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Abstract

This study is aimed at evaluating the correlation between determinants of non-cash 
payments (ATMs, number of bank branches, and number of mobile phone users) 
and various economic indicators (broad money, inflation, consumer prices) as well 
as further studying which of the factors and to what extent influence each other in 
different periods. Non-cash payments are provided by ATMs. The sample considers 
panel data on nine developing countries. The data for calculation were taken from The 
World Bank, for Kazakhstan – from the Bureau of National Statistics of the Republic of 
Kazakhstan. The data collected during the study were analyzed using the SPSS software. 
Spearman’s correlation analysis was used. The results obtained in the empirical study 
briefly showed that the alternative hypothesis is confirmed for the period 2004–2009 
(that the existing relationships are significant), at the same time, the null hypothesis was 
confirmed in terms of the level of significance for the period 2019–2020. Accordingly, 
this study showed that modern developments differ from those provided earlier and 
financial technology transformation is still in the process. The results of this study also 
indicated the need for further studies of non-traditional measures of financial develop-
ment, which can lead to sustainable economic growth in the post-crisis period. 
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INTRODUCTION 

At present, the consequences of the crisis caused by the COVID-19 
pandemic are great. States are solving economic problems with prov-
en methods. They mainly use state programs that were applied after 
the 2008 crisis. At that time, government money was injected into the 
banking system to revive the economy that had suffered from non-re-
payable loans. In the following years, a new round appears and tech-
nologies merge with financial services, creating new banking products. 
Creation and fast development of the financial technologies sector for 
non-cash payments occurred. 

Banking, non-cash payments, online trading via mobile phones, and 
other factors are mainly studied (Mahran & Enaba, 2011; Riedl et al., 
2015; Yu et al., 2019). However, in the beginning, there were problems 
of integration between technologies in different countries that were 
solved through platformization. Apple, Google, Samsung, PayPal, 
eBay, AliExpress, Amazon, etc., improved significantly. Moreover, 
with the help of these and other platforms, e-commerce of food, de-
livery, taxi, and other related areas flourished (De et al., 2020; Gawer, 
2014). Most of the studies consider the impact of the pandemic on the 
economy of a country or individual economic sectors (Sreelakshm & 
Prathap, 2020; Ren & Tang, 2020). 
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There are debates among scientists about the impact of the number of bank branches and a country’s 
GDP. Some regard that many banks are positive for economic processes (Kumbirai & Webb, 2010; Aysan 
& Ceyhan, 2008). Others are in favor of reducing the number of banks, since online banking currently 
provides similar services more efficiently (Spokeviciute et al., 2019). Additionally, it is even safer to use 
ATMs, especially since recently this equipment has been equipped with multi-factor personal identifica-
tion systems (Islam et al., 2007; Luca et al., 2010). 

The recent COVID-19 pandemic made the banking sector rethink how to provide banking, which is 
why many countries are now required to comply with social distancing measures. Whereas current cri-
sis is different from the previous one in the focus of the impact: development and or vice versa degrada-
tion, which may affect the closure of some sectors of the economy. The pandemic has become a trigger 
of the development of non-cash transfer technologies. The main instrument for transfer between cash 
and non-cash money is ATMs. Other determinants such as the number of bank branches, the number 
of mobile phone users, broad money, and inflation were also studied. Therefore, in this study, an attempt 
was made to investigate the factors that will determine the level of penetration of banking services and 
financial technologies in different periods.

1. LITERATURE REVIEW

Non-cash payments are an additional means of 
protection and minimize contact through cash in 
the context of the COVID-19 pandemic. According 
to WHO, as of 2020, the virus affected more than 
200 countries, while more than 20 million peo-
ple were infected with the virus, wherein WHO is 
waiting for the disease to further spread (WHO, 
2020). Such a number supports that a greater part 
of the population will relatively soon switch to the 
use of non-cash payments only. At the same time, 
mobile services are the ways for social distancing 
(Sreelakshm & Prathap, 2020; Ren & Tang, 2020). 

