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Abstract. Dynamic development of payment cards’ use has been observed during the 

recent years in all the European Union (EU) Member States, as evidenced by the 

growth of issued cards, ATM, EFTPOS terminals, and the number and value of 

payments made through them. The aim of this paper is to assess whether the 

increasing number of payment cards and terminals really result in higher 

efficiency. In this case, the efficiency has been measured by means of Data 

Envelopment Analysis (DEA) using the data of the 27 EU countries, in 2005 and 

in 2015, namely non-radial and non-oriented Super SBM model under the 

assumption of a variable return to scale. The principal reasons of changes in 

efficiencies between 2005 and 2015 have been analyzed by means of the 

Malmquist index. The results of DEA analysis confirm the assumption that if an 

increase in a number of devices is not supported by their direct use by clients, it 

will only have negative impact on the banking sector in a form of efficiency lost. 
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1. INTRODUCTION 

Assessing the efficiency of banks and banking sectors is under constant interest, and not only that of 

supervisory authorities, but also of banks’ clients (Chochoľáková et al., 2015; Naiwen et al., 2018). Most 

studies dealing with the issue of efficiency primarily concentrate on the impact of financial liberalization on 

banks´ efficiency (Badawi et al., 2017; Mikalauskiene et al., 2016; Andrieș, 2016; Nuhiu et al., 2017; Puriwat 

& Tripopsakul, 2017; Tregenna, 2009). One aspect of financial liberalization is a greater openness of the 

banking sectors and increasing availability of funds (Miklaszewska & Kil, 2016). One way to achieve higher 

availability of funds is implementation of new technologies. In recent years, the banking sector has recorded 

rapid development in technologies’ application. As of today, clients demand more quality from payment 

services in terms of speed and reliability of the payment systems, something that results in higher 

requirements to technologies used by banks (Bhasin, 2016; Lazányi, 2017). 

Payment cards represent a contemporary tool of cashless payment systems, which are commonly used 

to cover expenses and realize cash withdrawals. The majority of transactions with payment cards are mainly 

realized through a network of ATMS and EFTPOS terminals of individual banks. Literature in this regard 

provides two different views on the growing number of ATMs and EFTPOS terminals. According to Prager 

(1999), the increasing number of ATMs and EFTPOS terminals has a positive effect on banks’ operations 

and their overall performance. A wider network of ATMs and EFTPOS terminals brings the positives for 

banks in the form of “network effect” and “scale effect”. The “network effect” means that the number of 

clients using the services of ATMs and EFTPOS terminals increases with a wider network owned by the 

bank. Each new ATM and terminal offered by a bank enhances its activity and attracts new clients. 

According to the “scale effect”, the cost of the bank on the transactions realized through the network of 

ATMs and terminals decreases with the increasing number of realized transactions. This is confirmed also 

by Salonder and Shepard (1995), who argue that the growing number of ATMs and terminals brings the 

savings for a bank in term of decreasing costs. On the other hand, wider network of ATMs and terminals 

brings also some negatives. One of them is that wider network of devices and their usage by clients reduce 

the level of product diversity offered by banks, and this may force clients change the bank without generating 

high costs. Matutes and Padilla (1994) described it as the “substitution effect”. According to Belás and 

Gabčová (2016), in today’s banking sector, which is characterized by increasing competition, efficient 

management and diversity of products, it represents a significant opportunity to improve the performance 

of commercial banks. 

Therefore, it may be assumed that whether a bank achieves some benefits from the expanding network 

of ATMs and terminals or not depends on which effects will be dominant. If positive effects are 

dominanting, the bank could offer more favorable products, and thus, can get more clients and achieve 

higher profits. On the other hand, if negative effects are dominating, this will be reflected in a loss of clients 

as well as a loss of profit. More frequent use of payment cards brings the new sources of profit for the 

banks, but this also means higher expenses associated with investment in rapidly upgrading information 

technologies. Payment cards provide bank clients with the possibility of a quick access to their money, but 

on the other side, they are also subject to considerable risks. These contradictions between pros and cons 

associated with the use of payment cards have a considerable impact on the decisions of banks about 

adopting and implementing new technologies, and this trend can be observed in almost all countries all over 

the world. By implementing new technologies, banks can gain more competitive advantages at both 

domestic and foreign markets, and this may allow them carry out their activities more effectively.  

