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A COMPARISON OF ESTIMATION METHODS USING MONTE CARLO
SIMULATION FOR THE INVERTED TOPP-LEONE DISTRIBUTION

Kiibra Bagc1 '

1Econometrics Department/ Faculty of Business Administration, Van Yiiziincii Yil University,
Turkey

“(kubrabagci@yyu.edu.tr) Corresponding author
Abstract

INy studies. Inverted
(or inverse) distributions can help examine additional characteristjcs pmena that standard
distributions cannot address in some instances. Hassan et al. .- ed the Inverted Topp-
Leone (ITL) distribution by transforming the TL distributi aximum likelihood (ML)
estimator of the unknown parameter of the ITL distrib oMwedned by Hassan et al. (2020). In

The Topp-Leone (TL) distribution is one of the popular distributions i '

this study, the L-moment estimate of the param of theJ L distribution is obtained. A Monte
Carlo simulation study is conducted to compdr} effiRjeplies of the ML and L-moment estimates

for different sample sizes and parameter s

Keywords: inverted Topp-Leone dyfibution; Maximum likelihood; L-moment; Monte Carlo.
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A COMPARISON OF REGRESSION MODELS FOR COUNT DATA IN EU-SILC
SURVEY

Onur Sentiirk **, Hiilya Olmus ?
Y Social Statistics Department / Turkish Statistical Institute, Tiirkiye
2 Department of Statistics / Gazi University, Tiirkiye
“(onur.senturk@tuik.gov.tr) Corresponding author
Abstract

Count data, as the name suggests, is data resulting from counting. liff ONphegative integer

values and its distributions are generally right-skewed. The assu 0 ality is not showed.

Therefore, classical regression methods cannot be used. It is erountered that there are more

zeros than expected in these data. This greater than exp alues is referred to as zero
inflation. It is recommended to apply zero inflated regges els in the analysis of zero inflated
data. If appropriate methods are not used, result byining biased parameter estimates and
inconsistent results may occur. The most cgmmionly Qe#£d models are zero inflated Poisson (ZIP)

and zero inflated negative binomial (ZINB) re ion models. Another method used in the analysis

of count data is hurdle models. Thy4 models are two-stage models. The first stage is considered

the transition stage, and there hat shows 0 values versus other positive values. There
is a binary representation whelygZeros are 0 and other positive values are 1. Another stage is the

event stage, that is, the st he¥there are only positive values. Similar to zero inflated models,

and income variables were considered as independent variables. In the study, the data was analyzed

using ZIP, ZINB, PH and NBH regression models. It was decided which model among the obtained
models better represented the data set by using at the Akaike Information Criterion and Log

Likelihood values.

Keywords: count data; zero inflated regression models; hurdle regression models; income and

living condition survey.
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A CONTRIBUTION TO THE THERMAL FIELD EVALUATION AT THE TOOL-PART
INTERFACE OF MACHINING CONDITIONS

N. Benhadji Serradj **, D. Kara Ali ? ,S.A. Benmansour®™ M.E.A. Ghernaout ?,
K. Benhadji Serradj?
! Preparatory department ,Higher School of Applied Sciences of Tlemcen, Algeria
2 Department of Mechanical Engineering, Université of Tlemcen, AMeria
3 Department of Hydrolicl Engineering, Université of Tlemce.
“( kawther4499@yahoo.fr) Corresponding aut

Abstract
In this study, an experimental measurement methodology i pleNgented that allows obtaining
consistent temperature data during the turning operati rd C20 steel using SNMG

carbide insert, allowing us to have better control at nterface. The interactions of the

phenomena influencing the cut led our choices e ment of a correlation model for the

analysis and prediction of the relationships het achining parameters by measurement of
the temperature. The measurement procedur lemented for the temperature estimate is based
on the use of an FLIR A325sc tygafintrared camera mounted and protected by a device on the
machine tool. The Taguchi me waqchosen to find the relationships between the input factors

(cutting speed (Vc), feed rate pth‘of cut (p)), and the output factor (temperature (T)). In the

future, we will develop a ericyPvalidation model to simulate the machining process in order to

predict temperatu

Keywords: sis, infrared camera, infrared thermography, electronic component.
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A LINEAR MODELLING APPROACH FOR INTERVAL-VALUED DATA BASED ON
CENTER AND RANGE METHOD WITH GOLDEN RATIO

Gozde Ulu Metin'™ , Ozlem Tiirksen?
1Republic of Tiirkiye, Ministry of Industry and Technology, Ankara, Tiirkiye
24nkara University, Statistics Department, Ankara, Tiirkiye

“(gzdulu9@gmail.com.tr) Corresponding author

g W\ roghicated response
geveral reasons, e.g.

uncertainty, randomness. It is not proper to define replicgfe® re$Qgonse measures as a single

Abstract

Many of the experimental studies may have more than one respon
measures. The replications of the responses cause variabilityfd

numerical quantity. In this case, interval-valued data c use epresent the replications of
the responses instead of single values. The main aim gf th J5 to model the replicated response
measured data set. In this study, the replicate e responses are formed to interval-
valued responses by using the minimum ang theymax values of the replications. In modeling
stage of the interval-valued response, there been widely used popular statistical modeling

methods in the literature, e.g. the ter method, the MinMax method and the Center and Range
(CR) method. This paper injpONUces ovel approach by applying descriptive statistics of
replicated response measures olden ratio for center point calculation of the CR method. The
is caped Golden Center and Range (GCR) method in the study. An

proposed modeling meth

performaug

Error (MA

Root Mean Squared Error (RMSE) criteria with 5-fold cross-validation (CV). It
is seen from the comparison results that the proposed GCR method has similar prediction

edicted linear regression models were compared by using Mean Absolute

performance with the CR method for interval-valued response measured data set according to

nonparametric statistical test.

Keywords: Replicated response measures; interval-valued responses; center and range method;

golden ratio; cross-validation.
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A NEURAL NETWORK BASED MODEL USING A WAVELET TRANSFORM
APPROACH FOR OBSERVATIONAL DATA

Gdokee Nur Tasagil Arslan'’, Serpil Kili¢c Depren?

!Department of Industry and Systems Engineering / Turkish Military Academy, National Defense
University, Turkey

2Department of Statistics / Faculty of Arts and Sciences, Yildiz Technical Uniyersity, Turkey
“(gnarslan@kho.msu.edu.tr) Corresponding author
Abstract

priod is equal to zero
is called a wavelet. Wavelets have been applied in many pecially mathematics,
statistics, quantum physics, electrical engineering, seismic g Image compression, radar,
and earthquake prediction. Unlike a generally sinusoi efOwef, wavelets have a start and end
point. The thresholding method can be defined as je eiimiNgtion of wavelet coefficients below the
determined threshold value or their arrangemefi\ accqgdipH to the threshold value. The goal of this
process is to maintain the characteristic of’the signal. Wavelet thresholding and deep
learning techniques are among the vgfidus methods used to predict data. This study examines the
use of the long-short term meRdry W.STM) and wavelet-LSTM hybrid models. The discrete
wavelet transform (DWT) is 4agligd andXhe wavelet coefficients obtained from this transformation
using different wavelet

LSTM and wavele

es a en utilized for soft universal thresholding. In this way, the
andled over a data set containing critical information instead of
the raw data. Th cgstructed noise-free data acquired from the DWT process is used in the
LSTM in gftere s and neurons. In the comparison of model performance, the coefficient of
determinati , root mean square error (RMSE), and mean absolute percentage error (MAPE)
values are evafliated. An appropriate model was determined and recommended for the data used in

the study. It was examined whether the created hybrid model gave positive results.

Keywords: discrete wavelet transform; denoising; deep learning, long-short term memory.
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A NEW GENERALIZED FAMILY OF DITRIBUTIONS FOR LIFETIME DATA

Hasan Hiiseyin Giil
IStatistics / Faculty of Arts and Science, Giresun University, Turkey
*(hasan.huseyin@giresun.edu.tr) Corresponding author
Abstract

Lifetime distributions are used to explain real-life phenomena in different areas & life, especially
in engineering, biology, medicine, banking, and others. Classical distributio
gamma, and Weibull are very useful to explain such phenomena. Sinc ycal distributions

are insufficient to model various data, the researchers prop g ibutions. Recently,
appreciable attempts have been made in the development of, exbility distributions which
have more flexible and have a wider capability for Iin%w de range of real data sets.
Researchers have modified existing distributions by agddi I more parameters to the baseline
distributions. All transformation or generalizati sPclude a few additional parameters to
the baseline model. Additional paramegers \orin exibility but also computational and
mathematical inference difficulties. Kegping t oint in mind, in this study, a new transformation,
called generalized Kavya-Manoh (GKM), without any additional parameter(s) is proposed.

The exponential distribution j#%sed e baseline distribution. Statistical properties such as

moments, moment generating\gfnction, and quantile function of the proposed distribution are

the proposed model is done by using the maximum likelihood

ulation studies, the proposed estimators are shown to be consistent.

Keywords: ransformation; lifetime distribution; maximum likelihood estimation;

simulation;
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A NEW USER INTERFACE WITH R SHINY FOR OBTAINING OVERALL UTILITY
GAIN IN LONGITUDINAL DATA

Pervin Demirl*, Selcen Yiiksel!
Biostatistics / Ankara Yildirim Beyazit University, Tiirkiye
*(pervin.demr@gmail.com) Corresponding author

Abstract

Quality of life is related to how an individual's physical, mental, and social
influenced by various factors such as disease, pain, and psychologi
enhance health-related quality of life for an individual to have
healthy life. One of the definitions for measuring health-relatgd QualRy of life is utility. Utility is a
fundamental numerical value representing the health com§tions ndividuals, ranging from 0

ti

(death) to 1 (perfect health). The measurement o e used not only for individual
f

easq#g the benefits at specific time points is

assessment but also for evaluating the effectiven are services. Additionally, evaluating

the long-term effectiveness of a treatmentgby
possible. It is known that the new method prop by Yiiksel et al. provides more accurate results
compared to existing classical metjgs for obtaining the overall utility of longitudinal data. This
study aims to create an easy-t weRbgsed interactive interface freely accessible online for the

new non-parametric method pr&Qghsed by Yiiksel et al. to predict overall utility in longitudinal data.

creg® interactive web applications in the R programming language,

this created interface, users can easily calculate the overall utility gain directly without dealing with
complex theoretical calculations associated with the new method. In conclusion, this user-friendly
and freely accessible interface, created for estimating the overall utility in longitudinal data, will

contribute to users’ better understanding and visualization of the results.

Keywords: utility; longitudinal data; overall utility; R Shiny; decision making.
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A STATISTICAL ANALYSIS OF MIGRATION DATA IN VAN PROVINCE: 2008-2022

Olgun Ozdemir'" , Zafer Agyar' , Mehmet Saban Ucari'
YTurkish Statistical Institute, Tiirkiye
“(olgunozdemir35@gmail.com) Corresponding author
Abstract

In this study, migration patterns in VVan Province, Turkey, between 2008 and 20 ere statistically
analyzed. Van province is an important migration destination in the Easte Region and

migration events have a significant impact on the economy and dg WhNystructure of the

=

region. The aim of the study is to analyze the key trends an actors of migration

movements of Van province with statistical methods and to greédictuture migration trends. The
data were obtained using annual population statistics, mjemgion mdyeéments, and socio-economic,
demographic, and environmental indicators prode e Turkish Statistical Institute
(TURKSTAT) and other institutions. Descri tisS, percentage distribution analysis,
correlation analysis, regression analysis, geogfaphi@iformation systems (GIS) analysis, and
cluster analysis methods were used in the ana . The findings showed that the factors with the

greatest impact on Van province's p4 migration are the population growth rate and emigration. It

also demonstrated that immi jvated agricultural areas, and the number of arrivals to

accommodation facilities have Y¢hoderate impact on net migration. According to the results of the

regression analysis cond to gtermine the factors affecting net migration in Van province, it

was seen that the ive qrowth of net migration was associated with the population growth rate,

This study statistically analyzes internal migration data from Van province to identify factors
affecting net migration. The findings can help us better understand migration trends and develop
policies. The model can inform policy decisions by guiding regional planners and decision-makers

on future provincial migration dynamics.

Keywords: internal migration; VVan province; statistical analysis; determinants of migration.
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A STRATEGIC PERSPECTIVE: ELECTRE-BASED OPTIMAL REINSURANCE

Basak Bulut Karageyik -~
!Department of Actuarial Sciences, Faculty of Science, Hacettepe University, Turkey
*(basakbulut@hacettepe.edu.tr) Corresponding author
Abstract

a predetermined retention limit (M), is mostly preferred to the o
to catastrophic events and global events in recent years, an ugp

these agreements in order to limit the liability of the rp4
agree. In addition, it is more important to determine J&e r
than the type of agreement. To determine the
models and decision-making methods havepeer\em d. In this study, the Electre (Elimination
and Choice Expressing Reality) method, one ulti-criteria decision analysis approach, is used

in the context of optimizing reinsyfgnce. The Electre method is a powerful tool for evaluating

complex decision problems i tiple criteria and alternatives. In this study, we aim to

ing
determine optimal reinsurance el pairs (M and L) according to the most important factors of the

insurance and reinsuran mppy: cost and premiums, by using the Electre method. Each

reinsurance alter

S

Keywords: regpsurance, excess of loss reinsurance, multi-criteria decision analysis, Electre

is Qvaldated against these two criteria, resulting in a preference structure.

PON part, an analysis is applied to data from automobile insurance. The

| ald discussed.
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AB UYESI ULKELER VE TURKIYE’NIN MUTLULUK DUZEYLERININ
ALTERNATIF YONTEMLER KULLANILARAK KARSILASTIRILMASI

Esra Onciil ", Dogan Yildiz*
Ystatistik Boliimii, Yildiz Teknik Universitesi, Tiirkiye
“(esra.oncul@istka.org.tr) Corresponding author

Ozet

Bu c¢alismada, Avrupa Birligi’ne iiye tilkeler ve Tirkiye’nin mutluluk
yontemler ile siralanmasi ve karsilastirilmasi amaglanmaktadir. Mutlu
Diinya Mutluluk Endeksi Raporu 2022’de Diinya Mutluluk e
Analizler i¢in endeks degiskenleri; kisi bagina gayrisafi yuyft Y¢i Mysila, sosyal destek, saglikli
yasam beklentisi, yasam se¢imleri yapma o6zgiirliigi, cg lik veyyOlsuzluk algis1 alinmaktadir.

Alternatif yontemler olarak ise Cok Kriterli Karar V) yontemlerinden TOPSIS ve

et olarak ise Temel Bilesenler Analizi

Avusturya, Dani andiya, Estonya, Almanya, Irlanda, Liiksemburg, Hollanda ve Isve¢’in

yiiksek mutl sahipken; Italya, Yunanistan, Kibris ve Tiirkiye'nin diisiik seviyede
diger AB isgPorta seviyede yer almaktadir. Ayrica TOPSIS, ARAS ve TBA sonucunda
elde edilen sMglgfnalarin iilkeler bazinda birbirine yakin degerler aldigi ve kiimeleme analizindeki
gruplarla bityiik dl¢tide uyumlu oldugu goriilmektedir. Ayrica ti¢ yontemle elde edilen siralamalar,
Diinya Mutluluk Endeksi’ndeki iilkelerin mutluluk endeksi skorlarinin AB iiyesi iilkeler ve

Tiirkiye i¢in siralamalari ile de karsilastirilarak degerlendirilmektedir.

Anahtar Kelimeler: Shannon’mn Entropisi; Entropi ile Agirliklandirma; TBA; Kiimeleme

Analizi; Avrupa Birligi; Tiirkiye
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ALTERNATIF BiR DOGRUSAL OLMAYAN ESBUTUNLESME TESTi ONERIiSi

Hoseng Biilbiil "
'Ekonometri Boliimii/ Iktisat Fakiiltesi, Marmara Universitesi, Tiirkiye
“(hoseng.bulbul@marmara.edu.tr) Corresponding author
Ozet

ki en oOnemli

gelismelerden biri olarak kabul edilmekte ve makroekonomik calismala bir sekilde

GraNuery#987) tarafindan
obeJ Ekonomi Odiilii'nii

donemli iligkiler karmagsik

Esbiitiinlesme analizi, son c¢eyrek yiizyilda zaman serileri ekonometrisi

kullanilmaktadir. Bu analizdeki istatistiksel siirecler, ilk kez Engle vg

ortaya atilmis ve yapmis olduklari bu katki sayesinde 2003 y dad
kazanmiglardir. Bu analizlerde, ekonomik degiskenler arasingaki u

ve dogrusal olmayan bir yapida olabilir. Giivenilir clarmYelde edilmesi, esbiitiinlesme
analizlerinde gerg¢ek dinamiklerin dogru bir sekil %mesine baglidir. Ancak dogrusal

olmayan dinamiklerin varliginda geleneksel esbyi tPEtlerinin kullanilmasi, temel hipotezin

reddedilememesi yoniinde yanlis sonuglaggin &lde Wmesine neden olabilir. Bu dogrultuda,

calismada Ustel Yumusak Gegisli Otoregresi TAR) siirecine sahip yeni bir esbiitiinlesme testi
onerilmistir. Bu test, Hu ve Chen 6) birim kok testine dayanmakta ve Engle ve Granger (1987)
esbiitiinlesme testinin dogrusa ayaQQir uzantist olarak iki asamali bir prosediir izlemektedir.
Esbiitiinlesme yok temel hipoRine karsi, belirli bir zaman diliminde esbiitiinlesme iliskisinin
ili

hipotez test edilmektedir. Calismada testin asimptotik dagilimi elde

olmadigi, ancak tiim za rinde dogrusal olmayan ESTAR siirecine sahip esbiitiinlesme

iligkisinin oldug

Anahtar Kelimeler: esbiitiinlesme; dogrusal olmama; ESTAR; Monte Carlo simiilasyonu.

Not: Bu calisma Marmara Universitesi Sosyal Bilimler Enstitiisii Ekonometri Bilim Dali 'nda, Prof.
Dr. Ebru Caglayan Akay danigsmanhiginda, Hoseng Biilbiil tarafindan hazirlanmakta olan doktora

tezinden tiiretilmigtir.
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AN EVALUATION OF TECHNICAL EFFICIENCY IN TURKISH STATISTICAL
INSTITUTE: THE CASE OF 26 REGIONAL OFFICES

Nevra Alhas-Eroglu®”, Nuri Er!
YTurkish Statistical Institute, Regional Office, Samsun, Tiirkiye
“(nevra.alhas@tuik.gov.tr) Corresponding author

Abstract

The efficiency problem and input-output relation has extensively been expl rent sectors.
Nevertheless, technical efficiency of governmental organizations wgé iNsestigated. The
objective of this study was to estimate technical efficiency of
Statistical Institute and explore the determinants of inefficienCy. DaREnvelopment Analysis was

used to determine technical efficiency scores whereas impact' ypf age and education level of

employee and geographical size of office on technicghef as explored via Truncated Tobit

model. The results of the model revealed that m icapEfficiency of 26 Regional Offices was
0.54. Besides, mean technical efficiency of gnl ffices were higher than 0.90. The results
showed that technical inefficiency was incr by rise of age whereas decreased by higher
education of employee. Regional gl§ces should revise resource management and usage of field

staff and vehicle should be im ed.

Keywords: TurkStat; technical ¥§ficiency; Data Envelopment Analysis; Truncated Tobit

24



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

AUXILIARY VARIABLE EFFECT IN CALIBRATION ESTIMATOR

Cenker Burak Metin'*, Duygu Kili¢ !
Methodology Department / Turkish Statistical Institute, Tiirkiye
“(cenker.metin@tuik.gov.tr) Corresponding author
Abstract

Target population should be represented in the best way for the related characteriStxs in the sample

surveys. Design weights are used when selection probabilities ar to ensure
representativeness. Some adjustments are made to reduce the negative blems such as
non-response and out-of-scope on design weights. Defining desi ghd these adjustment
processes together constitute the weighting processes. Thefreasoror adjusting in the design
weights is to reduce the negative effects of non-respgpegyand o}-0f- scope problems and to
increase the quality of the estimates. The calibrationapp makes appropriate adjustments

to known population values using auxiliary inf Is used in the weighting stage. The

calibration estimator uses knowledge of thegauxNiarypf1able(s) to improve the efficiency of the

estimates and requires knowing the populati tals for one or more auxiliary variables. The
effectiveness of this estimator dep on how well the auxiliary variable or variables can explain
the target variable. The aim of tudys 0 show the effect of the correlation structure of auxiliary

variables on the effectiveness 0 ibration estimators. The GREG estimator was used because all

Y

of the calibration estimat otically converged to the GREG estimator. For this purpose,

studio was used in all analyses.

Keywords: ariable; calibration estimator; sampling; GREG; weighting.
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AVRUPA BiRLiGi ULKELERINDE TEMEL GELiR SORGULAMASINDA COKLU
UYUM ANALIZI KULLANIMI

Zehra Zeynep Sahinbasoglu'”
YStatistics / Yildiz Technical University Graduate School of Science and Engineering, Tiirkiye
*(zeynepsahinbasoglu@gmail.com) sorumlu yazar

Ozet

Cok degiskenli istatistiksel analizlerde ¢ok sayida degisken sozkoy E: dur\ Bu degiskenlerin

birbirleriyle olan iligkileri ve etkilesimlerini agiklamak i¢in ¢cok degis BtiStiksel yontemlere
ihtiya¢ duyulur. Bu yontemde tek degiskenli istatistiksel anali . wfak kabul edilen birgok
h

faktoriin ¢cok degiskenli analizlerde birer degisken olarak sis edilmesidir. Boylece daha

iyi, agiklayici ve detayl sonuclar elde edilebilmekte k1 m analizi 6zellikle kategorik
verilerin analizinde uygundur. Analizin grafik ¢ikjg kgrar e i¢in kullanilabilir, zengin bilgiye
sahiptir. Degiskenler aras1 yakinliklar1 bir hafRa iRging® resmederek, tablolarda anlatilamayan
iliskileri, gorsel olarak sunar.

Uygulamasi1 gergeklestirilen veryQttps://www.kaggle.com/daliaresearch/basic-income-survey-

european-dataset” linkinden ¢je ¢dilmWyelup, Dalia Research tarafindan 2016 senesinde Avrupa
Birligine iiye iilkelerine anket $lismas1 yapilarak elde edilmistir. Bu ankette Avrupa genelinde

halka “Temel Gelir” fikri

a1l Paktiklar, eger sandiga gidilirse bu fikre oy verip vermeyecekleri

hangi kategorilerde yer aldiginin arastirilmasidir. Bu arastirmaya 28 Avrupa Birligine iiye devlet
katilmistir. Katilimeilar 14 — 65 yas araliginda, kadin ve erkeklerden olugsmaktadir ve 9649 kisiye
uygulanmistir. Elde edilen sonuglara gore katilimcilarin {igte biri bu sistemi desteklemektedir.
Bunun yani sira bu fikre oy vermeyecek kisilerin konu hakkinda yeterli bilgisi olamayan ve kirsal

kesimde yasayan kisiler ile birlikte yiiksek gelire ve egitime sahip kisiler oldugu goriilmiistiir.

Keywords: Coklu Uyum Analizi; Avrupa Birligi; Temel Gelir Anketi
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BACKCASTING PROCESS OF HOUSEHOLD LABOURFORCE SURVEY

Osman Sert **
Turkish Statistical Institute, Turkey
“(osman.sert@tuik.gov.tr) Corresponding author
Abstract

Turkish Statistical Institute (TUIK) compiles detailed and timely information adoy the labor force

indicators regularly with the Household Labor Force Survey (LFS) which Is data source
alyy unemployment

% LFS since 1988. In

2013, the definitions and standards for the measurement of gfhptoyrgnt and unemployment were

updated at the 19th International Conference of Labor tician LS) held by ILO. Eurostat

has decided to use the new definitions determined i Q& S in 2021. For this reason, LFS
A@es es caused by definition changes.

forhe backward estimation of economic time

series (UNSTAT, 2018)2. These . "MicrOQApproach”, "Macro Approach” and "Hybrid

Approach”. Hybrid approach is in the backcasting process of LFS series and analysis was

on the supply side of the labor force. The definitions of emplg

determined by the International Labor Organization (ILO) has

time series were backcasted to prevent time bre

There are three basic approaches in the Ii

carried out in four stages. At jie epd of $s process, LFS series, which were previously published

method.
Keywords: ghold Labour Force Statistics; Backcasting; Hybrid Approach.

Note: The views expressed in this paper are those of the authors and do not necessarily reflect the

policies of Turkish Statistical Institute.
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BANKACILIK RISKINDE KURAL CIKARMA: NEDENSEL CIiZGELERIN DiL
MODELLERIYLE BUTUNLESTIRILMESI

Murat Oztiirkmen **
'Bas Veri Bilimci / Gtech, Istanbul, Tiirkiye
*(murat.ozturkmen42@mail.com) Corresponding author
Ozet

Modern bankacilik ve finans diinyasinda risk modellemesi, kurumlarin Ka stireglerinin
kalbinde yer alir. Geleneksel yaklagimlarin sundugu sinirlilik}f gecerek, bu
calisgmamizda causal graph yapilari ve Bayesyen networklerle banigc

degiskenler arasindaki nedensellik iligkilerini detayli olarak gle“ali z. Elde edilen nedensellik
nsetil
a

—

iliskileri, biiyiik dil modellerinin giicii ile birlestirilerek, emelli promptlar olusturuldu.
Bu promptlar, disiince zinciri yaklasimi ile bagk rmagik yapilarindaki riskleri

coziimlemek ve bu risklere yonelik aksiyon ongi

icin kullanilmaktadir. Bu yaklagim,

sektorin

Anahtar Ke iIer: Bayesyen Aglar; Nedensel Cikarim; Biiyiik Dil Modelleri; Finansal Risk

Modellemesi

28



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

BASLICA INGUINAL KANAL PATOLOJILERININ MAKINE OGRENMESI
ALGORITMALARI iLE TAHMIN EDILMESI

Alihan Yilmaz **, Selmahan Selim 2, Emrah Aydin®
! Matematik / Fen Bilimleri Enstitiisii, Yildiz Teknik Universitesi, Istanbul
2 Matematik / Fen Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, Istanbul
3 Cocuk Cerrahisi / Tip Fakiiltesi, Tekirdag Namik Kemal Universitesi Aekirdag
“(alihan.yilmaz@std.yildiz.edu.tr) Corresponding aut

@ 0jik donemde karm

dogumdan hemen &nce

OZET

Hamileligin son 2 ayinda salgilanan hormon ve faktorlerin etkisi
icinde olusan testisler, kasiklarda bulunan agikliklarda ce

nmaktadir. Kimi olgularda

yumurtalik kesesine yerlesmekte ve sonrasinda da bu a

pl tamamlayamayarak kanallarda

Bu c¢alismada; baslica inguinal patolojilerine sahip hastalardan alinan tam kan sayimi

1 Herni’ ve ‘Hidrosel’ hastalarimin siniflandirilmasi

etme basdTNg [Joda gosterilmistir.

Egitilmis alggPltmalarin test datalariyla basart oranlarma baktigimizda, tanilarin kategorilenme
sekilleri "Herbiri" seklinde oldugunda Kernel Naive Bayes Algoritmasinin, "Hastaliklar Kendi
Icinde" seklinde oldugunda Gaussian Naive Bayes Algoritmasinimn, "Saglikli ve Hasta" seklinde
oldugunda Kernel Naive Bayes Algoritmasinin diger algoritmalara gore daha basarili dngoriide

bulunduklar gézlemlenmektedir.
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Tamlarin Kategorilenmesine Gore Algoritmalarin Basar1 Oranlari (%)

Tamlarin Kategorilenme Sekilleri

Gaussian

Kullanilan . Hastahklar - Saghkh
Algoritmalar | Herbiri Herbiri HaSt.al-lk.lar Kendi i¢inde Saghkh Hasta
Test Kendi I¢inde Hasta
Test Test
Fine Tree 58,2 59,2 494 50,5 69< 65,8
Medium Tree | 61,5 60,3 51,8 50,5 ﬂ 64,3
Coarse Tree 62,5 58,8 54.6 56,9 6&’; 63,1
_ Lineer 603 | 603 56,2 62,2 63,1
Discriminant
Gaussian 46,7 | 550 56,1 68, 50,3 711
Naive Bayes
Kernel Naive | o) | g g« 56, 64,2 61,4 73.8*
Bayes ,
Lineer SVM 62,9 58,8 %0 59,6 62,6 63,9
Quadratic N
SVM 51,4 62,4 63,9
Cubic SVM 50,3 56,9 60,9 63,5
Fine Gaussian
SVM 4 52,4 59,6 57,9 59,7
Medium
Gaussian SVM 63,%1,1 58,4 64,2 63,6 68,8
Coarse 60.3 59,2 66.1 63.2 63.1

Anahtar Kelimeler: inguinal Herni, inmemis Testis, Hidrosel
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BAYESIAN PARAMETER ESTIMATION FOR GEOMETRIC PROCESS WIiTH THE
INVERSE RAYLEIGH DISTRIBUTION

Asuman YILMAZL",

YWan Yiiziincii Yil University, Faculty of Economics and Administrative Sciences, Department of
Econometrics, 65080 Van

“(asumanduvar@yyu.edu.tr) Corresponding author
Abstract

The main purpose of this study is to determine the best estimators for theRgmMNric process, when

the distribution of the first occurrence time of an event is assum erse Rayleigh with

parameters A. For this purpose, both the maximum likelihood esir methods are used. The
asymptotic distributions are also constructed based on the ma IRelihood. These features are
very useful for practitioners. Bayesian estimators un difvefent based on square error loss
function are considered. In Bayesian computatioggtha MaRgev chain Monte Carlo approximation
is taken into consideration. Then, the performdiges OthgBe methods are compared with respect to
bias and mean square error values through'a nsive simulation study.

Keywords: geometric process; m um likelihood; Bayesian parameter estimation; simulation
study
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BERNSTEIN WINDOW INTERPOLATION PROBLEMS

Tuba Sekerci *, Mehmet Giircan !
Statistics / Faculty of Science, Firat University, Turkey
“(tsekerci@firat.edu.tr) Corresponding author
Abstract

The interpolation problem is more practical than the regression equation. LindaNmodels used to
avoid the high variance problem do not reduce the amount of error as much‘a Instead, the

interpolation process used can provide better fit and the high varia does not arise

intermediate value problem from a single variable to more di I In this case, we can develop

a useful method such as the "windowed interpolation me . e will basically do this with

defined as follows,
BW = a(l_tl)(l_t2)+b(1—t1 + tl(l t2)+dt1t2, 0 < tlltZ < 1

Here, the coefficients are the observay

values at'the corner points of the window. We will explain

in detail how to apply this meth r study.

Keywords: Intermediate valu ate; parzen window; Bernstein polynomial; b-spline.
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BIBLIOMETRIC ANALYSIS OF STUDIES ON ELECTRICITY CONSUMPTION

Senol Celik'"

! Biometry Genetics Unit, Department of Animal Science / Agricultural Faculty, Bingol
University, Turkey

“(senolcelik@bingol.edu.tr) Corresponding author
Abstract

This paper aims to determine the position of electric consumption studies } rgy literature
tures of electric
ve 701 studies, 2568

, and cluster analyses

and provide a panoramic perspective of the social and intellecj@

consumption studies in energy. Bibliometric methods have been uged
authors, and 167 sources published from 1993-2023. Descri
were applied in the R statistics program. In this case, the Web e Core Collection database

was scanned under the heading “electric consumption"; iblidwrfetric information was gathered.

Effective researchers preferred using “electricity" arqp dioxide" as keywords. According to

the findings, Environmental Science and Pollufi§n R International, The Science of the Total

Environment, and Journal of Environme agement are the journals that publish the most

papers on “electric consumption™. T, ost published authors are Wang Y, Li Y, Liu and Wang

Z, respectively. The expressio jcity, carbon dioxide, economic development are related
within themselves, the expré§y wa8te water, disposal, fluid and sewage are related within

themselves, and the topi ent, greenhouse gases, refuse disposal, waste management,

water, global war
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BITCOIN iLE DOLAR, ALTIN VE BIST 100 ENDEKSi ARASINDAKI NEDENSELLIK
ILISKisSi

Hakan Kaya '*, Batuhan Ozkan 2
Yktisat Boliimii / Iktisadi ve Idari Bilimler Fakiiltesi, Bitlis Eren Universitesi, Tiirkiye
2[statistik Boliimii / Fen Edebiyat Fakiiltesi, Bitlis Eren Universitesi, T tirkiye
“(hkaya@beu.edu.tr) Corresponding author
Ozet

Bu calismanin amaci Bitcoin ile Dolar (USD), Altin ve BIST 100 Eng asypdaki nedensellik

iligkisini incelemektir. Bu dogrultuda Bitcoin ve alternatif yatirim gac Bk tanimlanan Dolar,
Altin ve BIST 100 Endeksi arasindaki nedensellik iligkisi larRgda ve volatilitede yayilma
etkisinin incelenmesine olanak saglayan Hong ( ) vargafsta nedensellik testi ile
incelenmistir. Buna ek olarak calismada Bitcoins fi n alternatif yatirim araglarina
geciskenlik iliskisi Hatemi-J simetrik ve asi elpellik testleri ile arastirilmistir. Veri
analizi i¢in 17 Eylil 2014 ile 13 Ekim 2023 tari arasinda ginlik veriler kullanilmustir.
Aragtirmadan elde edilen sonuglar Bitcoin’d IST100 ve Dolar’a dogru tek yonlii ortalamada
nedensellik iliskisi olduguna isaret #gnektedir. Varyansta nedensellik test sonuglari ise Bitcoin ile
Dolar, Altin ve BIST 100 En

koymaktadir. Ote yandan Hate

I a da ¢ift yonlii oynaklik yayilim etkisi oldugunu ortaya

simetrik nedensellik test sonuglarina gore Bitcoin’den Dolar’a

negatif soklar cift yonlii nedensellik iligkisi oldugunu ortaya koymaktadir.

Calismada itcon’in negatif soklarindan Altin’in pozitif soklarina dogru ¢ift yonlii, negatif
soklarina do ise tek yonlii nedensellik iligkisi oldugu, bununla birlikte Bitcon’in negatif
soklarindan Dolar’in negatif soklarina dogru tek yonlii nedensellik iliskisi oldugu bulunmustur.
Bitcoin'in giderek daha fazla bir finansal varlik olarak kabul edildigi giinimiizde, kripto para
biriminin geleneksel finans piyasalariyla olan etkilesimini anlamamiza yardimci olabilir. Ayrica,
yatirimceilar ve analistler i¢in bu varliklar arasindaki iliskilerin anlasilmasi, daha iyi yatirim

stratejileri gelistirmelerine katki saglayabilir. Sonug olarak, bu ¢alisma, Bitcoin'in Dolar ile olan

34



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

nedensellik iligkisini vurgulayarak, kripto para birimlerinin finansal piyasalardaki roliinii daha iyi

anlamamiza katki saglamaktadir.

Anahtar kelimeler: Hong Nedensellik Testi, Hatemi-J Nedensellik Testi, Bitcoin, US Dolar,
Altin, Bist 100 Endeksi

@%
&
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CALCULATION OF HOUSEHOLD-BASED SOCIOECONOMIC STATUS IN TURKIYE

Ibrahim Demir'*, Furkan Metin% Metin Aytac®, Turgay Altun?, Mehmet Saban Ucari® , Onur
Sentiirk®

Y Turkish Statistical Institute, T tirkiye

2 Turkish Statistical Institute, Tiirkiye

3 Demographic Statistics Department / Turkish Statistical Institute, Tjrkiye
4 Social Statistics Department / Turkish Statistical Institute, Tiirkiy

Abstract

The determination of the socioeconomic status of the

for many studies conducted in the academic field.

The data of the education varia
and rankings of university de ents; the occupation variable is scaled according to the civil

umb®yof persons employed, and finally the income variable is scaled

servant coefficient and t
according to medi ue. All 26 million households in Tiirkiye were included in this
study. According ngs, the SES scores of the households were grouped into seven groups:
A+ A B

the proport

evidence-based study that sheds light on SES scores covering all households in Tiirkiye. Besides,

DWd E. While 16.4 percent of the households were in the lowest SES group,
ouseholds in the highest SES group was 1.4 percent. This article is the first

in this study, the SES value of an individual or household without a socioeconomic status score

can be calculated by using the multivariate regression model

Keywords: socioeconomic status, population characteristics, household statistics, Tiirkiye
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CINSIYETE GORE YASAM BEKLENTISININ SEKILLENMESINDE ETKILI
FAKTORLER: OECD DAHA iYI YASAM INDEKSiI ANALIZI

Mert Veznikli ¥
Y* Biyoistatistik Boliimii, Ko¢ Universitesi, Tiirkiye
(mveznikli@ku.edu.tr) Corresponding author
Ozet

Yasam beklentisi, toplumun saglik hizmetleri, yasam kalitesi ve genel refah
OR elini olusturan
\ laki iliski, pek cok

oplumsal cinsiyet esitsizliginin

bir gostergedir. Cinsiyet, yasam beklentisi lizerinde etkili olan bir¢o

bir sosyal degiskendir. Son yillarda, cinsiyet ve yasam bekl

aragtirmanin odak noktasi olmustur.

Cinsiyete dayali yasam beklentisi farkliliklarmi a

anlasilmasina katkida bulunabilir. Genellikle k arl lere kiyasla daha uzun yasam

beklentisine sahip oldugu gozlenir. Bu farkyd nc®¢nle) karmasiktir; kadinlar genellikle daha

saglikli yasam tarzlar1 benimserler, bu da ra\icmeie aligkanligl, dengeli beslenme ve diizenli

tibbi muayeneler gibi faktorlere dayaladaha sagl®l1 yasam bi¢imlerini igerir.

Ancak, yasam beklentisi sadec saglik davranislarina dayali bir olgu degildir. Cinsiyet

rolleri, kadinlarin ve erkek#Qgnosya¥ ve ekonomik hayattaki farkliliklar1 nedeniyle yasam

beklentisini etkileyebilifgngBu manin temel amaci, yasam beklentisinin cinsiyete gore

ve ekonomik faktorleri incelemek ve bu faktorler arasindaki

cesitli degisk@hler araciligiyla analiz edilmis, bu degiskenler arasindaki iliskiler ve etkiler
incelenmistir. Arastirma, yasam beklentisi ve cinsiyet arasindaki karmasik iligkileri anlama amacit

tasimaktadir.

Elde edilen sonuglar, kadinlar arasindaki cinayet orami erkeklere kiyasla daha diisiik oldugundan,
bu durum yasam beklentisini olumlu yonde etkiledigini gostermektedir. Ancak, kadimnlar i¢cinde

caligma oraninin erkeklere kiyasla daha diisiik olmasi, kadin bireylerin yasam memnuniyetinin
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daha diisiik olmasina ve yasam beklentisinin kisalmasina yol agmaktadir. Ayrica, kadinlarin gece
sokakta tek basina dolasirken kendilerini daha giivensiz hissetmeleri, yasam beklentisini olumsuz

etkileyen diger bir faktordiir.

Bu ¢alismanin sonuglari, cinsiyet farkliliklarinin yasam beklentisi iizerindeki karmasik etkilerini

anlasilmasinda faydali olabilir.

Anahtar kelimeler: cinsiyet esitsizligi, yasam beklentisi, OECD, daha iyi yasaé
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CLASSICAL METHODS FOR ESTIMATION OF CONSTANT STRESS
ACCELERATED LIFE TEST UNDER EXPONENTIATED PARETO DISTRIBUTION

Fatma Giil Akgiil'*
 Department of Computer Sciences, Karadeniz Technical University, Tiirkiye
“(fakgul@fen.ktu.edu.tr) Corresponding author
Abstract

Accelerated life testing is used to measure the lifetime of the highly reliabl It is obvious

that these products can work for a long time under normal use condit'

a product at constant stress

wayer the producers
want to know lifetime of them before marketing. In order to ac etime of a product,
the high stress is applied. In this study, we assumed that the life
level follows exponentiated Pareto distribution. To esjsmgte rameters of the model, the
maximum likelihood, the least squares, the weighiQd ares, the maximum product of
spacing and the minimum distance methods, na r@mer von Mises, the Anderson-Darling

and right-tail Anderson-Darling methods arguse\l. ThQg€rformances of the proposed estimates are

compared via Monte-Carlo simulation study. | data set is analysed for illustrative purposes.
Keywords: Accelerated life testigQ g Xxponentiated Pareto; Efficiency; Monte-Carlo simulation
study.
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CLASSIFICATION OF TURKISH ONLINE COMPLAINTS OF AN AIRLINE
COMPANY WITH TEXT MINING

Furkan Yeter'" , Giilder Kemalbay?
 Department of Statistics, Yildiz Technical University, Turkey
2 Department of Statistics, Yildiz Technical University, Turkey

“(furkan.yeter@gmail.com) Corresponding author

QCAt the comments
D gom is a website that

ers and brands. By sharing

Abstract

Consumers want to benefit from the best product or service by taking

and recommendations of other users in the digital environment.

serves in this direction and establishes the connection betwe ust

user experiences and brand solutions, it helps customers ake dgefsions in their shopping. The

aim of this study is to build a machine learning-bage ssification model using Turkish

Natural Language Processing techniques for langdage online complaint data about a

company operating in the airline passenger ansporta®g# industry. Since English natural language

processing techniques are not successful for ish text data, there are very few studies in the

literature on text classification witpQl urkish data. In this study, text data will be converted into

numerical features by TF-IDF od Qgd, the ones that provide information extraction among the

features will be selected by CIggquare method. The complaint data will be classified with Naive

Bayes, Logistic Regress angom Forest, XGBoost, BERT methods from machine learning

techniques on th inin§ dataset and the performance of the model will be evaluated with

| re and sensitivity metrics on the test dataset. In the study, the most

@ is e Naive Bayes model, which achieved at least 90% in all metrics. As a result
)

developed model is expected to provide a quick solution to online complaints and

minimize future customer loss. This study was supported by TUBITAK 2209-B University
Students Industry-Oriented Research Projects Support Program under the project number
1139B412200695.

Keywords: text mining, Turkish natural language processing, text classification, machine learning
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COMPARISON OF BETA REGRESSION AND LINEAR REGRESSION IN TERMS OF
ASYMPTOTIC EFFICIENCY OF RSQUARES

Suay Erees!”
'Department of Finance, Banking and Insurance, Yasar University, Tiirkiye
“(suay.erees@yasar.edu.tr) Corresponding author
Abstract

In regression analysis, dependent variable may fit normal distribution as the form of

percentages or proportions that are continuous and bounded by 0 and s yase, analysts can

use both linear regression and beta regression analysis. Therefor v he consequences of
these analyses at some levels is important. In this study, th cwon of beta regression and
linear regression in terms of asymptotic efficiency of R- %s as been investigated. Since
R-square is the first widely used criterion for maki % about models, finding the more
efficient one can help us to choose the correc alysis. Extensive simulations using
bootstrap method with a real data set have peer\pres®#€d. The dataset on body fat was used and
the dependent variable was regressed gn the STgden predictors using both analyses. After finding
the best subset of variables, to exa the asymptotic efficiencies of R-square statistics, bootstrap

study on the data has been or Results show that R-square in linear regression is
asymptotically more efficient Ive to pseudo-R square in beta regression.

Keywords: beta regressi regression; asymptotic efficiency; R-square.
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CONDITIONAL RANDOMIZATION TEST FOR CONFORMAL ROBUST NEURAL
NETWORKS IN OUTLIER DETECTION

Mehmet Ali Kaygusuz® and Vilda Purutcuoglu®
!Department of Economics, Anadolu University, TURKIYE
2Department of Statistics, Middle East Technical University, TURKIYE

“(vpurutcu@metu.edu.tr) Corresponding author

Abstract

Robust feed-forward neural network is one of the recent network str tPNg is based on the

combination of the classical robust regression and the deep jg€u gork. Moreover, the
conditional randomization test (CRT) is another well-kn apMgoach that is based on the

comparison of the known conditional distribution with IStrioyion of the data and it has not

been applied yet within the deep neural networ pn this study, we combine both

approaches to detect outlier observations in | a,SPS in such a way that we can get a
conformal estimation to provide valid infgrende foRgfachine learning models, including deep

neural networks. In general, the conformal presggdtion method has not been applied yet for robust

feed-forward neural networks for rgfession, except, it has been used to compute an upper bound

for conformal prediction of cl neural network. In our analyses, we perform CRT for
robust feed-forward network ggrder to get a conformal estimation while detecting outliers and

ng procedures with different number of observations and the

Note: Vilda uoglu would like to thank to Huawei Turkey R&D Center for their support.
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CONSTACYCLIC CODES WITH LOCALITY AT MOST 2 AND DIMENSION 2

Rabia Zengin ", Mehmet Emin Koroglu ?
 Department of Mathematics, Istanbul Bilgi University, Tiirkiye
2Department of Mathematics, Yildiz Technical University, Tiirkiye
“(rabia.zengin@bilgi.edu.tr) Corresponding author
Abstract

Locally recoverable codes (for short LRCs) are codes such that a symbol rdinate of a
codeword can be repaired by accessing the symbols in at most r other % The distributed

storage systems by Microsoft Azure and Hadoop uses such cod e can recover a failed

node by accessing the minimum number of the surviving nogleS: C®stacyclic codes have a wide

range of uses in consumer electronics because of thej ve encoding and decoding

procedures. Here, we have obtained constacyclic L ension 2 and locality at most 2.

We have proved a necessary and sufficient congi tacyclic codes with locality 1 which
is minimum. Then we have generalized the gonsiucti r constacyclic LRCs with any dimension

and locality.
Keywords: locally recoverable c onstacyclic codes.

Note: This research is suppg®&te\ by Wdiz Technical University Scientific Research Projects
Coordination Departmengyvith Fgject Number FYL-2023-5605.
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CONTROL OF STANDARD ERROR OF SURVIVAL DATA WITH AVERAGE
TREATMENT EFFECT

Mehmet Ali Kaygusuz'®, Vilda Purutcuoglu?®
!Department of Economics, Anadolu University, TURKEY
2Department of Statistics, Middle East Technical University, TURKEY
“( vpurutcu@metu.edu.tr ) Corresponding author
Abstract

Average treatment effect has a very important role to measure the dj ean outcomes

between units assigned to the treatment and units assigned to the gQntR§ t has applications in

different scientific domains such as molecular biology/ econ®etrics, machine learning.
t has

Accordingly, from previous studies in biological networkegi n shown that the estimation
in survival analysis with average treatment effect prggu accurate results. However, when
we work with clustered censored data, in partic Ne tfPnumber of parameter (p) exceeds the
number of observation (n), the estimation gf heyerog us effect with survival outcomes can be
computationally challenging. In this study, we ose to solve the underlying problem by reducing

the standard error of average treat

t effect with the help of random forest algorithm and feed-

forward neural networks. We ineQe,suggested algorithm with different p and n where p>n.

Keywords: Average tregtmentqgffect; survival models; random forest algorithm; deep neural

networks.
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DEEP LEARNING-BASED BI-RADS CLASSIFICATION FOR MAMMOGRAPHY
IMAGE ANALYSIS

Boran Toktay!, Arda Tekin!, Harun Yazgan', Ahmet Can Giinay? , Ozan Kocadagli®
! Department of Computer Science and Engineering/ Istanbul Kultur University, Turkey
2 Department of Electrical & Electronics Engineering / Istanbul Kultur University, Turkey

3 Department of Statistics, Faculty of Science and Letters / Mimar Sinan FineA&rts University,
Turkey
“(ozan.kocadagli@msgsu.edu.tr) Corresponding a r
Abstract

Breast cancer screening is a critical component of women's healigca ammography serving
as a fundamental tool for early detection. The Breast Imagi oing and Data System (BI-

RADS) categorization system plays a pivotal role in t rp lon of mammography images,

facilitating standardized reporting and data analygis.yIn relentless pursuit of improving the

accuracy and efficiency of breast cancer diagndys, agjnn#vative solution has emerged, harnessing
the capabilities of deep learning within th of fadiology and image processing. As a result

of the tests, an accuracy rate of 85 pgftent was aChieved specifically for BI-RADS classification.

The accuracy rate is also suppor, OC curve and Confusion Matrix. The study shows that a

fusion model built with morefRgagks an@data science research will visibly increase accuracy rates

in the future.

The amalgamatio ogdfaphy, breast cancer screening, BI-RADS, deep learning, radiology,

and image process {S system represents a groundbreaking advancement in the medical field.

Deep lea

ms, armed with their unmatched ability to identify intricate patterns and
anomalies images, hold significant promise in improving the accuracy of breast cancer
diagnoses. BY supporting radiologists in their assessments, this method could have a profound

impact on the clinical decision-making process.

In a clinical setting, the incorporation of this deep learning-based system has the potential to
transform the role of radiologists, minimizing the risk of oversights and false negatives. It serves

as a valuable second opinion, strengthening the diagnostic process. Ultimately, it empowers
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healthcare professionals to make more informed decisions regarding patient care and treatment

options.

In summary, the seamless integration of deep learning-based image analysis into the framework of
BI-RADS and mammography represents a transformative shift in breast cancer screening. This
innovation not only enhances the capabilities of radiologists but also contributes to the early

detection of breast cancer, potentially saving lives and improving patient outcormgs. As research in

this area advances, the synergy of deep learning, mammography, and BI-R ises to be an

invaluable asset in the ongoing fight against breast cancer, potentially tiNpizing the way we

approach breast cancer screening and diagnosis.

Keywords: Mammography, Breast Cancer Screening, Bl- %ep Learning, Radiology,
Image Processing. q
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DEMAND PREDICTION MODELS FOR TERM DEPOSIT SUPPLY WITH AN
AUTOMATIC MACHINE LEARNING METHOD (DATABLENDER) IN BANKING

Gizem Aydin'", Mehmet Yalcin?
1R&D / ERETEAM, Tiirkiye
2Statistics / Graduate School Of Science And Engineering, Yildiz Technical University, Tiirkiye
“(gaydin@ereteam.com) Corresponding author
Abstract

In today's world, it is becoming increasingly important for companig WCNAhe right people

from their customer pool to market their products and services. Jgis rue for banking and
financial institutions, as it can be a costly and time-consumi % to reach the right people
from a large customer base. In line with this, institutio ve InCyedsed their machine learning-
based models using demographic and financial dat of%ars who have purchased products

and services. The interest in this technology ha these models have both successfully

' e
identified the right people and reduced the tigne &d ¢ money. Machine learning-based models

are frequently used in this direction.

