ATATURK
UNIVERSITESI
YAYINLARI
ATATURK
UNIVERSITY
PUBLICATIONS

Hasim BAGCI*

1Department of Health Management, Aksaray
University, Faculty of Health Sciences, Aksaray,
Tarkiye

Omer Faruk RENCBER’

2Department of Business, Gaziantep University,

Faculty of Economics and Administrative
Sciences, Gaziantep, Turkiye

Ceyda YERDELEN KAYGIN®

3Department of International Trade and
Logistics, Kafkas University, Faculty of
Economics and Administrative Sciences, Kars,
Tarkiye

Gelig Tarihi/Received 23.11.2024
Kabul Tarihi/Accepted 22.12.2025
Yayin Tarihi/Publication 31.03.2026

Date

Sorumlu Yazar/Corresponding author:
Hasim BAGCI

E-mail: hasimbagci1907 @hotmail.com
Cite this article: Bagci, H., Rencber, O. F.
& Kaygin Yerdelen, C. (2026). A Study
on The Factors of Financial Freedom
Influencing Digital Financial Usage:
Empirical Evidence Through Data Mining
Techniques. Trends in Business and
Economics, 40(2), 236-246.

Content of this journal is licensed under a Creative
Commons Attribution 4.0 International License

DOI: 10.16951/trendbusecon.1590034

Research Article Arastirma Makalesi

A Study on The Factors of Financial Freedom
Influencing Digital Financial Usage: Empirical
Evidence Through Data Mining Techniques

Dijital Finans Kullanimlarinda Etkili Olan Finansal
Serbestlik Faktorleri Uzerine Bir inceleme: Veri
Madenciligi Teknikleri ile Ampirik Kanitlar

ABSTRACT

The study examined the financial freedom factors that are effective in the use of digital finance. In
order to conduct this examination, first of all, all countries in the world in the research sample were
clustered according to their levels of digital finance use, and then the financial freedom factors that
are effective in the use of digital finance were determined.

The reason for studying this topic is that it is thought that digitalization will positively affect the
financial freedom, financial participation, financial development and economic growth of countries
and that digitalization will be used as a tool in this regard. The importance of the impact of digital
finance on financial participation and freedom emerges when financial services are offered equally
to society without making any distinction between the poor and the rich.

One of the ways to achieve sustainable economic growth is to provide and strengthen economic
freedom through digital finance. However, there are some restrictions and obstacles encountered
on this path. Despite these problems, as a result of the analysis, it has been determined that
countries with high digital finance usage are both more economically free and more financially
developed.

JEL Codes: G17, G53

Keywords: Digitalization, Digital Finance, Financial Inclusion, Economic Freedom, Data Mining
Technique

0oz

Yapilan c¢alismada dijital finans kullaniminda etkili olan finansal serbestlik faktorleri
incelenmistir. Bu incelemeyi yapabilmek igin dncelikle arastirma érneklemindeki tim diinya
Ulkeleri dijital finans kullanim dizeylerine gére kiimelenmis, ardindan ise dijital finans
kullaniminda etkili olan finansal serbestlik faktorleri saptanmistir.

Bu konunun calisilma sebebi dijitallesme ile llkelerin finansal 6zgirlik, finansal katilim,
finansal kalkinma ve ekonomik bliytimelerinin pozitif yonde etkilenecegi ve dijitallesmenin
bu konuda arag olarak kullanilacagi disliniilmektedir. Dijital finansin finansal katilima ve
Ozglrluge etkisinin 6dnemi; finansal hizmetlerin fakir, zengin ayrimi yapilmaksizin topluma
esit olarak sunuldugunda ortaya ¢ikmaktadir.

Surdurilebilir bir ekonomik blylmenin yollarindan biri ekonomik 6zgiirligi dijital finans
yoluyla saglamak ve gii¢clendirmekten geg¢mektedir. Ancak bu yolda karsilasilan bazi
kisitlamalar ve engeller yer almaktadir. Bu problemlere ragmen analizler sonucunda dijital
finans kullanimi yiksek olan Ulkelerin hem ekonomik acidan daha 6zgir hem de finansal
acidan daha gelismis durumda olduklari tespit edilmistir.

JEL Kodlari: G17, G53

Anahtar Kelimeler: Dijitallesme, Dijital Finans, Finansal Katilim, Ekonomik Ozgiirliik, Veri
Madenciligi Teknigi
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Introduction

In contemporary world, technological advancements
have initiated the process of digitization in various fields,
including finance. The digitization of financial products and
services contributes to the continuous development of the
finance sector and the emergence of new financial
technologies. In this context, it is possible to say that
concepts representing technological progress, such as
blockchain, the Internet of Things, and artificial
intelligence have assumed pioneering roles in the
development of digital finance (DF) terms such as
cryptocurrency and Fintech.

