Curve, Soliton Equations, Minkowski Space. 
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Lucas Numbers and New Fractional Difference Sequence Spaces 
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Abstract 

 

In this article, we compound the fractional order difference operator D(
a )  

with the Lucas matrix  HĔ = (Lij  ) 
and introduce the new difference sequence spaces. We investigate some topological properties, i.e., we 

show that our spaces are BK-spaces and linearly isomorphic to the space . Also, we give  Schauder 

basis. Further, we determine Kºthe-Toeplitz duals and also characterize some matrix classes. As the space 

is convex and reflexive, it can be naturally take into consideration the geometrical form of 

 

spaces. So, we examine the geometric structure of our spaces. At first, we show that the space 

-type 

possess the property ( BS ) for 1< p < ¤ . Besides, using Gurarii modulus of convexity, we say that 

 

is uniformly convex and strictly convex. 

Key words: Lucas numbers, Fractional difference operator, Matrix transformation, Sequence space, 

Modulus of convexity 

p p 

p (H 
(a ) ) 

p (H 
(a ) ) 

p 
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Grouping of districts of Istanbul with cluster analysis based on damage and loss estimates 
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*Baĸkent University, Engineering Faculty, Industrial Engineering, 06790, Ankara, 
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*Corresponding author e-mail: ptoktas@baskent.edu.tr 

 
Abstract 

 
 

On February 6, 2023, two earthquakes with magnitudes of 7.8 Mw (Ñ 0.1) and 7.5 Mw occurred in 

Pazarcēk and Elbistan districts of Kahramanmaraĸ in Turkey. As a result of the earthquakes, at least 50 

thousand 783 people died in Turkey, at least 8 thousand 476 people in Syria according to official figures, 

and more than 122 thousand people were injured in total. After this disaster, eyes turned to Istanbul. 

With its location and ancient architecture, Istanbul is one of the most attractive cities in the world. On 

the other hand, due to its proximity to fault lines, packed population, and high construction density, it is 

one of the cities with the highest earthquake risk. It is critical to recognize and mitigate the danger caused 

by an earthquake to be prepared for one. Pre-disaster research may minimize adverse outcomes to a 

minimum. In this context, as part of the "Istanbul Province Probable Earthquake Loss Estimates Update 

Project (2019)" developed in collaboration with Istanbul Metropolitan Municipality and Boĵazi­i 

University Kandilli Observatory Earthquake Research Institute, building damages, possible deaths and 

injuries, infrastructure damages, and temporary accommodation needs in districts and neighborhoods in 

the event of an earthquake were assessed and reported in booklets created for each district. 

In this study, it is aimed to group 39 districts of Istanbul according to possible 7.5 Mw earthquake damage 

and loss estimates with cluster analysis. Thus, depending on the risk levels of the districts within the 

obtained groups, suggestions can be made to determine the precautions to be taken beforehand and the 

emergency response points. 

Key words: Istanbul earthquake, cluster analysis, disaster management 
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Abstract 
 

It is necessary for firms to use their production resources effectively in order to maintain their existence 

in a competitive environment. Among the production resources such as raw materials, machinery, capital 

and information, it is the most difficult workforce to manage. Workforce affects production productivity 

more than other production resources. Therefore, it is necessary to take measures to ensure that the 

workforce can work comfortably in the production environment. Taking these precautions is possible 

with the implementation of ergonomics applications. The basic principle in ergonomics is to adapt the 

task to the worker. In this framework, it would be a correct approach to ensure the safety of the working 

environment and the comfort of the workers by assigning the workers to the appropriate tasks. In the 

production areas designed by considering ergonomic principles, it is aimed to assign appropriate tasks 

by considering the physical, mental capacities and individual characteristics of the worker. While 

determining the tasks to be performed by the worker, the probability of an occupational accident should 

also be considered. The probability of an occupational accident is affected by the individual 

characteristics of the workers. Accordingly, the assignment of workers to tasks where they can work at 

workload levels suitable for their physical and mental capacities will reduce the probability of work 

accidents and increase production productivity. Otherwise, fatigue will occur in the early period, and 

this fatigue will  cause difficulties in systems that carry out basic functions of the body such as breathing, 

circulation, musculoskeletal system, and central nervous system. When fatigue lasts for a long time, 

negative consequences such as absenteeism, decreases in quality and motivation levels, and occupational 

accidents will occur. In this context, in the study, a worker assignment model has been proposed that 

considers the gender, age, experiences of the workers in the current firm and daily sleep times, together 

with the maximization of the production quantity and the minimization of the probability of work accident. 

Here, the individual characteristics of the workers, which define gender, age, experience, working time 

in the current firm and daily sleep time, are taken into account as occupational accident parameters. 

Accordingly, the Binary Logistic Regression Model (BLRM) was established based on these 

characteristics of the workers with the data obtained from a real production area. In the analysis, age, 

experience, working time in the current firm, average sleep time are constantly variable; gender was 

added to the model as a categorical variable. Within the scope of the model, reducing the probability of 

occupational accidents based on the characteristics of the workers is provided by the assignments to be 

made by minimizing the BLRM equation by taking place in the objective function of the model. However, 

the National Aeronautics and Space Administration Task load Index (NASA-TLX) was used for 

determining mental strain of workers. In the model, the level of mental strain is included in the 

constraints. In the solution of the model, PARETO Solutions (PSs) has been introduced and an approach 

that provides flexibility to decision makers is presented. The proposed model was used to assign workers 

to the tasks performed in the box letter production area of an advertising firm, and thus an assignment 

was made by considering ergonomic factors. 

Key words: Worker assingment, ergonomics, binary logistic regression 
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Abstract 

 

The subjective workload (SWL) effects the performance, reactions, attention, stress, fatigue and work 

satisfaction levels of the employees and it also effects the desire and loyalty levels of the employees 

towards their jobs. The SWL should be measured to establish comfortable, efficient, effective, and secure 

working environments. SWL evaluation is a multi-dimensional problem involving different sub- 

dimensions related to different work demands. There are many different SWL evaluation methods in the 

literature. Among them, National Aeronautics and Space Administration Task Load Index (NASA TLX) 

is a widely used one to determine SWL for in different work types. NASA TLX is a powerful tool to analyze 

SWL in terms of six sub-dimensions as physical demand, mental demand, temporal demand, performance 

level, effort level, frustration level NASA TLX is a scale with two parts. In the first part, employees make 

scoring between ñ0ò and ñ100ò for each sub-dimension of SWL. In the second part, pairwise 

comparisons are made between sub-dimensions. There are totally 15 pairwise comparisons between six 

sub-dimensions. Then, how many times each sub-dimension outweighs the other dimensions, this 

frequency is divided by the total number of pairwise comparisons, 15, and the weight of each sub- 

dimension is calculated. Outweighs means that the employee thinks about the job he/she is performing 

and determines which sub-dimension pushes his/her more in this job. Additionally, by multiplying weight 

of each sub-dimensions with their scores giving in the first part of the NASA TLX scale, the weighted 

score of the each sub-dimensions is obtained. Finally, the sum of weighted score of each dimension is 

computed. In this study, NASA TLX was used to determine the SWLs of 219 industrial salespeople. These 

employees are working in a large size firm which was among the first three firms in the machinery tools 

sector. The machinery tools sold by the firm have been used in various types of manufacturing firms. In 

this sector, technical knowledge is very important and this knowledge changes rapidly. Therefore, 

salespeople must be able to follow and master this rapidly changing technical information. In addition, 

it should be able to ensure that its products are requested by making visits to many different firms and 

transferring the information in question to its customers. Considering the mentioned conditions, it can 

be said that the sales job is a dynamic process that requires patience, knowledge and calmness. For this 

reason, it is necessary to take measures to determine the SWLs of the salespeople and to relieve the 

relevant employees when higher than expected levels are encountered. Otherwise, it is not possible to 

expect the same sales performance from the relevant employees. In this context, the related salespeople 

were evaluated in terms of different demographic features as gender, experience, age, the number of 

children, education level, having chronic occupational musculoskeletal disorders or not, having the other 

chronic diseases like diabetic, blood pressure etc. or not to determine theirs SWLs. For this aim, 

parametric and nonparametric tests were implemented to identify if groups of demographic features are 

significantly different for SWL scores. Results of the study showed that the experience affects the SWL 

score. 

Key words: Subjective workload, salespeople, data analysis, statistical tests 
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Abstract 

 

One of the main problems in parametric clustering approaches is to need to determine the number of 

clusters a priori. Although there are various approaches to determine the number of clusters, the final 

decision mostly needs to be made by researchers. In this study, The CLUES nonparametric clustering 

algorithm suggested by Wang et al. (2007) was used. This method, which allows the number of clusters to 

be determined automatically within the algorithm, has advantages over parametric methods. In the study, 

OECD countries were classified to their environmental quality using the nonparametric clustering 

approach. The variables represent the environmental quality were determined within the framework of the 

IPAT (Impact - Population, Affluence and Technology) model. The variables determined in this context are 

per capita CO2 emissions, per capita GDP, urbanization and total final energy consumption. In order to 

prevent the analysis results from being affected by global pandemic, 2018 data of 38 OECD countries were 

used. As a result, it was determined that the countries were divided into two clusters. Accordingly, it has 

been observed that countries with high economic levels and correspondingly high CO2 emissions or having 

factors increasing air pollution are gathered together. It is noteworthy that Germany is the only exception 

and it is in the other cluster in spite of being an air polluted country. For comparison, parametric clustering 

methods, k-means and PAM, were also applied. As a result of parametric methods, unlike the 

nonparametric method, Germany was included in the first cluster, but the distinction of other countries 

remained the same. In February 2018, it was decided that states and municipalities could ban diesel- 

powered vehicles from the roads to reduce air pollution in Germany. This decision, implemented in various 

parts of the country, is thought to be effective in reducing air pollution. It is a remarkable result that, unlike 

parametric methods, the nonparametric method is successful in capturing the effect of this emission 

preventive decision. Therefore, it has been concluded that the nonparametric clustering method, in addition 

to the advantage of automatically determining the number of clusters, also enables more successful in 

selection of the cluster memberships. 

Key words: Nonparametric clustering, k ï means, pam, CO2 emission 
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Abstract 

 

Yapay zek© son zamanlarda hayatēmēzēn vazge­ilmez par­alarēndan birisi haline gelmiĸtir. Son yēllarda 

her alanda olduĵu gibi tarēm alanēnda da ºnemli ve artan hēzlē geliĸmeler ger­ekleĸmektedir. Sadece 

tarēmsal s¿re­leri deĵil, aynē zamanda hava ve iklim koĸullarē gibi diĵer ilgili faktºrleri de yºnetmek 

ka­ēnēlmaz olmaktadēr. Yapay zek© yºntemlerinin uygulanmasēyla daha verimli ve etkili tarēmsal 

operasyonlar y¿r¿t¿lebilecektir. Bu baĵlamda geliĸtirilecek AKTEMBĶS adē verilen bir proje 

tanētēlmaktadēr. AKTEMBĶS Projesinin temel amacē, tarēmda iklim kaynaklē kayēplarē m¿mk¿n olduĵunca 

en aza indirerek ekonomik zararlarē azaltmayē hedeflemektedir. Ayrēca iklim ilintili zamansēz ve yanlēĸ 

uygulanan tarēmsal faaliyetlere rehberlik ederek verimliliĵi artērmaya yardēmcē olmayē planlamaktadēr. 

¦reticinin faaliyetlerini planlarken zamanē iyi yºnetebilmesine katkē sunmaktadēr. Projede Tarēm 

operasyonlarēnēn ¿retkenliĵine katkēda bulunmayē ama­layan teknolojik ilerlemenin avantajlarēnē 

denemek ve kullanmak i­in akēllē bir tarēmsal-meteorolojik (agrometeorolojik) bilgi yºnetim sistemi 

ºngºr¿lmektedir. Veri temini, Meteoroloji Genel M¿d¿rl¿ĵ¿ veri tabanēndan veri temini yapēlmasē 

ama­lanmaktadēr. Tahmin verileri AKTEMBĶS projesinin ºn hazērlēklarē hakkēnda bilgi verilecek, projenin 

amacē, gerek­esi ve kapsamē ayrēntēlē olarak anlatēlacaktēr. Projenin hayata ge­mesiyle birlikte bireyler 

ve ilgili  tarēm iĸletmeleri, iklim koĸullarēnēn ¿r¿nlerine olumsuz etkilerini en aza indirecek ĸekilde ºneri ve 

uyarēlar alabilecektir. Projenin ºn hazērlēk aĸamasēnda ºzellikle veri toplamada izlenecek yºntem 

belirlenmiĸ ve kapsamlē bir literat¿r taramasē yapēlmēĸtēr. Tarēm alanlarēna gºre ºl­eklendirilme ve 

­eĸitlendirilmesini saĵlayacak enterpolasyon algoritmalarēna ihtiya­ vardēr. Tokat bºlgesindeki dokuz 

¿r¿n mēsēr, kayēsē, fēndēk, kiraz, ceviz, elma, buĵday, ay­i­eĵi, ĸekerpancarē i­in ilgili algoritmalar 

geliĸtirilmektedir. Ayrēca olasē kullanēm durumlarēnē belirlemek ve akēllē operasyonlarēn AKTEMBĶS'teki 

kapsamēnē netleĸtirmek i­in yapay zeka ¿zerine yapēlan ­alēĸma ve ilgili uygulamalar gºzden 

ge­irilmektedir. Benzeri ĸekilde ­ift­iyi tarlasē ve ¿rettiĵi ¿r¿n bazēnda destekleyebilecek bir mobil sistem 

oluĸturulmasē da hedeflenmektedir. AKTEMBĶS kavramsal ­er­evesi oluĸturulmuĸ ve ilk s¿r¿m i­in sistem 

gereksinimleri geliĸtirilmiĸtir. ¢alēĸma, ilk versiyonun kodlanmasē ve algoritmalarēn yanē sēra 

gereksinimlerin iyileĸtirilmesi olmak ¿zere iki aĸamada devam etmektedir. 

Key words: Akēllē tarēm, mobil sistem,meteorolojik veri analizi 
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¥zet 

 

Gºr¿nt¿ sahteciliĵi, bir gºr¿nt¿n¿n i­eriĵinin gºr¿nt¿deki kiĸilerin veya nesnelerin deĵiĸtirilmesi, 

ger­ekte olmayan olaylarēn olmuĸ gibi gºsterilmesi veya gºr¿nt¿lerin istenilen ĸekilde gºr¿nmesinin 

saĵlanmasē gibi ­eĸitli ama­larla deĵiĸtirilmesi olarak tanēmlanmaktadēr. Gºr¿nt¿ sahteciliĵi, fotoĵraf 

d¿zenleme yazēlēmlarēnēn geliĸmesi ile g¿n¿m¿zde olduk­a yaygēn ve kolay hale gelmiĸtir. Bu ­alēĸmada, 

gºr¿nt¿ye dair herhangi bir ºn bilgi olmaksēzēn gºr¿nt¿ sahteciliĵini tespit etmek i­in zeki optimizasyon 

algoritmalarēndan yararlanan yeni bir yaklaĸēm ºnerilmektedir. ¥nerilen yaklaĸēmda, ºncelikle gºr¿nt¿ 

ºznitelikleri ­ēkartēlmakta, ardēndan, elde edilen ºznitelik haritalarēnda zeki optimizasyon algoritmalarē 

ile k¿meleme yapēlarak gºr¿nt¿ bºl¿tlenmektedir. Son olarak, elde edilen bºl¿tlerin ºznitelikleri 

deĵerlendirilerek sahtecilik yapēlan konum tespit edilmekte ve sahtecilik haritasē ¿retilmektedir. 

¢alēĸmada gºr¿nt¿ ºzniteliklerinin ­ēkartēlmasēnda literat¿rde iyi sonu­lar veren hata seviye analizi, 

fotoĵraf tepki d¿zensizliĵi, Laws doku enerji ºl­¿t¿ gibi yºntemler kullanēlmēĸtēr. Elde edilen ºznitelik 

haritalarēnēn k¿melemesinde ise Diferansiyel Geliĸim algoritmasē ve Par­acēk S¿r¿ Optimizasyonu 

algoritmalarē kullanēlmēĸ ve baĸarēmlarē karĸēlaĸtērēlmēĸtēr. ¥nerilen yaklaĸēmēn baĸarēmēnē araĸtērmak 

i­in literat¿rde yaygēn olarak kullanēlan Columbia gºr¿nt¿ sahteciliĵi veri seti ile Erciyes arkaplan 

sahteciliĵi veri seti ¿zerinde deneyler ger­ekleĸtirilmiĸtir. Yapēlan deneylerin sonu­larē ºnerilen 

yaklaĸēmēn gºr¿nt¿ sahteciliĵi tespitinde kullanēlabileceĵini ve Par­acēk S¿r¿ Optimizasyonu 

algoritmasēnēn bu problem i­in daha baĸarēlē sonu­lar ¿rettiĵini gºstermektedir. 
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Abstract 

 
 

In this study, exact solutions of the stochastic Zakharov-Kuznetsov equation are obtained using the Jacobi 

elliptic function method (JEFM). We use the Hermite transform to transform the Wick-type stochastic 

Zakharov-Kuznetsov equation into a deterministic partial differential equation. The inverse Hermite 

transform is also used to obtain a set of stochastic solutions in white noise space. 

Key words: Wick-product, Jacobi elliptic function method, Hermite transform, Inverse Hermite transform 
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Abstract 

 
 

The Pag sheep is a Croatian autochthonous sheep breed mainly reared for milk production. However, the 

lamb meat is also an important source of income for the breeders. It is desirable that lambs come into the 

world as heavier as possible to be more vital and disease resistant, but also to reach the slaughter weight 

as soon as possible. Previous studies conducted on different livestock populations suggest that inbreeding 

can lead to the serious decline in the birth weight of newborns, but this phenomenon has been scarcely 

investigated in sheep, especially in extensively managed dairy orientated populations. This study was part 

of the series of studies related to examination of the important population specific genetic parameters 

necessary to establish the optimum contribution selection (OCS), which is an ultimate long-term selection 

strategy in this population (project OPTI SHEEP, CSF, IP: 2019-04-3559). The specific aim of this study 

was to analyse the impact of inbreeding on the birth weight of lambs in the population included in selection 

improvement of milk gain. This population has been under comprehensive recording of genealogical and 

phenotypic data in the last two decades, which makes this population very suitable for investigation of this 

phenomenon. All data used in the analysis were provided by the Croatian Ministry of Agriculture. There 

was a total of 281760 animals in the pedigree, with maximally 11 generations traced back. All the available 

pedigree records were used for the estimation of the coefficient of inbreeding (F) for a total of 15186 lambs 

with known birth weight and sufficiently informative pedigree (number of equivalent generations >3). The 

inferential statistical analysis was conducted under the 3-way ANCOVA statistical model with gender, 

litter size, and parity used as categorical, and F (expressed in %) as continuous numerical predictor 

(covariate). The estimated regression coefficient of the birth weight (kg) on the F was -0.005 kg (P<0.001), 

indicating thus the presence of inbreeding depression. The obtained result calls for attention in making 

further mating plans in this population in order to prevent a genetically influenced decrease of the birth 

weight. However, more research, and more evidence is needed to generalize this effect, preferably under 

the framework of the animal genetic model in order to account for the mutual genetic relationship between 

the analysed lambs. 

Key words: Pag sheep, lambs, birth weight, inbreeding 
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Abstract 

 

The objective of this study was to examine genomic inbreeding based on the runs of homozygosity (ROH) 

in the population of Istrian sheep, a Croatian dual-purpose breed (milk and meat). The ROH is a kind of 

ñstate of the artò methodology in the conservation genetic studies, not only due to effective way to estimate 

inbreeding, but also due to possibility of distinguishing between distant and recent inbreeding based on 

the length of the homozygous segments of the genome and their share in the length of the total genome. In 

addition to estimate overall population genomic inbreeding (FROH), the aim was also to estimate within 

flock genomic inbreeding in order to provide baseline for implementation of the optimum contribution 

selection (OCS) which seeks to provide selection progress with minimal loss of genetic variability. This 

selection strategy for this native sheep population has been initiated under the project OPTI SHEEP (CSF, 

IP: 2019-04-3559), and numerous studies are ongoing to set up this selection strategy. This particular 

study was conducted on 719 genotyped (Ovine 50K SNP BeadChip) sheep from 11 flocks, but after quality 

control, 656 of them were retained in the inferential statistical analysis. Estimation of ROH segments 

lengths of different sizes was obtained using the PLINK toolset (v1.09), and post hoc analysis, i.e. 

estimation of genomic FROH (FROH = Ɇi length (ROHi)/L total length of genome covered by SNP) was conducted in R 

programme. As suggested for medium density SNP data, only large ROH segments (> 4 Mb) were used to 

estimate FROH. Individual FROH ranged from 0.002 to 0.382 with an average of 0.068, and mean flock FROH 

ranged from 0.024 to 0.124. Only two flocks had FROH above 10% (FROH = 0.114 and 0.125). These results 

represent the first insights into genomic inbreeding at the flock level in this population and they will be 

used to set up the baseline for the OCS in the very near future. Development of the ñpipelineò for including 

genomic inbreeding in the genetic evaluation system following the OSC principles is also an important 

practical and applicable contribution of the study. 

Key words: Istrian sheep, flocks, inbreeding coefficient, mating scheme 
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Abstract 

 

In this study; In this study, it was aimed to investigate the readability levels of websites about jaw cysts on 

the internet. Health literacy is the individual's ability to access, understand and use online patient 

education materials and information to make an informed health decision. Individuals with health 

problems often use the Internet to search for information about diagnosis, management, and disease 

outcomes. ñAteĸman Readability Indexò was used to calculate the readability levels of the texts. The 

Kolmogorov-Smirnov test was used for the statistical analysis of the data's normal distribution. In addition, 

the data's mean, standard deviation, minimum and maximum values were calculated. 

Key words: jaw cysts, feasibility, health literacy, Kolmogorov-Smirnov test 
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Abstract 

 

Coffee is one of the most significant and economically valuable agricultural products on world markets. 

Evaluation of the color of coffee beans is an essential process in determining their quality and market 

price. Detection of coffee beans can be done using manual or electronic sorting machines, but these 

methods are either costly or inefficient; thus, automated systems are needed. This study aimed to classify 

four different coffee beans: dark, green, light, and medium by using their images with five different 

convolutional neural networks-based models, which are AlexNet, Inception-v1, MobileNet-v2, ShuffleNet, 

and SqueezeNet. AUC, accuracy, sensitivity, specificity, precision, F1-score, G-Mean metrics, and ROC 

curves were used to evaluate the models' performances. 

Key words: Classification, coffee beans, convolutional neural networks 
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Abstract 

 

Cluster analysis is a multivariate statistical method that aims to identify homogeneous groups with similar 

structures. In this study, it is aimed to cluster 81 provinces in T¿rkiye by using different clustering methods 

according to the causes of death selected by using the 2022 death and cause of death statistics published 

by the Turkish Statistical Institute (TUIK). In this context, it has been tried to reveal the causes of death of 

people in similar provinces and to reveal the cause of similar causes of death. 

Key words: Causes of death, cluster analysis, provinces in T¿rkiye 
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Abstract 

 

Unsupervised learning is a technique that aims to discover unexplored structures and patterns in unlabeled 

data and is a sub-branch of machine learning. Unsupervised learning algorithms are widely used in data 

analytics and exploratory data analysis studies. These algorithms are used for many purposes such as 

revealing hidden structures in data, clustering similar data points, reducing the size and complexity of the 

data, and compression and visualization of data. In this study, the contributions of unsupervised learning 

algorithms were examined by using the health indicators compiled for the Covid-19 epidemic of countries. 

As a result; dimensionality reduction, clustering, anomaly detection, and uncovering unexpected or 

unusual trends in the data were performed by applying unsupervised learning techniques for health 

indicators data. 

Key words: Anomaly detection, Covid-19, unsupervised learning algorithms. 
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Abstract 

 
 

Generalized Linear Mixed Models (GLMM) are generalized versions of Generalized Linear Models (GLM) 

and Linear Mixed Models (LMM). GLMMs can be defined as regression models that allow researchers to 

choose from a variety of distributions and linkage functions to model a wide variety of dependent variables 

through linear combinations of one or more predictive variables (fixed effects). GLMMs allow modeling a 

linear relationship between one or more explanatory variable(s) and a continuous dependent variable, 

where observations are not independent but are aggregated given one or more random effect grouping 

factors. Because differences between groups can be modeled as a random effect, GLMMs provide a wide 

range of models for the analysis of grouped data. These models are useful in analyzing many types of data, 

including longitudinal data. They have utility for studies in the health field as they allow modeling of 

discontinuous response variables using different probabilities and linkage functions. 

Considering the mortality of the Covid-19 epidemic, it is seen that many variables play a role in this period. 

Considering the studies in the literature, deaths in the Covid-19 pandemic can be explained by basic 

indicators such as the number of patients in intensive care, the number of patients admitted to the hospital, 

and the number of vaccinations. In this study, deaths caused by Covid-19 were modeled using generalized 

linear mixed models with some indicators specified in the literature. 

