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Abstract: This article examines how financial technology determines bank performance in 

different EU countries. The answer to that question would allow banks to choose their 

development policy. The paper focuses  on the main and most popular bank services that are 

linked to financial technology. A SWOT analysis of FinTech is also presented to show the 

benefits and drawbacks of FinTech. FinTech-based services are very diverse and are provided 

by financial  firms and banks alike. This paper looks at the financial technology provided by 

banks: internet usage (internet banking), number of ATMs, credit transfers in a country, 

percentage of the population in a country holding a debit or credit card and whether that 

population has received or made a digital payment . Using the multi-criteria assessment 

methods of CRITIC and EDAS, the authors analysed and compared the countries of the 

European Union and the financial technology used in them. As a result of the application of 

these methods, the EU countries under consideration were ranked in terms of the use of 

financial technology. Subsequently, three banks from different countries with different levels 

of the use of financial technology were selected for the study. For these banks, financial ratios 

of profitability were calculated to characterise their performance. Correlation and pairwise 

regression analyses between the banks’ profitability ratios and financial technology were used 

to assess the relationship and influence between these ratios. The main conclusion of t he study 

focuses on the extent to which financial technology influences the performance of banks in the 

selected countries. It is likely that further research will try to take into account the size of the 

country’s population when analysing all financial technologies. Researchers also needed to 

find out what influence financial technologies have on the such financial indicators as 

operational efficiency (costs), financial stability, and capital adequacy. 

Keywords: EU countries; financial technology; multi-criteria  assessment methods; CRITIC; 

EDAS; correlation; regression; profitability ratios 

1. Introduction 

Technology has a major impact on the development of financial services. It would 

be hard to find a single firm or bank that does not use financial technology services. 

In recent years, rapid advances in financial technology (FinTech) have attracted 

considerable attention in the financial industry. A number of authors argue that 

emerging technology has the potential to fundamentally change financial services, as 

FinTech innovations make transactions cheaper, more convenient and safer (Chen et 

al., 2019; Fakunle and Ajani, 2021; Haurovi and Chilunjika, 2024; Wang and Zhang, 

2021). 

The term ‘FinTech’ is applied and used in a variety of contexts. The term is often 

used ambiguously, as there is no precise, strict definition of the concept. In order to 

understand what FinTech is, it is useful to compare how the term is defined by different 
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authors. Schueffel (2016) argues that financial technology is a new financial industry 

that uses technology to improve financial performance. Other authors (Gimpel et al., 

2018; Huis et al., 2019; Katina and Komarova, 2024; Thakoris, 2020) define FinTech 

as digital technology that is used to create and expand new financial services and to 

improve them. It can be observed that the definition of FinTech has remained largely 

unchanged over the years. Thus, summarising the opinions of various authors, it can 

be said that FinTech is a new, innovative technology whose main purpose is to 

improve financial services. 

When looking at financial technology at national level, each country uses at least 

a minimum amount of financial technology in the provision of services. The 

development of the sector in the EU countries has intensified, reflecting the fact that 

increasing numbers of individuals, firms or banks are choosing to manage their 

finances through more efficient and innovative alternatives. Financial technology has 

become a routine in banks, with their services making work easier. For every bank, 

one of the most important aspects is their financial and operating performance. 

Therefore, when introducing innovations such as financial technology, the main 

criterion for banks is whether they will contribute to improving their performance. 

Unfortunately, no accurate information is available on the use of financial technology 

in different countries, and it is not clear in which countries the use of financial 

technology is more widespread and in which it is less. Therefore, this article will 

attempt to  identify the countries which use financial technology to a greater extent 

and the countries which use FinTech-based services to a lesser extent. It would also 

be interesting to examine whether financial technology determines the performance of 

banks. 

The main aim of this article is therefore to investigate the use of financial 

technology in EU countries and to assess the impact of financial technology on the 

performance of banks. 

This work is organised as follows. In order to achieve the set aim, the first section 

analyses financial technology, identifying the strengths and weaknesses of financial 

technology, as well as models. The second section presents the methodology 

developed. The third section presents the studies carried out according to the methods 

selected. The last section includes conclusions, and directions for future study.  

The methods used in the article include generalisation, systematisation, 

comparison, multi-criteria methods, such as CRITIC, EDAS, analysis of ratios, 

correlation analysis, pairwise regression analysis. 

Unfortunately, the study had limitations, i.e., the lack of data on Sweden, 

Luxembourg and Poland on the chosen topic. 

Methodological origins of financial technology 

Understanding the business environment is crucial to the strategic planning 

process (Somogyi and Nagy, 2022). One of the most important tools to facilitate this 

understanding is a SWOT analysis (Vučinić, 2020). Analysing strengths, weaknesses, 

opportunities and threats (SWOT) is one of the most popular types of analysis among 

firms and investors (Namugenyi et al., 2019). 

Strengths should reduce threats and make the system less vulnerable, sensitive 

and more resilient to risks. While simpler, cheaper and faster services are more 
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attractive and convenient for consumers, they have some drawbacks. FinTech-based 

services are prone to privacy breaches and misuse of available information. The issues 

of consumer protection and data privacy can pose a threat, i.e., a growth in financial 

crime (Štitilis et al., 2023; Vučinić, 2020). A significant technological breakdown can 

disrupt, or even disable, the provision and use of services (Katina et al., 2023).  

After assessing all the pros, cons and risks associated with FinTech, a SWOT 

analysis of FinTech can be carried out (Morales et al., 2022; Pi et al., 2022), which is 

presented in Figure 1. 

 
Figure 1. SWOT analysis of financial technology. 

Source: Morales Et Al., 2022; Namugenyi Et Al., 2019; Vučinić, 2020. 

The SWOT analysis shows the advantages and difficulties of using financial 

technology. Each firm that uses FinTech services faces different challenges and gains 

different benefits. In this case, the focus is more on the difficulties and advantages of 

financial technology used in banks (Adeniran et al., 2020). 

As far as banking is concerned, the nature of services and institutions in financial 

markets is changing due to new market entrants (Anagnostopoulos, 2018; Tobisova et 

al., 2023). The situation in the financial services sector is also gradually changing as a 

result of reforming of  financial regulation, as well as major advances in terms of 

financial technology innovations (Moralesas et al., 2022; Pi et al., 2022; Shava and 

Vyas-Doorgapersad, 2023). 

FinTech is developing rapidly also at the present time and has passed through 

several evolutionary stages (Khalatur et al., 2022a, 2022b; Thakor, 2020; Wang et al., 

2021). At the initial stage, financial technology played an important role in delivering 

information across borders, including financial information (Prawirasasra, 2018). 

Later, digitisation was introduced, which led to the invention of SWIFT (Society for 

Worldwide Interbank Financial Telecommunication) (Setiawan and Maulisa, 2020). 

Modern banking encompasses a large number of technological aspects, such as mobile 

banking, internet banking and ATMs (Leong, 2018; Legowo et al., 2021; Quyet,. 

2024). 

A study by Shy (2019) considers the types of FinTech innovations that are 

expected to change the future of the finance and banking industry. Blockchain, or 

Distributed Ledgers, is an example of modern development systems that could lead to 
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a banking revolution through related technology (Chilunjika and Uwizeyimana, 2024; 

Dimitrov et al., 2022). 

Artificial intelligence and machine learning are other important new technologies 

that have had a major impact on banking in recent years (Fichter, and Anguelov, 2024; 

Krulický et al., 2024; Pechová et al.,2024; Samašonok and Išoraitė, 2023). 

Each firm offers different services to consumers. These services are usually 

distributed according to existing FinTech models. Most authors (Anagnostopoulos, 

2018; Lee and Shin, 2018; Laidroo et al., 2021) distinguish five main models: 

1) payments; 

2) wealth management; 

3) crowdfunding; 

4) lending; 

5) capital markets. 

