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ARTICLE INFO ABSTRACT

This study examines district-level factors affecting Turkish credit card usage.
Received Demographic, education, health, tourism, economy, urbanization, culture, and sports
22.06.2023 parameters are used to create two spatial econometric models. Geographical data
Revized visualizes dependent variables and assesses credit card usage's spatial dependency. In this
03.11.2023 context, the study was carried out using a spatial econometric model related to credit card
Accepted usage. In this context, the study was carried out using a spatial econometric model related
23.11.2023 to credit card usage. The model estimator is the Spatial Durbin Model using Buse Adj. R2

and information criteria. The first model shows a negative relationship between physical

Research Article credit card payments, students per teacher, and mosques per capita. Total physical credit

card payments are negatively correlated with per capita electricity consumption, markets,
JEL Codes students per teacher, and mosques per capita in the second model. This study highlights
C31 the spatial dependence and geographical variation of credit card usage factors.
D12 Keywords: Credit Card, Spatial Durbin Model, Spatial Econometry
D14
MAKALE BILGIiSI oz

Bu ¢alismada Tiirkiye'de kredi karti kullamimini etkileyen faktorler ilge diizeyinde
Gonderilme Tarihi incelemektedir. Demografik, egitim, saglik, turizm, ekonomi, kentlesme, kiiltiir ve spor ile
22.06.2023 ilgili parametreler kullanilarak iki mekansal ekonometrik model olusturulmugstur.
Revizyon Tarihi Mekansal ekonometrik modellerde kullanilan cografi veriler ile modelde yer alan
03.11.2023 degiskenlerin gorsellestirilebilmesinin yani swra kredi karti kullanimi ile ilgili mekansal
Kabul Tarihi otokorelasyonun yani mekansal bagimlilikta degerlendirilmektedir. Bu kapsamda ¢alisma,
23.11.2023 kredi karti kullanimi ile ilgili mekansal bir ekonometrik model kullanilarak
Makale Kategorisi gerceklestirilmistir. Analiz asamasinda model tahmincisini belirlemek amaciyla bilgi
Aragtirma Makalesi kriterleri ve Buse Diizeltilmis R2 degerlerine bakilarak karar verilmistir. Elde edilen

sonuglara gére ¢alismada yer alan modellerin Mekansal Durbin Modeli oldugu sonucuna
JEL Kodlan ulasilmigtir. Model tahmin sonuglarina bakildiginda ¢alismada yer alan ilk model fiziki
C31 kredi karti 6demeleri, ogretmen basina diisen 6grenci ve kisi basina diisen cami sayisi
D12 arasinda negatif bir iliski oldugunu géstermektedir. Calismada yer alan ikinci modelde ise
D14 toplam fiziki kredi karti 6demeleri, kisi basina diisen elektrik tiiketimi, market sayisi,

ogretmen basina diisen 6grenci sayisi ve kigi basina diisen cami sayisi ile negatif iliskili
oldugu sonucuna ulasilmistir.Sonug olarak bu ¢calismada, kredi karti kullanim faktérlerinin
mekansal bagimliligini ve cografi degiskenligi arastirilmigtir.
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Genisletilmis Ozet