Key words: Generalized linear mixed models, Covid- 19, random effect, fixed effect 
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Abstract 

 

A two-parameter New Garima distribution is introduced and its structural, statistical properties are 

investigated. These include the compounding representation of the distribution, the shapes of the density 

and hazard rate functions, the moments and quantiles as well as the limiting distributions of extreme order 

statistics. We applied two-parameter New Garima distribution to the nuclear reactions including light (12C 

+ 28Si at 65 MeV and 12C + 40Ca at 180 MeV), medium (12C + 58Ni at 300 MeV and 12C + 90Zr at 120 MeV) 

and heavy (12C + 208Pb at 180 MeV) that are important systems in the field of nuclear physics. Then, we 

compared the results of New Garima and and Exponential Garima and Garima distributions. We presented 

that the New Garima distribution are better than the Garima distribution and Exponential Garima 

Key words: Garima distribution, cumulative distribution function, survival function 
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Abstract 

 

A Gage R&R study plays a crucial role in evaluating the capability of a measurement system by identifying 

the sources of variation within it. This study focuses on constructing confidence intervals for the 

repeatability and reproducibility parameters, which account for variance components in the system. 

Additionally, confidence intervals are also studied for the precision-to-tolerance ratio (PTR), signal-to- 

noise ratio (SNR), and discrimination ratio (DR), which are commonly used indexes in measurement system 

analysis. The approach involves the use of likelihood ratio and bootstrap methods in a random two-factor 

design, where parts and operators are treated as random variables. To assess the performance of the 

proposed confidence intervals, a comprehensive simulation study is conducted, comparing them with 

existing methods in the literature, such as modified large sample and generalized confidence intervals. 

Finally, a numerical example is provided to illustrate the practical implications of the study's findings. 

Key words: Bootstrap, confidence intervals, gauge capability, likelihood ratio, maximum likelihood 

estimation, modified large sample, repeatability, reproducibility, variance components. 
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Abstract 

 

In this paper, a novel lifetime distribution is proposed. Some distributional properties of the new 

distribution, such as moments, kurtosis and skewness coefficients, and order statistics, are examined. Many 

estimation methods, such as the maximum likelihood, least squares, weighted least squares, Cramer-von 

Mises, Anderson-Darling, and maximum product spacing, for the parameters of the distribution are 

discussed. The efficiency of the estimators is assessed by a simulation based on bias and mean squared 

error criteria. In the simulation study, the sample is obtained with the acceptance-rejection algorithm, and 

the algorithm steps related to this algorithm are presented. Furthermore, the process capability index Spmk 

is examined when the underlying distribution is a new lifetime distribution. The maximum likelihood 

estimation of the Spmk is obtained. The asymptotic confidence interval is also constructed for Spmk. Some 

practical analyses are also performed on both the new distribution and the process capability index, Spmk, 

based on the new distribution. 

Key words: Lifetime distribution, monte carlo simulation, maximum likelihood estimation, process 

capability index, spmk. 
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Abstract 

 

In this paper, many estimators are studied to estimate parameters of the log exponential-power 

distribution. The maximum likelihood, least squares, weighted least squares, Anderson-Darling, and 

Cramer-von Mises estimators are discussed. The efficiency of these estimators is validated through Monte 

Carlo simulation experiments. Also, two real data applications are conducted and Kolmogorov-Smirnov 

statistic results for all estimators are presented. 

Key words: Point estimation, log exponential-power distribution, maximum likelihood estimators, 

practical data application. 
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Abstract 

 

In this study, the probability of bankruptcy was calculated based on the discrete risk process, using the 

transmuted record type geometric distribution as the damage frequency distribution and the geometric 

distribution as the damage size distribution. In addition, some distributional properties are given for the 

transmuted record type geometric distribution and the total damage size distribution is obtained. The ruin 

probabilities for various values of the parameters in the damage frequency and damage size distributions 

are calculated and given in graphics. 

Key words: Damage size distribution, damage frequency distribution, discrete risk process, ruin 

probability. 
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Abstract 

 

The analyst needs to know whether the result of measurement can be accepted with confidence or, on the 

contrary, rejected because it is wrong. It is essential, also, to know whether an analysis method is suitable 

for the intended use. Likewise, it is more important for the researcher to know if he can trust a new 

developed method and what are the criteria to respect to ensure its validity. A simple, rapid and 

reproducible first derivative, ratio-spectra derivative UV spectrophotometric method and HPLC method 

were developed for the simultaneous determination of olmesartan (OLM) medoxomil and 

hydrochlorothiazide (HCT) in combined tablets. The procedure is based on the use of UV 

spectrophotometry by using the linear relationship between standard solutions of olmesartan medoxomil 

or hydrochlorothiazide concentrations and the first derivative signals. The assay was linear and the method 

showed good recoveries and the relative Standard deviation (RSD) values for intra- and inter-day 

precision were calculated. The recovery test was succesfully applied from laboratory-prepared mixtures. 

The developed method was applied successfully for quality control assay of OLM and HCT in combined 

tablets and in vitro dissolution. The results were compared with official USP 24 HPLC method. 

Key words: Olmesartan medoxomil, hydrochlorothiazide, UV spectroscopy, derivative, simultaneous 

determination, HPLC, validation 
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Abstract 

 
This study aimed to compare the prediction performances of different missing data imputation methods in 

the prostate cancer data set. Missing values with the missing at random (MAR) mechanism were created 

at rates of 10%, 20%, and 30% in the data set. Missing data were predicted using mean, median, random, 

k-nearest neighbors (KNN), missing value imputation with random forests (I-RF), multiple imputations by 

chained equations with classification and regression trees (MICE-CART), the direct use of regularized 

regression (DURR) and the indirect use of regularized regression (IURR) methods, which are among the 

missing data imputation methods, and errors were calculated. It was observed that as the missing rate 

increased, the prediction performances of the methods generally decreased. It was determined that the I- 

RF method was the method with the lowest error at all missing rates. 

Key words: Missing Data, Bootstrap, I-RF, DURR, IURR 
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Abstract 

 
Data sets in many fields, especially in the field of health, are generally unbalanced in terms of class 

variables. The problem of class imbalance arises when the number of samples of different classes in a data 

set is disproportionately distributed. This causes the minority class to be under-represented in the dataset 

and the trained classification models often produce biased predictions in favour of the majority class. 

SMOTE algorithm is a data balancing algorithm used to reduce the effect of skewed class distribution. In 

our study, we investigated the effect of the SMOTE algorithm on classification performance in breast 

cancer dataset that is unbalanced in terms of survival status. In the breast cancer dataset, survival status 

was estimated using Extreme Gradient Boosting (XGBoost), Random Forests (RF) and Support Vector 

Machine (SVM) methods before and after balancing with the SMOTE algorithm. As a result, it was 

observed that the SMOTE algorithm improved the classification performance for all classification 

methods, and it was concluded that balancing before classification in imbalanced data sets would improve 

the classification performance. 

Key words: SMOTE, Imbalanced data set, XGBoost, Random Forests, Support Vector Machine 
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Abstract 

 
The homogeneity of the study groups often cannot be controlled during the data collection process of 

studies conducted in the health field. The heterogeneous structure of the groups causes the real effects of 

the variables whose effects on a disease or an event to be investigated to be masked. The propensity score 

method obtains accurate results by balancing heterogeneous data. The aim of this study is to reveal the 

true effects of the demographic and clinical factors examined on the risk of death due to heart failure by 

using the propensity score matching method. After eliminating the effect of the age variable that caused 

heterogeneity between groups, the real effects of demographic and clinical factors were revealed, and it 

was determined that the significance levels of these factors on the risk of death due to heart failure changed. 

It was also determined that anaemia, ejection fraction, and serum creatinine levels significantly affected 

death due to heart failure. 

Key words: Propensity score, Matching, Logistic regression analysis, Heart failure 
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Abstract 

 
This is a simulation study conducted in preparation for the master's thesis in which the validity of a QTL 

mapping method. The aim of this presentation is to make a sampling of the gametes for one locus and two 

loci each with two alleles through a simulation program written by R language. 

Keywords: Segregation Gamete, Genotype, Random sampling, R Language. 

 

 
¥zet 

 
Bu ­alēĸma, konusu bir QTL haritalama metodunun ge­erliliĵini araĸtērmak olan y¿ksek lisans tezine 

hazērlēk olmak ¿zere yapēlmēĸ bir simulasyon ­alēĸmasēdēr. Bu tebliĵin amacē, bilgisayarda R yazēlēm ile 

hazērlanan simulasyon programlarēē ile bir ve iki lokus i­in ¿retilen gametlerin ºrneklemesidir. Programēn 

her ­alēĸmasēnda sonu­lar tead¿fi deĵiĸiklikler gºsterecektir. Programē her ­alēĸtērmanēzda deĵiĸik 

sonu­lar elde edeceksiniz. Gamet sayēsēnē deĵiĸtirerek istediĵiniz sayēda gamet ¿retmeniz m¿mk¿nd¿r. 

Mesel© 12 denemede A geni taĸēyan gametlerin sayēsē sērasēyla, 9 5 7 13 5 13 5 16 10 7 6 9 olarak 

bulunmuĸtur.20 gametin 8ôi AB (11) olsun beklenirken, ¿­ denemede bu sayēlar 6, 10 ve 9 olarak 

bulunmuĸtur. 50 gametin 12.5ôinin AB (11) olsun beklenirken, dºrt denemede bu sayēlar 13,13,17 ve 9 

olarak bulunmuĸtur. 

Anahtar Kelimeler: A­ēlma, Gamet, Genotip, Tesad¿f ¥rneklemesi, R yazēlēm 

 

 
GĶRĶķ 

Bilgisayarda simulasyon tekniklerinin canlē sistemler i­in kullanēlmasē, 1950ôli yēllarda baĸladē. Kantitatif 

genetik modeller, Monte Carlo Simulasyonu denilen bir teknikle bilgisayarda sēnandē (Kavuncu ve Kesici 

1980). Kantitatif bir ºzellik bakēmēndan fenotipi belirleyen unsurlardan birisi olan genotiplerin 

oluĸturacaĵē gametler, bilgisayarda ¿retilen standart uniform tesad¿f sayēlarēna gºre, ikinci unsur olan 

­evre etkisi ise ortalamasē sēfēr, varyansē da ºngºr¿len bir deĵer olan normal daĵēlēm gºsteren tesad¿f 

sayēlarē ¿retilerek atanēyordu. 

Bu ­alēĸmada R yazēlēm ile yazēlan programlar yoluyla bilgisayarda belirli bir genotipteki bireyin ¿reteceĵi 

gametlerin nasēl simule edileceĵi gºsterilecektir. 

 
 

MATERYAL VE METOT  

 
Materyal  
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Bilgisayarda R yazēlēm programē kullanēlarak, aralarēnda uzaklēk 15 HB kadar olan iki marker lokus ve 

bunlar arasēnda her iki marker lokusa uzaklēĵē ve fenotip ortalamasē belli bir QTL lokusu planlanmēĸtēr. 

Ķkiĸer allelli marker lokuslarē A ve B ile yeri belirlenmeye ­alēĸēlan QTL lokusu ise H ile gºsterilmiĸtir. 

Metot 

Bu simulasyon ­alēĸmasēnda, QTL lokusunun yerini belirlemek i­in yapēlan ­alēĸmalarda kullanēlan kl©sik 

bir yºntem tasarlanmēĸtēr. Bu yºntemde y¿ksek fenotipli, AHB/AHB genotipinde bir hat ile d¿ĸ¿k 

fenotipli, ahb/ahb genotipinde bir hattēn AHB/ahb genotipli F1 melezleri, y¿ksek fenotipli hatla geriye 

melezlenir. QTL lokusu i­in, eklemeli bir model varsayēlmēĸ; b¿y¿k etkili H allelinin etkisi 15, k¿­¿k etkili 

h allelinin etkisi ise 5 birim kabul edilmiĸtir. Buna gºre m¿mk¿n olan ¿­ genotipin deĵerleri HH i­in 30, 

Hh i­in 20 ve hh i­in de 10 alēnmēĸtēr. Geri melezlemede elde edilen her bir genotip i­in, ortalamasē sēfēr, 

standart sapmasē 2 olan ve normal daĵēlan bir ­evre deĵeri ¿retilerek, ilgili  genotipin deĵerine eklenmiĸ ve 

bºylece o bireyin fenotipi bulunmuĸtur. 

AHB/ahb F1 bireyi ile AHB/AHB hattēndan bireyin melezlenmesinde elde edilecek geri melez bireylerinin 

genotipleri, standart uniform tesad¿f sayēlarē yardēmēyla belirlenmiĸtir. Buna gºre mesel© A ve H lokuslarē 

arasēnda r1, H ile B arasēnda r2 kadar uzaklēk varsa, geri melez bireylerinin genotiplerinin oluĸ ihtimalleri 

Tablo:1ôdeki gibi olacaktēr. Buna gºre rastgele ¿retilen bir standart uniform tesad¿f sayēsē, (1-r1)*(1- 

r2)/2ôye eĸit veya daha k¿­¿kse genotip AHB/AHB olacaktēr. K¿m¿latif ihtimal deĵerleri yardēmēyla 

¿retilen sayē hangi aralēĵa d¿ĸ¿yorsa, geri melez dºl¿n¿n genotipi, o aralēĵa uygun genotipte olacaktēr. 

Tablo:1 - AHB/ahb *  AHB/AHB Melezlemesinden Elde Edilecek Geri Melez Dºllerinin Genotipleri (Gi), 

Frekanslarē (Fi), K¿m¿latif Frekanslarē (KFi), O Genotip Ķ­in ¦retilen Tesad¿f Sayēsēnēn D¿ĸmesi Gereken 

Aralēk ve Genotipik Deĵerleri. 
 

Genotip (Gi) Frekans (Fi) K¿m¿latif Fekans 

KFi) 

Uygun Aralēk Genotipik 

Deĵer 

AHB/AHB F1=(1-r1)*(1-r2)/2 KF1 X<=KF1 30 

AHb/AHB F2=(1-r1)*r2/2 KF2=KF1+F2 KF1<x<=KF2 30 

AhB/AHB F3=r1*r2/2 KF3=KF2+F3 KF2<x<=KF3 20 

Ahb/AHB F4=r1*(1-r2)/2 KF4=KF3+F4 KF3<x<=KF4 20 

aHB/AHB F5=r1*(1-r2)/2 KF5=KF4+F5 KF4<x<=KF5 30 

aHb(AHB F6=r1*r2/2 KF6=KF5+F6 KF5<x<=KF6 30 

ahB/AHB F7=(1-r1)*r2/2 KF7=KF6+F7 KF6<x<=KF7 20 

ahb/AHB F8=(1-r1)?(1-r2)/2 KF8=KF7+F8=1 KF7<x<=KF8 

(=1) 

20 

 

 
Bu tebliĵde, bºyle bir genetik sistemin sim¿lasyonuna hazērlēk mahiyetinde, belirli genotiplere sahip 

populasyonlardan iki allelli bir lokus ve her biri iki allelli iki lokus i­in n adet gamet ºrneĵi ¿retmek i­in 

hazērlanan simulasyon programlarē sunulacaktēr. 
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SONU¢LAR 

Tek Lokuslu bir Sistemin Simulasyonu 

A/a genotipli bir bireyin vereceĵi 20 gametin 10ôunun A, 10ôunun da a geni taĸēmasē beklenir. Ancak bir­ok 

denemede ºrnekleme y¿z¿nden ger­ek gamet sayēlarē bu beklenenler etrafēnda tesad¿fi sapmalar gºsterir. 

Bunun i­in R yazēlēmda hazērlanmēĸ aĸaĵēdaki gibi bir program yararlē olacaktēr: 

# parametreler n: gamet sayēsē, agamet: ¿retilen gametler dizisi, Asay: A geni taĸēyan gametlerin sayēsē 

n=20 

A="A"  

a="a" 

agamet=array(rep("c"),n) 

Asay=0 

agamet 

x=runif(20) 

for (i in 1:n){ 

ifelse ((x[i]<=0.5),(agamet[i]=A),(agamet[i]=a)) 

ifelse ((x[i]<=0.5),(Asay=Asay+1),(Asay=Asay)) 

}  

agamet 

Asay 

 
Bu programē her ­alēĸtērmanēzda farklē bir gamet dizisi elde edersiniz. Mesel© bir ­alēĸmada ¿retilen 20 

gamet aĸaĵēdaki gibi ­ēkmēĸtēr. Gºr¿ld¿ĵ¿ gibi 20 gametin 9 tanesinde A geni, dolayēsēyla 11 tanesinde a 

geni bulunmaktadēr. 

> agamet 

[1] "a" "A" "A" "a" "a" "A" "A" "a" "a" "A" "a" "a" "a" "A" "A" "a" "A" "a" "a"  

[20] "A"  

> Asay 

[1] 9 

Programēn her ­alēĸmasēnda sonu­lar tead¿fi deĵiĸiklikler gºsterecektir. Programē bu ĸekilde her 

­alēĸtērmanēzda deĵiĸik sonu­lar elde edeceksiniz. Gamet sayēsēnē deĵiĸtirerek istediĵiniz sayēda gamet 

¿retmeniz m¿mk¿nd¿r. Mesel© 12 denemede A geni taĸēyan gametlerin sayēsē sērasēyla, 9 5 7 13 5 13 5 16 

10 7 6 9 olarak bulunmuĸtur. 

Ķki Lokuslu Bir Sistemin Simulasyonu 

Ķki lokus arasēnda ne kadar uzaklēk olduĵuna baĵlē olarak yeni kombinasyonlarēn oranē deĵiĸir. 

Parametreleri buna gºre belirleyerek hazērlanan bir programla diheterozigot bir bireyin oluĸturacaĵē 

gametler belirlenebilir. Diheterozigot birey coupling fazēnda baĵlē ise AB/ab genotipindedir. Ķki lokus 

arasēnda 20 HB uzaklēk varsa, oluĸacak gametlerin %20ôsi yeni kombinasyon, %80ôi ebeveyn 

kombinasyon olacaktēr. Meyoz bºl¿nme simetrik olduĵundan %20 yeni kombinasyonun yarēsē Ab, yarēsē 
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aB, ebeveyn kombinasyonun da yarēsē AB, diĵer yarēsē ab olacaktēr. Buna gºre standart uniform tesad¿f 

deĵiĸkeninin tanēm aralēĵē 0-1 uygun aralēklara bºl¿nerek simulasyonla elde edilen sayēnēn d¿ĸt¿ĵ¿ aralēĵa 

gºre gametin ne olacaĵē belirlenir. Mesel© sayē <=0.40 ise AB, 0.40<sayē<=0.50 ise Ab, 0.5<sayē<=0.6 ise 

aB ve 0.6ôtan b¿y¿kse ab gameti oluĸsun diye baĸtan kararlaĸtērēlēr. Aralēĵē ­eĸitli ĸekillerde d¿zenlemek 

m¿mk¿nd¿r. Mesel© 0-0.4 ab, 0.4-0.8 AB, 0.8-0.9 Ab ve 0.9ôdan b¿y¿k aB olacaĵē kararlaĸtērēlabilir. 

Buna gºre iki lokus arasēndaki uzaklēk ve ¿retilecek gamet sayēsē gibi parametreleri baĸtan belirleyerek 

aĸaĵēdaki gibi bir R programē yazēlmēĸtēr: 

# F1'in vereceĵi gametler; AB/ab=11/22 

# r=0.20; n=20 

# a: standart ¿niform tesad¿f sayēsē 

# a<=p1 gamet 11 

# p1<a<=p2 gamet 12 

# p2<a<=p3 gamet 21 

# p3<a<=1.0 gamet 22 

p1=0.4 

p2=0.5 

p3=0.6 

n=20 

g=array(rep(0),n) 

g 

a=runif(n,0,1) 

for (i in 1:n){ 

ifelse ((a[i]<=p1),(g[i]=11),(g[i]=g[i])) 

ifelse ((a[i]>p1&a[i]<=p2),(g[i]=12),(g[i]=g[i])) 

ifelse ((a[i]>p2&a[i]<=p3),(g[i]=21),(g[i]=g[i]))  

ifelse ((a[i]>p3),(g[i]=22),(g[i]=g[i])) 

}  

g 

 

 
Burada beklenen sayēlar 20 gametin 8ôi AB (programda 11 olarak gºsterilmiĸtir), 8ôi ab (22), 2ôsi Ab (12) 

ve 2ôsi aB (21) ĸeklindedir. Ancak programēn her ­alēĸtērēlmasēnda bu sayēlar etrafēnda rasgele deĵiĸen 

deĵerler elde edilecektir. Aĸaĵēda ¿­ deneme sonunda elde edilen sonu­lar gºsterilmiĸtir: 

> g 

[1] 11 12 12 22 21 12 11 11 22 22 21 11 11 12 22 21 21 11 22 22 

 

 
> g 

[1] 11 11 22 11 22 11 11 22 22 11 22 11 11 22 11 21 22 22 11 22 
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> g 

[1] 11 22 11 11 22 11 22 12 11 22 11 22 21 22 12 11 11 22 11 22 

Gºr¿ld¿ĵ¿ gibi 20 gametin 8ôi AB (11) olsun beklenirken, ¿­ denemede bu sayēlar 6, 10 ve 9 olarak 

bulunmuĸtur. Parametreleri deĵiĸtirerek istediĵiniz HB birimi uzaklēk ve istediĵiniz sayēda gamet 

¿retebilirsiniz. Mesel© gamet sayēsē n=50, HB uzaklēk 0.50, yani A ve B lokuslarē baĵlē deĵil ise, 

parametrelerde uygun deĵiĸikliklerle aĸaĵēdaki gibi bir program ­alēĸtērēlabilir: 

# F1'in vereceĵi gametler; AB/ab=11/22 

# r=0.50; n=50 

# a: standart ¿niform tesad¿f sayēsē 

# a<=p1 gamet 11 

# p1<a<=p2 gamet 12 

# p2<a<=p3 gamet 21 

# p3<a<=1.0 gamet 22 

p1=0.25 

p2=0.5 

p3=0.75 

n=50 

g=array(rep(0),n) 

g 

ABsay=0 

a=runif(n,0,1) 

for (i in 1:n){ 

ifelse ((a[i]<=p1),(g[i]=11),(g[i]=g[i])) 

ifelse ((a[i]<=p1),(ABsay=ABsay+1),(ABsay=ABsay)) 

ifelse ((a[i]>p1&a[i]<=p2),(g[i]=12),(g[i]=g[i]))  

ifelse ((a[i]>p2&a[i]<=p3),(g[i]=21),(g[i]=g[i])) 

ifelse ((a[i]>p3),(g[i]=22),(g[i]=g[i])) 

}  

g 

ABsay 

 
Dikkat edilirse bu programda ilgili parametreler n=50, p1=0.25, p2=0.5 ve p3=0.75 deĵiĸtirilmiĸ ve AB 

gametlerini sayēsēnē veren bir saya­ (ABsay) eklenmiĸtir. Programē ­alēĸtērdēĵēnēz zaman, 50 gametin 

12.5ôinin AB (11) olmasēnē beklersiniz. Ger­ekten de ger­ek sayēlar, bu beklenen etrafēnda k¿­¿k 

deĵiĸiklikler gºstermektedir: 

> g 
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[1] 12 11 11 11 11 21 22 11 11 12 12 12 21 12 11 22 21 21 22 21 21 12 11 12 22 

[26] 21 12 21 22 11 12 21 22 11 22 21 21 11 22 21 11 12 12 12 22 21 11 12 22 22 

> ABsay 

[1] 13 

 
> g 

[1] 12 11 11 21 12 12 11 21 11 22 21 12 21 21 11 12 12 22 22 11 12 12 21 12 21 

[26] 22 12 12 12 12 22 22 12 21 11 22 11 11 22 11 22 21 12 21 22 22 11 21 11 11 

> ABsay 

[1] 13 

 

> g 

[1] 11 11 21 11 12 12 22 12 12 11 11 12 22 12 22 11 12 22 12 11 11 11 22 12 21 

[26] 22 22 21 11 21 21 22 11 21 11 11 22 11 22 22 22 21 11 21 21 22 21 11 11 22 

> ABsay 

[1] 17 

 

> g 

[1] 21 22 22 12 11 12 11 22 12 22 21 12 21 21 21 12 11 12 12 22 21 11 22 22 22 

[26] 11 22 11 21 21 22 22 12 21 21 11 21 21 22 11 22 22 11 21 22 21 21 22 21 12 

> ABsay 

[1] 9 

Gºr¿ld¿ĵ¿ gibi 50 gametin 12.5ôinin AB (11) olsun beklenirken, dºrt denemede bu sayēlar 13,13,17 ve 9 

olarak bulunmuĸtur. 

Y¿ksek Lisans tezi i­in bu programlar daha da geliĸtirilerek, Talo:1ôdeki genetik sistemin simulasyonu 

yapēlmēĸtēr. Bulunan sonu­larēn daha sonra yayēnlanmasē planlanmaktadēr. 
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Abstract 

 

This is a simulation study on the difference between populations with respect to a certain DNA sequence. 