The payments model is the simplest and most popular model among FinTech 

firms. FinTech firms that offer payment services attract customers by offering lower 

costs than competitors (Pizzi et al., 2021). Rupeika-Apoga and Thalassinos (2020) list 

some of the services that belong to this group of models: mobile payments, integrated 

billing, etc. (Lavrinenko et al., 2024). 

One of the most prominent FinTech business models for wealth management is 

automated wealth managers that provide advice (robo-advisors). These advisors 

provide suggestions on various investments (Giglio, 2021) based on the client’s 

preferences (Koman et al., 2022; Nazaritehrani and Mashali, 2020). 

The crowdfunding model for financial technology allows the exploration of new 

product development prospects. Crowdfunding involves three parties. The first party 

is a project promoter or an entrepreneur who seeks funding from other parties. The 

second party is investors who may be interested in supporting a goal or a project by 

providing funds. The third party is intermediaries, who facilitate cooperation between 

entrepreneurs and investors, enabling faster and more accurate access to the 

information they need. Intermediaries or a representative organisation allow everyone 

to access information on different initiatives and funding opportunities for 

product/service development (Giglio, 2021). 

P2P commercial lending is a major trend among FinTech firms. Online peer-to-

peer lending is thriving as e-finances are becoming increasingly popular. P2P lending 

allows individuals and businesses to lend and borrow with each other. Due to their 

effective structure, P2P lending FinTech firms can offer low interest rates and an 

improved lending process to lenders and borrowers (Siddiqui and Rivera, 2022; Wang 

et al., 2015). 

New FinTech business models draw inspiration from a wide range of capital 

markets in such areas as investment, foreign exchange, trading, risk management and 

research. A promising area of the FinTech capital market is trading. FinTech trading 

allows investors and traders to connect and discuss and share knowledge, place orders, 

buy and sell commodities and shares, and monitor risks in real time (Siddiqui and 

Rivera, 2022). 

Looking at FinTech from the perspective of banks, the main objective is to 

improve the automation of banks’ financial services (Legowo et al., 2021). The global 

economy, the growing importance of innovations and the widespread use of 
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technologies have transformed the business of banks around the world. FinTech-based 

services have become an integral part of banking (Nassar and Strielkowski, 2022; 

Romanova and Kudinska, 2016). 

As regards the FinTech services provided by banks, it can be observed that their 

amount is much smaller. The main authors (Nazaritehrani and Mashali, 2020; 

Romanova and Kudinska, 2016; Scott et al., 2017) distinguish the following key 

FinTech services provided by banks: 

1) ATMs (automated teller machines); 

2) internet banking; 

3) mobile banking; 

4) telephone banking; 

5) electronic funds transfer at the point of sale terminal; 

6) SWIFT (Society for Worldwide Interbank Financial Telecommunication); 

7) debit and credit bank cards. 

Most of the financial technology services provided by these banks are used by 

the majority of consumers. Access to ATMs, internet banking, mobile banking is 

available and provided to every bank client, therefore, the use of these services is 

widespread across countries. 

There emerge authors who explore the impact of FinTech on banks. An empirical 

analysis by Sheng (2021) demonstrates that FinTech can stimulate banks’ overall 

credit supply. This article examines one of the most important areas of profitability of 

banks in various countries, which is characterized by certain indicators. This area is 

related to the financial technology of banks - is there a relationship, whether the use of 

financial technology affects the profitability of banks. Such detailed studies of this topic 

have not been observed in the research of other authors. 

According to Rome (2018), technological innovations can be exceptional tools 

for achieving progress. A study by Wang et al. (2021) concludes that the development 

of FinTech increases bank profitability, stimulates innovation and improves risk 

control for commercial banks. Some authors (Hu et al., 2019; Morales, Gray and 

Rajmill, 2022) advance the hypothesis that the growth of FinTech hinders bank 

performance. According to Zhao et al. (2022), the growth of FinTech has a significant 

impact on various aspects of bank performance: capital adequacy, asset quality, 

management efficiency, profitability and liquidity ratios. The study by Ullah et al. 

(2023) seeks to identify the role of FinTech regarding bank stability. The findings 

reveal a significant impact on bank stability, which supports a resource-based theory 

suggesting that an increase in FinTech leads to improved bank profitability and 

financial stability. There is a gap in the literature, since relationship between financial 

technology and performace of banks still is not estimated. 

Research hypothesis: there is a different relationship between financial 

technology and profitability indicators in banks of various countries. 

2. Research methodology 

2.1. Multi-criteria decision analysis 

The article uses such methods as generalization, systematization, comparison, 

multicriteria methods: CRITIC, EDAS, analysis of relative indicators, correlation 
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analysis, pairwise regression analysis. Using multi-criteria assessment methods: 

CRITIC and EDAS, European Union countries and the financial technologies used in 

them are analyzed and compared. As a consequence of the application of these 

methods, the studied EU countries were organized in terms of the use of financial 

technologies. 

A multi-criteria decision analysis (MCDA) is widely used in research. Many of 

the evaluation methods introduced within the MCDA help to construct alternative 

series. Due to rapid and extensive advances in digital technology, information-based 

systems are becoming an increasingly important element in  various fields. The 

increasing amount of available information increases the importance of the decision-

making factor. Complex decision-making problems, considering many conflicting 

criteria, require a decision support system to operate with appropriate methods to solve 

such problems (Paradowski et al., 2021). 

The first step in all MCDA methods is determination of the structure of the 

problem under consideration. This determination is elaborated by means of a matrix 

with evaluated alternatives and evaluation criteria. Equation (1) shows how the matrix 

should look like (Paradowski et al., 2021). 

𝑋 = [

𝑥11 𝑥12 𝑥13 ⋯ 𝑥1𝑛 
𝑥21 𝑥22 𝑥13 … 𝑥2𝑛

⋮ ⋮ ⋮ ⋮ ⋮
𝑥𝑚1 𝑥𝑚2 𝑥𝑚3 … 𝑥𝑚𝑛

]

𝑚∗𝑛

 (1) 

In order to understand what MCDA evaluation methods are and how they work, 

it is first useful to present a general scheme of structure and execution for the MCDA 

methods. A scheme of execution of an MCDA method can be seen in Figure 2. 

 

Figure 2. Procedure for MCDA methods. 

Source: Paradowski, et al. (2021). 

Depending on the method selected, differences in the problem-solving procedure 

may involve various additional steps (Paradowski et al., 2021).  

CRITIC method. The CRiteria Importance Through Intercriteria Correlation 

(CRITIC) method is of particular interest because its analytical approach allows the 

use of all the information included in evaluation criteria. This method provides a 

broader view of the decision matrix, as other criteria are taken into account in order to 

give each of them a more pronounced weight. The CRITIC method provides objective 

weights, taking into account the intensity of contrast and conflict included in the 

decision problem. Thus, this method is used in the latest procedures designed to 

measure the effectiveness of decisions. The weights are obtained by quantifying the 

internal information of each evaluation criterion. This technique uses standard 

deviations of the criteria and correlations measured between the criteria. The sequence 

of steps in the CRITIC method can be seen in Figure 3 (Krishnan et al., 2021; 

Paradowski et al., 2021). 
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Figure 3. Procedure for the CRITIC method. 
Source: Krishnan Et Al., 2021; Skvarciany And Astike, 2022. 