In this study, machine learning pr hon models have been established on whether customers who

prefer the financial institutiongh PQrtugeill take a term deposit. Thus, the institution will identify
existing customers who gre mors
with marketing efforts. In >

ikely to subscribe to a term deposit and focus on these customers
, the data set containing the information of whether the financial
institution in Pq a term deposit account by calling its customers was used. The
modeling prewggs

DataBlend »‘%

Lightgbm moWpt was the most successful model among the models. As a result of the results, it

eqwere performed automatically with data preprocessing steps and the

Ic machine learning tool was used for this. As a result of the study, the

was observed that the success criteria of tree-based models are close to each other. The effective
variables on customers' term deposit taking behavior were found as a result of the model, and the

customer's features were ranked by impact.

Keywords: Automatic Machine Learning; DataBlender; Boosting; Term Deposit.
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DENGESIZ VERI SETLERINDE HIiBRIT OZNITELIK SECIMi SONRASI MAKINE
OGRENMESI ALGORITMALARI iLE SINIFLANDIRMA

Meryem Pulat!”, Ipek Deveci Kocakog?

YDokuz Eyliil Universitesi, Iktisadi ve Idari Bilimler Fakiiltesi, Ekonometri Boliimii, Izmir,
Tiirkiye.

2Dokuz Eyliil Universitesi, Iktisadi ve Idari Bilimler Fakiiltesi, Ekonometri Bpliimii, Izmir,
Tiirkiye.
“(meryem.pulat@deu.edu.tr) Corresponding author

Ozet
Elde edilen gegmis deneyimlerin kullanilmasiyla bir model olu;& e 0grenmesi, veriler

arasindaki iliskileri kesfetme ve gelecege yonelik kestirimd Imektedir. Bu ¢alismanin
odak noktasi, siiflandirma problemlerini ¢6zm in JgMllanilan makine 0grenmesi

algoritmalarinin performansini artirmaktir. Bu algop ormansi, kullanilan veri setindeki

Ozniteliklerin yeterli ve uygun olup olma r. Bu nedenle smiflandirma islemi

yapilmadan 6nce 6znitelik se¢imi yapilm secimi, filtreleme ve sarmal yontemlerin
birlestirildigi bir hibrit yaklasim kylanilarak “Werceklestirilmistir. Bu hibrit yaklasim, sadece

filtreleme yontemlerinin kullanildgrquruma gore siniflandirma dogrulugunu artirmanin yani sira

sadece sarmal yontemlerin angld1g1 Ydrumdaki islem siiresini de azaltabilmektedir. Oznitelik

secimi igin filtreleme adimind Ki-Kare, Bilgi Kazanci, Kazang Orani, Simetrik Belirsizlik
Katsayis1, Korelasyon T (znitelik Secimi ve RELIEF yontemleri kullamlirken; sarmal
yontem olarak (4 @ lemdy Oznitelik Eliminasyonu, Genetik Algoritma, Tavlama Benzetimi ve
BORUTA lgfgulqstir. Siiflandirma islemi K En Yakin Komsu, Lojistik Regresyon, Naive
Bayes, Desy or Makinalari, Dogrusal Diskriminant Analizi, Karar Agaclari, Rasgele Orman,
Bagging, Booyfhg, Rotasyon Ormani ve Yiginlama algoritmalari kullanilarak yapilmis ve model
basarim Olgiitleri kullanilarak performanslar1 kiyaslanmistir. Hibrit 6znitelik secimi yaklasimi
kullanildiginda genel olarak algoritmalarin performans: iyilesmistir. Yapilan ¢aligmada, UCI
Machine Learning Repository veri tabanindaki veri setlerinden “Taiwanese Bankruptcy” ve
“Statlog (German Credit Data)” veri seti kullanilmistir. Ik veri seti, 95 tanimlayic1 &znitelik ve
cikt1 degiskeni (iflas eden ve iflas etmeyen firmalar) olmak iizere toplam 96 Oznitelik, 6819

ornekten olusmaktadir. 6819 verinin siif dagilimi ise 220 iflas etmis, 6.599'u iflas etmeyen
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firmalar olmak iizere 6rnek iki kiime igermektedir. ikinci veri seti 20 tanimlayic1 dznitelik ve ¢ikt:
degiskeni (good ve bad) olmak lizere toplam 21 6znitelik, 1000 6rnekten olugmaktadir. 1000
verinin siif dagilimi ise 700 iyi, 300 kotii olmak tlizere iki kiime icermektedir. Veri setleri dengesiz
dagilmaktadir. Dengesiz dagilim dikkate alinarak veri 6n isleme yapilmalidir ya da performans
Ol¢iitii olarak dogruluk degeri disinda dengesiz veri setlerinde siklikla kullanilan performans
Olciitleri dikkate alinabilir. Veri setindeki dengesiz dagilim dikkate alindiktan sonra (asiri
ornekleme (oversampling) ve eksik 6rnekleme (undersampling) yapildiktan sonra)\znitelik se¢imi

ardindan da siniflandirma islemi yapilmstir.

Anahtar Kelimeler: Makine dgrenmesi; Topluluk Ogrenmesi; -

Dengesiz Veri Seti. ;
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DERIN OGRENMEDE TEKRARLAYAN SIiNiR AGLARI YAKLASIMI iLE HiSSE
SENEDI FIYAT TAHMINI

Giildeniz Canatan™ |, Giizin Yiiksel?
Ydnadolu Anonim Tiirk Sigorta Sirketi, Istanbul, Tiirkiye
2[statistik, Cukurova Universitesi, Adana, Ti tirkiye
“(guldenizcanatan3@gmail.com) Sorumlu Yazar
Ozet

Derin Ogrenmede Tekrarlayan Sinir Aglar1 Yaklasimi ile Hisse Seng & mini galigmasi,

finans sektortindeki dijital doniisiimiin ve Fintech'in 6nemini goz qggnd
uygulamalarinin finansal verilerin analizi ve tahmininde kullagfiihas®y hedeflemektedir.

Zaman serisi tahmini, ozellikle hisse senedi fiyat tahmj bi fingflsal uygulamalarda onemli bir
yer tutmaktadir. Geleneksel istatistiksel yonte \
kullanilan AR, MA, ARIMA, SARIMA gibg

durarak, yapay zeka

ar®erisi tahminlemelerinde siklikla

elli”igerir. Ancak son yillarda, finansal

tahminlemede tekrarlayan sinir aglarinin ( ullangni 6nemli bir ilgi gormektedir. Bu yontem,

karmagik iliskileri ele alabilme ve vag OnisleM§ asamalariyla basa ¢ikabilme gibi avantajlar
sunmaktadir. Bu ¢alisma, Anado onim Tiirk Sigorta Sirketi'nin Istanbul Borsasinda islem

¢

istatistiksel modeller aragndaki \§

goren hisse senedi verileriyle SG apilan analizde, tekrarlayan sinir aglar1 ve geleneksel
inligi karsilagtirmaktadir. Ayrica sinir aglarmnmn finansal veriler
iizerindeki etkinligi ve b\ }
incelenmistir. B @ hmd
model kurula del gelistirme, performans, model kullanimi gibi bir ¢ok agidan sonuglar

\/

ftodolojilerle  karsilastirildiginda daha  yiiksek performans  gosterdigini

goldjinin finansal tahminleme siire¢lerinde nasil kullanilabilecegi

geleneksel yontemler ve sinir aglart mimarileriyle veri setiyle bir ¢ok

degerlendi apilan aragtirma, Sinir aglarinin finansal zaman serisi verileri tizerinde klasik
istatistiksel
gostermektedir. Bununla birlikte, bu yontemin karmasikligi ve sinir aglarinin dogasindaki
aciklanabilirlik zorluklar1 da goz ontinde bulundurulmalidir. Bu ¢alisma, sirketlerin portfoy
optimizasyonu, yillik biitce ¢alismalar1 ve yatirim gelirlerinin - yonetimi gibi konularda 6nemli
kararlar almalarina yardimei olabilecek 6nemli bir adimdir. Ayn1t zamanda bireysel yatirimcilar

icin de karhlik siireglerinde kullanabilecekleri yeni yontemler sunmaktadir.

Anahtar kelimeler: derin 6grenme; tekrarlayan sinir aglari; zaman serisi
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DETECTING THE ANOMALIES ON WEBSITE SESSION COUNTS WITH MACHINE
LEARNING ALGORITHMS

Furkan Alver'", Erhan Cene?

!Department of Statistics, Graduate School of Science and Engineering, Yildiz Technical
University, Turkiye

2Department of Statistics, Faculty of Arts & Science, Yildiz Technical Univegsity, Turkey

*(furkanalver@gmail.com) Corresponding author

Q)

experience. It protects against security breaches, maintains higlagquiity Website performance, and

Abstract

Monitoring and detecting the anomalies on a website is crucial to rformance, and user
ensures a positive user experience. In this study, it is aim | the number of sessions
occurring every five minutes on a company’s website c'Weries and to detect the anomalies
companies that will detect situations

O) activities and user experiences and

enable rapid action to be taken. The num ssidns on the website was considered as a time

phet models. Lagged variables of the number of sessions
, hours and days were added to the models as features.

actul values were fitted to a normal distribution, and values

outside 3o range were la omalies. Root Mean Square Percentage Root Error (RMSPE)

and Mean Absolut rror (MAPE) were selected as model performance metrics and

were calculated ng¥s of 19%-29% and 10%-41% in the models, respectively. As a result

of the stugy er of sessions on the website was successfully modelled and applicable

results wer

source (organi, paid, nonpaid, etc.) may yield more successful results as it will exclude groups

ed. In future studies, filtering the sessions on the website according to their

that do not have a specific pattern.

Keywords: time series; anomaly detection; machine learning
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DEVELOPMENT OF INTERNATIONAL CLASSIFICATION FOR OFFICIAL
STATISTICS: ICVAC

Salim Giirbiiz, Ayhan Dogan' , Senol Deniz*
"Metadata Systems and Classifications Department, Turkish Statistical Institute, Tiirkiye
“(salim.gurbuz@tuik.gov.tr) Corresponding author
Abstract

data is the lack of common classification. The lack of internatiopgl!
violence against children is one of the most important examplgs 0f trRg Understanding the concept
oria ra

of violence against children in the same way throughout ires a challenging and multi-

stakeholder study due to social, cultural, and lgaal ces. The main purpose of the

international collaboration, including our co ry € development of the International
Statistical Classification on Violence Againgt Chy VAC) under the leadership of the United
Nations Children’s Fund (UNICEF) is to proWge a standard that will enable the production of
comparative official statistics on #s of violence against children from various data sources
(administrative records, crimi eco tatistical research, etc.) ICVAC will also contribute to

enhancing consistency and corfgarability among national institutions and will increase decision-

makers' capacity to und lous aspects of violence against children, enabling evidence-

based policy dev, en§ and evaluation of their long-term effects. Tiirkiye made significant

contributions jgth tion phase of ICVAC and became one of the eight countries in the world

that cond study. Within the scope of the pilot study carried out in cooperation with

various ins s, universities, and non-governmental organisations in our country, it made a
significant contribution to the applicability of the draft classification that will guide the
international classification. This article provides details about the process of creating an
international classification of official statistics, the challenges encountered, and the proposed

solutions.

Keywords: ICVAC, statistical classification, violence against children.
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DURAGAN STOKASTIK ZAMAN SERILERI iCiN MODEL SECIiM KRIiTERLERININ
SIMULASYON CALISMASIYLA KARSILASTIRILMASI

Pinar Goktas**
L Yontem Arastirmalar: Daire Baskanligi / Tiirkiye Istatistik Kurumu, Turkey
“(pinar.goktas@tuik.gov.tr) sorumlu yazar

Ozet

s &, log-olabilirlik,
Q) Bilgi Kriteri ve

Akaike Bilgi Kriteri (AIC), Schwarz Bilgi Kriteri (SIC), Han Q
Ortalama Hata Kareler (MSE) gibi model se¢im kritelerinin tiNpmas1 amaglanmaktadir. Bu
e iizghsiz bileseni iceren (17) farkh

(Calismada zaman serileri modellemelerinde siklikla karsilastigimiz D

ark1t orneklem biiyiikliklerinde veri

Cok biiyiik 6rneklem uzunluklarinda HQ iter’en iyi sonuglar1 verirken, MSE ve SIC’nin

uygun modelleri yakalamakta basa kaldig1 gozlenmistir. Log-olabilirlik ise hemen hemen

modellerin tamaminda kotii big Wer as sergilemistir. Orneklem biiyiikliigii 120'den kiigiik

modeller i¢in "Diizeltilmis dahZ biiyiik 6rneklem biiytikliikleri i¢in ise “AIC” kriterinin

nek oldugu bulunmustur.
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ECONOMETRIC ANALYSIS OF THE RELATIONSHIP BETWEEN CONSUMER
CONFIDENCE INDEX AND MACROECONOMIC VARIABLES

Tuncay Morali ¥, Eda Yalcin Kayacan 2 , Serkan Akogul 2
YTurkish Statistical Institute Denizli Regional Office, Tiirkiye
2Department of Statistics, Faculty of Science, Pamukkale University, Tiirkiye
“( tuncay.morali@tuik.gov.tr ) Corresponding author
Abstract

The Consumer Confidence Index, which is announced by T# SWhgistical Institute

(TURKSTAT) every month, aims to measure consumers' spe fiving tendencies by

focusing on their individual financial situations and future e tatgns. The main motivation of
this study was to reveal the relationship between loan i st rateyifflation, USD exchange rate
variables and consumer confidence index, which arggho e decisive for consumers, and to

examine how the determinant variables affect ¢ oiyfidence.

The study aimed to test a long-term signifi rekationgfip between the consumer confidence index

and consumer loans, housing loans, vghicle loaMy inflation and exchange rates, and monthly data

for the periods 2012:M5-2023: ere used. For this purpose, the relationship between the

Keywords: Consumer Confidence Index, Behavioral Finance, Gregory-Hansen Cointegration
Test, Fully Modified and Dynamic Least Squares, Canonical Cointegration Regression.

Note: The findings and opinions expressed in this study are entirely those of the authors and cannot

be associated with the Turkish Statistical Institute.
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EGITIMDE ZORBALIGI ETKIiLEYEN FAKTORLERIN SUPER OGRENME
YAKLASIMI iLE MODELLENMESI

Ozer Depren'”
Y Miisteri Deneyimi Arastirma Laboratuvari / Yapi Kredi Bankasi, Tiirkiye
Ozet

Zorbalik, 6grencileri hem akademik hem de psikolojik olarak etkileyen, 6g
stireclerindeki formasyon yillarinda okul ortamini etkileyen ciddi bir kodu 0

M UMtindeki olumsuz
3 dir. Ozellikle iilkenin

Bu nedenle, karar alicilar, egitimciler ve paydaslar, zorbaligin egitim,

etkilerini azaltmak i¢in kanita dayali miidahaleler ve stratejiler gfgst

egitim ortamina uygun goriisler ve Oneriler sunabilmgk, ~ zorRglig1 azaltarak hedeflenen
miidahalelerin ve politikalarin gelistirilmesini kolayla ktadir) Bu calisma ile, Uluslararasi
Ogrenci Degerlendirme Programi (PISA) verilerini Jagll gitim sistemlerinin ve toplumsal

ileyen faktorler hakkinda giincel bir

sosyoekonomik durumun rolii agik¢a ortaya konulmustur. Ayrica, egitim kaynaklarin1 ve mali
yardimi iceren hiikiimet desteginin, ailelerin sosyoekonomik kosullarimi da iyilestirebilecegi
gorlilmiistiir. Son olarak, 68retmen egitimi aracilifiyla olusturulan olumlu bir okul ve smif

atmosferi, zorbalig1 6nlemede ve aidiyet duygusu gelistirmede kilit bir rol oynamaktadir.

Keywords: zorbalik; egitimde 6lgme ve degerlendirme; makine 6grenimi; PISA; super 6grenme

algoritmasi
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E-TICARETTE ALTERNATIF METIN KUMELEME YONTEMLERI UZERINE BiR
UYGULAMA

Emre Riudvan Muratlar*", Dogan Yildiz?

Ystatistik Boliimii/ Fen Bilimleri Enstitiisii, Yildiz Teknik Univertsitesi, Tiirkiye
2 [statistik Boliimii/ Fen Edebiyat Fakiiltesi, Yildiz Teknik Univertsitesi, T tirkiye
“(emremuratlar@gmail.com) Sorumlu Yazar

W Mryik bir Onem
In yaninda, {rtlinlere

diger kullanicilarin yaptiklari degerlendirme ve yorumlari da igfcéieyeqilme, bu sayede satin alinan

Ozet

E-ticaret siteleri ozellikle COVID-19 hastaligi sonrasinda hays

kazanmistir. Bu siteler kalabaliklara karismadan aligveris yapabilrpg k

triiniin kalitesi hakkinda daha iyi bilgi sahibi olabilme 6 yatimiza Katmustir. Yapilan

bu yorumlar ayn1 zamanda biiyiik bir metin verisi bii usturmaktadir. Verinin ve veri

analizinin sektorlerde rakiplere kars1 avantaj sa ilinpA bir gergektir. E- ticaret sitelerinde

caligtirabilecek islemcilerin g pe metin madenciligi giin gegtikge daha da popiiler hale
gelmekte ve farkli arasti onu olmaktadir. Ozellikle smiflandirma problemleri icin birgok

aragtirma varken metin NN kiimelemesinde yapilan arastirmalar smnirli kalmaktadir. Veri

sayist arttik¢a i tlemek giderek zor bir hal almaktadir. Bu noktada kiimeleme
algoritmalar; onem kazanacaktir. Bu ¢alismada Python programlama dili ile bir e-ticaret
sitesinin mlar1 kiimelere ayirilmis ve kiimelerin ayristiriciliklari analiz edilmistir.
Calismada 23 adet yorum analiz edilmistir. Oncelikle verilerin standardizasyonu

gerceklestirilmis ve veri kokleri tespit edilmistir. Sonrasinda anlamsiz kelimeler degisken
listesinden ¢ikarilmistir. Bu asamadan sonra veriler TF-IDF yontemi ile sayisallagtirilmis ve
kiimelemeye hazir hale getirilmistir. Hazir veri seti oncelikle k-means, Mini-Batch k-means ve
kiiresel k-means algoritmalari ile kiimelenmis, sonrasinda algoritmalar calisma siireleri, hata

kareleri toplam1 ve siliiet katsayis1 performans kriterleri ile karsilagtirtlmistir.

Anahtar Kelimeler: Kiimeleme; k-means; kiiresel k-means; mini-batch k-means; e-ticaret
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EVALUATION OF LOCAL AUTHORITIES IN OECD COUNTRIES WITH CRTIC
AND EATWIOS APPROACHES

Mustafa Canakg¢ioglu'™ , Omer Faruk Gorgiin?
Electronic Commerce and Management, University of Gelisim, Turkey
2Department of Business Administration, Kadir Has University, Turkey
“(mcanakcioglu@gelisim.edu.tr) Corresponding author
Abstract

ppNations due to the
rapid development of industry and the increase in migration a g from rural areas to
urban areas. This process has led to a review of the importan d d§ies of local governments by
central governments both in many developed countrjeg an rkey. In our country, local

governments restructured with the Public Financial and Control Law No. 5018, were

inch administrations and municipalities.
with the provinces of Ankara, Istanbul
ered 30 provinces in 2020. As of 2020, there are
519 district municipalities in 30 getropolitan cities and 922 districts with non-metropolitan

and Izmir for the first time in Turkey in 1984

districts.

Apart from the central ggvernnWgnt, local authorities are formed to meet the common needs of a

local community, whose -making bodies are directly elected by the people, have an

environnfe eConomic welfare levels of the society by obtaining better information about

the common rMyels and preferences of people and with the correct and quality services provided to

them thanks to this information.

The concept of autonomy, one of the mandatory elements of local governments, has three
dimensions. These are the administrative dimension, the financial dimension, and the audit
dimension. What needs to be understood from the financial dimension is the process of preparing
the budget that determines the financial resources of local governments and the use of these

resources. This study aims to examine the budget performances of local governments of 38
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countries affiliated with the Organization for Economic Co-operation and Development (OECD),
to which Turkey is also affiliated. For this purpose, the total income, expenditures and investments,

considered the basic budget concepts and their per capita amounts, will be discussed.

Accordingly, in this study, a decision-making model consisting of CRITIC and EATWOS methods
is proposed to evaluate the performance of countries. While the CRITIC (CRiteria Importance
s, the EATWOS

ccyding to their

Through Intercriteria Correlation) method is used to determine the criterion wei

approach is used to evaluate the alternatives' performance and rank th

performance scores. The proposed model has many valuable theoretjes ributions. First, it
achieves results with a small number of easily applicable calculatiops. @

gddition, the proposed

0
e time, it provides

highly reliable results for solving real-life decision-making
model provides a reliable decision-making environment for akers as it is resistant to

possible changes. In addition, there are many extrem ua anagerial implications of the

study. First, it can be considered a practical rgfdmnap N, local authorities to evaluate their
performance and increase their effectiveness. AQthe Jgmeime, managers can evaluate their overall
performance by applying the proposed m corparing it with the performance of different

local methods. In addition, by takiggdinto account the results and implications of this study,
different industries and investogs\caRymake their investments more logically and rationally in
geographies where local metigs ith hfher performance are available. Finally, public authorities

and international organiagiions onsider this study's outcomes when determining the level of

funding and supportthey vide for local governments.

Keywords: Loca
CRITIC,

ments, OECD countries, Multi-Criteria Decision-Making Methods,
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EXISTENCE OF POSITIVE SOLUTIONS FOR A WEIGHTED QUASILINEAR
ELLIPTIC SYSTEM

Hamzaoui Yamina !*
!Department of mathematics / Higher School of Management, Tlemcen
“(yamina_hamzaoui@yahoo.fr) Corresponding author

Abstract

This presentation deals with the existence of solutions for the weighted quds iptic system
involving two critical Sobolev exponents on a bounded domain in Rf . BY s of variational
methods we prove the existence of positive solutions which depend§ o ghavior of the weights

q1, q, near their minima and the dimension N.

Keywords: Quasilinear elliptic system; Critical Sobol@fﬂita Palais-Smale condition.
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FISHING AND VESSEL INCIDENTS IN TURKEY: A STATISTICAL APPROACH
BASED ON EXTREME WEATHER CONDITIONS EFFECTS

Kaan Unliigengoglu

! Department of Marine Engineering Operations/ Naval Architecture and Maritime Faculty/
Yildiz Technical University/ Tiirkiye

“( kunlu@yildiz.edu.tr) Corresponding author

Abstract

Fishing is one of the oldest and well-established business sectors in the ™ ut it is also one of

the most dangerous occupations in the world when the frequency gf gdents is considered.
There is a large literature on fishing accidents and different rigkafacgrs associated with accidents.
Basically, the factors that have a high correlation with t cWlents include bad weather

conditions, the size and stability of the vessel in w f g activity is carried out, and

inadequate safety equipment. This study prese s of statistical analyses of fishing

accidents data from Turkey waters, to identify¥effe®veMactors that are associated with weather
related accidents and could be used as risk‘1rMga¥ors. Accident and weather data are combined and
different regression models such as son, Zero-Inflated Poisson, Negative Binomial and Zero-
Inflated Negative Binomial regrggdionWye constructed to investigate how weather conditions affect
the severity level of accidents¥gla®d with fishing vessel. Regression results show that sea surface

temperature, wind speed darMgess are the most related factors of accidents frequencies.

r conditions; count regression models; fishing vessel incidents
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FORECASTING CATTLE POPULATION IN TURKIYE

Fethi Saban Ozbek", Semih Ergisi? , Ibrahim Demir3
YTurkish Statistical Institute, Tiirkiye
2Department of Biostatistics, Ankara University, Tiirkiye
3 Turkish Statistical Institute, Tiirkiye
(fethiozbek@gmail.com) Corresponding author

Abstract

Cattle breeding in Tiirkiye is of critical importance in meeting the §
increasing population due to its significant contribution to meat angm
main animal protein sources. In addition, since Tiirkiye ranksfO%h ighe world and first in Europe
in terms of cattle population, cattle breeding has an im nt pognfial for both the agricultural
economy and the general economy in terms of prodigti port of value-added agricultural
goods and processed products. In order to max1N§ syand similar benefits, to evaluate the
structural problems in the livestock sector agd tyimp nt effective policies to increase the cattle
population to optimum levels, it is of great i nce to make data-based decisions and therefore

produce sufficient and necessary dgi§ Achieving this will be possible not only with existing data,

but also by making forward proj ith strong scientific methods and estimating the necessary

data to plan the future now. T posé of this research is to estimate the number of cattle for the

next 10 years, using Tur caty¥ number at the beginning of the year for the years 1930-2023.

Box-Jenkins met estimations. According to the research results, the ARIMA (1,1,0)
e the most appropriate model for the data, and it was estimated that the
eginning of the year will increase in the next 10 years, reaching 17.309.146

7.317.161 head in 2033.
Keywords: cattle population; forecasting; time series; ARIMA; Tiirkiye

Note: The opinions and contents of the article remains the responsibility of the authors, not of the
Turkish Statistical Institute.

61



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

GAGE R&R STUDY UNDER NON-NORMAL DISTRIBUTED PARTS

Siimeyra Sert *", Coskun Kus'
 Department of Statistics / Selcuk University, Turkey
“(sumeyra.sert@selcuk.edu.tr) Corresponding author

Abstract

Gage R&R is a most popular tool in measurement system analysis. It can be applfeNin both mixture

and random model scenarios. The existing literature has considered scenarfo rrors follow

i owledge, it has
\ oflel follows a normal

oot®ap confidence intervals for

both normal and non-normal distributions in these models. To the bg

been traditionally assumed that the component related to the pari§in

distribution. In this study, we discuss the point estimates a
repeatability, reproducibility, and other measurement s paralyeters in a random two-factor
design when the parts exhibit non-normal behavior. the performance of the proposed
methodologies through a simulation study. Th iQnyBtudy demonstrates that the proposed
methods work effectively regardless of thg diribu of the parts. In addition, we provide a

numerical example to demonstrate the discuss ethods.

Keywords: bootstrap; gauge cap ; repeatability; reproducibility; variance components.
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GERCEK YASAM TEMELLI MATEMATIK ETKINLIKLERINE KATILAN
DEZAVANTAJLI ORTAOKUL OGRENCILERIN MATEMATIGE YONELIK BAKIS
ACILARININ ISTATISTIKSEL OLARAK INCELENMESI

Elif Bahadir', Sevval Gokeen'” , Elif Tuna?, Mehmet Samil Giines®
1Matem_atik ve Fen Bilimleri Egitimi | Egitim Fakiiltesi, Yildiz Teknik Universitesi, Tiirkiye
2 [statistik Boliimii / Fen Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, Tiirkiye

“(sgokcen@yildiz.edu.tr) Sorumlu Yazar

ullar1 Destekleme Programi

Ozet

Bu calisma, sosyal hizmetler himayesinde bulunan dezavantajli gercek yasam

durumlarina yonelik, ¢evrelerinde olan matematik hakkindaki ga arin1 ve bilgilerini
artirmaya odaklanmistir. TUBITAK 4004- Doga Egitimi ve

kapsaminda gergeklestirilen bu ¢alismada, 6grencilerin gat anlayislarinin gelismesine

katki saglamak, matematige karsi olumlu tutum geli§ tematik yapma yoniinde etkin

katilm istegi kazanmalarmi saglamak ve porenmenin  gelismesini  saglamak
amaclanmistir. Calismanin 6rneklemini Istan rupa yakasinda 4 farkli Cocuk Evleri

Koordinasyon Merkezi (CEKOM)’nden kat 0 ogrenci (5, 6. ve 7. Siniflar) olusturmaktadir.

Dezavantajli 6grencilerle yapilan caligma, Ogrencilerin akademik becerilerini gelistirmenin
yaninda sosyallesme baglami daQQnemli goriilmiistiir. Gergek yasam temelli matematik
etkinliklerinin  uygulandigr de,” verilerin toplanmasi amaciyla anket tekniginden

faydalanilmistir. Bu ba 1 olgekler kullanilmistir. Matematik ve Ben, Matematiksel

Motivasyon Olceg 1 Matematik Okuryazarlik-Oz yeterlilik Olgegi kullanilmustir.

e 3 e, ogrencilerin matematiksel etkinliklere katilimlar1 sonucu diizeylerinin
anmigstir. Ayrica cinsiyet ve sinif diizeyi gibi demografik 6zelliklere gore gruplar
arasinda anlaml farklar olup olmadig: incelenmistir. One ¢ikan sonuglarda, 6. ve 7. Sif
ogrencilerinin matematige karsi olumlu tutumlar sergiledigi goriiliir. Cinsiyet 6zelliginin
uygulanan ol¢ekler ile aralarinda istatistiksel olarak anlamli bir fark olmadigi ortaya ¢ikmistir.
Ancak smif diizeyi ile ortaokul matematik okuryazarlik-6z yeterlilik 6l¢egi arasinda istatistiksel
olarak anlamli bir fark oldugu goriilmustiir.

Anahtar Kelimeler: dezavantajli 6grenciler; yasamdaki matematigin farkindayim; matematiksel
etkinlik.
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IDENTIFICATION OF EPILEPTIC PATTERNS USING TIME-FREQUENCY
ANALYSIS AND DEEP LEARNING CLASSIFIERS OVER EEG SIGNALS

Ezgi Ozer ¥, Ozan Kocadagh % , Arnaldo G. Batista 3
! Department of Computer Engineering, Istinye University, Turkey
2 Department of Statistics, Mimar Sinan Fine Arts University, Turkey
3 Electrical Engineering, Nova Lisbon University, Portugal
“(ezgi.ozer@istinye.edu.tr) Corresponding author

Q

jes or death. Pre-ictal phase

Abstract

Epilepsy is one of the most common neurological diseases, whic brain and brings out
frequent seizures. These seizures may result in serious physj

is the time interval before the seizure occurs and can be eriod of interest for seizure

detection and prediction. This phase carries some imgor res related to seizures which can
be found before seizure onset. This study introd it hybrid training procedure for deep
learning (DL) classifiers that are able to glasXfy oencephalogram (EEG) signals for the

accurate detection of the preictal phase. Th posed approach consists of two stages: feature

extraction and model estimation jfgth feature selection. In this approach, while the feature

extraction is executed by usin transform, the model estimation is performed by hybrid

DL classifiers. This approac rate$ the training mechanism with a novel feature subset and

model selection procedu se the Information Complexity Criteria (ICOMP). For preictal

phase detection a io, th€ CHB-MIT Scalp EEG dataset was analyzed by both the proposed

@ prBduce robust models in the context of model information complexity but also
peRorperformance outputs than the classical approaches with respect to validity and
reliability, over test datasets.

Keywords: Epilepsy, Feature Extraction, Time-Frequency Analysis, Deep Learning Classifiers,
ICOMP.
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IMPROVED MAXIMUM LIKELIHOOD ESTIMATORS FOR GENERALIZED
NORMAL DISTRIBUTION

Hasan Hiiseyin Giil*" , Fatma Zehra Dogru*
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“(hasan.huseyin@giresun.edu.tr) Corresponding author
Abstract

The generalized normal (GN) distribution was developed as an extension al, Laplace,

S Y h as medicine,
gineering, chemistry,

bilNY distribution, the choice of

and uniform distributions. This distribution has several applicatiog
telecommunication, finance, artificial intelligence, information sfste

reliability, and risk. When estimating parameters for any p

estimation method is critical. The maximum likelihood ( estimayoh method is the most popular

estimation method due to its desirable properjgs y consistency, asymptotically
unbiasedness, and asymptotically efficiency. S well-known that these properties,
particularly unbiasedness, are dependent oea high s e size requirement. The ML estimator is
frequently biased for small or modergte sam izes. Therefore, it is essential to derive nearly

unbiased estimators for the param

of various distributions. To get nearly unbiased estimators,
two methods are employed inAMs st or the parameters of the GN distribution: Coxx-Snell
analytical methodology and bORStrap-based bias-adjusted based on Efron's bootstrap technique.

To compare the perfor

e opthe offered approaches, a Monte-Carlo simulation study is
performed.

Keywords: normal distribution; bias reduction; parametric bootstrap; Monte-Carlo
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INVESTIGATION OF THE DEPENDENCE STRUCTURES OF BRICS COUNTRIES’
STOCK MARKETS BEFORE AND AFTER COVID-19 PANDEMIC

Tugay Karadag"", Giilhayat Gélbasi Simsek*
 Department of Statistics, Yildiz Technical University, Tiirkiye
“(karadagt@yildiz.edu.tr) Corresponding author
Abstract
In early 2020, the World Health Organization declared a global health e

the rapid spread of the coronavirus, named COVID-19, which was
pandemic in March, 2020. The resulting fear and uncertainty had
people's lives but also on the global economy. COVID-19 efigcte
caused fluctations in stock prices and stock markets, egpe emerging countries’ stock
markets. To investigate the changes in the dependen ct of emerging countries’ stock

markets indices, BRICS countries, which consj figg,emerging countries namely Brazil,

Russia, India, China, and South Africa, was cHOgen Ryth@main object of this study. Time-varying
flexy copula approach was applied the dat
19 and after COVID-19. The findingSYevealed s

pandemic declaration, especiallytNe d§gendence coefficients of India with other BRICS countries

t waS splited into two periods as before COVID-

ifts in stock market interdependence after the

were found to increase in théQtgACOVID-19 period compared to the before COVID-19 period.
Furthermore, certain paifgsuch ussia-India, Russia-South Africa, Brazil-India, Brazil-China,

Brazil-South Afric

outh Africa were found to display higher lower tail dependence

pairs were higfier in the after COVID-19 period than in the before COVID-19 period. This means
that these countries were more interdependent in the presence of positive shocks in the after
COVID-19 period than in the before COVID-19 period. In essence, the dependence structures of
BRICS countries’ stock markets experienced significant changes following the COVID-19
pandemic. Despite the potential permanence of this correlation increase, investors and portfolio
managers should remain cautious.

Keywords: BRICS; copula; emerging markets; stock markets; time-varying copula

66



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

ISTATISTIKSEL ANALIZDE ORTAK ENTROPi UYGULAMASI

Nida Oru¢ *", Dogan Yildiz ?
Ystatistik / Fen Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, Tiirkiye
2[statistik / Fen Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, T tirkiye
“(nida_oruc@hotmail.com) Corresponding author
Ozet

ektedir. Bu

i teorisine olan

Son zamanlarda, entropi kavrami akademik calismalarda giderek artan b
artan ilginin temeli, giiniimiizde bilgi teorisinin éneminin artmis ol %

ilginin artmasi entropi alanindaki ¢aligmalarin 6nemini daha da bgifg Jetirmistir.
Boylelikle entropinin uygulama alanlarindaki énemi de ayn§orand mustir. Bu baglamda, bu
calismanin amaci entropi kavraminin arastirmalarda atif bir yol olabilecegini ve nasil

kullanilabileceginin anlatimi1 hedeflemistir.

[1k olarak bu galismadaki amag, istatistiksewe upindirgeme yonteminin sonucuna entropi

kullanarak ulagmaktir. Bu amagla, bu ada “entropinin bir ¢esidi olan ortak entropi
uygulanacaktir. Calismanin odak ngKMsi olan Ortak entropi yontemi istatistiksel analizlerdeki
calismalarda oldukga siirlt bir eKildQkullanilmistir. Bu ¢ergevede bu arastirmanin 6ne ¢ikardig
ortak entropi kavrami, istatisgseanalilerde nasil uygulanabilecegini agiklayarak bu yontemin

potansiyel kullanimini vigggulam¥gtadir.

Boylelikle, bu ¢a ninala® lizerindeki en biiyiik katkisi, istatistiksel analizlerde geleneksel

yaklasimlardan zi atif yeni bir bakis a¢is1 sunmaktir. Buna bagli olarak, 6zellikle entropi

temelli yq animi1 akademik alana katki saglayacaktir.

Anahtar kel ~»- er: Ortak Entropi, Entropi, Bilgi Teorisi
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KADINA YONELIK SIDDET ILE SURDURULEBILIR KALKINMA ILISKISININ
INCELENMESI

Asli Asik Yavuz ¥
YTiirkiye Istatistik Kurumu, Tiirkiye

“(asliasik@tuik.gov.tr) sorumlu yazar
Ozet

Stirdiiriilebilir Kalkinma i¢in 2030 Giindemi, 25 Eyliil 2015 tarihinde Birlcs g tler'in (BM)

é luyn Stirdiiriilebilir
S gek icin bir gerceve

i ile uyumlu olarak cinsiyet

193 tiye iilkesi tarafindan kabul edilmis olup, 17 hedef ve 169 heg
Kalkinma Hedefleri (SDG'ler), uluslara siirdiiriilebilir kalkin

saglamaktadir. 2030 Giindeminin kimseyi geride birakmamagfaghht

esitligi tlim hedefleri capraz kesen merkezi bir 6neme gaigotir. Ghdem metninde de belirtildigi

gibi kadinlarin insan haklarindan ve firsatlarindan ggah ast s0z konusu oldugunda, tam

insan potansiyeline ve siirdiiriilebilir kalkinm alPPmiimkiin olamayacaktir. Toplumsal
cinsiyete dayali esitsizlikler agirlikli olargk kddinlMytkilemektedir. Strdiiriilebilir Kalkinma
Hedeflerinden toplumsal cinsiyet egitligini®ggaglanmasin1 ve kadinlarin giiclendirilmesini

saglamak, kadinlarin tiim potansiyMerini ortaya ¢ikarmalarmin desteklenmesi ile miimkiindiir.

Dolayisiyla, Siirdiirtilebilir K efleri arasinda dogrudan veya dolayl olarak kadinlara

ve kiz ¢ocuklarina yonelik siddQf onlemeyi ve azaltmay1 amaclayan bir¢cok hedef mevcuttur.

Calismanin amaci, kadin siddetin ortadan kaldirilmasina iliskin Siirdiiriilebilir kalkinma
ek ve toplumsal cinsiyet esitliginin saglanmasi ve kadinlarin ve kiz
irilmesi yoluyla bu hedeflere ulagsmaya yonelik cerceveyi aciklamaktir.
saglayan ve sonunda kadinlara ve kiz ¢ocuklarina yonelik siddeti etkileyen
etkenler SDG gostergeleri kapsaminda ele alinarak bu etkenlerin hangilerinin
kadina yonelik siddetin azaltilmasinda kolaylastirict olarak kullanilabilecegi incelenecektir.
Oncelikle, kadina yonelik siddet gostergesi ile diger siirdiiriilebilir kalkinma gdstergelerinin
arasindaki iliski regresyon analizi ile incelenecek ve ardindan SDG’lerin kadina yonelik siddet
gostergesini tahmin etmede ne diizeyde kullanilabilecegi ele alinacaktir. Boylelikle SDG’lerinde

kat edilen iyilesmelere paralel olarak kadina yonelik siddet gostergesinde gerceklesebilecek

iyilesmenin boyutlar1 tahmin edilmeye calisilacaktir. Ornegin, gelir esitsizligi ve yoksulluk,
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cevresel stirdiiriilebilirlik, egitim, saglik, sehirlesme ve altyap1 ve sosyal yardim gostergeleri gibi
stirdiiriilebilir kalkinma gostergelerinde katedilecek olasi ilerlemelerin kadina yonelik siddete
yansimalar1 cografyalara gore degerlendirilecektir. Calismada, bolgesel iilke gruplarina gore
(6rnegin UNECE, UNESCAP iilkeleri gibi) UN-SDGs veri tabanindaki veriler kullanilacaktir.

Kadima yonelik siddetin dnlenmesinin ¢ok sektorlii programlarla miimkiin oldugu bilinmektedir.

en Onceliklerin

Calismanin bulgularinin iyilestirme c¢aligmalarina yonelik politikalar gelistirili

saptanmasina katki vermesi beklenmektedir.

Anahtar kelimeler: Kadina yonelik siddet; cinsiyet esitligi; siirdiiriilchmmgall\nma gostergeleri.

\
4‘3}%
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KEDI CINSLERININ KARAKTERISTIK OZELLIKLERINE GORE KUMELENMESI

Ozgiir Eren Alun Y, Miinevver Turanl !
Ystatistik/ Insan ve Toplum Bilimleri, Istanbul Ticaret Universitesi, Tiirkiye
“(ozgurerenaltin@gmail.com) sorumlu yazar
Ozet

Kediler, yillardir gerek evlerimizde gerekse ilkel ¢aglarda yasadigimiz vahsi dogda bizleri yalniz
birakmamistir. Vahsi dogada bizleri korumus, bizim i¢in avlanmis, alanlarimizi
kemirgenlerden kurtarmis ve gilinlimiizde evcil hayvanlarimiz olarak £iind& antimizda bize
eslik etmeye baglamiglardir. Antik Misir’da, kedilere karsi . ol ve saygi, onlari
tanrisallastirmisti.  Mezarlarinin  yanlarina evcil kedileriffin learml yaptiracak kadar
sevilmislerdi. Haklarinda oldukca batil inan¢ ve fabl o %a‘tanizm gibi bir inancta bile

kedilere dair bir bolim vardu.

Biitiin varliklar ve canlilar gibi evrime ugraya saltflarindaki hallerini gu an animsatmayan

keNfa
ancak i¢giidiisel olarak bizlere yasatan ve dAim k@pekler ile birlikte insanlarin en iyi dostlari

olan kedilerin karakteristik 0Ozellikl ek, tanimlamak ve onlar1 anlamak oldukca

basitse? Mesela kedi sahiplerine, edileri hakkinda yapilan bir anketin, kediler i¢in tasarlanan
karakteristik 6zellik tasarimi Jgll torlerini belirledikten sonra, kiimeleme analizi ise kedi

cinslerinin benzerliklerind ortayXgikararak bunlari tanimlayabilirsek nasil bir sonug ortaya ¢ikardi?

Ustiine bir de kedilerin }? efistik Ozelliklerini belirlemek i¢in kullanilan tasari insanlarin

tasarisiyla oldukg y tasari ise bu bize kendimizi anlamamizi da saglar miydi?

Anahtar aktor Analizi, Kiimeleme Analizi, Kedi Beslisi, Kedi
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KIiRALIK KONUT FIYATLARININ HEDONIK FIYAT TEORISI YAKLASIMINA
GORE SEMIPARAMETRIK YONTEM ILE TAHMINI: iSTANBUL iLi ORNEGI

Zeynep Sengiil 1"
'Ekonometri Béliimii/ Sosyal Bilimler Enstitiisii/Marmara Universitesi
*(zzeynepsengul@gmail.com) sorumlu yazar

Ozet

Bu calismada konut fiyatlarin1 belirlemede kullanilan Hedonik Fiydt
g

%y iledigi yon ve
fte alinarak Istanbul

Konut piyasasinin talebi hakkinda bilgi sahibi olmaktir. Konujfarin kg fiyatlarinin belirlemesi igin

faydalanarak Istanbul’un 39 ilgesi icin konut &zelliklerinin konut

derecesi arastirilmistir. Calismanin amaci, konutun bulundugu ugk

kullanilan degiskenler; konutun baktig1 cephe, site icepmgde olnyp "durumu, goérdiigli manzara,

enlem, boylam ve ilgelerin sosyo-ekonomik kadenyagi lirlenmistir. Model tahmini i¢in
semiparametrik model tercih edilmistir. Bunu % enlerin bir kismi parametrik forma
¢ptir\ Se

sahipken bir kism1 nonparametrik forma salgpti rametrik yontem, hem parametrik hem de
parametrik olmayan kismi sayesinde bu degi leri tek modelde barindirabilmektedir. Tahmin

sonuglarina gore, konut kira fiyatlgfg sirasiyla; giiney, dogu, kuzey, bati cephesi saglamaktadir.

Konutun manzarasi incelendig

e siuqgLyla; havuz, park ve yesil alan konut fiyatlarinda artis

saglarken sehir manzarasinin ar1 dusiiriicii etkisi oldugu goriilmistiir. Konutun site igerisinde

olmas1 ve sosyo-ekono depfesi iyi olan ilgede yer almasi konut fiyatlarini arttirici etkisi

oldugu sonucun Imijtir. “Enlem ve boylam degiskenleri incelendiginde istatiksel olarak

anlamli ve ngaoar. forma sahip olduklar1 gdriilmiistiir. Istanbul konut piyasasmin talep

yoniine 1 Q 1 #ahibi olmak agisindan enlem ve boylam bilgileri 6nem arz ettigi sonucuna
vartlmistir. KgAun fiziksel 6zelliklerinin disinda bulundugu mekan konut fiyatlari izerinde etkili
oldugu belirlenmistir. Istanbul’da u¢ kisimlarda yer alan Avcilar, Arnavutkdy, Beylikdiizii,
Biiytikgekmece, Catalca, Pendik, Silivri, Sile ve Tuzla ilgeleri en az konut kira bedeline sahipken
merkezi noktalarda yer alan Besiktas, Kadikoy, Bakirkdy, Sisli ve Uskiidar ilceleri en fazla konut
kira bedeline sahip oldugu belirlenmistir. Bu ilgelerin ortak ozellikleri rayli sitemlere ulasim,
eglence merkezine yakinlik ve niifus artis hiz1 oldugu gézlemlenmistir. Calisma, enlem ve boylam

degiskenleri ile mekansalligi barindirarak konut kira fiyatlar1 {izerindeki talebi gostermesi
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sayesinde biitgelerine gore konut kiralayacak ve yatirim igin ev alacak bireylere On bilgi

saglayacaktir.

Anahtar kelimeler: Hedonik Fiyat Teorisi, Semiparametrik Tahmin, Konut Piyasasi, Istanbul

@%
&
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K-MEANS CLUSTERING ANALYSIS OF EUROPEAN HEALTH STATUS PRE-
COVID-19

Ummu Sahin Sener'”, Ersin Sener?
! Department of Mathematics, Faculty of Art & Science, Kirklareli University, Kirklareli, Tiirkiye
“(ummusahin@klu.edu.tr) Corresponding author

Abstract
For a healthy and long-lasting life, the impact of genetic factors as well as environment
and consumption habits of individuals are very important. The cons oducts harmful

to human health (alcohol, cigarettes, etc.) and the emergence

diabetes after unhealthy nutrition are inevitable. The aim i dy is to conduct a cluster
analysis according to individual health criteria to obser, e leve) of readiness of Europe for a
pandemic with data from the period just before the GaQvi demic, which was announced on
a global basis in March 2020. According to the tPreport published by the World Health
Organization (WHO) in November 2021, data'pn tMfre-Covid-19 health status of individuals
living in Europe are examined. In the Europe ealth Status assessment, countries are analysed

under four main groups and cly@ered using the k-means method. 1-group; demographic

% ex and elbow method. Overall, there are 15 countries in cluster 1 and 23
countries in 8us#er 2. The ward method and Euclidean distance are used in clustering. k-means
method is used to calculate the confusing matrix by bootstrap for 2 clusters. Accurate prediction is

achieved with 94.04% success for cluster 1 and 91.7% success for cluster 2.

Keywords: Calinski-Harabasz index, clustering algorithm, health status, k-means, prevalence.
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KURUMSAL SOSYAL SORUMLULUGUN PiSAGOR BULANIK ENTROPi TEKNIiGi
ILE INCELENMESI

Abdulkadir Keskin'*, Niliifer Kiracl Leblebicioglu®, Burak Leblebicioglu® , Abdurrahman
Keskin*

'Faculty of Political Science / Istanbul Medeniyet University, Tiirkiye
2Social Sciences Institute / Marmara University, Tiirkiye

3Faculty of Political Science / Istanbul Medeniyet University, Tiirki

4 Social Sciences Institute/ Istanbul University, Tiigkve

9

Tarihsel perspektifte 6nemi gilinden giine artarak daha da e gelen Kurumsal Sosyal

“(abdulkadir.keskin@gmail.com) Corresponding

Ozet

netim mekanizmasi, gerekse

toplum gerekse isletmeler agisindan, JfMin paydaslarin sorumlulugunu kucaklamak temelde zor ve

cok bilinmeyenli bir denklemdir, 1 itibari ile birbirinden farkli bu ¢ikarlar1 i¢inde barindiran
ve isletmelerin iistlenmesi Iggen sorumluluklart Carroll (1991) biitiinciil bir yapida

birlestirerek Kurumsal al mluluk piramidini 6ne siirmiis ve piramit giiniimiize degin

bir¢ok arastirmaya

Bulanik Entropi” yontemi kullanilarak analiz edilmistir. Sonuglar; uzmanlarin Tiirk tiiketiciler i¢in
isletmelerin en 6nemli sorumlulugunun; “Ekonomik sorumluluk”, “Hayirsever sorumluluk™ ve az
bir farkla “Etik sorumluluk™ son olarak da “Yasal sorumluluk™” seklinde siralandigini ortaya

koymustur.

Anahtar Kelimeler: Kurumsal Sosyal Sorumluluk; Carroll Kurumsal Sosyal Sorumluluk

Piramidi; Pisagor Bulanik Entropi

74



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress
2-5 November 2023 - Istanbul, TURKIYE
LINEAR SPLINES WITH KNOTS YIELD BETTER EFFECT SIZE COMPARED TO
REPEATED MEASURES ANOVA

Olcay Dilkent", Serpil Kili¢ Depren*
!Department of Statistics, Yildiz Technical University, Turkey
“(olcaydilken@gmail.com) Corresponding author
Abstract

Repeated Measures-Analysis of Variance (RM-ANOVA) is freque to analyse

en with linear splines with

observational studies in biostatistics. However, it has strong assump at unlikely to be

met in real-life data and may not fully reveal the treatment ejdgct! , it is simulated an
nd

observational study and analyze it initially with RM-ANO

knots which is more appropriate for non-linear data. Aft rds, a Jactual analysis of 8 patients is
performed. In the single group observational sim @a drug infusion that purportedly
|

reduces the outcome of interest is given to a tiphts at timepoint-1 until timepoint-2.
Afterwards, infusion is stopped and all patignts Yave Ilow-up from timepoint-2 to timepoint-4
in which the researcher expects rebound an increase in the outcome. Values have

ith rho = 0.5. When RM-ANOVA is performed, it is revealed
ignificant but clinically insignificant. When a single knot

autoregressive correlation structur

that the effect of the drug is stgfS¥icall
linear spline analysis is perforrRgd, the effect of the drug is clearly seen during the initial interval.
ell defined.