By the simulation program written on R, DNA sequences of various size sampled from two different 

populations are compared. The results are evaluated with respect to the similarities and differences. A 

program written to control the algorithm are run many times for a beginnimg sequence of nine nucleotides, 

six results randomly selected between them are evaluated, three of them have been observed no difference 

at the and twenty generatios, hile the other three have shown differences in each sequences and between 

them. A substation rate of 0.00055 is assumed equally from each site to the athers. 

Keywords: Population Genetics, Polymorphism, Genetic Divergence and Distance, Statistical Tests, R 

Language. 

 
 

¥zet 

 
Bu ­alēĸma belirli bir DNA dizisi bakēmēndan pop¿lasyonlar arasē farklēlēk ¿zerine bir sim¿lasyon 

­alēĸmasēdēr. Rôda yazēlan simulasyon programēyla iki farklē pop¿lasyondan ¿retilen ­eĸitli b¿y¿kl¿kteki 

ºrnekler karĸēlaĸtērēlēĸtēr. ¢alēĸma sonucunda ise benzerlik ve farklēlēklar deĵerlendirilmiĸtir. Algoritmayē 

kontrol i­in yazēlan program 9 n¿kleotidlik bir baĸlangē­ dizisi i­in bir ­ok kereler ­alēĸtērēlmēĸ, 

sonu­lardan rastgele altē tanesi incelenmiĸ, ¿­ denemede 20 generasyon sonar hi­ farklēlēk bulunmazken, 

¿­ denemede iki dizi arasēnda mutasyonla ortaya ­ēkan farklēlēklar gºzlenmiĸtir. Mutasyon hēzē b¿t¿n 

siteler i­in eĸit olarak 0.0005 kabul edilmiĸtir. 

Anahtar Kelimeler: Populasyon Genetiĵi, Polimorfizm, Genetik ¢eĸitlilik ve Uzaklēk, Ķstatistik testler, R 

yazēlēm. 

 
 

GĶRĶķ 

Pop¿lasyon genetiĵi, pop¿lasyonlar arasē farklēlēk ve benzerlikleri inceler; bunlarēn sebepleri ¿zerinde 

durur. Bu benzerlik ve farklēlēklar, pop¿lasyonlarēn genetik kompozisyonlarēnē karĸēlaĸtērarak ºl­¿l¿r. 

Genetik kompozisyon, bir lokus i­in iki parametre setiyle ifade edilir: Genotip frekanslarē ve gen 

frekanslarē. ¢ok lokuslu modellerle ilgili ­alēĸmalarda pop¿lasyonun genetik kompozisyonuna gen ve 

genotip frekanslarēna ek olarak bir de baĵlantē dengesizliĵi parametresi eklenir. Molek¿ler genetikteki 

geliĸmelerle genlerin DNA dizilerini belirleme imkanē ortaya ­ēkēnca, pop¿lasyon genetiĵi, pop¿lasyon i­i 

varyasyonu (polimorfizm) ve pop¿lasyonlar arasē varyasyonu (genetik uzaklēk) bu DNA dizileri 

bakēmēndan ­alēĸmaya yºneldi ve molek¿ler pop¿lasyon genetiĵi bir alt disiplin halinde geliĸmeye baĸladē. 

Pop¿lasyon genetiĵi bulgularēndan ­ok­a yararlanan evrim ­alēĸanlarē arasēndaki tartēĸmaya, doĵal olarak, 

molek¿ler pop¿lasyon genetiĵi bulgularē da katkē yapmakta gecikmedi. Tartēĸmalar iki ayrē ekol arasēnda 
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geliĸmiĸti: Bir tarafta neo Darwinôcilerin babasē olarak nitelenen ñDobzhanskyôyi takip eden Lewontin ve 

Hubby gibi araĸtērēcēlar, pop¿lasyonlarē dengede tutan bir seleksiyon mekanizmasē ºngºr¿rken, Kimura ve 

Nei gibi araĸtērēcēlar, molek¿ler seviyede m¿ĸahede edilen polimorfizmin, selektif olarak nºtr allellerden 

ileri geldiĵini, dolayēsēyla bir pop¿lasyonda gen frekanslarēndaki deĵiĸmelerin ĸanstan, yani ºrneklemeden 

ileri geldiĵini kabul eder. Mutasyonla meydana gelen yeni allellerin selektif olarak nºtr olduklarē durumda 

bunlarēn geleceĵinin tamamen ĸansla belirleneceĵini d¿ĸ¿nerek model geliĸtiren Kimura, mutantlarēn 

selektif olarak nºtr olmayabileceĵi durumlarē da dikkate almēĸ ancak zararlē mutantlarēn hēzla yok 

olacaĵēnē, ­ok az orandaki selektif ¿st¿nl¿ĵe sahip mutantlarēn da hēzla sabitleneceĵini kabul etmiĸtir.ò 

(Kavuncu 2021). Aynē baĸlangē­tan neĸet etmiĸ pop¿lasyonlarēn genetik kompozisyonunda, zaman i­inde 

farklēlaĸma olur; bu pop¿lasyonlar birbirinden uzaklaĸēr; buna genetik ­eĸitlenme (diversity) denir. Bu 

­eĸitliliĵi ºl­mek ¿zere kullanēlan muhtelif genetik uzaklaĸma veya mesafe (distance) ºl­¿leri vardēr. 

Bilgisayarda simulasyon tekniklerinin canlē sistemler i­in kullanēlmasē, 1950ôli yēllarda baĸladē. Kantitatif 

genetik modeller, Monte Carlo Simulasyonu denilen bir teknikle bilgisayarda sēnandē (Kavuncu ve Kesici 

1980). 

Bu ­alēĸma, pop¿lasyonlar arasēndaki farklēlēklarē karĸēlaĸtērmak i­in geliĸtirilmiĸ testlerin ge­erliliĵini 

belirlemeyi hedefleyen bir sim¿lasyon ­alēĸmasēdēr. ¢alēĸmada, buĵday bitkisinin bazē belirte­ 

lokuslarēnda gºr¿len belirli diziler i­in pop¿lasyonlarēn karĸēlaĸtērēldēĵē literat¿r taranmēĸ ve baĸlangē­ 

olarak se­ilen AAA tandem tekrarlē k¿­¿k bir diziden ayrēlan iki hat 20 generasyon boyunca bilgisayarda 

R yazēlēm programē ile sim¿le edilmiĸ, generasyon baĸēna mutasyon hēzēnēn (ikame oranēnēn) Juke&Cantor 

modeline gºre tahminlerinin ger­ek sonu­larla uyumu incelenmiĸtir. 

 
 

MATERYAL VE Y¥NTEM 

R yazēlēm programē kullanēlarak, belirli bir DNA baĸlangē­ dizisinden replike edilen dizilerin birbirinden 

ĸansēn ve mutasyonun etkisiyle farklēlaĸmasē, bilgisayarda simulasyonla takip edilmiĸtir. Her n¿kleotidin 

baĸka bir n¿kleotide dºn¿ĸme ihtimali (mutasyon hēzē veya eĸ anlamlē olarak ikame oranē) eĸit alēnmēĸtēr. 

Aynē baĸlangē­tan ayrēlan eĸit b¿y¿kl¿kteki iki dizinin, her generasyon kendi kopyalarēnē ¿reterek 

generasyonlar boyunca evrilmesi takip edilmiĸ ve t generasyon sonra her dizi i­inde ve iki dizi arasēnda 

farklēlaĸan n¿kleotidler sayēlmēĸtēr. Bu farklē n¿kleotidlerin sayēsē kullanēlarak ger­ek ve Jukes&Cantor 

modeline gºre tahmin edilen mutasyon hēzlarē (ikame oranlarē) hesaplanmēĸ, bu deĵerlerin sim¿lasyonda 

kullanēlan ger­ek mutasyon hēzē ile karĸēlaĸtērmalarē yapēlmēĸtēr. Bu ger­ekleĸmiĸ ve tahmin edilmiĸ 

mutasyon hēzlarēnēn varyanslarē da karĸēlaĸtērēlmēĸtēr. Bºylece modelim ge­erliliĵi ve bu ge­erliliĵin baĵlē 

olduĵu ĸartlar belirlenmeye ­alēĸēlmēĸtēr. 

1.1 Sim¿lasyonla ¦retilen DNA Dizileri  

¢alēĸmanēn amacēna uygun olarak, belirli bir DNA dizisine sahip bir baĸlangē­ hattēndan alēnan dolayēsēyla 

ºzdeĸ olan iki dizinin birbirinden farklēlaĸmasē, ­eĸitli senaryolarda incelemek ¿zere, bilgisayarda 

simulasyonla takip edilmiĸtir. Bu senaryolar, iki parametrenin ­eĸitli seviyelerinin kombinasyonlarēndan 

oluĸmuĸtur. Bu parametrelerden ilki generasyon sayēsē t=10, 100 ve 1000, ikinci parametre seti mutasyon 

hēzē Ŭ= 0.00055 (55* 10-5) ve 0.000055 (55*10-6) olarak ele alēnmēĸtēr. Bºylece 3*2=6 parametre 

kombinasyonunun her birisi i­in iki dizi karĸēlaĸtērēlmēĸtēr. Simulasyon 10 kere, 30 kere, 50 kere ve 100 

kere tekrarlanmēĸ, 100 denemenin mutasyon hēzēnēn ger­eĵe yakēn tahmini bakēmēndan yeterli olduĵu 

gºr¿lm¿ĸt¿r. Jukes&Cantor modeline gºre olmasē beklenen deĵerlerle simulasyonla ¿retilen tekrarlardan 

hesaplanan deĵerler karĸēlaĸtērēlmēĸtēr. Materyalin ¿retildiĵi baĸlangē­ dizisinin, 100 kodon (300 n¿kleotid 

sitesi) b¿y¿kl¿ĵ¿nde bir AAA tandem tekrarēndan oluĸan bir dizi olduĵu varsayēlmēĸtēr. 

1.2 Jukes&Cantor Modeli 

Jukes&Cantor modeli, aĸaĵēdaki gibi ºzetlenebilir (Kavuncu, 2021 ve Hartl and Clark, 2007): Bir 

n¿kleotidin baĸka bir n¿kleotide dºn¿ĸme hēzē (mutasyon hēzē veya ikame oranē) dºrt n¿kleotid i­in de 
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=1- d 

 

sabit bir Ŭ sayēsē kadar olsun. Buna gºre baĸlangē­ta A olan bir n¿kleotidin, birim zaman (bir generasyon) 

sonra Tôye, Côye veya Gôden her birine dºn¿ĸme ihtimalleri Ŭ, Aônēn bu n¿kleotidlerden herhangi birine 

dºn¿ĸme ihtimali 3Ŭ, A olarak kalma, yani mutasyona uĵramama ihtimali de 1-3Ŭ kadar olacaktēr. Buna 

gºre t+1 generasyonda belirli bir sitenin A olma ihtimali 

PA(t+1) =(1-3a )PA(t) +a (1-PA(t) ) 

Eĸitliĵin saĵ tarafēndaki birinci terim, t generasyonda sitenin A olma ve mutasyon olmama ihtimali, ikinci 

terim ise A olmama ve mutasyonla Aôya dºn¿ĸme ihtimalidir. Buradan iki generasyon arasēndaki fark 

P
A(t+1) 

-P
A(t) 

=a -4a P
A(t) 

ĸeklinden bir diferansiyel eĸitliktir. Bu eĸitliĵin ­ºz¿m¿, baĸlangē­taki ihtimal cinsinden 

1 1 
PA(t) = 

4 
-(PA(0) 

4 
)e 

 
-4a t 

ĸeklinde yazēlabilir. Baĸlangē­ta A n¿kleotidi olduĵu varsayēmēyla PA(0) =1 olacaĵēndan 

P = 
1 
- 

3 
e-4a t 

  

A(t) 
4 4

 
 

bulunur. Bu eĸitlik t zamanda Aôdan Aôya ge­iĸ ihtimalini verir, bunu PAA olarak gºsterebiliriz. Eĵer t 

zamanda ayrēlmēĸ olan iki  diziyi gºzleyecek olursak, belirli bir sitede iki  dizinin de aynē N n¿kleotidi taĸēma 

ihtimali, 

P = 
1 
- 

3 
e-8a t 

  

NN 
4 4

 
 

Ķki dizi arasēnda farklē olan n¿kleotid sitelerinin oranēnē d olarak gºsterelim: 

d=1- PNN 

ve bu durumda, baĸlangē­ta m¿ĸterek cedden dolayē ºzdeĸ (mcdº) olan iki DNA dizisinin t zamanda 
 

Ĕ   3 -8a t farklēlaĸan n¿kleotid sitelerinin, dizi b¿y¿kl¿ĵ¿nde (toplam site sayēsēnda) nisbi miktarē 
 

olarak verilir. Eĸitliĵi ¿stel bir ifade olmak yerine logaritmik bir ifade olarak yazabiliriz: 

d=   (1-e ) 

4 

 

8a t=-ln(1- 

 
ve 

4 
dĔ) 

3 

 

e
-8a t 4 Ĕ 

3 

 

. Buradan da Baĸlangē­ta mcdº olan iki DNA dizisinin her birinde t zaman sonra farklēlaĸan 

n¿kleotidlerin nisbi miktarē 3Ŭt, dolayēsēyla iki dizide toplam 6Ŭt kadar olacaktēr. Bu sayēya k denirse: 

k=6a 
3 
at) 

 t= (8 
4 

ve kônēn beklenen deĵeri, gºzlenen ikame oranēn dônin beklenen deĵerinden 

Ĕ 3 4 Ĕ 
 k=- ln(1- d) 

4 3 

Tahminin varyansē var(▓Ƕ), 
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var(kĔ)= 
dĔ(1-dĔ) 

 
 è

L(1- 
4dĔ 

)2 
ø
 

 é 
3 
ù 

ê ú 

Burada L, karĸēlaĸtērēlan dizilerin uzunluĵunu, demeli ka­ adet n¿kleotid olduĵunu vermektedir. 

¥rneĵin; 300 n¿kleotidlik bir dizinin nfark12= 6 n¿kleotidinde deĵiĸimin olmasē halinde, 

d= 6/300=0,02. Buradan, ­oklu deĵiĸmeleri dikkate alan bir d¿zeltmeyle, 

Ger­ek Deĵiĸme Oranē k=-3/4ln(1-4/3*d) 

k= 0.005 bulunur. 

10 birim zamanda n¿kleotid ikame ortalama hēzē Ŭ, k=6Ŭt Ŭ=ók/6t=k/6t=0.005/6*10=0.0003378584 

kadar hesaplanēr. 

R programla da bu sonu­ hesaplanabilir: 
 

nfark12=6 

d12=nfark12/nb 

k=-3/4*log(1-(4/3)*d12) 

alfa12=k/(6*t) 

alfa12 

0.0003378584 

 
SONU¢LAR 

Simulasyon Programē 

Dizinin generasyonlar boyunca takibi yapēlērken, n¿kleotidler harfler yerine rakamlarla gºsterilmiĸtir. A 

yerine 1, T yerine 2, C yerine 3 ve G yerine 4 rakamē kullanēlmēĸtēr. 

Simulasyon programē yapēlērken, 300 n¿kleotidlik DNA dizisinde her n¿kleotid i­in standart uniform 

daĵēlēmdan bir tesad¿f sayēsē ¿retilmiĸtir. Bu sayē mutasyon hēzēndan (Ŭôdan) k¿­¿k veya ona eĸitse 

n¿kleotid 1ôden 2ôye dºn¿ĸm¿ĸ, Ŭôdan b¿y¿k fakat 2* Ŭôdan k¿­¿k veya ona eĸitse 3ôe, 2* Ŭôdan b¿y¿k 

fakat 3* Ŭôdan k¿­¿k veya ona eĸitse 4ôe dºn¿ĸm¿ĸt¿r. Tesad¿f sayēsē, 3* Ŭôdan da b¿y¿kse mutasyon 

olmamēĸ, 1, 1 olarak kalmēĸtēr. 

¥nce R yazēlēmla hazērlanan programēn doĵru ­alēĸēp ­alēĸmadēĵē test edilmiĸtir. Bunun i­in baĸlangē­ta 

mcdº olan her biri 9 sitelik iki k¿­¿k dizi 20 generasyon boyunca her sitede mutasyon olup olmadēĵē her 

generasyon belirlenerek sonu­lar yazdērēlmēĸ. Kontrol i­in hazērlanan bu program Tablo: 1ôde 

gºr¿lmektedir. Program bir­ok kere ­alēĸtērēlarak doĵruluĵundan emin olunmuĸtur. Beklendiĵi gibi bu 

denemelerin ­oĵunda, generasyon sayēsē ve dizideki site sayēsē az olduĵu i­in hi­ mutasyon olmamēĸtēr. 

Bunlardan mutasyon da olan 6 denemeden ­ēkan sonu­lar Tablo: 2ôde gºr¿lmektedir. 

 
 

Tablo: 1- R Yazēlēm ile Hazērlanan Programēn Kontrol Versiyonu 
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І ƻŘŜǾ ƴƪƻŘƻƴ ŀŘŜǘ ƪƻŘƻƴ όōƛǊ ƪƻŘƻƴ Ǹœ 
nukleotid), n adet dizi 
nden=1 
t=20 
n=1 
c1="A" 
c2="T" 
c3="C" 
c4="G" 
nkodon=3 
nb=3*nkodon 
nfsay1=array(rep(0),nden) 
nfsay2=array(rep(0),nden) 
nfsay12=array(rep(0),nden) 
for (k in 1:nden){ 

 
# ilk dizi 
bd1=matrix(rep(1),ncol=nb,nrow=n) 
cat(" ōŀǒƭŀƴƎƤœ ŘƛȊƛǎƛϦΣōŘмΣϦ\n") 
for (m in 1:t){ 
for (j in 1:n){ 
x=runif(nb,0,1) 
for (i in 1:nb){ 
ifelse 
(x[i]<=0.00055,(bd1[j,i]=2),(bd1[j,i]=bd1[j,i])) 
ifelse 
(x[i]>0.00055&x[i]<=0.00110,(bd1[j,i]=3),(bd1[j,i] 
=bd1[j,i])) 
ifelse 
(x[i]>0.00110&x[i]<=0.00165,(bd1[j,i]=4),(bd1[j,i] 
=bd1[j,i])) 
} 
}} 
#ikinci dizi 
bd2=matrix(rep(1),ncol=nb,nrow=n) 
for (m in 1:t){ 
for (j in 1:n){ 
x=runif(nb,0,1) 
for (i in 1:nb){ 

ifelse 
(x[i]<=0.00055,(bd2[j,i]=2),(bd2[j,i]=bd2[j,i])) 
ifelse 
(x[i]>0.00055&x[i]<=0.00110,(bd2[j,i]=3),(bd2[j,i] 
=bd2[j,i])) 
ifelse 
(x[i]>0.00110&x[i]<=0.00165,(bd2[j,i]=4),(bd2[j,i] 
=bd2[j,i])) 
} 
}} 
cat ("\n",t, "generasyon sonra ilk dizi",bd1,"\n", 
t, "generasyon sonra ikinci dizi",bd2,"\n") 
І ōŀǒƭŀƴƎƤœǘŀƪƛƴŘŜƴ ŦŀǊƪƭƤ ƻƭŀƴ ōŀȊ ǎŀȅƤƭŀǊƤ ǾŜ 
ŘŜƐƛǒƛƳ ƻǊŀƴƭŀǊƤ 
nfark1=0 
nfark2=0 
nfark12=0 
for (j in 1:n){ 
for (i in 1:nb){ 
ifelse 
(bd1[j,i]<=1,(nfark1=nfark1),(nfark1=nfark1+1)) 
ifelse 
(bd2[j,i]<=1,(nfark2=nfark2),(nfark2=nfark2+1)) 
ifelse 
(bd1[j,i]==bd2[j,i],(nfark12=nfark12),(nfark12=nfa 
rk12+1)) 

}} 
d12=nfark12/(nb*t) 
d1=nfark1/(nb*t) 
d2=nfark2/(nb*t) 
ksay12=-3/4*log(1-4*d12/3) 
ksay1=-3/4*log(1-4*d1/3) 
ksay2=-3/4*log(1-4*d2/3) 
} 
Ŏŀǘ όϦƛƪƛ ŘƛȊƛŘŜ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ŦŀǊƪƭƤƭŀǒƳƤǒ ƴǳƪƭŜƻǘƛŘ 
ǎŀȅƤƭŀǊƤϦΣ Ϧ\n" 
,"ilk dizi ", format(nfark1, width=2),"\n", 
"ikinci dizi  ", format(nfark2, width=2),"\n", 
Ϧƛƪƛ ŘƛȊƛ ŀǊŀǎƤƴŘŀϦΣ ŦƻǊƳŀǘόƴŦŀǊƪмнΣ ǿƛŘǘƘҐнύΣϦ\n", 
Ϧƛƪƛ ŘƛȊƛ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ƎŜƴŜǊŀǎȅƻƴ ōŀǒƤƴŀ 
ŦŀǊƪƭƤƭŀǒƳƤǒ ƴǳƪƭŜƻǘƛŘ ƻǊŀƴƭŀǊƤϦΣ 
"\n"," ilk dizi ",format(d1,width=2),"\n"," 
ikinci dizi",format(d2,width=2),"\n","iki dizi 
ŦŀǊƪƤϦΣŦƻǊƳŀǘόŘмнΣǿƛŘǘƘҐнύΣϦ\n") 

 

 

 

Tablo: 2- Kontrol Programē ile Elde Edilen Sonu­lar (6 Deneme) 
 

Birinci Deneme: 5ǀǊŘǸƴŎǸ 5ŜƴŜƳŜΥ 
ōŀǒƭŀƴƎƤœ dizisi 1 1 1 1 1 1 1 1 1 
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ōŀǒƭŀƴƎƤœ dizisi 1 1 1 1 1 1 1 
1 1 
20 generasyon sonra   ilk dizi 1 1 1 2 1 1 
1 3 1 
20 generasyon sonra ikinci dizi 1 1 1 1 1 1 
1 1 1 
ƛƪƛ ŘƛȊƛŘŜ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ŦŀǊƪƭƤƭŀǒƳƤǒ 
nukleotid ǎŀȅƤƭŀǊƤ 
ilk dizi 2 
ikinci dizi 0 
ƛƪƛ ŘƛȊƛ ŀǊŀǎƤƴŘŀ н 
ƛƪƛ ŘƛȊƛ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ƎŜƴŜǊŀǎȅƻƴ ōŀǒƤƴŀ 
ŦŀǊƪƭƤƭŀǒƳƤǒ ƴǳƪƭŜƻǘƛŘ ƻǊŀƴƭŀǊƤ 

ilk dizi 0.01111111 
ikinci dizi 0 
ƛƪƛ ŘƛȊƛ ŦŀǊƪƤ лΦлммммммм 

20 generasyon sonra   ilk dizi 1 1 1 1 1 1 1 1 1 
20 generasyon sonra ikinci dizi 1 1 1 1 1 1 1 1 1 
ƛƪƛ ŘƛȊƛŘŜ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ŦŀǊƪƭƤƭŀǒƳƤǒ ƴǳƪƭŜƻǘƛŘ 
ǎŀȅƤƭŀǊƤ 
ilk dizi 0 
ikinci dizi 0 
ƛƪƛ ŘƛȊƛ ŀǊŀǎƤƴŘŀ л 
ƛƪƛ ŘƛȊƛ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ƎŜƴŜǊŀǎȅƻƴ ōŀǒƤƴŀ ŦŀǊƪƭƤƭŀǒƳƤǒ 
ƴǳƪƭŜƻǘƛŘ ƻǊŀƴƭŀǊƤ 

ilk dizi 0 
ikinci dizi 0 
ƛƪƛ ŘƛȊƛ ŦŀǊƪƤ 0 

TƪƛƴŎƛ 5ŜƴŜƳŜΥ 
ōŀǒƭŀƴƎƤœ dizisi 1 1 1 1 1 1 1 
1 1 
20 generasyon sonra   ilk dizi 1 1 1 1 1 1 1 
1 1 
20 generasyon sonra ikinci dizi 1 1 1 1 1 1 1 
1 1 
ƛƪƛ ŘƛȊƛŘŜ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ŦŀǊƪƭƤƭŀǒƳƤǒ 
ƴǳƪƭŜƻǘƛŘ ǎŀȅƤƭŀǊƤ 
ilk dizi 0 
ikinci dizi 0 
ƛƪƛ ŘƛȊƛ ŀǊŀǎƤƴŘŀ л 
ƛƪƛ ŘƛȊƛ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ƎŜƴŜǊŀǎȅƻƴ ōŀǒƤƴŀ 
ŦŀǊƪƭƤƭŀǒƳƤǒ ƴǳƪƭŜƻǘƛŘ ƻǊŀƴƭŀǊƤ 

ilk dizi 0 
ikinci dizi 0 
ƛƪƛ ŘƛȊƛ ŦŀǊƪƤ 0 

.ŜǒƛƴŎƛ 5ŜƴŜƳŜΥ 
ōŀǒƭŀƴƎƤœ dizisi 1 1 1 1 1 1 1 1 1 
20 generasyon sonra   ilk dizi 1 1 1 2 1 1 1 3 1 
20 generasyon sonra ikinci dizi 1 1 1 1 1 1 1 1 1 
ƛƪƛ ŘƛȊƛŘŜ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ŦŀǊƪƭƤƭŀǒƳƤǒ ƴǳƪƭŜƻǘƛŘ 
ǎŀȅƤƭŀǊƤ 
ilk dizi 2 
ikinci dizi 0 
ƛƪƛ ŘƛȊƛ ŀǊŀǎƤƴŘŀ 2 
ƛƪƛ ŘƛȊƛ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ƎŜƴŜǊŀǎȅƻƴ ōŀǒƤƴŀ ŦŀǊƪƭƤƭŀǒƳƤǒ 
nukleotid ƻǊŀƴƭŀǊƤ 

ilk dizi 0.01111111 
ikinci dizi 0 
ƛƪƛ ŘƛȊƛ ŦŀǊƪƤ лΦлммммммм 
> 

«œǸƴŎǸ 5ŜƴŜƳŜΥ 
ōŀǒƭŀƴƎƤœ dizisi 1 1 1 1 1 1 1 
1 1 
20 generasyon sonra   ilk dizi 1 1 1 1 1 1 