The almost entirely information-based nature of
financial products and services underscores the necessity
of digitization for the finance sector (Puschmann, 2017, pp.
63). The integration of information and communication
technology (ICT) with the finance sector brings many
advantages, including mitigating information asymmetry,
minimizing transaction costs, and improving accessibility
(Li et al., 2020, p. 317). The process of change experienced
with the use of ICTs in the financial sector is expressed with
concepts such as e-finance, FinTech and DF, which have
similar meanings (Gomber et al., 2017, p. 537). E-finance is
defined as instant access to financial services, financial
products, and financial markets using ICTs to conduct real-
time financial transactions (Allen et al., 2002, pp. 5-6).
Fintech, on the other hand, refers to the provision of
financial and banking services through modern
technological innovations (Ozilli, 2018, pp. 331-332). DF is
an alternative financial model developed to provide cost-
effective, accessible, and easily adaptable financial
services and products (Yang et al.,, 2023, p. 2). It
encompasses commercial activities in the finance sector
using technologies such as machine learning (ML),
blockchain, and big data (Mu et al., 2023, p. 2; Shen &
Huang, 2016, p. 221).

The emergence of digital payment technologies
associated with the concept of DF enables the
restructuring of financial systems involving the use of
mobile banking, mobile financial applications for prepaid
cards, and so forth, when combined with mobile phone
technology (Aziz & Naima, 2021, p. 2). The ICTs providing
access to the financial system, usability, and ease of use for
financial information users constitute a driving force in the
improvement of financial inclusion (Fl) and the spread of
the financial base (Sarma & Pais, 2011, p. 613). Fl is seen
as a potential transformative factor that can lead to
poverty reduction and create a more financially inclusive

society (Bruhn & Love, 2014, p. 1347; Sassi & Goaied, 2013,
p. 252). Digital Fl is a new area of financial development
(FD) that eliminates geographical boundaries in traditional
Fl and strengthens small businesses with internet and big
data technology to lower financing costs (Geng & He, 2021,
p. 307). The measurement of digital Fl at the country level
is provided by the digital FI index, which consists of the
availability of financial products, the availability of financial
services, the normalization of financial services, and
digitization (Geng & He, 2021, p. 309).

Digitization is considered a significant step not only for
a country’s financial freedom (FF), financial development
(FD), and financial inclusion (Fl) but also for its economic
growth (EG) (Sara & Kayal, 2022, p. 1). Financial stability
(FS), FD, and FF are crucial for sustainable global
development. In this context, it is believed that sustainable
global development can be achieved through DF and
economic freedom (EF). EF is known to be a key factorin a
country’s EG, ensuring FS, and sustaining its overall
economic performance.

Economic freedom refers to a situation where
individual preferences are prioritized, trade can be
conducted freely in markets, there is free access to
markets, and there is the possibility of free competition in
markets (Altinisik et al.,, 2011, p. 150). In addition to
economic freedom, the concepts of financial stability,
financial development, and financial freedom are also
crucial for sustainable global development. Considering
this importance, digital finance can be seen as an effective
tool for sustainable global development.

The study examines the factors of FF influencing digital
financial usage. To conduct this examination, all countries
inthe research sample were clustered based on their levels
of DF usage, and then the factors of FF influencing DF
usage were identified. The motivation for studying this
topic is the belief that countries’ FF, Fl, financial
development, and EG will be positively impacted by
digitization, which will be utilized as a tool in this regard.
The importance of the impact of DF on Fl and freedom
arises when financial services are equally provided to
society without discrimination between the rich and the
poor.

Literature Review

The relationship between DF and EF has been examined
for all countries worldwide in the study. To conduct this
examination, DF and EF were disaggregated into sub-
indicators, and their connection was measured through

these indicators.
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The indicators used for measuring DF include data
obtained from the World Bank and consist of 9 key
indicators. These indicators are expressed as the number
of: current accounts, accounts at financial institutions,
credit card accounts, debit card accounts, credit or debit
card accounts, saving at a financial institution,
accumulating savings with a non-family member or a
savings institution, borrowing from a formal financial
institution, and borrowing from family or friends. All these
indicators are determined by the World Bank and are
represented for individuals aged 15 and above, denoting
the level of maturity.

The literature review section of the study is divided into
two groups, with the first group focusing on whether DF
promotes Fl.