The first step in the CRITIC method is the normalisation of decisions. Each value 

is converted into a number with a range of [0, 1]. In this procedure, criteria are not 

separated into profit and cost types. In this method, normalisation is done by using the 

minimum and maximum of the criteria, and the normalisation formula can be seen in 

Equation (2) (Krishnan et al., 2021; Skvarciany and Astike, 2022): 

𝑟𝑖𝑗 =  
𝑥𝑖𝑗 − 𝑥𝑗

𝑚𝑖𝑛

𝑥𝑗
𝑚𝑎𝑥 − 𝑥𝑗

𝑚𝑖𝑛  𝑖 ∈ {1,2, … , 𝑚} 𝑗 ∈ {1,2, … , 𝑛} (2) 

where: rij—the normalised number; m—the number of alternatives; n—the number of 

criteria. 

The second step is the calculation of the standard deviation (𝜎𝑗). The standard 

deviation is calculated on the basis of the previously obtained normalised criterion 

values (𝑟𝑗) (Skvarciany and Astike, 2022). 

In the third step, the correlation is calculated for each pair’s criterion (Skvarciany and 

Astike, 2022). 

In the fourth step, a resultant vector is obtained using the resulting matrix and the 

standard deviation score. This step is calculated according to the formula presented in 

Equation (3) (Skvarciany and Astike, 2022): 

𝐶𝑗 = 𝜎𝑗 ∑(1 − 𝑅𝑗𝑘)

𝑚

𝑘=1

 (3) 

where: 𝜎𝑗—the standard deviation; Rjk—the number obtained from the correlation. 

In the last step, the weights of the criteria are calculated using the results of the 

normalisation of the vector sum as calculated previously (see Equation (4)) 

(Skvarciany and Astike, 2022): 

𝑤𝑗 =
𝐶𝑗

∑ 𝐶𝑗
𝑛
𝑗=1

 (4) 

In the last step, with the weights of each criterion being known and the fourth 

step having been completed, we can proceed to the selection of the multi-criteria 

method. 

EDAS method. One of the most recent multi-criteria methods is the Evaluation 

based on Distance from Average Solution (EDAS) method. This method was invented 

by Keshavarz Ghorabaee, Zavadskas, Olfat and Turskis in 2015. It is distinguished by 

the fact that it is based on finding the best solution by looking for the distance from 

the average (Ghorabaee et al., 2015; Kahraman et al., 2017). 

In applying the EDAS method, the following sequence of steps can be followed 

(Skvarciany et al., 2020). 
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Step 1. First, a decision matrix is created (Ghorabaee et al., 2015; Kahraman et 

al., 2017; Skvarciany et al., 2020): 

𝑋 = [𝑥𝑖𝑗]
𝑚×𝑛

=
𝑋11 … 𝑋1𝑚

⋮ ⋱ ⋮
𝑋𝑛1 … 𝑋𝑛𝑚

 (5) 

where: Xij—the value of the i-th alternative; n—the number of alternatives; m—the 

number of criteria. 

In the second step, the average solution for each criterion is calculated. The 

average solution is calculated using Equation (6) below (Kahraman et al., 2017): 

𝐴𝑉𝑗 =
∑ 𝑥𝑖𝑗

𝑛
𝑖=1

𝑛
 (6) 

In the third step, the positive distance from the average matrix (PDA) and 

negative distance from the average matrix (NDA) are calculated according to the type 

of the criteria. If the criterion is maximising, it is calculated according to the following 

formulae (see Equation (7) and (8)) ((Ghorabaee et al., 2015; Skvarciany et al., 2020): 

𝑃𝐷𝐴𝑖𝑗 =
𝑚𝑎𝑥(0, (𝑋𝑖𝑗 − 𝐴𝑉𝑗))

𝐴𝑉𝑗
 (7) 

𝑁𝐷𝐴𝑖𝑗 =
𝑚𝑎𝑥(0,(𝐴𝑉𝑗 − 𝑋𝑖𝑗 ))

𝐴𝑉𝑗
 (8) 

where: PDAij—the positive distance from the average; NDAij—the negative distance 

from the average. 

If the criterion is minimising, the PDA and NDA are calculated using the 

following formulae (see Equation (9) and (10)): 

𝑃𝐷𝐴𝑖𝑗 =
𝑚𝑎𝑥(0, (𝐴𝑉𝑗 − 𝑋𝑖𝑗))

𝐴𝑉𝑗
 (9) 

𝑁𝐷𝐴𝑖𝑗 =
𝑚𝑎𝑥(0, (𝑋𝑖𝑗 − 𝐴𝑉𝑗 ))

𝐴𝑉𝑗
 (10) 

where: PDAij—the positive distance from the average; NDAij—the negative distance 

from the average. 

In the fourth step, the weighted sums of the positive distance from the average 

(PDAij) and the negative distance from the average (NDAij) are calculated (see 

Equation (11) and (12)): 

𝑆𝑃𝑖 = ∑ 𝑤𝑗𝑃𝐷𝐴𝑖𝑗

𝑚

𝑗=1

 (11) 

𝑆𝑁𝑖 = ∑𝑤𝑗𝑁𝐷𝐴𝑖𝑗

𝑚

𝑗=1

 (12) 

where: SPi—the weighted sum of PDAij; SNi—the weighted sum of NDAij. 

In the fifth step, we determine the normalised values of  SPi and SNi. The 

normalisation of the values follows the following formulae (see Equation (13) and (14)) 

(Ghorabaee et al., 2015; Kahraman et al., 2017; Skvarciany et al., 2020): 

𝑁𝑆𝑃𝑖 =
𝑆𝑃𝑖

𝑚𝑎𝑥𝑖(𝑆𝑃𝑖)
 (13) 

𝑁𝑆𝑁𝑖 = 1 −
𝑆𝑁𝑖

𝑚𝑎𝑥𝑖(𝑆𝑁𝑖)
 (14) 
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where: NSPi—the normalised value of  SPi; NSNi—the normalised value of SNi. 

In the sixth step, the evaluation score of all alternatives is calculated according to 

the formula presented in Equation (15) (Ghorabaee et al., 2015; Kahraman et al., 2017; 

Skvarciany et al., 2020): 

𝐴𝑆𝑖 =
1

2
(𝑁𝑆𝑃𝑖 + 𝑁𝑆𝑁𝑖) (15) 

where: ASi—the evaluation score of all alternatives. 

If all the steps are correct, the AS result must be in the range (0 ≤ ASi ≤ 1). Finally, 

the alternatives are ranked according to decreasing ASi values, i.e., the alternative with 

the highest AS is the best choice among the candidates. 

2.2. Profitability ratios of banks 

Using the balance sheets and profit and loss statements provided by banks, it is 

possible to calculate the following profitability ratios, which after carrying out a 

critical analysis were selected as key and relevant for the banks under consideration. 

Upon calculation of the profitability ratios, it is possible to analyse and compare 

both the return on assets and return on equity ratios as well as net profit and other 

ratios. As a result of the critical analysis, key profitability ratios were selected and 

presented in Table 1 (Abdullah et al., 2017; Brigham and Houston, 2012; Felicia et 

al., 2023; Hasanaj and Kuqi, 2019; Ogbeide et al., 2021; Randey, 2016; Sabauri and 

Kvatashidze, 2023; Világi et al., 2022; Víghová et al., 2023). 

Table 1. Key profitability ratios. 

Ratio Definition Formula Evaluation of indicator 

Return on assets 
ratio 

Return on assets shows whether a bank’s assets 
are used efficiently. 

𝑁𝑒𝑡 𝑝𝑟𝑜𝑓𝑖𝑡

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑠𝑠𝑒𝑡𝑠
 

The higher the score for the ratio, the 
more efficiently the bank’s assets are 

used. 

Return on equity 

ratio 

The ratio shows how much net profit is generated 
per euro of equity. This ratio is very important for 

shareholders as it shows whether their invested 

assets are used efficiently. 