Bu ¢aligmada Tiirkiye’de kredi kart1 kullanimin: etkileyen faktorler ilge diizeyinde mekansal ekonometrik tahminciler
kullanilarak tahmin edilmistir. Bu amagla demografik, egitim, saglik, turizm, ekonomi, kentlesme, kiiltiir ve spor ile ilgili
parametreler kullanilarak iki model olusturulmustur. Arastirma kapsaminda ilk modelde bagimli degisken olarak kredi
kartryla yapilan toplam fiziksel 6deme adetinin logaritmasi kullanilirken, ikinci modelde ise bagimli degisken olarak kredi
kartryla yapilan toplam fiziksel 6deme tutarinin logaritmasi degerlendirmeye alinmistir. Kredi karti harcamalarini
etkileyen bagimsiz degiskenlerin belirlenmesinde stepwise yontemler kullanilarak, modele en uygun degiskenler tespit
edilmistir. Bagimsiz degiskenler belirlendikten sonra degiskenler arasinda ¢oklu dogrusal baglantinin varligi durumu test
edilerek modeller nihai haline getirilmistir. Calismada ilk modelde yer alan bagimsiz degiskenler 100.000 kisi bagina
diisen katilim bankasi sube sayisi, kisi bagina market sayisi, okuma yazma orani, doktora mezun sayisi, erkek ortalama
egitim siiresi, 6grenci bagina diisen 6gretmen sayisi, kisi bagina diisen cami sayisi, Y kusagi orani ve yillik niifus biiyiime
oramdir. Tkinci modelde yer alan bagimsiz degiskenler ise 100.000 kisi basina diisen katilim bankas1 sube sayis, kisi bas
elektrik tiiketimi, kisi basina market sayisi, okuma yazma orani, erkek ortalama egitim siiresi, erkek lisans mezuniyet
orani, 6grenci basina diisen dgretmen sayisi, kisi basina diigen cami sayis1 ve yillik niifus biiyiime oranidir. Calismanin
temel hipotezi, "Kredi kart1 kullaniminda mekénsal bir etkinin olmadig1" yoniindedir. Model tahminlerine gegilmeden
once, bagimli degiskenlerin haritalandirilmasiyla dagilimlarinin bélgesel olup olmadigi incelenmistir. Ayrica, mekansal
bagimliligin varligi, Global Moran I testi kullanilarak istatistiksel olarak test edilmistir. Yapilan analizler sonucunda, her
iki bagimli degisken i¢in de mekansal bagimliligin var oldugu tespit edilmistir. Mekansal bagimliligin hangi bolgelerde
ve bolgeler arasinda nasil bir etkilesimi oldugunun tespiti i¢in ise Lokal Moran I testi yapilarak mekansal bagimliligi olan
ilgelerin komsuluk durumlari haritalandirilarak belirlenmistir. Olusturulan haritalarda kirmizi olan ilgelerde kredi karti
kullanimi tutar1 ve miktari arttikga komsu ilgelerinde de kredi kullanimi ve tutari artmaktadir. Mavi ile gosterilen ilgelerde
kredi kart1 kullanimi azaldik¢a komsu ilgelerde de kredi kart1 kullanimi ve tutari diismektedir. Agik mavi renkle gosterilen
ilgelerde kredi kart1 kullanimi ve tutar1 azaldik¢a, komsu ilgelerde bu kullanimin ve tutarin arttigi; agik kirmizi ile
isaretlenmis il¢elerde ise kredi kart1 kullaniminin artmastyla komsu ilgelerde bir azalma oldugu saptanmistir. Mekansal
bagimliligin tespiti ve ilge diizeyindeki etkilesimi test edildikten sonra model tahmin asamasma gegilmistir. Model
tahmin asamasina gegildiginde, modeller i¢in en uygun tahmincilerin belirlenmesi amaciyla, en yiiksek Buse R2 degeri
ve en diisiik bilgi kriterine sahip tahminciler seg¢ilmistir. Yapilan testler sonucunda, ilk model i¢in en uygun modelin
Mekansal Durbin Modeli oldugu belirlenmistir. Tahmin sonucuna gore kredi kartiyla yapilan toplam fiziksel deme adeti
ile d6grenci basina diisen 6gretmen sayist ve kisi basina diisen cami sayisinin negatif yonlii iligkili oldugu; 100.000 kisi
basina diigsen katilim bankasi sube sayisi, kisi basina diisen market sayisi, okuma yazma orani, doktora mezun sayisi,
erkek ortalama egitim siiresi, Y kusagi orani1 ve yillik niifus biiyiime orani arasinda pozitif yonli iliskili oldugu
bulunmustur. ikinci model igin en uygun tahmin modelinin de ilk model gibi Mekansal Durbin Modeli oldugu
belirlenmistir. Yapilan tahmin sonucuna gore kredi kartiyla yapilan toplam fiziksel 6deme tutar: ile kisi bast elektrik
tiketimi, kisi basina market sayisi, 6grenci basina diisen 6gretmen sayisi ve kisi basina diigen cami sayist ile negatif yonlii
bir iligkili; 100.000 kisi basina diisen katilim bankas1 sube sayisi, okuma yazma orani, erkek ortalama egitim siiresi ve
yillik niifus biiyiime orani ile pozitif yonlii iligkili oldugu bulunmustur. Sonug olarak, ¢calismada kredi kart1 kullaniminda
mekansal bir etkinin oldugunu ve toplumun egitim, sosyolojik ve dini yapisinin bu kullanim tizerinde etkili oldugunu
sonucuna ulagilmistir. Bu bulgular, ilge diizeyinde kredi karti1 kullanim aligkanliklarini etkileyen faktorlerin daha iyi
anlagilmasina katki saglamay1 hedeflemektedir.
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Introduction

Over the years, there has been a significant growth in the use of credit and debit cards as the preferred
modes of payment. This trend has been further accentuated by the global pandemic, which has
brought about a change in consumer spending habits. The trend towards e-commerce has led to an
increased reliance on credit and debit cards as a means of conducting transactions. Upon analysis of
the extant literature pertaining to credit and debit card usage, it becomes evident that it can be
bifurcated into two primary streams. The initial set of research endeavours investigates consumer
perceptions pertaining to the utilization of credit and debit cards through the administration of primary
data-based surveys. The second cohort directs their attention towards comprehending the
interrelationships between macroeconomic indicators and the utilization of credit and debit cards on
a national or regional scale, frequently within the framework of financial development.

To evaluate a broad spectrum of indicators from different domains, including demographics,
education, health, tourism, culture, urbanization, and infrastructure, in order to identify the
determinants that impact the frequency, type, and magnitude of credit and debit card utilization in
973 districts of Turkey are analysed. The absence of district-specific investigations on this topic
concerning Turkey in the current body of literature renders this research distinctive and indispensable.
The study endeavours to offer a more intricate comprehension of the determinants that influence
credit and debit card usage patterns in Turkey by examining various indicators. The aforementioned
knowledge may hold significant value for financial institutions, policymakers, and businesses who
aim to devise specific strategies to encourage the utilization of credit and debit cards or overcome
any potential obstacles that may impede their widespread adoption.