Additionally, the reboun cti

In the factual an

2 to reduceomy
timepoint- w

clinically insi@fficant. When single knot linear spline analysis is performed, initial downward

8 pajents have undergone blood purification from timepoint-1 to timepoint-
plasma due to rhabdomyolysis. Afterwards, they are followed-up until
t purifier. In this real-life data, RM-ANOVA results are both statistically and

slope in the plasma toxins is well defined but statistically insignificant. However, when blood
purification therapy is stopped, plasma toxins increased sharply and the upward slope is significant.
The initial insignificance is possibly due to the ongoing damage suppressed by blood purification.
Consequently, it is shown that linear splines with prespecified knots has less strong assumptions

and yields more statistical power to analyse such longitudinal data.

Keywords: repeated measures; longitudinal data; spline; knot; ANOVA.
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LONG-SHORT TERM MEMORY (LSTM) MODELING OF MILK PRODUCTION IN
TURKIYE

Ersin Sener™ , Ibrahim Demir?
! Department of Mathematics, Faculty of Art & Science, Kirklareli University, Kirklareli, Tiirkiye
2 Turkish Statistical Institute, Ankara, Turkey
“(ersinsener@klu.edu.tr) Corresponding author
Abstract

Milk production is important for the safe provision of the basic need ividual from 7

to 70 in a society that continues its healthy development. O and, adequate milk
production in terms of food supply security will ensure th ly-demand balance is in a
healthy balance. From this perspective, a dataset of 156 thly mYIK production quantities from
January 2010 to December 2022 is considered. The ggon of milk production are predicted

using the Long-short Term Memory (LSTM) m

method is a very successful method
in time series prediction. The data set with2-gont iods, which contains a seasonality in its
structure, is predicted by LSTM with 12 lags™&dthe prediction, double-layer LSTM modeling is
performed by using sequential m
layered LSTM are run. RMS values were considered as evaluation metrics for the
LSTM method in milk prodU\gOn time series forecasting. Accordingly, RMSE= 23966.9389

r perfect model is 0.77.

Is. ReLu activation, adam optimizer and 50 epoch value
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MACHINE LEARNING BASED TURKISH SENTIMENT ANALYSIS FOR PRODUCT
REVIEWS ON AN E-COMMERCE WEBSITE

Baris Ulusoy*” , Giilder Kemalbay'
 Department of Statistics, Yildiz Technical University, Turkey
“( barissulusoy@gmail.com) Corresponding author

Abstract

With the rapid acceleration in the e-commerce sector thanks to the technol s developed
in recent years, there has been a significant increase in the number of pefye sites. The most
important factor that users get support in deciding on the right ate product among a
large number of products is the comments of the users who fia Z;J&lased the product, sharing
their opinions and feelings about the product. The aim o study 1§ to classify user comments by
performing a sentiment analysis with star scores for &ﬁws in Turkish language on an e-

d

commerce site using machine learning algorit set of the study consists of 30,000
comments on women's clothing category pipdudgs anq#e stars of the related comments. Product

Processing techniques. The p

methods. The data vectorized F will be classified by machine learning algorithms such

as Random Forests, Nai yed Support Vector Machines and Voting Classification method

which is a combi

with the BER
libraries.

precision, F

the most successful prediction model is the Ktrain algorithm with an accuracy of 72% and an F-

of Yesé three algorithms. The data vectorized with BERT will be classified
rained for the Turkish language using Ktrain, one of the deep learning
prifance of the model built on the training data set was measured by accuracy,

and sensitivity on the test data set. According to the results obtained in this study,

score of 70%.

Keywords: Sentiment Analysis, Turkish Natural Language Processing, Machine Learning,

Multiclass Classification.

Note: This study was supported by TUBITAK 2209-B University Students Industry-Oriented
Research Projects Support Program under the project number 1139B412200682.
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MACHINE LEARNING PROJECT ON DIABETES

Eren Demir **
IStatistics, faculty of science and letters, Yildiz Technical University, Tiirkiye
“(eren.demir@std.yildiz.edu.tr) Corresponding author
Abstract

The study employs machine learning to predict diabetes in Indian women. USINg data from the

National Institute of Diabetes and Digestive and Kidney Diseases, it fo diagnosing

@

heritage. Our findings suggest a link between high pregnancy godnts¥gd diabetes, along with age's

influence. This research underscores the essential role ata sclynce and machine learning in
healthcare.
Keywords: Machine Learning; Diabetes; n@/ orithms; Data Analysis

diabetes. The dataset comprises independent predictor variables and taNget variable, with

768 records and 9 columns. All patients are females, at least e and of Pima Indian
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MAKINE OGRENIMi VE DERIN OGRENME MODELLERI iLE HiSSE SENEDIi
FIYAT TAHMINIi: KARSILASTIRMA VE INCELEME

Melike Yal¢in Diizgiin **, Ugur Karabey ?

Actuarial Science, Graduate School Of Science And Engineering, Kirikkale University, Tiirkiye
2Actuarial Science, Graduate School Of Science And Engineering, Hacettepe University, Tiirkiye
*(melikeyalcin@kku.edu.tr) sorumlu yazar

Ozet

Glinlimiizde yapay zekanin gelismesiyle birlikte islem kolayligi,

azaltma imkanlar1 sunan makine 6grenimi ve derin 6grenme

Gecmis donemlerden bu zamana kadar yapilan ¢alismalarda g€lehek Ryl yontemlere kiyasla makine
Ogrenimi ve derim 6grenme yoOntemlerinin daha basareggonuclay €lde edildigini saptanmistir.

Bircok degiskenin etken oldugu finansal piyasalar{y: 1 ve risk yonetimi gibi finansal

analiz uygulamalarinda etkili sonuglar elde edil aphe 6grenimi ve derin 6grenmenin en
calismada, gegmis verilere dayali olarak

sinda BIST30 Endeksi’nde islem goren 4 farkli

popliler uygulama alanlarindan biri haline gel
1501 giine ait 05/09/2017-01/09/2023 tarihle

sirketin tarih, kapanis, acilis, yiik diisiik ve hacim degiskenlerinin bulundugu veri setine ek

olarak her bir sirketin giinliik 1lert, 0 ve 200 giinliik hareketli ortalamalar1 hesaplanarak bu

degiskenler veri setine dahil e 1stir. 4 sirket icin makine 6grenimi yontemlerinden olan Rastgele

Ormanlar ve derin O ontemlerinden olan Uzun-Kisa Siireli Bellek Aglarinin

Siireli Bellek Aglar1 yontemine gore daha yliksek tahmin performansi gostermistir.
Anahtar Kelimeler: Fiyat Tahmini; Makine Ogrenimi; Rastgele Ormanlar; Yapay Sinir Aglari;

Uzun-Kisa Siireli Bellek Aglari.
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MAKINE OGRENME YONTEMLERI KULLANILARAK ZAMAN SERISi
VERILERININ ANALIiZi

Yasemin Giinter*” , Fatma Noyan Tekeli?
Bilisim Giivenligi Teknolojisi, Atlas Universitesi, Istanbul, Tiirkiye
2[statistik Boliimii, Yildiz Teknik Universitesi, Istanbul, Ti tirkiye
“(yasemin.gunter@atlas.edu.tr) Sorumlu Yazar
Ozet

Kriptopara birimleri yaygin erisebilirlikleri ve kullanic1 dostu yat
capinda 6nemli finansal varliklar halini almigtir. Bu finansal vkl finde Bitcoin (BTC)
bliylik 6nem kazanan ilk dijital para birimi olarak karsimiza £ikmalgdir. Ayn1 zamanda Bitcoin,

islemleri giivence altina almak, ek birimlerin olust

Nt lar1 ile diinya

asin1 yontrol etmek ve varliklarin

transferini dogrulamak i¢in kriptografi kullananqpi aract olarak caligmak {izere

degerlendirme kriterleri kullan SE, MAE vb.) karsilastirmaktir. Bu yontemler sirasiyla
destek vektor makinesi (Supp ector Machine-SVM), LSTM (Long Short-Term Memory) ve
Randomforest (RF) algor . Caligmada veri aralig1 01.04.2018 —01.04.2023 (veri kaynagt:
yahoo finance
olusmaktadir, Bitc

tahmin pe

@
Anahtar KelQgp€

Vektor Makinesi.

M diger modellere gore daha yliksek performans verdigi goriilmektedir.

er: Zaman Serisi Modellemesi; Makine Ogrenmesi; Kriptopara; Bitcoin; Destek
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MAKINE OGRENMESi ALGORITMALARIYLA LGS BASARISI TAHMIiNi

Bilge Serdarer Kuzu %, Selay Giray Yakut 2

Ystatistik Bilim Dali Doktora Ogrencisi/Sosyal Bilimler Enstitiisii, Marmara Universitesi,
Tiirkiye

2Ekonometri Boliimii/lktisat Fakiiltesi, Marmara Universitesi, Tiirkiye
“(bilgeserdarer@gmail.com) Sorumlu yazar
Ozet

Egitim programlar1 yenilendik¢e buna paralel olarak o6lgme ve deg e sistemleri de

merkezl sinavlarda

¢ Gegis Sistemi (LGS)

degismektedir. Ulkemizde bu durumun yansimasini en belirgj
goriilmektedir. Ortadgretime gegis i¢in 2018’den bu yana uyg

bu sinav sistemlerinden besincisidir.

S6z konusu egitim oldugunda basariy1 etkileyen falgor sartyl tahmin etme egitimin tiim

paydaslar acisindan her zaman ilgi ve merak

tur. Yapilan literatiir taramalarinda
gorece yeni bir smav sistemi olan LGS’ irdeleyen siirlt sayida calisma oldugu
goriilmiistiir. Bu sebeplerden otiirii bu calisMggda, makine dgrenmesi algoritmalariyla sekizinci

siif Ogrencilerinin LGS basarisyp§ tahminleyen modellerin kurulmasi amaclanmistir. Farkl

algoritmalar denenerek algop performanslar1 karsilagtirllmis ve Oznitelik se¢imi
algoritmalartyla LGS basarisilRgfonemli rol oynayan 6znitelikler belirlenmistir. Veri seti olarak

edil

gerekli izinler alinarak birincil veri seti kullanilmistir. Veri toplamada kisisel bilgi

formu, Algilana Katihm Olgegi, Akademik Ozyeterlik Olcegi ve Maslach

gecerleme yontemi ile hem de hold-out yontemi ile ortalama olarak en yiiksek dogru siniflandirma

performansini gosteren algoritmalar Destek Vektor Makineleri ve Karar Agaci olmustur. Sadece
6lgek toplam puanlarindan olusan veri setiyle yapilan analizler sonucunda ise hem k-katl ¢apraz
gecerleme yontemi ile hem de hold-out yontemi ile ortalama olarak en yiiksek dogru siniflandirma
performansini gdsteren algoritma Lojistik Regresyon olmustur. Oznitelik segimi algoritmalariyla

yapilan analizler sonucunda segilen Onemli Oznitelikler ile simiflandirma algoritmalarinin
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performanslari yeniden incelenmis ve ortalama olarak énemli bir degisim olmadig1 goriilmiistiir.
Oznitelik se¢imi algoritmalariyla LGS basarist iizerinde etkisi oldugu bulunan en 6nemli 3

Ozniteligin Giinliik LGS ¢aligsma siiresi, LGS i¢in herhangi bir destek alinmasi, LGS i¢in 6zel ders

alinmasi oldugu gorilmiistir.
Anahtar Kelimeler: Makine Ogrenmesi, LGS Basarisi, Egitimde Veri Madenciligi

Not: Bu ¢alisma Bilge Serdarer Kuzu'nun “Makine Ogrenmesi Algoritmalar®e LGS Basarisi

Tahmin Modelleri Kurulmasi” isimli doktora tezinden iiretilmistir.

O
\
&
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MAKROEKONOMIK GOSTERGELERIN ANALIZINDE KONJONKTUREL
DALGALANMALARIN ONEMi

Muhammed Fatih Tiizen '
YTiirkiye Istatistik Kurumu (TUIK), Tiirkiye
“(fatih.tuzen@tuik.gov.tr) sorumlu yazar
Ozet

Zaman serisi, bir degiskenin yillik, ti¢ aylik, aylik, giinliik gibi diizenli bir z

evrimsel gelisimini temsil eden bilesen olarak tanimlanir. K¢hjdnkt®g bileseni ise trend etrafinda
periyodik olmayan ve birbirini izleyen genislemeler daralnyalar biciminde ortaya ¢ikan
dalgalanmalardir. Bu dalgalanmalarin trendin as wekli asagi yonli bir dalgalanma
durumunda olmasi daralma olarak tanimlanirkehn i karisinda siirekli yukart yonlii bir
imlanmaktadir. Konjonktiir, ekonomik

biiyiime ve daralma dénemlerini igerir, ve beliMygkonomik gostergelerde (GSYIH, Issizlik Orani,

Sanayi Uretimi) dalgalanmalara acar. Bu dalgalanmalar, tiiketici harcamalari, yatirimlar,
istthdam ve iiretimde degisi ere n olabilir. Konjonktiirel dalgalanmalar, ekonominin
zaman icindeki biiylime ve alma hareketleri gibi doniim noktalarin1 yakindan izlemesi

almPK ve riskleri yonetmek i¢in dnemlidir.

sebebiyle, ekonomik ‘v

Bu bildiride, ma Q kondgaik bir gosterge kullanilarak ekonominin doniim noktalarinin tespit

kullanilaral

edilmesi vg wingnmast hususlari ele alinmigtir. Bu dogrultuda GSYIH zaman serileri
@ e ekonomisindeki konjonktiirel dalgalanmalarin temel 6zellikleri incelenmistir.

Ayrica TUIK'Ybu konularda yapilan galismalara da yer verilmistir.

Anahtar Kelimeler: Zaman Serisi; Konjonktiirel Dalgalanmalar; Bry ve Boschan Prosediirii; Is

Cevrimleri.

Not: Bu calismada ifade edilen gériisler tamamen yazarin kendisine aittir ve Tiirkive Istatistik

Kurumu’nu baglamaz.
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MARSHALL-OLKIN POWER GARIMA DISTRIBUTION: PROPERTIES AND
APPLICATIONS

Mine Dogan'", Ayse Metin Karakas?
Statistics / Firat University, Turkey
2Statistics / Bitlis Eren University, Turkey

“(mined685@gmail.com) Corresponding author
Abstract

This paper aims to estimation of the parameters and reliability charag Marshall-Olkin

% LE) to estimate the

parameters of the proposed distribution. Some properties, incfdding W quantile function, survival
n?or&

Power Garima distribution. We use the maximum likelihood e

and hazard rate functions, moments, skewness, kurtosi statistics are derived. The

efficiency and importance of the newly generated dgm xamined through real data sets.

Finally, real-world data was used to demonsty, lority of the Marshall-Olkin Power

Garima distribution over other well-known

Keywords: Power Garima distribygon, Or statistics, Maximum likelihood estimation,

Generalized family, Characterizaty
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MEASURING SCHOOL LIFE EXPECTANCY AT NUTS Il LEVEL

Derya Tuncer'”, Turgay Altun' , Furkan Metin!
YTurkish Statistical Institute, Tiirkiye
*(derya.tuncer@tuik.gov.tr) Corresponding author
Abstract

School life expectancy (SLE), the estimation of the expected education life of rson of school-

entry age for within the specified level of education, plays significant fo evelopment

%

ender Development Index

InN#tute of Statistics

indicator. As an international education indicator, it is produced by the

of countries SLE.

(UIS) and published with a comprehensive database, covering 4w
Besides, it is used in the calculation of Human Developme de

and Multidimensional Poverty Index calculated by the Lsgged Nat®pris Development Programme

(UNDP). Although the measurement and projection e expectancy is a challenging issue
st time at NUTS III level in Tiirkiye
is study was applied for the first time at
the provincial level in order to contribute to iye's national policies. In this study, SLE was

produced as the sum of the age speglyc enrolment rates, which was calculated by using number of

non-foreign students and po d on single years of ages in levels of Tiirkiye and
provinces (NUTS I111), includi re-primary, primary to upper secondary and primary to tertiary
levels for 2018-2022 per Co

education, calcul

dering the presence of students enrolled in open and distance
weXe made by based on the province of the student's residence, instead of
ducation institution. As a result, for ISCED 1-8, SLE was 18,2 years in
s increased between 2018-2020 and decreased in 2021 and 2022. In the
ith the highest SLE was in Istanbul with 20.3 years, whereas the lowest SLE was

2022 in

provincial leV |a

in Sanlurfa and Mus with 15.2 years. Gender parity index (GPI) increased in favour of females in

5 years.

Keywords: school life expectancy, expected years of schooling, enrolment rates, gender parity
indeks (GPI).
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META-ANALYSIS ON THE EFFECTS OF COVID-19 ON THYROID DISORDERS

Ipek Dagdeviren'*, Meliha Melin Uygur? , Elif Cigdem Keles®
!Data Science / Graduate School of Natural and Applied Sciences, Yeditepe University, Turkey

2Department of Internal Medicine / Faculty of Medicine, Recep Tayyip Erdogan University,
Turkey

3Department of Biostatistics and Medical Informatics / Faculty of Medicine, Yeditepe University,
Turkey

“(ipekdagdeviren@hotmail.com) Corresponding auth
Abstract

Millions of people were affected both by COVID-19 and thyr

previous works are limited to identify the effects of COVID-1Q on thyRgd disorders. Thyroid holds

a critical role to regulate numerous metabolic processe ughoupthe body, a few changes in it,

may have affect on other systems on the human bg e pandemic, thyroid disorders get

increased and those disorders are usually intepygre oimmune mechanisms. Present meta-

evidence level of the studies rela thyroid disorders and COVID-19 which will contribute to
the medical sciences. 4260 stygies\wereWiewed from PubMed and Science Direct search engines,
lusiorNgriteria, 13 studies with a sample group of 2829 individuals were
RISMA 2020 Checklist flows were tracked, for statistical

and after applying the e

Keywords: Thyroid dysfunction; COVID-19; COVID-19 severity; mortality.
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METAVERSE, BLOCKCHAIN AND NFT KNOWLEDGE AND AWARENESS
RESEARCH

Adnan Karaibrahimogiu **, Pinar Goktas?

!Biostatistics and Medical Informatics, Medical School, Siileyman Demirel University, Tiirkiye
2Human Resources, Administrative Faculty, Siileyman Demirel University, Tiirkiye

“(adnankaraibrahim@gmail.com) Corresponding author

Abstract
In recent years, the term "metaverse” has gained increasing populari

O

ungmAt tokens) which allow

eNally among those

interested in emerging technologies like blockchain and NFTs. t has become more

tangible with the growth of blockchain technology and NFT
for unique and verifiable ownership of digital assets. The aim Ry SOy is to determine the level
of knowledge and awareness of entrepreneurs ope IT sector about Metaverse,
Blockchain, and NFT concepts. There was a tot ticipants enrolled in the study from
different IT platforms after approval of the “&hi mittee of SDU between the dates of
01/02/2023 and 30/03/2023. A Metaverse’s

and it was started to be used as a s consisting of 15 items and 4 dimensions. In this study, a

as developed by Siileymenogullart et al. (2022)

survey application was created by &d 17 items about blockchain and NFT along with this scale.
The new scale was reliable ( h’s Alpha=0.813) and had 8 dimensions. The dimensions were

kchain Crypto, Metaverse Virtuality, Metaverse Technology,

y, and Digitalization. The scale score was found as 106.56+12.29

35 were more likely to have knowledge of crypto and virtuality than older ones. The metaverse,
blockchain, and NFTs are all emerging technologies that have the potential to transform the way
we interact with each other and with digital assets. While there are risks associated with these

technologies, there are also opportunities for businesses, creators, and investors.

Keywords: metaverse; blockchain; NFT; awareness.
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MULTIVARIABLE STOCK PRICE FORECASTING WITH DEEP NEURAL
NETWORKS

Selim Serin ¥* | Giilder Kemalbay ?
YGraduate School of Science and Engineering, Yildiz Technical University, Tiirkiye
2Department of Statistics, Yildiz Technical University, Tiirkiye
“( selim.serin96@gmail.com) Corresponding author
Abstract

The complexity and dynamism of financial markets make forecasting movements an

incredibly challenging task. Traditional financial forecasting fail to capture this
complexity, often yielding inadequate results. This is where g ing comes into play. Deep
learning stands out with its ability to process vast amo of Tinghcial data. This study aims to
th By stock market between 2007-07-

hyClosing price of XU030 index, Brent

forecast the one-day-ahead price of a stock traded i

30 and 2023-10-11 using multivariable inputs, i
oil price, gold price per ounce, and the ratj t-term moving average to the long-term
ermined in dollars with TRY/USD parity. With
this multivariate data set, a deep neygl network structure will be created using Vanilla Long-Short
Term Memory (LSTM), Conv eural Network (CNN), Bidirectional LSTM, and Stacked
LSTM algorithms to predict tfRygiext day stock price with lag variables up to 5-days. It has been

lit

moving average. All price-based variaples ar

iona

observed that the studies ture often focus on univariate stock price or stock market index

price forecasting, ere is a minority of studies that create a deep neural network structure

with multivarjate les. As a result, Vanilla LSTM is the most successful deep network

ead price forecasting based on Root Mean Square Error (RMSE), and Mean

Keywords: financial time series, deep learning; stock price forecast; neural networks.
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MUTLULUK ENDEKSININ MAKINE OGRENMESI YAKLASIMLARIYLA ANALIZI

Kadriye Nurdanay Oztiirk **, Oykiim Esra Yigit 2
Ystatistik ve Bilgisayar Bilimleri / Fen Fakiiltesi, Bilecik Seyh Edebali Universitesi, Tiirkiye
2[statistik / Fen Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, T tirkiye
“(kadriyenur28@hotmail.com) Corresponding author
Ozet

Tiirk asilli biiylik diistiniir Farabi (872) mutlulugu erdemli bir toplum tara de edilmeye

A

bir sekilde Olgiilmesi 6nem

calisilan en yiiksek deger oldugunu belirtmistir. Politika yapicilarin

riy/mutlulugunu ve

dolayistyla toplumun refahini arttirmaya yonelik alacagi kararlar e bu kararlar1 etkin
bir bicimde uygulamasi yolunda var olan mutluluk seviyesigfn etk?
arz etmektedir. Bu amag dogrultusunda belki de en 6ne ede kullanilan gostergelerin
dogru bir sekilde tespit edilmesidir. Bu gostergelerjg b sinde toplanan veriye dayali bir
analitik model aramak ve belirlenen uygun mod r{i[J¥ini ortaya koyarak politika yapicilara
yol gostermek, veri bilimi ile ugrasan grastymacqpfin en temel gorevlerinden biridir. Bu
caligmanin amaci, 2022 yilina ait Diinya Mu Raporu veri seti lizerinde mutluluk endeksine
iligkin etkili degiskenleri sapta ve makine Ogrenmesi modelleri ile bir smiflandirma
uygulamasi yapmaktir. Uygul 1n iyasamasinda en uygun sayida ve nitelikte degiskenlerin alt

kiimesinin belirlenmesi amaciWf sarmal teknikler ailesinde yer alan yinelemeli 6znitelik eleme

yonteminde a¢gozli ara reed¥ search) kullanilmis ve boylece model performansini optimize
tki} ve’optimal sayida degiskenlerin yer aldig1 degisken altkiimesi, lojistik

destek vektor makinesi, gradian boosting ve k-nn gibi farkli denetimli

ullanilarak modellenmistir. Calismada kullanilan makine 6grenmesi

)
i i ine has parametreleri bulunmaktadir ve modellere ait agir1 uyum (overfitting) ve

az uyum (underfitting) dengesini saglamak amaciyla hiperparametre optimizasyonu yapilmistir.
Calismanin sonuglar1 arasinda sosyal destek degiskeninin mutluluk skoru i¢in en kritik gdsterge
oldugu tespit edilmistir. Farkli performans metrikleri kullanilarak kiyaslanan makine dgrenmesi

modellerinden en yiiksek performansin ise destek vektdr makineleri oldugu sdylenebilmektedir.

Anahtar Kelimeler: mutluluk endeksi; diinya mutluluk raporu; degisken se¢me; siniflandirma
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NEW URBAN-RURAL CLASSIFICATION OF TURKIYE

Selin Ertiirk'", Birkan Ergii¢c' , Siimeyye Derici?
"Metadata Systems and Classifications Department / Turkish Statistical Institute, Tiirkiye
2 Methodology Department / Turkish Statistical Institute, Tiirkiye
“(selin.tekin@tuik.gov.tr) Corresponding author
Abstract

inition based
on population size and defined in 1982 has been used till 2014. ' his urban-rural

In the statistics published by TurkStat on the urban-rural distinction, an urbaf-

classification faced significant challenges stemming from chang ative divisions as a
result of legal regulations. Consequently, it became evident q‘&ng-standing definition no
longer captured the urban-rural structure of Tiirkiye acc %r fore, there arose a pressing
need to devise a new definition suitable for statistica F% n response, a new definition was
developed based on the "Degree of Urbanisatio )" methodology put forward by the
European Statistical Office. In this method‘Ql K opulation grids derived from integration

of Address Based Population Registration m (ABPRS) and Spatial Address Registration
System (SARS) are used. Under classification system quarters and villages categorized as

"densely populated, intermedi®-den

and thinly populated.” Densely populated areas were

defined as localities that have Yeast 50% of their population resided within urban centre grids,

while thinly populated a re Palities that have more than 50% of their population living in

rural grid cells. In diake denhsity areas encompassed localities apart from the criteria of densely
populated aregg a populated areas. The study results revealed that 67.9% of Tiirkiye's

populatia

17.3%in th

This study assumes paramount significance in offering a sustainable and more accurate reflection

inXensely populated localities 14.8% in the intermediate-density localities and

populated localities.

of Tiirkiye's urban-rural structure. Furthermore, this redefinition enables the production of statistics
at the urban-rural level that conforms to international standards and fosters comparability and

relevance in the global context.

Keywords: Address Based Population Registration System, Degree of Urbanisation, Population
Grid, Spatial Address Registration System, Urban-Rural
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ON A MODIFIED UNIT DISTRIBUTION WITH THE ASSOCIATED QUANTILE
REGRESSION MODEL

Mustafa C. Korkmaz'", Berrin Giiltay?
! Department of Statistics / Graduate Education Institue, Artvin Coruh University, Tiirkiye
2 Department of Statistics / Canakkale 18 March University, Tiirkiye
“(mustafacagataykorkmaz@gmail.com) Corresponding autho

fined
% oposed for the unit

response. The maximum likelihood estimation method has giegn g®en in order to estimate the
Ilm:flfpz

Abstract

The paper deals with a modified version of a continuous distribution d

) interval. After
defining the modified distribution, its quantile regression modejga

ormances of the maximum
likelihood estimations based on the simulation studi ent scenarios. Based on the unit
median response modeling, a real data applicay presented. Application results show
that the proposed regression model has exglaindd th&gefation between unit median response and
covariates in a statistically significant way as as in a better way than some competitive models

under some criteria.

parameters of the quantile regression model. We assess

Keywords: Unit distribution; ghit,guan®pe regression; residuals; median.
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ON PARAMETER ESTIMATION OF THE GENERALIZED MARSHALL-OLKIN
EXPONENTIATED EXPONENTIAL DISTRIBUTION

Egemen Ozkan'", Giilhayat Golbasi Simsek!
 Department of Statistics, Yildiz Technical University, Tiirkiye
“(eozkan@yildiz.edu.tr) Corresponding author
Abstract

In this study, we introduce the generalized Marshall-Olkin exponentiated e g, distribution,

which represents a flexible lifetime distribution in four-parametg alyrmodeling. The

distribution is a submodel of mixture based generalized Marshal§Ol ibution. After some
statistical properties related to the distribution are given, pargfheter imations are obtained using
various estimation methods, and a Monte Carlo simyjesgon study ‘is conducted for randomly

selected parameters. The performances of the estimgjo s are evaluated in terms of mean

bias and mean squared error values obtain hy’ simulation study. Furthermore, to

demonstrate the flexibility of the propos stribution in modeling, some real data

applications are performed.

Keywords: Estimation of pararg€t® Marshall-Olkin distribution, exponentiated exponential

distribution, real data applicaggons
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OPTIMAL CONSTACYCLIC LOCALLY RECOVERABLE CODES WITH MINIMUM
DISTANCE 2 AND CONSTACYCLIC CODES WITH MINIMUM LOCALITY1

Rabia Zengin 1, Mehmet Emin Kioroglu?
 Department of Mathematics, Istanbul Bilgi University, Tiirkiye
2Department of Mathematics, Yildiz Technical University, Tiirkiye
“(rabia.zengin@bilgi.edu.tr) Corresponding author
Abstract

A locally recoverable code (for brevity LRC) is a code such that a sy, ) ANy coordinate of a
codeword can be repaired by using the symbols in at most r othe o hese codes are used
in distributed storage systems by Microsoft Azure and Hadogf Sincehey can repair a failed node
by accessing the minimum number of the surviving node ich achieves Singleton- type
bound is called an optimal LRC. Constacyclic cod @gnificam codes because of their
efficient encoding and decoding procedures. In will obtain constacyclic LRCs with
minimum locality and optimal constacyclig LRCs V¥ minimum distance 2 from their parity-
check polynomial.

Keywords: locally recoverable cogeQconstacyclic codes; optimality.

Note: This research is suppg®&te\ by Wdiz Technical University Scientific Research Projects
Coordination Departmengyvith Fgject Number FYL-2023-5605.
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OPTIMIZATION OF OPERATING CONDITIONS OF BETA-TYPE STIRLING
ENGINE WITH REGENERATOR USING ARTIFICIAL NEURAL NETWORK AND
RESPONSE SURFACE METHOD

Berna Yazici*, Yasar Onder Ozgéren? , Ece Ozgoren®
IStatistics / Faculty of Science, Eskisehir Technical University, Eskisehir
ity, Afyon
skisehir

2Outomotive Engineering / Faculty of Technology, Afyon Kocatepe Univ

3 Statistics / Postgraduate Education Institute, Eskisehir Technical Ui
“(eceozgoren@ogr.eskisehir.edu.tr) Correspondin
Abstract

Energy demand is steadily increasing worldwide, with the ityQqf it being met by the use of
fossil fuels. However, fossil fuels not only result in gre use g% émissions and the release of
carbon dioxide but also pose significant treats to hth environment and human health.
Stirling engines are systems that can operate usi NN an energy sources available globally
and it is crucial to focus on the develogmerg an hanced accessibility of these systems.
Furthermore, statistical methods like ArtifiC eural Network (ANN) and Response Surface
Method (RSM) find applications in

This study aims to determine t

rious fields, including technology and automotive industries.
ctoNevels that influence the optimal operating conditions of a

beta-type Stirling engine. The RgfoYs selected for their impact on the Stirling engine’s operational

performance include en

design will be cre

experimental results will be analyzed using ANN and RSM, and optimization will be achieved
based on these analyses. Ultimately, another goal to determine the maximum operational capacity
of the beta-type Stirling engine and also to compare the performance of these two methods in

achieving this objective.

Keywords: artificial neural network; response surface method; optimization; beta-type stirling

engine.
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PERMUTASYONEL COK DEGISKENLIi VARYANS ANALIiZiNIN EGIiTiM
ALANINDA BiR UYGULAMASI

Baris Atakisi*", Dogan Yildiz?
Ystatistik / Fen-Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, Tiirkiye
2[statistik / F en-Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, T tirkiye
“(baris.atakisi @std.yildiz.edu.tr) Sorumlu yazar
Ozet

Cok degiskenli varyans analizi (MANOVA) nin ¢oklu normal ¢b ans-kovaryans
matrislerinin homojenligi, aykir1 degerler, dogrusallik, ¢oklu (E ekillik varsayimlari
bulunmaktadir. Bir¢ok arastirmada bu varsayimlarin saglgnthadqy ve tek degiskenli analiz

yontemlerinin kullanildig: goriilmektedir. Bu arastirmalg yapma olasilig1 artmakta ve

1. Tip

g#um olabilecek yontemlerden biri

b

analiz sonuglarinin giivenilirligi azalmaktadir. Bu

permiitasyonel ¢ok degiskenli varyans analizi P ’dir. Son yillarda uygulamasi saglik

ve ekoloji alanlarinda artmis olsa da egigim \gibi I1 alanlarda kullanimi yaygin degildir.

PERMANOVA, uzaklik olciileri ve permii n yontemlerini kullanarak en az iki bagimh
degiskenin bir veya daha fazla b siz degisken tarafindan nasil etkilendigini ortaya koyan
parametrik olmayan bir yg dirVerilerin dagilimi 1ile 1ilgili bir varsayimi yoktur.

MANOVA’nin varsayimlarinigaglanamadigi durumlarda 1. tip hata yapma olasiligini1 azaltmak

ve daha giivenilir sonucl ¢ etplek agisindan PERMANOVA yonteminin kullanilmasi oldukca

PERMANOVA yonteminin oOzellikleri tanitilmis ve bir egitim

1 kullanilarak uygulama yapilmistir. Calismada bilgi ve iletisim

ild % D) Blan ilgi, algilanan BIT yeterliligi, algilanan BIT 6zerkligi ve sosyal etkilesim
)

amacl BIT

guminin cesitli degiskenlere gore degisim gosterip gostermedigi PERMANOVA

yontemi ile incelenmistir.

Anahtar kelimeler: permanova; manova; ¢ok degiskenli varyans analizi; Permiitasyon
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PREDICTION OF SOLAR POWER PLANT PRODUCTION WITH METAHEURISTIC
OPTIMIZATION TECHNIQUE

Yaren Korkmaz!" , Giilder Kemalbay *
 Department of Statistics, Yildiz Technical University, Turkey
*( yarkorkmz@gmail.com) Corresponding author
Abstract

Global climate and environmental challenges are worsening due to the decre sil fuels and

the increase in greenhouse gas emissions. Renewable energy source eryal for producing

environmentally friendly and cost-effective electricity while redui

>

dependence. Solar
power plants generate electricity from solar energy and have oth loWgr operating costs and easier
maintenance compared to other energy facilities. This y aimY to predict solar power plant
production with a metaheuristic optimization technjgue ily 15-minute data from IKkitelli
Solar Power Plant in Istanbul in August upPrt Vector Regression (SVR) with
hyperparameters tuned by Particle Swarm pptiyniza (PSO) model, shortly called PSO-SVR,
will be used for prediction on training data s he performance of the model will be evaluated
using Mean Square Error (MSE) ot Mean Square Error (RMSE) and Mean Absolute Error

(MAE) metrics on the test dat

is a machine learning algorithm specifically designed for
regression analysis. In this y, the impact of optimizing Support Vector Regression
he
ted. According to the research findings, the classical SVR prediction
7.268% based on the MAE criterion, while the PSO-SVR prediction

r rate of only 0.013%. In comparison with the traditional SVR model, the

hyperparameters using a stic optimization technique on the prediction performance of

the model will b

model has angrro
model ex ﬂ a
prediction peRQ

the solar power plant electricity production prediction model developed in the study will contribute

er

ance of the PSO-SVR model is significantly superior. Finally, it is hoped that

to the planning for increasing clean energy awareness and the economic contribution of renewable
resources in energy production. This study was supported by TUBITAK 2209-A University
Students Research Projects Support Program under project number 1919B012212368.

Keywords: renewable energy; solar power plant; support vector regression; metaheuristic

optimization.
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QUALITY IN OFFICIAL STATISTICS

Serdar Cihat GOREN'"
1 Methodology Department / Turkish Statistical Institute, Turkey
“(scgoren@gmail.com) Corresponding author

Abstract

The Official Statistics Program (OSP) is prepared for five-year periods based o rkish Statistics
Law No. 5429. Official statistics refers to the information obtained by process ta compiled
by institutions and organizations that will produce statistics on the suly Iged in the OSP in

order to reveal the mass characteristics.
Quality is the level of satisfaction and meeting the needs ogthe us®esof the product or service

offered. Quality is a point of excellence that is impossijg aclieyk, it is a phenomenon that can

any products and services, official
statistics also have quality principles and stan N ality of official statistics is determined

by the satisfaction level of users and the | eetpg their needs.

Quality principles and standards of gffial statistits are the set of principles that must be followed

in the statistical production pro ality principles and standards ensure that official statistics

are produced that are up-to-Me Xeliabfe, impartial, consistent, comparable, and timely. In this

study, global quality pringgles aNgstandards in official statistics are discussed, commonly applied

quality principles agg.intr and how they are implemented is examined.

Keywords: officid ¥s; quality; continuous improvement

97



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

RESEARCH OF DIGITAL PRIVACY AND DATA PROTECTION PERCEPTIONS
AMONG UNIVERSITY STUDENTS

Adnan Karaibrahimoglu!, Burak Basaran? , Gulnihan Gunduz™

! Biostatistics & Medical Informatics / Medical Faculty, Suleyman Demirel University,
Isparta/Tiirkiye

2Statistics / Art & Science Faculty, Suleyman Demirel University, Ispartg/Tiirkiye
3Statistics / Art & Science Faculty, Suleyman Demirel University, IspartaXirkiye

“(gulgunduz1824@gmail.com) Corresponding au

Abstract

Digital privacy and data protection are critical issues in todgxs Rger cted and data-driven
world. They involve safeguarding individuals' personal inforaimgap ensuring that data is used
and managed in a responsible and ethical manner. is study is to investigate the

perception of digital privacy and data protecti ndergraduate statistics department

ith a total of 20 items as a result of the

0.898. The Sperman-Brow:

correlation between for

onsistency coefficient was calculated as 0.918, the
to half-split method as 0.848 and it was decided that there

technological Mevices. Digital privacy and data protection are ongoing concerns as technology
continues to advance. Individuals, organizations, and governments must work together to strike a
balance between the benefits of data-driven technologies and the need to protect individuals'
privacy and data security. Violations of data protection laws can result in significant fines and

damage to an organization's reputation, so compliance is crucial.

Keywords: digital privacy; data protection; scale; statistics students.
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RESMI iSTATISTIKLER VE ETiK

Asila Kogcak'™
YYontem Arastirmalart Daire Baskanhgi/Tiirkiye Istatistik Kurumu (TUIK), Tiirkiye
“(asila.kocak@tuik.gov.tr) sorumlu yazar
Ozet

Resmi istatistik iiretiminde Oncelik, sadece arastirmanin amacina uygun olarak iayyrlanan sorulara

yanit bulmak degildir. Resmi istatistik iiretim stireci; iyi bir planlama il toplanmasi,

analiz edilmesi, yorumlanmasi, raporlanmasi ve yayimlanmasi gibg
gerektirmektedir. Biitiin bu asamalarda aragtirmanin tasarimindgsgya asina kadar her bir

toplanmas1 gibi nedenlerle, farkl etik risklerle k a Ralmaya oldukc¢a miisait arastirma

stirecte etik ilkeler gozetilmelidir.
Resmi istatistikler; ele alinan konularin igerigi ve b%ﬂ enellikle yasam alanlarindan
ka

alanlaridir. Bu riskler arastirmanin konusuna ggfe “SQgha assas” ya da “daha fazla hassas” hatta

“yiiksek riskli” olabilir. Etik riskler sadecedgneYe dapali laboratuvar arastirmalart ya da ameliyat

arastirmaya katilan(lar) da oldhalky lizer:

olabilir.

istatistik liretifhinin Oncesi ve sonrast dahil olmak iizere her asamasinda, zarar potansiyeli, bu
zararlarin olasilig1 ve boyutu ile ilgili ne gibi ¢aligmalar yapilmalidir? Hangi 6nlemler alinmalidir?
Bu calisma s6z konusu sorularin yanitlarini arayan tartismalar ¢ergevesinde resmi istatistik iiretim
siirecinde etik konusunu, Ozellikle hak ve menfaatlere saygi, zarar vermekten kaginma ve

mahremiyeti koruma konular1 agisindan detayli olarak ele almay1 amaglamaktadir.

Anahtar Kelimeler: Resmi istatistik; etik; etik ilkeler; arastirma etigi.
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RESMI iSTATISTIKLERDE MEVSIMSEL DUZELTME VE TUIK’TE
UYGULAMALARI

G. Merve GOKCINY'
YTiirkiye Istatistik Kurumu (TUIK), Tiirkiye
“(merve.gokcin@tuik.gov.tr) sorumlu yazar
Ozet

Tiirkiye Istatistik Kurumu’nun (TUIK) anasayfasinda ekonomik, sosyal, k glik, cevre ve
enerji gibi temel konularda yayimlanan toplam on yedi baslikta topl
bulunmaktadir. Tiim bu istatistikler resmi istatistik kapsaminda

TUIK istatistik veri portalinda konu baslklari ile yayimlanmgktdir)

Genellikle zaman serileri trend, ¢evrim, mevsim, ve siz byfesen olmak lizere dort temel

bilesenin bir fonksiyonu olarak ifade edilir. Zam 1l u bilesenlerden bazilarinin ya da

, ).

ayrmaktadir. Zaman serisinin arastirmalarda

hepsinin seride bulundugu varsayilir (Newb evsimsel bilesen ayrica “mevsimsel

serilerinin igerisinde barindirdig sim ve takvim etkilerinden armdirilip kullanilmas: daha

dogru olacaktir. TUIK, 2009 glindan bana mevsim ve takvim etkilerinden armdirilmis verileri

odan  mevsim ve takvim etkisinden armmdirma islemi igin

tarafindan yayImlanan mevsim ve takvim etkilerinden arindirilmis verilerin neler oldugu, bu
verilerin nasil yorumlanmasi gerektigi ile ilgili temel bilgiler aktarilip, TRAMO/SEATS yontemi

ele alinacaktir.
Anahtar Kelimeler: Zaman Serisi; mevsimsel diizeltme; TRAMO/SEATS.

Not: Bu ¢alismadaki, bulgular ve degerlendirmeler yazarin kisisel goriisleri olup, hi¢cbir sekilde
TUIK i baglamamaktadir.
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REVISION IN OFFICIAL STATISTICS AND THE IMPORTANCE OF REVISION
POLICY

F. Aydan Kocacan Nuray'”
YTurkish Statistical Institute ( TURKSTAT), Tiirkiye
*(aydan.kocacan@tuik.gov.tr) Corresponding author
Abstract

The aim of this paper is to explain the basic principles and standards reg revisions of

published statistical data and to provide information about the revisioa evision vintage
tables.

Revision means reviewing and correcting. Revisions in stat{gtics arSyspdates made later on any
published statistical data, and are based on changes ot n egroyf. The main goal is to improve

previous predictions. The aim of the revision is ti stency, and accuracy. Revision is

a recognized and vital part of the statistical bugg . Revision is divided into two: routine
revision and major revision. Reasons for r ; Seasonal adjustment, benchmarking, are
caused by changes in the source datgaMain reW&ion refers to base year changes, classification,
definition, and scope changes, ch in method, application and question structure, changes in
source data, and updates regflting frog legal regulations. Statistics produced by the Turkish

Statistical Institute (TURKSTAW are revised for various reasons.

Revision policy is ocumentation covering general rules for revisions of published

statistics, how u il b#”informed about possible reasons for revisions, types of revisions and

all revisiog/a e reason why statistical offices establish a general revision policy is to

follow the f the statistical system in which the publication, and revisions of statistical data
are coordinatel. It is also to provide maximum transparency for users through a clear presentation

of revision policies and statistical applications.

A revision measurement table is a structure that lists revisions made to a statistic according to the
date they were published. The revision of the time series at a given reference point can be defined

as the change in revision value from previous revisions of the estimates in the revision measurement
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table. The revision measurement table has three basic characteristics. The variable measurements

to be analyzed for revision, the length of the revision date, and the length of the time series.

In this paper, information will be given about what is meant by revision, in which cases revision is

made, and the basic principles and standards regarding revisions.
Keywords: revision; classification of revision; revision policy; vintage table.

Note: The conclusions and evaluations in this study are the personal opinions of th¢ author and do

O
\
&

not bind TurkStat in any way
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RFM iLE MUSTERi DEGER SEGMENTASYONU VE PROFIL CIKARIMI

Zeyneb Hiisna Akbal **, Miinevver Turanl !
Ystatistik / Insan ve Toplum Bilimleri, Istanbul Ticaret Universitesi, Tiirkiye
*(zeynephusnaakbal@gmail.com) sorumlu yazar
Ozet

Teknolojik ilerlemeler, veri toplama islemini hemen hemen her sektdrde yaygiNstirmigtir. Ham

verilerin dogrudan analizi yetersiz sonuglara yol agmaktadir. Bu sorunu ¢ in, verilerin

anlasilmasi, analiz edilmesi ve gizli Oriintiilerin ortaya ¢ikarilmasi amg

portfoydeki miisterilerin deger segmentasyonlarinin ¢ik; kategorilere ayirma galismasi

kullanilmaktadir. Veri madenciligi, istatistik¢iler i¢in ¢alismalaygk

kullanicilarina kolayca sunulmasini saglar. Bu ¢alismada an 1Nketin verileri kullanilarak
S

RFM (Recency Frequency Monetary) yontemi ile u analizler sonucunda, anonim

sirketin gelecekteki caligmalarini ve yeni iiriinl { JMak miisterilere yonlendirecegine dair

onemli tespitler yapilmistir. Zaman ve

saglayarak sirketin rekabet giiciinii art iyeline sahiptir. Anonim sirket i¢in temin edilen
veri havuzunda, sube, miisteri nu s1, hacim, gelir ve ilgili tarih bulunmaktadir. RFM analizi
sirasinda sube, miisteri numar e ha siklik ve parasal degeri ifade ederken; gelir ise sadece

parasal degeri ve tarihler gibMegiskenler ise miisteri davraniglarini daha anlamli bir sekilde

kavramak ig¢in kullani ygulamadaki ¢aligmalar, anonim sirketin miisterilerinin

segmentlere ayril soRra ¢ogunlugunun sadik miisteriler oldugunu ve en az miisteri grubunun

yeni miisterilgee ai nu gostermistir. Benzer sekilde, anonim sirkete en fazla parasal degeri
saglayan

oldugu beli

kullanmasin1 ve optimize etmesi agisindan biiyiik firsatlar sunmaktadir.

hdX miisteriler oldugu ve en az parasal degeri saglayan grubun yeni miisteriler

stir. Bu calisma, sirketlerin miisteri yonetimi stratejilerini daha etkili bir sekilde

Anahtar Kelimeler: Veri madenciligi, Miisteri segmentasyonu, Miisteri kayip yontemi
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RFM METRIKLERINE DAYALI BIREYSEL MUSTERI TERK ORANININ MAKINE
OGRENMESI iLE TAHMINI

Ulas Tabar'" , Begiim Yagci*
Ystatistik Boliimii, Yildiz Teknik Universitesi, Tiirkiye
“( vekiltabarr@gmail.com) sorumlu yazar
Ozet

Yasadigimiz cagda sektor ve dlgek fark etmeksizin her sirketin kendi pazarin e olabilmesi

A

yapilan dogru analizler sonucu alinan 6zel is kararlari muafza etirisi saglamaktadir. Bu
priinde

onusuna onem

icin Miisteri Iliskileri Yénetimi (Customer Relationship Manageme
gostermesi zorunluluk haline gelmistir. Miisteriler ile ilgili tim fajgrId Pniinde bulundurarak

dogrultuda yapilan ¢alismada, Tiirkiye’de parekende ir sirketin miisteri verileri

kullanilarak Yenilik, Siklik, Parasal (Recency, FrgquecRg® netary - RFM) segmentasyonu,

ve Gamma Gamma Submodel anilmistir. Segmentasyon ig¢in iiretilen RFM metrikleri
kullanilacak olan olasiliksal 1 gru parametre tahmini yapabilmesi i¢in diizeltilmistir.

Miisteri terk orani tahmini i1¢inQgoj1stik Regresyon, Rassal Orman, CART, LightGBM, CatBoost

vl setinde kurulmustur. Kurulan makine 6grenmesi modelinde

segmentasyonu ve CLTV tahmini iizerinden olusturulan pazarlama stratejilerinde literatiirde de
yeri olan belirli segmentlere odaklanilir. Yapilan arastirma, RFM metrikleri kullanilarak tahmin
edilen miisteri terk olasiliklar1 sayesinde, segmente edilerek bir nevi filtreleme yapilan miisterileri
yani sira misteri terk oranlar1 ekseninde analiz etme ve bu sayede dogru miisteri gruplarina

odaklanma imkani sunmaktadir.