1 1 1 
20 generasyon sonra ikinci dizi 1 1 1 1 1 1 
1 1 1 
ƛƪƛ ŘƛȊƛŘŜ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ŦŀǊƪƭƤƭŀǒƳƤǒ 
ƴǳƪƭŜƻǘƛŘ ǎŀȅƤƭŀǊƤ 
ilk dizi 0 
ikinci dizi  0 
ƛƪƛ ŘƛȊƛ ŀǊŀǎƤƴŘŀ л 
ƛƪƛ ŘƛȊƛ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ƎŜƴŜǊŀǎȅƻƴ ōŀǒƤƴŀ 
ŦŀǊƪƭƤƭŀǒƳƤǒ ƴǳƪƭŜƻǘƛŘ ƻǊŀƴƭŀǊƤ 

ilk dizi 0 
ikinci dizi 0 
ƛƪƛ ŘƛȊƛ ŦŀǊƪƤ 0 

!ƭǘƤƴŎƤ 5ŜƴŜƳŜΥ 
ōŀǒƭŀƴƎƤœ dizisi 1 1 1 1 1 1 1 1 1 
20 generasyon sonra   ilk dizi 3 2 1 4 1 1 1 1 1 
20 generasyon sonra ikinci dizi 1 1 1 3 1 1 1 1 1 
ƛƪƛ ŘƛȊƛŘŜ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ŦŀǊƪƭƤƭŀǒƳƤǒ ƴǳƪƭŜƻǘƛŘ 
ǎŀȅƤƭŀǊƤ 
ilk dizi 3 
ikinci dizi 1 
ƛƪƛ ŘƛȊƛ ŀǊŀǎƤƴŘŀ 3 
ƛƪƛ ŘƛȊƛ ǾŜ ŀǊŀƭŀǊƤƴŘŀ ƎŜƴŜǊŀǎȅƻƴ ōŀǒƤƴŀ ŦŀǊƪƭƤƭŀǒƳƤǒ 
nukleotid ƻǊŀƴƭŀǊƤ 

ilk dizi 0.01666667 
ikinci dizi 0.005555556 
ƛƪƛ ŘƛȊƛ ŦŀǊƪƤ лΦлмссссст 
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Bu sonu­lar, R program algotimasēnē kontrol amacēyla elde edilmiĸtir. Dizideki site sayēsē 9 ve generasyon 

sayēsē 20 olduk­a k¿­¿kolduĵu i­im denemeden denemeye sonu­lar olduk­a farklē ­ēkmaktadēr. Nitekim 

tahminin varyan from¿l¿nde, dizinin b¿y¿kl¿ĵ¿ L ve genrasyon sayēsē t arttēk­a varyansēn k¿­l¿d¿ĵ¿ 

gºr¿lmektedir. Y¿ksek Lisans tezi i­in bu programlar daha da geliĸtirilerek, Talo:1ôdeki genetik sistemin 

simulasyonu yapēlmēĸtēr. Bulunan sonu­larēn daha sonra yayēnlanmasē planlanmaktadēr. 
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Abstract 

 
Factorial experiments are commonly employed in agricultural researches as in other branches of applied 

sciences. In these experiments, inferences related to the interaction are essential. However, many 

researchers are still unable to analyze this type of experiment, and interpret the results in correct way. 

This is because, researchers focus on interpreting main effects although there is a significant interaction 

effect. Of course, meaningful main effects can exist even in the presence of an interaction, especially if 

interactions do not affect main effects. Therefore, it is extremely important to understand thoroughly that 

in which situations only the interaction effect (s), in which cases only main effect(s), and in which cases 

interpretation of the main effects will be able to meaningful although interaction effect is significant. In 

this study, evaluating factorial experiments have been discussed in detail especially in studies related to 

animal science. It has also been focused on the importance of considering both statistical and practical 

significance while interpreting the statistical analysis results. 

Key words: Factorial experiments, interaction, main effect, effect size 

 

 
INTRODUCTION  

Due to some advantageous of the factorial experiments they are commonly conducted by scientists and 

researchers wishing to investigate the effect of two or more independent variables on a single dependent 

variable almost in all branches of applied sciences (Yassin et al., 2002; Rocha et al., 2012; Mendeĸ, 2019). 

In factorial experiments, although evaluating the interaction effect is essential, it is noticeable that many 

researchers only do consider main effects rather than interaction effects even if significant interaction 

effect. And, it has been also noticed that many researchers are still unable to analyze and interpret the 

factorial experiments in proper way (Bezerra Neto et al., 2002; Yassin et al., 2002; Bertoldo et al., 2008a, 

2008b; Mendeĸ and Yiĵit, 2013; Mendeĸ, 2019). However, ignoring the significant interaction effect(s) 

may cause crucial problems especially in the stage of interpreting the results and making inference. It is 

because when there is a significant interaction effect, the factors are dependent, and thus, the combinations 

of the factors levels may affect the data in various ways (Siemiatycki and Thomas, 1981; Cardellino and 

Siewerdt, 1992; Wechsler, 1998; Santos et al., 1998; Nogueira and Corrente, 2000; Bezerra Neto et al., 

2002; Bertoldo et al., 2008a; 2008b; Mendeĸ, 2019). 

On the other hand, although trying to interpret the main effects are always not appropriate in the presence 

of an interaction (figure 1 and 2), in some cases, interpretation of the main effects can be meaningful even 

if  interaction effect is significant. For example, consider a study which was carried out to investigate effect 

of two different ration types on live weight gain of the lambs in two different breeds. And suppose there is 

a significant interaction between ration type and breed (ration type x breed interaction). For such cases, 

since the effect of ration type on live weight gain will be different for the lambs in breed 1 and breed 2, 

trying to make a general statement about the effect of ration type and breeds separately (main effects) will  

mailto:serdargenc1983@gmail.com
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be misleading. Therefore, a significant main effect of the ration type does not necessarily indicate that live 

weight gain of the lambs who fed with ration 1 is significantly higher than that of the lambs who fed with 

ration 2. In this case, there will  be two simple effects of the ration types: the effect of ration types for breed 

1 and the effect of ration types for breed 2. Since the presence of interaction means that the main effect is 

not representative of the simple effects, the effect of the ration type should be compared for each breed 

separately. As a result, when a researcher wants to know whether a factor has an effect at each level of a 

second factor, he / she should test the simple effects. It is possible to see these situations from the interaction 

plots (graph 1 and 2) easily. 

 

 

The crossed lines on the graph suggest that there may be a Ration x Breed interaction effect. However, it 

should not be forgotten that the final result will be reached by hypothesis testing procedure (P-value) 

(Starmer, 2004; Mendeĸ and Yiĵit, 2013; Mendeĸ, 2019). For example, the graph 1 shows that the live 

weight gains of the lambs in the breed 1 are higher when the first ration type is used. Conversely, the live 

weight gain of the lambs in the breed 2 are higher when the second ration type is used. Therefore, the 

desired live weight gains will not be achieved for such cases if the lambs in the Breed 1 feed with the 

second ration and the lambs in the Breed 2 with the first ration type. Likewise, it can be understood from 

the graph 2, the live weight gains of the lambs in the breed 1 and breed 2 are quite similar when the first 

ration type is used or significance differences are not observed between live weight gains of the lambs in 

both breeds when ration 1 is used in feeding the lambs. Live weight gains of the lambs in the breed 2, 

however, are higher when the second ration type 2 is used. Therefore, the desired live weight gains will 

not be achieved for such cases if the lambs in the breed 2 feed with the first ration and the lambs in the 

breed 1 feed with the second ration. In this case, the question of which ration type is better comes to your 

mind. Or which type of ration should be used in feeding lambs in the breed 1 and breed 2? It depends on 

the breed. That is why an interaction effect is also known as 'it depends effect'. Thus, since it can be able 

to cause getting unreliable results and limit the generalizability of the results, it will not be convenient 

trying to interpret the main effect(s) without considering the interactions if  there is a statistically significant 

interaction effect(s). As it can be easily seen in the above examples, they cannot answer the question about 

which ration type is better without knowing the breed. Letôs assume a researcher wants to determine which 

ration is the best to lambs in breed 1 and breed 2. However, suppose that he forgot to include the interaction 

effect and assessed only the main effect of type ration and breed. In this case, heôll make his decision only 

based on the main effects plots (Graph 3 and 4) below. 
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Based on main effect plots, the researcher would choose the second ration for the lambs in Breed 

1 because they each produce higher live weight gain (Graph 3). For the situation presented in 

graph 4, the researcher would choose the first ration for the lambs in Breed 2. However, since the 

interaction effects are significant for both cases, it will be quite misleading to reach such 

conclusions. A main effect here is the effect of a factor on an interested variable (dependent 

variable) ï ignoring all other factors. Therefore, a main effect for breeds says that there is a 

difference between the breeds, regardless of ration types. Likewise, a main effect for ration types 

says that there is a difference between the ration types, regardless of the breeds. As it can be seen 

from graph 1, there is clearly an interaction effect here (P=0.000). As it is noticed from the graph 

1, there is an obviously large change in the mean of the live weight gain for the breed 2, but not 

for the breed 1. Actually, this is a good example for a case where both main effects will be 

significant (P=0.000 and P=0.002) alongside interaction effect, but main effects are not 

meaningful here (Starmer, 2004; Mendeĸ, 2019). 

Although there is a statistically significant interaction effect, in some cases, it is possible to 

interpret the main effects (for example, if there is no parallelism in the interaction chart, but one 

level of a factor is always higher in all levels of the other factor). However, in general (especially 

there is a cross line on the graph) interpretation of the main effects will not be appropriate in case 

of the presence of an interaction effect. As a result, when you have statistically significant 

interactions, you cannot interpret the main effect without considering the interaction effects. 

Likewise, when graph 2 is examined, it is also clear that there is a significant interaction effect. If 

one tries to interpret the main effect of the breed without considering the Rasyon Type x Breed 

interaction he or she will conclude that there is a significant difference between the means of the 

live weight gains of the breeds, regardless of ration types. That may be technically true if  averages 

of the breeds are compared regardless of the ration types. However, this conclusion or approach 

is only valid on average across the ration types because of the large difference in the second ration. 

Therefore, it is not true at each ration type. As a result, to conclude that the means generally differ 

across the breeds, regardless of ration types, isnôt really accurate. However, there are some 

situations where the interaction does not affect the main effects. In such cases, interpretation of 

the main effects can be meaningful (Graph 5 and 6). As it is well known that parallel lines in the 

interaction plots indicate that there is no interaction effect while different slopes suggest that one 

might be present. As it can be seen from the graph 5, the lines are not parallel. This shows that a 

significant interaction effect might be occurred. Although this graph is basically identical to the 

graph 2, what makes the main effect of breed meaningful here, despite the interaction, is that the 

first breedôs mean is always higher than the second breedôs for both ration types. Therefore, thatôs 

a meaningful main effect here and it says that the lambs in the first breed does generally have 

https://www.theanalysisfactor.com/interactions-effect-coded-predictors/
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higher live weight gain means, regardless of types of ration you feed the lambs. Therefore, it will 

be useful to consider main effects as well in such cases although there is a significant interaction 

effect. It is because if the main effects are ignored in such cases, it might cause to ignore the fact 

that the lambs in the first breed not only changed more, but started higher (graph 5). 

 

Therefore, it will be beneficial to keep in our mind that in cases where the interaction effect is significant, 

it might be useful also to consider main effect(s) alongside interaction effect. As a result, if one has both a 

significant main effect and a significant interaction, it will be useful does not assume the main effect will 

meaningless. It may be important. 

One of the other important points need to consider is the researchers should consider effect size when they 

interpreting the results. That way, it will be possible to get information for both statistical and practical 

significance of the observed differences. Considering the effect sizes for interaction and main effects might 

help us to decide if the focusing on main effects is meaningful or not even if the presence of interaction. 

Therefore, in this study we will discuss the factorial experiments with different perspective to show how 

to we get more detailed and generalizable results. All discussions will be done based on three different 

scenarios generated from using mean and standard deviation of a real data set which obtained an experiment 

conducted to investigate the effect of two factors (ration type and breed) on live weight gain of lambs. 

 
 

MATERIALS AND METHODS  

Material of this study consisted of random numbers generated from three normal distributed populations 

with equal variances for two factors namely ration type and breed. Average and standard deviations of a 

real study which carried out to investigate the effect of different ration types on live weight gains of lambs 

in two different breeds were used in generating random numbers. 

Since there are two factors namely ration type and breed following statistical models has been used in 

analyzing data sets. 

╨░▒▓ = Ⱨ + ♪░ + ♫▒ + (♪♫)░▒ + Ⱡ░▒▓ 

Where 

╨░▒▓ is the live weight gain of the kth lamb 

Ⱨ : General population mean 

♪░: Effect of ith breed (I=1, 2) 

♫▒ Ḋ Effect of jth ration type (j=1, 2) 
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(♪♫)░▒ : Effect of breed by ration type interaction 

Ⱡ░▒▓ : Random error term 

 

 

 

 
RESULTS 

Results of factorial ANOVA for three experimental cases and interaction plots for ration type by breed 

have been presented in Table 1, 2, 3 and figure 7, 8, and 9 respectively. How the results of the factorial 

experiments should be interpreted and in which cases it may be meaningful to interpret the main effects 

together with the interaction effect are discussed in detailed on these results. The question if interpreting 

main effects might be meaningful despite a significant interaction effect rises especially when both 

interaction and main effect(s) are important. In order to answer this question we will focus on the results 

of three scenarios namely case 1, 2, and 3, respectively. That way, it will  be able to possible to give answer 

of this question more easily and clearly. When interaction plots and ANOVA results related to case 1, case 

2, and case 3 are evaluated together, it can be easily seen that interaction terms are significant for all three 

cases. Letôs begin evaluate the results of case 1. 

1.1. Results of Case 1. 

Table 1. ANOVA Results for the first scenario 
 

 

Source of Variation P-Value Effect Size (Contribution) Total Effect Size 

Breed 0.142 1.65 85.88 

Ration Type 0.001 11.48  

Breed x Ration Type Int. 0.000 72.75  

Note 1: Contribution stands for effect size values 

Note 2: The effect size value of above 0.20 is generally evaluated as practical significant as well 

 
Figure 7. Interaction Plot for Live Weight Gain for Case 1 

 



IV. International Applied Statistics Congress (UYIK - 2023) 

Sarajevo / Bosnia and Herzegovina, September 26-29, 2023 

129 

 

 

 

For the case 1, both interaction effect (P=0.000) and main effect of Ration Type are significant (P=0.001). 

That means, effect of Ration Type on weight gain of the lambs varies depend on Ration Type. In this case, 

it will not be appropriate to evaluate effect of Breed and Ration Type separately. The effect sizes related 

to the interaction and Ration Type are another indication that it is not appropriate to interpret the main 

effects separately. As can be seen from the ANOVA table, effect size value of interaction (72.75%) is 

obviously higher than that of the Ration Type (11.48%). Therefore, 72.75% of the variation in the weight 

gains of the lambs can be explained by interaction while only a little part of variation can be explained by 

the Ration Types. This result is also one of the important indicators that interaction effect is both 

statistically and practically significant and it shows that interpreting main effects will not be meaningful. 

 
 

1.2. Results of Case 2. 

Table 2. ANOVA Results for the second scenario 
 

 

Source of Variation P-Value Effect Size (Contribution) Total Effect Size 

Breed 0.002 3.92 66.48 

Ration Type 0.142 27.26  

Breed x Ration Type Int. 0.000 35.30  

 

 

 

 

Figure 8. Interaction Plot for Live Weight Gain for Case 2 

 

 
When ANOVA table related to case 2 is examined, it is seen that the interaction effect is significant as in 

the case 1. However, interaction plots for case 1 and case 2 show a little bit different patterns. This is 

because, in the case 1, while the effects of interaction and Ration Type are significant, in the case 2, 

however, the effects of the Breed and interaction are significant. However, since there is a cross line in 

both charts (figure 7 and 8), mean of one level of one factor will always not higher in both levels of the 

other factor. As can be seen from the ANOVA table, effect size value of interaction (35.30%) is still higher 

than that of the Breed (27.26%). This is also one of the indicators that interaction effect is both statistically 

and practically significant. 
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1.3. Results of Case 3. 

Table 3. ANOVA Results for the third scenario 
 

 

Source of Variation P-Value Effect Size (Contribution) Total Effect Size 

Breed 0.000 2.34 96.33 

Ration Type 0.002 86.29  

Breed x Ration Type Int. 0.000 7.60  

 

 

 

 

 

 

Figure 9. Interaction Plot for Live Weight Gain for case 3 

 

 

When ANOVA table and interaction plot related to case 3 are examined, it is seen that the interaction effect 

is significant as in the case 1 and case 2. However, interaction plot for case 3 is obviously shows a different 

pattern. As it can be seen from the interaction plot, mean of the first breed is always higher than the second 

breedôs for both ration types. Therefore, interpreting of the main effect might be meaningful in such cases 

even presence of significant interaction effect. The obviously high effect size value of the Breed is another 

indication that especially interpreting the main effect of the breed might be meaningful. It is because; the 

breed can explain 82.69 % of the variation in the live weight gains of the lambs. However, very small part 

of variation (only 7.60 %) in the weight gains of the lambs can be explained by the interaction term (despite 

presence of a significant interaction effect). This amount of variation is not evaluated as practically 

significant. Therefore, it will be beneficial to keep in our mind that in cases where the interaction effect is 

significant, it might be useful also to consider main effect(s) alongside interaction effect. As a result, if  one 

has both a significant main effect and a significant interaction, it will be useful does not assume the main 

effect will meaningless. It may be important. 
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DISCUSSION 

Because of different advantages of the factorial experiments, they are commonly used in agricultural 

researches as in other branches of applied science. One of the biggest advantages of the factorial designs 

is that they allow researchers to look for interactions between the factors (Wu and Hamada, 2000; Lewis 

and Dean, 2001; Collins et al., 2010; Mendeĸ, 2019). Factorial experiments are also very efficient, can 

have high test power even if  they have relatively few observations per experimental condition or sub-group 

and provide extra information which cannot be obtained when using single factor designs. Although 

important advantages of factorial experiments over single factor experiments, many researchers still unable 

to analyze factorial experiments, interpret and the present the results in correct and efficient way. 

In practice, especially in the agriculture and biological science-based studies, one of the most frequency 

questions to statisticians is that when the interaction effect is significant, whether the main effect(s) can be 

interpreted or not. In the statistician point of view, if the interaction effect is significant, in this case, the 

interpretation of the main effects is meaningless. Since presence of interaction effect indicates that the 

effect of one factor depends on the other factor(s), and thus it will  not be appropriate to evaluate main effect 

of each factor separately. This is because it will  be difficult  to make a general statement about the effect of 

a factor when the size of the effect depends on the level of a second factor. When an interaction is large, 

the corresponding main effects have very little practical meaning. Consequently, when interaction is 

present, the main effects of the factors involved in the interaction may not have much meaning. As it is 

stated by De Gonzales and Cox (2007) interaction is one of the fundamental concepts of statistical analysis 

of factorial experiments. Establishing the presence or absence of interaction may be a key to correct 

interpretation of data. Therefore, since the presence of interaction between the factors limits the 

generalizability of main effects, it will not be appropriate focusing on main effects when there is a 

significant interaction. If the interaction is present, there is an indication that the differences among the 

levels of a factor depend on the level of the other factor (Chew, 1976). However, due to the difficulty and 

inability of the researchers to interpret results of factorial experiments, erroneous inferences about the 

effect of treatments on response were observed (Bezerra Neto et al., 2002). Cardellino and Siewerdt (1992) 

reported that a comparison of marginal averages without considering possible interactions is an example 

of such an error. Bertoldo et al. (2008a) noted that 72% of the published studies in the factorial experiments 

were incorrect when tests of average comparison were conducted. They reported that the reason for this 

problem was that the significant interaction effect was ignored and the factors were evaluated separately 

(Rocha et al., 2012). As Silva (1999) reported that for experiments designed in a factorial scheme, 

conclusion to be drawn will be changed depending directly on the presence or absence of interaction. If 

ANOVA results show non-significant interaction effect, in this case, complementary procedures of the 

main effects of factors are carried out, and the effect of the interaction is disregarded (Perecin and 

Cargnelutti Filho, 2008). However, in the presence of significant interaction, an evaluation of the results 

requires a comparison of the levels of a factor inside the fixed levels of another factor (Nogueira and 

Corrente, 2000). In other words, the inferences about one of the factors depend directly on the level of the 

other factor (Rothman et al., 1980; Rocha et al., 2012). 

As a result, the factorial experiments are the only way to discover interactions between variables. The 

presence of interaction shows how the factors or independent variables work together in terms of impacting 

the dependent variable. In other way, the presence of a significance interaction indicates that the effect of 

one factor depends on the level of the other factor. Therefore, including interaction terms in model is 

extremely important since it provides the researcher with a better representation and understanding the 

relationship between the dependent and independent variables and helps explain more of the variability in 

the dependent variable. An omitted interaction effect from a model where a nonnegligible interaction does 

in fact exist may result in a misrepresentation of the relationship between the independents and dependent 

variables. It could also lead to a bias in estimating model parameters. However, it will not always be a 

correct approach to think that the main effects will not have any meaning in cases where the interaction is 

http://glimo.vub.ac.be/downloads/interaction.htm
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significant. As shown in case 3 above, in some cases the interpretation of the main effects may be 

meaningful, despite a significant interaction effect. Of course, when deciding on this, it should be 

remembered that ANOVA results, interaction plots and effect size values should be evaluated together. 
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Abstract 

 
The aim of most of the models developed in statistics is to reveal the cause-effect relationship between the 

variables under study. At the stage of revealing the cause-effect relationship, it is expressed in a 

mathematical model as a combination of explanatory variables that are thought to have an impact on the 

expected value of the response variable(s) in question. The answer to the question of what kind of model 

this model should be varies depending on the structure of response variable, the type of explanatory 

variable effects and whether the relationship is linear or not. Hierarchical Linear Models are used instead 

of General Linear Models when the variables are not continuous or normally distributed, the dependent 

variable or variables to be examined are correlated and there is clustered or hierarchical(nested) data. 

Hierarchical Linear Models are very important because they can be applied to data with clustered or 

hierarchical structure and can better reflect cause-effect relationships. Since the assumption of 

independence of observations, which is one of the assumptions of the classical linear regression method, 

is broken for data with clustered structure, Hierarchical Linear Models are applied to such data. HLM 

was applied with a level-3 dataset of blood parameters of people in different patients, in different hospitals 

and in different cities. For this application, HLM for Windows 6.08 Student Version was used and 4 

different models were created and when these models were compared with each other, it was seen that 

Model-2 had a better fit. As a result, ignoring the clustered effect when analyzing data with a clustered 

structure may lead to erroneous inferences. 

Key words: Hierarchical Linear Models, Multilevel Models, Clustered Data 
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Abstract 

 
An outlier can be defined in the data science literature as a value that is abnormal, deviant or incompatible 

with the data set to which it belongs. Outliers can greatly affect the prediction performance of machine 

learning techniques, so it is important to detect and evaluate them appropriately. DBSCAN (Density-Based 

Spatial Clustering of Noisy Applications) is a commonly used outlier detection technique. DBSCAN is a 

clustering algorithm that brings together points that are close to each other, while identifying points that 

are not close to any cluster as outliers. In this study, we aim to detect to outlier countries for dairy 

production in European areas by using DBSCAN algorithm. The dataset obtained from EUROSTAT consist 

of amount of dairy production in 35 European countries from 2016 to 2021 years. The results of the 

analysis indicate that a structure with 2 clusters and 2 outliers for the values Eps=1 and MinPts=5 is 

obtained. While 28 countries in Cluster 1 and 5 countries in Cluster 2, Germany and France remained 

outside the cluster as outliers. Turkey, Poland, Italy, England and Netherlands are located in Cluster 2. 

