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INTRODUCTION

The banking sector is vital in the financial system. Banks play an
intermediary role in the supply and demand transactions of funds in an
economy. While banks perform their intermediary roles, they reliably
fulfill the transactions of demanders and suppliers. These transactions
contribute to the growth and development of the economy and to the
reliable and most efficient use of the collected funds.

The COVID-19 pandemic, which deeply affected the economies of all
countries on a global scale, showed itself in 2020. The wide-ranging and
forced changes in social life created by the epidemic have put the economy
and the general banking industry at great risk. The regulations made
under the name of government restriction policies in order to prevent the
possible risks of the COVID-19 pandemic have also closely concerned the
banking sector. The restrictions have negatively affected institutions,
businesses and the public socially, culturally and economically. Practices
and regulations have been introduced in many areas, In order to minimize
the negative effects of mandatory restrictions. It is aimed to prevent
possible problems that may arise in company and bank balance sheets and
to maintain the credit channel in a healthy way, with the arrangements
made for the banking sector with the COVID-19 pandemic (Yetiz, 2021:
110). In addition, some banks operating in the Turkish banking sector have
prepared holiday support loans, advantageous housing loans, vehicle
loans, coronavirus disease insurance packages and similar loan support
packages within the scope of the controlled normalization process. Tax
and credit debts of companies have been postponed due to government
policies In order to minimize the negative effects that may arise in the
banking sector. In addition, many different economic and financial
services such as providing liquidity and support packages to SMEs were
provided by central banks (Yetiz, 2021:111).

Banks went through a difficult period and made great efforts to maintain
their sustainability in their operations during the COVID-19 epidemic.
Banks are trying to overcome the pandemic process with the least damage
with their applications, along with the normalization process. Looking at
the basic indicators in the ongoing process of the pandemic, the balance
sheet size has reached 6.7 trillion TL according to the data of July 2021 in
the Turkish banking sector. The loans extended reached TL 3.9 trillion as
of August 2021 (Cakar, 2021: 2).

The aim of this study is to group the performances of deposit banks
operating before and during the pandemic on a provincial basis in the
Turkish banking sector. Deposit banks are grouped as “public deposit
banks” and “private capital deposit banks” in the Turkish banking system
since 3/9/2022. While three banks operate as public deposit banks, eight
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banks operate in private deposit banks (Tiirkiye Bankalar Birligi (TBB),
www.tbb.org.tr).

Operating before and during the pandemic will be analyzed using data
from deposit banks changes in the groups of deposit banks. The effects of
the recent COVID-19 pandemic, which has a negative impact on the global
scale, will be investigated in this context. Clustering method will be used
for analysis. The next stages of the study consist of literature review,
method, application and conclusion parts, respectively.

LITERATURE REVIEW

It is known that during the COVID-19 pandemic, countries are adversely
affected in economic, social, cultural and many areas. Many measures
have been taken to minimize these negative effects and to overcome the
pandemic process in the best way possible. The effects of these measures
can be revealed by these studies. The studies carried out by the
researchers in this process contribute to eliminating the unknowns with
the pandemic and to have a preliminary idea for the measures that can be
taken. Some of the studies on banks during the pandemic process are
given below.

Ersoy et al, (2020) examined the Turkish Banking sector during the
COVID-19 pandemic period. For the analysis, they used a 10-week time
frame covering the pre-pandemic and the pandemic process. For analysis,
they examined the changes in banks' loans, non-performing loans,
securities, deposits, and foreign currency positions. As a result, it was
determined that loans, securities and deposits increased; In terms of non-
performing loans, a relative decrease was recorded in domestic banks. In
addition to this, no clear effect could be revealed for the foreign currency
position.

Beybur (2021) Banks in the Turkish banking system examined the changes
in profitability levels before and during the pandemic. Evaluated bank
groups are public deposit banks, domestic deposit banks, foreign deposit
banks and participation banks. As a result of the analysis, when compared
to other banks, it was seen that interest expenses and other expenses other
than interest increased. At the same time, it was observed that the net
profit levels, return on assets, return on equity ratios and net interest
margins of public banks compared to other banks decreased.