Furthermore, the research findings may also offer insights that can be applied to other countries with
similar economic and social contexts. By identifying the key drivers of credit card usage in Turkey,
this study could serve as a valuable reference point for future research exploring the determinants of
card usage in other regions. Ultimately, this comprehensive analysis has the potential to contribute
significantly to the understanding of the evolving global payment landscape and inform the
development of more effective policies and strategies in the future.

1. The Concept of Credit Card

The concept of credit dates to ancient Egyptian civilization, around 5000 BC. Transactions between
merchants in Egypt and Harappa at that time, recorded on clay tablets, can be considered the earliest
examples of credit transactions. Thousands of years later, this practice of deferring payment for a
purchased product transformed into a coupon that Western merchants gave to farmers who did not
have enough money to buy supplies (Forbes, 2022). Store cards, the predecessors of credit cards,
were used as metal plates in the 1930s. The Diners Club Card was introduced in 1950 when founder
Frank McNamara forgot his wallet at home while dining. McNamara and his partner Ralph Schneider
launched the Diners Club card, considered the birth of modern cards. This system charged cardholders
a monthly fee of 13 for facilitating transactions between them and the merchants. The Diner Club
became a widely accepted card in its first year, usable at over 10,000 businesses (Forbes, 2021).
Technological advancements, economic growth, the emergence of ATMs, increased computer usage,
and the invention of the internet have led to an incredible increase in credit card usage. Credit card
usage positively impacts economic development, contributing to the growth and depth of countries'
financial systems and becoming an element of economic growth. Increased credit card usage prevents
the postponement of individuals' expenditures, positively affecting current consumption. This, in turn,
increases transaction volume and money velocity, promoting economic growth, which supports an
increase in GDP. However, to achieve this effect, individuals must have a proper level of financial
literacy to plan future cash flows accurately, and the country's financial systems and relevant legal
regulations must be correctly established. Uncontrolled spending leading to excessive debt, could
adversely affect economic development.

The World Bank prepared the Global Findex Report (OECD, 2021) in 2021, surveying over 12,500
people in 123 countries to evaluate countries' financial management, legal structure, trade, tax system,
and working conditions. According to the survey data, the credit card ownership rates among the
population aged 15 and above, categorized by country income groups, are presented in Table 1.
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Table 1: Credit Card and Bank Account Ownership Rates

Income Group Yil Account Owns a credit card

(age 15+) age 15+)
High income 2021 96% 57%
Low income 2021 39% 3%
Lower middle income 2021 62% 4%
Upper middle income 2021 84% 33%
World 2021 76% 24%

Source: (OECD - Global Findex Report 2021)

According to the table 1, a linear relationship exists between increased income levels and access to
and usage of financial instruments. For Turkey, as of 2021, the bank account ownership rate among
the population aged 15 and above is 74%, while the credit card ownership rate is based on the
classification made by the World Bank. Turkey falls within the upper-middle-income group. When
looking at the countries within this group, Turkey's credit card ownership rate is close to the average.
Graph 1 shows the credit card ownership rates for the population aged 15 and above and GDP per
capita in USD for 116 countries, based on World Bank data. Turkey lies directly on the trend line
within this context, demonstrating an average performance. The graph shows a positive relationship
between GDP per capita and credit card ownership rate for individuals aged 15 and above. The
correlation coefficient between these two variables is measured to be 0,8305.

Graph 1: Credit Card Ownership and GNP per Capita
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Upon reviewing academic literature, it is possible to find numerous studies that associate credit
card/bank card usage with factors like economic development and financial inclusion. However, most
of these studies focus on determining the factors affecting credit card usage at the macro level rather
than investigating the spatial relationships. The primary goal of this study is to explore the existence
of the spatial relationships in credit card expenditures, considering the socioeconomic factors of 922
districts in Turkey.

2. Literature Review

In the literature on credit card usage, most researchers (Uzgoéren, Ceylan, & Uzgoéren, 2007);
(Karamustafa & Bigkes, 2003); (Unal, Diiger, & Sdylemez, 2015); (Altan & Goktiirk,
2008);(Norvitilis et al., 2006); (Yiicel & Ciftci, 2019) primarily try to explain the credit and bank
card usage attitudes of selected samples through surveys. These studies generally involve surveying
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the researchers' institutional colleagues or students, which may limit the generalizability of the
findings for policy-making purposes.

Some studies in the literature focus on identifying the existing relationships between credit card and
bank card usage and macroeconomic factors (Ulucan Ozkul & Tapsin, 2010); (Gév & Salihoglu,
2020); (Sonmezler, Giindiiz, & Torun, 2019) . Preferred macroeconomic indicators in these studies
include variables like Gross Domestic Product, Financial Development, and Inflation.