The rest of European countries are in cluster 1. In terms of the amount of milk picked up from farms per 

year, the average for Cluster 1 is 1.914,50 and the average for Cluster 2 is 12.574,83. The outliers for 

Germany and France are 32.222,83 and 24.590,67, respectively. 

Key words: Density-based clustering, Outlier analysis, Data mining, Dairy yield 

 

 
INTRODUCTION  

An outlier can be defined in the data science literature as a value that is abnormal, deviant or incompatible 

with the data set to which it belongs (Sikder & Batarseh, 2023). To detect an outlier, we can use statistical 

detection methods and clustering analysis techniques (Thang & Kim, 2011). There are many statistical 

methods and tests for outlier detection such as Dixon, Rosner, Discordance, Grubbs and Walsh tests. In 

addition, outliers can be also identified using graphical methods such as Box-plot, QïQ plot and run 

sequence graph (Alpar, 2017; Singh & Upadhyaya, 2012). 

The statistical detection methods first determine the probability distribution function of the data set and 

then test whether any data point is generated by the model. These statistical methods are generally model- 

based techniques that early find the distribution of the data later assess the fit  between the data sample and 

the model. If the probability of the data point being generated by this model is low, the data point is 

accepted as an outlier (Das & Nayak, 2013). 

In addition, graphical methods such as Box-plot are widely used to detect outliers. Box-plots characterize 

a sample using the quantiles and the interquartile range (IQR=Q3 ï Q1), which covers the central 50% of 

the data (Krzywinski & Altman, 2014). We can consider that a data point is an outlier if  it is lower than 

 or higher than  (Figure 1). 

mailto:hakan.461995@gmail.com
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Figure 1. Detection of outliers with box plot graph 

 

Nowadays, clustering analysis techniques, including density-based clustering (e.g. DBSCAN) and 

distance-based clustering (e.g. k-means), are often used for outlier analysis (Charu, 2019). In density-based 

clustering techniques, a data point is considered an outlier if it is located in an area of low object density, 

i.e. isolated from the rest of the data. Objects are defined as outliers by calculating the inverse of the 

surrounding density (Liu et al., 2019). 

The aim of this study is to detect outlier countries for dairy production in European areas by using 

DBSCAN (Density-Based Spatial Clustering of Applications with Noise), one of the density-based 

clustering algorithms. 

 
 

MATERIALS AND METH ODS 

Material  

The dataset obtained from EUROSTAT consist of amount of dairy production in 35 European countries 

from 2016 to 2021 years. The European countries included in the study are Albania, Austria, Belgium, 

Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, 

Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Montenegro, Netherlands, North 

Macedonia, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, 

Turkey and the United Kingdom. Countries with missing values (Iceland, Liechtenstein) and those 

presented by region rather than by country are excluded from the study. Dairy production is given in 1000 

litres per year. Data includes cowôs milk collected on farms by approved dairies (EUROSTAT, 2023). 

Methods 

Statistical Analysis 

All statistical analyses are conducted with R statistical language (version 4.2.1; The R Foundation for 

Statistical Computing, Vienna, Austria; https://www.r-project.org). The "dbscan", "fpc", "dplyr" and 
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"ggplot2" packages are used to obtain the results. One of the density-based techniques, the DBSCAN 

algorithm is used for detecting outlier countries for dairy production in European areas. Cluster structures 

are examined by determining Eps ( -radius) and MinPts (minimum number of points) values. Silhouette 

analysis is performed to determine the separation distance between the clusters obtained. The silhouette 

coefficient takes a value in the range [-1, 1]. The closer this value is to +1, the greater the distance between 

neighbouring clusters. All data are standardised prior to analysis. 

Density-based Cluster Techniques 

Cluster analysis is a technique that classifies similar observations into a set of clusters by considering the 

observation values of the variables (Sinharay, 2010). There are several approaches for clustering analysis, 

including density-based clustering, distance-based clustering, hierarchical clustering, and model-based 

clustering. Density-based clustering techniques are often used for outlier detection. In density-based 

clustering, a data point is considered as an outlier if it is found in an area of low data density, i.e., it is 

isolated, and there are not many surrounding data points (Altunkaynak, 2019). Data points are identified 

as outliers by calculating the inverse of the surrounding density. The most commonly used density-based 

techniques are DBSCAN, OPTICS (Ordering Points to Identify the Clustering Structure) and DENCLUE 

(Density-based Clustering Algorithm). The DBSCAN algorithm has several advantages over other 

algorithms, such as the ability to detect groups of irregular shapes and sizes, resistance to outliers, and 

relatively low computational complexity (Nowak-BrzeziŒska & Xiňski, 2017). DBSCAN algorithm makes 

clustering by taking into account the distances between points and the densities of data points at a certain 

distance (Ester, Kriegel, Sander, & Xu, 1996). In the DBSCAN algorithm, a point p is selected, and the 

input parameters are the proximity radius Eps ( -radius) and the MinPts value, which specifies how many 

member neighbours to consider. In this algorithm, if  there are as many or more objects as the MinPts value 

within the determined Eps boundaries, it is called the core point, otherwise another p-point is selected, and 

the same process is repeated. The process is terminated when there is no more data entry to any cluster. If 

there is still data not assigned to any cluster after the assignment process is finished, it is considered an 

outlier (Ester & Wittmann, 1998). One of the main challenges in using this algorithm is determining the 

proximity radius. If too small a value is selected, many data points that are not outliers (around a dense 

region) will have low density and will be determined as outliers. Conversely, if the radius value is chosen 

too large, many points will not be regarded as outliers as they have very similar densities to non-outliers 

(Lara, Lizcano, Ramp®rez, & Soriano, 2020). 

 
 

RESULTS 

In the study, the data are analysed with the DBSCAN method. The analysis continued with Eps = 1 and 

MinPts = 5 to determine the ideal cluster structure and to detect outliers. When the Eps graph in Figure 2 

is analysed, it is determined that the Eps value made a break around 1. Therefore, the Eps value is set as 1 

and the results are evaluated. When the silhouette graph in Figure 3 is analysed, the silhouette coefficient 

is obtained as 0.75. 
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Figure 2. 5-nearest neighbour distances for dataset 
 

 

 

 

 
Figure 3. Demonstration of cluster structures using silhouette analysis 

As a result of the statistical analysis, a structure with 2 clusters and 2 outliers is determined for the Eps = 

1 and MinPts = 5 values. There are 28 countries in Cluster 1 and 5 countries in Cluster 2. Figure 4 shows 

that Albania, Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, 

Greece, Hungary, Ireland, Latvia, Lithuania, Luxembourg, Malta, Montenegro, North Macedonia, Norway, 

Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden and Switzerland form Cluster 1, and Italy, 

Poland, Turkey, the United Kingdom and, the Netherlands form Cluster 2. France and Germany are 

identified as outliers and are not included in any group. 
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Figure 4. Cluster structures and outliers obtained by the DBSCAN algorithm 

The average amount of cowôs milk collected from farms in Cluster 1 countries in 2016 - 2021 (1000 lt) is 

1.914,50 and for Cluster 2 it is 12.574,83 (1000 lt). Analysing the outliers for Germany and France, the 

average for Germany is 32.222,83 and for France 24.590,67. 

 
 

DISCUSSION AND CONCLUSION 

Bilgin and ¢amurcu compared the cluster structures obtained with DBSCAN and OPTICS, which are 

density-based clustering methods, and the K-Means clustering method using synthetic database. As a result 

of the study, DBSCAN and OPTICS algorithms were found to be more successful in detecting outlier data 

compared to the KïMeans algorithm. In this study, Germany and France were identified as outliers by 

using the DBSCAN algorithm for outlier detection algorithm. In 2016 ï 2021, the average amount of cow 

milk collected from farms is significantly higher than the cluster averages for these two countries (Bilgin 

& ¢amurcu, 2005). 

Outlier analysis is extremely important in statistics in terms of test assumptions and reliability of results. 

Density-based clustering is the most widely used clustering technique with the best results in outlier 

detection (Akēn, 2008). As a result of the study, Germany and France are identified as outliers and milk 

production in these countries is found to be high compared to other European countries. By expanding the 

scope of the study and increasing the number of data, the differences and similarities between the data 

groups can be better identified. In order to evaluate the consistency of the results, it is recommended to 

perform performance comparisons using other density-based clustering techniques on large data structures. 

The study serves as an example of the use of data mining methods in the detection of outliers in the field 

of veterinary medicine and contributes to the literature in this field. 
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Abstract 

 
Death can be defined as the destroying of human physiological and mental functions. Knowing the causes 

of death provides information on many issues, including health systems, levels of development and the 

epidemiological status of diseases. In this study, cluster analysis is performed by using data from the TUIK 

database for the years 2009-2017, including the causes of death for 81 cities. In the study, clustering 

analysis, a data mining method, is aimed to group the cities according to their similarities by considering 

the causes of death. For this purpose, the K-means clustering technique is used. This technique is one of 

the non-hierarchical clustering techniques. Elbow method is used to determine the optimum number of 

clusters. As a result of the analysis, 81 cities formed a structure with 3 clusters. There are 66 cities in 

Cluster 1, 14 cities in Cluster 2 and 1 city in Cluster 3. Istanbul creates a single cluster separately from 

other cities. 14 cities including large cities such as Konya, Adana, Izmir, Bursa, Antalya, and Ankara are 

located in Cluster 2. The remaining 66 cities are created Cluster 1 with the lowest number of deaths. When 

analysing the number of causes of death by cluster, the highest number of deaths for all causes occurred 

in cluster 3. Then deaths occur in Cluster 2 and least in Cluster 1. Top 3 causes of death in Turkey are 

diseases of the circulatory system, benign and malignant tumours and diseases of the respiratory system. 

In order to generalise of the results, it is recommended that studies are carried out using other hierarchical 

and non-hierarchical clustering techniques and the inclusion of different variables. 

Key words: K ï Means, Data mining, Causes of death 

 

 
INTRODUCTION  

Death in general means that the body is deprived of its physical and cognitive functions (¥zer, 2017). In 

the field of health, the collection and statistical analysis of mortality rates is an important indicator for 

determining the level of health of a society (Bolat & Lorcu, 2009). The determination of the number of 

deaths provides information on the level of the health care systems in the countries and on the areas in 

which there are deficiencies. It also provides information on the main causes of death and the factors which 

have an impact on the structure of the population. In underdeveloped countries, mortality rates among 

young people are high and life expectancy is low compared to developed countries (Tepetaĸ, Arslantaĸ, & 

¦nsal, 2021). 

The determination of mortality rates provides information about the functioning of the health system of 

countries. It also emerges as an important factor in countries health planning. Knowledge of diseases that 

cause death is important for the development of preventive and therapeutic services. It also enables the 

development of regional health policies by identifying which types of disease are most prevalent in which 

regions. In developed countries, these statistics are collected and shared with the World Health 

Organization (WHO) (Akturan, G¿m¿ĸ, ¥mer, Balandēz, & Erenler, 2019). 
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Causes of death can be due to a variety of causes, such as diseases of the respiratory system, the circulatory 

system, the nervous system and the endocrine system When analysis the causes of death in Turkey between 

2009 and 2016, diseases of the circulatory system are the most common cause of death. Tumours come 

second and respiratory diseases third (Yal­ēn & Kaan, 2019). The aim of the study is to group cities in 

Turkey according to their similarity in terms of the number of deaths by means of the K-Means clustering 

method. 

 
 

MATERIALS AND METHODS  

Material  

The study used the number of deaths due to diseases of the respiratory system, the nervous system, the 

endocrine system, the tumour system, the circulatory system and injuries in 81 cities in Turkey for the 

years 2009 ï 2017. Data are obtained from the cause of death statistics in the TUIK database (T¦ĶK, 2023). 

The study population consisted of 81 cities and no city is excluded (Table 1). 

Table 1. Data used in the study 

Year Region Cause of Death 

  Circulatory system diseases 

  Respiratory system diseases 

  Tumours 

2009 ï 2017 All Cities (Turkey) Nervous system diseases 

  Endocrine system diseases 

  Injuries and Poisoning 

  Other causes 

 
Methods 

Statistical Analysis 

All statistical analyses are performed with R statistical language (version 4.2.1; The R Foundation for 

Statistical Computing, Vienna, Austria; https://www.r-project.org). The "readxl", "factoextra", "ggfortify", 

"clusterR" and "ggplot2" packages are used to obtain the results. The K-Means clustering technique, one 

of the non-hierarchical clustering analysis techniques, is used in the study. Elbow method is used to 

determine the optimum number of clusters. The Euclidean distance, which is frequently used in studies, is 

used to determine the distance matrix (Akēn, 2008). Data on the number of deaths are standardised and 

included in the analysis. 

Cluster Analysis 

Clustering is the process of dividing irregular data into homogeneous groups by similarity (Akēn, 2008). 

Clustering techniques are subdivided into hierarchical, partitioned, density-based and model-based 

clustering techniques. Hierarchical clustering techniques are also divided into two according to the 

direction of the merger: aggregation and partitioning techniques (Ferreira & Hitchcock, 2009; Murtagh & 

Legendre, 2014). Hierarchical clustering techniques are determined the number of clusters by examining 

the dendrogram graph. In other methods, the number of clusters is determined by optimal cluster number 

determination techniques. Clustering methods use distance matrices such as Euclidean, Minkowski and 

Canberra to determine the distance between objects. The equation for Euclidean distance is given below 

(Abdulhafedh, 2021; Altunkaynak, 2019). 
 

ὨὩόὧ(x, y) = ЍВὲ    ( ὼὭ  ώὭ)2 (1) 
Ὥ= 1 
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K-means is one of the partitioned clustering methods. Other partitioned clustering methods are K-medoids 

and CLARANS (Clustering Large Applications based on Randomized Search). K-means tries to classify 

observations into clusters that are separated from each other. Thus, observations within the same cluster 

can form a homogenous group. The k-means algorithm starts with a randomly selected cluster centre for 

each cluster and then performs iterative calculations to optimise the positions of the centres (Kassambara, 

2017). 

 
 

RESULTS 

In this study, the number of deaths according to their causes for the years 2009 ï 2017 are analysed with 

the K-Means technique. When the Elbow method is applied, it is seen in Figure 1 that the optimum number 

of clusters is 3, which is the breaking point. 
 

Figure 1. Determination of the optimal number of clusters using the Elbow 

After the number of clusters is determined as 3, the structure in Figure 2 is obtained with the K-Means 

clustering technique for the 3-cluster structure. 

 

 

Figure 2. Cluster structure obtained with K-Means clustering technique 
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When the cluster structure obtained by the KïMeans technique is examined, it is seen that there is a 3- 

dimensional structure and 66, 14 and 1 cities in dimensions. Istanbul, the most developed city in Turkey, 

is not in the same cluster as any other city. 

 
Table 2. Classification of cities according to the cluster they are located in 

Clusters Cities 

 

 

 

 

 

 
1 

Adēyaman, Afyonkarahisar, Aĵrē, Amasya, Artvin, 

Aydēn, Bilecik, Bingºl, Bitlis, Bolu, Burdur, 

¢anakkale, ¢ankērē, ¢orum, Denizli, Diyarbakēr, 

Edirne, Elazēĵ, Erzincan, Erzurum, Eskiĸehir, 

Giresun, G¿m¿ĸhane, Hakkari, Isparta, Kars, 

Kastamonu, Kērklareli, Kērĸehir, K¿tahya, 

Malatya, Kahramanmaraĸ, Mardin, Muĵla, Muĸ, 

Nevĸehir, Niĵde, Ordu, Rize, Sakarya, Siirt, Sinop, 

Sivas, Tekirdaĵ, Tokat, Trabzon, Tunceli, 

ķanlēurfa, Uĸak, Van, Yozgat, Zonguldak, Aksaray, 

Bayburt, Karaman, Kērēkkale, Batman, ķērnak, 

Bartēn, Ardahan, Iĵdēr, Yalova, Karab¿k, Kilis, 

Osmaniye, D¿zce 

 
2 

Adana, Antalya, Gaziantep, Balēkesir, Bursa, 

Hatay, Mersin, Kayseri, Kocaeli, Konya, Manisa, 

Samsun, Ankara, Izmir 

3 Istanbul 

 
Table 2 shows in detail which cities are in the same cluster with each other in terms of the number of 

deaths. Large cities such as Konya, Bursa, Ankara, Izmir, Adana and Kayseri are in Cluster 2. 

 
Table 3. Average number of cases in clusters by cause of death 

Cause of Death Cluster 1 (n=66) Cluster 2 (n=14) Cluster 3 (n=1) 

Circulatory System 8634 35765 178281 

Tumor 4011 18900 122711 

Respiratory System 2303 9069 49410 

Nerve 833 3965 24247 

Endocrine 1172 5046 26404 

Injury and Poisoning 939 4538 18007 

Other 3093 13084 78111 

Data are expressed as mean. 

 

The averages for the causes of death and cluster structures are given in Table 3. When the arithmetic 

averages of the cluster structures according to the causes of death are examined, it is seen that the ranking 

of the circulatory system, respiratory system, nervous system, endocrine system, tumour, external injury 

and poisoning and the number of deaths due to other causes is in the form of Cluster 3 > Cluster 2 > Cluster 

1. Istanbul has formed a cluster of its own, with a population of around 15 million. When the average 

number of deaths in Istanbul is examined, it is seen that the highest number of deaths occurred from 

circulatory system diseases with 178.281 people, followed by benign and malignant tumours with 122.711 

people. 
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DISCUSSION AND CONCLUSION 

When similar studies were examined, Emik and ¥nal carried out an epidemiological analysis of the deaths, 

they found that the majority of deaths in Turkey are caused by diseases of the circulatory system, followed 

by tumours. These results support the results of our study (Emik & ¥nal, 2019). According to a WHO 

report, 3 million people die each year from respiratory diseases. However, respiratory diseases are the third 

leading cause of death worldwide. According to the results of our study, diseases of the respiratory system 

are in third place in terms of the number of deaths in Turkey (Yal­ēn & Kaan, 2019). 

Knowledge of the causes of death is essential for the evaluation of the development of countries health 

care systems and for the improvement of the systems in place (Tepetaĸ et al., 2021). As a result of the 

study, 81 cities formed a 3-cluster structure. The results show that large cities tend to be in the same cluster. 

66 cities are in the same cluster and are found to be similar in terms of the number of deaths. The circulatory 

system is the most common cause of death in cities such as Konya, Bursa, Ankara, Ķzmir, Adana and 

Kayseri, where agriculture and industry are developed, followed by tumours. Industrial wastes are thought 

to be effective in these results (D¿ndar, Altundaĵ, Kaygaldurak, ķar, & Acar, 2012). In terms of all causes 

of death, Istanbul is found to have the most deaths. In order to generalise of the results, it is recommended 

that studies are carried out using other hierarchical and non-hierarchical clustering techniques and the 

inclusion of different variables. 
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Abstract 

 
The study focused on the relationship between lactation length, 305-day milk yield, actual milk yield and 

peak remaining days from milk yield characteristics, and service period, dry period, insemination per 

conception and calving interval from fertility traits, as well as the influencing factors such as calving age, 

lactation number, birth season, and birth year. When the MDS results were examined, it was discovered 

that all the traits had close Euclidean distances from each other, save for the birth season and birth year. 

As a result of MDS analysis, R2 and Stress Coefficient were calculated as 88.4% and 0.099, respectively. 

Consequently, the selection direction was tried to be identified by determining the milk yield and fertility 

traits and the relationship between these traits and the influencing factors through the MDS analysis and 

it was concluded that the MDS method could be employed in this field. 

Keywords: 305-day milk yield, multidimensional scaling analysis, prediction, dairy cows 

 

 
INTRODUCTION  

The milk yield and fertility traits are the most significant topics that researchers studying on animal 

improvement have focused on in recent years (Berry et al., 2007; Khalid et al., 2007; Kuthu et al., 2007; 

Gen­ and Soysal, 2018, 2019; ¥zt¿rk et al., 2021). Therefore, the studies in the literature have aimed to 

improve milk and fertility parameters in future generations and to identify the influencing factors and to 

identify the environmental and genetic factors that affect milk yield and fertility traits in livestock (dairy, 

cattle, sheep, goat, buffalo, etc.), particularly dairy cattle, and to determine the relationship between them 

(Van Vleck and Henderson, 1961; Ashmawy et al., 1985; Mendes and Akkartal 2009; Gen­ and Mendeĸ, 

2021). The proper implementation of these works depends on keeping the yield records and pedigree 

regularly. Many environmental factors affect milk yield and fertility traits. The factors, such as age, 

lactation number, birth season, calving year, calving month, calving age, and farm size are the most 

significant ones. The preceding environmental factors directly or indirectly affect the milk yield traits, such 

as overall milk yield, 305-day milk yield, peak milk yield, and lactation length, as well as fertility traits, 

such as service period, dry period, and insemination per conception (Olori et al., 1999; Deôath and 

Katharina, 2000; David and Paul, 2004; Kocak et al., 2007; Zheng et al., 2009; Gen­ and Mendeĸ, 2021). 

In recent years, several mathematical and statistical methods have been frequently utilized to identify these 

effects. The identification of the milk yield and fertility traits, as well as the influencing factors with these 

methods, will improve the efficiency in breeding improvement, and it will be utilized in later studies. 

Therefore, the Multidimensional Scaling Method (MDS) has been used frequently in recent years (Kruskal 

and Wish, 1978; Baĸpēnar et al., 2000; Borg and Groenen, 2005). 

MDS is one of the statistical methods that is used to determine the correlation between the variables by 

utilizing the distances in cases where the correlation between the traits is not known exactly but the 

distances between them can be calculated (¥zdamar, 2004). MDS can help to determine the relationship 

between variables represented in a k-dimensional space by displaying them very close to their original 

positions in a less dimensional (two, three, é) conceptual space. When these features of MDS are 

evaluated, identifying the distances of the milk yield and fertility traits, as well as the influencing factors, 
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will constitute the framework of the study (Kruskal and Wish, 1978; Baĸpēnar et al., 2000; Yiĵit and 

Mendeĸ, 2018; Gen­ and Mendeĸ, 2021). 

The relationship between lactation length, 305-day milk yield, actual milk yield, peak milk yield and peak 

remaining days from milk yield characteristics, and service period, drying period, insemination per 

conception, and calving interval from fertility traits, as well as the influencing factors such as calving age, 

lactation number, birth season, and birth year were determined through MDS method. The main purpose 

of this study is to investigate the relationships among the milk yield and fertility parameters by using 

multidimensional scaling technique". 

 
 

MATERIALS AND METHODS  

The material of the study contained data from 2936 lactation records of Holstein dairy cattle raised between 

2011 and 2019 on a private enterprise, a member of the Cattle Breedersô Association of Turkey. These 

records consisted of the variables of lactation length, 305-day milk yield, actual milk yield, peak milk yield 

and peak remaining days from milk yield characteristics, service period, drying period, insemination per 

conception and calving interval from fertility traits, as well as the variables of calving age, lactation 

number, birth season and birth year. 

While preparing the data, animals whose numbers were less than 100 in the groups of year and lactation 

number, as well as animals that were separated from the herd due to the reasons such as stillbirth, abortion, 

disease, or disability were excluded from the evaluation. Animals with unknown maternal and paternal ear 

tags were also excluded. Animals with a lactation length longer than 550 days and less than 220 days, as 

well as those with a calving age less than 20 months for the first lactation and greater than 40 months, as 

well as those remaining outside by adding 12 months to the previous lower limit and 14 months to the 

upper limit  in successive lactations were excluded from the analysis. However, those with calving intervals 

less than 310 days and more than 550 days were not utilized as an observation value (Kumlu and Akman, 

1999). 

The MDS aims to obtain a graphical result by analyzing the distances and differences between n points in 

a p-dimensional (p=2, 3, é) space, as well as their proximity to each other and positions in Euclidean 

space. This is utilized to gain a better understanding of the dimensions of the conceptual space and data, as 

well as to generate new knowledge. The MDS method may analyze data without requiring the relevant 

distribution assumption. It enables the determination of the configuration distances (configuration 

distances, map distances, dij) that would represent the distance between the variables (data distances, ŭij) 

with the least error through one of the regression methods (linear, polynomial, monotonic). The original 

and geometric display distances between N objects are calculated. These distances are processed as 

configuration (configuration coordinate system) and original distances and are displayed in the coordinate 

system. The stress measure refers to the metric between the original and configuration distances (Kruskal 

and Wish, 1978; Breiman et al., 1984; Baĸpēnar et al., 2000; Bevilacqua et al., 2003; David and Paul, 2004; 

¥zdamar, 2004; Camdeviren et al., 2005; Mendes and Akkartal, 2009; Karabag et al., 2010; Yiĵit and 

Mendeĸ, 2018). The distances are calculated as follows: 

dij = a + bŭij + e 

The SPSS software was utilized in the study to identify the factors that affect the milk yield and fertility 

traits by the MDS method (Statisticalé, 2008). 