Isik and Aydogan (2021) analyzed the situation of public, private and
foreign-capital deposit banks operating in the Turkish banking sector
during the COVID-19 pandemic period.

Operating incomes of banks were analyzed using profitability, net interest
margin, loan/deposit, liquidity ratios and cash flow tables. Compared to
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the pre-pandemic period, decreased profitability in banks, decline in
banking main activities and liquidity holding tendencies were observed.

Arslantirk Colli  (2021) comparatively examined the financial
performances of participation banks and traditional banks during the
COVID-19 pandemic. When the findings obtained in the analysis are
examined, it is observed that there is no change in the selected ratios
between participation banks and traditional banks. As a result of the
measures taken, it was stated that the impact of the COVID-19 pandemic
on banks in the Turkish banking sector remained at a limited level.

Koche and Siddiqui (2021) examined the Indian banking sector. They
investigated the relationship between non-performing loans and
profitability of Indian banks operating during the Covid-19 pandemic
process. When the findings are examined, it is observed that there is a
strong relationship between the problematic assets of the banks and the
profitability of the bank. It has been stated that problematic bank assets,
which increased during the COVID-19 pandemic period, had a negative
impact on bank profitability.

Bicil (2021) examined the lending and profitability of deposit banks during
the COVID-19 pandemic. Efficiency measurement was made with the data
obtained. Considering the results of the analysis, the findings are that the
factor productivity of deposit banks decreased significantly in the 09.2019
03.2020 and 09.2020-03.2021 periods. In terms of efficiency decrease, it has
been determined that the performances of public banks are better than
those of foreign and private banks.

Kog et al., (2021) examined the effects of the number of COVID-19 cases on
banking indicators by examining the period of 2020 March-2021 May. For
the analysis, the variables of the ratio of non-performing loans, total loans
and consumer loans to total loans and the number of cases were used.
According to the findings, it has been determined that there is a positive
relationship between the number of cases, the volume of individual loans
and the total loan volume. At the same time, it was observed that the
increase in the number of cases affected the asset quality negatively.
However, it has been observed that there has been an increase in all risk
items in the banking system due to the epidemic. It has been determined
that the precautionary measures taken to prevent the liquidity squeeze in
the system have partially relaxing effects.

Ulusoy and Demirel (2021) examined the factors affecting bank
profitability in the Turkish banking system. They also discussed the
impact of the COVID-19 pandemic process as a term. Considering the
factors examined before and during the pandemic, it was determined that
the capital adequacy ratio, equity and total assets had an impact on
profitability in the pre-COVID-19 pandemic period. In the pandemic
period, it was observed that the effect of the capital adequacy ratio on the
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profitability of the banking system continued. However, the impact of
equity and total assets on profitability before the pandemic was left to the
balance sheet structure, asset quality and liquidity during the pandemic
period.

Armagan et al.,, (2021) evaluated the financial performances of 12 banks
operating in Borsa Istanbul during the COVID-19 pandemic. As a result of
the analysis, the performance ranking of 12 banks was made within the
framework of the determined criteria. With this study, they revealed the
financial impact of the pandemic among banks.

Calis and Sakarya (2022), examined the effect of the COVID-19 pandemic
on the liquidity and profitability of deposit banks in the BIST Banking
Index. The analyzes were evaluated on a yearly basis. In 2017, a significant
relationship was observed between the liquidity of deposit banks and the
COVID-19 pandemic process. In 2018 and 2019, no significant relationship
was found between the pandemic process and liquidity. While a
statistically significant relationship was observed between profitability
and the pandemic process in 2017 and 2018, no significant relationship
was found with 2019. As a result, it has been observed that the pandemic
has affected the profitability of deposit banks.

Some of the studies on banks during the pandemic period are included. In
this study, banks were evaluated from a different perspective, and banks
were grouped on the basis of provinces before and during the pandemic.
For the purpose of the study, the grouping of the provinces was analyzed
by the clustering method. Clustering method is used in many fields. It is
seen that researchers prefer clustering method in many different fields.
Some of those; classification of provinces according to their cultural
structures (Cakmak et al., 2015), grouping of countries according to health
indicators (Ersoz, 2009), clustering of airports (Yalgin and Ayyildiz, 2018),
clustering analysis on psychology research (Henry et al., 2005), countries'
specific characteristics. clustering (Sarmman, 2011) and establishment
location selection (Barreto, 2007).