Keskin (2025) examined neobanking and embedded
finance systems, which are new products of financial
technology, from a theoretical perspective. Information is
provided on the introduction of the concepts of
neobanking and embedded finance and how they are
incorporated into digital financial systems. The aim of the
study is to raise awareness about new financial products
and to make assessments about the future of neobanking
and embedded finance systems in Turkey.

Al-Smadi (2023) measured the relationship between DF
and Fl. The measurement was conducted in the North
African and Middle Eastern countries. Totally, five control
variables with a sample of 12 countries were utilized over
the period 2004 - 2020. The findings asserted that DF usage
promoted FI.

Glz and Poyraz (2023) explicated the DFI levels and
developments of 75 countries over the period 2017 - 2021
in comparison with current data by introducing a Digital
Financial Inclusion Index (DFIl). High-income countries are
at the top of the digital financial inclusivity index, whereas
low-income countries are at the bottom.

Demirel et al. (2023) investigated the influence of
digital payments on the accessibility and depth of financial
institutions within the Turkish Banking Sector. The
research encompasses the timeframe from 1990 to 2021,
utilizing data sourced from the World Bank, IMF, and
Interbank Card Center (BKM). The study showed that
things like the number of credit cards, debit cards, ATMs,
and POS devices all have a positive effect on the depth of
financial institutions. It was decided that there should be
more ATMs and POS devices to make it easier for people
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to get to banks and other financial institutions. As a result,
it was noted that financial innovations in digital payments
enhance the accessibility and depth of financial
institutions.

Mahdzan et al. (2023) assessed the influence of digital
financial service utilization on individuals' financial well-
being. The sample consisted of economically
disadvantaged individuals in Malaysia. We chose low-
income people because they were more likely to be
financially excluded and didn't have the knowledge or skills
to manage their money. The results indicate that the
utilization of DF diminishes the beneficial influence of
financial literacy (FL) on financial well-being while
simultaneously mitigating the detrimental effects of
financial stress on financial well-being. This means that
people with high FL are expected to have high levels of
financial well-being, but using DF can change this. It was
also noted that DF helps people deal with money
problems.

Ekmen (2023) made an internet banking index that
covers the years 2006 to 2016. The goal of this index is to
see how digital banking affects FI. After 2008, the index
rose quickly, which was due to the fact that more people
around the world started using smartphones after the
2008 crisis.

Yue et al. (2022) elucidated the impact of DF on citizens.
Numerous studies have indicated that DF enhances FI
while simultaneously elevating individuals' borrowing risk.
The results support this finding, showing that using DF
makes more people participate in credit markets. This
leads to more spending and a greater chance of getting
into debt traps.

Xia et al. (2022) examined the stock prices of Chinese
companies listed on the stock exchange and investigated
the influence of DF on corporate resilience (CR) in response
to the COVID-19 pandemic. The research indicated that
enterprises situated in areas with elevated DF utilization
encountered diminished losses and exhibited rapid
recovery from the pandemic. It was determined that DF
improves CR in conjunction with other analyses and
findings.

Wang et al. (2020) examined the influence of DF on
financial efficiency (FE). The research conducted in China
revealed regional disparities in efficiency. The results
show that there is a big difference in FE between eastern
and non-eastern parts of China. The eastern part is much
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more efficient than the other part, which is mostly due to
development. The overall results showed that DF and FE
were positively related. Nonetheless, it was determined
that DF disadvantages underdeveloped regions.

Shofawati (2019) examined the function of DF in
enhancing FI and SME development. This study was
carried out employing qualitative research methodologies
in Indonesia. The study found that digital access, which is
a security risk for banks, is not a problem for SMEs. In fact,
DF makes it easier for SMEs to get capital and loans.

Durai and Stella (2019) looked into how DF affects FI.
They stressed how important DF is to people's daily lives.
The study found that mobile banking is better when it has
features like accessibility, convenience, good time
management, the ability to use accounts at different
banks, and low service fees. So, it was found that internet
banking, mobile banking, mobile apps, credit cards, and
debit cards all worked very well to improve Fl.

Research studies on the relationship between DF and
EF were discussed in the second part of the literature
review.

Kaya and Ozkan (2024) perfomed a causality test for FD
and EF utilizing the annual data of 27 OECD-member
countries over the period 1995-2018. The analysis
detected a unilateral causality from FD to EF, meaning that
countries with higher levels of FD were economically freer,
and FD enhanced EF.

Chinoda and Kapingura (2024) conducted a research
regarding Sub-Saharan African countries, explicating the
effect of governance and institutions on DF participation
and EG over the period 2014 — 2020. The results revealed
the existence of positive impacts of governance and
institutional quality on EG and DF participation.