 
 

RESULTS AND DISCUSSION 

Table 1 shows descriptive statistics. According to these findings, 305-day milk yield and Actual milk yield 

were found above the average herds when milk yield traits were considered. When the fertility traits were 



IV. International Applied Statistics Congress (UYIK - 2023) 

Sarajevo / Bosnia and Herzegovina, September 26-29, 2023 

147 

 

 

 

reviewed, they are found to be in accord with the average herd fertility  parameters. When these results are 

examined, it appears that MDS, one of the graphical methods to be utilized on these data, can operate with 

sufficient reliability. 

The descriptive statistics of independent and dependent variables are given in Table 1. The mean and 

standard error of lactation length, 305-day milk yield, actual milk yield, peak remaining day, peak milk 

yield and drying period of the cows were obtained as 357.6Ñ1.33, 9317.6Ñ35.10, 10450Ñ51.70, 81.8Ñ0.85, 

40.5Ñ0.14 and 55.4Ñ0.50 respectively. And also, insemination per conp., service period, calving age and 

calving interval were calculated as 2.6Ñ0.026, 147.8Ñ1.3, 37.6Ñ0.26 and 385.4Ñ2.22 respectively. 

 

Table 1. Descriptive statistics for fertility and milk yield parameters 
 

  n ὢӶ ὛὢӶ CV (%) Minimum Maximum 

 Lactation length (day) 2936 357.6Ñ1.33 20.1 220 550 

M
il 

y
ie

ld
 p

a
ra

m
e

te
rs 

305-day milk yield (kg) 2936 9317.6Ñ35.10 20.4 2394 15176 

Actual milk yield (kg) 2936 10450Ñ51.70 26.8 2209 21679 

Peak remaining day 2879 81.8Ñ0.85 55.9 2.00 240.0 

Peak milk yield (kg) 2924 40.5Ñ0.14 18.7 20.60 66.62 

Drying period (day) 2225 55.4Ñ0.50 41.8 20.00 101.0 

F
e

rt
ili

ty
 y

ie
ld

 

p
a

ra
m

e
te

rs 

Insemination per conp. 2498 2.6Ñ0.026 50.6 1.00 5.0 

Service period (day) 2787 147.8Ñ1.3 47.8 33.00 120.0 

Calving age (month) 2936 37.6Ñ0.26 37.8 20.40 39.6 

Calving interval (day) 475 385.4Ñ2.22 12.5 310.00 550.0 

ὢӶ ὛὢӶ:MeanÑSE Mean; CV% :coefficient of variation 

 

MDS analysis was performed to investigate the relations between milk yield parameters and some fertility 

parameters (Figure 1. and Table 2.). Two different goodness-of-fit  criteria namely: R2 and stress coefficient 

have been used to determine the suitability of MDS technique for investigating the relations investigate the 

relations between milk yield parameters and some fertility parameters (Kruskal and Wish, 1978; Baĸpēnar 

et al., 2000; Yiĵit and Mendeĸ, 2018). R2 and stress coefficient values (88.4% and 0.099) indicated that 

MDS technique was one of a good choice in evaluating interested relations (Berry et al., 2007; Mendes 

and Akkartal, 2009). 
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Figure 1. MDS map for investigating the relation between some milk yield and fertility parameters 

MDS results are presented in Figure 1. According to the MDS results, these parameters have been divided 

into three groups. As it can be seen from the Figure 1, peak milk yield, 305-day milk yield, actual milk 

yield, calving age and lactation number are placed in the same group that means these parameters are 

related each other. And there is a positive relationship between these parameters. Likewise, the calving 

interval, lactation length, service period and insemination per conception are in the same group. Therefore, 

these parameters are related or correlated. The peak remaining day and drying period have been placed in 

another group. On the other hand, the calving year and calving season are in different places (Kruskal and 

Wish, 1978; Baĸpēnar et al., 2000; Yiĵit and Mendeĸ, 2018). 

 
 

Table 2. MDS final coordinates for milk and fertility yield 
 

Final Coordinates   

 Dimension  

1  2 

Lactation length -0.580 -0.139 

305-day milk yield 0.583 -0.195 

Actual milk yield 0.437 -0.312 

Peak remaining days 0.527 -0.659 

Peak milk yield 0.642 -0.121 

Service period -0.583 -0.198 

Dry period -0.071 -0.764 

Insemination per conception -0.481 -0.395 

Calving interval -0.486 0.069 

Calving age (month) 0.516 0.422 

Lactation number 0.603 0.413 

Calving season 0.306 -0.284 

Calving year 0.877 -0.127 
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MDS final coordinates for milk and fertility yield were given in Table 2. As it can be seen from the Table 

2, dimensions 1 for milk yield parameters were obtained as 305-day milk yield and peak milk yield; 0.583 

and 0.642 respectively. And also, fertility  yield parameters were calculated as lactation number and calving 

year; 0.603 and 0.877 respectively. 

The results obtained by MDS analysis have shown us which milk or fertility yield parameters can be used 

primarily in zootechnical practice. According to these results, peak remaining days for from milk yield 

parameters and the dry period from the fertility parameters should be used first. 
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Abstract 

 
 

Microarray is a technology that allows simultaneous measurement of the expression levels and interactions 

of thousands of genes in cells, tissues, and organs. Microarray data may contain variations due to 

experimental conditions such as sample preparation, labeling, hybridization, screening, etc. or due to 

biological reasons. Therefore, normalization of microarray data before analysis is an important factor for 

the analysis results. Normalization minimizes technical and systematic differences, allowing biological 

differences between genes and sequences to be seen more clearly. Many normalization methods are used 

in microarray data, but there is no conclusive evidence on which method is more appropriate. Accordingly, 

in our study, synthetic microarray data were generated in the Madsim package of the R program with 

different sample sizes (10, 40, 200) and gene numbers (100, 1,000, 10,000) as two independent groups. 

The data initially  showed a homogeneous distribution of up- and down-regulated genes with low variation 

and noise, then the noise was increased, the number of up-regulated genes was increased and finally the 

coefficient of variation was increased. The data with these different structures were normalized with Cyclic 

Loess, Quantile and Median methods and analyzed with the Multilayer Perceptron method, which is one 

of the deep learning models and consists of 3 hidden layers, and the F1 score values obtained as a result 

of the analysis were compared. It was observed that the normalization methods are not different from the 

raw data and there is no difference between the methods in case of high noise in the microarray data and 

the number of genes regulation up and down is different. However, the best results in classification were 

obtained when the number of genes was 1,000. As the coefficient of variation increased and the number 

of gene was 100, the Quantile normalization method was initially found to be less successful compared to 

other methods and raw data. However, when the number of genes increased to 1,000 and beyond, it became 

apparent that Quantile normalization yielded highly successful results in comparison to other methods and 

raw data. Compared to other types of research, microarray experiments are usually designs with a small 

number of samples and a large number of genes. However, when we examined microarray datasets, it was 

seen that keeping the number of genes at a lower level, increasing the sample size, and applying the 

Quantile normalization method gave more successful results in advanced analysis methods such as deep 

learning. 

Key words: Microarray, Normalization, F1 Score 

 

 
INTRODUCTION  

Important advances have been made in health research due to developing technologies. The rapid progress 

in genomic technologies has led to a frequent utilization of genetic analysis in clinical applications and 

research. Especially with the advances in computer technology, genetic testing methods have become 

widely accessible and applicable even in small-scale laboratories (Collins and Fink, 1995; Durmaz et al., 

2015). 
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Although initial gene sequencing involved only single-gene analysis, modern technological advancements 

have made it possible to examine all genes within an organism simultaneously. Microarray technology, for 

example, allows for the measurement of thousands of gene expressions simultaneously within tissues, 

organs, or cells (Dufva, 2009; Tamazian et al., 2016). However, microarray experiments require the use of 

various data mining tools to investigate relationships between genes or to reveal expression level patterns 

(Quackenbush, 2002). Thanks to both advances in technologies with high-scale data structure and 

developments in artificial intelligence, there has been an increase in the use of artificial neural networks, 

machine learning and deep learning models in microarray research. These statistical methods can be used 

to classify and predict microarray data. 

The results obtained via microarray technology exhibit variations based on biological or experimental 

conditions. Common variations may appear even in repeated experiments. Therefore, direct comparisons 

and statistical models are not suitable for expression measurements derived from microarray technologies 

(Butte, 2002). To analyze microarray technology measurements, data must undergo normalization or 

regularization to eliminate sources of variation. The normalization process plays a pivotal role in the early 

stages of data analysis and heavily impacts subsequent analysis results. Numerous normalization methods 

exist for microarray data; however, it remains unclear which method best performs (Park et al., 2003). 

The aim of this study is to investigate the effect of different normalization methods on microarray data sets 

with different types, sample size and number of genes using deep learning. 

 
 

MATERIAL AND METHODS  

Material  

The Generating of the Data 

The R program Madsim package is used to generate synthetic microarray data (Demb®l®, 2013). In this 

study, 4 different single colour microarray data sets were generated using this package. In the first data set, 

the coefficient of variation and noise were low and the ratios of up-regulated and down-regulated genes 

were equal, in the second type of data set we increased the noise ratio, in the third type of data set we 

increased the ratio of up-regulated genes in addition to the second data set, and in the fourth type of data 

set we increased the coefficient of variation in addition to all these. For each type of data set, sample size 

was created as two independent groups of 5:5, 20:20 and 100:100, and the number of genes was 100, 1,000 

and 10,000. For each data type, we generated 1,000 different data sets with different sample sizes and gene 

counts. 

Methods 

There are several normalization methods utilized in microarray data, with the most widely used being 

Cyclic Loess, Median, and Quantile normalization. Each of these methods were applied separately to the 

created data sets and recorded. Additionally, the Multilayer Perceptron (MLP) model, which is one of the 

deep learning models, was applied to both the raw data without normalization and to the normalized data 

sets. Three hidden layers were implemented in the MLP, utilizing the ReLu activation function for the 

hidden layers and the Sigmoid function for binary classifications in the output layer. Binary crossentropy 

served as the loss function, and the activation function Adam was chosen with an epoch value of 100. 

Through 1,000 repetitions of each data set and a test rate of 0.40, the average F1 score values were obtained 

as a result of the MLP. 

Cyclic Loess Normalization 

Loess (Local Regression) normalization is a widely used method for correcting microarray data. In this 

method, a corrected signal intensity is calculated that corrects for differences between the signal intensity 

on each microarray chip and the signal intensity of other microarrays on the same chip. Loess normalization 
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helps to reduce the variation between microarray chips. Cyclic Loess Normalization is obtained by 

repeating Loess normalization. More specifically, the data is first subjected to Loess normalization, then 

repeated in a cyclic manner to obtain corrected data. These cycles help to normalize the data in a more 

stable way. The cyclic Loess steps can be listed as follows (Ballman et al., 2004; Boes and Neuhªuser, 

2005) 

(1) Select two arrays and create an MA plot of the data 

(2) A smooth f (x) loess curve is constructed through the data, with the x-axis being the average probe 

expression value of the two arrays and the y-axis being the difference of one point for each spot. 

(3) Subtract f (x)/2 from the first sequence and add f (x)/2 to the second sequence. 

(4) This process is repeated until all different binary pairs have been compared. 

The disadvantage of this method is the time required to normalize a set of data. The time grows 

exponentially as the number of arrays increases. 

Median Normalization 

Median normalization is another method used to make gene expression data in microarrays comparable. 

The median value of gene expression in each microarray chip is calculated. A scaling factor is then 

calculated to compensate for differences in these median values between microarray chips. This factor is 

used to appropriately correct the gene expression data of each microarray chip. Median normalization, 

where Xnp is the log ratio of the nth gene on the pth slide, is calculated by the following formula. 

 

 

 
The global median of the normalized log density ratios is equal to zero (Bolstad et al., 2003; Hao et al., 

2016). 

Quantile Normalization 

Quantile normalization was first developed for microarray gene expression. In this normalization method, 

the distributions of each sample are forced to be the same. The average distribution obtained by averaging 

each quantile across samples is used as a reference. The application steps of quantile normalization are as 

follows (Bolstad et al., 2003; Hick, 2014). 

(1) The gene expression values within each sample are ranked from smallest to largest. 

(2) For each gene, the average values between rows are calculated. 

(3) The raw data are replaced with the newly calculated average gene expression values. 

(4) The obtained averages are placed back in the original order of the raw data. 

 

 
Multilayer Perceptron 

Multilayer Perceptron is a deep learning model belonging to the artificial neural network family. MLP is 

an artificial neural network with at least one input layer, at least one hidden layer and an output layer. Each 

layer contains a number of artificial neurons or perceptrons. The main function of an MLP is to learn and 

model complex relationships between features and use this learning process to make a prediction or 

classification. 
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Input Layer: The input layer takes the data into the network. Usually, each input attribute corresponds to 

a neuron, and these neurons produce an output by multiplying the incoming data by its weights and 

plugging it into the activation function. 

Hidden Layers: Hidden layers allow the model to learn features in more complex ways. Each hidden layer 

takes the outputs from the previous layer, processes them with weights and puts them into an activation 

function. By using multiple hidden layers, the model can learn more complex functions. 

Output Layer: The output layer produces the final prediction or classification of the model. Neurons in 

the output layer generate the results using the learned features of the model. The configuration of the output 

layer depends on the type of problem; for regression problems there may be a single neuron, while for 

classification problems there may be multi-class outputs. 

Activation Functions: The outputs of the neurons in each layer are organized by an activation function. 

Functions such as sigmoid, ReLU (Rectified Linear Unit), or tanh are commonly used. These functions 

determine the output of the neurons and affect the learning capacity of the network. 

Backpropagation: MLP usually learns from training data. The backpropagation algorithm calculates the 

error by comparing the network's predictions with the actual results and updates the weights to minimize 

this error. This process increases the network's ability to learn. 

MLP is considered the basic unit of deep learning and can be used in a variety of tasks, especially suitable 

for classification and regression problems. As a subset of artificial neural networks, this model forms the 

basis of more complex neural network architectures (Arē and Berberler, 2017; Taud and Mas, 2018). 

 
 

F1 Score 

Several statistical ratios exist for assessing binary classifications and their matrices in machine 

learning and deep learning methods. Among these classification methods, one of the most favored is 

the F1 score, obtained by calculating the harmonic mean of precision and recall scores. While 

precision emphasizes false positives and recall focuses on false negatives, the F1 score considers 

both (Chicco and Jurman, 2020). 

 

 

 
 

RESULTS 

The mean F1 scores obtained as a result of MLP are given with 95% confidence intervals. Table 1 shows 

the F1 score values for data sets with low variation, low noise, and equal up-down regularization ratios. 

When each sample size is examined within itself, it is seen that the F1 score values are calculated very 

close to each other between the data sets with and without normalization. At sample sizes of 10 and 200, 

the highest ratios were observed in the 1,000 gene case, while at sample sizes of 40, the highest ratios were 

observed in the 100 gene case. 
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Table 1. F1 Scores for the Data Set with Low Variation, Low Noise and Equal Up-Down Regulated Ratio 
 

Normalization 

Methods 

Gene size 
 

100 
  

1,000 
  

10,000 
 

Sample size 10 40 200 10 40 200 10 40 200 

 
Mean 0.669 0.749 0.745 0.710 0.710 0.852 0.374 0.423 0.343 

None 95% Lower 0.650 0.737 0.729 0.688 0.687 0.833 0.353 0.403 0.324 

 95% Upper 0.689 0.761 0.761 0.733 0.732 0.870 0.396 0.443 0.362 

 
Mean 0.667 0.737 0.752 0.719 0.712 0.847 0.374 0.415 0.365 

Cyclic Loess 95% Lower 0.647 0.724 0.737 0.696 0.689 0.829 0.352 0.395 0.346 

 95% Upper 0.687 0.750 0.767 0.741 0.734 0.865 0.396 0.435 0.384 

 
Mean 0.658 0.733 0.743 0.705 0.681 0.836 0.385 0.419 0.383 

Quantile 95% Lower 0.639 0.720 0.727 0.683 0.659 0.817 0.362 0.399 0.364 

 95% Upper 0.678 0.745 0.758 0.728 0.704 0.855 0.407 0.439 0.401 

 
Mean 0.668 0.739 0.753 0.684 0.707 0.854 0.395 0.406 0.377 

Median 95% Lower 0.648 0.727 0.737 0.661 0.684 0.836 0.373 0.385 0.359 

 95% Upper 0.688 0.752 0.769 0.708 0.729 0.872 0.417 0.426 0.396 

 
Table 2 shows the F1 score values for data sets with low variation, high noise and equal up-down 

regularization ratios. When each sample size is examined within each sample size, it is seen that the F1 

score values are calculated very close to each other between the data sets with and without normalization. 

In all sample sizes, the highest ratios were observed in the 1,000 gene case. 

 
 

Table 2. F1 Scores for the Data Set with Low Variation, High Noise and Equal Up-Down Regulated Ratio 
 

Normalization 

Methods 

Gene size 
 

100 
  

1,000 
  

10,000 
 

Sample size 10 40 200 10 40 200 10 40 200 

 
Mean 0.534 0.610 0.682 0.716 0.713 0.908 0.497 0.414 0.350 

None 95% Lower 0.515 0.599 0.671 0.700 0.696 0.895 0.473 0.393 0.332 

 95% Upper 0.554 0.620 0.693 0.732 0.730 0.921 0.521 0.435 0.367 

 
Mean 0.539 0.610 0.685 0.700 0.702 0.895 0.433 0.382 0.402 

Cyclic Loess 95% Lower 0.519 0.600 0.675 0.683 0.684 0.882 0.409 0.362 0.385 

 95% Upper 0.558 0.621 0.696 0.718 0.720 0.909 0.458 0.402 0.419 

 
Mean 0.527 0.602 0.680 0.708 0.695 0.896 0.520 0.447 0.320 

Quantile 95% Lower 0.508 0.592 0.670 0.690 0.678 0.883 0.496 0.428 0.303 

 95% Upper 0.547 0.613 0.690 0.725 0.712 0.910 0.544 0.466 0.338 

 
Mean 0.518 0.614 0.677 0.713 0.709 0.906 0.463 0.403 0.383 

Median 95% Lower 0.499 0.603 0.666 0.696 0.692 0.893 0.440 0.382 0.365 

 95% Upper 0.537 0.624 0.689 0.731 0.726 0.919 0.486 0.423 0.400 
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Table 3 shows the F1 score values for the data sets with low variation, high noise and high up-regulation 

rates. When each sample size is examined within each sample size, it is seen that the F1 score values are 

calculated very close to each other between the data sets with and without normalization. In all sample 

sizes, the highest ratios were observed in the 1,000 gene case. 

 
 

Table 3. F1 Scores for the Data Set with Low Variation, High Noise and High Down Regulated Ratio 
 

Normalization 

Methods 

Gene size 
 

100 
  

1,000 
  

10,000 
 

Sample size 10 40 200 10 40 200 10 40 200 

 
Mean 0.510 0.630 0.675 0.710 0.742 0.917 0.500 0.378 0.373 

None 95% Lower 0.490 0.619 0.664 0.692 0.726 0.904 0.477 0.357 0.354 

 95% Upper 0.530 0.640 0.685 0.728 0.758 0.930 0.523 0.400 0.392 

 
Mean 0.519 0.618 0.664 0.731 0.733 0.919 0.484 0.412 0.357 

Cyclic Loess 95% Lower 0.499 0.607 0.653 0.715 0.716 0.908 0.461 0.391 0.339 

 95% Upper 0.538 0.629 0.675 0.747 0.749 0.931 0.507 0.434 0.375 

 
Mean 0.516 0.618 0.665 0.712 0.726 0.899 0.395 0.418 0.383 

Quantile 95% Lower 0.497 0.608 0.654 0.694 0.710 0.885 0.371 0.398 0.364 

 95% Upper 0.535 0.628 0.676 0.729 0.743 0.914 0.419 0.439 0.401 

 
Mean 0.527 0.617 0.674 0.726 0.713 0.920 0.451 0.418 0.377 

Median 95% Lower 0.508 0.606 0.662 0.710 0.696 0.908 0.428 0.396 0.359 

 95% Upper 0.547 0.627 0.685 0.742 0.731 0.932 0.473 0.439 0.396 

 
Table 4 shows the F1 score values for data sets with high variation, high noise and high up-regulation rates. 

In the case of 100 genes with a sample size of 10, the Quantile normalization method has lower F1 scores 

compared to raw data and other methods, while in the case of 1,000 and 10,000 genes, it has higher F1 

scores compared to raw data and other methods. With a sample size of 40, the Quantile norms coalition 

method has lower F1 scores compared to raw data and other methods for 100 genes, while it has higher F1 

scores compared to raw data and other methods for 1,000 and 10,000 genes. With a sample size of 200, 

while there was no difference between Quantile normalization and raw data and other methods in the case 

of 100 genes, it had higher F1 scores in the case of 1,000 genes and higher F1 scores in the case of 10,000 

genes compared to raw data and other methods and was the only method that made successful separation. 
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Table 4. F1 Scores for the Data Set with High Variation, High Noise and High Down Regulated Ratio 
 

Normalization 

Methods 

Gene size 
 

100 
  

1,000 
  

10,000 
 

Sample size 10 40 200 10 40 200 10 40 200 

 
Mean 0.725 0.820 0.885 0.708 0.762 0.894 0.661 0.568 0.466 

None 95% Lower 0.712 0.809 0.874 0.703 0.759 0.892 0.657 0.550 0.441 

 95% Upper 0.738 0.830 0.896 0.712 0.765 0.897 0.666 0.585 0.491 

 
Mean 0.717 0.824 0.889 0.678 0.763 0.893 0.667 0.590 0.469 

Cyclic Loess 95% Lower 0.704 0.814 0.878 0.676 0.760 0.891 0.667 0.576 0.446 

 95% Upper 0.731 0.833 0.899 0.681 0.767 0.896 0.667 0.605 0.492 

 
Mean 0.623 0.711 0.870 0.791 0.865 0.983 0.777 0.824 0.886 

Quantile 95% Lower 0.605 0.700 0.859 0.781 0.860 0.981 0.763 0.808 0.870 

 95% Upper 0.641 0.722 0.881 0.801 0.871 0.984 0.790 0.840 0.903 

 
Mean 0.722 0.824 0.885 0.709 0.764 0.897 0.663 0.574 0.451 

Median 95% Lower 0.708 0.814 0.875 0.704 0.761 0.894 0.658 0.557 0.427 

 95% Upper 0.736 0.834 0.896 0.713 0.767 0.900 0.667 0.591 0.475 

 
Figure 1 displays the F1 score values for all data types when the number of genes is 100. Nearly all models 

exhibit improved results with high variation, high noise, and unequal up-down regulation ratio. 

Nevertheless, Quantile normalization produces lower results than raw data and other methods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. F1 score values when the number of genes is 100. 

Figure 2 displays the F1 score values across all data types at a gene count of 1,000. It is evident that 

Quantile normalization consistently produced superior results for all models and sample sizes, 

outperforming raw data and other methods. 
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Figure 2. F1 score values when the number of genes is 1,000. 

 

 
Figure 3 displays the F1 score values for all data types when the number of genes is 10,000. In scenarios 

with high variation, high noise, and unequal up-down regulation ratio, most show improved results. 

Nonetheless, in model 4, Quantile normalization shows superior and favorable outcomes, in comparison 

to raw data and other techniques. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. F1 score values when the number of genes is 10,000. 

 

 
DISCUSSION AND CONCLUSION 

The results show that the F1 scores calculated as a result of deep learning are higher, especially when the 

variation increases. Noise in microarray datasets with low gene counts negatively affects deep learning 

performance. When the number of genes is increased to 1,000, it is seen that the same normalization 

methods give very close results in all data types at the same sample size, but the Quantile normalization 
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results are slightly higher when the variation increases. Also, increasing the sample size improves the 

classification performance. When the number of genes was increased to 10,000, both the raw data and 

normalization methods gave very poor results in data sets with low variation, low noise and equal up-down 

regulation ratio, and it was seen that low sample size had better results with increasing noise and up 

regulation ratio. However, while the increase in the coefficient of variation leads to an increase in 

classification performances, it is seen that the Quantile normalization method increases considerably and 

is more successful compared to other methods. When the literature was examined, it was found that in 

single colour microarray data, the Quantile normalization method worked best in reducing the differences 

in miRNA expression values, Cyclic Loess was slightly less successful compared to Quantile 

normalization, no normalization and median normalization gave similar results and were less successful 

than Quantile and Cyclic Loess methods (Rao et al., 2008). In another study, Cyclic Loess, Median, 

Quantile and Qspline normalization methods were compared in order to provide a guide for practitioners 

in selecting a 'suitable' normalization method for single colour microarray data that removes noise and 

retains the signal efficiently. It was found that the Cyclic Loess method outperformed the Quantile and 

Median methods in terms of both variability reduction and signal retention. The Median normalization 

method was found insufficient to eliminate the noise problem. They also found that more genes were 

differentiated in the Cyclic Loess method (Wu et al., 2005). On the RNA microarray of 178 mice, it was 

found that Median normalization and Loess-based normalization methods did not give successful results 

in data with up-regulated structure (Fardin et al., 2017). Our research is in line with the literature at some 

points and diverges at some points. When we look at the research in general, Quantile normalization 

method was found to be more successful compared to other methods and raw data in data sets with 

unbalanced regulation, high noise and high coefficient of variation, medium and high number of genes. 