Anahtar Kelimeler: miisteri segmentasyonu, makine 6grenmesi, miisteri terk orani.
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ROBUST PARAMETER ESTIMATION FOR BAYESIAN EXTENDED POWER
REGRESSION MODEL USING DIFFERENT MARKOV CHAIN MONTE CARLO
SAMPLING ALGORITHMS

Mutlu Altuntas®”
!Department of Statistics / Faculty of Arts and Science, Sinop University, Turkey
“(mutlu.alt@gmail.com) Corresponding author
Abstract

This study focuses on robust parameter estimation using different | in Monte Carlo

model utilized the

symmetric univariate and unimodal Extended Power (EP) diftrtbutg belonging to the elliptical

ibutionYamilies. EP distribution falls

into the category of the heavy-tailed distributions typically considered resistant to
outliers. It is an alternative heavy-tailed di ed especially in robust inferential
progpdu

distribution family, which is one of the location-scale

procedures. Applications of the robust estigati re have largely been diverged from the

Bayesian framework due to the view that sian approaches are inherently robust as they

encompass uncertainties within mmon posterior probability distribution. However, every

Bayesian treatment includes tion of the sensitivity of the posterior distribution to the
key components of Bayesian arf§sis which typically consist of the likelihood (or sampling model)
adi

iatipns from Normality and outliers in the data. In this regard, Bayesian

and the prior specificatio nal Bayesian regression modelling based on Normal errors is

highly sensitive

Extended Powyer re

then compare il

Keywords: Extended power; Robust parameter estimation; Location-scale families; MCMC.

model was constructed in this study, and it was demonstrated that this

parameter estimates unaffected by outliers. These robust estimates were

the parameter estimates of traditional Bayesian regression model.
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SAMPLING FRAME AND OFFICIAL STATISTICS: DELINEATING ENUMERATION
AREAS FOR TURKIYE

Cansu Oztiirk
Methodology Department / Turkish Statistical Institute, Tiirkiye
*(cansu.ozturk@tuik.gov.tr) Corresponding author
Abstract

The frame is the set of materials from which the survey sample is selected. ample frame

is one that is complete, accurate and up-to-date however no frame is cent perfect. In

Tiirkiye, household address list is used a sample frame for housa§ol

the sample frame is updated twice in a year yet, there isé%&r erage and under coverage
WL

e surveys. Although

problems. Beside, there is some operational proble rk since sample frame is

constructed only using text data. Lately, Spatial Ad tion System (SARS) project has

been conducted by Republic of Tiirkiye Minist ' Thanks to Spatial National Address
Database, now geographical coordination ofthe uil might be used while constructing frame.
This is a huge opportunity to construct sa frame using both administrative register and
geographical information. This y aims to constructing Enumeration Areas by using
geographical coordination of ehol y this way, it is expected to decrease the both sampling

and non-sampling error in sa surveys and so increase the quality of statistics obtained from

surveys and great impact g the difficulties of fieldwork.

Keywords: offiga ; sample survey; sampling frame; spatial address registration system;

enumeratio
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SKALER-FONKSIYON LOJIiSTIK REGRESYON MODELININ TAHMINI ICIN
DIRENCLI BIiR KESTiRiM YONTEMI

Berkay Aktiirk'", Ufuk Beyaztas®
Ystatistik / Fen Bilimleri, Yildiz Teknik Universitesi, Tiirkiye
2[statistik/ Fen Bilimleri, Marmara Universitesi, Ti tirkiye
“( berkay.akturk@std.yildiz.edu.tr) Sorumlu yazar
Abstract

alNp1 ve agiklayict

Fonksiyonel lojistik regresyon modeli, yanitin 0 ve 1 gibi ikili dggerl¢
degiskenin rastgele egrilerden olustugu durumlarda, ikili yanit vegpn . aciklayict degisken
arasindaki dogrusal iliskiyi modellemek i¢in sik¢a kullanilir %de parametre tahmini i¢in
kullanilan yontemlerin ¢ogu, aykiri degerlere karsi h tlr%q 1 degerlerin varligi, yanlis
acabilir. Bu tezde, fonksiyonel

parametre tahminleri ve artan hatali siniflandirma gdast

lojistik regresyon modelinde parametre fonksiy 11 degerlere kars1 direncli bir sekilde

tahminlenmesi i¢in yeni bir yaklasim dnerjjmeNtedirfgoerilen yontemde, fonksiyonel aciklayici
degisken elemanlar1 direngli bir fonksiyone el bilesenler analizi ile sonlu boyutlu uzaya

yakinsanir; bu sayede, aykir1 deggigrin etkisi azaltilir. Boylece, model iizerinde olumsuz etki

gercek veri S8 ‘E

mevcut direncgli ve direngli olmayan yontemlerle karsilastirilmistir. Elde edilen bulgular, 6nerilen

iizerinde yapilan analizler ile kapsamli bir sekilde degerlendirilmistir. Sonuglar,

yontemin aykirt degerlerin varliginda mevcut yontemlere gére daha basarili sonuglar sagladigini
ve Veri setinde aykirt gozlem bulunmadiginda ise mevcut yontemlerle rekabet¢i performans

sergiledigini gostermektedir.

Anahtar Kelimeler: Fonksiyonel Veri Analizi, Fonksiyonel Lojistik Regresyon, Direngli

Fonksiyonel Temel Bilesen Regresyonu, Bianco ve Yohai tahmincisi, EI Radyografisi veri seti
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STATISTICAL INFERENCE FOR ROC SURFACE ANALYSIS UNDER THE THREE-
CLASS PROBLEMS

Ertan Akgen¢'” , Coskun Kus'
 Department of Statistics/ Institute of Sciences, Selcuk University, Tiirkiye
“(statistician.ertan@gmail.com) Corresponding author
Abstract

In this study, we perform ROC surface analysis for a three-class classification e three-class
lume under the

B interval estimation

through both maximum likelihood and bootstrap methods. Wg utiliz& Monte Carlo simulation to

assess the accuracy of the proposed methodologies. hermoly,“we provide an illustrative
example to demonstrate our findings.

Keywords: ROC surface; Three-class classifigafio
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STATISTICAL INFERENCE FOR LOGISTIC DISTRIBUTION-BASED GEOMETRIC
PROCESS BASED ON PARTIALLY OBSERVED DATA

Coskun Kus®', Irfan Sanl
Y2Department of Statistics, Selcuk University, Tiirkiye
*(coskunkus@gmail.com) Corresponding author
Abstract

In this study, we discuss the point and interval estimation of process par in a logistic

distribution-based geometric process under the scenario of partial obse employ Monte

Carlo simulation to compare the estimators in terms of mean , and we assess the

confidence intervals concerning mean length and coverage pgobabil§gs. Additionally, we include

a numerical example for illustration.
Keywords: geometric process, logistic distributio Q%Ymerval Monte Carlo simulation
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STATISTICS ETHICS AND RESEARCH SKILLS

Imane Zeryouh **, Latifa Belfakir *, Mohammed Moubtassime *
'Faculty of Human and Education Sciences/ Sidi Mohamed Ben Abdellah University, Morocco
“(zeryouhzeryouh@outlook.fr) Corresponding author
Abstract

This study delves into the realm of ethics in statistics within higher education. WWNle emphasizing

the crucial importance of students and young researchers developing stro skills, this

@

maintaining academic integrity and ensuring the creation liae, unbiased, and influential

study aims to explore the mounting concerns surrounding the ethica data collection,

analysis, and interpretation; as well as acknowledging ethical resqgrc e as a necessity for

required for conducting ethical research, including ssing, verbal reasoning, problem

studies. Following a quantitative approach, this study sses tMp Tundamental research skills
{a

solving, logical reasoning, and attention to detgif. objPetive of this paper is to shed light on

graduate students’ skills and proﬁcienc‘ inS theyessential aspects of research practice.

Furthermore, it highlights how individuals en d in research activities within higher education

have ethical responsibilities; and egafasizes the significance of promoting transparency, integrity,

graduate students and young researchers in higher education to drive knowledge and progress their

research competence.

Keywords: statistics ethics; research skills; academic integrity; assessment.
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TESTING THE VALIDITY OF ENVIRONMENTAL KUZNETS CURVE IN THE
CONTEXT OF GREEN GROWTH: EVIDENCE FROM PANEL QUANTILE
REGRESSION MODEL

Ebru Caglayan Akay", Merve Ertok Onurlu 2 , Zamira Oskonbaeva **
! Department of Econometrics / Marmara University, Tiirkiye

2 Department of Econometrics / Canakkale Onsekiz Mart University,

3 Department of Economics / Kyrgyz-Turkish Manas University
“(zamira.oskonbaeva@manas.edu.kg) Correspondi
Abstract

The degradation of the environment has become a prominen bal§gsue in contemporary times.
Therefore, the matter of environmental degradation has ajjeggte ive interest among scholars

s Curve (EKC) hypothesis in the

and researchers. This study investigates the Environ
context of green growth by utilizing annual dat sition countries spanning the period
from 1995 to 2017. The study employs a papel quant gression model, specifically the Method
of Moments Quantile Regression (MM-QR lysis, to assess the relationship between green

growth and environmental degradaj

The research employs two Indica as proxies for environmental degradation: a) carbon

emissions and b) ecological foo¥§int. Two distinct models are developed for the analysis. Notably,

all explanatory variables odels are found to be statistically significant. The key finding

of this study is t hypothesis holds true in the context of transition countries. In other
words, duripeegd phase of green development, we observe a rise in environmental
degradati®

% cea specific threshold is reached, environmental degradation begins to decline.
This conclusi®yAs supported by the statistically significant relationship between green growth and

reduced environmental degradation, as measured by carbon emissions and ecological footprint.
Overall, the paper contributes valuable insights into the environmental consequences of green
growth in transition countries and highlights the potential for green growth strategies to mitigate

environmental degradation.

Keywords: green growth; Environmental Kuznets Curve (EKC) hypothesis; MM-QR analysis;

transition countries; ecological footprint
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THE PREDICTION OF DEFECTS FOR COTTON YARN USING MACHINE
LEARNING METHODS

Eda Yal¢in Kayacan'”
IStatistics/ Faculty of Science, Pamukkale University, Turkey.
*(eyalcin@pau.edu.tr) Corresponding author
Abstract

Cotton is a natural plant fiber that is widely used especially in the textile, adr hemical, oil

and feed industries. It is clear that cotton fiber, used in different for,
h o

perties of cotton fiber have

lifNyent sectors, is a

product of great demand and importance in world economies wi alue it creates. The
textile sector is the sector where cotton is most widely used, he
a great impact on the quality of the yarn form in whi e cottyn”fiber used in this sector is
processed and converted. The aim of the study was tgage fect of cotton fiber properties on
nep, fineness, and thickness values, which are ag YErn defects. For this purpose, models
regarding nep, fineness and thickness valuegwerg estMyated by using data from a leading company
in the field, considering the properties qf cottorger such as micronaire, strength, length, evenness,

brightness, and yellowness. Due #Qthe complex and non-linear structure of the relationship

between cotton fiber and yar it has been preferred to use machine learning-based

methods in predicting yarn deRgCts. In the study, Linear Regression, Ridge Regression, Lasso

gorithm and Categorical Boosting Algorithm were used. It has been
e most successful method in predicting cotton yarn defects is the Adaptive
Boosting Algorithm. The success of machine learning techniques in predicting cotton defects has
been demonstrated in the study, and it is thought that these techniques will contribute to the
literature in terms of encouraging their use in predicting important indicators in textile and other

sectors.

Keywords: Cotton Fiber, Cotton Yarn Defects, Machine Learning, Adaptive Boosting Algorithm.
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THE STANDARD TWO-SIDED POWER DISTRIBUTION FOR MODELLING TYPE Il
CENSORED DATA

Ismet Birbicer ¥, Ali I. Geng¢ !
! Department of Statistics, Cukurova University, Turkey
*(ibirbicer@cu.edu.tr) Corresponding author
Abstract

The two-sided power distribution was defined by van Dorp and Kotz (200 ralization of
the triangular and power distributions. The non-standard form of the ghodeRn Yhich the support
is a bounded finite interval, has been shown to be a feasible alternagve aplace distribution.
The focus of the study lies on the estimation of the model paragfie Nhe doubly type Il censored
samples. We propose a three-step procedure without any gegvergen®e problem to obtain maximum
likelihood estimates of the parameters. Afterward, y& g yesian estimation scheme for the
shape parameter of the distribution. Then, the p e B the proposed estimation procedures
is investigated by three different real dg lic S. The results show that the proposed

estimators are superior to the iterative computeWgnplemented methods which use starting points.

Keywords: two-sided power distightRgon; maximum likelihood estimation; type Il censoring.
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THE USAGE OF RECOMMENDATION SYSTEMS IN SPOTIFY

Zeynep Budak Y:zimaz'®, Necla Giindiiz Tekin?
Statistics / Science, Gazi University, Tiirkiye
*(z.budak.zo@gmail.com) Corresponding author
Abstract

Recommendation systems are software tools that offer users customized con based on their

interests. These systems utilize complex algorithms and large datasefs rstand user

preferences and suggest content tailored to these preferences. This h&ps internet users

manage the information overload they face today but also provj providers with the

opportunity to enhance user loyalty and increase sales. Nowad@ys, reqmmendation systems enrich

user experiences on various platforms. Such as e-com , e-hedlth, social media, agriculture,

and the music industry. This study thoroughly examage Ic recommendation algorithm of

Spotify, an online music streaming platform, t lication. In online music streaming
platforms, understanding users' music prefegencks anq€commending the most suitable songs are
crucial. Through this study, we understand ho"glie platform can enhance users' music experience

and influence the dynamics of th sic industry. Using a dataset containing audio features of

thousands of songs and song d rough the Spotify API, the study aims to provide users

with the most accurate song re@gnmendations using an item-based collaborative filtering method.

This demonstrates how r mepiations are made to users based on the audio features of songs.
Additionally, thi tributes significantly to research in this field by discussing statistical
analysis and ggch
@ ioning of recommendation systems relies on the ability to understand user
S

preferences Mg Aredict future expectations. Therefore, in-depth analyses and applications in this

and effe

field are of great importance both academically and industrially.

Keywords: Recommendation Systems; Collaborative Filtering; Machine Learning; Spotify
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THE USE OF WS SIMILARITY MEASURE AND WEIGHTED RANK MEASURE OF
CORRELATION IN COMPARISONS OF MCDM METHODS

Serkan Akogul*”

 Department of Statistics, Faculty of Science, Pamukkale University, Denizli, Tiirkiye
“( sakogul@pau.edu.tr ) Corresponding author
Abstract

Multi-criteria decision making (MCDM) methods are tools that aim fo jne the best
king problem may produce
different alternative rankings. This paper describes the f WS $imilarity measure of rankings
(Satabun and Urbaniak, 2020) and the weighted %‘lelation 1, (Pinto da Costa and

Soares, 2005) to compare the rank similarity methods. In this study, alternatives

alternative by considering more than one criterion in the selection pr, h&y main goal is to

create a ranking of alternatives where the best solution comes fi orst solution comes

last. However, the MCDM methods applied to the same degfsidn-

were ranked using TOPSIS (Technique fogOrder o ference by Similarity to Ideal Solution),
MOORA (Multi-Objective Optimizggion b tio Analysis) and GRA (Grey Relationship

Analysis) methods in real data s Comparative analysis was carried out using the relevant

coefficients to compare the se ce sMgijarities of these methods.

Keywords: MCDM; weighted rfgk measure; WS similarity measure.
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TURKIYE’DE EKONOMIK GELiSME PERSPEKTIFINDE SANAYI URETIM
ENDEKSININ MAKINE OGRENME ALGORITMALARIYLA TAHMIN EDILMESI

Abdulkadir Keskin'*, Irfan Ersin?
! Faculty of Political Science / Istanbul Medeniyet University, Tiirkiye
2 Social Sciences Vocational School / Istanbul Medipol University, Tiirkiye
“(abdulkadir.keskin@medeniyet.edu.tr) Corresponding autho
Ozet

Sanayi tiretim endeksinin makine Ogrenmesiyle tahmin edilmesi, 1 kararlar, yatirim

stratejileri ve politika yapimi icin daha hassas ve giivenilir vgri
ekonomik istikrarin korunmasina ve risklerin azaltilmasin . ur Makine 6grenme
modelleri, biiyiik veri setlerini hizli bir sekilde analiz edi % skileri ¢ozebilme yetenegi
sayesinde, ekonomik biiyiime, istihdam ve gelir dagils ekonomik gostergelerin daha
etkili bir sekilde degerlendirilmesine olanak tani a, T.C. Merkez Bankas: tarafindan
saglanan verilere dayali olarak, sanayi tiretim kine 6grenmesi algoritmalariyla tahmin
etmeyi amaglamaktadir. Veri seti, 200 donemlerine ait ¢eyreklik donemlerden

endeksini tahmin etmek i¢in dikkate alinan bagimsiz

pli bilgiler sunarak

olugmaktadir. Arastirma, sanayi Urgfi

degiskenler olarak Dis Ticaret Tiiketici Fiyat Endeksi, Istihdam, Yurtici Kredi Hacmi
ranlar1 (Akim %), Cari A¢ik, Borsa Endeksi, Reel Kesim

urlart ve Reel Biitge Dengesi gibi ekonomik gdstergeleri

0,601 olarak hesaplanmistir. Bu sonuglar, makine 6grenimi yontemlerinin sanayi tiretim endeksini
etkili bir sekilde kullanilabilecegini ve bu tiir analizlerin gelecekteki ekonomik planlama ve karar
verme siire¢lerine 6nemli katkilar saglayabilecegini gostermektedir. Aragtirma, Tiirkiye'nin sanayi
iiretimini anlamak ve ongdrmek icin degerli bir ara¢ sunmaktadir ve ekonomi ile ilgili karar
alicilaria rehberlik edebilir.

Keywords: Sanayi tiretim endeksi; Makine 6grenmesi; Yapaysiniraglar; Tahmin
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TURKIYE’DE KAYIT DISI EKONOMI UZERINE EKONOMETRIK BiR ANALIZ

Zuhal Sari*”
YTiirkiye Istatistik Kurumu (TUIK)Ankara Bélge Miidiirliigii, Tiirkiye
“(zuhal.gurel@tuik.gov.tr) sorumlu yazar
Ozet

degistigi gorilmiistiir. MIMIC model yontemi tahmin sonuclaa g
arasinda kayit dis1 ekonomi %20,38 ile %38,76 arasinda degisthek®gir. Ozellikle 1999 yilindan
sonra kayit dist ekonomi belirgin bir sekilde artmis 0 mda ise %25,64 seviyesine

k asit elektrik tiiketim ve tretim

diismiistiir. Reel ve cari GSYH degerleri kullanil
yontemleri ile kayit dis1 ekonomi tahmin edilmy arda negatif degerler elde edilmistir.
Negatif sonuglar, s6z konusu yillarda nominin diisiik seviyelere geriledigini
gostermektedir. Daha sonra MIMIC model vE&gsit parasal oran yontemleri kullanilarak tahmin
edilen kayit dis1 ekonomi serilerin rvey vd. (2008) ve Harvey ve Leybourne (2007) dogrusallik
testleri uygulanmistir. Basit al oy, yontemi ile elde edilen kayit dis1 ekonomi serisi i¢in

uygulanan Harvey vd. (2008)Rsti sonucu serinin dogrusal davranis sergiledigini gosterirken,

tespsonuclari, serinin dogrusal olmayan bir davranis sergiledigini
MIC model ile elde edilen seri i¢in her iki test sonucu da dogrusal
davraniglar ggste . Bu nedenle MIMIC model yontemi ile tahmin edilen kayit dist
ali, sosyal ve ekonomik degiskenler belirlenerek iki farkli ekonometrik
i/ ve birinci modelin katsayilar1 Engle-Granger yontemi ile ikinci modelin
katsayilar1 da ARDL simur testi yontemi ile tahmin edilmistir. Tahmin sonuglarina gore, biiylime
orani, enflasyon orani, para arzi1 ve vergi yiikii degiskenlerinin kayit dis1 ekonomi iizerinde artirict
etkilerinin oldugu ve doviz kuru, miikellef sayisi, tasarruf orani, sabit sermaye yatirimlari/GSYH
ve isttihdam orani degigkenlerinin de kayit dist ekonomi iizerinde azaltici etkilerinin oldugu

goriilmektedir.
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Anahtar Kelimeler: Basit Parasal Oran yontemi, MIMIC Model Yontemi, Kayit Disi Ekonomi,
Engle-Granger Yontemi, ARDL Sinir Testi.

Not: Bu bildiri, Ankara HBVU Lisansiistii Egitim Enstitiisii Ekonometri doktora programinda Prof.
Dr. Funda YURDAKUL un damsmanhiginda Zuhal Sari tarafindan hazirlanan “Kayit Dist

Ekonomi Uzerine Ekonometrik Bir Analiz” adli doktora tezinden yararlamilarak yazilmistir.
Calismanin herhangi bir yerinde TUIK’in adi gectigi taktirde, bulgular ve gegerlendirmeler
yazarin kisisel goriisleri olup, hicbir sekilde TUIK i baglamamaktadir.

O
\
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TURKIYE’DEKi ORMAN YANGINLARININ KUMELEME ANALIZi iLE
INCELENMESI

Aysenur Bayraktar ¥, Miinevver Turanl *
Ystatistik / Insan ve Toplum Bilimleri, Istanbul Ticaret Universitesi, Tiirkiye
“(anb.34@hotmail.com) sorumlu yazar
Ozet

Orman yanginlari, ekolojik dengeye zarar veren ve insanlara biiyiik ekono ve gevresel

0laray
RO1ge

iler kullanilarak, her bolge

kayiplar yasatan ciddi bir sorundur. Bu uygulamanin amacina bagh B§ee yanginlarinin

daha dogru bir sekilde tespit edilerek tedbirlerin alinmasi igin, O tidiirlikklerine bagl
bolgelerde meydana gelen yangin sayilar1 dikkate alinmalidgf. Bu

icin Onceliklendirilmis tedbirlerin belirlenmesi gerek dir. B caligmada, 28 Orman Bolge

yiiksek oldugu sonucuna ulagilmi

ve gilivenilir oldugunu goste

benzerlikleri ve farkliliklar1 difjate alinarak dogru ve anlamli gruplar olusturulmustur. Her bir

kiime, benzer yangin say1 sajp bolgeleri icermektedir. Bu kiimeleme sonuglari, Orman Bolge

Anahtar”K r:' Orman Yanginlari, Kiimeleme Analizi, Hiyerarsik Kiimeleme Yontemi,

Dendogram
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TURKIYE'DE TEKNOLOJIK URUNLERIN HEDEF PAZARLARININ
ISTATISTIKSEL YONTEMLERLE DEGERLENDIRILMESI

Aylin U¢an', Nuran Cakir Yildiz? , Dogan Yildiz®
Ystatistik Boliimii / Fen-Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, Tiirkiye

2 Pazarlama ve Reklamczlz_lf Boliimii / Sosyal Bilimler Meslek Yiiksek Okulu, Istanbul
Universitesi-Cerrahpasa, Tiirkiye

8[statistik Boliimii / F en-Edebiyat Fakiiltesi, Yildiz Teknik Universifesi,
“(aylnucn@mail.com) Sorumlu yazar

N kiye

Ozet

Gilintimiizde teknoloji alaninda yasanan biiyiik ve hizli degisigaler Ygkn irlinlerin ¢esitligini

arttirlp kullanim alanlarini gesitlendirmektedir. Teknoloji p ektoriinde beyaz esyadan
bl

klimaya, elektrikli ev aletlerinden telefona, bilgisaya adar genis bir iriin yelpazesi

sunulmaktadir. Tiiketiciler bu iirlinleri satin alm ik agazalari sorularina ayrintili ve net

de, tekndlojik iiriin gruplarinin satis performansina gore
tespiti ve bu farklilasmay etkileyen faktorleri inceleyen
caligmalarin sayisinin yok d
iller diizeyinde {iriin bazl rmanslarini etkileyen 6nemli makro degiskenleri (demografik,

ekonomik, egitim gb.) ak ve TUriinlerin kendi igerisinde benzer ve farkli yonlerini

teknolojik iiriMlerin iller diizeyinde satig performanslarini etkileyen dnemli makro degiskenleri
saptamak icin diskriminant analizi, bunun yani sira iller ve iriinlerin satis performanslarindaki
benzerlik ve farkliliklarini gorsel olarak daha kolay anlasilabilir hale getirmek amaciyla ¢ok
boyutlu 6l¢cekleme analizi kullanilmistir. Diskriminant analizi sonuglarina gore segili her bir {iriin
icin makro cevresel degiskenlerin il diizeyinde satis performansini etkileyebildigi sonucuna
ulasilmistir. Ayn1 zamanda diskriminant analizi ile olusturulan fonskiyonlarin da anlamli ve etkili

bir ayristirma giicline sahip oldugu goézlemlenmistir. Cok boyutlu 6lcekleme analizi ise niifus
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sayisinin ve satis adet performansinin diger illere gore yiiksek oldugu bilindigi illerin dahil oldugu
ve olmadig1 seklinde iki kere tekrarlanmis olup konumlanmada farklilik gosteren iller tespit
edilmistir. Ayrica iriinler i¢in yapilan ¢ok boyutlu 6l¢ekleme analizi sonuglarinda ise islevsel
acidan birbirine benzeyen, tamamlayici iriin olarak da diisiiniilebilen, genelde beraber satin alinan

iiriinlerin konumlanmalarindaki yakinlik dikkat ¢ekmistir.

Anahtar Kelimeler: Cok boyutlu 6l¢ekleme analizi, diskriminant analizi, gtis performansi,
teknolojik {iriin pazari, {iriin
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TURKIYEDETURIZM TALEBININISTATIKSEL TEKNIKLERLE
INCELENMESI

Ayse Sarikaya **, Resit Celik > , Hasan Aykut Karaboga °

1I:statistik / Fen Bilimleri Enstitiisii, Yildiz Teknik l?niversitesi, Davutpasa, I:stanbul, Tiirkiye
2]statl:stl’/’c/ Fen Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, Davutpam, Istanbul, Tiirkiye
3[statistik / Fen Edebiyat Fakiiltesi, Amasya Universitesi, Ipekkéy, Amasya, Tiirkiye

“(aysesariikaya@gmail.com) sorumlu yazar

prracat ve GSMH igindeki

Ozet

Turizm, tiim tlkeler igin 6nemli bir gelir kaynag: olarak degerlendirily uslararasi turizm

ise diinya iilkelerinin en 6nemli gelir getirici sektorlerinden olmasi a iliski iginde oldugu

diger sektorlere canlilik kazandirmasi, kazanilan doviz ge in

payini arttirmasi Ve olusturdugu istihdam olanaklari rilen 6nemin her gegen giin

artmasini saglamaktadir. 1980°1i yillardan itibare

belirlenmesi, konaklama, ibi turizm faaliyetlerinin planlanmasi konularinda yol gosterici

olacaktir.

Bu calis ¢ yonelik aylik dis turizm talebinin 6l¢iisti olarak iilkeye giris Yyapan

(
yabanci th11ar1 alinmis olup, ¢oklu dogrusal regresyon analizi ile modellemeler
yapilmistir. B& modellerin tahmin dogruluklart karsilastirilarak en yiiksek dogrulugu saglayan
model belirlenmis ve belirlenen model yardimiyla Tiirkiye’ye yonelik aylik turist sayisi tahminleri
yapilmistir. Calismanin ilk asamasinda en kiigiik kareler yontemi ile model olusturulmus ancak
verideki mevsimsellik, yiiksek volatilite ve diizensizlik nedeniyle regresyon varsayimlari
saglanamamistir. Ayrica es varyanslilik varsayiminin saglanamadigi tespit edilmistir. Degisen
varyanslilik halinde, parametre tahmin edicilerinin etkinligi azalacagindan bu problemin ortadan

kaldirilmasi istatistiksel agidan 6nemlidir. Bu nedenle g¢alismanin ikinci asamasinda degisen
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varyansliligi diizelten WCEV agirliklandirma yontemi ile model olusturulmustur. Elde edilen
model ile hatalarin sapmasina neden olan degisen varyans sorunu ortadan kaldirilmistir. Calisma
sonucunda WCEYV agirliklandirma yontemi ile olusturulan model en kiigiik kareler yontemine gore
istlin performans gostermistir. Buna bagli olarak regresyon denkleminin daha dogru tahminde

bulunmasi saglanmistir.

Anahtar Kelimeler: Turizm Talebi; Degisen Varyans; WCEV Agirliklggdirma Yontemi;

O
\
&

Tahmin
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USER CHURN ANALYSIS AND PACKAGE RENEWAL PREDICTION

Tolga Kaplan'®, Bekir Cetintay?
'R & D Center, Arabam.com Internet and Information Services, Turkey
2Statistics, Mehmet Akif Ersoy University, Turkey
“(tolga.kaplan@arabam.com) Corresponding author
Ozet

This study aims to predict user behaviours regarding the renewal of ackages on
platforms such as Arabam.com, which provide second-hand car lisy seygy0f the platform
have the option to purchase premium packages such as standard oIIatinum to highlight
their listings and enjoy additional privileges. The data used anasis includes factors such as
the exchange rate of the dollar to Turkish Lira (TL), pac, %, e number of views listings

receive, and the frequency of package purchases. Investigates the impact of these

ta
factors on user decisions regarding package re ccopding to the study results, factors such

as the dollar-TL exchange rate, package tengre, §nd tNgAumber of views received by listings have

been identified as critical factors inflyencin r behaviour regarding the renewal of premium

packages. Comparative analyses arp@Qg machine learning algorithms revealed that the LightGBM

algorithm achieved the best p grformance. This study can be considered an important

step towards understanding usé§gfehaviours on the platform and improving services. The findings

may assist Arabam.co allpating resources more effectively and better meeting user

expectations.

Keywords:
Car Marke

aviour Analysis, Premium Packages, LightGBM, Prediction, Second-hand
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eXxDNNsurv: USING DEEP NEURAL NETWORK AS AN EXTENSION TO
TRADITIONAL SURVIVAL ANALYSIS

Sumaila Abubakari'®, Filiz Karaman?
!Department of Statistics / Institue of Engineering, Yilidiz Technical University, Turkiye
“(abubakarisumaila3@gmail.com) Corresponding author
Abstract

Due to the presence of censoring in survival data, there has been a growin A1 using deep

neural networks to deal with the complexities of survival datasets. Thgigh Bgreyynumber of deep
neural network models have been proposed in recent times, thése g usually require the

development of special loss functions to deal with censoring § . In this article, we propose

a simpler approach to achieving the same goal by using j elido survival probabilities as

a quantitative response variable that can be easily eep neural network model. This
approach, thus reduces a complex problem to a ression problem. Further, our model
directly outputs the conditional probability gf ajubj urviving given that the subject earlier on
survived. This can be a very desirable feature a practical point of view. We name our model

as exDeepsurv.

Keywords: jackknife, survivg€prgspectppseudo-values, neural network.
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UTILIZING A RESIDUAL-ENHANCED UNET FRAMEWORK FOR AUTOMATED
ULTRASOUND IMAGE SEGMENTATION OF THYROID NODULES

Neslihan Gokmen Inan'*, Ozan Kocadagl®
!Computer Engineering/ College of Engineering, Koc University, Turkey
2 Statistics, Faculty of Science and Letters, Mimar Sinan Fine Arts University, Turkey
“(ninan@ku.edu.tr) Corresponding author
Abstract

Accurate segmentation of thyroid nodules is crucial for effective diag tment. Thyroid

nodules can be broadly categorized into various types, includingge

. malignant nodules.

The risk of malignancy varies among different nodule typeg Con®gntional diagnostic methods
involving histology are costly and carry risks. To allevi e chalefiges associated with thyroid

nodule segmentation and reduce the likelihood of mj everal Al-based decision support

systems have been developed. These systems ce the precision and efficiency of
segmenting thyroid nodules. In this study, ag AlYase ision support system has been developed
for the automated segmentation of the thyf&d nodules. Our system utilizes a deep-learning
approach that focuses on the t of automatic thyroid nodule segmentation. Within this
framework, we employ U- rchgcjures, specifically ResUNet and ResUNet++, which

incorporate feature extraction upsampling with dropout operations to mitigate overfitting

considering some accur

experimenta a ?

uations demonstrated the exceptional segmentation capabilities of ResUNet++.

asspcation criteria such as Intersection over Union (IOU), Dice

reqsion, and recall. The primary objective here is to achieve precise and
thyroid nodules, enhancing diagnostic capabilities in this context.

ages and demographic data of the patients having thyroid nodules, our

This model achieved impressive results, with a dice coefficient of 92.4% and a mean 10U of 89.7%.
The introduced Al-driven decision support system significantly enhances the automated
segmentation of thyroid nodules. Notably, it outperforms existing methods described in the
literature in terms of accuracy, Jaccard, and DICE loss measures. The system exhibits remarkable

promise for practical application in clinical settings, benefiting both radiologists and surgeons.

Keywords: Thyroid Nodule Segmentation; Deep Learning; UNets; ResNets
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Halit Alper Tayali **
YUstanbul Universitesi Isletme Fakiiltesi, Uretim Anabilim Daly
“(halper.tayali@istanbul.edu.tr) Sorumlu yazar
Ozet

20. Yiizyilmn ikinci yarisindan itibaren, “harekat arastirmasi” terimine alternatif\Qlarak literatiire

giren “yoneylem arastirmasi”, is yapma veya emek verme eylemlerinden’ “‘operasyon”

kelimesinin karsilig1 olan islemler ile ilgilenen bir disiplindir. Bir is,
iceren problemleri matematik ve istatistiksel teknikler ile incele
zaman “daha iyinin bilimi” olarak da adlandirilir. Isletme veffkbnoMy gibi uygulamali disiplinler

de bu alandaki sayisiz teknikten faydalanarak gelism ir. B calisma, isletmelerin tiretim

fonksiyonundaki operasyonlarin simiflandirilmasi ilgileri sunarken literatiirdeki

arastirmasi teknikleri ile olusturulan model ve ¢éziimlerin toplam faktor verimliligine olan etkisi
hakkinda yapilan ¢alismalar derlenmekte, Ornek bir veri seti ile 6zglin bir uygulama
aktarilmaktadir. Operasyonlar ile toplam faktor verimliligi arasindaki etkilesim, Cobb- Douglas

gibi ¢esitli tiretim fonksiyonlar1 ve yatirilan sermayenin getirisi 0l¢iitii ile incelemektedir.

Anahtar kelimeler: Uretim planlama, Uretim faktorleri, Uretim fonksiyonu, Yatirilan sermayenin

Getirisi
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VADELI MEVDUAT HESABI ABONELIiGi TAHMINI MAKINE OGRENMESI
YAKLASIMI

Hikmet Selim Talu'* , Fatma Noyan Tekeli?
Ystatistik / Fen Bilimleri, Yildiz Teknik Universitesi, Tiirkiye
“(hikmetselimtalu@gmail.com) sorumlu yazar
Ozet

Bankacilik sektorii, teknolojik gelismelerle birlikte miisteri taleplerini daha™ ve finansal

iirlinlerini bu taleplere gore sekillendirme konusunda biiyiik bir ¢ amaktadir. Bu

doniisiimiin temelinde bankanin gelirlerini mevcut gelirlerin listlipdgeiR e gesitli istatistiksel
ve makine 6grenmesi teknikleriyle miisterilerinin yararlanfibiiecc¥y firsatlart dnceden tahmin

ederek onlara sunmak yer alir.
Bu ¢alismada 6ncelikle bankanin en 6nemli gelir %olan vadeli mevduat hesabindan

ve bunlarin hem miisteri hem de banka tizerindgki Rlerkpden bahsedilmistir. Daha sonra makine
olan

O0grenmesi ve makine 6grenmesinin alt in 6grenme modeli kavramlari {izerinde

durulmustur.
Uygulama boliimiinde ise “U hine Learning Repository” sitesinden alman veri ile
gelistirilen modelde vadeli hes#1 alacak miisterileri makine 6grenmesi ve derin 6grenme

kullanarak tahminleyen turulmustur.

Python agik kay dil\in %&ullanildig1 uygulamada degiskenlerin tiirleri belirlenmis, 6zet

istatistikleri incel gzellik miithendisligi ile yeni bir degisken eklenmis ve degiskenler
degiskenler tiiretilerek model asamasina ge¢ilmistir. Model asamasinda
an makine Ogrenmesi algoritmalar1 ile bir model havuzu olusturulmus ve

iclerinden en basarili sonucu veren 5 model gelistirilerek sonuglar1 kiyaslanmaistir.

Olusturulan modellerde banka miisterilerinin vadeli mevduat hesabt alip almayacaklari

miisterilerin demografik, banka kredi ve aranma verilerine bakarak tahminlenmektedir.

Calismada verinin %20’si test %80°1 egitim verisi olarak kullanilmistir. Verinin genel yapis1 ilk

olusturulan sonug ¢iktilaria gore incelendiginde verinin yanit degisken bazinda dengesiz bir
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yapida olmasi sebebiyle modeller dengesiz veri iizerine alinacak aksiyonlar ile de ayrica ele

alinmustir.

Uygulama iizerinde yapilan veri analizi ve model sonug ¢iktilar1 neticesinde en yiiksek skorlu
model %91°lik dogru tahminleme basaris1 gostermistir. Yiiksek skor degerlendirmelerinin yani sira
bankanin gelir gider dengesinde alacagi aksiyon kararlarina gore hata metriklerinin farkli bir
sekilde de degerlendirilebilecegi ve bu degerlendirme sonucunda diger moggllerin de tercih

edilebilecegi tizerine yorumlamalar yapilmustir.

Anahtar Kelimeler: Makine 6grenmesi, derin 6grenme, bankacilik, v ewJyat hesabi.

)
4‘3}%
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VERI MADENCILiGi YONTEMLERI iLE COCUK iSTISMARI DAVALARI UZERINE
BiR INCELEME

S. Sule Aksakal **, Esin Avci ?
Matematik Béliimii / Fen Edebiyat Fakiiltesi, Giresun Universitesi
2[statistik Boliimii / Fen Edebiyat Fakiiltesi, Giresun Universitesi,
“(esin.avci@giresun.edu.tr) sorumlu yazar
Ozet

Glinlimiiz bilisim teknolojisi bilimsel ve sosyal arastirma verileri ve depolamay1

miimkiin kilmaktadir. Veriler arasinda var olan veya gizli i}¢€kil aya cikarilmasinda

istatistikte yaygin olarak kullanilan lojistik regresyon vb. sinfflama Wntemleri, bu yontemler i¢in

gerekli olan varsayimlar saglandiginda oldukga giivenylagsonuc ermektedir. Ancak gercek
yasamdan derlenen verilerin bu varsayimlari ¢cogu z %«mam nedeniyle daha az varsayim
gerektiren esnek ve karmagsik veri setlerine bilg¥ ve gelecege dair 6ngdrl icin veri
madenciligi yontemi gelistirilmistir. Veri rgadefcili ntemlerini kapsayan, verilerin islenerek

anlamli bilgilerin {iretilmesi i¢in makine nmesi yontemlerinin kullanimi son yillarda

yayginlagsmistir. Bu ¢alismada makj#g 6grenmesi yontemlerinden karar agaglarinin bir uygulamasi

olan CHAID algoritmas1 ve Mstek Qektor makineleri teknikleri, lojistik regresyon analizi

yontemiyle karsilagtirilmigtir. ismanin drneklemini, UCIM Saadet Ogretmen Cocuk Istismari

o

ile Miicadele Dernegini oldugu 61 ¢ocuk istismar1 davasinin verileri olusturmustur.
giskenifii dava sonunda sanigin ceza almasi, bagimsiz degiskenlerini ise
ete zamaninda erisim durumu, ¢ocugun istismari sdylememe nedeni,

sanigin na a yakinligi, istismarin siiresi, istismarin tiirii gibi kategorik 28 degisken

D (Y
olusturmust i!ikuk uzmanlarinin goriislerinden yararlanarak 5 bagimsiz degisken belirlenmis,
CHAID algoritmasi, lojistik regresyon ve destek vektdr makineleri yontemleri kullanilarak
analizler yapilmis ve sonuglar karsilastirilmistir. Sonug olarak, CHAID algoritmasinin, diger iki

teknige gore daha dogru siniflandirma yaptig1 belirlenmistir.

Anahtar Kelimeler: lojistik regresyon; destek vektor makineleri; CHAID algoritmasi; gocuk

istismar1 davalari
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YOGUN GUNES PLAZMASINDAN KAYNAKLI DUNYA MANYETOSFERIK
BOZULMALARIN IiSTATISTIKSEL CALISMASI

Hasan Safak Erdag"”, Zehra Can?

YFizik Boliimii / Fen Bilimleri Enstitiisii, Yildiz Teknik Universitesi, Tiirkiye
2Fizik Béliimii / Fen ve Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, T tirkiye
“(safak.erdag@std.yildiz.edu.tr) sorumlu yazar

incNuizyadeki olaylar ve
Jbolgesinden sagilan

biliylik atilimlara koranal kiitle atilimi denilmektedir. Kiit}f atiliar1 uzayda hareket ederek
anye
an

Ozet

Giineste her 11 yillik ¢evrimlerde giines olaylar artip azalmaktadir.

stirecler uzaya sagilan plazma maddesi atilimlarina sebep olabilgle

diinyaya ulastiginda, diinya manyetik alanini etkiler ve sgm firtina dedigimiz manyetik

alanda yogun karmasaya sebep olur. Eger giineste atlga a iki koranal kiitle atilim1 varsa

ve diinyaya ulagsmadan once ikisi birbiriyle bir m kiitle atilimi1 haline gelir. Normal

atilimdan farkli yogunluk ve hizlara sahip by pld&zmaQfak diinyaya carpar. Bu ¢alismada, giincel

giines ¢evrimi olan 25. Giines ¢evriminde ol bir yamyam atiliminin parametrelerinin, diinya

manyetik alanindaki bozulmay1 acygmasi i¢in ¢oklu dogrusal regresyon modeli olusturulmustur.

Yamyam kiitle atilminin uz 1, ve proton yogunlugu bagimsiz degiskenler olurken,
manyetik alanin bozulma milQgfin1 veren Dst (Disturbance Storm Time) indeksi ise bagimli

degisken olarak secilmis amag, jeomanyetik firtinalarin temel faktorlerini veri bilimi

@

Anahtar Kelpfe: Jeomanyetik Firtinalar, Manyetosfer; Dogrusal Regresyon; Koronal Kiitle

analizinin gercekligi tartisilmistir.

Atilimai.
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YUZ TANIMA TEKNOLOJISI ILE SOKAK ROPORTAJLARINDA DUYGU ANALIZI,
DEMOGRAFIK TAHMINLER VE iSSiZLiK ORANI KARSILASTIRMASI

Muzaffer Goztas'", Dogan Yildiz?
Ystatistik / Fen Bilimleri Enstitiisii, Yildiz Teknik Universitesi, Tiirkiye
2[statistik / Fen Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, T tirkiye
“(muzaffer.goztas@std.yildiz.edu.tr) Corresponding author
Ozet

Bu ¢alisma, Python tabanli bir yiiz tanima teknolojisinin 2017 ve 20

platformunda yayinlanan igeriklerde yer alan bireylerin yas, cingiet

le alindig1 YouTube sokak

tahminlemesi iizerinedir. Ozellikle ekonomik ve issizlik temgffatn:
roportajlarindaki bireyler iizerinde bu teknolojinin kulla 1 bir ¢YliSma olarak 6ne ¢ikmaktadir.
Analiz sonucunda elde edilen yas, cinsiyet gibi de likler, ¢ok degiskenli bir analiz
tirli, degiskenler arasindaki iliskileri ve kate iskileri harita grafikleri kullanarak
gorsellestiren bir yontem olan “correspondgnce\ (u analizi kullanilarak duygu degiskeni ile
arasindaki uyum ve dagilim incelenmistir. 2021 yillarindan her sene ayr1 ayri1 elde edilen

duygu degiskenine ait verilerin jgisinden mutsuzluk verileri ¢ekilerek yiizdelik mutsuzluk

oranlar1 elde edilmistir. Elde
arasindaki iliski sorgulanmistiyKyrica arastirmanin bu boliimiinde veri sayisinin yetersiz olmasi

ve dolayisiyla normalli 1 ulamaya uygun olmamasindan kaynakli olarak parametrik

ile duyg arasindaki iligkinin ekonomik degisimlerin insanlarin duygusal tepkilerine

nasil etki ed¥ E i

alanindaki ilerlemelerin toplumsal sorunlarin daha iy1 anlagilmasina ve ¢6ziilmesine nasil yardimet1

eginin Ol¢limiinde de kullanilabilir. Sonug olarak, veri analizi ve yapay zeka

olabilecegine dikkat ¢cekmektedir. Dolayisiyla gelecekte yapilabilecek benzer calismalara ilham
verebilir. Boylelikle pazarlama, ekonomi ve toplum bilimleri gibi bir¢ok alanda énemli faydalar

sunabilir ve veri analizi ile yapay zeka konularindaki gelismelere 151k tutabilir.

Anahtar Kelimeler: Yiiz Tanima, Sokak Roportaji, Demografik Tahminler, Duygu Analizi,

Issizlik, Yapay Zeka, Toplumsal Sorunlar.
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ZAMANSAL COGRAFI BiLGi SISTEMi(ZCBS) VERILERININ R PROGRAMLAMA
DILI ILE GORSELLESTIRILMESI

Ibrahim Edibali Atalay ¥, Zeynep Oztiirk
L Isletme Boliimii, Artvin Coruh Universitesi, Tiirkiye
“(ibrahimatalay@artvin.edu.tr) Sorumlu Yazar
Ozet

Gegmisten giliniimilize insanlar meraklari, ihtiyaglar1 ve amaclari dogrultus m ve Ol¢giim
[ d anlasilir hale

erin gorsel nesneler

depolamak, yonetmek, analiz etmek ve gorsellesti anilan bir bilgi sistemidir. CBS,
yerel verilerin mekansal konumunu kullanarak a 1yi anlamak ve kararlar almak i¢in
kullanilir. 21. yiizyilda ortaya ¢ikan Zamangal 1lgi Sistemi (ZCBS) ise; cografi verilerin

konumsal bilgilerinin belirli amaglar dog unda zamanla meydana gelen degisimlerini

sorgulayabilen, izleyebilen ve analjQdebilen cografi bilgi sistemi olarak tanimlanir. Bu ¢alismanin

amaci, ZCBS verilerini istatist ma ve grafikler i¢in a¢ik kaynak kodlu bir dil ve ortam

olan R Programinda gorsell®Qfirme ve animasyon paketleri yardimiyla daha kisa siirede

anlasilabilir, anlatilabilir lanabilir bir bicime getirmektir. Tiirkiye ve Avrupa Birligi

Sistemleri (Z(§2
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2023 MILLETLER LiGI KADIN VOLEYBOLCU PERFORMANSLARININ COK
KRITERLI KARAR VERME YONTEMLERI iLE DEGERLENDIRiLMESI

Aylin Karaman?’, Serpil Kili¢c Depren*
Ystatistik Boliimii / Fen Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, Tiirkiye
“(ayliinkaraman@gmail.com) sorumlu yazar
Ozet

Giinimiizde bir¢ok spor bransinda oyuncu performansini arttirmak, miis kazanmaya
sagtptir. Bu yiizden
N glup, bu spor dalinda

osterdgi tstiin basari sebebi ile, bu

yonelik hamleler belirlemek amaciyla spor verisinin kullanimi biiyii
voleybolda istatistiksel analizlerin yapildigi mevcut calismalar j
toplanan veri ile analiz yapilan ¢ok fazla ¢alismanin olgfamast

getirmistir. Ozellikle Tiirkiye’nin 2023 yilinda voleybg

calismada Tirkiye’de voleybol tizerine ¢ok Kriterlj e yontemleri kullanilarak kadin

COPRAS yontemleri kullan olcularin performanslari degerlendirilmis ve analiz
sonuglarina gore bir siralama mistir. Sonug olarak, TOPSIS ve VIKOR ile PROMETHEE ve

COPRAS analizleri ken: aripfla benzer sonuglar vermislerdir. Analiz sonuglari ile en skorer
voleybolcular astNildfginda  performans  siralamasinin  degiskenlik  gosterdigi

gbzlemlenmigli
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A NEW USER INTERFACE WITH R SHINY FOR OBTAINING OVERALL UTILITY
GAIN IN LONGITUDINAL DATA

Pervin Demirl*, Selcen Yiiksel!
Biostatistics / Ankara Yildirim Beyazit University, Tiirkiye
*(pervin.demr@gmail.com) Corresponding author

Abstract

Quality of life is related to how an individual's physical, mental, and social
influenced by various factors such as disease, pain, and psychologi
enhance health-related quality of life for an individual to have
healthy life. One of the definitions for measuring health-relatgd QualRy of life is utility. Utility is a
fundamental numerical value representing the health cpm§jtions ndividuals, ranging from 0

ti

(death) to 1 (perfect health). The measurement o e used not only for individual
f

easq#g the benefits at specific time points is

assessment but also for evaluating the effectiven are services. Additionally, evaluating

the long-term effectiveness of a treatmentgby
possible. It is known that the new method prop by Yiiksel et al. provides more accurate results
compared to existing classical metjgs for obtaining the overall utility of longitudinal data. This
study aims to create an easy-t weRbgsed interactive interface freely accessible online for the

new non-parametric method pr&Qghsed by Yiiksel et al. to predict overall utility in longitudinal data.

creg® interactive web applications in the R programming language,

this created interface, users can easily calculate the overall utility gain directly without dealing with
complex theoretical calculations associated with the new method. In conclusion, this user-friendly
and freely accessible interface, created for estimating the overall utility in longitudinal data, will

contribute to users’ better understanding and visualization of the results.

Keywords: utility; longitudinal data; overall utility; R Shiny; decision making.
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Introduction

The quality of life (QOL) is related to how an individual’s physical, mental, and social well-being
is affected, influenced by various factors such as the disease of condition, pain, psychological state,
etc. (Torrance, 1987). The enhancement of health-related quality of life (HRQOL) is crucial for an
individual to attain and maintain good health, ensuring a healthy and fulfilling life. One of the

definitions for measuring HRQOL is utility. The utility theory eliminates uncertagnty regarding an

individual’s QOL. Utility is a fundamental numerical value representin Jti\conditions of

individuals. This value varies in the range [0-1], representing O for degseaggd '\ for perfect health

S

6ds used in measuring

(Dolan et al., 1996). Measuring utility can be used not only for ingli beSsment but also in

evaluating the effectiveness of healthcare services. There are y@ri

utility, either directly or indirectly (Yiiksel et al., 2019). Vario

If the utility value is to be assessed in isolatipn, ¥ere problem with providing the direct scale

les, such as EQ5D, allows
us to obtain utility by assessing how individuals are affe
health (Richardson et al., 2014).

of physical, mental, and social

result. However, if summarizing changes o0 ime is desired, its standalone use may not be
suitable. Evaluating individuals’ cupgulative utility over time with a single value allows for clearer
interpretations by longitudinal . Iypgitudinal data refers to data that tracks and records the

changes of one or more varial er fime. Longitudinal data can be used for various purposes,

one of which is conduc stu@egs to evaluate the long-term impact of a specific healthcare

intervention on oV, heXth fMatus (HRQOL). Researchers sometimes want to evaluate the long-

term effectivenes treatments by measuring utility in specific periods of time points.