CLUSTER ANALYSIS

Clustering analysis, which provides summary information to the
researcher by grouping ungrouped data in terms of similar characteristics,
is frequently used in data mining. Cluster analysis is also one of the
multivariate statistical methods (Kalayci, 2009: 349).

It is necessary to determine the similarities and differences of objects in a
cluster in order to apply cluster analysis. Cluster analysis is the most basic
method used to estimate similarities. Cluster analysis applications are
found in almost all professions. Some practices aid science, while others
aid planning and management. For example, an archaeologist might use
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cluster analysis to piece together evidence of how prehistoric Indian
culture lived, while a historian might use it to show that ancient Greek
sculptors were influenced by the style of Egyptian sculptors. An industrial
engineer can use cluster analysis to find the best arrangement for a
factory's machinery (Romesburg, 1984: 9).

Cluster analysis distinguishes groups called clusters in the analyzed data
set. These groups are discrete subsets of the dataset. Data from different
clusters differ much more than data from the same cluster. Therefore, the
role of cluster analysis is to reveal a certain kind of natural structure in the
data set. The tools to accomplish this task usually consist of a certain
measure of similarity or difference. Cluster analysis is not only an
important cognitive tool, but also an important method to reduce large
data sets (Wierzchon and Klopotek, 2018: 9).

Determining the most appropriate number of clusters in cluster analysis is
one of the most important issues faced by researchers. Cluster analysis
contains a large number of different clustering techniques. There have
been many studies on which clustering technique is more successful and
how to determine the most appropriate number of clusters. Cluster
analysis is usually calculated with the following six-step process. The
steps of the process are as follows (Dardac and Boiton, 2009: 111):

e Determining the purpose of the analysis, selecting the assumption
to be tested and the most important variables,

e Processing of numeric values,

e Choosing a clustering method,

e Choosing an appropriate method for data collection,
e Algorithm selection,

e Interpreting the dendogram and determining the optimal number
of clusters.

In this study, algorithms using numerical data were subjected to cluster
analysis and it was seen that the EM algorithm gave the most consistent
and appropriate solutions. Therefore, the EM algorithm is given in detail
below.

EM (Expectation - Maximization) Algorithm

The Expectation Maximization (EM) algorithm was first introduced as an
iterative procedure that produces maximum likelihood parameter
estimates under certain conditions in the statistical literature (Georghiades
and Han, 1997: 300).

The EM algorithm iteratively estimates the parameters of a model, starting
from some initial estimates (Neal and Hinton, 1998: 2).
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The method follows the sequence of the two steps. The features of these
steps are as follows (Wierzchon and Klopotek, 2018: 97):

e Step E (Expectation): The known property values of the objects,
together with the predicted model parameters, are used to calculate
the expected values of the unknowns for these objects.

e Step M (Maximization): Both known (observed) and predicted
(unobserved) property values of objects are used to estimate model
parameters using a given likelihood maximization.

The utility measure that forms the basis of the algorithm is the expected
log-likelihood function. The basic idea underlying the algorithm is to
iterate through the expectation and maximization steps until convergence
is reached. The expectation involves updating the probabilities of missing
data using the latest available parameter estimates. The model parameters
are recalculated to maximize the expected value of the probability of
incomplete data in the maximization stage (Luo and Hancock, 2001: 1124).

The EM algorithm is applied in fields such as genetics, medical imaging
and neural networks, as well as various general statistical problems such
as the resolution of mixtures, versatile probability tables, variance
components estimation, factor analysis (McLachlan et al., 2004: 3).

APPLICATION OF THE CLUSTERING METHOD

In this study, the provinces in Turkey were divided into clusters based on
the credit and deposit information of the banks in each province. Only
deposit banks were included in the study. In the study, in which the pre-
COVID-19 and COVID-19 periods were taken into account, it was
observed how the provinces in the clusters underwent a change in the pre
COVID-19 period and during the COVID-19 period. In other words, it is
aimed to examine the changes between the grouping of provinces made
before the pandemic and the groupings made during the pandemic
process.