In the academic literature, there are various 
studies that explore internet payments, online 
payments, and mobile payments from different 
perspectives. Certainly, this called for electron-
ic money. The development of the non-cash pay-
ment sector manifests in the growth of electron-
ic commerce, trade. Scientists investigate and 
develop new software systems on the interaction 
between clients and a business, while banks re-
peat top-performing projects after the leaders 

– Kaspi.kz (Soldatenko & Essimzhanova, 2021). 
Some considered mobile payments become more 
widespread due to the interaction between sell-
ers, buyers, banks, and the government (Mahran 
& Enaba, 2011; Riedl et al., 2015; Yu et al., 2019). 
Others considered that electronic commerce in 
the very beginning developed through comput-
ers by using online banking, which allowed en-

tering a card number to carry out a transaction. 
Other researchers regarded that e-commerce at 
the very beginning flourished through computers 
through the use of online banking, which made 
it possible to enter a card number to complete a 
transaction (Dahlberg et al., 2008; Chen & Nath, 
2008). However, some researchers studied not on-
ly perspectives but also problems that appeared as 
a result of online sales development in the digital 
context (Casado-Aranda et al., 2018). Even though 
in 2008 mobile payments were in their infancy, it 
required a few years for large-scale development 
that the population of many countries now uses 
these technologies. 

The growth of mobile phone users made compa-
nies create software that supports online payment 
directly from the phone. This has resulted in bank 
branches’ competitiveness declining over time 
compared to non-bank payment systems. Bank 
branches began to decline in several countries, al-
though scientists have proven a positive effect on 
a country’s real GDP from the development of the 
banking system and, in particular, from the num-
ber of bank branches in rural areas (Kumbirai & 
Webb, 2010; Aysan & Ceyhan, 2008). Interestingly, 
recently some scientists have another point of view 
that developed countries, on the contrary, conclud-
ed that the closure of inefficient banks has a positive 
effect on the economy (Spokeviciute et al., 2019).

ATMs began to perform some functions of cash 
registers for paying utility bills or transferring 
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funds to another country. Currently, the most 
recent achievements are the issuance of plastic 
cards, which previously took up to several weeks 
(Afaha, 2019; Luca et al., 2010). It should also be 
noted that the number of ATM fraud increased, 
accordingly, multifactorial identification, as a 
way to reduce the risk of using someone else’s 
card, brought a positive effect of protecting the 
client’s funds when withdrawing cash (Kaur et 
al., 2019; Islam et al., 2007). Generally, the de-
velopment of ATMs was considered by various 
scientists with a technical component, after all, 
the first ATMs had complex codes, took up a 
lot of space, and performed only the function 
of issuing cash. For instance, Joseph and Stone 
(2003) developed a grid for bank managers 
when making decisions regarding the priori-
ty of implementing service-oriented technolo-
gy. Gradually Al-Hawari et al. (2005) offered a 
model of the quality of banking services, taking 
into account the unique characteristics of var-
ious delivery channels, including ATM, online 
banking, and other aspects. Thus, ATM man-
ufacturers understood that online trade antici-
pated the ATM manufacturing industry. There 
occurred a risk of refusal from the technologies 
by banks, therefore scientists started to actively 
look for ways of introducing the multifunction-
ality of this technology. 

As a result, the COVID-19 pandemic has been 
the accelerator of the sharp distribution of non-
cash payments and non-cash payoffs. Distance 
payment has become a popular tool, especially 
in countries with low card usage. These relate 
to both developed and developing countries, for 
example, of all banks in Kazakhstan, the most 
high-tech one for 2020 is Kaspi. It was this bank 
that first introduced this payment method in 
2017. It should also be noted that ATMs like 
Kaspi are high-tech: you can get a personalized 
plastic card in a few minutes. Certainly, such a 
payment technology is tied to the Internet. At 
this point, modern problems associated with 
internet fraud occur. Protection of the person-
al data of clients by most banks is provided 
through encoding and storing transaction da-
ta in reliable servers. Transactions are carried 
out in payment systems using QR codes, this is 
the latest achievement at the moment (De et al., 
2020; Alamoudi, 2022). 