Id standard method to estimate overall utility for longitudinal design. Some

parametric estimators are often used in practice for calculations due to their ease of application
(Yiiksel et al., 2019). The overall utility can be assessed through various approaches, such as taking
the difference between baseline and end points, averaging, or taking the median of values obtained

at specific time points, or calculating the are under the curve (AUC).

In addition, the long-term effectiveness of a treatment can be assessed by measuring the utilities at
specific time points. For this purpose, there is a new non-parametric estimation method developed
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and proposed by Yiiksel et al. This estimator considers the utility values at each time point for
patients and the direction of change compared to the previous measurement. It is known that the
new method proposed by Yiiksel et. al. for obtaining the overall utility in longitudinal data provides
more accurate results compared to existing classical methods (Yiiksel et al., 2019). So, we have
proposed a new nonparametric estimator to calculate the overall utility for longitudinal data, which
takes into consideration the changes in utility over time and meantime adjusts overall utility
considering distinction between improved and non-improved patients. The aim oNghis study is to

create an easy-to-use, web-based interactive interface freely accessible onli e new non-

Methodology

The nonparametric estimators included in the interface

Alongside the proposed new method by us (oyesll ain: UOG), the interface also
incorporates outputs from commonly used othege sXkmean, median, AUC) (Equation 1-4).
Let ui be the utility of an individual measuged aftimeyfi = 1, 2, ..., n) and U be the overall utility
gained.

U0G=1—a+,3

overall utility gained ? S -up) 5= Sl B; _ Y, (U -uig) (1)
n-1 n-1 n-1
n
- U;
mean of the util Unean = ) — 2)
="
median 6 w itiés Unmedian = median {u,, u,, ..., Uy} (3)
n
Uu; + U;_1
area under curve Ugye = Z (T) /(n—1) (4)
i=2

Used program and packages

The R shiny package, used to create interactive web applications in the R programming language

(R Core Team, 2021), was utilized in the development of the web interface. The packages used
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were “shiny” (Chang et al., 2023), “shinythemes” (Chang, 2021), “ggplot2” (Wickham, 2016),
“jsonlite” (Ooms, 2014), and “rsconnect” (Atkins et al., 2023).

Application development steps

In the R programming language, functions were created for nonparametric estimators that

summarize the overall utility gain in longitudinal data using a single estimator.

The user interface (Ui.R) information and the code for surver-side operations (seN\er.R), enabling

calculations based on this information, were written.

The code, created in the R programming language, which summarizesg

data based on input variables defined using a dataset in “.csv” fo W N
Server.

sh

$hfCally presents the

A link was defined for the interface: https://overallutil f} apps.io/UtilityGainEstimate/

Results

The interface, as shown in Figure 1, allo r dasy rPtrieval of Overall Utility Gain estimations,
as demonstrated in the simulation artighg publish®™ by Yuksel et al., which suggests that it provides

more accurate results compared t r methods in calculating overall utility in longitudinal data.

Interface link: https://overall RN aain’shinyapps.io/UtilityGainEstimate/

Upload CSV file.

Line plot for Mean Uity at each fime point

Figure 1. The access link to the interface and a screenshot of the interface.
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Introducing the interface through an example would be more illustrative. For example, consider a
dataset containing utility values for 4 different patients at 5 different time points. The interface

would calculate the overall utility for each patient (Figure 2). The utility values will be range from

Otol.

1,2

0,8
0,6
0,4
0,2

Utility

----@--- Patient-1 --@---Patie tient-3 —e— Patient-4

Figure 2. Hyfgth&tical Atility scenarios.

Step 1: In this study, as a prggequisite W using the interface, the data file should be prepared in

“.csv” format. Therefore,a “.csW§format data file containing utility values in the range of 0-1, with

individuals in rows and ti S in column, is created and saved.

E
t5

1

2 1.0

3 0.2

4 0.7

E 0.2 data.csv

Step 2: The interface can be accessed through the link

“https://overallutilitygain.shinyapps.io/UtilityGainEstimate/”. In the input screen, it is sufficient

for users to upload this csv file.
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Input screen:

Upload CSV file:

Browse...

Number of mesurement times:

x | I
1 3 5
The number of observations to view:

5

Update View

Step 3: After completing the data upload in the pr,
statistics for each time point, a line graph for t

where the predicted values, our main objectjve, §an

S

Output screen:

Summary

Length Class Mode
Q NULL NULL

Line plot for Mean Utility at each time point

/ The “.csv” data file can be imported into the

The measurement times were constrained to 12
different measurements as specified in the main
article.

When the dataset is retrieved N\t automatically

displays measurement re

\

The number of indivi ?s'for whom the
results are d d displayed in the
observation reeqy is specified. The default

value is

0.950

Observations

& Download Results

Time point

PR

i0 In the output screen, descriptive
tiyy at each time point, and the screen

ewed and downloaded are available.

Descriptive statistics for utility values
obtained from all individuals at each
measiirement time noint

Line chart for the mean utility values
obtained at each time point.

Users will be able to copy the chart directly.

In the “observations” section, by using the
download button, a dataset containing

estimation values for all individuals is saved

o adl - a_ . N _Na_ . __ _ ____e"wn_ ______
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The interface screenshot for the example data file is as follows:

Overall Utility Gain

Upload CSV file: Summary

Browse data.csv
n. 0.

M
1s
Hean
3rd

Hax.
Number of mesurement times:

1 B 2
: : I A

Line plot for Mean Utilty at each time point

The number of observations to view:

Update View

Uity

Observations

t ©2 (5] t4 t5 Mean Median AreaUnderdlin

& Download Results

Step 4: By using the “Download results” gttor\in th§fnterface, the “Results.csv” file containing

overall utility estimate values for evegyone in respective data file can be saved to the user’s

desktop.

The “Results.csv” file view Tt

ace calculation for the example data file was as follows:

F G H |
A Mean Median  AreaUnderCurve OverallUtilityGain
X X X X 0.9 1 0.66 0.7 0.68 0.98
1 .9 X 0.5 0.2 0.66 0.7 0.68 0.38
8 E 0.6 0.7 0.4 0.4 0.39 0.58
results.csv
0.4 0.2 0.4 0.4 0.39 0.2

In the dofWWoaded fife, users can see the results not only for the new proposed method as shown

above but als®#dr three other commonly used methods.

Thus, the results for the estimation methods used to estimate the overall utility over the entire

process based on the specified utility values at each time point were provided for everyone (Figure

3).
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Figure 3. Hypothetic and interface results

Conclusion and Discussion

An interactive interface h crgated to facilitate the calculation of a new estimator,

demonstrated in a simufgon s to provide more accurate results than other methods, for

evaluating the ove patients based on utility values obtained at different time points

3

throughout the fr ocess. Users only need to prepare a “.csv” data file consisting of
columns cg

and import he relevant interface.

Through this Created interface, users can easily calculate the overall utility gain directly without
dealing with complex theoretical calculations associated with the new method. This interface will
enable clinicians to assess the overall utility gains of their patients quickly. At the same time, the
results of other commonly used methods are also provided. This will facilitate comparability with
previous studies conducted using these methods. The absence of an interface for these estimators

in the literature highlights the significance of our study. Furthermore, the addition of different
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graphical presentations with more detailed reporting of results for specific individuals to the server

interface could be a goal for future studies.

In conclusion, this user-friendly and freely accessible interface, created for estimating the overall
utility in longitudinal data, will contribute to users’ better understanding and visualization of the

results.
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Abstract

Many machine learning models are used in real-time systems. In data strea mgere both the

data's characteristics and the behavior of the models can change. anNdecreases in the

model's prediction performance, which is referred data drift, ca gl in such cases. Data

drift is fundamentally divided into two categories: virtual @r rs to situations where the

distributions of response or predictors change but relatioship between them remains
unchanged, while concept drift indicates a changga,in tionship between response and
predictors. Concept drift can be observed as su eental, recurring, and gradual drift. In

the literature, various methods are availablegfor Yetecqpd concept drift such as statistical tests and

monitoring the model's prediction perfor e. However, tests solely based on variable

distributions may be insufficient tg/Maderstand potential changes in model behaviour while using

performance metrics alone. Th o overall change in the model's prediction performance.

In that case, eXplainable ArtifiRl Intelligence (XAI) tools can be used for the detailed insight of

model behaviour. Partial ndgPce Profile (PDP) is one of the commonly used XAl methods to

examine how a tor \n the model affects the prediction of the response. In this study, we

propose a noyel ¢ rift detection method based on the Profile Disparity Index which is a

@ erences between PDPs. It has demonstrated that, apart from relying solely
on statistical Qst#and model performance metrics, concept drift can also be detected in data streams

using a profile difference index. Experimental studies are conducted to investigate the performance
of the proposed method on synthetic data for different window size and drift type. The usability of

the method is discussed according to the findings.

Keywords: concept drift; model monitoring; explainable artificial intelligence; partial dependence

profile.
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Introduction

Machine learning (ML) is using in different fields such as healthcare, finance, agriculture etc., and
many of ML models are using at production in these fields. In general, data continuously flows in
these production environments. This flow of data, sourced from various origins, is referred to as
data streaming in the literature. In prediction models, the assumption of stationary and unbiased

distribution is that the observations in training and test sets are independegg and identically

distributed (Cieslak & Chawla, 2009). However, this assumption is often
can lead to significant declines in the performance of prediction
Japkowicz, 2008). Types of data drift are categorized into three
Response variable shift, (3) Concept shift (Moreno-Torres et al
in two categories: changes in the distribution of responses

while alterations in the relationship between response
(Celik et al., 2022). Machine Learning Opergflo

continuously monitor, validate, and manage M§mo®ls igPproduction environments, ensuring they
remain accurate and relevant over time. rqus mMethods are used to detect data drift. These

methods are divided into three grou tatistical} Sequential analysis-based, and Window-based

ic (2018) emphasized that existing methods for detecting
data drift rely solely on perf distribution measures, noting that this is insufficient to
understand the underlyin changes in the model. Typically, statistical tests are employed

to discern whether ge in the distribution of data stream, or the performance metrics

simply app he data. In metric-based approaches, the focus is solely on the outcome. In an

ML model, while the contribution of one predictor might increase, another’s might decrease,
leading to no change in the overall result. In such cases, detecting drift based on model performance
becomes challenging. EXplainable Artificial Intelligence (XAI) tools are frequently used to
examine the behavior of black-box models (Biecek & Burzykowski, 2021). These tools enable a
more detailed analysis of the relationship between predictors and the response. Partial Dependence
Profile (PDP) is one of the commonly used XAl methods to examine how a predictor in the model

affects the prediction of the response. The Profile Disparity Index (PDI) allows for the comparison
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of PDPs, providing the opportunity to examine the differences between them. In this study, PDP

from the training dataset were then compared to the PDPs of new observations using the PDI.
Concept Drift

Data drift is a phenomenon that can arise due to the incorrect training of machine learning models,
changes in the distribution of variables, or shifts in the relationships between variables. Concept
drift occurs due to changes in the relationships between the response varialf and predictors.
Environmental factors in recent years, such as the COVID-19 pandemic- kdowns and

associated changes in energy consumption patterns, can cause con (Ft\Eumagalli et al.,

2022).
In the literature, data drift arising from these two factors has lggen clafyfjed as virtual concept drift

and true concept drift (Celik et al., 2022). Virtual con drift ofcurs when the distribution of
input data changes over time, but the relationship Jtw: ictors and the response remains
unchanged. Essentially, while the data looks difger derlying pattern or concept the model

learned remains valid. True concept drift ocgurs When € actual relationship between the predictors

and the response changes. It means that the I's previously learned patterns no longer hold,

ing.

necessitating a model update or r

A machine learning model cagsingply b

obseqations, where X = (xq,x,,...,x;) and x; = (X1, Xiz, -+ Xin)-

escribed as y = f(X; ). Here, X is the matrix formed
by the predictors and thyy

The parameters of the m re defined as weights and biases. f is a function that models the

well modeled at time ¢, the model fails to adequately explain the relationship at any time t;-,due

to changes in this relationship.

fto (X;0) # fr,(X;60) ,i>0 (1)
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Machine learning models can now be integrated into live systems for use. For instance, an e-
commerce site can utilize a recommendation system developed with a machine learning model in
real-time, or in the banking sector, the financial status of a bank, whether there's a risk or not, can
be predicted using a machine learning model based on the balance sheet data released every three

months. In such scenarios, the model makes predictions on previously unseen data.

The reason a trained model may not perform well over time could be due to thggmodel's inability

to accurately represent the relationship between X and y at time t,, or ev: uld represent

this relationship at t,, changes in the distributions of variables in tj
relationship between X and y might cause the model to lose its repges
t;>o - The former situation is referred to in literature as virt

termed true concept drift.

Virtual Concept Drift ?
Virtual concept drift refers to a situation whe, @b tion of predictors changes over time,
radi

but the underlying relationship between t ctoyp¥and the response remains consistent. It's

r changes in the
|| Capability at times

fift, while the latter is

called "virtual" because the change is gnly in ti®glata distribution, not in the actual concept being
modeled. For machine learning m , this might mean that the training data no longer represents
the current data scenario, leggfng,to deQgeased performance. However, if the model is retrained
with the new data distriution, ¥§can continue to make accurate predictions without the need for

architectural modificatio
True Co

True congg s to a phenomenon where, despite a machine learning model representing
the relation
changes at a stibsequent time t;. Such alterations can stem from reasons like changes in the data

features over time or shifts in the dynamics of the data flow (Celik et al., 2022).
X P (y | X) # P(y[X) ,i>0 (2)

In this equation, P, (y | X ) represents the probability distribution of the response y given the

predictors X at time t,. In other words, it provides the possible values the response variable y can
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take under given X values and their probability distribution. The right side of the equation
represents the same scenario, but at time t; . The inequality of these two distributions is referred
to as true concept drift. In literature, since virtual concept drift is related to the training of the

model, true concept drift is often simply referred to as concept drift.

Concept drift can manifest in various forms, and in the literature, it's generally classified into

gradual drift and sudden drift. Gradual drift refers to a type of concept drifjgvhere the data's

distribution changes slowly over time. This situation can lead to a gradual (N the model's

changes in the data are defined as sudden drift in the literature. | , the relationship

performance, necessitating its retraining or updating. In contrast to gr” cagcept drift, sudden
\

between the response variable and predictors changes abrup uC™me”scenario, the model's

performance can plummet suddenly, leading to incorrect decia

Sudden Drift ncremental Drift
1.00 G 1.0
0.50 0.50
0.25 0.25
0.00 . ] 0.00
0 1 0 1 2 3
Time Time
Recur Dri Gradual Drift
L J [ L J [ ] ® 00 090 000 0000
0.75 0.75
0.50 0.50
D . ] 0.00 o 0000 0000 000 90 o [ ] [ ] L J L ]
0 1 2 3 0 1 2 3

Time Time

Figure 1. Drift Types

Concept drift has been further examined by breaking it down into different subcategories (Friedrich
et al., 2023). Sudden drift denotes a permanent change in the data, while recurring drift refers to an

abrupt change that eventually reverts back to its original state after a certain period. Gradual drift
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represents observations in the data deviating over time, with these deviations slowly forming the
data's new characteristic. Similar to gradual drift but with less deviation and a change in the data's

distribution over time is described as incremental drift.
Proposed Concept Drift Detection Method

Data drift was simulated in 4 different types, and models were built on these datasets. PDP values

trained model, and x;/!=% indicates the value of the j. variable ingh

e % ®)
gPD(Z) = n f(xl@

i
Here, f () represents the trained model, and <if|§z in(§eltes the value of the j. variable in the state

z. The profile disparity index (PDI) calgulates di§milarity between two PDP based on their shapes
(Kobylinska et al., 2023).

S - - (4)
PDI(g7,, 9. NG - W, [ (sgn(der(gp)Lil) # sgn(der(gy)[il)

Here, m co ints of the profile for the k" model. The term der( ﬂk)[i] represents the

it" elemen vector derivative for model f, and predictor j. The PDI range is [0,1]: a value
of zero indicat®s identical curves, while a value of one signifies distinctly different curves.

Simulation Results

In the simulation, two distinct models were employed: a transparent 'glass-box' model, which is the
logistic regression (LR) and an opaque 'black-box' model, the random forest (RF). To obtain the
dataset with 1,200 observations that fits various drift types, different model coefficients and means

were utilized. The data was then analyzed using various window sizes. The datasets, comprising
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1,200 observations, were analyzed using various window sizes. Specifically, with a window size
of 20, 56 distinct subsets were generated: the initial subset covered observations 1 to 100, the
subsequent subset spanned observations 21 to 120, followed by the subset encompassing
observations 41 to 140, and so forth. Within the simulation framework, window sizes of 5, 10, and
20 were employed for examination. Models trained based on first window data.

Simulated data generation process in which two random variables gare introduced,

X, ~N(uy, 0% ), X,~N(uz, 02 )and € ~N(u., 02 ). The relationship ese variables
. Odd function

Figure 1, with u,= 100, ¢, = 25. The codes ‘ ng the simulations and calculations in
this section are at the repository:
https://github.com/ugurdar/IRSYSC2@R3 Concef Drift. Different data generating processes
given below:

e Sudden drift, the coeTMgi™ B, Was set to 1 for the first 600 observations and -1 for the

B.was'set to 1 for the first 10 datasets, O for datasets 11 through 20, and -1 for datasets 21
to 30.

e Recurring drift, 30 datasets with 40 observations each were generated. The coefficient
B.was set to 1 for the first 10 datasets, -1 for datasets 11 through 20, and back to 1 for
datasets 21 to 30.
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When the B, coefficients was modified, PDI results look like noise in Figure 2. and Figure 3.
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is likely because the model was applied solely to the data in the first batch.

|ejuatuasou| [enpels uappng

Bulnaay

This

In the second four datasets, data was generated similar to the drift patterns in Figure 1, with g,=1,

o, = 25. As in the first four datasets, the values for u, here also took on 100 and 200, based on
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the drift types. For incremental drift, data was generated with u; increasing in steps, from 110,
120, up to 200.

usppng

|enpely

PDI

[ejuawasou|

Bulnaay

uappng

[enpels

PDI

|ejuaLualou|

Bulnaay

30 (=1

o 20
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Figure 5. Variation of u; Across Different Drift Types - Random Forest

Upon altering u4, it appears that the PDI yields results consistent with the type of drift in Figure 4.
and Figure 5.
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Conclusion and Discussion

In the simulation, various types of data drift were induced by altering coefficient and mean values.
These variations were subsequently tested using both a random forest and a logistic regression
model. Additionally, PDI values were calculated at different window sizes. When examining the
differences between PDPs for various types of data drift using the PDI metric, it was observed that
as the u in the data set changes, there is a corresponding increase in the PDI valgs. This suggests
n the PDPs,

ts are made to the

that the alterations in the p; have a significant impact on the dispari
highlighting the sensitivity of PDI in capturing these variations. When 3

beta parameter, it has been observed that noise emerges. One pl: pxplanation for this

phenomenon is believed to be rooted in the fact that the PDE4alys aM=e€rived from the initial

dataset. The inherent characteristics and patterns of this i Set might not be entirely

compatible with the modified beta parameter, leading t ane#s when the model tries to align

these changes with the original data dynamics ntal learning, adaptive models are

n {nc
employed as a solution to data drift. However/{his 3gdyrtiemonstrates that a non-adaptive model

can also be utilized for detecting data drift’ ht &t the importance of maintaining consistent
observation counts for PDP comparjgONs using PDI, this method might not be entirely suited for
real-time systems encountering Vat®jyof fluctuating sizes. Addressing these challenges and

developing more adaptable te8gnignies W1l be a central focus of our future research endeavors.
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Abstract

The banking sector plays a critical role in the economic development 0 try, directly

&

els offer valuable solutions

influencing financial stability and economic growth. However, crises ig sector can lead

to economic downturns and severe disruptions. Therefore, timel§d and management of
potential issues in banks are of paramount importance. Predi m

for predicting problems such as bank failures. Nevert raiyifg a bank failure prediction

model presents several challenges, including the seleagio Ictors, choice of data timeframes,

imbalanced data, and poor out-of-time performa he literature often neglects the issues
of out-of-time prediction performance andgeclass imMénce in such models. This study aims to
propose a prediction model of U.S. bank failuMgor the period 2008-2023 that excels in both out-
of-sample and out-of-time predictigigccuracy. To achieve this, tree-based models Decision Trees,
Random Forests, and Extra es employed, coupled with resampling and weighting

techniques. The results indicateqgfat the bank failure prediction model based on the Decision Trees

model achieves the highe t-ofyfample prediction performance when utilizing the weight-based

lon model based on the Random Forests model attains the highest

formance. Finally, the bank failure prediction model based on the
Decision @ successfully resolves class imbalance using the weight-based method,
resulting in gOut-of-time prediction performance.

Keywords: bank failure prediction; imbalanced data; resampling; out-of-time performance.

Introduction

Banks play a critical role in the financial system for the following reasons, and it is therefore
important for them to continue their operations in a healthy manner. While the health of banks can

be monitored through several financial metrics, in recent years, bank failure models have been

157



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

utilized to track them by modeling the functioning of a bank based on relevant metrics and
predicting the likelihood of bank failures. There are two main phases to address in the training of
these models such as the selection of variables and the choice of a method that provides high
predictive performance. For variable selection, a set of variables called CAMELS contains crucial
indicators related to a bank's sound operation. This set is used in similar studies for both the U.S.

and other countries (Zhao et al., 2009; Kristof & Virag, 2022; Petropoulos et al., 2020).

Moreover, the challenges encountered in the choice of model’s phase ar r out-of-time

performance and the issue of imbalanced data. The poor out-of-time pg ce of bank failure

.

performance, training

prediction models leads to the rapid loss of their utility (Du Jardin 11, Manthoulis et

al., 2020). Therefore, in addition to training models with high gat-0

models with high out-of-time performance is also an importa n the other hand, the issue

of imbalanced data arises when there are significantly @ da amples available for the failed

banks. It leads to misclassification of the data fromghe (nin&gity class by the bank failure prediction
model. Various resampling techniques such @ ovefgampling, undersampling, and SMOTE and
weighting methods are used to address thi m. Mowever, the use of resampling methods has
been questioned in recent years due g@¥heir negative impacts on the model (Stando et al., 2023),
making their usage a subject of J¢ba (Elor & Averbuch-Elor, 2022). Therefore, the impact of
resampling techniques on meéfgls)as b#en validated on both out-of-sample and out-of-time sets

and compared with the ragults oRgined using weighting methods.

For modeling banksiglure¥rediction, support vector machines, neural networks, and discriminant

analysis are frequ

Petropoulo

perspective by using tree-based models decision trees, random forests, and extra trees. The reason

. However, despite their proven success in tabular data sets, tree-based

idely adopted, in contrast to deep learning networks (Carmona et al., 2019;

2020; Grinsztajn et al., 2022). Therefore, this study aims to provide a different

for not using just one of these models is that they make different predictions with varying variances.

The objective of this study is to develop a U.S. bank failure prediction model for the period 2008-
2023 that demonstrates exceptional prediction accuracy in both out-of-sample and out-of-time
scenarios. We employ tree-based models such as Decision Trees, Random Forests, and Extra Trees,
alongside resampling and weighting techniques. The main contributions of this study can be
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summarized as follows: (1) we propose a bank failure prediction model addressing the imbalance
data problem, and (2) we compare the usefulness of the resampling methods and weighting
techniques on out-of-time performance of the bank failure prediction model. The rest of the study
is structured as follows: first, we provide the short information about the methodology in Section
2, the results are given in Section 3. Then concluding remarks and the further research strategies

are given in Section 4.
Methodology

In this section, the tree-based models used are presented, resampling are introduced,

<3

and details of the dataset are provided.
Tree-based Models

Three different models were employed in this study se provide varying variance of

predictions. When comparing the prediction variagges.of tRgse three methods, it becomes apparent

that the Decision Trees yields high-variance p

Random Forests provides predictions

with moderate variance, and the Extra Tr el\vers Predictions with low variance (Gogas et al.,

2018). The following sections intrody#s these mo¥els.
Decision Trees

Decision trees is a non-parameRg supervised learning algorithm used for both classification and

regression tasks. It’s we owrpror its simplicity, ease of explanation, and understandability.

Decision trees le fojlows a divide and conquer strategy using a greedy search to identify
optimal split gaint the tree (Gupta et al., 2017). This splitting process is carried out in a
e Manner until most or all records are classified into specific class labels. The
data points are classified into homogeneous sets depends on the tree complexity.
Smaller trees tend to have pure leaf nodes, with data points belonging to a single class. However,
as the tree size increases, it becomes more challenging to maintain this purity, often resulting in
data fragmentation and overfitting. Decision trees aim for simplicity, in line with the principle of
Occam’s Razor, which suggests that “entities should not be multiplied beyond necessity”. They
add complexity only when necessary, as the simplest explanation is often the best (Gupta et al.,

2017).
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The field of decision trees has seen significant contributions from numerous researchers and
developers. It all began with the Hunt’s Algorithm in the early 1960’s, designed to model human
learning in psychology (Hunt et al., 1960). Numerous algorithms were then put forth after that. In
this study, we employed classification and regression trees (CART) which uses Gini impurity to
determine which characteristic is the best to split on (Breiman, 1984). A lower value of Gini

impurity indicates greater desirability. It quantifies the frequency of misclgssification of a
Figure 1. Qv g

characteristic selected at random.

Trées Structure

Decision trees have a hierarchical structure comprising a root node, branches, internal nodes,
and leaf nodes. In Figure 1, a dg€ision begins with a root node (the square component), which

has no incoming branches. TheQitgoing branches from the root node feed into internal nodes (the

circle component), whic e Paluations based on available features to create homogenous
nodes or terminal nodes (the triangle component). These leaf nodes

comes within the dataset.
Random Forests

Random fores® are a useful instrument for forecasting. They don't overfit due to the Law of Large
Numbers. They become precise classifiers and regressors by adding the appropriate amount of
randomness (Breiman, 2001). The term random in its name arises from the practice of making
random selections among observations and variables, shedding light on crucial concerns in

machine learning, such as generalization and overfitting.
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Random Forests lies in aggregating predictions generated by multiple decision trees. While
Breiman previously developed the CART method, which exhibited robust learning capabilities, it
was prone to overfitting. Breiman experimented with many strategies to try to solve the overfitting
problem. He combined the Bagging and Random Subspace techniques to present the Random
Forests strategy. It is considered an extension of bagging trees. The key difference lies in the fact

that Random Forests employs a subset of features to train each tree, while bagging trees use all

decreasing tree correlation. This characteristic contributes to th

generalization capabilities, making it a valuable tool in vario

® A ® A
A A A A A

igure 2. Random Forests Structure

Random Forg sion trees, features a hierarchical tree structure comprising root nodes

(the squaf® efit in Figure 2), branches, internal nodes (the circle component in Figure 2),
and leaf nodeQge triangle component in Figure 2). It aggregates multiple decision trees (Tree 1,
Tree 2, Tree n in Figure 2). At the ensemble level, each decision trees within the Random Forests
begins with a root node, which serves as the starting point and does not have incoming branches.
These root nodes then lead to a multitude of decision trees, with each making independent
evaluations based on subsets of available features. These internal nodes evaluate these features and

subsequently divide the data into homogenous subsets, which are ultimately represented by the leaf
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nodes or terminal nodes of the individual trees. These leaf nodes encapsulate various potential

outcomes or classifications for data points within the dataset.
Extra Trees

This algorithm is a decision tree-based method used for solving classification and regression
problems. It has proven to be an effective in machine learning applications, particularly when

entire learning sample (Geurts et al., 2006). Notably, Extra Trees i
during the tree construction phase by employing techniques such

bootstrap. This approach enhances the diversification of the truqged trees.

In contrast to Random Forests, where diversity amon lvidual Jtrees is achieved by selecting

different variations of the training data through baggs ees employs the entire dataset for

training individual decision trees. To introducgs rsity among these trees, Extra Trees

employs a method that randomly selects gow Aeatur§are split and child nodes are created. In
contrast, a Random Forests uses a gregdy searcWgalgorithm to determine the value for splitting a
feature. A study comparing vario -based models for classification and regression tasks found
that Extra Trees generally exiithigh®gbias and lower variance than Random Forests (Geurts et
al., 2006). This can be attribut®€ to the inclusion of irrelevant features through randomization in

Extra Trees. Consequent

rrelevant features are excluded, for instance through a feature

selection pre-mo stel,_EXtra Trees yields a bias score similar to that of Random Forests.

Tree 2 Treen

L] ] ]
® A @ A - O A

Figure 3. Extra Trees Structure
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Extra Trees, like decision trees, features a hierarchical tree structure comprising root nodes (the
square component in Figure 3), branches, internal nodes (the circle component in Figure 3), and
leaf nodes (the triangle component in Figure 3). Just as in Random Forests, Extra Trees aggregate
multiple decision trees (Tree 1, Tree 2, Tree n in Figure 3). At the ensemble level, each decision
tree within Extra Trees begins with a root node as the starting point, lacking incoming branches.
These root nodes, similarly to Random Forests, lead to numerous decision tregs, each making

independent evaluations based on subsets of available features. These internal ndges, in an extra

randomized manner, evaluate these features and subsequently divide the dat\in

mogeneous
subsets, ultimately represented by the leaf nodes or terminal nodes g iviual trees. These
leaf nodes encapsulate various potential outcomes or classific SQL_gAta points within the
dataset. In essence, Extra Trees shares the fundamental tr@e struc with decision trees and
Random Forests, employing an ensemble of decision tr jth oohodes, internal nodes, and leaf
nodes to make predictions while introducing additigfMsl r ess to enhance its robustness and
predictive power. Its two primary distinctionggfro afydOm Forests are that it splits nodes by
randomly selecting cut-points and that it s te trg®¥s using the entire learning sample, making
Extra Trees even more random in itaapproaCto data partitioning and thereby increasing its

diversity for improved model gengfaRgation (this part is shown with the coloring in Figure 3).

Resampling Techni

The class with a larger niwgQer oggamples is referred to as the majority class, while the one with

fewer samples is th@minority class. Imbalanced data is a common occurrence in real-
pose a significant challenge when it comes to training models on such

ue, resampling techniques undersampling, oversampling, and Synthetic

are given in Figure 4.
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Undersampling Original oversampling

SMOTE

0

Figure 4. Resampling Techniques’ Structures (Minority cla by purple, the majority

s ool
class is green. The SMOTE generates synthetic exa foruyhority class to balanced the

classes. They are colougéi™by rple.)
Undersampling aims to create a balanced datget 0 regucing the number of samples from the

majority class. This method is effective ing’the imbalance between the samples of the
minority class and the majority claggl ©versampling aims to reduce the imbalance between the
majority class and the minority g{%s Bgincreasing the number of samples from the minority class.
This approach involves dupH&gtipgh samBles from the minority class. SMOTE not only increases

the number of samples rity class but also supplements these samples with synthetic

in R, which is connected to the Federal Deposit Insurance Corporation (FDIC) database, and we

can access the years in which they were closed or active through the package (Dar & Pillmore,
2023). While the number of observations in active banks is 445.493, it is 39.835 in closed banks.

The data set is divided into three parts and generally covers a 15-year period between 2008 and
2023. When considering the years 2008-2014 for in-sample and out-of-sample and 2014-2023 for
out-of-time, 80% of the data set is in-sample and 20% is out-of-sample. We examined the banks
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that failed in the U.S. these time ranges in Figure 5. Before doing the modelling, we labelled all
values to make them into binary classes, using one when defining the failure of a bank and zero

when defining banks that did not fail.

Train

6t}Om-of-Samplr—: Set

150

100

50

1

2008 2009 2010 2011 2012 2014 2015 2016 2017 2019 2020 2022 2023

Figirey>. Faped Banks in the U.S. by years

Using the package, mod
CAMELS (Capital

ated with three different variable groups, which include the

, Management Adequacy, Earnings, Liquidity, and Sensitivity to
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Table 1. Details of variables used in the data set

\éigiﬁ)le Name Range Description
TICRC [-0.01, 0.19] Tier 1 Risk-Based Capital Ratio / Total Assets
PLLL -3, 10] Provisions for Loan & Lease Losses / Total

1 Interest Income A
TIE [0, 2.2] Total Interest Expense / Nest Income
EQR [-20, 100] Equity Capital Ratig \,
TICRC [-0.01, 0.19] a'Eio / Total Assets
NIMY [-4, 26]

2 INTEXPYQ [-0.5,5.5] a'rning Assets Quarterly
RBC1AAJ] [-20, 200]
ROE [-12000, 100
NIMYQ [-4, 26] Net Interest Margin Quarterly
LNATRESR [Q Loan Loss Reserve / Gross Loan & Lease

3 NONIXAYOQ o 0.3 gﬁgi?éﬁ;ast Expenses / Average Assets
ROAQ N 00, 350] Quarterly Return on Assets

Results

Tablel using #iese models: decision trees, random forests and extra trees. Results were provided
without using any resampling method on each model. On the other hand, various resampling
methods which are under-sampling, over-sampling, SMOTE and certain weighting methods were

used for each model.

We pulled the data as active and closed banks from the {fdicdata} package for three variable groups

at certain time intervals. The data set was split into in-sample, out-of-sample and out-of-time and
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these models and sampling methods were tested on these data sets. While the data set is stated as
80% in-sample and 20% out-of-sample, the time range of the data sets is taken as 2008-2014, and
the 1-year lag period of the closed banks is specified in detail in the data set. In the out-of-time set,

prediction results between 2014-2023 were obtained.

Model results were obtained without making any changes to the parameters on all models. Before

applying resampling methods, the train and validation sets were checked for imbggance. As a result,

we encountered an imbalanced data set in the classification task we applie triRd to eliminate

this imbalance problem. Using resampling methods has solved the imb oblem obtained in

the data set.

For this part, accuracy and F1 values which are convenient fo arygglassification problems were

obtained for each variable group. Since it is important accuracy values which we

measure the success performance of a model, somgti ed to supplement it with other
metrics when this is not enough. Thinking from view, we considered the F1 score.
d recall (Lipton, Z. Cetal., 2014). Using

this definition, we can find the answers tha cannot achieve with accuracy. For all variable

Mentioning, F1 score is the harmonic mean gf prgcisi

groups, the results of the three modpg are presented in detail in Table 2.

Among the applied resamplin tho e weighted-based which is a weighting method had the
highest accuracy value. On theNgher hand, SMOTE method needed to be stronger in training the

model with the lowest ac

esampling methods, which balance the minority class with the

this data set. ever, in some variable groups, this situation varies depending on the model.

In terms of the performance of the models for the first variable group, extra trees were the model
that provided the best fit, although extra trees and random forests accuracy values were close to
each other. Although the third variable group has the lowest accuracy values compared to the other

groups, extra trees and random forests are close to each other too.

167



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

Table 2. Accuracy and F1 values for out-of-sample with three different models for each variable

group

Accuracy F1
(@] (@]
[ (@] c (@]
—_ C —_ C
o = o —_
s | ¢ 2 AP MRE
= I w = = =
- E 8 |5 |E |2 |E |8 | gAF |E
© = 3 = @) =2 = g :il :o =
=) = c > > QL - c QL
> o - o & = O ) =
0.978 | 0.955 | 0.957 | 0.973 .82 ?y 0.883 | 0.867
.5 0.985 | 0.982 | 0.966 | 0.962 B52 | 0.843 | 0.913
g § 0.957 | 0.892 | 0.896 | 0. . ) 0.657 | 0.651 | 0.744
|_

0.986 | 0.978 | 0.985 | 0. . N\ . 0.928 | 0.908 | 0.933

0.987 | 0.980 | 0.987 | 0. . . 0.937 | 0.917 | 0.938

Random
Forests

0.962 | 0.947 | 0.962 | 0. L . . 0.830 | 0.796 | 0.824

0.987 | 0.976 | 0.986 . . . 0.932 | 0.911 | 0.924

0.987 0.942 | 0.917 | 0.943

w| ol =] w] N =] w| ~N| = Variable Group

0.960 0.819 | 0.796 | 0.815

Extra
Trees

recall it has. VJhen we look at the values in Tablel, the second variable group has the highest F1

values in all models.

The importance of using an out-of-time strategy should also be emphasized. Data may change over
time, so it is important to see how previous data adapts to new data and how the model responds

to previous data. Therefore, out-of-time strategies are crucial to evaluate how previous data fits
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into future predictions. In Table3, we obtained accuracy and F1 values for the out-of-time strategy

in detail.

Table 3. Accuracy and F1 values for out-of-time with three different models for each variable

group

1 0.987 | 0.995 | 0.545 | 0.189 | 0.186 | 0.538 | 0.666

0.992 | 0.998 | 0.923 | 0.428 | 0.923 | 0.631 | 0.923

Accuracy F1
= 2 | o 2 | o
o = c =
@ = @ S L S = L L S
T 2 | £ e 3 = IS k= ~ =
g |g /2|8 |g |3 |8 2 s | &
> > | O =) o) & = | G 0 | & =
1 |0.993|0.968 | 0.970 | 0.959 | 0. 00 | 0Y . 0.269 | 0.750
5 2 10.998 | 0.998 | 0.960 | 0.967 | 0.92€ Q.92 . . 0.285 | 0.923
Kz
g E 3 10.994 | 0.957 | 0.935 | 0.963 . . . 0.260 | 0.769
1 |0.995|0.935 | 0.997 0.538 | 0.800
g 1% 2 10.998 | 0.969 | 0.998 0.631 | 0.923
o} wn
5:% g 3 0.986 | 0.995 | 0.545 | 0.200 | 0.666 | 0.434 | 0.666
LL
1
2
3

© n
E E 0.986 | 0.994 | 0.545 | 0.280 | 0.545 | 0.434 | 0.545
L

When we revie s in Table 3, it is seen that the accuracy values are closer between the

variable grodDSWy d to Table 2. Especially in random forests and extra trees, some results are

exactly the his situation is also reflected in the F1 values. In particular, the variable groups
to which we gPply under-sampling have very low F1 values. As a result, we can reach multiple
inferences about the model using accuracy and F1 values. By using various resampling methods,
results that differed in variable groups were obtained for these models. Especially in the out-of-
time strategy, the model without any resampling model and the weighting method applied led to
the same results in some variable groups. The codes for reproducing the calculations in this section
are accessible at the repository:

https://github.com/seymagnn/IRSYSC2023 Bank Failure Prediction.
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Conclusion and Discussion

In today's banking sector, whether banks will fail or not is increasingly important, and bank failure
predictions regarding this are widely researched. The models we applied in this paper, which are
Decision Trees, Random Forests and Extra Trees are based on tree models. Its difference from
other studies is that the time interval we use in the data set is based on 1-year lag (t-1) periods. At

the same time, several resampling and weighting methods were tried to solg the imbalance

problem we encountered in the out-of-time dataset. When the model results neXally observed,

Random Forests and Extra Trees results are close to each other, and they,2 e\est-fitting models.

In future studies, more effective results can be achieved and the righ 5 can be provided to

both the bank and the customers of the banks by using various getNgdsWefedict bank failure.
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Abstract

In regression analysis, dependent variable may fit normal distribution as the form of
percentages or proportions that are continuous and bounded by 0 and i e, analysts can
use both linear regression and beta regression analysis. Therefore4go
these analyses at some levels is important. In this study, thg’cOmp&gson of beta regression and

linear regression in terms of asymptotic efficiency of R- e valu¥s ‘has been investigated. Since

R-square is the first widely used criterion for makipg i about models, finding the more

efficient one can help us to choose the correct m sis. The dataset on body fat was used
and the dependent variable was regressedgon te s n predictors using both analyses. After
finding the best subset of variables, to,exami e asymptotic efficiencies of R-square statistics,
bootstrap study on the data has begggerformed. Results show that R-square in linear regression is

asymptotically more efficient ive eudo-R square in beta regression.

Keywords: beta regressign; lin®y regression; asymptotic efficiency; R-square

Introduction

Linear regression | t widely used regression model. However, it may be necessary to model

e values in the standard unit interval (0, 1), such as rates and percentages.
Some auth eve that linear regression is not appropriate for modeling such bounded data
(Bayer & Cribari-Neto 2017). This is because it can give predictions for the variable of interest that
exceed the lower and upper bounds of the variable. This is where beta regression becomes
important. Beta regression method was developed by Ferrari and Cribari-Neto (2004). Zaman,
Diinder and Aydin (2019) determined the macroeconomic variables that had a significant effect on
the Gini coefficient using the beta regression model. Unlii and Aktas (2017) used beta regression

analysis to model Turkey 2015 welfare index data with indicators such as income, health,
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education. The aim of this study is to investigate the effects of using beta regression analysis in the
modeling phase when dependent variable takes continuous values in the standard unit interval (0,1).
In other words, if both linear regression and beta regression are applicable, | focused the preferable
method from a different perspective. Asymptotic relative efficiency (ARE) is a well-known
concept of comparing the efficiencies of both estimators and tests, since their exact distributions
are, in general, intractable (DasGupta, 2008). There are three respective measyyes of efficiency

which are used for comparing test statistics, Pitman’s (1948), Hodges and Lehmafn’s (1956) and

Bahadur’s (1960) efficiencies. Testing and estimation are paired wit the Pitman
efficiency (DasGupta, 2008). Let T; be the estimator for a parameter an estimator T,

with respect to other estimator T; is the ratio of their asymptotic and denoted as

2
e(T;) _ 0T,
e(Tl) 0'72'2

ARE(T,,T,) = 1)

where 072"1 and 072‘2 are the variances of T; and T, rggpestiveqg Equation 1 takes nonnegative values

(Serfling 1980). If this ratio is less than 1, then éXima is preferred and said to be more efficient
than T,. The ARE of tests of association w {sspecified explanatory variables and ARE of R-
square analogues in logistic regressigdn models have been studied (Begg & Lagakos 1990; Erees

2022).

Methodology

Beta Regression

Beta regression is Mased on the assumption that the response variable follows a beta
poution with the following probability density and distribution functions with

J .\ _ r@re)

r _ _
f(x)=r($;f;) x*T(1-x)F1 0<x<1 (2)
[Fee-1 (1-0)F1dt
F(x) = L(a, ) = 1700 @

where « > 0, f > 0 and I'(*) is the gamma function. Link function is described as

9(w) = XV, BuXik (4)
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The Beta regression model can use different link functions such as log, logit, log-log, probit,
Cauchy etc. (Diinder & Cengiz, 2020).

Coefficient of Determination (R-Square measure)

Coefficient of Determination (R?) measure is usually used as tools for evaluation the predictive

power of the regression models.

Suppose the dependent variable is a continuous variable, say y;.
(%)
where B = (B4, B2, -**, Bi) is a vector of k slope parameters, x’s age i Q@@c tnt variables and the

distribution of ¢ is assumed to be symmetric about 0. In linear elsQgrror and total sum of squares
are SSE = Y1, (y; — 9:)% and SSTO = ¥, (y; — )%, Zwhere 9; is the value of y
predicted by the linear regression Equation 5. As o/ of variance, the idea of R? is

attributable to these sums of squares as

2 _ 4 _ SSE _ T (vi—90)?
Ro=1-50= S i—)? ©

In beta regression models,

Vi = Bo t BiXis + Paxip + -+ Prxix te=Po+ B'x+ ¢

R} = (1)
where LL,,; is the log li @ of null model, fit to a constant, LL,, is the log likelihood of full
model and n is t Q

Results

Data has be hed from a study of fitting percent of a man’s body fat (Johnson 1996; Penrose,

Nelson, and Fisher 1985). This dataset was created to estimate the body fat percentage of
individuals. Data is also included in the "UsingR" package in the R program. All variables are
quantitative. 252 data are available in the dataset. However, two outliers have been detected and
removed. Therefore, the application is based on N = 250 measures. The dependent variable
indicates the percentage of a man’s body fat, which is named as BFP. Table 1 shows the definitions

of independent variables.
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Table 1. Definitions of variables of the data set

Variable Definition mean  std min  max
X1 Density (gm/cm”3) 0.190 0.076 0.019 0.451
X, Age (yrs) 1.055 0.019 0.995 1.0991
X3 Weight (Ibs) 44908 12.649 22 81
Xy Height (inches) 179.062 29.210 125 363.15
X5 Adiposity index=Weight/Height"2 (kg/m”2) 70.320 2.615, 64 77.75
Xg FatFreeWeight=(1-fractionofbodyfat)*Weight(lbs) 25.448 3.62A 19.1 48.9
X7 Neck circumference (cm) 143.829 WS.Q 240.5
Xg Chest circumference (cm) 38.01 .lﬁ4 1 512
Xg Abdomen circumference (cm) 47y 83.4 136.2
x19  Hip circumference (cm) : 1700 704 148.1
x11  Thigh circumference (cm) 062 85.3 147.7
x12  Knee circumference (cm) : 5165 49.3 87.3
x13  Ankle circumference (cm) 2.387 33 49.1
x14  Extended biceps circumference (cm) ~4112 1691 191 339
X15  Forearm circumference (cm) 32.286 3.018 24.8 45
X16  Wrist circumference (cm) 28.680 2.012 21 34.9

Table 2. Correlation matrix of the vagbles

X1 X2 X3 X4 N X7 Xg X9 X390 X11 X12 X13 X14 X15 X316
xq 1,00 A
x, 026 1,00

x3 059 -0,02 1,00
x4 0,01 1)

x5 0,72
Xg 001 1,00

x; -0, 0,63 1,00

xg -0,66 059 078 1,00

Xo -0,80 045 0,75 0,89 1,00

X10 0,59 068 072 081 084 1,00

X141 -0,53 062 065 072 0,73 0,88 1,00

X1y -047 069 064 071 071 080 076 1,00

X413 0,29 064 052 055 050 062 061 072 1,00

X14 -0.48 059 0,69 074 067 073 073 0,63 052 1,00

Xq5 0,38 063 071 068 059 068 067 062 056 076 1,00

X16 0,30 066 072 065 060 060 050 0,65 065 060 0,64 1,00
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The correlation matrix of the variables is shown in Table 2. When the correlation matrix for the

dataset is analyzed, it is seen that the correlation structure between some variables contains strong

and positive relationships.

It is clearly understood from density plot in Figure 1 and Shapiro wilk test (p-value = 0.102), BFP

has a normal distribution with mean value of 0.1896 and a standard deviation 0.0765.

w

Figure 1. Den

The continuous outcome BFP was regressed

shows the linear regression results.

Table 3. Linear regression coefficie

sity ot
Ictors using linear regression. Table 3

Estimate _Error z value Pr(>z|)
Intercept  2.06 0299 10.3 7.63e-21
X1 -2.17 0.142 -15.3 5.01e-37
X 0.0000% 0.0000670 1.02 3.09-1
X3 0.000234 4.31 2.3%-5
X4 0¥437 ) 0.00119 3.67 3.05e- 4
0.00167 1.96 5.17e- 2
0.000196 -13.0 2.32e-29

000354 0.000490 0.723 4.71e-1

Xg 0.000613 0.000220 2.78 5.85e- 3
X9 0.000220 0.000229 0.959 3.38e-1
X10 0.0000281 0.000308 0.0914 9.27e-1
X11 0.000845 0.000310 2.73 6.83e- 3
X12 0.0000769 0.000510 0.151 8.80e- 1
X13 -0.0000618 0.000464 -0.133 8.94e- 1
X14 0.0000826 0.000361 0.229 8.19e-1
X1g 0.000853 0.000417 2.05 4.17e-2
X16 0.00165 0.00113 1.46 1.44e-1
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After using backward elimination method, estimated linear model is

BFP = 2.06 — 2.17x; + 0.00101x3 + 0.00437x, + 0.00326x5 — 0.00254x,
+ 0.000613xg + 0.000845x;; + 0.000853x;5 + 0.00165x44

R-square value of linear regression is 0.9873.

When the beta regression model was established, the information criteria, the Akaike Information
Criterion (AIC) and the Bayesian Information Criterion (BIC) for the different linkfunctions were
IC and BIC

jat®”’model that best

determined as shown in the Table 4. It is accepted that the model with the s
@

According to the Table 4, the loglog function was determin eyhk function that gives the

values among the models with different link functions is the most
explains the data set (Bulut & Aydin 2020).

smallest information criterion and the loglog function ed wg#e following stages.

Table 4. Link functions

A )

Link Functions \ BIC

logit \ £1309 -1246
probit -1349 -1286
cloglog -1282 -1218
cauchit A ) -1120 -1057
log -1253 -1189
loglog -1416 -1353
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Table 5. Beta regression coefficients (mean model with loglog link)

Estimate Std. Error z value Pr(>z|)
Intercept 10.7 1.05 10.2 2.41e-24***
X1 -11.3 0.754 -14.9 1.82e-50***
X 0.000566 0.000344 1.65 9.99%- 2
X3 0.00157 0.00122 1.29 1.98e-1
X4 0.00579 0.00620 0.933 3.5%e-1
X5 -0.00160 0.00868 -0.184 8.544 1
X -0.00330 0.00104 -3.18 8e- R*¥**
X7 -0.0000568 0.00250 -0.0227 ’Sh
Xg 0.00155 0.00113 1.37 _1
X9 0.0000385 0.00117 0.0328 -1
X190 -0.000818 0.00158 -0.51 "06e- 1
X11 0.00408 0.00159 2 1.01e- 2**
X12 -0.000404 0.00262 8.77e-1
X13 -0.00151 0.00237 5.26e-1
X14 0.000572 0.00186 A 7.58e-1
X15 0.00143 672 5.0le-1
X16 0.00565 0.978 3.28e-1

0.00213
0.00574
Signif. codes: *** 0.001;** 0.01; * 0.05 % )

The estimated model is

Pseudo-R? was found 0.

To examip

numbers of

targeted popfilation we
500, 1000, 5000 bootstrap replications.

BFP =

—1€.3x; — 0.00330xg + 0.00408x4

samples,

alues of R? statistics, we have performed bootstrap study with different
rap replications. The targeted population consists of N = 250 units. From this

randomly draw n = 50,100,200,250 with B =
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Table 6. Mean values of bootstrapped R-squares

B =500 B =1000 B =5000
Linear Beta Linear Beta Linear Beta
n=50 0.995204  0.933568 0.994821 0.932136 0.994898 0.932744
n=100 0.992313 0.926863 0.992184 0.925449 0.992295 0.926775
n=200 0.989845 0.922030 0.989945 0.921789 0. 9902(1& 0.923710

n=250 0.989465 0.921821 0.989449 0.921595 0 923160
The asymptotic efficiency of pseudo R? relative to R? for lin , it means that the
2
efficiency R2 relative to R3 is ARE(R3,R3) = ng‘j). when ARE(RZ,RO) > 1

indicates superior efficiency of R2, ARE(RZ, Ré) < erior efficiency of R3.