The data obtained from the Banking Regulation and Supervision Agency
was used in the study (https:/ /www.bddk.org.tr/BultenFinTurk)

In the study, a decision matrix was created by using 6 criteria (number of
domestic branches, population per branch, cash loans per capita, NPL per
capita, savings deposits per capita and total deposits per capita) and 81
alternatives (provinces). In the study, decision matrices of both pre-
COVID-19 and COVID-19 processes were prepared. After the decision
matrices were created, the data obtained were analyzed in the WEKA
program. Algorithms such as Canopy and EM, in which numeric data can
be calculated, have been tried in the program. In the clustering of 81
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provinces, the EM algorithm gave the most consistent and ideal results in
both periods.

In the literature, the number of clusters is usually calculated with the help
of the equation k=(n/2)%/? (Everitt, 1974: 122). This formulation was also
used in this study and the number of clusters was calculated as 6.

The following interface was obtained by analyzing the data in the decision
matrix in the WEKA program. Since there are similar interfaces in the
study, the WEKA interface obtained for the pre-COVID-19 period is
included as an example.

Figure 1. WEKA Interface (Pre-COVID-19 Period)

&9 Weka Explorer — a X

_[ Preprocess T Classify T Cluster T Associate T Select attributes T Visualize T Forecast ]

1 W yurticisubesayisi

2 [_] subeyedusennufus

3 ] kisibasinakdikredi

4 [_] kisibasitakiptekialacak
5 [_] kisibasitasarrufmevduati
6 [_J kisibasitoplammevduat

l Openfile... J { Open URL... J { Open DB... J [ Generate... j Und L Edit... J L Save... J
Filter
Choose |None Apply Stop
/Cu rrent relation Selected attribute
Relation: hande Aftributes: 6 Name: yurticisubesayisi Type: Numeric
Instances: 81 Sum of weights: 81 Missing: 0 (0%) Distinct: 61 Unique: 45 (56%)
Attributes Statistic | Value
1 Minimum 9
Maximum 2655
| Aar || Nome || nvert || Pattem | Mean 123.807
StdDev 316.532
No. | | Name

[Class: kisibasitoplammevduat (Num)

v| visualize Al |

2 1 1 0 0 0 0 0 1
a 1332 2855
Status
OK Log w« x0

In the Weka interface, there are values such as the number of alternatives
and criteria, the benefit and cost values of the data belonging to the
criteria, frequency distribution, standard deviation and mean.
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Figure 2. WEKA Results Panel (Pre-COVID-19 Period)

&) Weka Explorer - [m] X

[ Preprocess | Classify | Cluster | Associate | Selectatributes | Visualize | Forecast |

Clusterer

[ Choose J EM -1 100 -N 6 -} 10 -max-1 -ll-cv 1.0E-6 -Il-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -5 100

Cluster mode C output

(® Use training set A
std. dev. ©6134.455 2113.5955 807.3355 53€9,,

() Supplied test set Set
kisibasitoplammevduat

O Percentage split % |66 mean 66225.4 14587.7731 4317.5415 27232.
() Classes to clusters evaluation std. dev. 3652.39 1716.2301 1023.€469 4058.
(Num) kisibasitoplammevduat

(V] store clusters for visualization
Time taken to build model (full training data) : 0.3 seconds

[ Ignore attributes J

=== Model and evaluation on training set ===

Start Stop Clustered Instances

Result list (right-click for

0 2 ( 2%)
1 7 ( 9%) )
2 14 ( 17%)
3 € ( 7%)
4 31 ( 38%)
S 21 ( 2¢6%)
Log likelihood: -49.72859 ﬁ
EAS J Y>] |

Status

oK Log ‘« x0

In the analysis performed with the EM algorithm for the pre-COVID-19
period, 81 provinces divided into 6 clusters, 2 of them to Cluster 0, 7 of
them to Cluster 1, 14 of them to Cluster 2, 6 of them to Cluster 3, 31 of
them to Cluster 4. and 21 have been assigned to Cluster 5.
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Figure 3. WEKA Results Panel (COVID-19 Process)
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In the analysis performed with the EM algorithm for the COVID-19
process, 21 of the 81 provinces divided into 6 clusters were assigned to
Cluster 0, 13 to Cluster 1, 5 to Cluster 2, 2 to Cluster 3, 5 to Cluster 4 and
Another 35 are assigned to Cluster 5.