Ebrill and Fries (1991) provided empirical stud-
ies for the identification of key factors influencing 
the existence of the relationship between inflation 
and the demand of the population for broad mon-
ey. Further, Kumbhar (2011) identified factors that 
affect services of the ATMs provided by banks of 
public and private sectors. Factor analysis results 
showed that safety and efficiency of ATM servicing 
are the most important factors affecting customer 
satisfaction. Next, the study by Cobham and Kang 
(2012) is interesting because it proved the impact of 
Broad Money on the flow of finance in any of the 
country’s financial links: derivatives, stocks and 
bonds, government securities, and savings of the 
population (which are not visible, since they are 
not in active circulation). The research results con-
firmed the direct positive impact of Broad Money 
on real GDP. Although the study included only the 
crisis years of 2008–2009 based on an analysis of 
the developed economy using the example of Great 
Britain.

The COVID-19 pandemic has also affected the 
level of inf lation, slowing business relation, and 
the drop in production in developing countries 
has led to an increase in the level of inf lationary 
risks (Banerjee et al., 2020). In this study, there 
is a predicted analysis of correlations, particu-
larly conditioned to the latest crisis phenome-
na caused by the COVID-19 epidemic based on 
panel data for developing countries. The inf la-
tion rate indicator evokes a lot of controversy 
among scientists. Thus, the introduction of tech-
nologies and digitalization of the main econom-
ic processes did not particularly affect inf lation 
(Ball & Sheridan, 2004). While in countries with 
developing economies money, credit policy was 
tied to target inf lation, which showed excellent 
economic growth indicators, although 36 devel-
oping countries were considered (Gonçalves & 
Salles, 2008). Such studies excluded countries 
like Kazakhstan, Ukraine, Kyrgyzstan, and oth-
ers. Therefore, the aim of this study is to ana-
lyze the impact of the pandemic on the financial 
technologies sector. Due to this, five indicators 
were studied, among which ATMs acted as a 
proxy server for non-cash payments. Thus, the 
aim of this study is to analyze the factors (oth-
er determinants) affecting the level of banking 
services and financial technologies elaboration 
in various countries before and after COVID-19. 
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2. AIMS AND HYPOTHESES

The aim of this study is to evaluate correlations 
between determinants of non-cash payments and 
various economic indicators (broad money, infla-
tion, consumer prices) and identify which of the 
factors and to what extent influence each other in 
different periods. The study puts forward the fol-
lowing hypotheses:

H0: The correlation coefficient is zero, i.e., there 
is no relationship between ATMs and in-
dependent indicators (including economic 
indicators).

H1: The correlation coefficient is not zero, i.e., 
there is a relationship between ATMs and 
independent indicators (including economic 
indicators).

3. RESEARCH METHODS

There are several studies that have explored the 
impact of the crisis in 2008 and the COVID-19 
pandemic on the financial system. The correlation 
coefficients are calculated to identify the relation-
ship between the variables. To provide the calcula-
tions, software programs such as Stata, SAS, SPSS 
are used. Although some scientists conducted a 
regression analysis to study the chosen indicators 
(Ebrill & Fries, 1991; Cobham & Kang, 2012), in 
this work correlational analysis will be applied. 
The Pearson and Spearman rank correlation coef-
ficients are applied depending on the normality 
of the data distribution (Nettleton, 2014; Shkolnyk 
et al., 2019; Oliveira et al., 2020;). These software 
programs also allow checking the data for nor-
mal distribution. In this study, graphical method 
and plotted quantiles, or the so-called Q-Q plots 
(Quantile-Quantile plots), will be applied. In gen-
eral, in various scientific studies, it is customary 
to use the formula for calculating the Spearman’s 
correlation coefficient, which is calculated using 
the formula below (1): 

2

2

6
1 ,

 ( 1)
xy

d
r

n n

Σ
= −

−
 (1)

where d2 – sum of squared differences between 
ranks; n – number of features in the ranking; x – 
independent variable; and y – dependent variable.

To check the correctness of the matrix compilation 
based on the checksum calculation, additional cal-
culations will be carried out. If the sum over the col-
umns of the matrix is equal to each other and the 
checksum, then the matrix is composed correctly.

( )1
,

2
ij

n n
x

+
∑ =  (2)

where i – the value of the first parameter; j – the 
value of the j parameter; and n – number of fea-
tures in the ranking.

After obtaining the totals of the ranks or calculus 
of the checksum, the metric ratios required for 
this study will be provided. Based on the obtained 
data, the indicators will be distributed from more 
significant to less significant. Moreover, variables 
were chosen on the basis of the expert opinion 
method based on their significance, which is used 
in this study. Table 1 shows the indicators used in 
the study.