𝑁𝑒𝑡 𝑝𝑟𝑜𝑓𝑖𝑡

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑞𝑢𝑖𝑡𝑦
 

The higher the score for the ratio, the 

better. 

Net interest 

income margin 

The ratio shows the profitability of a bank’s 

financial activities in relation to lending of the 

bank and the funds on which interest is paid. 

𝑁𝑒𝑡 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑖𝑛𝑐𝑜𝑚𝑒

𝐴𝑠𝑠𝑒𝑡𝑠
 

A low score for the ratio indicates that in 

financing its activities, the bank is over-

using deposits and existing sources of 

funding which are subject to high interest 

rates. 

Net profit margin 
The ratio shows how much net profit is generated 

per euro of income. 

𝑁𝑒𝑡 𝑝𝑟𝑜𝑓𝑖𝑡

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑖𝑛𝑐𝑜𝑚𝑒
 

A higher score for the ratio shows that a 

bank is able to control its expenses. 

Source: Brigham And Houston, 2012; Hasanaj And Kuqi, 2019. 

An analysis of profitability ratios of banks in three different countries provides 

an opportunity to assess the performance of the banks in question and to compare their 

situations with each other. The profitability ratios will also be used to determine the 

impact of FinTech on the banks. 

2.3. Correlation and pairwise regression analyses 

The study of the impact of FinTech on the financial performance of the banks is 

carried out by applying the theoretical and practical aspects of correlation and 

http://www.bookdepository.com/author/Joel-F-Houston
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regression analyses (Cohen et al., 2013; DeCoster and Claypool, 2004; Hoyt et al., 

2008; Kafle, 2019). 

The first step in correlation is a data outlier analysis, which shows whether there 

are skewed data in a data table. Failure to remove them may result in inaccurate or 

inappropriate results for further analysis. Cook’s Distance (see Equation (16)) is used 

to detect and remove outliers (Cohen et al., 2013; DeCoster and Claypool, 2004). 

D𝑖 =
(SR) 2h𝑖

2(1 − h𝑖)
 (16) 

where: Di—Cook’s Distance; SR—the standardised residual; hi—the observation’s 

influence index. 

With the calculated results, the decision on the existence of outliers is made on 

the basis of the available requirements (Table 2) (Cohen et al., 2013; DeCoster and 

Claypool, 2004). 

Table 2. Cook’s distance decision making. 

Di > 1 Outlier exists 

Di < 1 Outlier does not exist 

Source: developed by the authors. 

Once the outliers have been removed, the next step is to calculate the correlation 

coefficient. This step determines whether there is a correlation between the available 

samples. The strength and direction of the correlation can also be determined (Cohen 

et al., 2013; DeCoster and Claypool, 2004; Hoyt et al., 2008; Kafle, 2019). The first 

step in the calculation of the correlation coefficient is the formulation of a hypothesis, 

which is developed using the method presented: 

{
H0: 𝜌 = 0
H1: 𝜌 ≠ 0

 

where: 𝜌—the population correlation coefficient. 

The null hypothesis indicates that the correlation coefficient is equal to zero and 

there is no correlation, while the alternative hypothesis indicates that the correlation 

exists and that further examination is possible. Once the hypothesis has been raised, 

the correlation coefficient (r) can be calculated according to Equation (17): 

r =
nΣx𝑖 y𝑖 − Σxi Σy𝑖

√nΣx𝑖
2−(Σx𝑖)2 × √nΣy𝑖

2 − (Σy𝑖)2

 
(17) 

where: 𝛴𝑥𝑖𝑦𝑖—sums of statistical values; 𝛴𝑥𝑖
2−(𝛴𝑥𝑖)

2—:sums of statistical values; 

r—the correlation coefficient. 

The correlation coefficient can take values in the range [−1 ,1]. The interpretation 

of the strength of the correlation coefficient is presented in Table 3. 

Table 3. Qualitative characteristics of the correlation coefficient. 

Negative values Description Positive values 

0.00 “none” 0.00 

−0.19~−0.01 “very weak” 0.19–0.01 

−0.39~–0.20 “weak” 0.39–0.20 
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Table 3. (Continued). 

Negative values Description Positive values 

−0.69~−0.40 “moderate” 0.69–0.40 

−0.89~−0.70 “strong” 0.89–0.70 

−0.99~−0.90 “very strong” 0.99–0.90 

−1.00 “absolutely accurate” 1.00 

Source: Cohen Et Al., 2013; Decoster And Claypool, 2004; Hoyt et al., 2008; Kafle, 2019. 

For further calculations, we use the obtained p-value. This value is treated as the 

significance level in statistical analysis. The decision is made by comparing the 

obtained value against the obtained alpha value (Cohen et al., 2013): 

1) If the p-value ≥ α, H0 is not rejected. 

2) If the p-value < α, H0 is rejected. 

If the answer is that there is a correlation between the dependent factor and 

independent factors, it is possible to proceed to pairwise testing. In this analysis, an 

attempt is made to identify and determine a linear expression that will show the 

influence of the independent variables on the dependent variable (Cohen et al., 2013; 

DeCoster and Claypool, 2004; Hoyt et al., 2008; Kafle, 2019): 

y = ax + b + e (18) 

where: a and b—unknown constants; e—a random error. 

For the calculation of the coefficients, Equation (19) and (20) are used: 

a =
nΣ𝑥iyi − Σ𝑥iΣyi

nΣ𝑥i
2 − (Σ𝑥i )2  (19) 

b =
Σyi

n
− a ×

Σxi

n
 (20) 

Given the values of the coefficients, it is possible to determine the coefficient of 

determination, which indicates the proportion of the variation in the dependent 

variable that can be explained by independent variables. The coefficient of 

determination R is calculated using (21): 

R = r2 (21) 

where: r—the correlation coefficient. 

The line has no value if the coefficient of determination is less than 0.25.  

A correlation analysis will be carried out between the financial ratios of the three 

banks under consideration and financial technology. Firstly, a correlation coefficient 

will be calculated, which can indicate whether a correlation between variables exists. 

Alternatively, it is possible that the correlation does not exist, in which case no further 

analysis is possible. If the result shows that the correlation exists, a pairwise regression 

analysis will be carried out. 

3. Study on the use of financial technology by banks and its impact 

on financial performance 

3.1. Study on the use of financial technology by banks in the EU 

The aim of the study is to examine and compare the European Union countries in 

terms of financial technology used by banks which exist and operate in these countries. 
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Due to lack of information, Luxembourg, Poland and Sweden did not participate in 

the follow-up study, and the study was carried out with 24 alternatives. In terms of the 

criteria selected, the financial instruments selected for examination were those offered 

and provided by the banks. The first criterion is Internet usage: Internet banking 

(Statistics | Eurostat, no data available), the second criterion is the number of ATMs 

(per 100000 adults) (European Union | Data, no data available), and the third criterion 

is credit transfers in the countries (SEPA Payment Statistics | European Payments 

Council, no data available). The fourth and fifth criteria are the percentage of the 

population in a country holding a debit or credit card and whether that population has 

received or made a digital payment (The Global Findex Database 2021, no data 

available). For the study summarized data for 2020–2022 were used. 

In this study, two multi-criteria methods were selected. The first is the CRITIC 

method, which was employed to find out the weights of the criteria. The second 

method (EDAS) was used to construct an alternative series. 

CRITIC method. After calculations were carried out using the formulae presented 

in the methodology section, the final results can be seen in Table 4. 

Table 4. Results determined from the CRITIC method. 

 
Internet usage: 

Internet banking 

Number of ATMs 

(per 100000 adults) 

Credit transfers 

(SEPA) 

Holders of a debit or 

credit card (%, 15+) 

Making or receiving a digital 

payment (%, 15+) 

Cj 0.700 1.196 0.730 0.483 0.437 

Weights 0.20 0.34 0.21 0.14 0.12 

Source: developed by the authors. 