Table 1 and Table 2 show the clustering results of 81 provinces in Turkey
for the pre-COVID-19 period and the COVID-19 process.

Table 1. Clustering Results of Provinces (Pre-COVID-19 Period)

Clusters iller
Cluster 0 AnKara, Istanbul
Cluster 1 Adana, Gaziantep, Hatay, Kayseri, Konya, Manisa, Mersin

Adiyaman, Agri, Batman, Bingol, Bitlis, Diyarbakir, Hakkari, Kilis,

Cluster 2 Mardin, Mus, Siirt, Sanlhurfa, Sirnak, Van

Cluster 3 Antalya, Bursa, Denizli, izmir, Kocaeli, Mugla

Afyon, Artvin, Aydin, Balikesir, Bartin, Bilecik, Bolu, Burdur,
Canakkale, Cankiri, Corum, Edirne, Eskisehir, Giresun, Isparta,

Cluster 4 Karabiik, Karaman, Kastamonu, Kirklareli, Kirsehir, Nevsehir, Rize,
Sakarya, Samsun, Sinop, Tekirdag, Trabzon, Tunceli, Usak, Yalova,
Zonguldak
Aksaray, Amasya, Ardahan, Bayburt, Diizce, Elazig, Erzincan,
Cluster 5 Erzurum, Glimiishane, Igdir, Kahramanmaras, Kars, Kirikkale,

Kiitahya, Malatya, Nigde, Ordu, Osmaniye, Sivas, Tokat, Yozgat
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Table 2. Clustering Results of Provinces (COVID-19 Process)

Clusters iller
Adtyaman, Amasya, Ardahan, Bayburt, Cankiri, Diizce, Elazig,
Cluster 0 Erzincan, Erzurum, Giimiishane, [gdir, Kahramanmarag, Kars,

Kirikkale, Kiitahya, Malatya, Nigde, Ordu, Osmaniye, Sivas, Tokat

Agr1, Batman, Bingdl, Bitlis, Diyarbakir, Hakkari, Kilis, Mardin, Mus,

Cluster 1 Siirt, Sanlwurfa, Sirnak, Van
Cluster 2 Antalya, Bursa, Denizli, Izmir, Mugla
Cluster 3 Ankara, Istanbul

Cluster 4 Adana, Gaziantep, Hatay, Kocaeli, Konya

Afyon, Aksaray, Artvin, Aydin, Balikesir, Bartin, Bilecik, Bolu, Burdur,
Canakkale, Corum, Edirne, Eskisehir, Giresun, Isparta, Karabiik,
Cluster 5 Karaman, Kastamonu, Kayseri, Kirklareli, Kirsehir, Manisa, Mersin,
Nevsehir, Rize, Sakarya, Samsun, Sinop, Tekirdag, Trabzon, Tunceli,
Usak, Yalova, Yozgat, Zonguldak

CONCLUSION AND EVALUATION

One of the most important sectors forming the institutional structure of
the financial market is the banking sector. Due to its sensitive nature, it
stands out as a sector that has been exposed to sectoral fluctuations for
many years and has become the focus of intense discussions.

In the study, a clustering analysis was carried out based on the loan and
deposit information of deposit banks in the provinces of Turkey. The data
of 81 provinces were subjected to cluster analysis with the help of WEKA
program and divided into 6 clusters. Several algorithms in which
numerical data can be calculated have been tried and it has been seen that
the EM algorithm gives the most significant results.