Table 1. Variables and their measurements used 

in the study

Source: Compiled by the authors. 

No. Abbreviation Description Unit 
measurements

Dependent indicators

1 ATM
Automated teller 

machines (ATMs) 

per 100,000 

adults

Independent indicators

2 MCS
Mobile cellular 

subscriptions per 100 people

3 CBB
Commercial bank 

branches 

per 100,000 

adults

4 BM Broad Money % of GDP

5 Inf
Inflation, consumer 
prices 

annual %

The suggested set of data was rather small as the 
sample did not include some indicators due to 
the limited available data. On the whole, the sug-
gested methodology was developed considering 
limitations, and this is completely normal since 
it was necessary to minimize their range with-
in the framework of this study. Therefore, in this 
study, the following algorithm of actions will be 
conducted:

First step: Collection and processing of quantita-
tive data – data are given for 9 countries over 17 
years, namely for 2004–2020. 
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Second step: Analysis of the number of bank 
branches and ATMs in the countries under 
consideration. 

Third step: Checking the data for normality (de-
scriptive statistics and a graphical method were 
applied through the construction of P-Plots 
diagrams).

Fourth step: Calculation of the Spearman corre-
lation coefficients for 2004, 2007, 2008, 2019, and 
2020 and comparing the results.

To show the dynamics of changes in the degree of 
influence of the chosen indicators in the countries 
under consideration, a 5-year period was taken. 
Table 1 shows data for 2004 (the basic year was 
used for calculations), 2007, and 2009 as the years 
preceding the crisis years; 2008 and 2020 are the 
years of crises, the 2008 financial crisis and the 
2020 crisis as a result of the COVID-19 pandemic.

4. ANALYSIS 

This study used data for 2020 from the countries of 
the former Soviet Union, in particular Kazakhstan, 
Kyrgyzstan, Ukraine, Belarus, and Russia, as well 
as some EU countries such as Czech Republic and 
Hungary, and developing countries like Romania 
and Serbia. Uzbekistan was supposed to be includ-
ed as well in the research, but the lack of data did 
not allow including the country in this study. 

In recent years, scientists studying non-cash pay-
ments, more often investigate ATMs, the num-
ber of which is still being increased in developing 

countries and decreased in developed countries. 
There are studies that show a positive relationship 
between the number of ATMs and a country’s 
GDP (Islam et al., 2007). The ATM acts as an in-
termediary in areas where there are problems with 
wireless Internet. Of course, banks serving ATMs 
charge a commission for issuing cash to a client. 
Often, such commissions are charged only after 
exceeding the specified amount. The transfers 
themselves are conducted in electronic interbank 
clearing systems (Afaha, 2019). Furthermore, in 
some countries there are limits on cash withdraw-
als per day; in Kazakhstan, this limit is from 600 
to 900 US dollars per day and it depends on the 
bank servicing the ATM. 

In this study, panel data on the number of ATMs 
in the country per 100,000 adults were tak-
en and given per capita, for comparison with 
Kazakhstan. The data on the number of ATMs 
in Serbia for 2020 were absent on the World Bank 
website, due to which the authors left the number 
of ATMs for 2019. The lack of data on the num-
ber of bank branches per 100 adults for 2020 in 
Serbia and Belarus was also supplemented by the 
authors based on the data of 2019: Serbia – 27.6, 
Belarus – 0.8. Population data were taken from the 
World Bank, for Kazakhstan – from the Bureau of 
National Statistics of the Republic of Kazakhstan. 
The results are shown in Table 2.

Based on the provided data for 2004–2020, it is 
clear that on average the number of ATMs in-
creased several times in all countries. The highest 
indicators on the number of ATMs from 2004 are 
in Russia, Kazakhstan, and Ukraine. Such indi-
cators are obvious because given countries from 

Table 2. Dynamics of the count of ATMs (per 100,000 adults)

Source: Compiled by the authors based on data from the World Bank (2020).