After performing all the calculations, the following results were obtained: the 

weight of the first criterion is 0.2; the weight of the second criterion is 0.34; the weight 

of the third criterion is 0.21; the weight of the fourth criterion is 0.14; the weight of 

the fifth criterion is 0.12. 

EDAS method. The aim of this method was to rank European Union countries 

according to the financial technology provided by banks. The final scores on the basis 

of which the EU countries are ranked were obtained using the formulae presented in 

the methodology section. The final results can be seen in Table 5. 

Table 5. EDAS method: NSPi, NSNi and ASi scores. 

 SPi SNi NSPi NSNi ASi Ranking 

Austria 0.599 0.072 0.34825 0.85702 0.603 5 

Belgium 0.462 0.011 0.26871 0.97802 0.623 4 

Bulgaria 0.121 0.402 0.07061 0.19702 0.134 22 

Croatia 0.339 0.259 0.19727 0.48196 0.340 10 

Cyprus 0.005 0.376 0.00294 0.24822 0.126 23 

Czechia 0.030 0.292 0.01743 0.41598 0.217 17 

Denmark 0.098 0.358 0.05728 0.28548 0.171 20 

Estonia 0.086 0.227 0.05006 0.54616 0.298 14 

Iceland 0.312 0.175 0.18128 0.64976 0.416 9 

France 1.119 0.000 0.65104 1.00000 0.826 2 
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Table 5. (Continued). 

 SPi SNi NSPi NSNi ASi Ranking 

Germany 1.720 0.042 1.00000 0.91676 0.958 1 

Greece 0.086 0.243 0.05030 0.51440 0.282 15 

Hungary 0.000 0.325 0.00000 0.35141 0.176 19 

Ireland 0.114 0.199 0.06620 0.60270 0.334 11 

Italy 0.355 0.057 0.20670 0.88564 0.546 6 

Latvia 0.079 0.253 0.04621 0.49348 0.270 16 

Lithuania 0.073 0.342 0.04231 0.31584 0.179 18 

Malta 0.000 0.349 0.00000 0.30322 0.152 21 

Netherlands 0.749 0.181 0.43577 0.63849 0.537 7 

Portugal 0.500 0.173 0.29077 0.65472 0.473 8 

Romania 0.000 0.500 0.00000 0.00000 0.000 24 

Slovakia 0.074 0.199 0.04291 0.60194 0.322 13 

Slovenia 0.084 0.196 0.04878 0.60788 0.328 12 

Spain 0.470 0.000 0.27318 1.00000 0.637 3 

Source: developed by the authors. 

After the steps of the EDAS method were completed, ranking can be performed. 

The ranking was done with the help of the Excel RANK function. The rank assigned 

to each alternative can be seen in Table 3. Thus, Germany is ranked first in terms of 

the use of financial technology, France is ranked second and Spain is ranked third. 

According to the EDAS method, Lithuania is ranked 18th. 

3.2. Evaluation of the banks’ profitability ratios 

The calculation and evaluation of profitability ratios are carried out on the basis 

of a balance sheet and a profit and loss statement, accordingly indicated in the list of 

literature, for three banks from different European Union countries. The first bank 

selected is Germany’s Deutsche Bank (Deutsche Bank—Annual report, 2013–2022). 

The second bank selected is Landsbankinn, which operates in Italy (Landsbankinn—

Annual Financial Statement, 2013–2022). The third bank is Swedbank, which operates 

in Lithuania (Swedbank, AB—Annual Report, 2013–2022). 

Profitability ratios primarily show whether a bank is profitable. Scores for the 

profitability ratios for the banks in question are shown in Table 6. 

Table 6. Scores for profitability ratios. 

 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Return on 
assets ratio 

Deutsche 

Bank 
0.0004 0.0010 −0.0042 −0.0009 −0.0005 0.0003 −0.0041 0.0005 0.0019 0.0042 

Landsbankinn 0.0250 0.0271 0.0326 0.0150 0.0166 0.0145 0.0128 0.0067 0.0167 0.0095 

Swedbank 0.0290 0.0185 0.0170 0.0123 0.0130 0.0114 0.0103 0.0064 0.0045 0.0075 

Return on 

equity ratio 

Deutsche 

Bank 
0.0124 0.0247 −0.1080 −0.0227 −0.0116 0.0055 −0.0943 0.0114 0.0433 0.0913 

Landsbankinn 0.1192 0.1186 0.1378 0.0663 0.0803 0.0804 0.0736 0.0407 0.1023 0.0609 

Swedbank 0.1720 0.1083 0.1009 0.1248 0.1329 0.1311 0.1277 0.0955 0.0742 0.1282 
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Table 6. (Continued). 

 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Net interest 

income 

margin 

Deutsche 

Bank 
0.0092 0.0084 0.0097 0.0092 0.0084 0.0099 0.0106 0.0087 0.0084 0.0102 

Landsbankinn 0.0298 0.0256 0.0452 0.0309 0.0304 0.0308 0.0278 0.0243 0.0225 0.0260 

Swedbank 0.0156 0.0159 0.0130 0.0134 0.0138 0.1311 0.1277 0.0955 0.0742 0.1282 

Net profit 

margin 

Deutsche 

Bank 
0.0399 0.0957 −0.3838 −0.0886 −0.0522 0.4173 0.1761 0.0499 −0.5592 0.0284 

Landsbankinn 0.4385 0.4709 0.5038 0.3452 0.3694 0.3573 0.3540 0.2750 0.4640 0.3192 

Swedbank 0.9268 0.5853 0.6575 0.4879 0.4891 0.4830 0.4462 0.3726 0.3237 0.4034 

Source: developed by the authors. 

The return on assets ratio shows whether banks’ assets are used efficiently. A 

higher score indicates that a bank is managing its assets efficiently. If the banks have 

interest or commission fee income as one of their main sources of income, the scores 

for this ratio are much lower and may be as low as 1%. 

Banks’ return on assets ratios have been quite low over the last decade, even 

below 1%. This may indicate that the main activity of the banks analysed is 

commission fee and/or interest income. These scores are therefore acceptable and do 

not indicate poor asset management by the banks. The highest score is with the Italian 

bank, although the bank has experienced difficulties over the last few years. 

Meanwhile, the scores of the German and Lithuanian banks have increased in the 

recent period. 

The return on equity is a key ratio that summarises the measure of return to 

shareholders. The score of the ratio is dependent on the profits earned and losses 

suffered by the bank. 

Looking at the return on equity ratio, it can be seen that the Lithuanian bank has 

the highest score for the ratio, which indicates that the bank is managed efficiently. Its 

initiative of attracting deposits and other borrowed resources is quite good. In contrast, 

the German bank has experienced several downturns over the last decade, in the course 

of which it has achieved a negative score. 

The net interest income margin ratio shows a bank’s financial activity which is 

related to the income that earns interest. The lowest score for the ratio is observed in 

the German bank, which indicates that the bank finances its activities by using deposits 

for which high interest rates have been fixed. In both the Italian and German banks, 

the score for the ratio is quite low, suggesting that the loans held by the banks are not 

earning sufficient interest (see Table 6). 

The net profit ratio reflects a bank’s ability to manage its expenditure. The best 

score has been achieved by Swedbank from Lithuania (see Table 6). In 2022, it was 

as high as 40%, which shows that the bank is able to control its expenditure. In contrast, 

the German bank’s performance shows that it is not successful in managing its 

expenditure. 