Table 1 shows that Ankara and Istanbul are included in Cluster 0. When
the current criteria are examined, it is seen that the provinces in this
cluster rank at the top in terms of the number of domestic branches, cash
loans per capita, non-performing loans per capita, savings deposits per
capita and total deposits per capita. Ankara and Istanbul provinces took
the last place in the population per branch criterion. This shows that the
deposit banks operating in the provinces in the cluster are at a very good
level in terms of loan and deposit indicators. In addition, these provinces
are the ones at the best level in terms of development, industry and
welfare in Turkey.

It has been observed that provinces such as Adana, Gaziantep and Hatay
are in the same cluster in Cluster 1. When the criteria are examined, these
provinces in the cluster are generally in the middle and upper ranks in all
criteria. In addition, all of these provinces are provinces with metropolitan
status.

Cluster 2 includes provinces in the eastern region such as Adiyaman, Agri,
Batman, Bingol and Bitlis. When the criteria are examined, it is seen that
the provinces in this cluster are in the lowest ranks in terms of the number
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of domestic branches, cash loans per capita, non-performing loans per
capita, savings deposits per capita and total deposits per capita. These
provinces in the cluster rank high in the population per branch criterion.
Depending on this result, it can be said that deposit banks operating in
these provinces should make some improvements in terms of loan and
deposit indicators. For example, since the number of population per
branch is high, the number of deposit bank branches can be increased in
these provinces.

Cluster 3 includes the provinces of Antalya, Bursa, Denizli, [zmir, Kocaeli
and Mugla. The provinces in this cluster are industrially advanced,
developed and have metropolitan status. When the criteria are examined,
it is seen that these provinces are in good condition in other criteria, except
for the population per branch criterion. This shows that the deposit banks
operating in the provinces in the cluster are at a good level in terms of
loan and deposit indicators.

Cluster 4 includes provinces such as Afyon, Artvin, Aydin, and Balikesir.
These provinces are in the middle and good level in terms of
development. When evaluated according to the criteria, it can be
commented that these provinces are generally at the middle level.

Cluster 5 includes provinces such as Aksaray, Amasya, Ardahan, Bayburt
and Diizce. When evaluated over the criteria, it was seen that these
provinces were in the middle and lower ranks in general. In addition, this
cluster consists of provinces that do not have metropolitan status, except
for Erzurum, Kahramanmaras, Malatya and Ordu provinces.

Similar comments can be made about clusters in general for the COVID-19
process in Table 2. The provinces that changed their places in the cluster
during the COVID-19 process are Adiyaman, Cankiri, Kocaeli, Aksaray,
Kayseri, Manisa, Mersin and Yozgat.

It can be said that the displacement of these provinces within the cluster
does not have a great effect. It was seen that the clusters did not change
much before and during the COVID-19 period. As a result of this, it can be
said that the banks in the provinces implemented the COVID-19 measures
well and survived this process in the most effective way.

This shows that the Turkish banking system is strong and can be resistant
to possible risks. Arslantiirk Collii (2021), emphasized that the effect of the
pandemic remained at a limited level as a result of the measures taken by
the banks in the Turkish banking sector during the pandemic process.
Although the pandemic process adversely affected the activities of the
banks, it was observed that the banks recovered very quickly thanks to the
measures taken. The results of this study support this situation.

With this study, deposit banks operating in the same clusters were
determined. By looking at the common similarities of these banks, the
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deficiencies in the provinces can be seen more clearly. It will be easier for
the banking sector to carry out possible improvement studies in these
provinces. The study is expected to be a preliminary idea to researchers
working in this field. In future studies, the reliability of the study can be
increased by using one or more numerical methods in addition to cluster
analysis. Banks of different categories can be analyzed as well as deposit
banks. In addition, comparisons can be made by using different statistical
programs other than WEKA.

-104 -



Clustering and Investigation of Changes the Performance of Deposit Banks by Provinces:
Covid-19 Pandemic Period 5
Hande EREN, Okan DAG, Esra AKSOY & Serafettin ATMACA

REFERENCES

Alpaslan Cakar, A. (28 Eyliil 2021), Finansin Gelecegi Zirvesi “Bankacilik
sektortintin salgin donemindeki rolii ve yakin gelecek” , Erisim
adresi:
https:/ /www.tbb.org.tr/ Content/Upload /Dokuman/8787/TBB_
YKB_Konusma_ve_Sunum_280921.pdf.