Country 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Belarus 11 15 19 26 30 33 38 41 46 51 55 56 55 56 54 55 56

Czech 32 35 38 38 38 40 42 44 46 49 50 51 53 56 57 58 57

Hungary 39 41 45 50 54 56 57 58 56 57 58 57 59 61 61 61 60

Kazakhstan 10 15 20 37 52 57 61 65 69 71 72 71 74 75 84 86 96

Kyrgyzstan 1 1 1 2 5 8 7 12 16 21 25 30 31 34 37 39 42

Romania 18 24 34 42 53 57 59 65 65 64 65 69 67 67 65 64 63

Russia 16 23 32 45 62 72 96 117 142 157 185 173 169 164 161 165 165

Serbia 14 14 22 34 41 45 47 47 47 45 44 45 50 45 48 50 50

Ukraine 20 28 37 52 70 73 77 84 93 104 95 87 89 98 97 96 94
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2004 provided active policy on digitalization of fi-
nancial transactions. If we take Kazakhstan, then 
this country showed average indicators for an in-
crease in the number of ATMs per 100 thousand 
adults. The lowest rates in terms of the number 
of ATMs were shown by Kyrgyzstan, Serbia, and 
Belarus. The reason for this may be the choice 
of the country in favor of alternative methods of 
transfers, and in Belarus, this process began in 
2019. The trigger for this trend was the crisis – the 
COVID-19 pandemic.

Further, it is suggested to consider the level of 
development of commercial banks in the above 
countries (Table 3).

According to the provided data for 2004, the larg-
est quantity of ATMs was recorded in Romania, 
Russia, and Serbia. For the same period, low indi-
cators for the number of ATMs were in Kazakhstan 
(3.7), Ukraine (3.7), and Kyrgyzstan (5.1). In 2009, 
after the crisis, many countries started closing 
bank branches. Serbia (43.9), Romania (36.2), 
and Russia (34.6) had the largest number of bank 
branches at that time. Ukraine, Kazakhstan, and 
Belarus, on the contrary, had the smallest num-
bers (3.2, 3.4, and 3.7, respectively). In 2020, Serbia 
(27.6), Russia (24.6), and Hungary (23.4) had the 
largest number of operating bank branches, while 
Ukraine, Belarus, and Kazakhstan had the least 
(0.4, 0.8, and 2.4, respectively). This shows that 
these countries have started to develop actively 
banking technologies. 

In Kazakhstan, from 2005, the number of banks 
started to increase. This was done to support state 
programs directed at increasing the availability of 
lending to small and medium-sized businesses. In 

2009 in Kazakhstan, the number of banks started 
decreasing. This tendency was due to the digitali-
zation of the banking sector and the active devel-
opment of online banking and mobile banking. 

Throughout the period, bank branches were just 
opening, since access to money had to be provided 
to the maximum number of residents in the coun-
try. However, the mortgage crisis in 2008 showed 
that many banks in the country do not always fa-
vor economic growth. The financial crisis in that 
period led to the emerging of a new term- finan-
cial technologies and starting from 2008 there can 
be observed bank branches closing. 

The COVID-19 pandemic accelerated bank clo-
sures because quarantine was introduced and 
many people did not have access to bank branches. 
Interestingly, for the shortest period, the greatest 
part of the population worldwide learned how to 
use financial technologies such as online banking 
and mobile payments, and switched to electronic 
money. The dynamics of cash for the considered 
period are presented in Figure 1. 

Figure 1 shows that governments of many coun-
tries have issued many cash resources in 2009, the 
next year after the financial crisis in 2008. Further, 
the same development was observed in 2020, af-
ter the COVID-19 pandemic. An increase in the 
amount of Broad Money proves that in the given 
situation the governments of the countries are 
pressing to neutralize the consequences of crises 
and recover those sectors of the economy that have 
suffered. The components such as the number of 
mobile phone users and inflation were examined, 
and it was decided to check whether there is an in-
verse relationship between the determinants.  

Table 3. Commercial bank branches (per 100,000 adults)

Source: Compiled by the authors based on data from the World Bank (2020).