Meng and Xiao (2023), who examined the DF and
happiness relationship in China, found negative results,
because of enhanced spending behavior and high
borrowing levels. Nonetheless, such findings were
determined to differ by age, debt levels, and trust levels.

Manasseh et al. (2023) studied the impacts of Fl and DF
on EG employing a panel ARDL method utilizing annual
data of sizteen COMESA-member countries over the
period 1997-2018. The findings asserted that DF and FI
stimulate EG. Besides, a bilateral causality was detected
between DF, Fl, and EG.

Tariq et al. (2023) intended to measure the impact of

DF on EG. With a sample of 77 countries between 2011-
2021 the analysis employing the GMM suggested a shift to
a cashless economic system by promoting DF in developing
countries.

Luo et al. (2022) analyzed the impact of DF on financial
sustainability performing a data envelopment analysis for.
31 provinces of China. The results revealed that
technological advancements promote FE, and DF
improvements stimulated regional FE. Expanding the
scope and depth of DF will maximize FE and promote the
development of the financial sector.

Li and Liu (2022) examined the impact of DF on
corporate independent innovation and commercial credit
in Shanghai and Shenzhen A-share listed companies from
2012 to 2020. The results show that DF supports corporate
independent innovation, and commercial credit and
government subsidies assume an intermediary role in the
relationship between DF and corporate independent
innovation.

Saraf & Kayal (2022) studied the impact of digitization
on economic and FF. Initially, the relationship between FI
and FF and ways to improve FF were explored. It was
observed that the use of digital financial services through
ICTs leads to FF and financial development.

Bunje et al. (2022) examined the impacts of FD on trade
in the context of the digital economy (DE). The study
covered 47 African countries from 1990 to 2019. Panel
data analysis with dynamic GMM models was used. The
results indicate that FD and the DE have a direct impact on
trade. The DE is also one of the most important factors that
affect FD and trade in Africa in the short and long term.
Consequently, it is underscored that policies advocating
for the DE in Africa should be promoted.

Rekha et al. (2021) examined the correlations among
digital financial inclusion, economic factors, financial
development, and growth. They utilized panel data
analysis incorporating cointegration and vector error
correction models to examine 22 developing nations. As
ICTs have improved, long-term digital FI has been shown
to have a positive effect on EF and financial development.
This effect is expected to bolster sustainable EG. It was also
shown that Fl has a positive effect on EG over time, and
that growth leads to more Fl.

Hussain et al. (2021) investigated the correlation
among FL, EF, quality management, and Fl. They employed
panel data analysis. The results indicate that FL and public
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quality have a positive impact on Fl. It has also been shown
that the quality of government is a link between FL and FI.
When government quality gets better, EF gets stronger,
and when both are doing well, Fl goes up.

Keskin Koylii (2018) assessed the impact of information
technology utilization on corporate productivity within the
framework of conducted studies. It was stated that
businesses need to continuously improve their
performance in order to be sustainable and thus gain a
competitive advantage. The study also emphasized that
the best way to improve performance and convert it into
activity is through the use of information technology.

The second section includes studies related to the
association between DF and EF. Although it emerges that
DF enhances EF, there are underlying reasons for this
inference. The presence of ICTs not only drives financial
systems towards digitalization but also enhances EG.
Access to financial services and the availability of services
are facilitated through digital FI. On the other hand, EF
impacts financial development, development, and growth.
With digitalization, it is believed that countries’ FF, Fl,
financial development, and EG will be positively affected,
and digitalization will be used as a tool in this regard. The
significance of the impact of DF on Fl and freedom arises
when financial services are provided to society equally
without distinction between rich and poor.

In addition, studies on the dependent and independent
variables of the subject are included in the literature
section; however, literature on the method is not included.
Because the main purpose of the subject is to measure the
effect of digital finance use on financial freedom.

Method: C-Means Clustering Analysis

Clustering analysis is a technique based on
unsupervised learning logic, aiming to group decision units
showing a high level of similarity. In the literature, there
are various clustering techniques, including metric, grid,
density, or model-based methods. C-Means technique is a
metric-based clustering technique. The method is based
on the idea of initially dividing decision units into a
predetermined number of clusters. The application steps
of the method are as follows (Hamerly & Elkan, 2003):

- k random cluster centers are selected from the X
dataset,

- The distance between data points and cluster center
values is calculated,
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- Data points are assigned to the clusters to which the
centers with the smallest distance belong,

- Final cluster centers are optimized.