Armagan, 1. U. , Ozdagoglu, A. & Keles, M. K. (2021). COVID-19
Salgininin Banka Performanslarina Etkisinin Seca Yontemiyle
Degerlendirilmesi . Oguzhan Sosyal Bilimler Dergisi , 3 (2) , 114-
124 . Retrieved from https://dergipark.org.tr/tr/pub/oguzhan/
issue/67527/1000456.

Arslantturk Collii, D. (2021). Katihm Bankalart m1? Geleneksel Bankalar
mi1? Covid-19 Salgminin Finansal Performans Uzerindeki Etkisine
lliskin Bir Degerlendirme. Giimiishane Universitesi Sosyal
Bilimler Enstittisii Elektronik Dergisi, 12(2), 477-488.

Barreto, S., Ferreira, C., Paixao, J. ve Santos, B.S. (2007), Using Clustering
Analysis in a Capacitated Location-Routing Problem. European
Journal of Operational Research, 179, 968-977. Retrieved from
https:/ /www.sciencedirect.com/science/article/abs/ pii/S037722
1706000786.

Beybur, M. 2021 Covid-19un Tiirk Bankacilik Sektortindeki Mevduat ve
Katilim Bankalarmin Karlilik Diizeyleri Uzerindeki Etkisi, Ugtincii
Sektor Sosyal Ekonomi Dergisi, 56(4), 2627-2646.

Bicil, I (2021). COVID-19 Pandemi Siirecinde Tiirk Bankacilik
Sistemindeki =~ Mevduat = Bankalarinin =~ Toplam  Faktor
Verimliligindeki Degisimler. Journal of Management and
Economics Research, 19 (4), 349-361. DOI: 10.11611/yead.1011746.

Cakmak, Z. , Uzgoren, N. & Kecek, G. (2015). Kiimeleme Analizi
Teknikleri Ile Tllerin Kiiltiirel Yapilarina Gore Siniflandirilmasi ve
Degisimlerinin incelenmesi. Dumlupmar Universitesi Sosyal
Bilimler Dergisi , (12) , Retrieved from https://dergipark.org.tr/
tr/pub/dpusbe/issue/4754/6530.

Calis, N. & Sakarya, $. (2022). COVID-19 Pandemisinin Mevduat
Bankalarinin Likidite Ve Karlilik Yapisina Etkisi: Bist Bankacilik
Endeksi Uzerine Bir inceleme. Muhasebe Bilim Diinyas1 Dergisi,
COVID-19'un Muhasebe, Finansal Raporlama, Denetim, Finans ve
Muhasebe Egitimi Uzerindeki Etkileri Ozel Sayis1, 194-210 . DOIL:
10.31460/ mbdd.1060604.

Dardac, N., & Boitan, I. A. (2009). Cluster analysis approach for banks” risk
profile: the Romanian evidence.

-105 -



Clustering and Investigation of Changes the Performance of Deposit Banks by Provinces:
Covid-19 Pandemic Period 5
Hande EREN, Okan DAG, Esra AKSOY & Serafettin ATMACA

Ersoy, H., Gurbtiz, A. O. ve Findik¢1 Erdogan, M. (2020). COVID-19'un
Tiirk bankacilik ve finans sektorii iizerine etkileri, alinabilecek
onlemler. Istanbul Ticaret Universitesi Sosyal Bilimler Dergisi,
19(37), 146-173. Erisim adresi: https://dergipark.org.tr/en/
download/articlefile/1165951.

Ersoz, F. (2009), OECD’ye Uye Ulkelerin Segilmis Saglik Gostergelerinin
Kimeleme ve Aymrma Analizi ile Karsilastirilmasi. Tiirkiye
Klinikleri T1p Bilimleri Dergisi, 29(6), 1650-1659.

Everitt, B. (1974). Cluster analysis. Heinemann Educational Books.

Georghiades, C. N., & Han, ]J. C. (1997). Sequence estimation in the
presence of random parameters via the EM algorithm. [EEE
Transactions on Communications, 45(3), 300-308.