The highest F1 scores were observed in the Quantile normalized data set at gene number 1,000 and sample 

size 200. Unlike other types of research, microarray experiments are designed with a small number of 

samples and a large number of genes. In microarray datasets, keeping the number of genes at a lower level, 

increasing the sample size and normalizing the data with the Quantile method will enable more successful 

results in advanced analysis methods such as deep learning. 
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Abstract 

 
Turkey, with its geographical diversity and climate variations, is a country of great significance. The 

purpose of this study is to examine long-term rainfall data observed in different climate regions of Turkey, 

specifically in Ankara, Bafra, and Erzurum, using the CLIGEN climate model. This research aims to 

demonstrate the applicability of the CLIGEN model beyond the United States by conducting tests in other 

regions. Long-term precipitation data obtained from the Turkish State Meteorological Service were utilized 

in this study. The study focused on the analysis of rainfall data observed over extended periods in Erzurum 

(1983-2020), Bafra (1980-2020), and Ankara (1967-2020) cities. Various essential parameters, including 

monthly rainfall averages, the number of wet days, and rainfall amounts on wet days, were extracted from 

the data. Additionally, the standard deviation of the data for each month was calculated. The analysis 

results indicate that, except for the months of August, September, and October, there is no significant 

difference between the averages and distributions of observed and simulated rainfall data. However, for 

these three months, K-S_Test results and M-W_Test values are more variable, displaying high fluctuations 

in certain months. These fluctuations play a crucial role in applications such as water resource 

management and environmental analyses, as abrupt changes can impact planning and management 

processes. This study underscores the importance of evaluating rainfall in different climate regions of 

Turkey using the CLIGEN model. The calibration of erodibility parameters of the model and model 

validation are essential steps for future research. This research emphasizes the significance of sudden 

changes in applications such as water resource management and environmental analyses. Understanding 

Turkey's climate change processes and being prepared for these changes are critical, emphasizing the 

importance of continued research in this area. 
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Abstract 

 
Early detection and diagnosis play a important role in the treatment of breast cancer. Instead of relying 

on a single variable for cancer detection, it is more beneficial to consider all relevant variables to make a 

more effective and distinctive diagnosis. Therefore, the aim of this study is to model and compare the 

variables used in the detection of breast cancer using the artificial neural networks (ANN) algorithm, a 

machine learning technique. The results revealed that ANN has very competitive outcomes in terms of 

accuracy and AUC. 

Key words: Breast cancer, Artificial Neural Network, Machine Learning 
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¥zet 

D¿nya n¿fusunun s¿rekli artmasē ile birlikte talepler de s¿rekli artmakta bu y¿zden gēda ihtiyacē da her 

ge­en g¿n artmaktadēr. Artan gēda ihtiyacēnēn karĸēlanmasēnda bitkisel ve hayvansal ¿retim ilk sēralarda 

yer almaktadēr. ¢iftlik hayvanlarēndan yetiĸtiriciliĵi yapēlan koyunun tarih boyunca yapaĵē, s¿t ve et gibi 

veriminden yararlanēlmaktadēr. Ancak yetiĸtiricilerin koyundan elde ettikleri kazancēn b¿y¿k bir bºl¿m¿n¿ 

et verimi karĸēlamaktadēr. G¿n¿m¿zde artan gēda ihtiyacēnēn karĸēlanmasē i­in hayvan baĸēna d¿ĸen 

verimler istenildiĵi kadar y¿ksek olmamaktadēr. Hayvan yetiĸtiriciliĵinde ºnemli olan hayvan sayēsēnē 

y¿kseltmek yerine her hayvan baĸēna d¿ĸen verimi y¿kseltmektir. Yetiĸtiriciliĵi yapēlan hayvanēn verimini, 

¿zerinde durulan ºzellik bakēmēndan belirlenen genler belirler. Bu verimi hayvanēn genotipi belirler ve bu 

ilerleme genotipin m¿saade ettiĵi ºl­¿de olur. Hayvanlarda verim ve et kalite niteliklerini belirleyen 

genlerin saptanmasē, bu genlerin hayvan seleksiyonu ve klasik ēslah yºntemlerinde kullanēlabilmesi i­in 

molek¿ler genetik alanēndaki araĸtērmalar artmaya baĸlamēĸtēr. Yapēlan araĸtērmalarda koyunlarda et 

verimi ve kalite ¿zerine yararlē olan genlerden biri Calpastatin (CAST) genidir. CAST geni, hayvanlarda 

kas geliĸimi olaylarēnda ve kesim sonrasē etin yumuĸamasēnda ºnemli rol oynamaktadēr. CAST geni 

koyunlarda 5. kromozom ¿zerinde bulunur. Bu ­alēĸmada Eskiĸehirôde halk elinde yetiĸtiriciliĵi yapēlan 

Orta Anadolu Merinosu koyun ērklarēnda CAST genotipinin belirlenmesi ama­lanmēĸtēr. CAST 

polimorfizminin belirlenmesi i­in MspI restriksiyon endon¿kleaz enziminden faydalanēlarak PCR-RFLP 

yºntemi ile yapēlmēĸtēr. 

Anahtar Kelimeler: CAST, PCR, Polimorfizm, Koyun 
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¥zet 

S¿rekli artan D¿nya n¿fusu nedeniyle hayvansal protein ihtiyacē her ge­en g¿n artmaktadēr, bu ihtiyacēn 

yeterli miktarda alēnmasē i­in koyun yetiĸtiriciliĵinin ­ok ºnemli yeri vardēr. Kiĸi baĸēna d¿ĸen hayvansal 

protein ihtiyacēnēn karĸēlanmasē i­in hayvan sayēsēnēn artērēlmasē deĵil hayvanlardan elde edilen et verimi 

ve miktarēnēn artērēlmasē gerekliliĵini ortaya ­ēkmēĸtēr. Hayvanlarda et verimini artērmak i­in uygulanan 

klasik ēslah yºntemleri ­ok uzun zaman almaktadēr. Son zamanlarda klasik ēslah yºntemlerinin yanēnda 

molek¿ler genetik alanēnda yaĸanan geliĸmeler de kullanēlmaktadēr. Hayvanlarda verim veya fizyolojik 

ºzellikleri belirleyen ºnemli ºzelliklerden biri  kantitatif karakterlerdir. Bu bºlgelerde gºr¿len mutasyonlar 

molek¿ler genetik ­alēĸmalarēn temelini oluĸturur. Hayvan yetiĸtiriciliĵinde, verim ºzelliklerini belirleyen 

genlerdeki polimorfizmlerin araĸtērēldēĵē ­alēĸmalar ºnem kazanmaya baĸlamēĸtēr. Son zamanlarda et 

verimi ve kalitesini geliĸtirebilmek i­in ­ok sayēda genler belirlenmiĸ ve bu genlerle araĸtērma 

yapēlmaktadēr. Yapēlan ­alēĸmalarda koyunlarda et verimi ¿zerine etkili olan genlerden biri  Diacylglycerol 

acyltransferase1 (DGAT1) genidir. DGAT1 geni, yaĵ ve enerji metabolizmasēndaki gºreviyle koyunlarda 

s¿tteki yaĵ oranē, et kalite ºzellikleri ve karkasta yaĵ birikimi ºzelliklerini etkilemesinde rol oynar. DGAT1 

geni koyunlarda 9. kromozom ¿zerinde yer alēr. DGAT1, yaĵ h¿crelerinde trigliseritlerin sentez oranēnē 

kontrol etmede anahtar enzimdir. DGAT1 geninin sēĵērlarda s¿t verimi ve s¿t kompozisyonu ¿zerine etkisi 

vardēr ancak koyunlarda DGAT1 geni ile et verim ºzellikleri arasēndaki iliĸkilerin araĸtērēldēĵē ­alēĸmalar 

azdēr. Bu ­alēĸmada Eskiĸehirôde halk elinde k¿­¿k iĸletmelerde yetiĸtiriciliĵi yapēlan Orta Anadolu 

Merinosu koyun ērklarēnda DGAT1 genotipinin belirlenmesi ama­lanmēĸtēr. DGAT1 polimorfizminin 

belirlenmesi i­in AluI kesim enziminden yararlanēlarak PCR-RFLP yºntemi ile yapēlmēĸtēr. 
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Abstract 

 
A key issue in statistics is normality testing. Given that many statistical techniques assume normality, it is 

crucial to ascertain if a dataset is normally distributed. But in high-dimensional environments, 

conventional normality tests are sometimes unreliable, especially when the data has a generalized 

Gaussian distribution. This study suggests a brand-new normality test for high-dimensional data that is 

resistant to outliers, such as extended Gaussian distributions. The suggested test is based on a 

nonparametric method called the nearest neighbour approach, which makes no assumptions about the 

distribution of the data. The suggested test is applicable for huge datasets because it is computationally 

effective as well. Both simulated and actual data are used to evaluate the proposed test. The findings 

demonstrate that, even when the data has a generalized Gaussian distribution, the suggested test is more 

effective than conventional normality tests in high dimensions. This piece significantly advances the subject 

of statistics. For researchers that need to verify for normality in high-dimensional data, the proposed test 

is a useful tool. The test is computationally effective and resilient to deviations from normality, including 

modified Gaussian distributions. This makes a variety of applications possible. 

Key words: Generalized Gaussian Distribution, Normality Testing, High-Dimensional Data, Nearest 

Neighbour Approach 
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Abstract 

 
Thanks to the improvements in the capacity of collecting and storing large amounts of data, data can be 

measured and recorded. In addition, large data sets can be converted into functional data forms. 

Functional data (curve, object) is reached by converting the raw data into functional form. The aim of this 

study is to analyze the raw and functional data comparatively as classification decision trees from machine 

learning approaches. Thus, functional and non-functional classification trees are compared. In addition, 

the functions obtained by changing the basis function numbers and the changes in the decision tree model 

are examined. For this purpose, COVID-19 data obtained from Our Word in Data site was used. Data 

from January 2020 to December 2022 were analyzed. Functionally fitted raw data are represented by 

functional objects obtained for 5, 10, 15, 20 and 30 basis functions, respectively. In this study, the 

classification decision tree model achieved the highest accurate classification rate with the 10-basis 

function approach. This result shows that with the basis function approach consisting of a reasonable 

number of bases, fit to data can obtain a decision tree model with higher performance than raw data. In 

this way, a purer decision tree can be obtained in which the most important functional variables are 

selected. In addition, in this study, it was observed that as the number of bases decreases, the tree 

development rule with functional data becomes pure in the early stages and relatively small and simple 

trees are produced. 

Key words: Functional Data Analysis, Machine Learning, Classification Tree with Functional Data, 

Smoothing, COVID-19. 

 
 

GĶRĶķ 

¢in Halk Cumhuriyetiônde 2019 yēlēnēn aralēk ayēnda ortaya ­ēkan Koronavir¿s (COVID-19) salgēnē, 

k¿resel d¿zeyde etki oluĸturmuĸtur. Hēzla t¿m d¿nyaya yayēlan COVID-19, D¿nya Saĵlēk ¥rg¿t¿ 

tarafēndan Mart 2020ôde pandemi olarak ilan edilmiĸtir. Pandemi, d¿nyanēn neredeyse her yerinde 

gºr¿lebilen ve ­ok sayēda insanē etkileyen salgēn hastalēk olarak tanēmlanabilir. Bu sebeple bu ­alēĸma 

Ocak 2020'den Aralēk 2022'ye kadar olan 3 yēllēk pandemi s¿recini kapsamaktadēr. 

COVID-19 taĸēyanlarēn sayēsēnēn artmasēyla ¿lkelerin vaka sayēlarē artērmēĸtēr. Bu durumun COVID-19 

sebebiyle olan ºl¿m sayēlarēnē da etkilediĵi gºr¿lm¿ĸt¿r. Bu sebeple bu ­alēĸmada baĵēmlē/­ēktē/hedef 

deĵiĸken olarak ºl¿m sayēlarē dikkate alēnmaktadēr. 

Kesikli ham verilerin fonksiyonel bi­ime dºn¿ĸt¿r¿lmesiyle fonksiyonel veriler (eĵri, nesne) elde 

edilmektedir. Fonksiyonel veri kavramē ilk olarak Ramsay ve Dalzell ile ortaya ­ēkmēĸtēr. Ardēndan 

Ramsay ve Silverman baĸta olmak ¿zere bir­ok ­alēĸmada geliĸtirilmiĸtir (Ramsay ve Dalzell, 1991; 

Ramsay ve Silverman, 1997, 2002, 2005). 
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¢ok deĵiĸkenli istatistiksel analizlerin ­oĵunun fonksiyonel karĸēlēĵē bulunmaktadēr. Bu ­alēĸmanēn amacē 

makine ºĵrenimi yaklaĸēmlarēndan sēnēflandērma karar aĵa­larē ile ham ve fonksiyonel verileri 

karĸēlaĸtērmalē olarak incelemektir. Bºylece fonksiyonel verilere karar aĵa­larē analizi uygulanēp 

uygulanamayacaĵē ve uygulandēĵē takdirde performansēn nasēl olacaĵē araĸtērēlmaktadēr. Ayrēca baz 

fonksiyon sayēlarē deĵiĸtirilerek elde edilen fonksiyonlar ve sēnēflandērma aĵacē modelindeki deĵiĸimler 

incelenmiĸtir. 

 
 

MATERYAL VE METOD  

Materyal  

Bu ­alēĸmada Our Word in Data sitesinden edinilen COVID-19 verileri analiz edilmiĸtir. Bu ­alēĸmada 

ham veriler sērasēyla 30, 20, 15, 10 ve 5 baz fonksiyon ile oluĸturulan fonksiyonel nesnelerle temsil 

edilmektedir. Analiz, R programlama dili ile ger­ekleĸtirilmiĸtir. 

¥ncelikle Avrupa Birliĵi ¿lkelerine (27 ¿lke) ait zaman boyutunda kesikli gºzlenen 12 girdi deĵiĸkenine 

gºre (milyonda yeni vaka sayēlarē, COVID-19 ­oĵalma (¿reme) oranē, milyonda yoĵun bakēm hastasē 

sayēlarē, milyonda hastane hastasē sayēlarē, binde test sayēsē, pozitif ­ēkan g¿nl¿k COVID-19 testlerinin 

oranē, doĵrulanmēĸ vaka baĸēna yapēlan test sayēsē, y¿zde g¿nl¿k aĸē dozu, y¿zde ilk aĸēlarēnē olan insan 

sayēsē, y¿zde ilk aĸēlarēnē tamamlayan insan sayēsē, y¿zde takviye doz aĸē olan insan sayēsē, sēkēlēk indeksi) 

eĵriler baz fonksiyon yaklaĸēmē ile d¿zg¿nleĸtirilerek tahminlenmiĸtir. 

10 sabit deĵerli deĵiĸken de (yaĸ (medyan), 65 yaĸ ¿st¿ oranē, 70 yaĸ ¿st¿ oranē, kiĸi baĸē GSYĶH, 

kardiyovask¿ler ºl¿m oranē, diyabet prevalansē, binde hastane yatak sayēsē, yaĸam beklentisi, insani 

geliĸmiĸlik indeksi, n¿fus) analize dahil edilmiĸtir. Hedef deĵiĸken bir milyonda yeni COVID-19 ºl¿m 

sayēlarē olup sēnēflandērma aĵa­larē elde edilirken ortalama ºl¿m sayēsē eĵrisinin altēnda olan deĵerler i­in 

ºl¿m oranē d¿ĸ¿k, ¿st¿nde olan deĵerler i­in ºl¿m oranē y¿ksek etiketi ile iki kategoriliye 

dºn¿ĸt¿r¿lm¿ĸt¿r. 

Kesikli veri matrisi verilerin fonksiyonel eĵriye dºn¿ĸt¿r¿lmesi ile her deĵiĸken i­in her biri T = [1, 1094] 

zaman aralēĵēnda tanēmlanan 27 fonksiyonel gºzleme dºn¿ĸmektedir. ¦lke eĵrileri 5 baz fonksiyon i­in 

135, 10 baz fonksiyon i­in 270, 15 baz fonksiyon i­in 405, 20 baz fonksiyon i­in 540, 30 baz fonksiyon 

i­in 810 fonksiyonel nesne katsayēsē ile temsil edilmektedir. Ardēndan sēnēflandērma karar aĵacē analizleri 

fonksiyonel nesneler ile ger­ekleĸtirilmiĸtir. 

Metod 

Fonksiyonel Veri Analizi 

Gºzlenmiĸ kesikli verilerin fonksiyonel veriye dºn¿ĸt¿r¿lmesi ile veriler, gºzlem noktalarē olarak deĵil 

fonksiyonlar olarak dikkate alēnēr. Fonksiyonel veri, j = 1, 2, é, N olmak ¿zere, (N: ºrnek hacmi), 
 

olarak gºsterilebilir (Zhang ve Chen, 2007; Koymen Keser ve Deveci Kocako­, 2021). Veriye uyumu 

saĵlanan fonksiyonu elde etme yºntemlerinden biri belirli sayēda baz fonksiyondan oluĸan bir sistem 

belirlemektir. Bºylece uyum fonksiyonu baz fonksiyonlarēn bir birleĸimi olarak ifade edilmektedir (Keser, 

2008). Fonksiyon, k tane baz fonksiyonun   katsayēlarla aĵērlēklanmēĸ doĵrusal toplamē 

ĸeklinde aĸaĵēdaki gibi ifade edilebilir. 
 

Modelde,   fonksiyonu iônci baz fonksiyon olup, katsayēsē ise bu baz fonksiyona karĸēlēk gelen 

katsayēyē  gºstermektedir.  Ger­ek  fonksiyonlarēn  tahmini,     fonksiyonuna benzer niteliklere sahip 
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olmasē beklenen baz fonksiyonlarēnēn se­ilmesine baĵlēdēr (Yaraee, 2011). K¿­¿k k deĵerlerine baĸvurup 

en iyi yaklaĸēmē saĵlayarak uyumu artēran bir baz se­mek istenir (Ramsay ve Silverman, 1997). 

Fonksiyonel veri i­in sēklēkla Splayn baz fonksiyon yaklaĸēmē kullanēlmaktadēr. d-inci dereceden j-inci B- 

Splayn aĸaĵēdaki dºng¿sel iliĸki ile hesaplanmaktadēr (Eilers ve Marx, 1996). 
 

 
Eĵrinin p¿r¿zl¿l¿ĵ¿ ile veriye uyumu arasēndaki dengeyi saĵlamak amacēyla P¿r¿zl¿ Ceza Yºntemi 

yardēmēyla katsayēlarē tahminlenebilmektedir. Bu ama­la Artēk Kareler Toplamē ile p¿r¿zl¿l¿k  

ºl­¿s¿n¿n d¿zg¿nleĸtirme parametresi ile ­arpēmē toplanarak Cezalē Artēk Kareler Toplamē bileĸik 

terimi elde edilir. 
 

 

Literat¿rde gºzlem  sayēsēnēn (    )  y¿ksek olduĵu ­alēĸmalarda  adet baz fonksiyona baĸvurulmuĸtur 

(Ramsay ve Silverman, 1997). Artēk orijinal veriler geride bērakēlēp yeni elde edilen fonksiyonel veri 

eĵrileriyle analize devam edilir. 

Sēnēflandērma Karar Aĵacē Analizi 

Karar aĵa­larē, sēnēflandērēcēlarē temsil etmek i­in pop¿ler bir yaklaĸēmdēr. Bir karar aĵacē b¿y¿tmek veri 

setini belirli karar kurallarē ­er­evesinde gºrsel olarak olduk­a anlaĸēlēr ve kolay yorumlanabilir k¿­¿k alt 

k¿melere ayērmaktēr (Dunham, 2002). Karar aĵacē; kºk d¿ĵ¿m, i­ d¿ĵ¿mler, dallar, terminal d¿ĵ¿mler/u­ 

d¿ĵ¿mler ve yapraklar/­ēktē etiketleri ile oluĸmaktadēr (De Ville, 2013). Bir karar aĵacē kategorik bir hedef 

deĵiĸken sºz konusu olduĵunda sēnēflandērma karar aĵacē adēnē almaktadēr. Literat¿rde en sēk karĸēlaĸēlan 

karar aĵacē algoritmalarēndan biri Sēnēflandērma ve Regresyon Aĵa­larē (CART) algoritmasēdēr. CART 

algoritma aĸamalarē aĸaĵēdaki gibidir (Breiman ve ark., 1984). 

1. Aĸama: Her deĵiĸken iki temsili kategoriye bºl¿n¿r. Sol ve saĵ dal elde edilir. 

2. Aĸama: Sol (a) ve saĵ (b) dala ait olan óóGiniôô deĵeri hesaplanēr. Burada óókôô hedef deĵiĸken kategori 

sayēsēnē temsil etmektedir. 

Tablo 1. Gini deĵeri hesaplama 
 

k = 2 i­in Deĵiĸkenin a kategorisi Deĵiĸkenin b kategorisi 

Hedef Sēnēf 1 
 

 

 

 

Hedef Sēnēf 2 
 

 

 

 

 
 

 
 

 

 

 

 

 

3. Aĸama: j-inci deĵiĸken i­in deĵerleri elde edilir. (n toplam gºzlem sayēsē) 
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4. Aĸama: Gini deĵeri en k¿­¿k olan j deĵiĸkeni d¿ĵ¿me yerleĸtirilir ve bºl¿nme bu deĵiĸkene gºre 

ger­ekleĸir. 

BULGULAR  

Bu ­alēĸmada  olmasē sebebiyle 30 baz fonksiyon ile d¿zg¿nleĸtirme yapēlmaya baĸlanmēĸtēr. 

Elde edilen fonksiyonel eĵrilerin ham veriye benzerliĵi dikkat ­ekmiĸ ve modelin veriye aĸērē uyumundan 

s¿phe edilmiĸtir. Bu sebeple p¿r¿zl¿l¿ĵ¿ azaltarak karmaĸēklēĵē azaltan bir uyum saĵlamak amacēyla baz 

fonksiyon  sayēsē  kademeli  olarak  azaltēlmēĸ  ve  ham  veriyi  en  iyi  temsil  eden  fonksiyonel  eĵriler 

araĸtērēlmēĸtēr. T¿m deĵiĸkenler d¿zg¿nleĸtirilmiĸ ancak burada sadece ºl¿m sayēsē hedef deĵiĸkeni i­in 

olan deĵiĸim ķekil 1-5 ile sunulmuĸtur. Detaylē inceleme i­in Kocarēk Gacar (2023) ­alēĸmasēna baĸ- 

vurulabilir. 

 

ķekil 1. 30 baz ile ºl¿m sayēsē eĵrileri 

 

ķekil 2. 20 baz ile ºl¿m sayēsē eĵrileri 
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ķekil 3. 15 baz ile ºl¿m sayēsē eĵrileri 
 
 

 
ķekil 4. 10 baz ile ºl¿m sayēsē eĵrileri 

 

 
ķekil 5. 5 baz ile ºl¿m sayēsē eĵrileri 
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Elde edilen ¿lke eĵrilerinin her aĸamada ºnceki eĵrilere gºre bir miktar daha d¿zg¿nleĸmiĸ olduĵu 

gºr¿lmektedir. 5 baza kadar uyumun ham verideki tepe noktalarē temsil edilebilmekte olduĵu 5 baz ile 

d¿zg¿nleĸtirme yapēlmasē sonucu elde edilen fonksiyonel eĵrilerin ise olduk­a d¿zg¿nleĸmiĸ olduĵu 

gºr¿lmektedir. Bu durumda ham veriyi temsiliyeti olduk­a zayēfladēĵē gºr¿len eĵrilerin y¿ksek bilgi 

kaybēna sebep olabileceĵi sºylenebilir. 

 
 

(30 baz) 

 
 

 
(20 baz) (15 baz) 

 
 

(10 baz) (5 baz) 

 

ķekil 6. Ortalama ºl¿m sayēsē eĵrileri 

 
Fonksiyonel verilerle elde edilen karar aĵa­larē sērasēyla aĸaĵēda verilmiĸtir. Veri setinin rassal olarak 

%80ôi eĵitim, %20ôsi test verisi olarak belirlenmiĸtir. Sēnēflandērma analizinden ºnce ¿lkelerin g¿nl¿k 

ºl¿m sayēsē deĵerleri ķekil 6 ile verilen ortalama ºl¿m sayēsē eĵrilerine gºre d¿ĸ¿k ve y¿ksek olarak iki 

sēnēfa ayrēlmēĸtēr. 
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ķekil 7. Ham veri sēnēflandērma aĵacē 
 

 

 
 

 

ķekil 8. 30 baz fonksiyonel veri sēnēflandērma karar aĵacē 
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ķekil 9. 20 baz fonksiyonel veri sēnēflandērma karar aĵacē 
 

 

 

 
ķekil 10. 15 baz fonksiyonel veri sēnēflandērma karar aĵacē 
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ķekil 11. 10 baz fonksiyonel veri sēnēflandērma karar aĵacē 
 

 

 

 

 

ķekil 12. 5 baz fonksiyonel veri sēnēflandērma karar aĵacē 
 

Karar aĵacē modellerine gºre baz sayēsē azaldēk­a fonksiyonel verilerle aĵa­ geliĸtirme kuralēnēn erkenden 

saf hale geldiĵi ve nispeten k¿­¿k ve basit aĵa­lar ¿retildiĵi gºr¿lmektedir. ¥l¿m sayēsē ¿zerinde etkili 

olan en ºnemli deĵiĸkenler genel olarak hastane hasta sayēsē, vaka sayēsē, sēkēlēk indeksi, aĸē sayēlarē 

deĵiĸkenleri olarak bulunmuĸtur. Bu sonu­, aĵa­ ¿zerinde kºk d¿ĵ¿mden itibaren yerleĸen d¿ĵ¿m 

deĵiĸkenlerinden de gºr¿lebilir. 