Country 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Serbia 22.3 32.1 36.4 40.7 45.5 43.9 41.2 39.8 37.5 33.7 30.4 29.5 29.4 27.9 27.5 27.6 27.6

Russia 26.8 28.4 30.4 33.6 35.6 34.6 35.1 36.8 38.3 38.5 37.0 32.9 30.1 29.2 26.3 25.6 24.6

Hungary 13.8 14.8 16.2 17.3 18.0 17.7 16.8 16.4 16.1 15.4 15.5 15.1 14.7 14.6 14.2 23.4 23.4

Romania 36.7 36.7 36.7 36.7 36.7 36.2 35.4 35.3 33.2 31.6 30.7 28.7 28.0 26.7 25.6 23.7 22.6

Czech 21.0 21.4 21.9 21.6 22.8 22.7 22.6 23.3 23.8 24.3 24.2 23.7 22.4 21.3 21.3 20.6 18.3

Kyrgyzstan 5.1 5.3 5.3 6.4 6.8 6.9 6.1 7.2 7.7 7.9 7.9 8.3 8.4 8.2 8.1 8.0 7.6

Kazakhstan 3.7 4.0 3.1 3.3 3.5 3.4 3.3 3.3 3.3 3.3 3.4 3.0 3.0 2.8 2.5 2.5 2.4

Belarus 6.1 5.8 5.6 4.9 4.4 3.7 3.2 2.1 1.7 1.6 1.2 0.9 0.9 0.8 0.8 0.8 0.8

Ukraine 3.7 3.9 3.9 3.9 3.7 3.2 2.3 1.6 1.1 0.9 0.8 0.6 0.5 0.5 0.4 0.4 0.4
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5. RESULTS  

AND CORRELATION

The data on selected countries were checked for 
normal distribution. In this study, to check wheth-
er the obtained data satisfy the normal distribu-
tion, graphs were constructed P-Plots diagrams. 
To provide such a procedure, descriptive statis-

tics were applied, namely the graphical method 
through the construction of diagrams. The graphs 
showed the relationship between the cumulative 
distribution of samples and the probability distri-
bution of the normal distribution.

Interpretation of plotted graphs: the table shows 
the quantiles of five distributions: 

Source: Compiled by the authors based on data from the World Bank (2020). 

Figure 1. Dynamics of Broad Money (% of GDP)
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a) automated teller machines (ATMs) (per 
100,000 adults);

b) mobile cellular subscriptions (per 100 people);

c) commercial bank branches (per 100,000 
adults);

d) Broad Money (% of GDP);

e)  Inflation, consumer prices (annual %). 

All distributions were presented as an ascending 
straight line at an angle of 45 degrees from the 
lower-left corner of the graph. At a normal distri-
bution, the quantiles of the studied populations 
should line up in a straight line. These are the the-
oretically expected normal distribution quantiles.

Then, 45 observations were conducted on every 
variable, which is less than 50. Therefore, for cal-
culations of the correlation, Spearman’s coefficient 
was provided. All coefficients were calculated us-
ing the SPSS software for each year separately, and 

then summarized in a single Table 4; the coeffi-
cients of significance are presented in Appendix A. 

Table 4 shows that the relationship between the 
elements in the matrix changes depending on 
the period. The strongest positive correlation is 
between the number of ATMs and mobile cellu-
lar subscribers. This relationship does not change 
throughout the regarded entire period. Only in 
2019 and 2020, this relationship is reduced and 
becomes zero. This indicator is also associated 
with the Broad Money supply, Broad Money (% of 
GDP), which in 2004 was an indicator close to 1.

Regarding the relationship between users of 
Mobile cellular subscriptions (per 100 people) and 
Automated teller machines (ATMs), a strong re-
lationship was since early 2004 and declined in 
2019–2020. The number of mobile phone users also 
had a positive correlation with the number of bank 
branches in studied countries in 2008. During the 
rest of the time, no strong relationship was marked. 
The relationship between mobile phone users and 
the Broad Money supply is similar: a strong rela-

Table 4. Results according to Spearman’s rho
Source: Compiled by the authors. 