Similar research in foreign literature investigates the social and demographic reasons and
consequences of credit card usage. A study conducted in 1999 (Hayhoe, Leach, Turner, & Mo, 1999)
examined the relationship between students' number of credit card owners and credit card usage. The
results revealed that money and credit attitudes influenced behaviours. Another study (Mathews &
Slocum Jr., 1969) found that social status was a determining factor in credit card usage. In their 2012
study, Wickramasinghe and Gurugamage conducted a study on 177 individuals to determine and
evaluate the effects of demographic and socioeconomic characteristics of credit card users on credit
card knowledge and perceived lifestyle consequences of credit card use. The results of the study
showed that gender, education level, income level, duration of credit card ownership and financial
literacy affect knowledge about credit cards, perceived lifestyle consequences of credit card use and
credit card use (Wickramasinghe & Gurugamage, 2012). In a study conducted by Yiiksel et al. in
2016, macroeconomic factors affecting credit card usage in Turkey were investigated. As a result of
the study, a negative relationship was found between credit card utilization and unemployment. It
was also concluded that credit card utilization increases as the interest rate increases (Yiksel, Zengin,
& Kartal, 2016).

The study conducted by Hussain and Habib in 2020 aims to determine the behavioral factors that
affect credit card usage. As a result of the study, it was found that perceived benefit and perceived
risk have a positive effect on credit card use (Hussain & Habib, 2020). The study conducted by
DeSilva and Patabendige in 2021 examined the credit card usage behavior of consumers in Srilanka.
As a result of the study, credit card features, social status, lifestyle and psychographic variables
derived on the basis of different psychological characteristics of individuals are positively related to
credit card usage. However, the most important variable among these variables was found to be credit
card characteristics (De Silva & Patabendige, 2021)

A study conducted in 2005 examined the effects of socioeconomic factors and attitude variables on
credit card usage (Chien & Devaney, 2001). Based on the 1998 Consumer Finance Survey data, the
analysis showed that those with higher attitude index values had more frequent credit card usage and
higher current instalment debt levels. Gan et al. (2016) investigated the relationship between credit
card features and the demographic characteristics of card users in China. The survey found a
significant relationship between credit card features and users' demographic characteristics. In
particular, a positive relationship was found between demographic characteristics such as age,
education level, income level, and credit card features. However, the survey results did not find a
significant relationship between credit card features and users' gender or employment status (Gan et
al., 2016).

In their research, Mansor and Che-Mat (2009) analysed the linkage between demographic attributes
and the possession of Islamic credit cards. Utilizing a survey-based approach, they established a
positive association. More specifically, they ascertained a direct correlation between demographic
factors like age, educational attainment, and income level with the ownership of Islamic credit cards.
However, there was no apparent connection between gender, employment status, and the ownership
of Islamic credit cards.

Similarly, Wang et al. (2011) investigated the nexus between demographic traits, attitudes, personal
dispositions, credit card features, and debt incurred in China. The survey-derived results positively
correlated with demographic characteristics, attitudes, personality, and credit card features. Notably,
a direct relationship was discerned between demographic factors such as age, level of education,
income level, and credit card debt. This study shows that these factors have an effect on credit card
debt in China.



RESEARCH OF IMPACTING OF CREDIT CARD USAGE AT DISTRICT LEVEL IN TURKIYE

Based on a survey conducted among credit card users, Plummer (1971) found a positive relationship
between lifestyle models and commercial bank credit card usage. Specifically, individuals with higher
income and education levels were found to have higher commercial bank credit card usage.
Additionally, the survey results indicated a relationship between lifestyle models and commercial
bank credit card usage regarding demographic characteristics like gender and employment status.

A study in Malaysia investigated factors affecting credit card spending behaviour using a survey
method. The results showed that income, education, and employment status were the most critical
factors affecting credit card spending behaviour. However, the survey results found no significant
relationship between credit card spending behaviour and demographic characteristics such as age,
gender, and family status (Teoh, Chong, & Yong, 2013).

Numerous academic studies have examined factors affecting credit card usage, including
demographic factors such as age, gender, income, education, and employment status. Some research
found that older individuals are more likely to use credit cards than younger ones, possibly due to
increased financial freedom, income level, and creditworthiness from a regular payment history.
Some studies show that men tend to use credit cards more than women, while others indicate that
women have a higher propensity to use credit cards than men. Cultural and gender roles may
contribute to these differing results. Generally, individuals with higher income levels are more likely
to use credit cards than those with lower incomes. This is often attributed to higher purchasing power
and the natural result of using credit cards for more substantial transactions.

Another essential factor encountered in literature reviews is education level. Numerous studies have
found that people with higher education levels tend to use credit cards more than those with lower
education levels. This difference is often explained by increased income and financial literacy
associated with higher education. The impact of gender differences on credit card usage is not
universally accepted in the literature.

In conclusion, many studies in academic literature relate credit card usage to factors such as economic
development and financial inclusion. However, these studies primarily focus on determining macro-
level factors affecting credit card usage rather than investigating spatial relationships. There needs to
research on spatial relationships related to credit card usage in the literature. The primary goal of this
study is to investigate the existence of a spatial relationship in credit card spending, considering the
socioeconomic factors of 922 districts in Turkey. This study aims to contribute to the literature from
this perspective.