Tablo 2ôye gºre yalnēzca 5 bazlē karar aĵacē i­in  olduĵundan dolayē bu model i­in 

doĵruluk oranēnēn bilgisizlik oranēndan istatistiksel olarak anlamlē derecede b¿y¿k (Acc > NIR) olduĵu 

sºylenemez. Bu durum modelde bilgisizliĵin doĵruluk oranēndan b¿y¿k olduĵunu gºstermektedir. Bu 

sonu­ 5 bazlē karar aĵacē modelinin anlamlē olmayacaĵē yºn¿ndeki beklentiyi doĵrular ĸekildedir. Ek 

olarak bilgisizlik oranē ile doĵruluk oranē arasēndaki uyumu ºl­en kappa istatistiĵinin d¿ĸ¿k (0,43) olmasē 

uyumun rassal bir uyum olma yºn¿nde ve d¿ĸ¿k seviyede olduĵunu gºstermektedir. 



IV. International Applied Statistics Congress (UYIK - 2023) 

Sarajevo / Bosnia and Herzegovina, September 26-29, 2023 

175 

 

 

 

Tablo 2. Sēnēflandērma karar aĵa­larē performanslarēnē karĸēlaĸtērma 
 

Karar Aĵa­larē 

Ķstatistikler Ham 30 Baz 20 Baz 15 Baz 10 Baz 5 Baz 

Doĵruluk (Accuracy) 0,8674 0,8704 0,8056 0,8765 0,8889 0,7407 

95% G¿ven Aralēĵē (0,8585, 

0,876) 

(0,8087, 

0,9179) 

(0,7183, 

0,8754) 

(0,7847, 

0,9392) 

(0,7737, 

0,9581) 

(0,5372, 

0,8889) 

Bilgisizlik Oranē (NIR) 0,7132 0,6975 0,6852 0,6543 0,5556 0,6667 

P-Deĵeri (Acc > NIR) 2,2e-16 2,067e-7 0,00362 5,112e-6 1,305e-7 0,2755 

Kappa 0,6658 0,6719 0,5457 0,7224 0,775 0,4324 

Duyarlēlēk (Sensitivity) 0,9276 0,9558 0,8649 0,9245 0,90 0,7778 

 

Sonu­ olarak, anlamlē     sēnēflandērma modelleri i­inde en y¿ksek kappa istatistiĵi 

(0,77), en d¿ĸ¿k bilgisizlik oranē (0,55) 10 bazlē fonksiyonel sēnēflandērma aĵacē ile saĵlanmaktadēr. Aynē 

zamanda elde edilen fonksiyonel veri sēnēflandērma karar aĵa­larē i­erisinde 10 baz fonksiyon, ºl¿m oranē 

i­in yaklaĸēk %89 oranēnda doĵru sēnēflandērma baĸarēsē ile en iyi performansa sahip bulunmuĸtur. 

 
 

SONU¢ VE TARTIķMA 

Sēnēflandērma karar aĵacē modeli 10 baz fonksiyon yaklaĸēmēyla en y¿ksek doĵru sēnēflandērma oranēna 

ulaĸmēĸtēr. Bu sonu­, makul sayēda bazdan oluĸan baz fonksiyon yaklaĸēmē ile verilere uyumun, ham 

verilere gºre daha iyi performansa sahip bir karar aĵacē modeli elde edilebileceĵini gºstermektedir. 

Bºylece hedef deĵiĸken ¿zerinde en ºnemli deĵiĸkenlerin belirlendiĵi daha ºz bir karar aĵacē elde 

edilebilir. Ayrēca bu ­alēĸmada baz sayēsē azaldēk­a fonksiyonel veri i­eren aĵa­ geliĸtirme kuralēnēn erken 

aĸamalarda saf hale geldiĵi ve nispeten k¿­¿k ve basit aĵa­lar ¿retildiĵi gºr¿lm¿ĸt¿r. Bu ­alēĸma 

fonksiyonel veri ile karar aĵa­larēnē orijinal sēnēflandērēcēyē temsil etmek i­in baĸvurulan yaklaĸēmlardan 

biri yapabilir. 
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Abstract 

 
In machine learning prediction is based on a process where algorithmic rules are developed using a 

training set. Supervised machine learning is the process of training the algorithm with defined input data 

for a specific target (output) value. When new data is added, target values can be estimated with the trained 

model. Bayesian classification is a supervised machine learning technique. It is also a simple probabilistic 

classification method developed from the conditional probability function of Bayes' theorem. The (naive) 

Bayesian classification algorithm, based on the Bayesian theorem, evaluates the probabilities of events 

occurring and performs classification according to probabilities. Smoothed data are obtained by 

smoothing the raw data. This data is also called a functional object or curve. The aim of this study is to 

investigate whether the functional data obtained by smoothing with the basis function can be used for naive 

Bayes classification. For the analysis, COVID-19 data from the European Union countries were obtained 

from the Oxford University Our World in Data site. The 3-year period covering 2020-2022 was included 

in the analysis. The 30 Base B-Spline Smoothing method was used to smooth the data. The analysis was 

carried out with the R programming language. Variables of the countries such as the number of cases, 

reproduction rate, number of intensive care and hospital patients, positive rate, number of tests, number 

of tests per case, number of vaccine doses, and stringency index were used. The death rate variable was 

determined as the target variable. Within the scope of the analysis, the probabilities of the target class to 

which the observation units will be assigned were determined with the help of conditional probabilities. 

As a result, the smoothed data are estimated with about 90% accurate classification performance for the 

death rate through naive Bayesian classification algorithm. 

Key words: Machine Learning, Naive Bayes Classification, Smoothing, EU Countries, COVID-19. 

 

 
GĶRĶķ 

Pandemi, ­ok sayēda insanē etkileyen ve k¿resel d¿zeyde gºr¿lebilen salgēn hastalēk olarak a­ēklanabilir. 

2019 yēlēnēn aralēk ayēnda ¢in Halk Cumhuriyetiônde ortaya ­ēkan Koronavir¿s (COVID-19) salgēnē, 

d¿nyanēn neredeyse her yerinde etkili olmuĸtur. Hēzla t¿m d¿nyaya yayēlan COVID-19, D¿nya Saĵlēk 

¥rg¿t¿ tarafēndan Mart 2020ôde pandemi olarak ilan edilmiĸtir. 

Bu ­alēĸma, Avrupa Birliĵi ¿lkeleri (Avusturya, Bel­ika, Bulgaristan, ¢ekya, Danimarka, Estonya, 

Finlandiya, Fransa, Hērvatistan, Almanya, Yunanistan, Hollanda, Ķrlanda, Ķspanya, Ķsve­, Ķtalya, G¿ney 

Kēbrēs Rum Yºnetimi, Letonya, Litvanya, L¿ksemburg, Macaristan, Malta, Polonya, Portekiz, Romanya, 

Slovakya, Slovenya olmak ¿zere 27 ¿lke) i­in Ocak 2020'den Aralēk 2022'ye kadar olan 1094 g¿nl¿k 

pandemi verisini kapsamaktadēr. 

COVID-19 vaka sayēlarēndaki artēĸēn COVID-19 sebebiyle olan ºl¿m sayēlarēnē etkilediĵi gºr¿lm¿ĸt¿r. Bu 

­alēĸmada hedef (baĵēmlē) deĵiĸken olarak ºl¿m sayēlarē analiz edilmektedir. 

mailto:burcukocarik@gmail.com
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Kesikli ham verilerin d¿zg¿nleĸtirilmiĸ (smoothed) forma dºn¿ĸt¿r¿lmesiyle fonksiyonel eĵriler elde 

edilmektedir. Bu kavram Ramsay ve Dalzell tarafēndan ilk olarak kullanēlmēĸtēr (Ramsay ve Dalzell, 1991). 

Literat¿rde ­ok deĵiĸkenli istatistiksel tekniklerin fonksiyonel bi­iminin elde edilebilmekte olduĵu 

gºr¿lm¿ĸt¿r. Bunlardan bazēlarē fonksiyonel (lojistik) regresyon analizi, fonksiyonel diskriminant analizi, 

fonksiyonel k¿meleme analizi vb. ĸeklindedir. 

Bu ­alēĸmanēn amacē makine ºĵrenmesi yºntemlerinden biri olan sēnēflandērma yaklaĸēmlarēndan naive 

bayes ile fonksiyonel verileri analiz etmektir. Bºylece baz fonksiyon ile d¿zg¿nleĸtirilerek elde edilen 

fonksiyonel verilerin, bayesyen sēnēflandērma kapsamēnda kullanēlēp kullanēlamayacaĵēnē araĸtērēlmaktadēr. 

Fonksiyonel verilere naive bayes analizi uygulanēp uygulanamayacaĵē ve uygulandēĵē takdirde 

performansēn nasēl olacaĵē ile ilgilenilmektedir. 

 
 

MATERYAL VE METOD  

Materyal  

Bu ­alēĸmada kullanēlan veriler Our World in Data sitesinden edinilmiĸtir. Analiz, R programlama dili ile 

ger­ekleĸtirilmiĸtir. Bu ­alēĸmada ham veriler d¿zg¿nleĸtirilip 30 baz fonksiyon ile oluĸturulan fonksiyonel 

nesnelerle temsil edilmektedir. 

¥ncelikle Avrupa Birliĵi ¿lkelerine ait zaman boyutunda kesikli gºzlenen 13 girdi (baĵēmsēz) deĵiĸkene 

gºre eĵriler baz fonksiyon yaklaĸēmē ile d¿zg¿nleĸtirilerek tahminlenmiĸtir. Bu deĵiĸkenler sērasēyla; 

milyonda yeni vaka sayēlarē, COVID-19 ­oĵalma (¿reme) oranē, milyonda yoĵun bakēm hastasē sayēlarē, 

milyonda hastane hastasē sayēlarē, binde yeni test sayēsē, pozitif ­ēkan g¿nl¿k COVID-19 testlerinin oranē, 

doĵrulanmēĸ vaka baĸēna yapēlan test sayēsē, y¿zde g¿nl¿k aĸē dozu, y¿zde ilk aĸēlarēnē olan insan sayēsē, 

y¿zde ilk aĸēlarēnē tamamlayan (ikinci aĸē) insan sayēsē, y¿zde takviye doz (¿­¿nc¿) aĸē olan insan sayēsē, 

sēkēlēk (katēlēk) indeksi ĸeklindedir. 

Hedef deĵiĸken bir milyonda yeni COVID-19 ºl¿m sayēlarē olup sēnēflandērma elde edilirken ortalama 

ºl¿m sayēsē eĵrisinin altēnda olan deĵerler i­in ºl¿m oranē d¿ĸ¿k, ¿st¿nde olan deĵerler i­in ºl¿m oranē 

y¿ksek etiketi ile iki kategoriliye dºn¿ĸt¿r¿lm¿ĸt¿r. Benzer ĸekilde t¿m girdi deĵiĸkenler deĵerleri de 

d¿zg¿nleĸtirme iĸleminin ardēndan d¿ĸ¿k ve y¿ksek olarak iki kategoride tanēmlanmēĸtēr. 

Kesikli veri matrisi verilerin d¿zg¿nleĸtirilerek fonksiyonel eĵriye dºn¿ĸt¿r¿lmesi ile her deĵiĸken i­in her 

biri T = [1, 1094] zaman aralēĵēnda tanēmlanan 27 fonksiyonel gºzleme dºn¿ĸmektedir. ¦lke eĵrileri 30 

baz fonksiyon i­in 810 fonksiyonel nesne katsayēsē ile temsil edilmektedir. Ardēndan naive Bayes 

sēnēflandērma analizi fonksiyonel nesneler ile ger­ekleĸtirilmiĸtir. 

Metod 

Kesikli Verilerin D¿zg¿nleĸtirilmesi 

Ham verilerin d¿zg¿nleĸtirilmesi ile d¿zg¿nleĸtirilmiĸ veriler elde edilmektedir. Bu veriye fonksiyonel 

nesne ya da eĵri adē verilir. Ķĸaretlenmiĸ noktalarē birleĸtiren d¿zg¿n (p¿r¿zs¿z) bir eĵri elde etmek 

amacēyla oluĸturulan esnek ­izim aracēna Splayn adē verilmektedir. Splayn aynē zamanda bir interpolasyon 

aracēdēr. Bu durumun matematiksel modellemeye yansēmasē ile Splayn fonksiyonlar ortaya ­ēkmēĸtēr. 

Splayn fonksiyonlar, tanēmlandēĵē aralēĵē gºzlem deĵerlerinden faydalanarak alt aralēklara ayērmakta ve 

her bir alt aralēkta farklē bir polinom fonksiyonu ile baĵēmlē ve baĵēmsēz deĵiĸkenler arasēndaki iliĸkiyi 

modellendirme yoluyla s¿rekli bir fonksiyon oluĸturmaktadēr (Reinsh, 1967; Zhang ve Chen, 2007). 

Bºylece hēzlē iniĸ ­ēkēĸ gºr¿n¿m¿nde olan veriye d¿zg¿nleĸtirme iĸlemi uygulanmaktadēr. 

Veriye uyumu saĵlanan d¿zg¿n fonksiyonu elde etme yºntemlerinden biri belirli sayēda fonksiyondan 

oluĸan bir baz sistemi belirlemektir. Literat¿rde gºzlem sayēsē ile  adet baz fonksiyon ºnerilmiĸtir 

(Ramsay ve Silverman, 1997). Bºylece uyum fonksiyonu baz fonksiyonlarēn lineer birleĸimi olarak ifade 
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edilmektedir. Elde edilen fonksiyon, k tane baz fonksiyonun katsayēlarēyla aĵērlēklanmēĸ toplamē olarak 

aĸaĵēdaki gibi gºsterilebilir (Keser, 2008; Koymen Keser ve Deveci Kocako­, 2021). Burada temel fikir 

veri setinin ger­ekte var olan bir fonksiyondan ( ) ºrneklenmiĸ olabileceĵi ve bu fonksiyonun 

tahminlenebileceĵi ĸeklindedir. 
 

Modelde,  baz fonksiyonlarē, ise bu baz fonksiyonlara karĸēlēk gelen parametreyi simgelemektedir. 

Ger­ek fonksiyonun tahmini, bu fonksiyona benzer niteliklere sahip olan baz fonksiyonlarēn se­ilmesi ile 

yakēndan iliĸkilidir (Yaraee, 2011). D¿zg¿nleĸtirilmiĸ veri elde etmek i­in sēklēkla Splayn baz fonksiyon 

yaklaĸēmēna baĸvurulmaktadēr. j-inci B-Splayn (d derece) aĸaĵēdaki tekrarlē iliĸki ile hesaplanmaktadēr 

(Eilers ve Marx, 1996). 
 

 
Eĵrinin d¿zg¿nl¿ĵ¿n¿n ºl­¿s¿ ile veriye saĵladēĵē uyum arasēnda bir uzlaĸē saĵlamak amacēyla P¿r¿zl¿ 

Ceza Yºntemi kullanēlabilir. Bºylece katsayēlarē tahminlenebilir. Burada Cezalē Artēk Kareler Toplamē 

(CAKT), Artēk Kareler Toplamē (AKT) cezalandērēlarak elde edilmektedir. Bu iĸlem, (d¿zg¿nleĸtirme 

parametresi) ile d¿zg¿nl¿k ºl­¿s¿n¿n ­arpēmē aracēlēĵēyla saĵlanmaktadēr. 
 

Artēk kesikli veriler yerine yeni elde edilen fonksiyonel verilerle analize devam edilir. 

Bayesyen Sēnēflandērma Analizi 

Makine ºĵreniminde sēnēflandērma, ºĵrenme ve tahmin s¿recinden oluĸur. ¥ĵrenme aĸamasēnda mevcut 

veriden bir model eĵitilir. Tahmin aĸamasēnda eĵitilen modelin test verisini doĵru tahminleme performansē 

deĵerlendirilir. Model eĵitimi s¿recinde Bayesyen (naive Bayes) sēnēflandērma algoritmasēna 

baĸvurulabilir. Bu algoritma veri madenciliĵi ve makine ºĵrenmesi i­in etkili bir t¿mevarēmsal ºĵrenme 

saĵlamaktadēr (Zhang, 2004). Naive Bayes sēnēflandērma, denetimli bir makine ºĵrenmesi tekniĵi olup bir 

denetleyici tarafēndan bilinen bir hedef deĵer i­in tanēmlanmēĸ girdi verileri ile algoritmanēn eĵitilmesidir 

(McCallum ve Nigam, 1998). Karmaĸēk yºntemlerin sēnēflandērma sonu­larēna naive Bayes ile daha kolay 

bir ĸekilde yaklaĸmak m¿mk¿n olabilmektedir. Bu sebeple naive (basit) ismini almēĸtēr. 

Naive Bayes, verinin ºzelliklerinin belirli bir sēnēfa baĵēmlēlēĵēnē korur ve uygun olan sēnēflandērmayē 

ger­ekleĸtirir. Bununla birlikte olaylarēn meydana gelme olasēlēklarēnē deĵerlendirir ve her yeni durumda 

elde edilen yeni bilgiler ile olasēlēklarē yeniden hesaplar (Lantz, 2013; Adem ve Orhan, 2012). Naive Bayes 

sēnēflandērma Bayes teoremine dayanmaktadēr. Deĵiĸkenlerin koĸullarē sºz konusu olduĵunda gºzlemin 

bir sēnēfa ait olma olasēlēĵē Bayes form¿l¿ ile hesaplanacak olasēlēĵēn bir geniĸlemesinden oluĸur. Bir­ok 

deĵiĸkenin kesiĸimi olan gºzlem i­in ­ēktē sēnēfē tahminlenirken t¿m deĵiĸkenlerin koĸullu olasēlēklarēnēn 

­arpēmē dikkate alēnmaktadēr. Bºylece Bayes teoremi ile elde edilen olasēlēklarēn ºtesinde sēnēf kategorileri 

elde edilebilmektedir. Bu olay naive Bayes sēnēflamanēn Bayes teoreminden temel farkēdēr. 

Bayes teoremi, olasēlēk teorisi ile iliĸkili olarak gºzleme dayanan olasēlēk daĵēlēmlarēndaki parametreleri 

tahminlemeye yarayan bir yºntemdir (McNamara ve ark., 2006). Bayes teoremi, ºn olasēlēklardan yola 

­ēkarak ­eĸitli koĸullu olasēlēklarē gºsterir. Bir olayēn baĸka bir olayla iliĸkili olarak meydana gelmesi 

olasēlēĵē koĸullu olasēlēk kavramē ile a­ēklanabilir. ĸeklinde gºsterilen koĸullu olasēlēk, B olayēnēn 

meydana gelmesi koĸuluyla A olayēnēn meydana gelmesi olasēlēĵē ĸeklinde ifade edilebilir (Oral Erbaĸ, 

2013). 

Bayes teoreminde s¿re­ten elde edilen sonucun sebebi araĸtērēlmaktadēr. Bºylece Bayes teoreminin bir 

sonu­-sebep iliĸkisini araĸtērdēĵē  sºylenebilir. Bºylece koĸullu olasēlēĵē biliniyorken, 
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koĸullu olasēlēĵē araĸtērēlmaktadēr. B olayēnēn oluĸmasēna baĵlē olarak, i-inci A olayēnēn oluĸmasē olasēlēĵē 

aĸaĵēda verilen genel Bayes teoremi yardēmēyla elde edilmektedir (Bayes, 1764). 
 

Burada paydada yer alan form¿l farklē A olaylarēndan doĵabilecek B olaylarēnēn toplam olasēlēĵēnē elde 

etmektedir. O halde yeni bir gºzlemin hangi sēnēfa ait olduĵunun tahminlenmesinde Bayes teoremine 

baĸvurulabilir. Bºylece yeni verinin hangi sēnēfta olma olasēlēĵē daha y¿ksek tahminleniyorsa o yºnde karar 

verilebilir. Bayes teoreminde hesaplanan olasēlēklarēn sēnēflandērma amacēyla kullanēlmasēna (Naive) 

Bayesyen sēnēflandērma adē verilmektedir. 

Bayes teoreminde paydada bulunan toplam olasēlēk ifadesi ­ēktē sēnēflarēnēn olasēlēk hesaplarēnda ortak 

kullanēldēĵēndan dolayē Naive Bayesôte gºz ardē edilebilir (Adem ve Orhan, 2012). Bºylece Naive Bayes 

yºntemi koĸullu baĵēmsēzlēk varsayēmēyla ger­ekleĸtirilir. Hesaplamada b¿t¿n koĸullu olasēlēklarēn ­arpēmē 

ele alēnēr. Deĵiĸkenlere ait deĵerlerin k tane sēnēftan oluĸan sēnēflandērēcēsēnēn hangi sēnēfēna ait olduĵu 

koĸullu olasēlēklarē ile elde edilir. Bu olasēlēklardan en y¿kseĵinin hangi sēnēfa ait olduĵu araĸtērēlēr. 

Deĵiĸkenlerin koĸullarēna baĵlē olarak sēnēflarēnēn ger­ekleĸmesi olasēlēklarē aĸaĵēdaki denklemle verilen 

Naive Bayes form¿l¿ ile hesaplanmaktadēr (Engin, 2022). X deĵiĸkenler vektºr¿ 

ĸeklindedir. Deĵiĸken vektºrlerinin ait olduĵu sēnēfēn olasēlēĵē pay ile verilen form¿lle hesaplanmaktadēr. 

 

 

olasēlēĵē, eĵitim veri seti ile aĸaĵēdaki gibi hesaplanēr. 
 
 

 

 
-inci  gºzlemin ait olduĵu  sēnēf etiketi aĸaĵēda verilen maksimizasyon ile hesaplanmaktadēr. Bu 

iĸleme en b¿y¿k sonsal sēnēflandērma adē verilmektedir (Balaban ve Kartal, 2018). 

 

 

 
BULGULAR  

Bu  ­alēĸmada  literat¿rde  ºnerilen    deĵerinin yaklaĸēk deĵeri olarak 30 baz fonksiyon ile 

d¿zg¿nleĸtirme yapēlmēĸtēr. Aĸaĵēdaki ĸekillerde (ķekil 1-13) 1 hedef ve 12 girdi deĵiĸkenine gºre ¿lkeler 

i­in elde edilen d¿zg¿n eĵriler sunulmuĸtur. 
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ķekil 1. ¦lkelerin ºl¿m sayēsē d¿zg¿nleĸtirilmiĸ eĵrileri 
 
 

 
ķekil 2. ¦lkelerin vaka sayēsē d¿zg¿nleĸtirilmiĸ eĵrileri 

 
 

 
ķekil 3. ¦lkelerin ­oĵalma oranē d¿zg¿nleĸtirilmiĸ eĵrileri 
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ķekil 4. ¦lkelerin yoĵun bakēm hasta sayēsē d¿zg¿nleĸtirilmiĸ eĵrileri 

 

ķekil 5. ¦lkelerin hastane hasta sayēsē d¿zg¿nleĸtirilmiĸ eĵrileri 
 
 

 
ķekil 6. ¦lkelerin test sayēsē d¿zg¿nleĸtirilmiĸ eĵrileri 
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ķekil 7. ¦lkelerin pozitif oranē d¿zg¿nleĸtirilmiĸ eĵrileri 
 
 

 

ķekil 8. ¦lkelerin vaka baĸēna test sayēsē d¿zg¿nleĸtirilmiĸ eĵrileri 
 
 

 
ķekil 9. ¦lkelerin aĸē sayēsē d¿zg¿nleĸtirilmiĸ eĵrileri 
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ķekil 10. ¦lkelerin ilk aĸēlarēnē olan insan sayēsē d¿zg¿nleĸtirilmiĸ eĵrileri 
 
 

 
ķekil 11. ¦lkelerin ikinci aĸēlarēnē olan insan sayēsē d¿zg¿nleĸtirilmiĸ eĵrileri 

 
 

 
ķekil 12. ¦lkelerin ¿­¿nc¿ aĸēlarēnē olan insan sayēsē d¿zg¿nleĸtirilmiĸ eĵrileri 




























































































































































































































































































































































































































































































































































































































































































































































































