3.3. Study of the impact of the banks’ financial technology on their 

performance 

3.3.1. Correlation and regression analyses of the profitability ratios of German 
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bank Deutsche bank 

In a correlation analysis of Deutsche Bank, the dependent factor is the respective 

profitability ratio under consideration. The independent factor in the analysis of the 

German bank is financial technology. The following five financial technologies have 

been selected for Germany: 

1) Number of ATMs (Germany: ATMs per Capita | Statista, 2022). 

2) Internet banking (Statistics | Eurostat, 2022). 

3) Credit cards (Germany: Number of Credit and Debit Cards, Statista, 2022).  

4) Debit cards (Germany: Number of Credit and Debit Cards, Statista, 2022).  

5) SEPA (Single Euro Payment Area) payments (Germany: Credit Transfer Volume, 

Statista, 2022). 

The results of a correlation analysis between the German bank’s return on assets 

(ROA) ratio and independent variables are shown in Table 7. 

Table 7. Results of the correlation analysis between the German bank’s return on 

assets and independent variables. 

Number of ATMs in the country p–0.713 

Internet usage: Internet banking p–0.206 

Number of credit cards p–0.851 

Number of debit cards p–0.852 

Digital payments p–0.855 

Source: developed by the authors. 

For all the ratios considered, the resulting p-value is greater than 0.05, suggesting 

that no financial technology has an impact on the return on assets ratio of the German 

bank. 

The results of a correlation analysis between the German bank’s return on equity 

ratio and independent variables are presented in Table 8. 

Table 8. Results of the correlation and regression analyses between the German bank’s return on equity ratio and 

independent variables. 

 
Number of ATMs in the 
country 

Internet usage: Internet 
banking 

Number of credit cards 
Number of debit 
cards 

Digital payments 

p-value 

p–0.482 p–0.353 p–0.400 p–0.072 p–0.02 

These p-values are greater than 0.05, suggesting that a correlation does not exist. 

This p-value is less 

than 0.05, suggesting 
that a correlation 

exists. 

Equation - - - - 
y = 9.747 × 10−5x1 − 
0.625 

Interpretation 
of the equation 

- - - - 

The ratio will 

increase as digital 
payments increase. 

Coefficients of 

correlation, 
determination 

- - - - 

r = 0.716; 

Adjusted R Square = 
0.452. 

Source: developed by the authors. 



Journal of Infrastructure, Policy and Development 2024, 8(9), 8053.  

16 

Looking at the correlation analysis between the return on equity ratio and the 

independent variables, it can be said that most financial technologies have no impact 

on the ratio except the number of digital payments. The result shows that there is a 

strong and positive correlation. As digital payments increase, the equity ratio will also 

increase. This is because, as the number of payments made by consumers increases, 

the bank receives a fixed fee for such transfers. This leads to an increase in profit, 

which in turn leads to an increase in the ratio. 

The results of a correlation analysis between the German bank’s net interest 

income margin ratio, the profit margin ratio and the interest expense to assets ratio, on 

the one part, and independent variables, on the other part, are shown in Table 9. 

Table 9. Results of the correlation analysis between the German bank’s net interest 

income margin, net profit margin ratios and independent variables. 

 Net interest income margin ratio Net profit ratio 

Number of ATMs in the country p–0.695 p–0.637 

Internet usage: Internet banking p–0.679 p–0.262  

Number of credit cards p–0.708 p–0.488 

Number of debit cards p–0.761 p–0.119 

Digital payments p–0.898 p–0.059 

Source: developed by the authors. 

The performed correlation analysis shows that no financial technology has a 

statistically significant correlation with the ratios considered. Therefore, no further 

analysis was carried out. 

3.3.2. Correlation and regression analyses of the profitability ratios of Italian 

bank Landsbankinn 

Just as in the previous study, in a correlation analysis of the Italian bank, the 

dependent factor is the respective profitability ratio. Independent factors are the 

following five financial technologies in Italy: 

1) Number of ATMs in Italy (Italy: ATMs per Capita | Statista, 2022). 

2) Internet banking (Statistics | Eurostat, 2022). 

3) Credit cards (Italy: Payment Cards per Capita | Statista, 2022). 

4) Debit cards (Italy: Payment Cards per Capita | Statista, 2022). 

5) SEPA (Single Euro Payment Area) payments (Italy: Credit Transfer Volume 

2000–2022 | Statista, 2022). 

Table 10. Results of the correlation and regression analyses between the Italian bank’s return on assets ratio and 

independent variables. 

 
Number of 

ATMs 

Internet usage: 

Internet banking 
Number of credit cards 

Number of debit 

cards 
Digital payments 

p-value 

p–0.025 p–0.024 p–0.493 

This p-value is greater than 
0.05, suggesting that there is 

no correlation. 

p–0.007 p–0.012 

This p-value is less than 0.05, 

suggesting  that a correlation exists. 

This p-value is less than 0.05, suggesting that a 

correlation does not exist. 

Equation 
y = 0.002x1 – 

0.200 

y = −0.001x2 + 

0.040 
- y = −0.049x3 + 0.067 

y = −4.008×10−5x4 + 

0.74 
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Table 10. (Continued). 

 
Number of 

ATMs 

Internet usage: 

Internet banking 
Number of credit cards 

Number of debit 

cards 
Digital payments 

Interpretation of the 
equation 

The return on 

assets ratio will 
increase as the 

number of ATMs 

increases. 

The profitability 

ratio will decrease 
as the Internet 

usage increases. 

- 

The profitability ratio 

will decrease as the 
number of debit cards 

increases. 

The profitability ratio 

will decrease as the 
number of digital 

payments increases. 

Coefficients of 

correlation, 
determination 

r = 0.697; 

Adjusted R 

Square = 0.421 

r = −0.700; 

Adjusted R Square 

= 0.426 - 

r = −0.790; 

Adjusted R Square = 

0.577 

r = −0.752; 

Adjusted R Square = 

0.511 

The equations have a value. The equations have a value. 

Source: developed by the authors. 

For each of the bank’s profitability ratios, a correlation analysis is carried out to 

show whether financial technology has an impact on the bank’s performance.  

The results of a correlation analysis between the Italian bank’s return on assets 

(ROA) ratio and independent variables are presented in Table 10. 

The results show that the return on assets ratio is determined by the majority of 

the independent factors under consideration. Only the number of ATMs in the country 

has a positive impact, and the ratio increases as this independent factor increases. This 

suggests that assets are managed more efficiently. The remaining independent factors 

have a negative impact on the return on assets ratio. This may be because the assets 

remain unchanged as these financial technologies grow. 

The results of a correlation analysis between the Italian’s bank return on equity 

ratio and independent variables are presented in Table 11. 

Table 11. Results of the correlation and regression analyses between the Italian bank’s return on equity ratio and 

independent variables. 

 
Number of ATMs in 

the country 

Internet usage: 

Internet banking 

Number of credit 

cards 
Number of debit cards Digital payments 

p-value 

p–0.137 p–0.092 p–0.425 p–0.032 p–0.56 

This p-value is greater than 0.05, suggesting that a correlation does not 

exist. 

This p-value is less than 
0.05, suggesting that a 

correlation exists. 

This p-value is greater 
than 0.05, suggesting 

that a correlation does 

not exist. 

Equation - - - y = −0.159x1 + 0.247 - 

Interpretation 

of the equation 
- - - 

The ratio will decrease as 

the number of debit cards 
increases. 

- 

Coefficients of 

correlation, 

determination 

- - 

- 

r = −0.676; 

Adjusted R Square = 
0.390 

- 

- - 
The equations have a 

value. 
- 

Source: developed by the authors. 

The return on equity ratio correlates only with the number of debit cards. The 

correlation is negative but strong enough. In contrast, other independent factors have 

no impact on this ratio. 
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The results of a correlation analysis between the Italian bank’s net interest income 

margin ratio and independent variables are presented in Table 12. 