- If there are decision units that change clusters,
reassignment is made, and final clusters are determined.

A crucial aspect of the C-Means technique is
determining the number of clusters k. In this stage, GAP,
Elbow, or Silhouette techniques are used (Sinaga & Yang,
2020). In this study, the Silhouette index is utilized. The
Silhouette index, also known as silhouette statistic, was
developed by Rousseeuw in 1987. The formula for the
coefficient is as follows;

b(i) — a(i)

s = max{a(i),b(i)}

In the equation, a(i) denotes the average distance from
the data pointinindexito all other data points in the same
cluster, while b(i) denotes the minimum distance from the
same data point to all data points in other clusters. The
index varies between 0 and 1, with values closer to 1
indicating successful clustering.

Fuzzy C-Means is an exploratory technique among
unsupervised learning techniques. That is, the method
groups decision units without any information about the
outcome of the application. Therefore, it differs from the
hypothesis testing logic used in classical statistical
techniques.

Random Forest Regression Analysis

Random Forest regression (RFR) analysis is one of the
supervised ML techniques. The method was initially
developed by Leo Breiman, inspired by Amit and Geman's
work in 1997. The RF method is based on bagging
technique, where multiple decision trees are run for
regression or classification algorithms. Then, for
regression, the average of decision tree outputs is taken,
while for classification, a voting system is used to create
the final model (Segal, 2004).

The most significant advantage of using this method is
its resilience against overfitting, which is one of the most
critical problems in ML techniques (Tatachar, 2021).
Particularly, the situation where the output is memorized
based on the input for limited data sets and variable sets
can be cited as an example. RF fundamentally has two
parameters: the number of randomly selected predictors
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at each node (m) and the number of trees in the forest (j).
These parameters are usually optimized to generate the
final model. Subsequently, the importance levels of
variables in the model can be determined based on the
change in Mean Squared Error (MSE) when each variable
is removed from the prediction model (Han et al., 2016).

Purpose and Scope of the Study

The aim of the study is to examine the factors of FF that
are effective in DF usage. In this context, firstly, clustering
of countries according to their levels of DF usage is aimed,
and then, the factors of FF that are effective in DF usage
are intended to be determined.

The study covers the years 2011, 2014, 2017, and 2021.
These years were selected because the data set is only
available for these years. Accordingly, 138 countries were
evaluated in 2011, 136 in 2014, 138 in 2017, and 118 in
2021.

The reason for choosing this method is to cluster
countries according to their level of financial freedom. For
this purpose, clustering algorithms from unsupervised
learning techniques should be applied. At the same time,
the Fuzzy C-Means technique was used because fuzzy logic
is the approach that best suits human thought and
decision-making structures.

Results

Clustering of Countries According to Their Digital

Finance Usage

In the first stage of the study, fuzzy C-Means method
was applied with 9 variables related to DF usage, and
clustering analysis was performed to divide the countries
into 4 different clusters. At this stage, different numbers of
clusters were tried for determination, and it was
considered appropriate to divide the countries into 4
clusters based on their international literature
compatibility and the most suitable Silhouette score (Pham
et al., 2005). The naming of the clusters was done based
on the average values of the cluster centroids.

Table 1.

Fuzzy C-Means Clustering

Clusters | N R? AIC BIC Silhouette

4 530 0.689 1617.770 1788.690 0.860

The Silhouette index value, which measures the success
of clustering analysis, was found to be 0.86, and the R2
value was 68.9%. Therefore, it can be stated that the

clustering was successful. Accordingly, the results
obtained are as shown in the table below.

Table 2.
Cluster Information
Cluster 1 2 3 4
Size 156 125 134 115
Explained proportion 0.338 0.260 0.187 0.215
within-cluster
heterogeneity
Within sum of squares 519.561 399.631 287.753 330.828
Silhouette score 0.269 0.106 0.269 0.416
Account 0.441 -0.702 -1.012 1.289
Financial institution 0.485 -0.666 -0.917 1.302
account
Owns a credit card 0.058 -0.505 -0.850 1421
Owns a debit card 0.347 -0.585 -0.731 1.544
Owns a debit or credit 0.307 -0.579 -0.781 1.478
card
Saved at a financial -0.355 -0.658 -0.831 1.615
institution
Saved using a savings 0.109 0.253 -0.505 -0.347
club or a person outside
the family
Borrowed from a 0.160 -0.513 -0.920 1.514
formal financial institution
Borrowed from family -0.222 -0.517 -0.242 -1.062
or friends
Average 0.15 -0.50 -0.75 0.97
Note. The Total Sum of Squares of the 4 cluster model is 4947.44

The central values resulting from the clustering analysis
were used to obtain the mean values, and cluster names
were created accordingly. Thus, Cluster 1 was labeled as
high, Cluster 2 as low, Cluster 3 as very low, and Cluster 4
as very high. The frequency table of countries over the
years is as follows:

Table 3.