The aim of this study is to examine whether wider networks of ATMs and EFTPOS terminals and a 

higher number of payment cards are really a guarantee of higher efficiency in the banking sectors of the EU 

countries. The investigation was done on the banks clients’ use of payment cards and their efficiency in 
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relation to the number of devices in their countries. The analysis has been carried out during the period with 

a significant positive development in the related technologies (2005 and 2015). The DEA method, namely, 

the models of super-efficiency, was used as it allows finding the main outliers. Another reason to use DEA 

is that there is a lack of studies describing the implementation of this methodology in evaluation of how 

efficient is the use of the implemented technologies in banking specifically. The identification of which of 

the European banking sectors were positively affected by the implementation of new technologies and by 

the use of payment cards was performed. To investigate the changes in the efficiencies of the EU banking 

sectors between the years 2005 and 2015 the Malmquist index is applied. 

The paper is divided into three parts. In the first part, the relevant literature was reviewed. The second 

part describes the methodology and the data applied. The third part presents the practical application of the 

DEA method in assessing the relative efficiency of the EU banking sectors. The paper concludes with 

findings as well as suggestions for future research. 

2. LITERATURE REVIEW 

There exist many studies that try to analyze the efficiency of the banking sector (Casu & Girardone, 

2006; Grigorian & Manole, 2006; Szczygieł et al. 2015). In recent years, it may be observed that the banks 

are trying to find the ways to increase the revenue from its operations in a view of the introduction of 

modern concepts into its structures (Svitálková, 2014; Sinicakova et al, 2017; Zuzeviciute et al., 2017). This 

is particularly clear with technological development and telecommunications (Belás et al. 2016). The rapid 

development of information technologies, as well as many applications in the banking sector, which help 

the bank make a progress and be competitive in the market may be observed (Korauš et al, 2016; 

Pioetrowska et al. 2017; Jantoń-Drozdowska & Mikołajewicz-Woźniak, 2017). The concept of e-banking, 

e-smart applications, internet banking, ATMs and EFTPOS terminals where payment cards are used 

represents the new era. 

The efficiency of the banking sector can be measured by many methods, while the Data Envelopment 

Analysis (DEA) is one of them (Yang, 2017). This method is very popular in last years, as it allows multiple 

inputs and multiple outputs in the analysis of relative efficiency within the data set and under the used 

variables.  

Damar (2006) used the DEA method to estimate the contribution of ATM networks on the productive 

efficiency of selected Turkish banks. He used the DEA method to calculate technical efficiency and scale 

efficiency during 2000-2003. The author examines whether the bank obtains positive benefits of 

implementing ATMs. The results determine the factors that allow banks to increase the level of efficiency. 

The competitive environment in the cities and the geographical distribution of ATM concepts are important 

aspects in relation to the efficiency of banks. 

Authors, Floros and Giordano (2008), shows how useful can be a number of ATMs for estimating and 

modeling an efficiency. They analyzed efficiency of the banking sector in Greece, using data from top 10 

commercial banks. In the study, the DEA was applied, namely CCR, BCC model and models of super 

efficiency, under the conditions of constant and variable return to scale. The result of their work suggested 

that more efficient were larger banks, and also the banks with a higher number of ATMs are more efficient 

than those with a lower number of ATMs.  

Monitoring the effectiveness and cost savings for the individual banks is in many cases limited due to 

imperfect data or unavailability of data. Information on investments in IT (ATM) and economies of scale 

are in many cases the internal affairs of the bank. This restriction also confirmed Ou et al. (2009), who 

investigated the effect of ATM on the effectiveness of selected banks in Taiwan. The authors also concluded 
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that IT investments in the banking sector have a positive impact on the efficiency of banks (discussion 

about efficiency problems is presented by Michalski (2014, 2016).  

Filipovski and Flood (2010) analyzed the impact of the reforms introduced by the Australian Reserve 

Bank that influenced the concept of ATMs. The authors point to the effective implementation of changes 

in the charges. The reform resulted in an increase of the ATMs’ numbers, and to increase the 

competitiveness of the banks. Flood, Hancock and Smith (2011) confirmed previous findings and they are 

claiming that the preferred deployment of ATMs has an impact on efficiency in managing cost-site banks. 