3. Methodology

In this study, the aim is to identify the indicators that have an impact on the frequency and magnitude
of credit card usage. In this context, it is aimed to conduct statistical analysis at the district level in
Turkey using demographic, education, health, tourism, economy, urbanization, culture, and sports
statistics that are claimed to affect the frequency and magnitude of credit card usage in the literature
and to visualize the data geographically.

The data used in the analysis predominantly consists of data from the Turkish Statistical Institute
(TUIK) for 2021, with other primary data providers being the Social Security Institution, Ministry of
Youth and Sports, Interbank Card Center, Banks Association of Turkey, General Directorate of
Mapping, Chamber of Pharmacists, Participation Banks Association, General Directorate of Security,
Energy Market Regulatory Authority, Presidency of Religious Affairs, Higher Education Institution,
and Ministry of National Education. Within the scope of the study, the existence of factors affecting
credit card usage among districts in Turkey and the existence of a spatial relationship between these
factors have been investigated taking into account the type and content of the data. The variables
included in the study can be found in Table 2.
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Table 2:Variables
Variables Definition
Iny3 The logarithm of the total number of physical payments made with credit cards
Iny4 The logarithm of the total amount of physical payments made with credit cards
x2 Number of bank branches per 100,000 people
x3 Number of participation (Islamic) bank branches per 100,000 people
x5 Electricity consumption per capita
X6 Total number of discount supermarkets / Total population
x7 Number of illiterate individuals / Total population
x10 Number of doctoral graduates / Total population
x11 Average education duration for the male population
x14 Number of male bachelor's degree graduates / Total male population
x16 Number of teachers / Number of students
x18 Number of mosques / Total population
x22 Total population / Generation Y population
x26 Annual population growth rate (%o)
x31 The average age at first marriage
x33 Population density

In this study, which aims to determine the factors influencing credit card usage and the spatial effect,
two models have been established where the credit card usage amount and the number of credit card
transactions are the dependent variables. The other variables in Table 2 are included in the models as
independent variables. The descriptive statistics of the variables can be found in Table 3.

Table 3: Descriptive Statistics

Variable Number of Mean Standard Minimum Maximum
Observations Deviation
Iny3 969 13.146 2.063 0.000 18.567
Iny4 969 18.316 2.197 0.000 23.740
x2 969 12.399 9.571 0.000 164.204
x3 969 0.471 1.246 0.000 13.689
x5 969 659.845 171.956 284.391 1333.409
x6 969 4959.055 3628.665 761.615 34956.000
x7 969 0.131 0.189 0.001 1.700
x10 969 0.014 0.055 0.000 1.345
x11 969 8.219 0.956 6.003 12.464
x14 969 0.016 0.149 0.000 4.454
x16 969 0.079 0.029 0.000 0.539
x18 969 0.003 0.003 0.000 0.026
x22 969 21.094 3.633 11.521 32.124
x26 969 -5.440 34.519 -408.835 177.670
x31 969 27.590 1.395 23.338 35.228
x33 969 772.840 3741.762 2.332 40648.170

The analyses conducted in line with the purpose of the study consist of two stages. First, the
independent variables of the two models related to credit card usage were determined using the
stepwise method. In the obtained models, multicollinearity tests were performed, and problematic
variables were removed from the model, ultimately leading to the final models. The dependent and
independent variables in the models are listed in Table 4.
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Table 4: Variables, Description
Dependent Variable Independent Variable

Model 1 Number of Physical Payments Made | e Number of Participation Banks Branches per 100,000
with Total Credit Cards People

Number of Markets per Person

Illiteracy Rate

Doctoral Graduation Rate

Average Education Duration (Male)

Number of Students per Teacher

Number of Mosques per Person

Generation Y Rate

Annual Population Growth Rate (%o)

Number of Participation Banks Branches per 100,000

Model 2 Total Amount of Physical Payments
Made with Total Credit Cards

.U
[}
=}

=3
(¢}

Residential Electricity Consumption per Person (kWh)
Number of Markets per Person

Illiteracy Rate

Average Education Duration (Male)

Bachelor's Graduation Rate for Men

Number of Students per Teacher

Number of Mosques per Person

Annual Population Growth Rate (%o)

After determining the models, the estimation process was initiated. Since the variables in the model
are based on district data, the estimation processes were conducted using spatial econometric model
estimators, which take spatial effects into account rather than classical econometric model estimators.
Before proceeding with the spatial model estimation, data distribution maps of dependent variables
have been created.