Table 7. ARE values of bootstrapped R-s S

B =1000 B = 5000
n=50 0.02261 0.02178
n=100 0.04163 0.04235
n=200 0.05632 0.05723
n=250 0.(%349 0.05962 0.05894

Table 7's IARES of R-square statistics with respect to each other. According to the results

in Table 7, if Y€ use continuous and 0-1 bounded dependent variable, considering R3 instead of

Rf, will be more reasonable, because the entire ARE values associated with them are notably small.

For instance, when n=50, ARE (R2, R3) = 0.02. Besides, when n=200, for R2 the efficiency loss

is almost 94%. There is at most 98% loss in efficiency.
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Changing the bootstrap count does not cause significant change at the variance of the statistics.
However, increasing the sample of size affects the efficiency. While sample size is increasing the

efficiency of pseudo-R square increases relative to R-square for linear regression.
Conclusion and Discussion

According to the results, if we use a model with a dependent variable that is continuous and varies

in the range 0-1, considering R instead of R2 will be more reasonable.

Increasing the sample of size seems to affect the efficiency. For both types o\R istics, using

beta regression instead of linear causes significant efficiency loss o Qtic. Changing the

bootstrap count does not cause significant change at the variance/‘Og¢h®gaggtics.

Results show that R-square in linear regression is asymptotic%re ficient relative to pseudo-
R square in beta regression. In future studies, the eff: ulwedllinearity can be modified and

the results can be interpreted on different data.
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&

conditional randomization test (CRT) is another well-kn apMgoach that is based on the

Abstract

Robust feed-forward neural network is one of the recent network str, is based on the

combination of the classical robust regression and the deep ggu ork. Moreover, the

comparison of the known conditional distribution with IStrio(yion of the data and it has not

been applied yet within the deep neural networ yn this study, we combine both

approaches to detect outlier observations in | a,SPS in such a way that we can get a
conformal estimation to provide valid infgrende foRgfachine learning models, including deep
neural networks. In general, the confoymal pregdtion method has not been applied yet for robust

feed-forward neural networks, exc

it has been used to compute an upper bound for conformal
prediction of classical deep n tk. In our analyses, we also implement CRT for robust

feed-forward network for regRg810on as a final step and assess the performance of underlying

w»-

procedures with differen

Keywords: robya @

bery¥t observations and the number of parameters.

, conditional independence testing, deep neural networks

Deep neural rks have a lot of attention in recent years in machine learning, signal progressing
and bioinformatics. Additionally, robust feed-forward neural networks are one of favorable
estimation procedures which is a combination with classical robust regression and one of the
modern deep neural networks and it can also be used for the purpose of detection of influential
observations when data is contaminated with outlier observations. For instance, Robust deep
adverserial neural networks is studied by Gao et al. (2018, 2020) to detect outlier values on high

dimensional regression. Moreover, lower and upper bounds for robust deep neural networks are
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provided by Lederer (2021). On the other hand, this task can be computationally difficult, in
particular, for feed-forward neural networks. Hereby, in this study, we propose conformal
estimation of robust feed-forward neural networks to detect outlier values. Conformal estimation
is a very recent popular methodology to provide valid inference for arbitrary machine learning
models. Although conformal prediction method has not been applied for robust feed-forward neural

networks for regression, more recently, it has been provided the upper bound for conformal

prediction of deep neural networks by Bates et al. (2021).

On the other side, conditional independence is very important to
variables. Deep knockoff procedure has been proposed for deep
discoveries while one wants to identify relevant variables. Fur

tests (CRTs) have been applied for causal models with ran

be interesting to apply for robust deep neural

known conditional distribution of the data. inseft the CRT within robust feed-forward neural

the perfOrmance of underlying approach with different

rs of parameters.

Robust Feed-Forward Neural Networks

Deep neural networks have gain a lot of popularity in machine learning, econometrics and time
series analysis. The mission of training deep neural networks can be computationally challenging,
and considerable effort has been dedicated to the development of practical algorithms which can
find good solutions. A feed-forward neural network is a type of artificial neural network in which

nodes' connections do not form a loop. Often referred to as a multi-layered network of neurons,
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feed-forward neural networks are so named because of the fact that all information flows in a
forward manner only. In this study, a robust version of multi-layer feedforward neural networks is
used to detect outlier values on observations. Robust regression (Huber and Rochetti (1998)) is a
form of regression analysis to find the relationship between independent variables and a dependent
variable via robust statistics. Because, as known, certain estimators like least squares estimation

for regression models are very sensitive to outliers.

Input
layer
, Hidden
X1 P
layer 1 Hidden
layer 2
X2
utput
ayer

X3

X6

Figure 2. An example of dee ralQetworks with multiple hidden layers where x; and y; are

input and ouMts, repectively. After three stage hidden layers

Accordingly, in negfal networks, if x(t) indicates the input vector and y(t) is the output

vector. ouipf j-th hidden layer, i.e. h(x) vector can have a hyperbolic tangent (tanh)

activation %y as seen in Equationl. Here, other activation functions can be also selected such

as sigmoid or Jectified linear (ReLu) functions

hi(x) = tanh (I, wx, () +w ) 1)
inwhichw® ( i=1,..,n,;j=1,.., nyl=12..forthel layer) is the j-th hidden layer
weights vector of the i-th input and w%) denotes the i-th hidden layer bias vector. So, estimated

output-layer-transfer function has the below form
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fiG) = FE wil h i) +wip), 0

0]
jl

@
ij

respectively, and w%‘) presents the output layer bias vector.

where w’’ and w:’ show the inputto hidden layer vector and the hidden to output layer vector,

Conformal Prediction

Conformal prediction (Vovk et al.(2005)) is a powerful distribution-free tool foryuantification of

uncertainty by establishing valid prediction intervals with finite-sample gua urthermore,

SymPRticpguarantees even
. hangeability of data

has an important role in conformal prediction. There are severgl studi hich present the extention

the prediction sets are valid in a distribution-free sense and non-;

without distributional assumptions or model assumptions. Moregder,

of conformal prediction. For instance, Lei and Wasser 014, 218) have provided conformal
bounds for parametric regression. More recently, Tjaghi . (2019) have applied conformal

inference for covariance shift.

Lastly, Bates et al. (2021) have provided ufgger YoungPtor conformal prediction with deep neural
networks. In their approaches, let Y,;) beWndependent identically distributed (i.i.d.) set of
variables while X is an independen®ariable, and Y; refers to a dependent variable. The aim in

here is to split data into trainis#gsepgnd cAlibration set denoted as  {I ;qin, [ car} fOrm by splitting

fromltom andlet n capere . = {1,..,n}. Here we can use arbitrary algorithms

e on training set while calibration points are represented

predictor T as"R(T)< a . In this expression, the error level (a,6) can be decided by researcher.

Also, we assumed that set values predictiors are indexed via a one-dimensional parameter A.
Then, we define the risk of the set value predictor (T) via

R(T) = E (L(Y, T (X)), (3)
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where a loss function L measures the error of the estimated predictions. Thus, we consider the risk
of the tolerance functions from family  {T ;} ;e . We use shortly R(1) for R(T ,) . Hereby,
our aim is to find a set function which has a risk less than with certain level o threshold. For this
reason, we investigate the collection of a set value of predictors  {T ;} ;e and estimate risk of
data and it is not used for model training. Therefore, we can define upper confidence bound for

the risk function for each A via

PR(IA)<(R*(A)=1-56. ()

In equation, R* (1) shows the upper confidence bound and mi h Xy, YY)
K Ya). x

Conditional Randomization Test

Conditional independence is a very crucial statistic %understand relationship between
variables. Recently, it is shown that conditional j ne testing for kernel logistic regression
can be difficult without conditional assumpigon &f (X, . Therefore, Candes et al. (2018) suggest
conditional randomization test (CRT) for logi egression without any distributional assumption

of Y, but, knowing conditional

ibution of X given Z. So, the CRT procedure is based on

decision of depedent or indep les as follows:

Hy: VL XZ and Hy gL RZ (5)

to use conformal estimation in order to balance the difference between p and n. We assume that

the conditional distribution of X|Z is known and Q(.|Z) indicates the distribution of X given Z=z
conditional on Z,,..., Z,. Hence, the CRT produces X values from data sets which have the

following distribution:
x® ~ (| 2) (6)

where it is obtained indepedently from i=1,...,N and real values of X; andY;
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According to a null hypothesis H, we can write
(XIY=y,Z=z) = (X|Z=2) ~ Q([2). ()

The two sides of Equation 7 are distributed by the same density. Thus, we may write the equation

below:
xW,v,2) = (x,v,2) forall X = x®, ..., ) under H,. (8)
If we have a difference between two sides of Equation 8, we can reject H,, to obtain the

test values of null hypotheses, we have to repeat these steps k times. S

(ng)|X, Y,Z) ~ Q(.|Z;) can be obtained independently (i=14 ,..,K). Accordingly,

we assume that the conditional distribution of (X, Y,2), .., (X(k),Y,Z) are

identically distributed and exchangeable by null hypg @ . his reason, T(X,Y,Z) is also

exchangeable via
TxXD,v,2), ..., Tx®,Y,2). (9)
So, the p-value of CRT can be compuigd by

CJEN T Y, 2) > T, Y, 2))
P= 1+K

p-values are obtained by r against the value of the CRT copies.

Results

In this sectig that the proposed model selection procedure with several simulated

datasets. hé firstly, we generate the multivariate normal distribution for independent

variables ossion model which is sparse high dimensional regression when lasso regression
has a sequence of fixed 100 lambda values, then, we simulate some example test data with similar
formula, but, half of the number of observations of training data where the number of observations
of training data is set to n=100, 400 and 1000. However, the number of outlier observations is just
about 10 or 20 percentage of total observations. In our analysis, we obtain outlier values for robust
deep neural networks without and with conformal prediction to detect outlier values on

observations when the numbers of parameters (p) are 10, 40, 80, 120 and 150. Moreover, we use
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robust deep neural networks with two hidden layers with tanh activation functions. Therefore, the
classical adam algorithm applied to train robust neural networks without conformal prediction.
From the results it is seen that when the number of parameter (p) is increased from 10 to 150, robust
neural network with conformal prediction finds slightly more outliers. Furthermore, when the
number of observations is increased from 100 to 400 for robust neural network with conformal
prediction detects more outliers than robust deep neural networks without conforrmpal inference. On

the other hand, when the number of observations is increased from 400 to 1000Xor robust deep

neural networks without conformal prediction and robust neural netwoNs conformal

prediction have finds similar number of outliers and in this situation cepneural networks

with conformal inference takes more computational time.

Tablel: The number of outlier values of robust neural ne

prediction while the outlier number is %10 of the tota

@

out and with conformal

&

n=100 n=100 n=40 n=1000 n=1000
p/n without with wjthoyt with without with
conformal | conformal | con conformal | conformal | conformal
p=10 2 2 2 2 3 3
p=40 2 2 3 5 4
p=80 2 ! 2 4 8 7
p=120 2 4 3 3 8 8
p=150 2 3 4 8 8
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Table2: The number of outlier values of robust neural networks without and with conformal

prediction while the true outlier number is %20 of total observations

n=100 n=100 n=400 n= 400 n=1000 n=1000
p/n without with without with without with
conformal | conformal | conformal | conformal | conformal | conformal
p=10 2 2 2 2 4 « 4
p=40 3 4 3 4 N 5
p=80 3 4 3 5 9
p=120 3 5 3 5 9
p=150 3 5 3 6 10

Table 3: the p-values of CRT for given p and n when th

set to %10 and %20 while FDR=0.1.

centa

f outlier in the population is

%10 n=100 n=400 nleOO,( 20y ¢ n=100 n=400 n=1000
Outlier p values of CRT %Ou er p values of CRT
0.193, 0.861, .655, 0.141, 0.116, 0.365,
p=40 p=40
0.152 0.163\ 0.109 0.402 0.364 0.642
0.210, 0.44l, 2, 0.305, 0.484, 0.325
p=80 0.182, 0.1413 0.191, p=80 0.131, 0.144, 0.134,
0.136 W 0.121 0.113 0.114, 0.124
0.645,
0.319, 0.254, 0.465,
0.269,
p=120 0437, | p=120 | 0.166, 0.161,
0.118
0.238 0.121 0.118
0.735, 0.255, 0.955, 0.437, 0.241, 0.915,
0.445, 0.182, 0.241, 0.323, 0.162, 0.413,
p=150 p=150
0.319, 0.151, 0.161, 0.212. 0.128, 0.143,
0.155 0.118 0.143 0.124 0.112 0.114
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Then, in order to observe whether the percentage of outlier in data can effect the performance of
the method, we repeat same analysis by increasing the percentage of outliers from %10 to %?20.

The results are presented in table 2.

Furthermore, we list p-values of selected variables via CRT in Table 3. The tabulated values present
p-values for the number of observations is 100, 400 and 1000 under the number of parameter is 40,

80, 120 and 150 while the percentage of outlier in total population is %10 or %2Q¢Moreover, when

we calculate p-values of conditional randomization test for robust feed-for ral networks,

False discovery rate is set to 0.1 in order to check whether the CRT juwmigg dXect the significant
variable. On the other hand, we should note that when the number of @ er’ls increased from

40 to 150, the CRT selects more variables, but, the number of salec Metles is not changed too
much when the number of observation has increased from 1 0

Conclusion

In this work, we have proposed an alternative eledion procedure for robust deep neural
networks which based on conformal predigtion Via approach in order to detect outliers. We
have analysed the results under dingtict p number of parameters (p) , the number of

observations (n) and the percan of outliers.The findings have shown that robust neural

networks with CRT can suces det ore outliers while p increases under same n. But, when
n raises the effect of CRT as ¥e conformal prediction procedure does not indicate significant

served when the percantage of outliers increase in the dataset.

Thus, we propo tlying procedure with limited sample size and specifically large the
number of pakg ere challengeing inference and modelling problems are generally
alyses. In future study, we consider to apply knockoff filter procedure with

CRT to imprygrthe sensivity of the proposal approach under outlier observations.

Acknowledgement: Vilda Purutguoglu would like to thank to Huawei Turkey R&D Center for
their support about the research on outlier detection.
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FORECASTING CATTLE POPULATION IN TURKIYE

Fethi Saban Ozbek'", Semih Ergisi? , Ibrahim Demir3
YTurkish Statistical Institute, Tiirkiye
2Department of Biostatistics, Ankara University, Tiirkiye
3 Turkish Statistical Institute, Tiirkiye
“(fethiozbek@gmail.com) Corresponding author

Abstract

Cattle breeding in Tiirkiye is of critical importance in meeting the §
increasing population due to its significant contribution to meat angm
main animal protein sources. In addition, since Tiirkiye ranksth ifghe world and first in Europe
in terms of cattle population, cattle breeding has an im nt pognfial for both the agricultural
economy and the general economy in terms of prodigti port of value-added agricultural
goods and processed products. In order to max1N§ syand similar benefits, to evaluate the
structural problems in the livestock sector agd tyimp nt effective policies to increase the cattle
population to optimum levels, it is of great i nce to make data-based decisions and therefore

produce sufficient and necessary dgi§ Achieving this will be possible not only with existing data,

but also by making forward proj ith strong scientific methods and estimating the necessary

data to plan the future now. T posé of this research is to estimate the number of cattle for the

next 10 years, using Tiir caty® number at the beginning of the year for the years 1930-2023.

Box-Jenkins met estimations. According to the research results, the ARIMA (1,1,0)
e the most appropriate model for the data, and it was estimated that the
eginning of the year will increase in the next 10 years, reaching 17.309.146

7.317.161 head in 2033.
Keywords: cattle population; forecasting; time series; ARIMA; Tiirkiye

Note: The opinions and contents of the article remains the responsibility of the authors, not of the

Turkish Statistical Institute.
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Introduction

Cattle breeding in Tiirkiye is crucial to satisfying the expanding population's animal protein needs
because to its considerable contribution to meat and milk production, which are the main animal
protein sources. Furthermore, because Tiirkiye ranks 19th in the world and first in Europe in terms
of cattle population, cattle breeding has a significant potential for both the agricultural and general

economies in terms of the production and export of value-added agricultural goggls and processed

products. To optimize these and related benefits, to evaluate structural diffi the livestock

sector, and to execute successful policies to raise the cow population toemignaNevels, it is critical

urkish JBtatistical Institute (TurkStat)

to make data-driven decisions and thus generate adequate and high;q
Methodology

The data for the number of cattle was obtained from

Publication of ‘Indicators of 100 Years’. Tiirkiye's gitl at the beginning of the year for
the years 19302023, whose source is the Mingstr

study (TurkStat, 2023).

r&ulture and Forestry, was used in this

The Autoregressive Integrated Movip&Average YARIMA), also known as the Box-Jenkins time

series method, is commonly use recasting of agricultural commodity or prices (e.g. Alhas
Eroglu et al., 2019; Putri et aJ2049; Ny¥anda et al., 2018). ARIMA can be described as a hybrid
of two models: the autorggressiWy (AR) model combined with the Moving Average (MA) model.
gamonly used to represent the ARIMA model. P is the AR process
degree, d is the d

2015; Akdi

order, and q is the MA process degree (Putri et al., 2019; Box et al.,
RJMA (p, d, g) can be expressed as follows:

Ve =H + G1Ye1+ o+ PpVep— B180 1 — - — Bge4

Here, p is constant term, ¢s and 6s are the parameters of autoregressive and moving average
models. e;_; ... e._4 are random shocks that are supposed to have been chosen at random from a

normal distribution (Duke University, 2023; Alhas Eroglu et al., 2019).
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Results

When looking at the autocorrelation function (ACF) graph of the series, it is observed that it
decreases and approaches zero, and in the partial autocorrelation function (PACF) graph, except
for the first delay, almost all other delays are within the confidence interval. So, we concluded that
the ARIMA model can be used.

\on (BIC) values

alues can bhe

We used Akaike’s Information Criterion (AIC) and Bayesian Information Crit

in order to decide which ARIMA model is the most appropriate. The AIC

used to compare alternative models, with lower values indicating a % h. We selected
()

ARIMA (1,1,0) having the lowest AIC and BIC values in the ARI ¥ the forecast model.
It was estimated that the number of cattle at the beginning offthe yeaQwill increase in the next 10
years, reaching 17.309.146 head in 2024 and 17.317.16 din 20B3 (Fig. 1).
Numberpf C®#e
17.320.000

17.315.000

17.310.000

17.

7295.000
2022 2024 2026 2028 2030 2032 2034

Figure 1. Model forecast results of the number of cattles in Tiirkiye (2024-2033)
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Conclusion and Discussion

The Box-Jenkins method was used in this study to forecast the number of cattle for the period 2024-
2033. According to the study's findings, the number of cattle in Tiirkiye will increase slightly over
the following ten years, reaching 17.317.161 head in 2033. However, this increase (2,8%) is
substantially below the increase over the past decade (16,9%). This demonstrates that the

government should take the necessary precautions to raise the number of cattlggver the next ten

years in order to meet the increasing population's animal protein needs to\ts substantial

@

ointegrasyon). Gazi Kitabevi.

contribution to meat and milk production. Another study finding is tha A technique can

fdrecast the number

be used to forecast the number of cattle in other countries and can be aj

of other animal types.
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KIiRALIK KONUT FIYATLARININ HEDONIK FiYAT TEORISI YAKLASIMINA
GORE SEMIPARAMETRIK YONTEM ILE TAHMINI: iSTANBUL iLi ORNEGI

Zeynep Sengiil 1"
'Ekonometri Béliimii/ Sosyal Bilimler Enstitiisii, Marmara Universitesi, Istanbul
*(zzeynepsengul@gmail.com)
Ozet

Bu calismada konut fiyatlarin1 belirlemede kullanilan Hedonik Fiy den (HFT)

®

Konut piyasasinin talebi hakkinda bilgi sahibi olmaktir. Konujfarn kg fiyatlarinin belirlemesi i¢in
€0

—_

faydalanarak Istanbul’un 39 ilgesi i¢in konut &zelliklerinin konut iledigi yon ve

derecesi arastirilmistir. Calismanin amaci, konutun bulundugu p€k3 te almarak Istanbul

kullanilan degiskenler; konutun baktigi cephe, site icepmgd
enlem, boylam ve ilgelerin sosyo-ekonomik kademgsi irlenmistir. Model tahmini igin
semiparametrik model tercih edilmistir. Bunun enlerin bir kismi parametrik forma
sahipken bir kismi1 nonparametrik forma sabgptir\ Se ametrik yontem, hem parametrik hem de
parametrik olmayan kismi sayesinde bu degi leri tek modelde barindirabilmektedir. Tahmin

sonuglaria gore, konut kira fiyatlgMg sirasiyla; giiney, dogu, kuzey, bati cephesi saglamaktadir.

durumu, gordiigli manzara,

Konutun manzarasi incelendigfMNe siqQgiyla; havuz, park ve yesil alan konut fiyatlarinda artis

saglarken sehir manzarasinin ar1 dustirticii etkisi oldugu goriilmiistiir. Konutun site igerisinde

olmas1 ve sosyo-ekono adejfesi 1yi olan ilgede yer almasi konut fiyatlarmi arttirict etkisi

@ (®tiir. Istanbul konut piyasasinin talep ydniine iliskin bilgi sahibi olmak
acisindan engy/ve boylam bilgileri 6nem arz ettigi sonucuna varilmistir. Konutun fiziksel
ozelliklerinin disinda bulundugu mekan konut fiyatlar1 tizerinde etkili oldugu belirlenmistir.
Istanbul’da u¢ kisimlarda yer alan Avcilar, Arnavutkdy, Beylikdiizii, Biiyiikkgekmece, Catalca,
Pendik, Silivri, Sile ve Tuzla ilgeleri en az konut kira bedeline sahipken merkezi noktalarda yer
alan Besiktas, Kadikoy, Bakirkdy, Sisli ve Uskiidar ilgeleri en fazla konut kira bedeline sahip
oldugu belirlenmistir. Bu ilgelerin ortak 6zellikleri rayli sitemlere ulasim, eglence merkezine

yakinlik ve niifus artis hizi oldugu goézlemlenmistir. Calisma, enlem ve boylam degiskenleri ile
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mekansallig1 barindirarak konut kira fiyatlar1 {izerindeki talebi gdstermesi sayesinde biitcelerine

gore konut kiralayacak ve yatirim i¢in ev alacak bireylere on bilgi saglayacaktir.
Anahtar kelimeler: Hedonik Fiyat Teorisi, Semiparametrik Tahmin, Istanbul Konut Piyasasi
Giris

Konutun varlig1 insanlarin temel ihtiyaclarindan bir tanesidir. Konutun sahip olmus oldugu

ozellikler fiyatinin belirlenmesinde 6nemli bir etkendir. Konutlarin manzarasinin yggsil alan olmast,

havuzu veya binalara bakmasinin yani sira evin baktigi cephe de giines 1s1n

acisindan konut fiyatlarini etkilemektedir. Konut fiyatlarinda behr C
konutun bulundugu mekandir.

Konut fiyatinin bir¢ok 6zelligi sebebiyle deger bigilmesi He Teorisi (HFT) yaklasimi
ile saglanmaktadir. Literatiirde bu fiyat belirleyici 6z ategoriler altinda ayrilmistir.

Bunlar; binanin yapisi, binanin bulundugu lokasyq usu oldugu mahalledir (Jayasekare ve
ark., 2019).

Istanbul’un 39 ilgesi dikkate alindiginda 1 in farkli manzara 6zelliklerinin oldugu aciktir.

Birgok il¢ede bina yogunlugu ¢ok iken, bazi 11(;elerde konutlar deniz, havuz ve yesil alan

goriilmektedir. B

Calismade
parametrik
edilmesinin sebebi ilgeler arasinda gozle goriiliir dis gbg, bina sayisi, manzara farkliligi olmasidir.
Ozellikle iiniversiteler ve is firsatlar1 sebebiyle kiralik eve olan talep artmaktadir. Calismanin
semiparametrik yontem ile analiz edilmesinin sebebi ise, parametrik ve parametrik olmayan
formlarin bir analiz edilmesidir. Analizde enlem ve boylam bilgisi dahilinde konutlarin yer aldig:

mekanlarin konut fiyatlarini belirleyici dzellik oldugu agiktir. Ilgelerin sahip oldugu toplu tasima
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varliginin gesitliligi, konutlarn Istanbul’un merkezinde yer alma durumu, eglence merkezine ve

bogaza yakinlik konut fiyatlarini etkileyebilmektedir.

Insanlarin yatirrm yapmadan 6nce hangi ilgelerde konut fiyatlar1 daha yiiksek kiraya sahip
oldugunu aragtirmasi gelirini arttirmast agisindan kiymetlidir. Bireylerin kiraladiklar1 konutlar
kendi refah diizeylerine baglidir. Bu baglamda bireyler ev kiralamadan 6nce hangi ilgelerin diisiik-

yiiksek kira bedeline sahip oldugu bilgisine ulagmak i¢in bu ¢aligma yardimei olgcaktir.

almaktadir. Son olarak sonu¢ kismina yer verilmistir.

Literartiir

Literatiir incelendiginde HFT yaklagimi ile ilgili
arasinda Pace (1995), Gencay ve Yang (1996)

ircokgalisma oldugu goriilmektedir. Bunlar

ve gk., (2002) yer almaktadir. Caligmalarda

en c¢ok tercih edilen mekansalligin beli ir\sehrfh i¢inde konut fiyatlarin1 nasil etkiledigi

olmustur. Kullanilan ekonometrik mogdW ¢alismal®rda farklilik gosterdigi ve veri setinde olabilecek

aykir1 degerlere kars1 direngli yo rin daha cok tercih edildigi goriilmektedir.

Cingbz (2010), Istanbul ili al1 Sitelerin bulundugu semtlerin konut fiyatlarini etkileyen

ozellikleri incelmistir. C ada¥ponutun sahip oldugu alan, oda sayisi, otopark varligi, suni golet

as1i¥onp fiyatlar iizerinde pozitif etkiye sahipken, sehir merkezine uzaklik
atif etkiye sahip oldugu belirtilmistir. Calismada ilgili semtte verilen
litesi arasinda pozitif iliski oldugu ve konutun bulundugu semtin fiyat

§u sonucuna varilmistir.

Ozus ve ark. (2007), Istanbul ilinin secilmis Besiktas, Uskiidar, Bakirkdy, Maltepe, Sariyer ve
Gaziosmanpasa ilcelerinde konut fiyatlarini etkileyen farkli 6zellikler ile her ilge ayr1 tahmin
modeli gerceklestirmistir. Degiskenler, Kat alani, denizi gérme durumu, PVC pencere, kat sayisi,
yangin merdiveni, oturma odasi sayisi, bina yasi, park yeri olma durumu, asansor varligi
degiskenlerini kullanmistir. EKK tahmin sonuglaria gore tiim bu degiskenlerin konut fiyatlarini

arttirici etkiye sahip oldugu vurgulanmastir.
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Caglayan Akay ve Eban (2011), Istanbul sehrinin 39 ilgesindeki konut fiyatlarini etkiyen ev
ozelliklerini HFT yaklasimi ile incelemislerdir. Calismada 20 degisken tanimlayarak 6zelliklerin
konut fiyatlarina etkisini Kantil regreyon ve EKK modeli ile incelemislerdir. Konutun baktigi
cephenin kuzey, dogu, bati olmasi durumunda konut fiyatlarin1 negatif etkiledigini ¢aligmada

ortaya koymuslardir.

Koramaz ve Dokmeci (2012), Istanbul konut piyasasmin arastirilmasi igi@ hedonik fiyat

modellemesinden faydalanarak yari1 logaritmik formda konut fiyatlar1 ve ggelliNeri arasindaki

uzaklik, sahile uzaklik olarak belirlenmistir. Konutun alaninin biiyii erkezi alanda yer

iligkiyi incelemistir. Konutun sahip oldugu alan biiytikliigii, merkeze o EH a1k, toplu tasimaya

almas1 konut fiyatlarini pozitif etkilerken, konutun toplu taggpa Bielze ve sahile uzaklig

arttik¢a konut fiyatlarini negatif etkiledigi belirtilmistir.

Bekar (2013), istanbul ilinde yer alan konut dzellik]efi t lizerindeki etkisi i¢in konutun

alani, oda sayisi, banyo sayisi, konutun tipi, b ar[§, bina yasi ve 1sinmanin kombi ile
saglanma durumunu dogrusal, log-dogrusal model v ansal modeller ile incelemistir. Konutun
alan biiyiikliigli, oda sayisi, banyo sayisi, ba varlig1 konut fiyatini arttirirken, konutun daire

olmasi ve konutun kombi saglamarpgs: durumu konut fiyatimi azalttigi belirtilmistir.

Kangalli Uyar ve Yayla (2046) yap olduklar1 ¢alismada, Istanbul konut piyasasinin talep
yoniine iligkin bilgi sahibi olm®§ i¢in mekansal bagimlilig1 dikkate alan hedonik fiyat modeli ve

en kiiciik kareler modelt JlaZlarak incelemistir. Konutun ozellikleri olarak, bulundugu kat,

BulunduN YPdfum ve zemin olmasi, 1sitmanin soba olmasi, mobilya olmas1 ve marley zemin

olmas1 konuNg#fyatlarin1 negatif etkilerken diger tiim degiskenler konut fiyatlarimi pozitif
etkilemektedir. Model tahmin sonuclar karsilastirdiginda Mekansal Durbin modelinin konut
fiyatlar1 ve ozellikleri arasindaki iliskiyi en Kiiciik kareler yontemine gore daha i1yi agikladigini

ifade etmislerdir.

Literatiir incelendiginde konut piyasasina iligkin bircok caligma vardir. Genellikle ¢aligmalarda
dogrusal model, mekéansal modeller ve asir1 degerlerden dolayr kantil regresyon kullanildigi

goriilmektedir. Bu calismada veri setinde olabilecek hem parametrik hem de parametrik olmayan
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veri setlerinin modelde yer almasina olanak saglayan semiparametrik yontem ile analiz yapilmasi
uygun goriilmektedir. Calismalarda mekansal modellerden faydalanilsa da bu ¢alismada enlem ve
boylam degisikleri semiparametrik model ile tahmin edildiginde konut kira fiyatlarinin ilgeler

izerindeki etkilesimini incelemesine imkan saglayacaktir.
Hedonik Fiyat Teorisi

Hedonik Fiyat Modeli (HFM), Iktisat Tiiketici teorisine dayanan ve heteroy® mallarin sahip

olduklar1 6zelliklerin farkli fayda sagladigimi gosteren modeldir. Konut ] alindiginda
konut fiyatin1 etkileyen oda sayisi, bina yasi, banyo sayisi, asansor, ) undugu il¢e ve
komsusu oldugu ilgeler gibi birgok baska ozellik vardir. HEM, W pzellikleri ve konut
fiyatlarinin piyasadaki degerini belirlemek icin kullanilmaktad™ L qcester hanehalkinin tiiketimi
ve iktisadi talep teorisi ile ilgilenmis iktisat¢1 olarak, m S gu Ozelliklerin tiikketimi ile
mallarin tiiketimi arasinda dogrusal iliski oldugunu jfa edir. HFM, malin 6zellikleri ile
fiyat1 arasinda iligkisini saptamak i¢in kullanila taiel'yegresyon analizine dayanan modeldir
(Lancester, 1966).

Konutun oldugu bir sinif n tane karalgteristik Ogllik ile tanimlanmistir. Denklem 1 de yer alan

modelde K konut sinifi ifade etm ir.

Hedonik fiyat fonksiyon

F(K) =P(K, + 4 K,) (2

Fonksiyond g konutun fiyatin1 K ise konutun 6zelliklerini ifaden eden vektordiir. Bir alici
veya saticl fiyatlarin1 diger konutlar ile kiyaslarken sahip oldugu 6zellikler niteliginde elde

edilen hedonilMyat regresyon modelidir (Rosen, 1974).

Metodoloji

Ekonometride bagimli degisken ile bagimsiz degisken arasindaki iliskiyi agiklamak i¢in en ¢ok
kullanilan yontem En Kiiciik Kareler (EKK) yontemi olmaktadir. EKK yontemini kullanmak i¢in
belirli varsayimlarin saglanmasi gerekmektedir. Calismalarda parametrik olmayan yontemlerin

kullanildigr goriilmektedir. Bunun sebebi parametrik olmayan yontemlerin herhangi bir varsayim
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saglamasina gerek olmamasidir. Bu durumda semiparametrik yontemlerin kullanilmasi avantajlt

olmaktadir.

Parametrik olmayan modelin hi¢bir varsayimi saglama zorunlulugunun olmamasi avantaj iken
semiparametrikte parametrik olmayan olarak bir¢cok degisken eklemek modeli tahmin etmek ve

yorumlamada probleme sebep olabilir (Hardle ve ark., 2004: 18).

Semiparametrik modellerde degiskenlerin bir kismi parametrik dahil ed@gken bir kismi

nonparametrik olarak modele dahil edilmektedir. Semiparametrik regresyo enklem 3’te

yer almaktadir.

y=Xp+m(Z)+¢ (3)
Denklemde yer alan Y bagimli degiskeni, X parametrik deg i nonparametrik degiskeni
ifade eden bagimsiz degiskenlerdir. f ve m(.) st p etrik degiskelerin parametre

vektoriinii, parametrik olmayan degiskenlerin fogdsiyon gostermektedir (Caglayan Akay ve

Uyar Kangalli, 2017: 272).

Veri ve Degiskenler

Calismada Istanbul’un 39 ilgesi j 2023 yili Ocak-Subat aylarma ait kiralik konut verileri
kullanilarak konut kiralarin1 bgrleyici $ggllik olan konutun baktig1 cephe, manzara, site igerisinde
olma durumu, ilgenin sosyo-ekqgomik seviye kademesi ve konutlara ait enlem, boylam verilerinin

A4 gbzlem sayisi tabakali 6rneklem biiytikliigiine gore belirlenmistir.

konut fiyatini nasil etkileNTSparasMrilmaktadir.

Veri setinde 39 4 @

Bu gozleml BCcENE gore dagilimi Tablo 1°de yer almaktadir.
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Tablo 1. ilgelere ait Gozlem Sayist

Tigeler Tigeler Tlgeler

Adalar 1 Biiyiikgekmece 8 Maltepe 15
Arnavutkéy 2 Catalca 1 Pendik 10
Avcilar 12 Cekmekoy 4 Sancaktepe 4
Atagehir 13 Esenler 2 Sariyer 26
Bagcilar 8 Esenyurt 35 Silivri 4
Bahgelievler 11 Eylipsultan 10 Sile A 2

Bakirkoy 13 Fatih 11 Sisli

31

Basaksehir 13 Gaziosmanpasa 6 Sulta’nm

Bayrampasa 2 Glingdren 5 2 2

Besiktas 22 Kadikoy 22 4

Beykoz 8 Kagithane 23 11

Beylikdiizii 20 Kartal 11 11

Beyoglu 8 Kiigiikcekmece 15 6

Toplam 414
Konut fiyatlarinin harita tizerindeki gosterimi Seki’1’°de Imaktadir.

[ B = ] N
oS o v =1

Sekil 1. Konut Fiyatlarinin Harita Uzerindeki Dagilim1

w
o
o

0S¢

1eAl4 =F

Sekil 1°’de incelendiginde harita fiyat gostergesinde maviden kirmiziya gidildikce konut

fiyatlarmin arttigini gdstermektedir. Kirmizi ve mor noktalarin daha ¢ok istanbul’un merkezinde

yer aldig1 goriilmektedir. Denize yakin evlerin daha yiiksek fiyata sahip oldugu goriilmektedir.

Tablo 2’de degiskenlere ait tanimlayici istatistikler yer almaktadir.
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Tablo 2. Tanimlayic: istatistikler

Degiskenler D%ézlzen D’l?aglllsll:rin Ort. SSt[()j Min. Max.
Kira Fiyati Fiyat Konut kira fiyati (TL) 28.155 35.373 2,500 375.000
Konut kuzey cephesine
Kuzey Kuzey bakiyor ise 1, bakmiyor  0.2633 0.4410 0 1
ise 0 degerini alan
Konut giiney cephesine
Giiney Giiney bakiyor ise 1, bakmiyor  0.7367 0.4410 1
ise 0 degerini alan A
Konut dogu cephesine \
Dogu Dogu bakiyor ise 1, bakmiyor  0.5314 4996 0 1
ise 0 degerini alan
Konut bat1 cephesine
Bati Bati bakiyor ise 1, bakmiyor O.% 987 0 1
ise 0 degerini alan .
Havuz Havuz Konut havuz manzaragin D
goriyor ise 1, go 1256 0.3318 0 1
Manzarasi ; L
ise O degeri
Sehir Konut sehir
Sehir goriiyor is 0.7512 0.4328 0 1
Manzarasi . <
ise @ degerin
Park ve Yesil ark Ve"y ?$11 al.an
Alan ParkYesil 101 BOTUYOT IS 5 4928 05006 0 1
Manzarasi ¢ LYOT 15€ 0
degerini alan
t site igerisinde yer
Site Site liyorsa 1, almiyorsa 0 0.5338 0.4995 0 1
degerini alan
Sosyo-ekonomik
Sosyo-G . kademesi 1 olan ilgelerin
K);de GHlisim 1, 2 olan ilgelerin O 0.9299  0.2555 0 1
degerini aldig1
Enlem Enlem ~ Ronutunbulundugu 6319 60673 408196 41.2280
enlem bilgisi olan
Boylam Boylam Konutun bulundugu 50 9361 92064 28,0635 29.6127

boylam bilgisi olan

*Kaynak: Konutun ozelliklerine dair veriler www.sahibinden.com ‘den alinmugtir. Sosyo-ekonomik gelisim
kademesi degiskeni www.sanayi.gov.tr tarafindan yaymlanmis olan SEGE 2022 rapordan alinmistir. Enlem ve
boylam noktalari ilandaki belirtilen adres dikkate alinarak www.maps.google.com tizerinden elde edilmistir.

205



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

Tablo 2°de yer alan tanimlayici istatistikler incelendiginde fiyat degiskeni i¢in 2.500 ile 350.000
TL arasinda degistigi ortalamanin ise 28.155 TL oldugu goriilmektedir. Fiyat dagilimin daha ¢ok
30 bin TL civarinda oldugu ve bu durumda veriler arasindaki farktan dolay:1 standart sapmanin
yiiksek oldugunu ve asir1 degerlere sahip olabilecegi goriilmektedir. Evin baktigi cepheler
incelendiginde, kuzey ve bati cephesine daha az bakan konutlar mevcutken gliney ve dogu

cephesine bakan konutlarin daha fazla oldugu goériillmektedir. Konutun sahip oldugu manzaralar

durumuna gore daha fazladir. ilgelerin sosyo-ekonomik kadem

yiiksek olan ilgeler ¢cok fazladir. Enlem degiskeni incelendifgnde 4 96 ve 41.2280 enlemleri

arasinda yer aldigi ve 0.0673 standart sapma degerini ilgfkiiciik oldugu goriilmektedir.
Boylam degiskeni icin 28.0635 ile 29.6127 degeypM yer aldig1 ve standart sapmanin
0.2064 oldugu goriilmektedir. Bu bilgiler neticggi enlerin asir1 degerlere sahip oldugu ve
normal dagilimi saglayamadigi diisiiniilm i enlerin dagilimlar1 hakkinda bilgi sahibi

olmak icin yogunluk grafikleri Sekil 2ide yer a

L

Sekil 2. Degiskenlere ait Yogunluk Grafikleri
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Sekil 2°de yer alan yogunluk grafikleri incelendiginde serilerin birden fazla tepeye sahip oldugu
ve normal dagilima sahip olmadiklar1 diisiiniilmektedir. EKK varsayimlarindan bir tanesi serinin

normal dagilima sahip olmasidir.
Tahmin Sonuclar

Calismada parametrik ve semiparametrik yontemler kullanilmistir. Parametrik ydntemin
varsayimlari normal dagilim, model spesifikasyonun dogru tanimlanmasi vé&gabit varyanstir.
Parametrik model ilgili varsayimlar1 sagladiginda yorumlamasi kolay veri setinde

parametrik olmayan bir degisken s6z konusu iken bu degiskeni param =®

yanlig sonuglar1 vermektedir. Semiparametrik yontem hem paramegfik\@ dparametrik olmayan
kismu ile bu iki formu tek modelde barindirmakta ayn1 zaman ragtrik modeldeki varsayimlari

tahmin edilmek

saglamak zorun degildir.
Parametrik ve semiparametrik tahmin i¢in kurulag %Denklem 4 ve Denklem 5’te yer
almaktadir.

LFIYAT; = a + B,KUZEY, + B,GUNE¥ O, + BLBATI; + BsHAVUZ; + B¢SEHIR,

+ B, PARKYESIL; A8sGELISIM; + BoSITE + B1oENLEM; +

11BOYLAM; + & (4)
LFIYAT; = a + B,KUZE UNEY; + B3DOGU; + B,BATI; + fsHAVUZ; + BSEHIR; +
S,PARKYESIL; ELIMM,; + Bo(SITE) + B1o(ENLEM) +
B11(BOYLAM)+ ¢; (5)

Tablo 3’te parametrik ve semiparametrik tahmin sonuglar1 yer almaktadir.

207



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

Tablo 3. Parametrik ve Semiparametrik Tahmin Sonuglari

Degiskenler Parametrik Tahmin Semiparametrik Tahmin
C -119.5632 1.8112
(25.698)*** (0.206)***
Kuzey 0.1591 0.1760
(0.090)* (0.085)**
Giiney 0.2626 0.2658
(0.088)** (0.083)*** A
Dogu 0.2193 0.1983 :
(0.079)*** (0.076)***
Bati 0.2004 0.1782 \,
(0.079)** (0.075)** .
Havuz 0.2885 0.3237
(0.118)** (0.112)*** A
Sehir -0.2063 -0.2716 H
(0.091)** .
ParkYesil 0.1991 :
(0.084)**
Site 0.2923
(0.084)**
Gelisim 0.6807
(0.132)*** A
Enlem 2.168 F Test Serbestlik Derecesi
(0.589)% 2.073** 7.930
F Test Serbestlik Derecesi
11.376%** 5.689

(iii) Parantez i¢indeki degerler standart hatay1 vermektedir.

Semiparametrik modelde parametrik alinmas1 gereken degiskenin nonparametrik olarak alinmasi
modelin glivenirliligini etkilemektedir. Bu sebeple F testi ile degiskenler test edilmektedir. F testi

kurulan modeller arasinda se¢im yapmamizi saglamaktadir.
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Tablo 4. Kismi F Testi Sonuglari

ENLEM
Model 1: LnFiyat ~Kuzey+ Giiney + Dogu + Bat1 + Sehir + Parkyesil+ | Kismi F Test I
Havuz +Site+ Gelisim + s(Enlem) + s(Boylam) F istatistik: 11.915

[0.000] *
Model 2: LnFiyat ~Kuzey+ Giiney + Dogu + Bat1 + Sehir + Parkyesil+
Havuz +Site+ Gelisim +s(Enlem)

Model 1: LnFiyat ~Kuzey+ Giiney + Dogu + Bat1 + Sehir + Parkyesil+
Havuz +Sitet+ Gelisim + s(Enlem) + s(Boylam)

Kismid Test 11

Model 2: LnFiyat ~Kuzey+ Giiney + Dogu + Bat1 + Sehir + Parkyesil4

Havuz +Site+ Gelisim +Boylam+s(Enlem)

BOYLAM

Model 1: LnFiyat ~Kuzey+ Giiney + Dogu + Bat1 + Sehir + Paskye\l+

Havuz+ Site + Gelisim + s(Enlem) + s(Boylam)

Model 2: LnFiyat ~Kuzey+ Giiney + Dogu + Bat1 + Sehg

Havuz +Site+ Gelisim +Enlem+s(Boylam)

Model 1: LnFiyat ~Kuzey+ Giiney + Dogu + Bati i arkyesil+ | Kismi F Test 11

Havuz + Site + Gelisim + s(Enlem) + s(Bole F istatistik: 2.336
t1+

1smi F Test |
F istatistik: 2.667
[0.009]*

Model 2: LnFiyat ~Kuzey+ Giiney + Dogu + # + Parkyesil+ | [0.001]*
Havuz +Site+ Gelisim +s(Boylam)
LR test 72.095*

Not: *, %1’e gore anlamlilig1 gostermekteght.
(i1) Koseli parantez p anlamlilik diizeyi etmektedir.

icin parametrik yerine semiparametrik modelin kullanilmasinin dogru oldugu goriilmektedir.

Tablo 3’te yer alan tahmin sonuglar incelendiginde parametrik tahmin i¢in saglanmasi gereken
varsayimlarin saglanamadi8i; Jarque-Bera testinin normal dagilima uydugu temel hipotezi
reddedildigi, Ramsey Reset testinin modelin matematiksel formunun yanlis olmadigi temel
hipoezinin reddedildigi ve White testin sabit varyansa sahip oldugu temel hipotezinin

reddedildigini gostermektedir.
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Yar1 logaritmik model tahmininde kukla parametre katsayilar1 Halvorsen ve Palmquist (1980)

yaklasimina goére Denklem 6’daki gibi hesaplanmaktadir.
parametre katsayist = (e — 1) * 100 (6)

Modelde yer alan evin baktigi cepheyi ifade eden kuzey, giiney, dogu, bat1 cephelerinin hepsi Kira
fiyatin1 arttirmaktadir. Fiyati1 en fazla etkileyen cepheler sirasiyla; giiney (0.3003), dogu (0.2452),

kuzey cephesi oldugu goriilmektedir.

bat1 (2219), kuzey (0.1724), seklindedir. Insanlar en az iicret 5demeye istelNolduklar1 cephe
up/fiyatin1 arttiran

(-0.2291) manzarasi

olmaktadir. Insanlar havuz, park ve yesil alan manzarasi i¢inflaha fa%g fiyat ddemeye istekliyken
iklart g

Fiyati etkileyen evin manzarast degiskenleri incelendiginde en fj

degiskeneler sirasiyla; havuz (0.3344), park ve yesil alan (0.22Q3),
oriilmektedir. Konuttun site
icerisinde olmasi kira fiyatlarin1 0.3395 arttirir ko osyo-ekonomik bakimdan daha
gelismis ilcede yer almas1 konut kira fiyatlarinig). wmaktadir.

e

Semiparametrik model incelediginde, evint ph€si olmasi1 durumunda 0.1924 giiney cephesi

sehir manzarasi i¢in daha fazla iicret 6demeye istekli

olmasi durumunda 0.3045, dogu cgfesi olma%t durumunda 0.2193, bati cephesine bakmasi

durumunda 0.1951, katsayilar i iginde insanlarin en fazla iicreti ddemeye istekli olduklari

cepheler sirasiyla; gliney, dogQy kigey at1 seklindedir.

Evin gordiigii manzara h

0.2318, sehir man,

1 durumunda 0.3822, park ve yesil alana bakmas1 durumunda

iklar1 goriilmektedir. Konutun site i¢inde olmast durumunda 0.6248 iken
Qdefesi yiiksek olan ilgede yer almasi durumunda 0.7027 konut kira fiyatlarini

arttirmaktadir!

konut ilce

Semiparametrik tahminin nonparametrik kismindaki degiskenlere ait kismi regresyon
fonksiyonlarinin ne kadar diizgiinlestirildiklerini etkin serbestlik dereceleri géstermektedir. Enlem
ve boylam degiskeni istatiksel olarak anlamli olup olmadigi gosteren F test istatistiklerini
vermektedir. Bu sonuglara gore nonparametrik formda dahil edilen enlem ve boylam parametreleri

istatiksel olarak anlamlidir.
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Modellerin 6n gorii performansini karsilagtirmak i¢in ortalama kare hata (MSE) ve hata kareler

ortalamasi karekokii (RMSE) sonuglar1 Tablo 5’te yer almaktadir.

Tablo 5. EKK ve Semiparametrik Ongorii Degerleri

Model MSE RMSE
Parametrik 0.5763 0.7592
Semiparametrik 0.4856 0.6968

Model performans istatistikleri incelendiginde semiparametrik modgla a:;‘ az Eataya sahip
oldugu goriilmektedir.

Sekil 3’te semiparametrik modelin konut fiyatlar ile paral% ayan formda dahil edilen
a

enlem ve boylam degiskenleri arasindaki iliskiyi goster Q

i

almaktadir.

05 1.0
05 1.0

0.5

s(Konut$Enlem,7.93)
-05

s(Konut$Boylam,5.69

-15
-15

Konut$Boylam

kil 3. Nonparametrik Formda Dahil Edilen Degisken Grafikleri

Sekil 3 incelendiginde enlem ve boylam degiskenlerinin ev fiyatlar1 ile dogrusal bir iliskisi
olmadig1 goriilmektedir. Grafiklerdeki degismeler konut fiyatini nasil etkiledigini gostermektedir.
Grafikte yer alan kesikli ¢izgiler giiven araliklarini ifade etmektedir. Boylam degiskeni i¢in konut
fiyatlarini en ¢ok arttirdigi nokta 29.0 boylaminda iken en diisiik fiyata sahip konutlar 28.4-28.8

arasinda ve 29.5 boylaminda yer alan konutlar oldugu goriilmektedir. Enlem degiskeninin konut
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fiyatlarin1 en ¢ok arttirdigi nokta 41.18 ve sonrasinda 41.05, 40.96 iken en diisiik fiyata sahip
konutlar 40.8, 41.05, 41.13, 41.21 enlemlerinde yer almaktadir.