Year Indicator ATM MCS CBB BM Inf
2004

ATM

1.000 .817** –.017 .900** –.200

2007 1.000 .633 .017 .717* .083

2008 1.000 .500 .017 .533 –.033

2019 1.000 .350 –.067 .017 .683*

2020 1.000 .383 –.050 –.017 .100

2004

MCS

.817** 1.000 .233 .700* –.167

2007 .633 1.000 .383 .800** –.300

2008 .500 1.000 .567 .717* –.533

2019 .350 1.000 –.300 –.300 .300

2020 .383 1.000 –.317 –.167 .633

2004

CBB

–.017 .233 1.000 –.283 .667*

2007 .017 .383 1.000 .017 –.750*

2008 .017 .567 1.000 .017 –.633

2019 –.067 –.300 1.000 .683* –.583

2020 –.050 –.317 1.000 .700* –.417

2004

BM

.900** .700* –.283 1.000 –.483

2007 .717* .800** .017 1.000 –.133

2008 .533 .717* .017 1.000 –.400

2019 .017 –.300 .683* 1.000 –.517

2020 –.017 –.167 .700* 1.000 –.300

2004

Inf

–.300 –.167 .667* –.483 1.000

2007 .083 –.300 –.750* –.133 1.000

2008 –.300 –.167 .200 –.483 1.000

2019 .683* .300 –.583 –.517 1.000

2020 .100 .633 –.417 –.300 1.000

Note: ** Correlation is significant at the 0.01 level (2-tailed); * сorrelation is significant at the 0.05 level (2-tailed).
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tionship between determinants in 2004, 2007, and 
2008. In the last two years, this connection has 
been destroyed. At the same time, a relationship 
appeared between inflation (only in 2019). 

Commercial bank branches: this indicator corre-
lated mobile phone users only in 2007. In 2019–
2020, there was a strong relationship with Broad 
Money (0.683* and 0.700* – both significant ratios).

Correlation between Broad Money and ATMs, and 
between users of mobile payments: a strong rela-
tionship was followed in the early years. In 2004, 
2007 and 2008, the correlation coefficients were 
strong, positive, and significant. In 2019–2020, 
the relationship was completely lost. If we consider 
the interdependence between bank branches and 
Broad Money supply, it appeared in 2019–2020. A 
stronger correlation between Broad Money supply 
and inflation was in 2019

The last indicator in the matrix is inflation – in-
terdependencies are not constant, sometimes pos-
itive (for example, with ATMs in 2019 or between 
mobile phone users in 2020), sometimes negative 
(for example, MCS in 2008, CBB in 2008 and 2019, 
and BM in 2019). Thus, for 2020, the statistical-
ly largest correlation is observed between Broad 
Money supply and commercial bank branches.

Broad Money: in other words, cash in circulation 
or in the savings of the population. In the begin-
ning, the appearance of such money was associat-
ed with ATMs: plastic card owners withdrew mon-
ey from accounts through terminals. Then this 
need disappeared for the above-mentioned reason 

– the development of Fintech and the spread of the 
COVID-19 pandemic. Many scientists have shown 
in their works the relationship between money 
supply and economic crises in the United States, 
and not only (Benati, 2009).

Inflation is quite a sensitive indicator, since ear-
lier there was no relationship with this economic 
indicator, but it appeared exactly in the last stud-
ied years. This can be explained by the impact of 
the crisis triggered by the COVID-19 pandemic. 
Production stopping for some period led to the 
fact that the business at first for the first year in 
2019 survived at the expense of stocks, which soon 
ran out and it was time to save. Such conditions 
developed massive shortages in many areas, which 
affected the rise in prices, especially for mobile 
phones, as the most massive technical means of 
communication. Inflation complicates the process 
of decision-making by banks regarding interest 
rates. As a result, the volume of business lending 
is limited, and the development of the economy 
slows down. However, some scientists believe that 
inflation can postpone production and accelerate 
the way out of the current crisis (Ebrill & Fries, 
1991). 

Based on this study, it can be concluded that the 
null hypothesis is confirmed for the period 2019–
2020. At the same time, at least one of the tests for 
the period 2004–2009 could not reject the alterna-
tive hypothesis. The results of the study demon-
strate that studied indicators had a different level 
of correlation, which was stable before the pan-
demic but changed both upward and downward. 

Based on the results of the study, it is possible to 
draw conclusions on the following hypotheses:

H0: The correlation coefficient is zero, i.e., there 
is no relationship between ATMs and inde-
pendent indicators – rejected.

H1: The correlation coefficient is not zero, i.e., 
there is a relationship between ATMs and 
independent indicators - accepted and 
confirmed.