Gupta, M. R, & Chen, Y. (2011). Theory and use of the EM
algorithm. Foundations and Trends® in Signal Processing, 4(3), 223-
296.

Henry, D.B., Tolan, P.H, Gorman-Smith, D. (2005), Cluster Analysis in
Family Psychology Research. Journal of Family Psychology, 19(1),
121-132.  Retrieved  from  https://www.ncbi.nlm.nih.gov/
pubmed/15796658.

Isik, A. & Akdogan, N. (2021). COVID-19un Tirk Bankacilik
Sektortindeki Mevduat Bankalarma Etkileri. Muhasebe ve
Denetime  Bakis, 21  (63), 111-138. Retrieved from
https:/ /dergipark.org.tr/tr/ pub/mdbakis/issue/61125/869219.

Kalayci, S, (2009). SPSS Uygulamali Cok Degiskenli Istatistik Teknikleri.
Ankara: Asil Yayimn Dagitim.

Kog, P., Sahpaz, K. I, Kalayci, R., & Ince, T. (2021) “Covid-19 Salgininin
Tiirk Bankaiilik Sektorii Uzerindeki Etkilerinin Analizi”, iksad
Yayinevi, Ankara.

Koche, B., Siddiqui, J. (2021). Increasing Non-Performing Assets & Its
Impact on the Profitability of Banks During the Pandamic-2019.
Vidhyayana Multidisciplinary PeerReviewed E-Journal, 6(6), 1-7.

Luo, B., & Hancock, E. R. (2001). Structural graph matching using the EM
algorithm and singular value decomposition. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 23(10), 1120-1136.

McLachlan, G. J., Krishnan, T., & Ng, S. K. (2004). The EM algorithm (No.
2004, 24). Papers.

Neal, R. M., & Hinton, G. E. (1998). A view of the EM algorithm that
justifies incremental, sparse, and other variants. In Learning in
graphical models (pp. 355-368). Springer, Dordrecht.

-106 -



Clustering and Investigation of Changes the Performance of Deposit Banks by Provinces:
Covid-19 Pandemic Period 5
Hande EREN, Okan DAG, Esra AKSOY & Serafettin ATMACA

Romesburg, H. C. (1984). Cluster analysis for researchers. Belmont:
Lifetime Learning Publications.

Sarmman, G. (2011), Veri Madenciliginde Kiimeleme Teknikleri Uzerine Bir
Calisma: K-Means ve K-Medoids Kiimeleme Algoritmalarinin
Karsilagtirilmasi. Stileyman Demirel Universitesi Fen Bilimleri
Enstitiisii Dergisi, 15(3), 192-202. Retrieved from
https:/ /dergipark.org.tr/tr/ download/article-file/193944.

Tiirkiye Bankalar Birligi, https://www.tbb.org.tr/tr/bankacilik/banka-
ve-sektor-bilgileri/banka-bilgileri/bankalar/64.

Ulusoy, A., & Demirel S. (2021) “Tiirk Bankacilik Sisteminde Karlilik
Uzerinde Etkili Olan Faktorlerin Belirlenmesi”, Bankacilik ve
Sermaye Piyasas1 Arastirmalar1 Dergisi, 5(11), 20-48.

Wierzchon, S. T., & Klopotek, M. A. (2018). Modern algorithms of cluster
analysis (Vol. 34). Springer International Publishing.

Yalcgin, S. ve Ayyildiz, E. (2018), Analysis of Airports Using Clustering
Methods: Case Study In Turkey. Journal of Management
Marketing and Logistics, 5(3), 194-205. Retrieved from
https:/ /dergipark.org.tr/tr/ download/ articlefile/551606.

Yetiz, F. (2021). COVID-19 Pandemi Siirecinin Turk Bankacilik Sektorii
Calisanlarina ve Miisterilerine Etkileri: Swot Analizi. Avrupa
Bilim ve Teknoloji Dergisi, (22), 109-117.

-107 -



Clustering and Investigation of Changes the Performance of Deposit Banks by Provinces:
Covid-19 Pandemic Period 5
Hande EREN, Okan DAG, Esra AKSOY & Serafettin ATMACA

-108 -