En Diisiik Kira Fiyatlarina Sahip Konutlarin Bulundugu Enlemin Yer Aldig: Ilgeler

lige=Esenyurt

BeylikdUzi

En Diisiik Kira Fiyatlarina Sahip Konutlarin Bulundug oy Aldig Ilgeler

R lico=Avciar

Buylukgekmece

Beylikdizi
lige1=0
Esenyurt Enlem=40.98292
Boylam=28.60391
léo-ﬂ:D:“ e lige=Beylikduzi
B Boylam=28 62596

lige=Esenyurt

Beylikduzu

Sile

lice1=0
Enlem=41.15429
Boylam=29.60367
lge=Sile

Sekil 4a. Enlem ve Boylam Bilgisine Gére En Diisiik Fiyatli Konutlarin Yer Aldig1 ilgeler
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Sekil 4a’da yer alan grafikte enlem ve boylam bilgisine dayanarak en diisiik konutlarin yer aldig1
ilgeler incelendiginde Avcilar, Arnavutkdy, Beylikdiizii, Bliylik¢ekmece, Catalca, Pendik, Silivri,
Sile, Tuzla yer aldig1 gorilmektedir. Bu ilgelerin ortak 6zellikleri rayli sistemler ve metrobiis
kullanim imkanin ya az ya da hi¢ yok olmasidir. Ozellikle Sile ve Silivri’de marmaray, metro,
tramvay ve metrobiis hattt mevcut degildir. Avcilar, Beylikdiizii ve Esenyurt’un rayl: sistem hatt1
mevcut degildir, sadece metrobiis hatt1 vardir. Metrobiis hatt1 tek bir glizergahtap gectigi i¢in her

yere ulasmas1 miimkiin degildir. Toplu tasima Istanbul gibi kalabalik bir ilgede tr\{ige kalmamak

ve is, okul gibi yerlere ulasim i¢in biiyiik 6nem arz etmektedir. TUIK 20
ilgesi hari¢ diger belirtilen diger ilgeler niifus artisinin hizla artmisflo
Esenyurt, niifus yogunlugunun en kalabalik il¢e olmas1 yasam k#Rgst
fiyatlar1 diisiik olabilmektedir. Bu ilgelerin bir diger 6zellieri Istaqul’un u¢ noktalarinda yer

almasidir.

er Aldig Iigeler

Bakrkoy.

[ ¢ U Bakirksy
\ oo
N B P lice1=1
oz Enlem=40.96348
Ye3oKOY Boylam=28.84224
lige=Bakirky

entikkoy, o

En Yii #ira Fiyatlarina Sahip Konutlarin Bulundugu Boylamin Yer Aldig: Ilceler
f "7 Ru
ret Evieri ’ Akatlar
\" Etiler
=2 Levent
abayir Bebek
Sanyer ‘Uﬁ#
. Iige1=1 i 4 Begiktag
Enlem=41.22803 ar Nisb
Boylam=29,00135/ Esentepe . tiga1=1
lige=Saryer a2 Enlem=41.06546 [N FIVITTRVIVANE:
[~ = LA Boylam=28.01993 o
%9 V) e ' i
arnyer ayréttepe,  |Levazm Kurugesme

Sekil 4b. Enlem ve Boylam Bilgisine Gore En Yiiksek Fiyatli Konutlarin Yer Aldig Tlgeler
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Sekil 4b incelendiginde en yiiksek fiyata sahip il¢elerin, Bakirkdy, Besiktas, Kadikody, Sariyer, Sisli
ve Uskiidar oldugu goriilmektedir. Bu ilgelerin ortak ozellikleri rayli sistemlerin mevcut ve
ulagimin kolay olmasidir. Bu ilgelerde kisi basina diisen iiniversite mezunu orani daha fazladir.
Sariyer’de niifus artis hiz1 1,39 artmisken, Besiktas, Kadikoy, Bakirkdy, Sisli ve Uskiidar’da niifus
artis hiz1 negatiftir. Bu ilgelerde sinema salonlarinin varligi, tiyatro oyunlari, opera, konser

aktiviteleri daha fazla olmaktadir. Yasam merkezine yakinlik insanlara cazip gelmgktedir. Bir diger

ozellik tiim ilgelerin denize kiyis1 olmasi ve Istanbul’un merkezinde yer almasidir

i @ brisi yaklagimi konut

Atiirel yap1 agisindan zengin

Sonug¢

Heterojen 6zelliklerin birlesimi ile malin fiyatini ortaya koyan hed
fiyatlarin1 belirlemede kullanilmaktadir. Universite, is merk e
bir il olan Istanbul’da konut kiralamak i¢in bir¢ok sebep vagdir: ple kiralik evlere olan talep

artmaktadir.

Calismada Istanbul’un 39 ilgesi icin kiralik koggnt elirlemede kullanilan bir¢ok 6zellik
mevcuttur. Bu ¢alismada konutlarin sahipgldufu m3¥ansal 6zellikler dikkate alinmistir. Bunun
sebebi Istanbul’da bircok ilcedeki evlgrin man gormemesidir. Evlerin birbirine ¢ok yakinken

bazi ilgelerde ise evler birbirine olmas1 sebebiyle gordiigii manzaralar doga havuz, gol ve

secilerek ik yontem ile karsilastirilmistir. Parametrik tahminin temel varsayimlar

saglayamad1giEoriilmiistiir. Iki modelin tahmin sonuglari incelendiginde birbirine yakin tahmin
verdigi konut fiyatlarini cephe olarak en fazla giiney cephesinin arttirdigi sonra dogu cephenin
arttirdig1 goriilmektedir. Bunun sebebi evin giinesten faydalanmasi olarak diisiintilebilmektedir.
Manzara kategorisine baktigimizda konutun havuz manzarasi gérmesi konut fiyatlarini arttirdigi
goriilmektedir. Park ve yesil alaninda fiyatlarda arttirict etkiye sahip oldugu fakat sehir manzarasi
icin insanlarin daha fazla iicret 6demeye istekli olmadiklari sonucuna varilmistir. Konutun site

igerisinde olmasi durumunda kira fiyatlarini arttirdig1 gériilmektedir. Bunun sebebi, site igerisinde
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olan evlerin daha korunakli olmasi ve sitenin saglamis oldugu farkli avantajlar sebebi ile
olmaktadir. Sosyo-ekonomik gelisim kademesi yiiksek olan ilgelerde konut fiyatlarmin arttirici

etkisi oldugu goriilmektedir.

Semiparametrik modele nonparametrik model olarak eklenen enlem ve boylam degiskenleri
incelendiginde konutlarin bulundugu mekanlarin konut kira fiyatlar1 iizerinde goz ardi

edilemeyecek kadar 6nemli oldugu gozlemlenmistir. Konut kira fiyatlarinin diisijjgoldugu ilgelerin;

Avcilar, Arnavutkdy, Beylikdiizii, Biiyiikgekmece, Catalca, Pendik, SiliviggmSile\Tuzla oldugu

goriilmistiir. Konut kira fiyatlarinin en yiliksek oldugu ilgeler ise Baj esiktas, Kadikoy,
Sartyer, Sisli ve Uskiidar’dir. Bu ilgeler incelendigi diisiik olan kira,fif n belirgin 6zelligi
toplu tasimaya ulasmanin zorlugu ve Istanbul’un uc noktalag asidir. Bu ilgelerde

Avcilar disinda niifus artis hiz1 ¢ok yiiksektir. Konut kira iksek olan il¢elerin ortak

ozelligi ise rayli sitemlere ve metrobiise ulagimin kolay 1d1 ilcelerde egitim seviyesi daha
yiiksek, niifus artis hiz1 daha az, eglence merkezigf ygkingk, ve hastanelere ulasim daha fazladir.
Ayn1 zamanda ilgelerin denize kiyis1 olmas1 seffgbiyRykoputlarin Istanbul essiz deniz manzarasina

sahip olma imkanlar1 yiiksektir.

Iki modelin karsilastirma kriteri olggak MSE ve RMSE degerleri incelendiginde semiparametrik
yontemin hata istatistik degeripM*dalydiisiik oldugu bu sebeple dogrusal ve dogrusal olmayan
yapiya sahip degiskenlerin b da fahmin edilmesi gerekliliginde semiparametrik modelin

kullanilmasinin uygun ol ogfmektedir.

bulunabilirler. Yatirim yapmak isteyen bireyler ise hem evin baktig1 cepheleri, manzara durumunu

dikkate alarak kira bedeli yiiksek il¢elerden ev almasi daha yiiksek kiraya verebilecegi agiktir.

Calisma sonucunda, konut kira piyasasini konutun baktig1 cephe, manzara, site icerisinde olma
durumu, sosyo-ekonomik gelisim kademesinin etkili oldugu ayni zamanda enlem boylam

degiskenlerinin konut kira fiyatlarini belirleyici 6zellik oldugu goriilmiistiir. Bu sebeple bu calisma
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Istanbul konut piyasasi icin literatiire katki saglayacak ve bundan sonraki ¢alismalarin konutun

buldugu mekan bilgisinin dahil edilmesi ile daha net sonuglar elde edecegi goriilmektedir.
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Abstract

Millions of people were affected both by COVID-19 and thyr
previous works are limited to identify the effects of COVID-1Q on thyRgd disorders. Thyroid holds
a critical role to regulate numerous metabolic processe ughoupthe body, a few changes in it,

may have affect on other systems on the human bg e pandemic, thyroid disorders get

oimmune mechanisms. Present meta-

Keywords: Thyroid dysfunction; COVID-19; COVID-19 severity; mortality.
Introduction

COVID-19 is a disease, caused by SARS-CoV-2 virus and was first reported in December 2019 in
Wuhan, China [1]. Millions of people were affected both by COVID-19 and thyroid diseases across
the world but previous works are limited to identify the effects of COVID-19 on thyroid disorders.
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During the pandemic, thyroid disorders get increased and those disorders are usually interpreted as

autoimmune mechanisms.

Thyroid disorders are conditions that affect the thyroid gland. The thyroid gland holds a critical
role to regulate numerous metabolic processes throughout the body. Different types of thyroid
disorders affect either its’ structure or function. The thyroid gland produces hormones that help
control many vital functions of the body. When it is not working properly, it mgg have an impact
on the entire body. If the body makes too much or too little thyroid hormo rexcan be serious

conditions that need to be treated.

Due to the limitations in terms of time, some studies have been don v Jicient or unbalanced

sample groups, populations, demographic structures etc. Res aower reliability level. Meta-

analysis is one of the best techniques to come up with ce levels. It combines the

results of multiple scientific studies and generates oufpu ious studies by using statistical

analysis.

This meta-analysis focused on the relatign b¥twedyp’thyroid function test measures, thyroid

dysfunction, comorbidity and COVID-19 seWg§ity; also thyroid function test measures and

mortality caused by COVID-19; oid function test measures and COVID-19 existence are
observed.
Thyroid dysfunction patigats ten®to undergo more severe COVID-19. TSH, FT4, TT4 values have

no effect on COVID-19 s
Patients with hi

Also, the FT4 value was not affect COVID-19-related mortality.
TT3 levels tend to undergo milder COVID-19. Moreover, the chance

of survivin ID-19 gets increases.
Methodolo
Protocols and Registration

During this study Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist steps are followed.
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Eligibility Criteria
Eligible studies were selected according to the following criteria: (I) published in the English
language; (I1) published after January 1, 2019; (I111) sample groups should not have known thyroid
dysfunction before; (IV) blood test results for thyroid function tests (TFT) with median, mean,
standard deviation or interquartile range (IQR) values; (V) more than one severity classification
for the COVID-19 patients; (IV) the category of the study should be retygspective cohort,

prospective cohort, cross-sectional or clinical trial. Exclusion criteria were iggatifieNas: (1) the age

of the sample groups should be greater than 18; (1) pregnant sampl (111) only male or

female sample groups; (IV) review, case report, meta-analysis, editpri -Up studies; (V) no

existence of full-text study.
Search Strategy

A systematic review was completed on PubMed apé\Sc irect search engines by using the
rBidism“[Mesh] OR "thyroiditis" OR
"subacute thyroiditis" OR "autoimmune t "hyperthyroxinemia” OR "T3" OR "T4"
OR "TSH") AND ("COVID-19"[Mesg] OR * S-CoV-2" OR "COVID-19" OR "coronavirus

disease 2019" OR "mortality” O U admission™)) The query was executed on April 9, 2022.

search query: (("hypothyroidism"[Mesh] O

Search is filtered as publishedgh 2019 &after, English language restricted, abstract, and free full-

text availability.

Study Selection

The output of the ry returns 1174 studies from PubMed and 3086 from Science Direct.
d from the literature review were collected in a pool. All studies were
gxaminers (ID and EK), in case of any disagreement a third reviewer (MU) takes

place to reach/a consensus.

After the duplicate studies (n=404) were eliminated, 3856 studies were screened and irrelevant
topic’ studies (n=3836) were excluded. The remaining 20 studies were full-text read and 13 studies
were evaluated as eligible for meta-analysis since they met the inclusion criteria. Study selection
was summarised in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flowchart (Figure 1.1).
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Initial search:
Fubled -= 1174, Science Direct -» 3086

I [ Duplicates excluded (h=404) ]

[ Title and abstract screened (n = 3856) ]

[ Excluding 3836 irrelevant studies ]

[ Eelevant articles ir;cluded for full text ]
review (n = 207

Excluding 7 articles bhifled on
exclusion cgheri

The Review ] The Screening ] [ The Search

[ Eelevant studies .1.ncluded for data ]
extraction (n = 13)

Eligible for meta-analysis (W)

[ Meta-Anaysis ]
o

Figure 1.1. MA flowchart
Data Extraction

For selected studies, tables agggenerate®vhich include the study design, country, published year,

intervention group sample sizegontrol group sample size, age with mean + standard deviation,

male ratio, thyroid functi FT), comorbidity, thyroid dysfunction existence, mortality, ICU

admission and

Q

GRADEpro unity.cochrane.org/help/tools-and-software/gradepro-gdt) online tool was used

-19 §gverity metrics.

to make the guality score assessment of studies. Quality score of each meta-analysis was calculated
by taking into consideration the study design risk of bias, inconsistency, indirectness, imprecision,
number of patients and effect size. Quality score of all meta-analyses was resulted as “low”.
Including observational studies (cohort, cross-sectional) and due to the limitations in terms of time,
some studies have been done with insufficient or unbalanced sample groups, populations,

demographic structures etc. resulted as lower reliability levels.
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Statistical Analysis

Cochrane’s Review Manager (RevMan) (version 5.4.1) and MedCalc Statistical Software (version
18.6) were used for statistical analysis. For assessing the heterogeneity, Q-value —measured as Chi-
squared-, 12 value -tells the amount of heterogeneity- and forest plot is observed by using the
Review Manager software. If p < 0.05, 1> > 75 and in forest plot not overlapping the confidence
odel should be

lue less than

intervals indicate heterogeneity. If heterogeneity takes place, random effect

preferred in order to eliminate the errors that emerge from heterogeneity.
r continuous —not
e’(SMD) with 95%

is measured by using

0.05, is considered as statistically significant difference among the sty
binary- data, effect size (ES) is measured by using standardized mean @

C

confidence intervals (Cls), for non-continuous —binary- data, € 17 C s
the odds ratio (OR). Interpreting the effect size is not mean win the CI’s of studies pass

through the zero axis.

According to Cohen’ (Cohen, 1988) “Rules-of- , forgie SMD, if the effect size is between

0,2 and 0,5 evaluated as small relative size, if tge e ize is between 0,5 and 0,8 evaluated as
medium relative size and if the effect size iS

size. [2]

ter or equal than 0,8 evaluated as large relative

For assessing the publication a3 amdRgythe studies funnel plot is generated. If the view of the

graph is like a symmetric funneit indicates that there is not any bias in the study. Since, it is not
a quantitive way to inte ay change person to person, rank correlation (Begg’s test) and
linear regression, st) tests are conducted. According to the Egger’s test, the p-values
greater than Qdg ymmetric distribution in funnel plot. According to Begg’s test, if the p-

value for t statistically significant, so publication bias is not observed.
Results
Characteristics of the Included Studies

13 studies met the inclusion criteria and were included into the meta-analyses. Among those
studies, the most used study design is cohort (76.92%), most of the observations take place in China

(30.77%) with 1640 patients, average sample size is 217.6 patients, average age is 58.73 with a
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standard deviation 15.63 and 58.79% of the patients are male. In total, 2829 individuals were

conducted into the meta-analyses. Characteristics of the included studies were served in Table 1.
76.92% of the selected studies were published in 2021, 15.38% in 2020 and 7.69% in 2022.

76.92% of the selected studies are built by cohort studies. Cohort studies are divided into 2 sub-
groups: retrospective cohort and prospective cohort. Retrospective cohort study ratio is 60% and

prospective cohort study ratio is 40%. 15.38% of the studies are cross-sectio

and for 1 study
(7.69%) study type is not declared.

Regarding to the country of the studies, most of the studies were co
30.77%, then in Turkey with 15.38%, other countries are Greece,
and South Korea conducted 1 study (7.69%) per each.

Intervention group is assumed as COVID-19 patien
COVID-19 patients and healthy individuals. Samp [ntervention group is 1789 individuals,
with an average 137.62 and 93.83 standard 4evi
individuals, with average 260 and 426.6 st radevi
urkey (1%.08%) and Greece (6.93%).

ion. The most population included into the

meta-analysis is from China (57.97%

Age and gender variables are d in terms of weighted mean for both intervention and
sample groups. Regards to th ample size weighted mean age is 58.73 and standard deviation

io fo

ale sample size is 58.79% and female sample size is 41.21%.

determined as non-severe and severe-to-critical. Mild, moderate, non-ICU admission patients were
added into non-severe group and severe, critical, ICU admission, ward patients added into severe-

to-critical group.
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Table 3.1. Characteristics of the included studies - 1

Intervention Control Group

Arlt[i)c le Author S:}g:g\ Country SC; ::1):{23 Sa;rir;réle (meﬁlgj SD) Male (%)
Size

1 Sohn et al., 2021 [3] Retrospective cohort South Korea 119 N/A 64.3+£16.8 52.1
2 Gao et al., 2020 [4] Retrospective cohort China 100 N/A 62.59 +14.01 50

3 Vassiliadi et al., 2021 [5]  Prospective cohort Greece 102 94 66.3
5 Malik et al., 2021 [6] Retrospective cohort  Pakistan 48 28 60.53
6 Lui et al., 2020 [7] Prospective cohort China 191 N/A 51.8
7 Baldelli et al., 2021 [8]  Retrospective cohort Italy 46 20 69.56
8 Bonakdaran et al., 2022 [9] Cross-sectional Iran 70 N/ 55.7
9 Guven et al., 2021 [10] Prospective cohort Turkey 250 /A 63

12 Yazan etal., 2021 [11] N/A Turkey 205 57.45+13.29 55.12
13 Lui etal., 2021 [12] Prospective cohort China 367 /A 52.25+20.09 46.9
14 Sen et al., 2021 [13] Cross-sectional India A N/A N/A
15 Nakamura et al., 2021 [14] Retrospective cohort Japan 1 N/A 67.8+13.07 64.6
20 Wang et al., 2021 [15] Retrospective cohort China 84 898 57.89 £ 13.47 63

Outcomes of the Meta-Analyses & PUMgation Bias Assessment
Aiming to explore the effects of D-19 on thyroid disorder, 5 main meta-analysis topics are

identified. Due to each stugyg cqnduc®e into the meta-analysis containing different types of
numerical outputs, some sub¥geta-analysis was applied. In total 16 meta-analyses were
implemented. (I) TFT a D-19 Severity: Meta-analysis 1: TSH (uIU/mL) vs COVID-19
s 2: %13 (pg/ml) vs COVID-19 Severity; meta-analysis 3: TT3 (ng/dL) vs
eta-analysis 4: FT4 (ng/dL) vs COVID-19 Severity; meta-analysis 5: TT4
19 Severity. (I11) Comorbidity and COVID-19 Severity: Meta-analysis 6:

Severity; meta-

COVID-19 ey
@ D

Comorbidity fabetes) vs COVID-19 Severity; meta-analysis 7: Comorbidity (Hypertension) vs
COVID-19 Severity. (I11) TFT and Mortality Rates by COVID-19: Meta-analysis 8: TSH
(WIU/mL) vs Mortality; meta-analysis 9: FT3 (pg/mL) vs Mortality; meta-Analysis 10: TT3 (ng/dL)

vs Mortality; meta-analysis 11: FT4 (ng/dL) vs Mortality. (IV) Thyroid Dysfunction and
COVID-19 Severity: Meta-analysis 12: Thyroid Dysfunction vs COVID-19 Severity. (V) TFT
and COVID-19 Existence: Meta-analysis 13: TSH (ulU/mL) vs COVID-19 Existence; meta-
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Analysis 14: TT3 (ng/dL) vs COVID-19 Existence; meta-analysis 15: TT4 (mcg/dL) vs COVID-
19 Existence; meta-analysis 16: TSH (ulU/mL) vs COVID-19/Healthy Status.

TFT and COVID-19 Severity

In meta-analysis 1: TSH (uIU/mL) vs COVID-19 Severity (ES = 0.3 (-0.05 to 0.65)), meta-
Analysis 4: FT4 (ng/dL) vs COVID-19 Severity (ES = 0.06 (-0.25 to 0.37)) and meta-Analysis 5:
TT4 (mcg/dL) vs COVID-19 Severity (ES = 0.02 (-0.38 t0 0.42)); the CI’s of studf&s passes through

the zero axis, interpreting the effect size is not meaningful. So, no relative between the

TSH, FT4, TT4 values and COVID-19 severity.
Meta-Analysis 2: FT3 (pg/ml) vs COVID-19 Severity
Heterogeneity takes place (Q = 16.19, p = 0.003, 1% = 75%),

size (ES) is measured by using standardized mean dif4§

ect model is used. Effect

), ES = 0.65 (0.31 to 0.99).
Among the mild/moderate and severe/critical gr staNgardized mean FT3 difference is 0.65
greater in mild/moderate group within the 958§ CN§D.33 0 0.99). Due to p < 0.05, there exists
statistically significant difference among t udies. According to Cohen’ (Cohen, 1988) “Rules-
of-Thumb” for the standardized megM\ differen®® if the effect size is between 0,5 and 0,8 is
evaluated as medium relative size T3 values have medium effect on the COVID-19 severity.

(figure 3.1.)

mildimodele s pritical Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD\IW Mean)y SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gano 2020 {1D: 2} 286 057 iy 0.59 B 18.7% 1.09 [0.65, 1.53] e —
Guyen 2021 (10 9) 062 .84 087 125 236% 0.92 [0.66, 1.18] —=
Makamura 2021 {1D: 15) By 1.69 047 24 21.8% 0.78[0.44,1.11] e
Sen 2021 (1D:14) 2493 04 18 159% 0.02 [-0.53, 0.58] S
Yazan 2021 {1D:12) 232 104 3 203% 0.28[-0.10, 0.67] T
Total (95% CI) 324 100.0% 0.65 [0.31, 0.99] il
Heterogeneity: TN #="16.19, df= 4 (P=0.003); F=75% B R D 1 3
Testfar overall effc = (F=0.0002) severefcritical mild/moderate

Figure 3.1. Random effect model result for meta-analysis 2

According to Egger’s test, the p-values greater than 0.05, lead to symmetric distribution in funnel
plot (figure 3.2.). Since, p =0.2962, funnel plot is in symmetric form and publication bias does not
exists. According to the Begg’s test, p = 0.1416, and statistically significant level is evaluated as p
< 0.05. P-value for this test is not statistically significant (0.05 < 0. 1416), so publication bias is

not observed.
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Figure 3.2. Funnel plot for meta-anal

Meta-Analysis 3: TT3 (ng/dL) vs COVID-19 Severity

severe/critical Std. Mean Difference Stdl. Mean Difference
Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
434 207 42 20.6% 0.53[0.04,1.02] =
TITT 4347 26 201% 0.05[-0.51,0.62] b
Sen 2021 g y . 434 207 18 18.2% 3.38 [2.54, 4.21] e
Sohn 20 Mze6 2483 32 B1.65 2638 87 M.0% 1.04 [0.61,1.47] —_
Yassiliadi 2 1176 281 18 8226 29485 87 201% 1.19[062,1.77] —=
Total (95% CI) 139 260 100.0% 1.19 [0.36, 2.03] -~
Heterogeneity Tol<=0.82; Chi*= 4581, df=4 (P = 0.00001); F=91% 14 12 b é jl
Test for overall effect: £=2.80 (P = 0.004) severelcritical mild/maoderate

Figure 3.3. Random effect model result for meta-analysis 3

According to Egger’s test, the p-values greater than 0.05, lead symmetric distribution in funnel plot
(figure 3.4.). Since, p = 0.3342, funnel plot is in symmetric form and publication bias do not exists.

According to the Begg’s test, p = 0.1416, and statistically significant level is evaluated as p < 0.05.
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P-value for this test is not statistically significant (0.05 < 0. 1416), so publication bias is not

observed.

0.0}

0.1

0.2

-15 -1.0 -05 00 05 10 15 2.
Standardized
Mean Difference

Figure 3.4. Funnel plot for an s3
Comorbidity and CRVN-19Beverity
In meta-analysis 6: Comorbidity (Diabetes)d/s QOVIY19 Severity (ES = 0.46 (0.25 to 0.86)) and

meta-analysis 7: Comorbidity (Hyperjension) W§COVID-19 Severity (ES = 0.36 (0.2 to 0.68));
according to Cohen’ (Cohen, 198

ules-of-Thumb” for the standardized mean difference if the

effect size is between 0,2 an ated as small relative size. So, comorbidity (diabetes,

hypertension) have small effectq§n the COVID-19 severity.
and Mortality Rates by COVID-19

In meta-analysis U/mL) vs Mortality (ES = 0.26 (0.05 to 0.47)), according to Cohen’
(Cohen, 196
0,2and 0,5
mortality. In ¢

W ePof-Thumb” for the standardized mean difference if the effect size is between
ated as small relative size. So, TSH values have small effect on the COVID-19
eta-analysis 11: FT4 (ng/dL) vs Mortality (ES = 0.13 (-0.07 to 0.33)), the CI of
studies passes through the zero axis, interpreting the effect size is not meaningful. So, no relative

size exists between the FT4 and COVID-19 mortality.
Meta-Analysis 9: FT3 (pg/mL) vs Mortality

Heterogeneity do not takes place (Q = 4.31, p = 0.77, 1?> = 54%) fixed effect model is used. Effect
size (ES) is measured by using standardized mean difference (SMD), ES = 0.77 (0.49 to 1.06).
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Among the survived and deceased groups standardized mean FT3 difference is 0.77 greater in
survived group within the 95% CI (0.49 to 1.06). According to Cohen’ (Cohen, 1988) “Rules-of-
Thumb” for the standardized mean difference if the effect size is between 0,5 and 0,8 is evaluated
as medium relative size. So, FT3 values have medium effect on the COVID-19 mortality. (figure
3.5)

survived deceased Std. Mean Difference Std. Mean Differenge
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95%&
Gao 2020 {ID: 3} 243 057 44 179 0.31 27 26.8% 1.27[0.71,1.82]
Guwen 2021 {ID: 9 1.498 0483 88 151 065 37 54.8% 0.54 [0.15, 0.93]
Yazan 2021 (D:12) 268 0893 191 189 077 9 18.4% 0.74 [0.07,1.42]

Total (95% CI) 323 68 100.0% 0.77 [0.49, 1.06]
Heterogeneity: Chi*=4.31, df =2 (P=012); "= 54%
Testfor overall effect: £= 526 (P = 0.00001)

Figure 3.5. Fixed effect model result fo

does not exists. According to Begg’s test, p=0.
as p < 0.05. P-value for this test is not statis significant (0.05 < 0. 6015), so publication bias

is not observed.

-16 -1.4 -1.2 -10 -08 -06 -04 -0.2 0.0
Standardized
Mean Difference

Figure 3.6. Funnel plot for meta-analysis 9

Meta-Analysis 10: TT3 (ng/dL) vs Mortality

Heterogeneity do not takes place (Q = 1.16, p = 0.28, 1% = 54%) fixed effect model is used. Effect
size (ES) is measured by using standardized mean difference (SMD), ES =0.73 (0.41 to 1.05). Due
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to p > 0.05, there exists no statistically significant difference among the studies. Among the
survived and deceased groups standardized mean TT3 difference is 0.73 greater in survived group
within the 95% CI (0.41 to 1.05). According to Cohen’ (Cohen, 1988) “Rules-of-Thumb” for the
standardized mean difference if the effect size is between 0,5 and 0,8 is evaluated as medium
relative size. So, TT3 values have medium effect on the COVID-19 mortality. (figure 3.7.)

survived deceased Std. Mean Difference Std. Mean Differegte
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95°
Bonakdaran 2022 {ID: 8) 549 258 46 422 14 24 405% 0.51 [0.01,1.02]
Sohn 2021 {(1D: 1) 96.65 24.89 85 7464 2554 34 A0.5% 0.87 [0.48,1.29]
Total (95% Cl) 131 58 100.0% 0.73[0.41, 1.05]

Heterogeneity: Chi®=1.16,df=1{F=028);F=14%
Testfor overall effect: 2= 4.47 (P = 0.00001)

Figure 3.7. Fixed effect model result for

According to Egger’s test, the p-values greater than 0.0 d to symmetric distribution in funnel

plot (figure 3.8.). Since, p < 0.0001, funnel plot i etric form and publication bias

exists. Despite that, the view of funnel plot is ccording to Begg’s test, p = 0.3173,

and statistically significant level is evaluajgd as\p < ®05. P-value for this test is not statistically

significant (0.05 < 0. 3173), so publicgfion biasgnot observed.
0.0} Q(i

0.2}

03 H H H H H H
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Figure 3.8. Funnel plot for meta-analysis 10
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Thyroid Dysfunction and COVID-19 Severity
Meta-Analysis 12: Thyroid Dysfunction vs COVID-19 Severity

Thyroid dysfunction evaluated as non-thyroidal illness syndrome (NTIS), subclinical
thyrotoxicosis, thyrotoxicosis, overt thyrotoxicosis, hypothyroidism, overt hypothyroidism,
subclinical hypothyroidism, subnormal TSH, low FT3, high FT3, low FT4 and high FT4.

Heterogeneity do not takes place (Q = 9.74, p = 0.14, 12 = 38%), fixed effect mod¥ is used. Effect

size (ES) is measured by using odds ratio, ES = 4.8 (3.03 to 7.6). Among oderate and

severe/critical

19 is more severe in

patients having thyroid dysfunction. Due to p > 0.05, thefe exisqpo statistically significant

difference among the studies. According to Cohen’ n, 1988) “Rules-of-Thumb” for the
e

standardized mean difference if the effect size is | than 0,8 is evaluated as a large

relative size. So, having thyroid dysfunction hgge fZCt on the COVID-19 severity. (figure
3.9) Q‘
ds Ratio

Odds Ratio
Weight  M-H, Fixed, 95% CI M-H, Fixed, 95% CI

severe/critical modarete/mj
Study or Subgroup Events  Total Events

Lui 2020 (ID: §) 1 B B.O%  1.48[0.17,13.28]
Lui 2021 (1D 13) 3 14 B7%  374[0.98,14.31]
Makamura 2021 (ID: 15) 77 a4 509%  4.40[1.71,11.34] —
Sen 2021 (ID:14) 5 1 26% 1577 [1.69, 147.51]
Sohn 2021 (1D 1) 37 87 37 30.4% 3.21[1.20, 8.58] —a—

vassiliadi 2021 (ID: 3) 58 a7 fi 15 20.6% 3.00[0.97,9.24] —

Yang 2021 {1D: 200 LN 21 49% 2507673, 93.41] [
Total (95% CI) 711 100.0% 4.80[3.03, 7.60] <
Total events i 109
ity: Chi®= 9.4 P M= I t t |
?et?;ugenelt\,fl.l C;I ;i_ 5 N 1 38% 005 o 10 00
Bstioroverall efiect £ = B8 ! modarete/mild  severe/critical

Figure 3.9. Fixed effect model result for meta-analysis 12

According to the Egger’s test, the p-values greater than 0.05, lead to symmetric distribution in
funnel plot (figure 3.10.). Since, p = 0.14, funnel plot is in symmetric form and publication bias
does not exists. According to Begg’s test, p = 0.815, and the statistically significant level is
evaluated as p < 0.05. P-value for this test is not statistically significant (0.05 < 0. 815), so

publication bias is not observed.

230



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

0.0k
0.2
04}
0.6

0.8

Lo
0.1 1 10 100
Odds ratio
Figure 3.10. Funnel plot for meta—analx
TFT and COVID- @
In meta-analysis 13: TSH (ulU/mL) vs COVI]g-1 sedCe (ES = -0.39 (-0.58 to -0.2)), meta-

analysis 15: TT4 (mcg/dL) vs COVID-19 Egster\ce (Eyr= 0.47 (0.22 to 0.73)); according to Cohen’
(Cohen, 1988) “Rules-of-Thumb” for

0,2 and 0,5 is evaluated as small

e stan ized mean difference if the effect size is between

jve size. So, TSH and TT4 values have small effect on the
: TT3 (ng/dL) vs COVID-19 Existence (ES = -0.02 (-

0.49 to 0.45)) the CI of studie§passes through the zero axis, interpreting the effect size is not

COVID-19 existence. In metgfanalysi

meaningful. So, no relati Ists between the TT3 values and COVID-19 existence.

gity doO kes place (Q = 2.53, p = 0.11, 12 = 61%) fixed effect model is used. Effect
%A red by using standardized mean difference (SMD), ES = -1.08 (-1.3 to -0.87).
Due to p > 0.05, there exists no statistically significant difference among the studies. Among the
COVID-19 patients and non-COVID-19 healthy groups, standardized mean TSH difference is 1.08
greater in COVID-19 patients group within the 95% CI (-1.3 to -0.87). According to Cohen’
(Cohen, 1988) “Rules-of-Thumb” for the standardized mean difference if the effect size is greater
than 0.8, is evaluated as high relative size. So, TSH values have large effect on the COVID-
19/healthy individuals. (figure 3.11.)
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Covid-19 patients Healthy individuals Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean S0 Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Baldelli 2021 {D: 73 074 077 46 1.498 087 20 13.2% -1.83F2.12,-0.94] —
Wang 2021 (1D 200 062 062 84 155 094 807 BE6.8% -1.02 [F1.25,-0.79] ‘.‘
Total (95% Cl) 130 827 100.0% -1.08 [-1.30, -0.87] -
Heterogeneity: Chi= 2.53, df=1 (P=0.113 F= 1% B i1 7 ] é
Testfor overall effect 2= 9.92 (F = 0.00001) Covid-18 patients Healthy individuals

Figure 3.11. Fixed effect model result for meta-analysis 16

{bution in funnel

According to Egger’s test, the p-values greater than 0.05, lead to symmetric di

plot (figure 3.12). Since, p < 0.0001, funnel plot is not in symmetric for lication bias

exists. According to Begg’s test, p = 0.3173, and statistically signific ' valuated as p <
0.05. P-value for this test is not statistically significant (0.05 < 0. 17 blication bias is not
observed.
0.0}
12 10 04
Standardized
Mean Difference
igure 3.12. Funnel plot for meta-analysis 16
Conclusion iscussion
Conclusion

TT3 value has large; FT3 value has medium; TSH have small; FT4 and TT4 have very small or no
effect on the COVID-19 severity. Among the TFT’s, TT3 has the biggest and TT4 has the smallest
effect on COVID-19 severity.
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Diabetes and hypertension comorbidities has small effect on the COVID-19 severity. Having
diabetes has more effect on COVID-19 severity than having hypertension. Diabetes is very near
the medium effect threshold (0.5 < ES <0.8).

FT3, TT3 have medium; TSH has small; FT4 has very small or no effect on the COVID-19
mortality. FT3 and TT3 are extremely near the large effect threshold (0.8 < ES).

Prognosis of COVID-19 is more severe in patients having thyroid dysfunctf

. Also, thyroid
dysfunction have large effect on the COVID-19 severity.

TSH, TT4 have small and TT3 has very small or no effect on COVID-1§ .
Despite that, TSH has large effect on COVID-19 patients vs heal&

Discussion
Llamas (Llamas et al., 2021) conducted a meta-analysi stwfles, 1183 patients from Turkey,
Israel, China and Italy. Observed FT3 levels amaQg &ke and non-ICU admitted COVID-19
patients, FT3 levels between deceased/survivedCOWD 29 patients and low/normal FT3 levels on
deceased/survived COVID-19 patients. Hé p with a result as, both ICU-admitted (WMD =
—0.91, 95% CI: —1.08; —0.73) and g€cdased (WMD = —1.33, 95% CI: —2.03; —0.64) COVID-19

patients had lower FT3 levels Agan Ngn-ICU admitted and survived ones. So, FT3 levels are
dramatically lower in severe -19patients than in non-severe. [16]

du

eece, India, Brasil, Korea and Spain. Observed the relationship

Chen (Chen et al., 2022
China, Turkey,

d a meta-analysis with 20 studies, 3609 patients from lItaly,
between the E 4 levels vs COVID-19 severity and mortality. He came up with a result
as, thyroid ‘%

FT3, TSH le dre lower in severe COVID-19 patients; FT4 levels do not have a significant effect

on COVID-19 severity. Also, deceased/survived status shows the same characteristics. In

§s &e more common in severe COVID-19 patients and mortality rates are higher;

conclusion, low FT3 and TSH levels may increase the mortality rates and cause more severe
COVID-19. [17]

Permana (Permena et al., 2022) conducted a meta-analysis and meta-regression with 20 studies,
24734 patients. Observed relationship between the comorbidities (coronary artery

disease/cardiovascular disease (CAD/CVD), chronic obstructive pulmonary disease (COPD),
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diabetes mellitus (DM), hypertension) vs severity, hospitalization, mortality and ICU admission of
COVID-19. He came up with the result as, thyroid disorders increase the COVID-19 severity,
mortality, ICU admission and hospitalization. Meta-regression results showed age, hypertension
but not DM, CAD/CVD, gender, COPD, obesity affects the association. [18]

Damara (Damara et al. 2021) conducted a meta-analysis and meta-regression with 21 studies,

31339 patients. Observed the relationship between thyroid disorders vs severigyg hospitalization,

mortality and ICU admission of COVID-19. He came up with the resul th\oid disorders
results showed age affects the association. Hypothyroidism

hyperthyroidism- are associated with poor COVID-19 outcom

COVID-19 patients having lower FT3 levels. Prese tes that FT3 has medium effect

on COVID-19 severity and medium-large eff COWD-19 related-mortality. Among the
mild/moderate and severe/critical groups standardi ean FT3 difference is 0.65 greater in
mild/moderate group within the 95% CI (0. .99). Among the survived and deceased groups
standardized mean FT3 difference J£0.77 greater in survived group within the 95% CI (0.49 to

1.06). Present study’ results argMhilaRgo Llamas’ (Llamas et al., 2021) result.

Chen (Chenetal., 2022) work h&§ resulted in thyroid disorders increasing the mortality and severity

means the prognosis of COVID-19 is more severe in patients having thyroid dysfunction. TSH
values have no effect on the COVID-19 severity. Among the mild/moderate and severe/critical
groups standardized mean TSH difference is 0.3 greater in mild/moderate group within the 95% CI
(-0.05 to 0.65). Since, in the forest plot the CI’s of studies passes through the zero axis, interpreting
the effect size is not meaningful. TSH values have small effect on the COVID-19 related mortality.
Among the survived and deceased groups standardized mean TSH difference is 0.26 greater in the
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survived group within the 95% CI (0.05 to 0.47). Similar to Chen’ (Chen et al., 2022) output, the
current study presents FT4 have no effect on COVID-19 severity and mortality but, FT3 related
outcomes similar to Chen’ (Chen et al., 2022) study. TSH related outcomes are contradict with
Chen’ (Chen et al., 2022).

Permana (Permena et al., 2022) and Damara (Damara et al., 2021) studies have resulted in the same

conclusion: thyroid disorders increase the COVID-19 severity, mortality, I admission and

hospitalization. The present study is just able to assess thyroid disorder a
h .

D-19 severity
due to the limitation in data and ended with similar outputs to t \cates that thyroid
dysfunction have large effect on the COVID-19 severity. A ld/moderate and
severe/critical groups odds ratio for having thyroid dysfunctio severe/critical group

within the 95% CI (3.03 to 7.6) which means the prognosis of 9 is more severe in patients

having thyroid dysfunction.
In conclusion, it is shown that thyroid dysfunctiofagent d to undergo more severe COVID-
19. TSH, FT4, TT4 values have no effect o, CQVI everity. Also, FT4 values was not affect

COVID-19-related mortality. Patients with r TF3 and TT3 levels tend to undergo milder
COVID-19. Moreover, the chance g§surviving from COVID-19 gets increases.

Limitations

There were several limitgdons o presented meta-analyses work. First of all, in publication bias

assessment, fewer studie Ining meta-analyses, evaluation of either having bias or not,

changes for eac , Egger and Begg tests. According to Idris (Idris, 2012), in moderate

g acts well but their precision is low in small meta-analysis. [20]

Ality score of all meta-analyses was resulted as “low”. Including observational
studies (cohor?; cross-sectional) and due to the limitations in terms of time, some studies have been
done with insufficient or unbalanced sample groups, populations, demographic structures etc.

resulted as lower reliability levels.

Third of all, since each study focused on different aim and outcome, trying to combine them is
difficult and resulted as small sample sizes are low rather than previous meta-analyses works. Also,

thyroid hormone units, type of statistical measure (mean, median) given and COVID-19 severity
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classification (mild, moderate, severe etc.) differs from study to study. Converting them to a single

measure is the biggest challenge during this work.
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METAL EMTIA PIYASALARINDA ETKINLIiK HIPOTEZINIiN GUNCEL BiRiM KOK
TESTLERIYLE INCELENMESI

Derya 07"
Bilgisayar Programciligi / Meslek Yiiksekokulu, Istanbul Ticaret Universitesi, Istanbul
“(doz@ticaret.edu.tr) Sorumlu yazar

Ozet

Zaman serisi verilerinde birim kok testleri yaygin bir sekilde kullanilmakfa

4 . ilen sonuclarin,
\ Y testlerinde goz ardi

edilen bazi onemli hususlar bulunmaktadir. Bir zaman segfs1 verMinin kalintilarinin istatistiki

kok testlerinin gelistirilmesiyle 6nerilen yeni birim kok testleri kullan

daha iyi oldugu sdylenebilmektedir. Bir baska deyisle, geleneksg@bi

olarak normal dagilim gdosterip gostermedigi veya uy, ada Kylfanilan ilgili serinin yapisal

kirilmali olup olmadigi, ampirik sonuglari ve dolgaist onuglarin kullanimiyla alinacak

kararlarm dogrulugunu onemli Olciide etkj inansal seriler istatistiki olarak
incelendiginde, dagilimlarinin ¢gogunlukla gormyl da a uygunluk gostermedigi bilinmektedir.
Ancak literatiirde finansal serilerde geleneksel'Wdim kok testleri kullanilarak yapilmis olan bir¢ok

calisma bulunmaktadir. Bu nedepMy finansal seriler gibi kalintilarin normal dagilmadigi veri

setlerinde geleneksel yontem eni gelistirilmis birim kok testlerinin kulllanimi daha

uygun olacaktir. Calismanin Qipirik kisminda finansal seri olan metal emtia piyasalar ele

alinmigtir. Ulke ekono uylik Oneme sahip bu piyasalarin etkinligi incelenmistir.

Calismada kulla onemlfr ise giincel birim kok testleri olan Enders ve Lee (2012) Esnek

Fourier Biri 0 m- Lee ve Tieslau (2014) Kalintilarla Arttirilmis En Kiigiik Kareler
(RALS) Kok Testi ve Omay (2015) Kesirli Frekansli Esnek Fourier Birim Kok

Testleridir.
Anahtar Kelimeler: zaman serileri, birim kok testleri, rals, fourier.

Giris

Etkinlik Hipotezi, Fama’nin 1970 yilinda sermaye piyasalarinda etkinlik konusunu ele almasiyla

literatiirde kavramsal olarak yerini almistir. Fama’ya gore, fiyatlarin her zaman mevcut bilgileri

yansittif1 piyasalar, etkin piyasalar olarak tanimlanmistir. Etkin piyasalardaki ardisik fiyat
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degisiklikleri rassal yiiriiylis sergilemektedirler. Dolayisiyla, etkin piyasalardaki fiyatlarin ilgili
piyasa hakkindaki tiim bilgileri icermesi ve ardisik fiyat degisikliklerinin rassal yiiriiyiis gdstermesi
sebebiyle, piyasalarla ilgili tiim bilgilerin kullanilmasiyla normalin iistiinde bir getiri elde edilmesi
s06z konusu olmamaktadir. Kar elde etmeyi hedefleyen yatirimcilar, finansal piyasalardaki fiyat
degisikliklerini dogru bir sekilde tahminlemeyi amaglamaktadirlar. Fakat finansal piyasalarin

genellikle rassal yiirliylis sergilemesi, fiyatlarin geg¢misteki degerleri kullanilarak tahmin

Fama, etkinlik hipotezini ii¢ farkli formda ele almistir. Bunlar; Zayif @ Y#1-Giiglii Formda

ve Gilicli Formda etkinlik hipotezidir. Zayif formda etkinliKNQip®ggzi/menkul kiymetlerin
gecmisteki tlim bilgilerinin fiyatlara yansimasi olarak tagmlanm¥gadir. Yari-Giiclii formda
yangimAsidir. Giiclii formda etkinlik

in de piyasa fiyatlarina yansimasi

seklinde ifade edilmektedir (Fama, 1970).

Bu calismada metal emtia piyasalar einlik hipotezinin gegerliliginin aragtirilmasi
amaclanmaktadir. Metal emtia piyag#®rindaki ddlgalanmalar, reel ve finansal piyasalar1 6nemli
Olclide etkilemektedir. Bu ned alman bu piyasalara ait fiyatlarin gegmis donem fiyat
degerleri ile tahmin edilebilidgluolma®igr sorusu giindeme gelmektedir. Iktisadi arastirmalarda

bir piyasanin gelecektekfydegerlqggin tahmin edilebilir olup olmadigini test etmek amaciyla etkin

piyasalar hipotezi k maktadir. Etkinlik hipotezinin test edilmesi i¢in piyasalarin birim
kokli bir siire sergilemedigi incelenmektedir. Dolayisiyla arastirmanin ampirik
kisminda, yontem olarak birim kok testleri kullanilmistir. Kullanicak birim kok

emtia piyasalafinda yer alan; altin, aliiminyum, ¢elik, giimiis, kalay, kursun, nikel, paladyum ve
platin degiskenlerine ait veri setlerinin tanimlayici istatistikleri incelendiginde, serilerin leptokdrtik
bir dagilim gosterdikleri ve kalintilarinin normal dagilima uygun olmadiklar1 sdylenebilmektedir.
Biitiin bu bilgiler 15181nda, ¢alismanin ampirik kisminda RALS (Kalintilarla Arttirilmis En Kii¢iik
Kareler) yontemi ve Fourier Fonksiyonlarina dayali giincel birim kok testleri ele alinmustir.
Etkinlik hipotezi kullanilarak yapilmis olan ¢aligmalar incelendiginde ¢ogunlukla finansal zaman

serilerinin kullanildig1 goriilmektedir. Leptokortik dagilim gosteren finansal seriler, kuyruklarin
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daha kalin ve sivri olmasi sebebiyle normal dagilimdan farklilagsmaktadir. Dolayisiyla finansal
zaman serileri, geleneksel ekonometri yontemlerine ait varsayimlarin incelenmesi asamasinda,
normal dagilima uygunluk gostermemektedir (Cil, 2015). Bu durumda bu serilerin duraganliginin
geleneksel birim kok testleri ile test edilmesiyle hatali sonuglar elde edilebilmektedir. Ancak
giincel ekonometrik caligmalarda, geleneksel birim kok testlerinin gelistirilerek daha Onceden

karsilasilan varsayim problemleri gibi bir cok etkeni dikkate alan testler &nerijmistir. Ozellikle

RALS yontemine dayali ve Fourier Fonksiyonlari kullanilarak gelistirilen Bir\n Kok testleri

yaygin bir sekilde kullanilmaktadir. Bu ¢calismada Metal Emtia Piyasala hipotezinin
gecerli olup olmadigini test etmek amaciyla, ilgili piyasalara ait giinliil apanis fiyatlar
veri setleri ele alinarak; RALS yontemine dayali RALS — ‘ Kok Testi, Fourier
Fonksiyonlarina dayali Esnek Fourier Birim Kok Testi ve K%s Fourier Birim Kok Testi

ile analizler gergeklestirilmistir. Calismada sabitli tren a glusturulan modeller i¢in birim

kok testleri uygulanmustir.
Veri Seti ve Metodoloji

Uygulamada kullanilan veri seti, gézlem don rinde farklilik bulunsa da, en genis tarih araligi
olarak 4 Ocak 2010 — 31 Aralik 2028donemine aittir. Veri seti www.investing.com adresinden her
bir emtia piyasasinin giinliik ar Mgzl1 kapanis fiyatlar1 seklinde elde edilmistir. Serilerin

analizlerde kullanilabilmesi a la, dncelikle serilerin dogal logaritmasi alinmistir. Calismada

kullanilan metal emtia alar§fe gozlem donemlerine iliskin bilgiler asagidaki tabloda yer

almaktadir:

Gozlem Donemi
04.01.2010-31.12.2022
Alliminyum 17.06.2014-31.12.2022
Celik 17.06.2014-31.12.2022
Giimiis 04.01.2010-31.12.2022
Kalay 17.06.2014-31.12.2022
Kursun 17.06.2014-31.12.2022
Nikel 17.06.2014-31.12.2022
Paladyum 04.01.2010-31.12.2022
Platin 04.01.2010-31.12.2022
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Calismani ampirik kisminda kullanilan ekonometrik yontemler: Enders ve Lee (2012) Esnek
Fourier Birim Kok Testi, Im, Lee ve Tieslau (2014) RALS — ADF Birim K&k Testi ve Omay (2015)

Kesirli Frekansli Esnek Fourier Birim Kok Testidir.
Enders ve Lee (2012) Esnek Fourier Birim Kok Testi

Enders ve Lee (2012), bir veya daha fazla yapisal kirilmali bir serinin temel 6zelliklerini, az sayida

diisiik frekansli bilesenlerin kullanildig1r Fourier yaklagimiyla incelemislerdir/8gu yontemin en

onemli oOzelligi, kirilma zamani ya da sayisinin onceden bilinmesi olmamasidir.

olacaktir. Bu calismada Enders ve Lee ile Rodrigues ve caligsmalar1 genisletilerek

Dickey-Fuller tipi yeni bir Fourier Birim kok testi oneri s ve Lee’nin Fourier birim

trendden arindirma yontemi kullanilmistir., AyKca, endden arindirma yontemleri baslangi¢

degeri biiyiik olan serilerde énemli bir gii¢ k a sebep olmaktadir. Standart Dickey-Fuller tipi
birim kok testleri kullanimi bakiming@n basit olmasinin yanisira, bu baslangic degeri probleminden
de muaf olmaktadir. Ayrica bu gNsmaMa dogrusal olmama durumlari i¢in 6n test olarak bir F testi

Onerilmistir. Bu tiir bir on faydali olacaktir, ¢iinkii Fourier testlerini, dogrusalligin

Jan onemli bir gii¢ kaybina sebep olabilmektedir.