Income Distribution of Clusters
Year Very Low Low High Very High
2011 67 16 35 20
2014 33 34 42 27
2017 18 46 41 33
2021 16 29 38 35

As seen in the table, the distributions of countries vary
for each year. However, it is observed that DF usage
increases over the years, and countries generally advance
in this regard. This situation can be attributed to the
facilitation of access to DF with the advancement of
technology.

Trends in Business and Economics
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The Determination of Financial Freedom Factors

Influencing Digital Finance Usage

In the second phase of the study, the cluster values
obtained in the first step were considered as the
dependent variable, and FF variables were taken as
independent variables, followed by the application of the
Random Forest classification algorithm. The reason for
using the RFR technique is its recommendation as the most
resistant algorithm against overfitting among algorithms.
In practice, the optimal number of trees was found to be
95. The results obtained are as follows:

Table 4.
Evaluation Metrics
1 2 3 4 |Average/
Total
Support 28 18 14 26 86
Accuracy 0.919 0.814 0.837 0.988 0.890
Precision (Positive 0.862 0.556 0.500 0.963 0.769
Predictive Value)
Recall (True 0.893 0.556 0.429 1.000 0.779
Positive Rate)
False Positive Rate 0.069 0.118 0.083 0.017 0.072
False Discovery 0.138 0.444 0.500 0.037 0.280
Rate
F1 Score 0.877 0.556 0.462 0.981 0.774
Matthews 0.817 0.438 0.368 0.973 0.649
Correlation Coefficient
Area Under Curve 0.941 0.863 0.882 0.997 0.921
(AUC)
Negative Predictive 0.947 0.882 0.892 1.000 0.930
Value
True Negative Rate 0.931 0.882 0.917 0.983 0.928
False Negative 0.107 0.444 0.571 0.000 0.281
Rate
False Omission 0.053 0.118 0.108 0.000 0.070
Rate
Threat Score 2.273 0.417 0.300 13.000 3.997
Statistical Parity 0.337 0.209 0.140 0.314 1.000
Note. All metrics are calculated for every class against all other classes.

The table demonstrates that the applied classification
algorithm has been successful. Accordingly, the validation
accuracy value is 71%, the test accuracy value is 77.9%, and
the Out of Bag (OOB) score is determined to be 90.3%. This
indicates that the algorithm has been effectively trained
(Strobl et al., 2007). Additionally, the study aims to rank
the factors influencing classification as a result of the RFR
application. The list of variables used in the study is
provided in the attachment to avoid disrupting the text
flow and occupying too much space. The results obtained
are as follows:

Trends in Business and Economics

Table 5.
Feature Importance
Mean decrease in Total increase in node
accuracy purity
d20 -6.028x10* 0.036
d9 0.012 0.035
d19 0.002 0.031
d8 6.269x10* 0.022
d1l 0.003 0.021
d2 0.013 0.019
d29 -7.250x10* 0.019
dil 0.005 0.019
d7 0.018 0.015
di3 -0.003 0.015
d30 0.004 0.013
d6 0.008 0.012
d24 0.009 0.011
d10 0.002 0.011
d25 -9.490x10* 0.008
d3 -5.436x10* 0.004
di2 0.016 0.004
d22 0.005 0.003
di4 8.839x10* 0.002
die -4.284x10* 0.002
d5 0.002 0.002
d15 0.002 0.001
di7 0.005 8.585x10*
da 2.997x10* 1.933x10*
d23 -2.858x10* -5.432x10*
di8 0.001 -7.891x10*
d28 0.008 -0.001
d21 4.179x10* -0.001
d27 2.792x10* -0.003
d26 0.005 -0.003

Upon examining the importance levels of variables, it is
found that the most important factors in DF usage are 4B
Regulatory trade barriers, Military interference, and Costs
of importing and exporting. Conversely, the least
important variables are Controls of the movement of
capital and people, Credit market regulation, and Black
market exchange rates.