Figure 1: Data Distribution of the Total Number of Physical Payments Made with Credit Cards

Iny3
[0:11.240] (195)
[11.250 : 12.290] (193

l:l [12.300 : 13.520] (196

- [13.530: 15.100] (194

- [15.120 : 18.570] (195

)
)
)
)

Figure 1 presents the data distribution of the total number of physical payments made with credit
cards. When examining the figure, it is evident that there is a presence of regional clustering, although
it may only be uniformly applied across some areas. These clusters indicate that certain regions might
exhibit similar patterns or trends in credit card usage for physical payments, highlighting the
importance of considering spatial effects when analyzing the data.
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Figure 1: Data Distribution of the Total Amount of Physical Payments Made with Credit Cards

Iny4
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Il (20.360 : 23.740] (194)
Figure 2 displays the data distribution of the total amount of physical payments made with credit
cards. As with Figure 1, regional clustering is evident, suggesting that certain regions exhibit similar
patterns or trends in the total amounts of credit card usage for physical payments. From this
perspective, the consistency between the two figures indicates that spatial factors influence the

number and the amount of credit card transactions and should be analysed accordingly.

3.1.Spatial Econometrics

This study uses spatial econometric model estimation methods instead of classical econometric model
estimation methods since the variables are district-based. Spatial econometrics is a subfield
encompassing methods and models used to test spatial interactions when the units of cross-sectional
data and panel data are geographic entities, such as neighbourhoods, districts, provinces, or
countries(Yerdelen Tatoglu, 2022). Spatial econometric models differ from classical econometric
models in that they consider spatial effects when making estimations.

The concept of spatial effect is generally examined under two main headings: spatial dependence and
spatial heterogeneity(Anselin, 1988). Spatial dependence is a phenomenon that arises when events
occurring in neighbouring geographic units are not independent of each other or when their responses
to sudden situations are similar. Spatial dependence manifests as positive or negative effects in
neighbouring geographic units. These effects are observed in dependent, independent, or error terms.
The effect is calculated with the covariance between neighbouring geographic units, and the spatial
effect is interpreted based on whether the covariance value is different from zero.

Spatial heterogeneity refers to the heterogeneity of the geographic regions considered in spatial
models. The presence of different clustered distributions of the variable in different geographic units
is an indicator of spatial heterogeneity. Spatial econometric model estimations vary depending on
whether the spatial effect is present in the dependent variable, independent variable, or error term.
Models with spatial effects in the dependent variable are called spatial lag models, those with effects
in the independent variable are called spatially lagged X models, and those with effects in the error
term are called spatial error models.

In some models, spatial effects can be observed simultaneously in any two of the dependent variables,
independent variables, or error terms. Spatial models featuring this situation are general spatial
models, spatial Durbin models, and spatial Durbin error models. A general nested spatial model is
one in which the spatial effect is present simultaneously in the dependent variable, independent
variable, and error term. When estimating a model, spatial effects are tested, and a model estimation
is conducted accordingly based on the findings.
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3.2. Model Estimation And Empirical Result
In this study, the hypotheses related to credit card usage are as follows:
Ho : There is no spatial effect on credit card usage.
H;i : There is a spatial effect on credit card usage.
In line with the established hypothesis, spatial effects have been investigated in the models. In the
second step, spatial autocorrelation in the dependent variables in the considered models has been
examined. This study's main reason for conducting spatial effect tests is that the cross-sectional
variables are geographic units such as districts. Therefore, estimating must consider spatial effects to
provide accurate results. For this purpose, Buse Adjusted R2 values and information criteria values
for possible model estimators have been calculated. The model with a high Buse Adj. R2 value and
a low information criterion were selected, and the model was estimated using an estimator appropriate
for the selected model. As a result of the analyses, it was found that all models are Spatial Durbin
Models (SDM). The model estimation was performed according to this result.
The Spatial Durbin model is an extended version of the spatial lag model with spatially lagged
explanatory variables. The general representation of the Spatial Durbin model is as follows:

Y= pWY +ay+Xp+WXO0+u
In the Spatial Durbin model, the spatial effect is present in the dependent and independent variables.
Based on this result, the Ho hypothesis is rejected, and it is concluded that there is a spatial effect on
credit card usage models.
The Buse R? value and information criterion values of the first model are presented in Table 5.

Table S5: Model 1 Information Criteria

Information Criteria SAC SAR SEM SDM
Adjusted Buse R? Value 0.7851 0.7926 0.7869 | 0.8167*
Log-Likelihood Function -1172.98 -1213.73*% | -1174.64 | -1138.74
Akaike Information Criterion 0.9307 0.8979 0.9228 0.8057*
Schwarz Information Criterion 10.087 0.9731 10.002 0.9418*
Amemiya Prediction Criterion 0.9297 0.8969 0.9219 0.8049*
Hannan-Quinn Information Criterion 0.9596 0.9258 0.9516 0.855%*
Rice Information Criterion 0.9312 0.8984 0.9234 0.8075*
Shibata Information Criterion 0.9302 0.8974 0.9223 0.8041*
Craven-Wahba Generalized Cross-Validation Value 0.9309 0.8981 0.9231 0.8066*

Considering the values in the table, the highest Buse R? value and the lowest information criterion
values are marked (refer to Table 5). We conclude that the appropriate model for the first model is
the Spatial Durbin Model. According to this result, the model estimation results are presented in Table
3.