Table 12. Results of the correlation and regression analyses between the Italian bank’s net interest income margin 

ratio and independent variables. 

 
Number of ATMs 

in the country 

Internet usage: Internet 

banking 
Number of credit cards 

Number of debit 

cards 
Digital payments 

p-value 

p–0.003 p–0.150 p–0.536 p–0.185 p–0.099 

This p-value is less 

than 0.05, suggesting 

that a correlation 
exists. 

This p-value is greater than 0.05, suggesting that a correlation does not exist. 

Equation y = 0.002x1 – 0.173 - - - - 

Interpretation 

of the 

equation 

The ratio will 

increase as the 

number of ATMs 

increases. 

- - - - 

Coefficients 

of 
correlation, 

determination 

r = −0.837; 

Adjusted R Square = 

0.663 

- - - - 

The equation has a 

value. 
- - - - 

Source: developed by the authors 

The Italian bank’s net income margin ratio correlates only with the number of 

ATMs in the country. This is a quite realistic scenario as the bank’s assets increase.  

The results of a correlation analysis between the Italian bank’s profit margin ratio 

and the interest expense to assets ratio, on the one part, and independent variables, on 

the other part, are presented in Table 13. 

Table 13. Results of the correlation analysis between the Italian bank’s net profit 

ratio and independent variables. 

 Net profit ratio 

Number of ATMs in the country p–0.230 

Internet usage: Internet banking p–0.203 

Number of credit cards in Italy p–0.395 

Number of debit cards in Italy p–0.095 

Digital payments p–0.121 

Source: developed by the authors. 

The net profit ratio shows that none of the independent factors (financial 

technology) has an impact on the bank’s performance.  

3.3.3. Correlation and regression analyses of the profitability ratios of bank 

Swedbank operating in Lithuania 

The following analysis is carried out using data from bank Swedbank operating 

in Lithuania and data from five financial technologies in Lithuania. Just as in the 

correlation analyses carried out earlier, the dependent factor is the respective financial 
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profitability ratio. The following five financial technologies have been selected for 

Lithuania: 

1) Number of ATMs in Lithuania (Lithuania ATMs per 100,000 Adults-Data, Chart 

| TheGlobalEconomy.Com, 2022). 

2) Internet banking (Statistics | Eurostat, 2022). 

3) Credit cards (Lithuania: Payment Cards per Capita | Statista, 2022). 

4) Debit cards (Lithuania: Payment Cards per Capita | Statista, 2022). 

5) SEPA (Single Euro Payment Area) payments (Europe: Credit Transfers per 

Country 2000–2022 | Statista, 2022). 

For each of the bank’s profitability ratios, a correlation analysis is carried out to 

show whether financial technology has an impact on the bank’s performance.  

The results of a correlation analysis between the Lithuanian bank’s return on 

assets ratio and independent variables are presented in Table 14. 

Table 14. Results of the correlation and regression analyses between the Lithuanian bank’s return on assets ratio and 

independent variables. 

 
Number of ATMs in the 

country 

Internet usage: Internet 

banking 

Number of credit 

cards 

Number of debit 

cards  
Digital payments 

p-value 

p–0.010 p < 0.001 p–0.163 p–0.232 p–0.074 

These p-values are less than 0.05, suggesting that a 
correlation exists. 

These p-values are greater than 0.05, suggesting that a 
correlation does not exist. 

Equation y = 0.001x1 – 0.016 y = −0.001x2 + 0.052 - - - 

Interpretation 

of the equation 

The ratio will increase as the 

number of ATMs increases. 

The ratio will decrease as 

the Internet usage increases. 
- - - 

Coefficients of 

correlation, 

determination 

r = 0.763; 

Adjusted R Square = 0.530. 

r = −0.876; 

Adjusted R Square = 0.738 - - - 

The equations have a value. 

Source: developed by the authors. 

Looking at the correlation of the bank’s return on assets (ROA) ratio with 

independent variables, it can be concluded that there is a correlation between the ratio 

and the number of ATMs and the Internet usage. There is a positive correlation 

between the number of ATMs and the dependent variable and a negative correlation 

between the Internet usage and the dependent variable. 

The results of a correlation analysis between the Lithuanian bank’s return on 

equity ratio and independent variables are presented in Table 15. 

Table 15. Results of the correlation analysis between the Lithuanian bank’s return 

on equity ratio and independent variables. 

Number of ATMs in the country p–0.208 

Internet usage: Internet banking p–0.156 

Number of credit cards in Lithuania p–0.871 

Number of debit cards in Lithuania p–0.765 

Digital payments p–0.150 

Source: developed by the authors. 
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The return on equity ratio for the Lithuanian bank does not correlate with any of 

the financial technologies considered, so no further analysis was carried out.  

The results of a correlation analysis between the Lithuanian bank’s net interest 

income margin and independent variables are presented in Table 16. 

Table 16. Results of the correlation and regression analyses of the Lithuanian bank’s net interest income margin ratio 

and independent variables. 

 
Number of ATMs in the 

country 

Internet usage: internet 

banking 

Number of credit 

cards 

Number of debit 

cards 
Digital payments 

p-value 

p–0.002 p–0.004 p–0.099 p–0.277 p–0.011 

This p-value is less than 

0.05, suggesting that a 
correlation exists. 

These p-values are less than 0.05, suggesting that a 
correlation exists. 

These p-values are greater than 0.05, 
suggesting that a correlation does not exist. 

Equation y = 0.000x1 – 0.001 y = 0.000x2 + 0.027 - y = −7.832×10−5x2 + 0.027 

Interpretation 

of the equation 

The ratio will remain 

unchanged as the number 

of ATMs increases. 

The ratio will remain 

unchanged as the 

Internet usage increases. 

- 

The ratio will decrease as 

the number of digital 

payments increases. 

Coefficients of 

correlation, 

determination 

r = 0.839; 

Adjusted R Square = 

0.667 

r = 0.817; 

Adjusted R Square = 

0.625 

- 
r = −0.759; 

Adjusted R Square = 0.523 

The equations have a value. - The equation has a value. 

Source: developed by the authors. 

Looking at the correlation of the net interest income margin ratio with 

independent variables, it can be seen that it correlates with three financial technologies. 

With the increase in the number of ATMs in the country and the increase in the Internet 

usage, the net interest income margin ratio under consideration should remain 

unchanged. Meanwhile, a negative correlation exists between the net interest income 

margin ratio and the number of digital payments. The number of digital payments has 

the greatest impact on the ratio under consideration. 

The results of a correlation analysis between the Lithuanian bank’s net profit 

margin ratio and independent variables are presented in Table 17. 

Table 17. Results of the correlation and regression analyses of the Lithuanian bank’s net profit margin ratio and 

independent variables. 

 
Number of ATMs in 

the country 

Internet usage: 

Internet banking 

Number of credit 

cards 

Number of debit 

cards 
Digital payments 

p-value 

p–0.024 p–0.002 p–0.179 p–0.295 p–0.123 

These p-values are less than 0.05, suggesting that 

a correlation exists. 

These p-values are greater than 0.05, suggesting that correlation does not 

exist. 

Equation y = 0.015x1 – 0.126 y = −0.015x2 – 1.439 - - - 

Interpretation 
of the equation 

The ratio will increase 
as the number of 

ATMs increases. 

The ratio will decrease 
as the Internet usage 

increases. 

- - - 

Coefficients of 

correlation, 

determination 

r = 0.702; 
Adjusted R Square = 

0.429 

r = −0.846; 
Adjusted R Square = 

0.679 

- - - 

The equations have a value. - - - 

Source: developed by the authors. 
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Looking at the net profit margin ratio, there are two financial technologies that 

correlate with the financial ratio under consideration. There is a positive and 

statistically significant correlation between the net profit margin ratio and the number 

of ATMs. Meanwhile, a negative correlation exists between the net profit margin ratio 

and Internet banking, which means that the profit margin ratio will decrease with the 

growth of the Internet usage. 