Conclusion

Along with globalization, the competition phenomenon
has become highly influential in financial markets. Both at
the micro and macro levels, businesses must keep pace
with evolving technologies to create awareness.
Competing, even excelling, in competition requires
undergoing transformation and development.
Digitalization, once present but now dominant worldwide,
especially during the pandemic, has become an
indispensable concept. With the impact of digitalization,
terms such as e-finance, Fintech, and DF have emerged in
the financial sector, enabling people to handle their tasks
where they are, saving time. These concepts are also
crucial for countries’ FFs, development, and progress. In
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other words, sustainable growth requires these concepts
to work together in an integrated manner. This study
explores the relationship between DF, which is crucial for
sustainable growth, and EF.

The aim of the study is to examine the FF factors that
are effective in DF usage. Accordingly, countries were first
divided into 4 different clusters using 9 indicators showing
DF usage. Then, the aim was to examine the FF factors that
are effective in countries’ DF usage based on these cluster
divisions. As a result of the applications, 12 countries were
classified as very low, 18 as low, 29 as high, and 27 as very
high. Upon comparing the resulting clusters by income
groups, a strong relationship between income status and
DF usage was found with a coefficient of 0.75. Therefore,
it can be stated that countries with a high level of income
are also at a high level in terms of DF usage.

In the second part of the study, the aim was to examine
the FF factors effective in the clusters created in the first
stage. Accordingly, RFR analysis was applied, and the result
showed that 89% of the countries were correctly classified.
This indicates the reliability of the application in the first
stage. In examining the factors effective in classification,
the mean decrease in accuracy technique was used. It was
found that the most important factors in the clustering
based on DF usage were 4B Regulatory Trade Barriers,
Military interference, and costs of importing and
exporting, while the rest were the least important
variables.

One of the most crucial factors in DF is likely to be the
trade regulatory barriers. This is because when trading
internationally, tariff-like barriers, quantity restrictions,
taxes, quotas, embargoes, and sanctions can be imposed.
In this case, both the EF of countries is limited and they
may face problems in conducting trade through DF.

The second important factor in DF is military
interventions. In this regard, situations such as war
between countries, hostilities, military coups, etc., are
cited as examples. Military interventions both restrict EF
and hinder trade through DF.

Another important factor is the costs of exports and
imports. This issue is directly related to the pricing policies
implemented by all countries. The aim of countries in
trading exports and imports with each other is to mitigate
the trade deficit. Encouraging exports is crucial to achieve
this goal.

Based on all these findings, one of the means of

achieving sustainable EG is to ensure and strengthen EF
through DF. However, there are some constraints and
barriers encountered along this path. Despite these
problems, it was found through analysis that countries
with high DF usage are both economically freer and more
financially advanced.

Itis recommended that the study be developed to serve
as a reference for future studies. Furthermore, it is crucial
that financial freedom, economic development, and
advancement are compatible and integrated with each
other to ensure sustainable growth. Therefore, in the
global era, the relationship between digital finance and
economic freedom is important in terms of seeing the
compatibility between these concepts.
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Extended Abstract

Amag ve Motivasyon: Yapilan ¢calismada ise dijital finans kullaniminda etkili olan finansal serbestlik faktorleri incelenmistir.
Bu incelemeyi yapabilmek icin dncelikle arastirma 6rneklemindeki tim diinya Ulkeleri dijital finans kullanim diizeylerine gére
kiimelenmis, ardindan ise dijital finans kullaniminda etkili olan finansal serbestlik faktorleri saptanmistir.

Arastirma Stratejisi ve Yontemi: Calismada dijital finans kullanimlarinda etkili olan finansal serbestlik faktérlerinin
incelenmesi amaclanmistir. Buna goére oncelikle (lkeler dijital finans kullanimini gdsteren 9 gosterge kullanilarak 4 farkli
kiimeye ayrilmistir. Daha sonra bu kiime ayirimlarina gore (lkelerin dijital finans kullanimlarinda etkili olan finansal serbestlik
faktorlerinin incelenmesi amacglanmistir. Yapilan uygulamalar neticesinde Ulkelerden 12’si cok distk, 18’i dislik, 29'u yiiksek
ve 27’si ¢cok yliksek sinifta yer almistir. Calismanin ikinci kisminda ise ilk asamada olusturulan kiimelerde etkili olan finansal
serbestlik faktorlerinin incelenmesi amaglanmistir. Bu dogrultuda Rassal Orman regresyon analizi uygulanmis olup Glkelerin
%89’unun dogru siniflandirldigi sonucu elde edilmistir. Bu durum ilk asamada yapilan uygulamanin glvenirligini
gostermektedir. Siniflandirmada etkili olan faktorlerin incelenmesinde Rassal Orman Regreson analizi kullaniimigtir.