Table 6: Model I Estimation Results

Total Physical Payments Made with Credit Cards Coefficient Value Probability Value
Participation Bank Branches per 100,000 People 0.10 0.00
Markets per Capita 0.00 0.00
[lliteracy Rate 3.77 0.00
Doctorate Graduation Rate 1.41 0.01
Average Education Duration (Male) 0.71 0.00
Students per Teacher -6.93 0.00
Mosques per Capita -123.35 0.00
Generation Y Ratio 0.12 0.00
Annual Population Growth Rate (%o) 0.00 0.00
Constant Term 6.36 0.00

Upon examining the model estimation results, we observe a negative relationship between the number
of students per teacher and the number of mosques per capita with the volume of physical credit card
payments. Conversely, a positive relationship exists between these payments and the other
variables.(refer to Table 6)
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The Buse R“ value and information criterion values for the second model can be found in Table 4.

Table 7: Model 2 Information Criteria

Information Criteria SAC SAR SEM SDM

Adjusted Buse R2 Value 0.7386 0.746 0.7395 0.7727*
Log-Likelihood Function -1322.59 -1345.22%* -1322.83 -1273.28
Akaike Information Criterion 12.818 12.454 12.773 1.1293*
Schwarz Information Criterion 13.753 13.363 13.705 1.2937*
Amemiya Prediction Criterion 12.804 12.441 1.276 1.1281*
Hannan-Quinn Information Criterion 13.166 12.792 1.312 1.1893*
Rice Information Criterion 12.823 12.459 12.778 1.1311*
Shibata Information Criterion 12.813 12.448 12.768 1.1276*
Craven-Wahba Generalized Cross-Validation Value 12.821 12.456 12.776 1.1302%*

According to the results in the table, the 2nd model is a Spatial Durbin Model. The model prediction
results are shown in Table 5.

Table 8: Model 2 Estimation Results

Total Amount of Physical Payments Made with Credit Coefficient Value | Probability Value

Cards

Participation Bank Branches per 100,000 People 0.1391 0.000
Electricity Consumption per Capita -0.0009 0.015
Markets per Capita -0.00004 0.000
Illiteracy Rate 42.703 0.000
Average Education Duration (Male) 0.8285 0.000
Male Bachelor's Degree Graduation Rate 0.2166 0.281
Students per Teacher -89.981 0.000
Mosques per Capita -1.861.315 0.000
Annual Population Growth Rate (%o) 0.0063 0.000
Constant Term 99.698 0.000

Upon examining the model estimation results, we find a negative relationship between the total
amount of physical payments made with credit cards and per capita electricity consumption, per capita
the number of markets, students per teacher, and mosques per capita. On the other hand, a positive
relationship is observed with the other variables.(refer to Table 8)

3.3. Spatial Dependence Test

One of the most used tests to examine the presence of spatial autocorrelation is the Moran I test. This
test evaluates spatial autocorrelation in both variables and error terms. Generally, the Global Moran
I test is used to examine spatial autocorrelation. In contrast, the Local Moran I (LISA) test is used to
examine the relationship between neighbouring regions on a local level.

If the Moran I statistic is significant, i.e., Ho is rejected, spatial autocorrelation exists. In the case of
spatial autocorrelation, if the test result is significant and the z-statistic is positive, high or low values
form spatial clusters. However, if the test result is significant, but the z-statistic is negative, there is
no spatial clustering. The scatterplot generated with this test also provides information about
neighbourhood relationships. Additionally, these relationships are visualized with the help of maps.
The Local Moran I test result, calculated for each region, provides information about spatial clustering
along with its neighbours. This test result evaluates spatial relationships with neighbours according
to the positive and negative spatial autocorrelation. If spatial autocorrelation is positive, a region with
a high value may also have neighbouring regions with high values. If a region has a low value,
neighbouring regions may also have low values. However, if spatial autocorrelation is negative, a
region with a high value may have neighbouring regions with low values. If a region has a low value,
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neighbouring regions may have high values. These relationships are more clearly addressed with the
scatterplot and map representation.

In this study, two models have been established. The regional spatial relationships of the significant
variables in the models have been tested using the LISA test, and the results are displayed on a map.

Table 9: Global Moran I Test

Variables 1 E@) | sd() z | p-value*
Number of Physical Payments 0.349 | -0.001 | 0.020 | 17.349 0.000
Made with Total Credit Cards
Total Amount of Physical Payments 0.357 | -0.001 | 0.020 | 17.747 0.000
Made with Total Credit Cards

Upon examining the global Moran I statistic values of the dependent variables in the models included
in the study, the null hypothesis is rejected for both variables as the probability values are less than
0.05. Based on this result, there is spatial autocorrelation in both variables. There is approximately
35% positive spatial autocorrelation for credit card usage volume and approximately 36% for credit
card usage amount.(refer to Table 9) These results support the rejection of the null hypothesis (Ho)
established at the beginning of the study, which is also confirmed by the Global Moran I test results.
Consequently, it has been determined that there is a spatial effect on credit card usage.