Enders ve Lee ( asinda Dickey-Fuller Testi, zamana bagli bir fonksiyon olan ve «a, ile

gosterilen d rimle ele alinarak;

ye = a(t) +yt+e 1)

seklinde ifade’edilmistir. Burada &, 62 sabit varyansl hata terimini, a(t) ise t nin deterministik

fonksiyonunu gostermektedir.

Enders ve Lee (2012), bir birim kdk i¢in bos hipotezin test edilmesini amaglamislardir (yani p =
1). Eger a(t) yanlis tanimlanmis veya bilinmiyorsa, p = 1 i¢in herhangi bir test sorunlu olacaktir.

Bilinmeyen islevsel a(t) formunun bir yakinsamasi olarak Fourier agilimi;
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a(t) = ag + Xji=q @ Sin (ZHT“) + Y k=1 B sin (ZHT“) ; n<T/2 (2

Burada n, yaklasimda yer alan frekans sayisini, k belirli bir frekans1 ve T ise gozlem sayisini temsil

etmektedir.

a, =py = =a, =, =0 ise, sire¢ dogrusaldir ve geleneksel birim kok test metodolojileri

uygun olmaktadir. Ancak bir yapisal kirilma ya da dogrusal olmama egilimi s6z, konusu ise, veri

spesifik bi¢cimini belirlemek yerine (2) numarali agilima dahil edilecek

yapilmaldir. Ilk olarak yalmzca bir tane k frekans: kullanildig i test regresyonu

asagidaki gibidir: x
Ay; = pyi—1 + ¢4 + ¢t + c3sin (ZnTkt) + ¢4 cos (ZnTkt) t% ©)

indedir. Dickey-Fuller testlerinin

Yukaridaki esitlikte p = 0 sifir hipotezi i¢in t istati

asimptotik ozellikleri, testin LM versiyonunggn 1 Jegildir. Dolayisiyla burada asimptotik

dagilim igin bir gosterim yapilmamistir. B a dpemIPhokta, bir birim kok sifir hipotezi igin kritik
degerlerin diger testlerde oldugu gibjyalnizcaW frekansina ve T 6rneklem biiyiikliigiine bagl
olmasidir. Ancak Fourier teri in katsayilarina ve diger deterministik terimlere baglh
degillerdir. Dolayisiyla simiji@sygnla Nptik degerler tablolastirilabilmektedir. Tpr .” nin kritik
degerleri asagidaki Tablg2’de Wgilmistir:

Tablo 2. tpr * nindgitik ¥gcPeri (Enders ve Lee, 2012)

k T =200 T =500 T = 2500
1% 5% 108 1% 5% 10% 1% 5% 10%

Critical values of 7
1 s —4.87 -431 -402 —-4.81 -4.29 -4.01 —-4.80 —4.27 —4,00
2 —4.69 —4,05 =371 —462 -4.01 -3.69 -457 -399 -367 —4.58 -398 -367
3 —4.45 -378 -3.44 —4,38 =377 -343 —4.38 =376 -343 —-4.38 -375 -343
4 —-4.29 —365 -329 —4.27 -363 =331 —4.25 -3.64 =331 —-4.24 -363 =330
5 -4.20 —3.56 -322 -4,18 —3.56 -3.24 -4,18 -3.56 =325 —4,16 —-355 -3.24
Critical values of F(k) = MaxF(k)

1221 9.14 7.78 11.70 8.88 7.62 1152 8.76 753 11.35 8.71 750

Arastirmaci k degerini belirtmek isterse, test dogrudan bu kritik degerler kullanilarak yapilmalidir.

Eger k degeri tahmin edilecekse asagidaki adimlar izlenmelidir:
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Admm 1: (2) numarali denklem, 1 < k <5 olacak sekilde tiim k tamsay1 degerleri igin tahmin
edilmelidir. Kalint1 kareler toplami1 (Sum of square (SSR)) en kiiciik olan regresyon modeline gore
k elde edilmektedir. Eger kalintilarda koreslasyon varsa (2) numarali denklemin Ay, gecikmeli

degerler ile tahmin edilmesi gerekmektedir.

Adim 2: Dogrusal-dist durumlar i¢in 6n test yapilmalidir. Bunun igin sifir hipotezi ¢c; = ¢, = 0

seklinde ifade edilmektedir ve F testi ile test gerceklestirilmektedir. Birim kok4fir hipotezi veri

tiiretme siireci(data-generating process (DGP))ne uygulandiginda, F istatist g
olmamaktadir. Dolayisiyla Tablo 2’deki kritik degerler F (E) olgAAkNgnNplanacaktir. Eger
hesaplanan F degeri kritik degerden kiiciikse, dogrusal egilgni eden sifir hipotezi

reddedilememektedir. Bu durumda klasik dogrusal Dickey/AF

olacaktir.
Bu testte Dickey — Fuller (DF) tipi bir test regresyon %nmaktadlr. Enders ve Lee (2012)
tarafindan Onerilen sabit terimli ve sabit tegm W y1Xte trendli yapilarin bulundugu test

r testinin kullanimi uygun

regresyonlar1 asagidaki gibidir:

Ay, = a + ylsin(Z"Tkt) + yzcos(znkt O8ye_1 T & (4)
Ay, = a+ ft+ ylsin(Z"Tkt) V2£0S kt) +0y1t+ & (5)
I1d

a

lemlerde;

T: Gozlem
t: Determin ndi,

n=3.14 olarak”ifade edilen pi sayisi seklinde tanimlanmaktadir. Ayrica sin ve cos terimleri ise
modellerdeki diger deterministik bilesenler olan trigonometrik terimler olarak ifade edilmektedir.
Test i¢in gelistirilen (4) ve (5) numarali regresyon modelleri EKK yontemi ile tahmin edilmektedir.
Bu testte de k degerinin uygun bir sekilde tespit edilmesi, testin istatistiksel dagiliminin k degerine

bagli olmasi nedeniyle 6nemlidir. Farkli k degerlerine ait tahmin edilen test regresyonlarinin kalinti
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kareler toplamini1 minimum yapan K frekans sayisi, uygun frekans sayisi olarak kabul edilmektedir

ve bu deger kullanilarak tahmin edilen model dikkate alinmaktadir (Enders and Lee, 2012).

Enders ve Lee (2012) birim kok testinde ilk olarak birim kok stireci arastirilmamaktadir, bu nedenle
de izledigi prosediir bakimindan diger Fourier fonksiyonlarina dayali birim kok testlerinden

farklilik gostermektedir. Bu testte ilk olarak trigonometrik terimlerin istatistiki agidan anlamli olup
olmadigi sinanmaktadir. (4) ve (5) test regresyonlarinda yer alan sin ve cos terimj¢rinin anlamlilig
icin kurulacak hipotezler ve kullanilacak F (E) test istatistigi asagidaki gibi maktadir:

Hy: v, = y, = 0 (Katsayilar istatistiki olarak anlamsizdir.)

Hy:y; # v, # 0 (Katsayilardan en az biri istatistiki olarak anlan@

~\ _ (ESSR—ESSygr(k)/2
F(k) - ( ESSI?UR(R)I;?T—Q) )

Formiilde yer alan ESSy kisitlt modele iliskin hes antgalint kareler toplamini, ESSy (k) ise
kisitsiz modele ait kalint1 kareler toplamin1 ifafe e®gektddir. Ayrica T gozlem sayisini, q kisitsiz
. (4

modele iligkin parametre sayisini goste

(6)

eya (5) test regresyonlari i¢in elde edilen

F (k) test istatistigi degeri, Enders veAee (2012W¢alismasinda onerilen kritik degerlerden biiyiik

oldugunda sifir hipotezinde belirt¥enQurumun gecersizligi ve bu durumda trigonometrik terimlere

ait katsayilardan en az budgin)istatifiki olarak anlamli oldugu sonucuna ulasiimaktadir.
Katsayilardan en az biringg istati%y

Enders ve Lee (2012)

el olarak anlaml1 olmasi, birim kok varliginin test edilmesinde

Fourier birim kok testinin kullaniminin uygun oldugunu
gostermektedir. @ st istatistiginin kritik degerlerden kiigiik olmas1 halinde, sifir hipotezi
reddedilem, tsayilar istatistiksel agidan anlamsiz olmaktadir. Bu sonuca gore de birim
kokiin varl t etmek i¢in Esnek Fourier birim kok testi yerine geleneksel ADF birim kok

testinin kullany#hi uygunluk gostermektedir.

Katsayilarin anlamliliginin test edilmesi sonucunda eger trigonometrik terimler anlamliysa, ikinci
asamada Enders ve Lee (2012) Esnek Fourier birim kok testi i¢in tahmin edilecek (4) ve (5) test

regresyonlarina iliskin kurulacak hipotezler asagidaki gibi tanimlanmaktadir:
Hy: 8=0 ( Seri birim kokliidiir.)

H,: 8<0 (Seri duragandir.)
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Test i¢in kullanilacak test istatistigi (4) numarali denklem i¢in 7pr . ve (5) numarali denklem i¢in

Tpr ¢ olarak tanimlanmakta ve asagidaki gibi hesaplanmaktadir:

_ &
Tpr ¢y TDF ¢t~ SE®) (7
(7) numarali formiilde yer alan &, & parametresinin tahminidir ve SE(8) degeri de bu tahminciye
iligkin hesaplanan standart hata olarak adlandirilmaktadir. Eger hesaplanangpr ., Tpr . test

istatistikleri mutlak degerce Enders ve Lee (2012) tarafindan elde edilen kijgg

ise, sifir hipotezi reddedilemediginden seri birim kokliidiir sonucuna u aakNdir. Aksi takdirde
hesaplanan test istatistikleri mutlak degerce kritik degerlerden biiyij

serinin duragan bir siireg izledigi ifade edilmektedir (Hepsag,
Im, Lee ve Tieslau (2014) RALS-ADF Birim K{jges

Geleneksel birim kok testleri, test regresyonlarina #ska ormallik varsayimini saglamasa

bile uygulanabilmektedir. Im, Lee ve Tieslaug? 1¥masinda, birim kok testlerine ait test

istatistiklerinin asimptotik dagiliminda hegfang\ bir PKki olmasa bile, normallik sartinin 6nemli
oldugu vurgulanmaktadir. Normallik ygrsayimiig saglanmamasi durumunu birim kok siireclerine

dahil ederek, daha etkin tahmi ile birim kok testlerinin daha giiclii olabilecegini ileri

stirmiislerdir. Im vd. (2014) y@pnus ol®gklar1 bu calismada, Im ve Schmidt (2008) ¢alismasinda
yer alan Kalintilarla Artpirlmign Kiiciik Kareler (RALS) yontemini ADF birim kok testi i¢in
diizenlemislerdir. Bu ned y fest RALS — ADF testi olarak da adlandirilmaktadir. Im, Lee ve
Tieslau RALS-

normallik vaN#1min1 saglamayan kalintilarin yiliksek dereceli momentleri, normal dagilima

testinde, geleneksel birim kok testlerinden olan ADF testine ait

mtilarinin  normallik varsayimini saglamamasi1 sebebiyle, yiiksek

tlerindeki normal dagilmama durumunun agiklanmasi amaclanmistir. Boylece

uygunluk géstermeme konusunda bilgi vermektedir.

Im, Lee ve Tieslau (2014) RALS-ADF birim kok testinde tahmin siireci iki asamada yapilmaktadir.
Ilk olarak sabit terimli ve sabit terim ile birlikte trendli durumlar icin geleneksel ADF test
regresyonlari en kii¢iik kareler (EKK) yontemi ile tahmin edilmektedir ve bu test regresyonlarina
iligkin kalint1 serileri hesaplanmaktadir. Asagida ilgili ADF test regresyonlari sirasiyla sabit terimli

ve sabit terim ile birlikte trendli durumlar i¢in verilmistir:
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Ay, = u+ 8yi4 + Zi’c=1 abye_; + & (8)
Ay, = u+ pt+ 8y, + Z{‘(=1 Ay, + & 9

Testin ikinci asamasinda, tahmin edilen ADF test regresyonlarina ait kalintilarin ikinci ve tigiincii
momentleri bulunarak normal dagilmama durumu incelenmektedir. Kalintilara iliskin ikinci ve

iciincii momentler agagidaki formiiller yardimiyla hesaplanmaktadir:

m, = Szt ‘ : (10)
m, = Z=ft O (1)
Burada; x

82: Testin ilk asamasinda elde edilen kalint1 kareleri,

&3 : Testin ilk asamasinda elde edilen kalintilarin kg#p eri,%

T: Gozlem sayisini ifade etmektedir.

Yukaridaki ikinci ve iigiincii momentler elde cgikten sonra kalintilarla genisletilmis degiskenler

olarak tanimlanan w,; ve w5, degi leri asagidaki formiiller yardimiyla hesaplanmaktadir:
W =8¢ —m, (12)

W3 =& —mz — 3myé,

(13)

Kalitilarla genis

ADF birim kok tes

e W3, degiskenleri tahmin edildikten sonra (8) ve (9) geleneksel

onlarina eklenerek RALS-ADF test regresyonlart:
Aye = pu+ i1 @AY+ VW + V3Wae + U (14)
Aye = p+ BtA 8ye_q + Xiy aiAy_i + V2 Woe + V3Wae + ue (15)

(14) ve (15) test regresyonlar1 sirasiyla sabit terimli ve sabit terim ile birlikte trendli durum ig¢in
RALS-ADF test regresyonlari olarak ifade edilmektedir. RALS-ADF test regresyonlar1 klasik en
kiigiik kareler (EKK) yontemiyle elde edilmektedir. Daha sonra birim kokiin varhiginin test

edilmesi Tga;5_apr seklinde gosterilen test istatistigi:
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TRaLs-apF = PTapr + /1 — p?Z (16)
olarak tanimlanmaktadir. Burada;
Tapr: Klasik ADF birim kok testi i¢in hesaplanan test istatistigini,

Z: Sifir (0) ortalamali ve birim varyansa sahip rassal bir degiskeni gostermektedir.

Ayrica p?:

p* = 62/62 ‘é )
seklinde tahmin edilmektedir. Burada; Q

62: RALS-ADF birim kok testi i¢in test regresyonuna ait hata rl& ans tahminini,

62: Geleneksel ADF birim kok testi igin test regresyo % eriminin varyans tahminini
gostermektedir. Q

Test i¢in kurulacak hipotezler agagidaki gibidirg

Hy: 6 = 0 (Seri birim kokliidiir.)
H;: 6 < 0 (Seri duragandir.)

Hesaplanan tpais_apr test igfatistigi agilimi p? parametresine baghdir. Bu parametrenin

p?=0.1, 0.2, ..., 0.9 degerlerRQ¢in hesaplanan kritik degerler Tpa;s_apr test istatistigi ile

kiyaslanmaktadir. Eger landn Tr,.s_apr test istatistigi mutlak degerce belirlenen kritik
degerden kiigiikg -‘ fir Ripotezi reddedilemeyecegi icin seri birim koklii olacaktir. Ancak
mutlak degerce belirlenen kritik degerden biiylikse, sifir hipotezi

reddedilefd h duragan bir siire¢ izledigi sonucuna ulasilmaktadir (Im vd., 2014).

Omay Y015) Kesirli Esnek Fourier Birim Kok Testi

Literatiirde bulunan ¢oklu dogrusal kirilmali birim kok testlerinden Becker vd. (2006), Enders ve
Lee (2012) ve Rodrigues ve Taylor (2012) birim kok testleri Esnek Fourier birim kok testlerinin
farkli formlar1 olarak karsimiza g¢ikmaktadir. Bu calismalarda Fourier yaklasimi; bilinmeyen
formdaki bir deterministik fonksiyonun periyodik olmasa bile davranisini yakalayabilme,
kirilmalarm anlik veya yumusak ge¢isli olmasina bakilmaksizin kukla degisken yontemlerinden

daha iyi sonuclar alinabilmesi ve kirilmalarin formu, sayist ve gerceklestigi tarihin bilinmemesi

248



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress

2-5 November 2023 - Istanbul, TURKIYE

durumunda kullanilabilmesi bakimindan avantaj saglamaktadir. Tiim bu calismalarda Fourier
doniistimlerinde Kk frekans degerinin tam sayili olarak kullanilmasi sartiyla yapisal kirilmanin
belirlenebilecedi, aksi halde bir takim problemlerin ortaya ¢ikmasi durumu s6z konusudur. Ancak,
bu ¢aligmalarin higbirinde K frekans degerinin kesirli olabilecegi ele alinmamigstir. Omay (2015)
Kesirli Esnek Fouier birim kok testi, Becker vd. (2004) c¢alismasindaki yapisal kirilma testine
dayanmaktadir. Ayrica Omay (2015) Kesirli Esnek Fourier birim kok testi, Becker vd. (2004) testi

ile birlikte Enders ve Lee (2012) testinin kombinasyonu seklinde Fourier doniisii

bir birim kok testi olmasi amaglanarak gelistirilmistir (Omay, 2015).

Omay (2015) Kesirli Esnek Fourier birim kok testinde k frekaps @legerl®i kesirli (ondalikli)
degerler alabilmektedir. k/™ kesirli frekans sayis1 olarak taryaglaMgnarefr. Ayrica k, 0.1 ile 2
arasinda deger almaktadir (0.1<k/7<2). Kesirli Esnek Four%r resyonlar1 sabit terimli ve

sabit terim ile birlikte trendli durum igin sirastyla (18 ’ gibi tanimlanmstir:
. (2nkSTt 2mkfTt
Ay, = a + ylsln( ) +y ) by (B VA (18)
KTt

T

1cos( —) + 51
Ay, = a + [t + y;Sin 2 + y,C0 2mk Oy + & (19)
T T

Bu formiillerde;

T: Gozlem sayisini,

t: Deterministik trendi,

Lsayisint gostermektedir. Ayrica sin ve cos deterministik bilesenleri ise

Yukaridaki e (19) test regresyonlart EKK yontemi yardimiyla tahmin edilmektedir. Omay
(2015) Kesirli®snek Fourier birim kok testinde de k/" frekans sayisini belirlemek énemlidir. Elde
edilen modellerde kalint: kareler toplamini en kiiciik yapan k/™ degeri en uygun frekans sayisi
olarak kabul edilmektedir. Boylece belirlenen k/" frekans degeri ile tahmin edilen model, birim
kokiin sinanmasi igin kullanilacak model olarak kullanilmaktadir. Bu testte de ilk asamada test

regresyonunda yer alan trigonometrik terimlerin istatistiki a¢idan anlamlili§i sinanmaktadir. Bu

amagla (18) ve (19) test regresyonlarindaki sin ve cos trigonometrik terimleri igin kisitlara dayali
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ve sabit terimli durum ya da sabit terim ile birlikte trendli duruma iliskin test istatistigi F(k/™)

olarak tanimlanmaktadir.

Test i¢in kurulacak hipotezler asagidaki gibidir:

Hy: v, = y, = 0 (Katsayilar istatistiki olarak anlamsizdir.)

Hy:y; # v, # 0 (Katsayilardan en az biri istatistiki olarak anlamlidir.)

Hipotezlerin sinanmasi1 amaciyla hesaplanacak F(k/T) test istatistigi:

2\ — (ESSR—ESSuR (kSTy/2
F(k'T) ( ESSyr(KIT)/(T—q) ) (20)
seklindedir. x

nt1 karyler toplamini, ESSyz (k7™) ise

Formiilde yer alan ESSy kisitl modele iliskin hesaplana

k

kisitsiz modele ait kalint1 kareler toplamini ifade e t 1ca T gozlem sayisini, q kisitsiz

modele iligkin parametre sayisini1 gostermektedj. eyaX 19) test regresyonlari i¢in elde edilen
F(k/T) test istatistigi degeri, Omay (20&5) dalisn¥¥inda Snerilen kritik degerlerden bityiik

oldugunda sifir hipotezinde belirtilen ggrumun Rgersizligi ve bu durumda trigonometrik terimlere

ait katsayilardan en az birini tistiki olarak anlamli oldugu sonucuna ulasilmaktadir.

Trigonometrikpferimlerin anlamlilig1 sonucu altinda, Omay (2015) Kesirli Esnek Fourier birim kok
testi kullanilarak (18) ve (19) test regresyonlarinda birim kok varligr sinanmak tizere kurulacak

hipotezler:
Hy: 8=0 ( Seri birim kokliidiir.)

H;: 8<0 (Seri duragandir.)
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Test i¢in kullanilacak test istatistigi (18) numarali denklem igin 1'5;_6 ve (19) numarali denklem

icin le)c;_t olarak tanimlanmakta ve asagidaki gibi hesaplanmaktadir:

froogfr =20 (21)

Tprc ToFt™ 553

(21) numarali formiilde yer alan &, 8 parametresinin tahminidir ve SE(8) degeri de bu tahminciye

istatistikleri mutlak degerce Omay (2015) tarafindan elde edilen kritik deger iciik ise, sifir
hipotezi reddedilemediginden seri birim kokliidiir sonucuna ulag Aksi takdirde
hesaplanan test istatistikleri mutlak degerce kritik degerlerden biiy# i
serinin duragan bir siire¢ izledigi ifade edilmektedir. Omayf(2015)§aJismasinda yer alan kritik

degerler tablosu incelendiginde k/™ degerinin 1.1 ile 1.9 inda olJnasina dayali kritik degerlerin

iiretildigi gozlemlenmektedir. k/” frekans de e daha kiiciik degerleri icin

kullanilabilecek kritik degerler de ayn1 calism u? (Hepsag, 2022).
Sonuglar

Caligmanin uygulama kisminda ele ginan yontemlere gore elde edilen sonuglar Tablo 3 ve Tablo

4’te verilmistir:

Tablo 3’te verilen metal emtiaN€giskenlerinin F-ADF birim kok sonuclarina gore Celik, Kursun

sonuglar1 etkinlik hipotezi bakimindan 6zetlenirse; Kursun ve Paladyum piyasalarinda etkinlik
hipotezi gegerli degilken, celik piyasalarinda etkinlik hipotezi gegerli olmaktadir. Ayrica tiim metal
emtia degiskenleri i¢in normallik varsayiminin ifade edildigi sifir hipotezi reddedilerek,

degiskenlerin normal dagilima uygunluk gostermedigi tespit edilmistir.
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Tablo 3: Enders ve Lee (2012) Esnek Fourier Birim Kok Testi, Im, Lee ve Tieslau (2014) RALS

— ADF Birim Kok Testi

Emtia TpF k | F(k) JB TRALS—ADF p?
Altin 4147000 | 1 3.349 6917.8%** -3.105(3)* | 062
Aliiminyum -3.273(0) 2 7.094 507.3*** -2.231(0) 0.59
Celik -1.501(0) 2 8.184** 75.6%** —2.9%25)* 0.61
Glimiis -3.348(0) 1 3.106 8685.9*** -2.201) 0.68
Kalay 2242000 | 2 6.372 4514.9%%* }Qﬁ) 0.57
Kursun -5.859(0)* 2 10.260** 18742.1*** .8”(2)* 0.83
Nikel -3.242(0) 1 1.761 2503892. .892(17) 0.69
Paladyum -4.340(0)* 1 8.615** 155@6.4*** -1.593(22) 0.80
Platin -391000) | 1 3.808 1.4+ -2.656(0) 0.72

* %I, %5 veya %10 anlamlilik diizeyinde sifir hipotezi olan birim kglyi ddedildigini gostermektedir.

** 95 anlamhhk diizeyinde sifir hipotezi olan trigono
gostermektedir.
inin reddedildigini ifade etmektedir. Parantez igindeki

*H% 965 anlamhilik diizeyinde sifir hipotezi olan normalgasilim varsa

degerler ise uygun gecikme uzunluklaridur.

Tablo 3’te verilen metal em{§ degiskePri i¢in RALS-ADF birim kok sonuglart incelendiginde

Altin, Celik ve Kursun pgvasalalgda birim kokiin varligini ileri siiren sifir hipotezi reddedilerek,

serilerin duragan oldugu tlmistir. Diger degiskenler ise birim koklii bir siire¢ izlemektedir.

Tablo 4’te vefilen metal emtia degiskenlerinin FFFF—ADF birim kok testi sonuglarina gore

analizde ele alinan tiim degiskenlerin Fourier terimlerinin istatistiki olarak anlamsiz oldugu kabul
edilmistir. Ayrica tiim metal emtia degiskenleri i¢in normallik varsayiminin ifade edildigi sifir

hipotezi reddedilerek, degiskenlerin normal dagilima uygunluk gostermedigi tespit edilmistir.
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Tablo 1 : Omay (2015) Kesirli Frekansli Esnek Fourier Birim Kok Testi (FFFF—ADF)

Emtia ™ ¢ kfr F(k™) JB
Altin ~3.603 0.2 1.710 6662.48***
Aliiminyum ~1.937 0.1 0.220 507.26%**
Bakur ~3.158 0.2 3.800 1204.80%**
Celik ~1.102 0.1 2.230 516446.70%**
Giimiis -3.518 0.2 3.653 *En%l***
Kalay ~1.507 0.1 0.327 514 O
Kursun ~4.208 0.2 1.353 Y2 9%+
Nikel ~3.809 0.1 3.740 547742.9%**
Paladyum ~4.050 0.2 6.9 15468.75%**
Platin ~4.125 0.1 4 6493.61%**

nin Yledildigini gostermektedir.
lamsiz oldugu ifadesinin reddedildigini

* %I, %5 veya %10 anlamhilik diizeyinde sifir hipotezi olan birim koki
** 965 anlamhilik diizeyinde sifir hipotezi olan trigonometr]
gostermektedir.

**% 965 anlamhilik diizeyinde sifir hipotezi olan normal dagzlx Y

degerler ise uygun gecikme uzunluklaridur.

1statisti ozellikleri bakimindan geleneksel birim kok testleri ile

eddedildigini ifade etmektedir. Parantez igindeki

¥

Sonug ve Tartisma

Bu ¢alismada, finansal serilerj
ele alindiginda ortaya ¢ikabilecq€ sorunlardan dolay1, giincel ekonometrik yontemler kullanilarak
Um&tir. Uygulamada yararlanilan birim kok testleri, Esnek Fourier
F Birim Kok Testi ve Kesirli Esnek Fourier Birim Kok testidir. Ele
alian metal Gigll indaki degiskenleri ilgili birim kok testleri ile incelenmistir. Elde edilen
degiskenlere iliskin kalintilarin normallik varsayimin1 saglamadig
gorilmiistiir. ek Fourier Birim Kok Testine gore Celik, Kursun ve Paladyum degiskenleri i¢in
fourier terimleri anlamlidir ve Kursun ve Paladyum serileri duragan iken Celik degiskeni birim
koklidiir. Dolayistyla Esnek Fourier Birim Kok testine gore, Celik piyasasinin etkin piyasa oldugu
ifade edilebilmektedir. RALS-ADF birim kok testinin sonuglari ise; Altin, Celik ve Kursun
piyasalar1 duragan iken, diger degiskenlerin birim koklii bir siirec izlemesi sebebiyle etkin piyasalar
oldugu sdylenebilmektedir. Son olarak Kesirli Esnek Fourier Birim Kok testinde ise, analizde

kullanilan tiim degiskenler i¢in fourier terimlerinin anlamsiz olmasi sebebiyle birim kok
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analizlerine devam edilememistir. Goriildigl tizere ele alinan zaman serilerinin gosterdigi
Ozellikler bakimindan elde edilen sonuglarda da farklilik bulunmaktadir. Bu nedenle 6zellikle
finansal serilerdeki ekonometrik analizlerin giincel yontemler kullanilarak yapilmasi 6énem arz

etmektedir.
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Abstract

This study aims to predict user behaviours regarding the renewal of ackages on
platforms such as Arabam.com, which provide second-hand car lis eyrof the platform
have the option to purchase premium packages such as standar

Platinum to highlight
their listings and enjoy additional privileges. The data used gor ana®sis includes factors such as
the exchange rate of the dollar to Turkish Lira (TL), pa tenury, the number of views listings

receive, and the frequency of package purchases. D&ta @ investigates the impact of these

factors on user decisions regarding package re cgoing to the study results, factors such

packages. Comparative analyses apfgg machine learning algorithms revealed that the LightGBM

algorithm achieved the best p formance. This study can be considered an important

step towards understanding uséfgdehaviours on the platform and improving services. The findings

may assist Arabam.co all@Cating resources more effectively and better meeting user

expectations.

Keywords: B®a
Car Marke

lour Analysis, Premium Packages, LightGBM, Prediction, Second-hand

Introduction

Today's digital marketing and service delivery are becoming increasingly complex. Online
platforms like Arabam.com, which specializes in second-hand car listings, require advanced
strategies to maintain customer satisfaction and minimize customer churn. In this context, churn
analysis is becoming a critical data science approach. Churn analysis leverages technical tools such

as data mining, machine learning algorithms, and big data analytics to predict changes in user
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behavior and anticipate customer attrition, helping businesses retain customer loyalty. Customer
satisfaction is a measure of how your organisation’s total product performs in relation to a set of

customer requirements (Hill & Alexander, 2006).

Fighting churn involves five key steps. Firstly, it measures churn and establishes metrics. Then, it
monitors user behaviors and creates behavioral metrics. Churn analysis examines these behaviors
to predict which users will stay and which will leave. Customers are segmenjgd based on their

characteristics and risks, and intervention strategies are developed based o e agalyses (Gold

& Tzuo, 2020).
In the early days of "intelligent™ applications, many systems r \ gually coded "if" and

"else” rules to process data and adapt to user input. For exgmple, am filter used predefined
rules like a blacklist of words to identify spam email wever) this approach had two main
limitations: it was domain-specific and required SiggM expertise to create rules. On the

other hand, machine learning automates decisi earning from existing examples. For

scientists, analye v db

s And maintaining competitiveness.

ptness owners will find this study a valuable resource for enhancing

customer r h
Methodolo
Data Collection and Preparation

Arabam.com extensively records the interactions users perform on the platform in an anonymous

manner. These data serve as a valuable source to measure user interests and satisfaction levels.
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Table 1. Data Content

User and Package Details

Infos Item Content
Memberld Member ID
BundleDurationType Bundle duration type
BundleType Bundle type

SubscriptionType

Subscription type

AdvertLimit Package ad limit
ExtraLimit Additional limit
StartDate Package star,

EndDate Package )de&ﬁ
Status Stas Y
BundlePrice i

Discount i

DiscountedPrice

OrderStatus

LoginCount

CityName

ity name

Advert Interactions

Total call number

TotalCall
TotalAn wxd

Total answered number

Total call duration

e
Total DM

PagkageQuarmsty

Package quantity

kageUsed Used package quantity
PaUsed Used paid services quantity
dvgfCount Number of adverts
AdvertViewCount Ad view count

avoritedAdvert

Favorited ads count

PhoneClick Phone clicks
FreeTurbo Free Turbo usage
PaidTurbo Paid Turbo usage
DateUpdateUsed Date update usage
TotalPaid Total paid amount
Favorited Favorited count

Tender Use Pr_ovision Cgmmission amount
Bid Bid count
Buy Purchase count

Market USD TL Dollar & TL price change
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In particular, package prices, activities related to listings, user interactions, and preferences
provide critical data for understanding user behaviors and satisfaction. As seen in Table 1, a wealth
of significant data is collected under headings such as user and package details, listing activities,
and bid usage. However, advert and bid activities serve as indicators of user satisfaction and
interest in the package they are using. User engagement and satisfaction are the most critical factors
in predicting user retention. This is because if a user is engaged and satisfied, they will continue

to use the service or product.

The activities and interactions of users are collected from the databa Ratd obtained includes

tasks such as adjusting data types according to potentially abnor lIfng in null values

(based on package and date information), and applying variougdilt act the data that needs
further analysis (e.g., users who have been using the packag op¥'than 60 days). In order to
predict user churn most effectively, new features have re

*Segmentation of the year into quarters information.
*Calculation of the total package u
*Counting the number of pack#ge purcha%es.

*Calculating the total dyagNonNy package ownership for users.

*Determination o churn rate.
The most impo e points is to calculate the user churn rates. The other pieces of
informatio supporting data for this rate. Consumer satisfaction is the perception of a

prefer vendorg?who provide more value and make them satisfied. While every company aims for

profit, success is challenging to achieve without consumer satisfaction. Therefore, consumer

satisfaction is of utmost importance for businesses (Musafir, 2017).
This rate is generated as follows:

The data obtained from job posting activities and auction usages has been normalized to the (0,1)

range. For normalization, the following formula has been used.
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. T — Tmin
Tscaled =
Tmaz — Tmin

The normalized churn metrics were weighted based on detailed visualizations, analyses, and
guidance from the business unit. Subsequently, these metrics were summed to calculate a

satisfaction score for each user.

Satisfaction Score = (w1 X columng) + (W2 X columny) + ... + (Wn X co

The satisfaction score has only been used in determining the labels. ThigggcoNe has been derived
from the total ratio of features that could contribute to the churn rat @

feature has been removed from the data after the data has been Jd d
Machine Learning

Each user in our databases has defined package us and the dates they stopped using
"

oMier attrition. This

the packages. However, because we track these a monthly basis, understanding why

or how a user left the package can be challgaging fo ata labeling and determining whether a

user will churn or not based on specific probWgities are established considering the interactions

and activities performed by that ugefyn that particular month. The satisfaction score has been the

primary factor in determining Jf™abelNgr, that user. At this point, using regression, classification,

or time series algorithms becoNgs a more appealing solution. For predicting user churn, various

algorithms or methods ca use Briefly discussing these algorithms:

Random Fore®. Random Forest is a model created by combining numerous decision trees. This
model is useful for identifying complex relationships and can be employed to assess variable

importance.

Gradient Boosting Machines: GBM is an ensemble model that generates predictions by
sequentially training multiple decision trees. Libraries like XGBoost, LightGBM, and CatBoost
are widely used in this area due to their speed and efficiency.
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Support Vector Machines: SVM attempts to find the best separation between two classes. It can

be used for churn prediction, but training time can be long for large datasets.

Nearest Neighbors: K-NN makes predictions by grouping similar users and analyzing the

behavior of a user's neighbors.

Neural Networks: Artificial neural networks, utilizing deep learning techniques, can effectively

capture complex relationships, especially on large datasets.

Naive Bayes: Naive Bayes can be used to calculate the probability of speci es for churn

prediction.

Time Series Analysis: Time series analysis can be used, especi I&thlonbased services,

to predict future churn rates by analyzing users' past behavio

Results

Our data has been obtained, necessary preproce e performed, features determining the

user's interest and satisfaction levels have pee pred, and new features have been created.
Now, we are training our models baged on eal data with labels according to the package

expiration dates that have occurred@o date. We split our dataset into 70(212870) - 30(91231)

proportions to test the perfor of hine learning models.
Description Value
Session id 564
1 Target label
2 Target type Binary
3 Original data shape (304101, 130)

4 Transformed data shape (304101, 104)
5 Transformed train set shape (212870, 104)
6 Transformed test set shape (81231, 104)
T Ignore features 26

8 Mumernic features 103

Figure 2. Dataset Information
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Comparing Machine Learning Models

The comparison of machine learning algorithms and the analysis of results have been performed
using the Pycaret library. Pycaret is a Python library used for developing data science and machine
learning applications. Pycaret automates and simplifies a range of crucial tasks in data analysis,
model selection, hyperparameter tuning, model evaluation, and presentation of results. Its key

advantages include:
*Rapid model selection and comparison. é
*Automated hyperparameter tuning. O
*Automation of data preprocessing tasks. x

*Automatic evaluation of model performance.

*Sustainable project management. %
*Automation of tasks. Q)
*Modular and flexible structure

Model

Accuracy AUC  Recall Prec. F1 TT (Sec)

catboost CztB 0.9930 09997 0.9904 0.9900 0.9902 22.9420

xghoost 0.9398 0.9996 0.9851 0.9862 0.9856 1.8270
lightg o Machine 0.9878 0.9994 0.9790 0.9865 0.9828 1.1710
0.9762 0.9981 0.9556 0.977 62 10.4980
0.9697 0.9969 0.9441 0.9700 0.9569 11,6380
X Boosting Classifier 0.9657 0.9959 0.9466 09516 40.1320

Cision Tree Classifier 0.9607 0.9577 0.9473 0.9428 0.9450 1.6200

Ada Boost Classifier 0.9501 09909 09271 0.9323 0.9297 10.0860

Logistic Regression 0.9196 0.9785 20.5270

SVM - Linear Kernel 0.8977 0.0000 09  1.8410

K Neighbors Classifier 0.8733 0.9366 0.8247 11.5740
Ida Linear Discriminant Analysis 0.8435 0.9169 0.7191 0.8194 07659 42190
ridge 0.8422 0.0000 0.7026 0.8284 0.7603 0.2900
nb Naive Bayes 0.7271 0.8671 0.9485 0.5703 23 03230
qda Quadratic Discriminant Analysis ~ 0.6954 0.8059 0.9610 1 06923 3.4400
dummy  Dummy Classifier 0.6438 0.5000 0.0000 0.0000 0.0000 0.0600

Figure 3. The Results of Machine Learning Algorithms

When we look at the comparison of models, we see that the GBM models offer the best
performance. Why LightGBM? It is more advantageous in terms of speed, performance, and

resource consumption compared to other algorithms. It can deliver excellent results even with both
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large and small datasets. While Catboost provides the best performance, it is notable that
LightGBM is faster than all GBM models in terms of speed. The success rate will also be close to
Catboost when hyperparameters are optimized. Based on experimental studies conducted with big
data and a large number of features, LightGBM has proven to outperform Xgboost, Stochastic GB,
and other similar algorithms in terms of computational speed and memory consumption (Ke et al.,

2017). Therefore, LightGBM has been selected as the algorithm.

Feature Importance Plot

AdvertViewCount_rate
LoginCount_rate
PhoneClick_rate L
AdvertCount_rate x

PackageQuantity_rate

Features

TotalDuration_rate

bid_interest
Premium_rate ]
ImpColSumMean
L]
Normal_rate d

0 50 100 50 200 250 300 350 400
Variable Importance

ig . Feature Importance

After training with the LightG model, the most important variables leading us to the correct

result are visualized in Fi

LGBM(Classifier Confusion Matrix

True Class

31760

Predicted Class

Figure 5. Confusion Matrix
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A binary confusion matrix is a two-by-two table used to evaluate the accuracy of a predictive
model for binary outcomes (i.e., whether a specific condition is present or not) (Zinoviev, 2016).

We can see the quality of the model's prediction results with the confusion matrix in Figure 5.
Conclusion and Discussion

A customer's interaction with a subscription business involves three crucial elements: customer
experience, customer perception, and customer behavior. To enhance customéNsatisfaction and

loyalty, it's essential to thoroughly comprehend these aspects and their int tunately, for

A

, 1T can unveil surprising

most large companies, the answers are now accessible. Information oMY, systems collect

extensive operational data at the customer level, and businesses ¢ Bential churn-related

insights from this data. Although the analysis might beAMric
revelations, enabling management to make precise g&0st fi{ trade-offs and strategic

investments in their services (Kon, 2007).

Churn analysis is a vital data science approach tlgat nesses like Arabam.com solve critical

issues. Following the deployment of our grojett, w¥fathered positive feedback from relevant

departments. Thanks to churn predictjon resul®gwe were able to provide proactive solutions to

performance issues by setting ala

onths in advance, ultimately reducing customer churn and
increasing renewal rates frony48% togeund 80%. Additionally, it enabled us to discover the

potential of users, calculate uniR€osts for dissatisfied users, and identify opportunities for targeted

marketing.

This analysis is ¥d © malptain the loyalty of VIP users and subscription subscribers, understand

the appeal 2 iption packages, measure customer satisfaction, and gain a competitive
advantage. Jefits marketing, sales, customer service, and product development teams,

enhancing theyompany's financial performance by focusing on reducing customer churn.

In conclusion, churn analysis is a critical tool for businesses like Arabam.com to enhance success,

reduce customer loss, increase satisfaction, and optimize subscription packages.
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Abstract

Many machine learning models are used in real-time systems. In data strea mgere both the

data's characteristics and the behavior of the models can change. anNdecreases in the

model's prediction performance, which is referred data drift, ca gl in such cases. Data

drift is fundamentally divided into two categories: virtual @r rs to situations where the

distributions of response or predictors change but relatioship between them remains
unchanged, while concept drift indicates a changga,in tionship between response and
predictors. Concept drift can be observed as su eental, recurring, and gradual drift. In

the literature, various methods are availablegfor Yetecqpd concept drift such as statistical tests and

monitoring the model's prediction perfor e. However, tests solely based on variable

distributions may be insufficient tg/Maderstand potential changes in model behaviour while using

performance metrics alone. Th o overall change in the model's prediction performance.

In that case, eXplainable Artifidl Intelligence (XAI) tools can be used for the detailed insight of

model behaviour. Partial ndgPce Profile (PDP) is one of the commonly used XAl methods to

examine how a tor \n the model affects the prediction of the response. In this study, we

propose a noyel ¢ rift detection method based on the Profile Disparity Index which is a

@ erences between PDPs. It has demonstrated that, apart from relying solely
on statistical Qst#and model performance metrics, concept drift can also be detected in data streams

using a profile difference index. Experimental studies are conducted to investigate the performance

of the proposed method on synthetic data for different window size and drift type. The usability of
the method is discussed according to the findings.

Keywords: concept drift; model monitoring; explainable artificial intelligence; partial dependence

profile.
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BANK FAILURE PREDICTION MODELS ADDRESSING IMBALANCED DATA AND
OUT-OF-TIME PERFORMANCE
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!Department of Statistics, Eskisehir Technical University, Turkiye
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Abstract

The banking sector plays a critical role in the economic development 0 try, directly

™

els offer valuable solutions

influencing financial stability and economic growth. However, crises iy sector can lead

to economic downturns and severe disruptions. Therefore, timel§d and management of
potential issues in banks are of paramount importance. Predi m

for predicting problems such as bank failures. Nevert rai§ifg a bank failure prediction

model presents several challenges, including the seleagio Ictors, choice of data timeframes,

imbalanced data, and poor out-of-time performa he literature often neglects the issues
of out-of-time prediction performance andgeclass imMénce in such models. This study aims to
propose a prediction model of U.S. bank failuMgor the period 2008-2023 that excels in both out-
of-sample and out-of-time predictigigccuracy. To achieve this, tree-based models Decision Trees,
Random Forests, and Extra es employed, coupled with resampling and weighting

techniques. The results indicateqgfat the bank failure prediction model based on the Decision Trees

model achieves the highe t-ofyfample prediction performance when utilizing the weight-based

lon model based on the Random Forests model attains the highest

formance. Finally, the bank failure prediction model based on the
Decision @ successfully resolves class imbalance using the weight-based method,
resulting in gOut-of-time prediction performance.

Keywords: bank failure prediction; imbalanced data; resampling; out-of-time performance.
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COMPARISON OF THE MECHANICAL CHARACTERISTICS OF TWO COMPOSITE
PLATES MADE OF NATURAL AND SYNTHETIC FIBERS BY SIMULATION.

S .A.Benmansourt™ 2, A.Ferouani!, S.M.N. Serdoun'
! Preparatory training department, Higher School of Applied Sciences of Tlemcen, Algeria
2 Material and corrosion research, LAEPO, research Laboratory, University of Tlemcen, Algeria
“( benmansour.sidahmed@gmail.com) Corresponding autho
Abstract

In this work we analyze the behavior of two rectangular flat plateg teNA0 a three-point

bending loading and varied according to the orientation of the fi 5t plate is made of 8
layers of an epoxy carbon fiber composite and the second platg1® ma%g of 8 layers of an epoxy jute
fiber composite. The orientation of the ply is assumed to mmetgical with respect to the neutral
°, 0 =45°and 0 = 90°. For this

ch also coincides with the longest

axis of the laminate. The orientation changes from

analysis, 0° is assumed to be aligned with t
dimension of the rectangular plate. The finje eleme ethod is used to evaluate the Von Mises

stress. A finite element model was created u ANSYS computer code. These results are then

used to optimize the flat plate for faximum stiffness. In this article, we presented the study by

simulation of the static behavj

work consist of laminates of

n fiber fabric or jute fibers and epoxy resin with a stacking
4]s [ 90°4]s, [+45° /-45°/0°/90°]s. A numerical model based on

Keywords: numerical simulations; finit element; composite; multilayer; natural fiber; synthetic
fiber.
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Abstract

Accelerated failure time (AFT) models consist in reducing the lifetimes ducts by the

eriments under

presented and numerical methods are used to comp pnum likelihood estimators of the
unknown parameters. A modified chi-square dy0J the Nikulin-Rao-Robson statistic is
constructed to fit data from this model.

Keywords: Accelerated failure time agodels- CWi-square test- Maximum likelihood estimation-
Reliability.

269



IRSYSC 2023
7th International Researchers, Statisticians, and Young Statisticians Congress
2-5 November 2023 - Istanbul, TURKIYE
MODELISATION OF THE SECOND HARMONIC GENERATION OF HEXAGONAL
BISMUTH BORATE SRBI2B207 CRYSTAL FOR ULTRAVIOLET OPTO-
ELECTRONIC APPLICATIONS: AN AB INITIO STUDY
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Abstract

To achieve efficient frequency conversion, the nonlinear ulgfaviol®§ crystal must exhibit strong
, which brought us back to
doing the first-principles calculations that currently gre rBi>B2O7 represents apotentially

new class of materials with such characteristics:

analysis of the dynamic, binding, linear, angl ndplin tical properties of the SrBi>2B.0O7 single

crystal. To demonstrate these properties, bot sity functional theory and topological analysis

have been used.

Keywords: ab initio calculati and Qgucture; Bonding analysis.
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NUMERICAL MODELING AND ANALYSIS OF THE MECHANICAL BEHAVIOR
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Abstract

In this work, we are interested in the study and numerical mog€hng X the mechanical behavior of

a metal structure in X60 steel under stress leading to on and repairs by bonding
sleeves based on composite materials. The effect of g s of stresses such as mechanical
stresses and environmental stresses not only ch vior of the adhesive but also acts on
the interfacial interactions and adhesion fgrce\. stresses are factors of reduction in the
mechanical strength of the joints, loss of th esion function and reduction in the life of the
bonded joints. The results of the rejgorcement with a sleeve based on composite material showed
that the stress almost reaches resQQf a tube without a defect and the repair results are better

when the defect is filled befor ing. Maximum Von Mises stress is decreased by almost three

times in a corroded and iredy¥ipe, represents almost the maximum stress of a pipe without

flaws which sho neqessy and effectiveness of filling defects in the structure by the sleeve
made of composit .. Finally, from our simulation results by ANSYS, we can conclude

that the be@§

of the composite is very effective and promising for the repair of metallic

structures.

Keywords: numerical simulations; composite sleeve; multilayer; localized corrosion; repair.
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PUMPING
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Abstract
A country’s self-sufficiency is the key to its development. In eYorld’s growing population

is alarming. According to studies, more than 12.9% o# population is undernourished.

Therefore, the major challenge of this century ¢ AeJop arid and semi-arid land, while

optimizing the quantity and the quality of ed for irrigation as well as reducing
greenhouse-gas (GHG) emissions. In this ol situdtions, it is imperative to control a country’s
population growth rate, so to overcoga#this problém it is more efficient to use the water resources

wisely, and to change the energy, $urqgs from fossil to sustainable and renewable.

The purpose of this study is't ose’a "green" action and program for the development of an

region. This will be achieved by introducing clean renewable

Algeria) . The chosen crop will be olives.

Keywords: Irrigation, Drip system, Photovoltaic.
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STRUCTURAL, DYNAMICAL AND MECHANICAL PROPERTIES OF CSBIOs
OXIDE-PEROVSKITE FROM AB-INITIO CALCULATIONS.
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Abstract
The quest for a new stable oxide perovskite is a crucial challenge for ny fields of
applications. However, the Jahn-Teller effect in conjunction with sym areNeng distortion in
some compounds acts asa key ingredient for several intriguingq % phenomena causing
instability in the ideal cubic structure. Using density functiongl theory(DFT) calculations, we find

that the CsBiO3 compound is rather stable in a distorted ucture than in an ideal cubic
one. To analyze this stability, we investigated deeplydhe ynamic and dynamical properties
of the title compound. The results suggest that t dyapdistortion is due to the anti-symmetric

breathing modes moving the BiO6 octahedia. Bith elp#fonic and topological analyses of electron

density showed that these distortions found th rigin in the sp lone pair bonds in the Bi units.

Keywords: Ab initio, Dynamical gfaMylity, Distortion, Bonding properties.
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THE ODD MOMENT EXPONENTIAL-G POISSON DISTRIBUTIONS: PROPERTIES,
ESTIMATION, AND APPLICATIONS
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Abstract
This paper introduces a new two-parameter G-family of continuous distr lled the odd
moment exponential-G Poisson family of distribution. The proposef fan distributions is

Poisson distribution. Some of its mathematical properties i plicit expressions for the

constructed by compounding the odd moment exponential-G 4{StRg with the truncated
dinqex
moment generating function, residual life, reversed rpeagdual 11T Order statistics, Probability

weighted moments, stress-strength reliability, Ré nd mean deviation are derived.

estimation of the model parameters
lation study is carried out under varying
sample size to assess the performance, of the eS§gnation. The flexibility of the proposed family is

illustrated through one application j&the failure time data set.

Keywords: OME-G family, mily§ghe maximum likelihood method, AIC, KS test.
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