Bulgular ve Tartisma: Calismanin ilk asamasinda bulanik K-Means yontemiyle dijital finans kullanimlarina yonelik 9
degisken ile kimeleme analizi uygulanarak tlkeler 4 farkli kiimeye ayrilmistir. Bu asamada kiime sayisinin belirlenmesinde
farkli sayida kiime degerleri denenmis ve uluslararasi literatlire uygun olmasi ve en uygun Silhouette skoru neticesinde 4
kiimeye ayrilmasi uygun gorilmustir. Kimelerin isimlendirilmesi ise kiime merkezi degerlerinin ortalamasina gore yapiimistir.

Calismanin ikinci asamasinda ise ilk adimda elde edilen kiime degerleri bagimli; finansal serbestlik degiskenleri bagimsiz
degisken olarak alinmis ve Rassal Orman siniflandirma algoritmasi uygulanmistir. Burada Rassal Orman tekniginin
kullanilmasinin sebebi algoritmalar icerisinde ezberlemeye karsi en direngli algoritma olarak 6nerilmesi nedeniyledir.
Uygulamada optimum agag sayisi 95 bulunmustur.

Degiskenlerin 6nem dizeyleri incelendigi durumda ise dijital finans kullanimlarinda en 6nemli faktoriin 4B diizenleyici ticari
engeller, askeri miidahale ve ithalat-ihracat maliyetleri; en az 6nemli degiskenlerin ise karaborsa déviz kurlari, sermaye ve
insan hareketinin kontrolleri ve kredi piyasasi diizenlemesi oldugu bulgularina ulasiimistir.

Sonug ve Oneriler: Calismada dijital finans kullanimlarinda etkili olan finansal serbestlik faktorlerinin incelenmesi
amagclanmistir. Buna gore dncelikle tlkeler dijital finans kullanimini gésteren 9 gésterge kullanilarak 4 farkli kimeye ayrilmistir.
Daha sonra bu kiime ayirimlarina gore ulkelerin dijital finans kullanimlarinda etkili olan finansal serbestlik faktérlerinin
incelenmesi amaclanmistir. Yapilan uygulamalar neticesinde tlkelerden 12’si cok duisik, 18’i distik, 29’u yiksek ve 27’si cok
yuksek sinifta yer almistir. Olusan kiimeler ile gelir gruplari kiyaslandigi durumda korelasyon analizi sonucu anlamli ve katsayi
0.75 ¢ikmis olup, gelir durumu ile dijital finans kullanimi arasinda glicli bir iliski tespit edilmistir. Bu durumda gelire gore
ylksek gelismis diizeyde olan Ulkelerin dijital finans kullanimlari agisindan da yliksek diizeyde olduklari ifade edilebilir.

Dijital finans konusunda en 6nemli faktérlerden birinin ticareti dizenleyen engeller olmasi muhtemeldir. Clinki
uluslararasi boyutta ticaret yaparken tarife benzeri engeller, miktar kisitlamalari, vergi, kotalar, ambargolar ve yaptirimlar
konulabilir. Bu durumda Ulkelerin hem ekonomik 6zglrlikleri sinirlandirilir hem de ticareti dijital finans yoluyla yaparken
problemler yasamalarina yol agmaktadir.

Dijital finans konusunda ikinci 6nemli faktoriin askeri midahaleler oldugu tespit edilmistir. Bu konuda ise Ulkelerin
birbirleri arasindaki savas durumlari, husumetler, askeri darbe vb. durumlar ornek olarak gosterilmektedir. Askeri
miidahaleler hem ekonomik 6zgirligi kisitlamakta hem de dijital finans yoluyla ticarete ket vurmaktadir.

Diger bir 6nemli faktor ise ihracat ve ithalat maliyetleridir. Bu konu tiim (lkelerin uygulamis oldugu fiyat politikalariyla
dogrudan iliskilidir. Ulkelerin birbirleriyle ihracat ve ithalat yaparken hedefledikleri politika dis ticaret agigini diistirmektir. Bu
hedefi yerine getirmek icin ihracati tesvik etmeleri son derece 6nem arz etmektedir.

Tum bu bulgulardan hareketle; strdirilebilir bir ekonomik blylimenin yollarindan biri ekonomik 6zglrlGgi dijital finans
yoluyla saglamak ve gliclendirmekten gecmektedir. Ancak bu yolda karsilasilan bazi kisitlamalar ve engeller yer almaktadir.
Bu problemlere ragmen analizler sonucunda dijital finans kullanimi yiiksek olan tlkelerin hem ekonomik acidan daha 6zglr
hem de finansal agidan daha gelismis durumda olduklari tespit edilmistir.
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