Figure 3: LISA Test Significance Results for the Total Number of Physical Payments Made with
Credit Cards
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Districts with spatial clustering can be seen on the map. However, a scatterplot and map
representation are required to comment on the relationship between these districts based on their
neighbourhood statuses. The scatterplot and map representation of the variable are as follows:
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Figure 2: Scatter Plot of the Total Number of Physical Payments Made with Credit Cards
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Upon examining the scatterplot, it can be observed that the variable has a positive spatial
autocorrelation. The map representation featuring the test results is as follows:

Figure 5: LISA Test for the Total Number of Physical Payments Made with Credit Cards
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On the map, in the districts represented in red, as the total number of physical payments made with
credit cards increases, the total number of physical payments made with credit cards in neighbouring
districts also increases. In the districts shown in dark blue, as the number of physical payments made
with credit cards decreases, the number of physical payments made with credit cards in neighbouring
districts also decreases. In the districts represented by light red, as the number of physical payments
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made with credit cards increases, the number of physical payments made with credit cards in
neighbouring districts decreases. In the districts shown in light blue, as the number of physical
payments made with credit cards decreases, the number of physical payments made with credit cards
in neighbouring districts increases.(refer to Figure 5)

The LISA test results for the Total Amount of Physical Payments Made with Credit Cards variable
are shown in Figure 6.

Figure 6: LISA Test Significance Results for Total Amount of Physical Payments Made with Credit
Cards
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Upon examining the map, districts with significant spatial clustering can be seen. However, a
scatterplot and map representation are required to comment on the relationship between these districts
based on their neighbourhood statuses. The scatterplot and map representation of the variable can be
seen in Figure 7.

Figure 7: Scatterplot for the Total Amount of Physical Payments Made with Credit Cards
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Upon examining the scatterplot, it can be observed that the variable has a positive spatial
autocorrelation. The map representation featuring the test results can be seen in Figure 8.
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Figure 8: LISA Test for Total Amount of Physical Payments Made with Credit Cards
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On the map, in the districts shown in red, as the total amount of physical payments made with credit
cards increases, the total amount of physical payments made with credit cards in neighbouring
districts also increases. In the districts shown in dark blue, as the total amount of physical payments
made with credit cards decreases, the total amount of physical payments made with credit cards in
neighbouring districts also decreases. In the districts shown in light red, as the total amount of physical
payments made with credit cards increases, the total amount of physical payments made with credit
cards in neighbouring districts decreases. In the districts shown in light blue, as the total amount of
physical payments made with credit cards decreases, the total amount of physical payments made
with credit cards in neighbouring districts increases.(refer to Figure 8)

4. Conclusion

This study identified factors affecting credit card usage, and model estimations was carried out using
spatial estimators, leading to the results. The study's objective is to determine whether there is a spatial
effect on credit card usage. In this regard, the hypothesis was tested with two models related to credit
card usage. In the model determination process, the Spatial Durbin Model was identified as the model
type for both models based on Buse R2 and information criterion values. In the Spatial Durbin model,
there is a spatial effect in both dependent and independent variables. Accordingly, HO was rejected,
and spatial effects in credit card usage were determined.

Upon examining the analysis results, a negative relationship was found in the first model between the
number of students per teacher and the number of mosques per capita and credit card usage frequency.
In contrast, a positive relationship was found with the number of participation bank branches per
100,000 people, the number of markets per capita, the illiteracy rate, the doctorate graduation rate,
the average male education duration, the proportion of Generation Y, and the annual population
growth rate. In the second model, a negative relationship was found between per capita electricity
consumption, the number of markets per capita, the number of students per teacher, and the number
of mosques per capita. In contrast, a positive relationship was found between the number of
participation bank branches per 100,000 people, illiteracy rate, average male education duration, male
undergraduate graduation rate, and annual population growth.

Considering the significant results in the models, it was concluded that, in addition to education, the
sociological and religious structure of the community also determines credit card usage. In particular,
obtaining significant results related to credit card usage with the number of participating bank
branches and mosques reveals that a society's religious structure affects credit card usage.

After the study's model estimation phase, spatial autocorrelation in dependent variables was tested
using Global Moran I and Local Moran I test. According to the test results, it was determined that the
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frequency and amount of credit card usage were spatially autocorrelated. Based on this result, an
increase or decrease in credit card usage in some districts affects neighbouring districts either in the
same or opposite direction.

Despite the nationwide scope of the study, it is essential to note that regional differences within
Turkey may still impact the results. As such, it is essential to consider the potential influence of local
economic, social, and cultural factors on credit card usage patterns. Additionally, the cross-sectional
nature of the data limits the ability to draw causal inferences and understand the dynamics of credit
card usage over time.

For future research, it would be valuable to conduct longitudinal studies that track changes in credit
card usage patterns and investigate the causal relationships between the variables. Incorporating
additional factors, such as consumer behaviour, financial literacy, and household income, could
provide a more comprehensive understanding of the determinants of credit card usage. Advanced
statistical and econometric techniques, including panel data analysis or structural equation modelling,
could further validate and refine the results. Lastly, examining the potential moderating or mediating
effects of regional and cultural factors on the relationships between credit card usage and the
identified determinants would contribute to a deeper understanding of the dynamics at play in this
complex phenomenon.
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