4. Discussion 

A correlation analysis of profitability ratios of each bank shows which ones are 

statistically significant. However, before making an overall judgement on the impact 

of financial technology on banks’ performance, it is worth comparing and evaluating 

the correlations found between all banks’ profitability ratios. A comparison of results 

of the correlation analysis of the banks’ profitability ratios is presented in Table 18. 

Table 18. Comparison of results of the correlation analysis of the banks’ profitability ratios . 

Ratio Financial technology Deutsche Bank Landsbankinn Swedbank 

Return on assets ratio 

Number of ATMs No correlation Moderate positive correlation Strong positive correlation 

Internet banking No correlation Strong negative correlation Strong negative correlation 

Credit cards No correlation No correlation No correlation 

Debit cards No correlation Strong negative correlation No correlation 

Digital payments No correlation Strong negative correlation No correlation 

Return on equity ratio 

Number of ATMs No correlation No correlation No correlation 

Internet banking No correlation No correlation No correlation 

Credit cards No correlation No correlation No correlation 

Debit cards No correlation Moderate negative correlation No correlation 

Digital payments Strong positive correlation No correlation No correlation 

Net interest income margin 

Number of ATMs No correlation Strong positive correlation Strong positive correlation 

Internet banking No correlation No correlation Strong positive correlation 

Credit cards No correlation No correlation No correlation 

Debit cards No correlation No correlation No correlation 

Digital payments No correlation No correlation Strong negative correlation 

Net profit margin 

Number of ATMs No correlation No correlation Strong positive correlation s 

Internet banking No correlation No correlation Strong negative correlation 

Credit cards No correlation No correlation No correlation 

Debit cards No correlation No correlation No correlation 

Digital payments No correlation No correlation No correlation 

Source: developed by the authors 

An analysis of the return on assets of the banks in question shows that the results 

obtained vary between the banks under examination. Looking at the return on assets 

ratio, two financial technologies stand out the most, namely, the number of ATMs and 

Internet banking. The number of ATMs has a positive impact on the financial 

performance of the banks, because ATMs are treated as an asset, which increases the 

value of the bank. The other financial technology is the Internet usage, namely, 
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Internet banking, which has a negative impact on the return on assets ratio. It is rather 

difficult to give a reason why this factor has a negative impact on the ratio, since it 

does not directly determine either the size of the assets or the profit. It can also be 

observed that debit cards and digital payments have a negative impact on the ratio, 

however this result is only obtained when looking at the Italian bank. In contrast, other 

banks report that there is no correlation between these independent factors and the 

return on assets ratio. 

Looking at the return on equity ratio, it is observed that there is no financial 

technology that affects the ratio in at least two banks, which shows that this ratio is 

not directly dependent on financial technology. 

The net interest income margin ratio is most strongly influenced by the number 

of ATMs. This financial technology has a positive impact on the scores of two banks, 

suggesting that there is indeed a correlation between this financial technology and the 

ratio. 

The net profit ratio did not demonstrate a strong correlation. The results show 

that only a few financial technologies correlate with the ratios of one bank, which leads 

to the final conclusion that the dependence of this ratio is not high.  

This study focused on establishing the correlation between financial technology 

and the main ratios of bank profitability. There are also other studies being carried out 

which provide equally interesting findings. That is to say, the aim is to investigate the 

impact of financial technology not only on the return on assets ratios of banks in 

different countries, but also on other areas/groups of financial ratios, such as 

operational efficiency/costs, financial stability, capital adequacy ratios.  

5. Conclusions 

Examination of scientific literature on banks’ financial technology and financial 

performance provides a number of insights. Financial technology is a very popular 

phenomenon among the general public and is increasingly gaining market share. 

Meanwhile, banks are losing quite a few clients to new applications and innovations. 

In order to become more competitive and win back the clients, the banks are 

integrating financial technology into their operations in the hope of improving their 

financial performance. Most of the authors reviewed argue that financial technology 

determines the financial performance of banks, though there is still no unanimity as 

regards the magnitude and direction of this influence. 

The authors of the present study first used a multi-criteria decision analysis to 

analyse the situation in the EU countries and the use of financial technology in banks 

operating in these countries. The results determined from the CRITIC evaluation 

method showed that the most influential financial technology of banks is ATMs and 

the number of ATMs in a country. This is because cash is still a relatively popular 

payment method. Such criteria as the Internet usage (Internet banking) and credit 

transfers (SEPA) yielded very similar results, which shows that these financial 

technologies are sufficiently significant factors. Meanwhile, the results show that the 

number of cards in the country and digital payments are of low significance. The 

results determined from the EDAS evaluation method show that the more developed 

and larger the country is, the greater and more widespread the use of financial 
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technology by the country’s banks will be. The obtained alternative series shows that 

Germany, Spain and France are the leading countries in the European Union in terms 

of the amount of financial technology. The three states are slightly larger compared to 

the other EU countries, which is probably why the scores obtained are higher. Future 

studies are likely to attempt to apply the relative size of the amount of financial 

technology in relation to population. 

The study carried out using the CRITIC and EDAS evaluation methods and the 

alternative series obtained helped not only rank the countries, but also identify and 

select three countries with different rankings and the banks operating in them for 

further analysis. The financial ratios of certain groups were calculated for them. This 

study revealed different results for the countries in question. The analysis of the 

financial ratios of the three banks leads to the conclusion that the German bank has the 

worst financial performance. Its scores of profitability and liquidity ratios are lower 

than those of the Lithuanian bank or the Italian bank. It experienced periods of losses 

over the last ten years, after which its financial recovery has been less successful. 

Looking at the Italian bank and its scores, it is the Italian bank that has the best profit 

scores due to high volume of lending, though at the same time it has problems in 

managing its expense. The Lithuanian bank manages its liabilities well, although it 

does not demonstrate the best scores for the profitability ratio in the last periods under 

consideration. It has a very high score for the liquidity ratio, which shows that the bank 

can cover its expense, though at the same time it is not managed very efficiently, as 

the bank’s available funds are not used for its development and growth.  

After analysing the banks’ performance over a ten-year period, correlation and 

pairwise regression analyses were carried out to assess the impact of financial 

technology on bank performance. Looking at scores for the profitability ratios, it was 

observed that the performance of the German bank has little dependence on the 

financial technology available in the country. In contrast, for the Italian and Lithuanian 

banks, the correlation between financial technology and profitability ratios is stronger, 

with both positive and negative correlations, which are quite significant.  

In conclusion, it can be stated that financial technology has a lesser impact on the 

performance of German banks, which may be due to the fact that Germany as a country 

has a large amount of financial technology and changes in financial technology no 

longer produce any significant impact. In contrast, the performance of banks in 

Lithuania and Italy is more dependent on financial technology. Thus, it appears that 

the initial studies carried out demonstrate that the strength of the impact of financial 

technology may depend on the size of a bank’s country and the spread of financial 

technology. 

The obtained results of the research provides an opportunity to see the impact of 

financial technologies used by banks on the results of bank operations. In this way, it 

would be possible to further investigate whether, by using certain financial 

technologies in this way, their combinations can influence and regulate the 

performance of banks. 

It is likely that future studies will attempt to take into account the size of a 

country’s population when analysing all financial technologies. Studies are also being 

carried out in order to investigate the impact of financial technology not only on the 

profitability ratios of banks in different countries, but also on other areas/groups of 
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financial ratios, such as operational efficiency (costs), financial stability, capital 

adequacy ratios. It would be interesting to compare in studies the impact of financial 

technology on different areas of corporate activity. 
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