CONCLUSION

The study’s aim was to evaluate correlations between determinants of non-cash payments and various 
economic indicators (broad money, inflation, consumer prices) and identify which of the factors and to 
what extent influence each other in different periods. The analysis of the banking sector was provided. 
For this purpose, the correlation between the elements was calculated through the provision of correla-
tion analysis (Spearman’s coefficient), which considered 2004, 2008, 2009, 2019, and 2020. Data for nine 
countries were used for analysis: Kazakhstan, Kyrgyzstan, Ukraine, Belarus, Russia, the Czech Republic, 
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Hungary, Romania, and Serbia. To sum up, the alternative hypothesis that the existing relationships are 
significant is considered to be confirmed for the period 2004–2009. At the same time, in the presented 
study of the significance level for the period 2019–2020, the null hypothesis was confirmed. 

Earlier studies had some contradictions that were explored in this study, and the following conclu-
sion can be drawn. The study showed that in countries under consideration the main indicator, ATM, 
has significantly changed relationships between the indicators. The base year was adopted in 2004 and 
the most significant relationships between ATM and MCS, ATM and BM were traced exactly in this 
year (,817** and ,900**). In the following crises, the correlations weakened and lost their significance. 
Regarding the correlation between indicators, a sharp change was marked in the next year after the cri-
ses, and it was in 2009 and 2020 because of two past financial crises: the financial and economic crisis 
of 2008 and the COVID-19 pandemic.

According to ATMs, noncash payments are currently moving to a new level. In the early days, ATMs 
were associated with innovation and became more widespread. Recently, this technology has reached a 
new level of its development. ATMs lag mobile applications, and to catch up with the present, new func-
tions are now being created, which were not even mentioned before.

Branches of commercial banks were necessary for money transfers earlier. Before COVID-19 in 2007–
2008, in the considered countries they increased the distribution of payment plastic cards: debit and 
credit. This was the reason for a positive relationship between the owners of mobile phones and branch-
es. In recent years, there was no such a relationship, which can be explained, first of all, by a satiated 
market: in developing countries, more than 80% of adults over the age of 16 have plastic cards. Secondly, 
since 2019, mobile applications (ApplePay, SumsungPay, etc.) have been developing very actively, and 
the population could bind one plastic card to several payment systems, which can also be opened online. 
There is no need in coming to bank departments. 

Thus, this study showed that modern developments differ from those presented earlier, and financial 
transformation of financial technologies is still in the process. The results of the study also show that 
further studies on non-traditional measures of financial development that can lead to stable economic 
growth during the post-crisis period are necessary. Thus, future scientists are encouraged to repeat this 
study using a large sample to obtain the best results of correlation analysis. It would also be interesting 
to assess the degree of impact of the COVID-19 pandemic on cashless payments and financial and eco-
nomic indicators in other countries. 

LIMITATIONS

The main limitation of this study was limited data on the considered indicators in all countries of 
Central Asia. This is due to the fact that in Kazakhstan data has been collected for a long time and such 
reports were submitted to the Central Bank. The rest of the region has begun to actively collect data on 
financial technology in recent years. 
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APPENDIX A

Table A1. Significance coefficients (2-tailed)

Source: Compiled by the authors.

Year Indicator ATM MCS CBB BM Inf
2004

ATM

– .007 .966 .001 .606

2007 – .067 .966 .030 .831

2008 – .170 .966 .139 .932

2019 – .356 .865 .966 .042

2020 – .308 .898 .966 .798

2004

MCS

.007 – .546 .036 .668

2007 .067 – .308 .010 .433

2008 .170 – .112 .030 .139

2019 .356 – .433 .433 .433

2020 .308 – .406 .668 .067

2004

CBB

.966 .546 – .460 .050

2007 .966 .308 – .433 .020

2008 .966 .112 – .966 .067

2019 .865 .433 – .042 .099

2020 .898 .406 – .036 .265

2004

BM

.001 .036 .460 – .187

2007 .030 .010 .966 – .732

2008 .139 .030 .966 – .286

2019 .966 .433 .042 – .154

2020 .966 .668 .036 – .433

2004

Inf

.433 .668 .050 .187 –

2007 .831 .433 .020 .732 –

2008 .433 .668 .606 .187 –

2019 .042 .433 .099 .154 –

2020 .798 .067 .265 .433 –
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