The ATM was involved as an input variable in the DEA analysis in the paper presented by Kheng and 

Wooi (2011). They analyzed local banks in Malaysia during the period of 2003 and 2008. The analysis points 

to the sufficient supply of ATMs and lack of technical efficiency of foreign banks. 

Adewoye and Omoregie (2013) analyzed the effect of the intensity of ATMs deployment on the cost 

efficiency in the condition of the Nigerian banking sector. In the second part of their analysis, they tried to 

identify the indicator influencing the level of ATMs deployment. As the variables, they used the size of 

banks, bank profitability, salary level, number of banks and value of transactions made via ATMs. They 

found out that the ATMs’ deployment had a positive effect on cost efficiency. The decision of banks to 

implement new technologies was positively influenced by bank size, and value of ATM’s transactions. 

As can be seen in the world literature, there exist some studies trying to identify the impact of ATM 

network on bank efficiency. However, there also exists the gap within the realized studies, which should 

analyze if the implemented technologies were used by bank clients in a maximum possible way. Therefore, 

a wider network of terminals was analyzed together with a higher number of payment cards issued by banks, 

which were transformed effectively, and were used by banks´ clients in a maximum possible way. The DEA 

method, namely super efficiency model, as it allows finding the main outliers. The Malmquist index was 

applied.to investigate the changes in the efficiencies of the European Union banking sectors in the years 

2005 and 2015. 

3. METHODOLOGY 

The DEA is one of the methods for measuring relative efficiency of production units (DMU), which 

use the same multiple inputs to produce the same multiple outputs. The DEA is used to set up the best 

practice set of production units and to identify which units are inefficient compared to best practice set as 

well as to show the significance of the inefficiencies present. The basic DEA models, input or output 

oriented, allow calculating with a constant or variable return to the scale. The model using the assumption 

of a constant return to the scale is called CCR (Charnes, Cooper and Rhodes) model. The assumption of a 

constant return to scale can be accepted only if the production units operate under their optimal size, which 

is usually not possible. Therefore, the DEA model was upgraded into the BCC model (Banker, Charnes, 

Cooper) in order to calculate variable returns to scale. 

Basic DEA models suffer from tied ranks, because the efficient units in a sample shared the same score 

of one. This problem can be removed by solving, so-called super efficiency model. Through this model, the 

researcher is able to distinguish among the efficient units in the sample and rank them. 

In this study, n banking sectors are considered (DMUj, j=1,2,...,n), each consumes m different inputs  

(xij, i=1,2,...,m) to produce s different outputs (yrj, r=1,2,...,s). The matrix of inputs is marked X = {xij, 

i=1,2,…,m; j=1,2,…,n} and the matrix of outputs Y = {yrj, r=1,2,…,s; j=1,2,…,n}. The assumption of a 

variable to scale combined with a non-radial and non-oriented Super SBM model in evaluating banking 

sectors in European Union countries in 2005 and in 2015 was used. The non-oriented aspect of SMB model 

removes the need to specify an orientation and captures the desire to improve both the inputs and outputs 
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simultaneously. The non-radial aspect of the model captures that the movements on efficiency frontier will 

be not only radial, which able to calculate the efficiency in the Pareto-Koopmans sense. 

The discussion about the super efficiency is taken under the assumption that the production unit DMU 

is SBM-efficient, i.e. it is strongly efficient under the SBM model. Based on the theory presented by Cooper, 

Seiford, and Tone (2007) the super efficiency model under the assumption of a variable return to scale can 

be defined as the optimal objective function value δ* from the following program: 
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The super efficiency score δ* is not restricted to the interval [0, 1]. Its value is always non-negative and 

for Super SBM technically efficient units are not smaller than 1. There are two interpretations of this super 

efficiency score. The higher means the higher technical efficiency of the analyzing unit. It can alternatively 

be used for finding outliers in the dataset under analysis. Large values of super efficiency that seem out of 

the other series values indicate that the analyzed unit should be treated without a doubt as an outlier. 

(Zimková, 2015) 

After the identification of outliers within the data set, the factors of efficiency change over time were 

examined. Similarly as Boďa and Zimková (2016) as the main instrument that serves to this purpose will be 

used standard Malmquist index (presented by Malmquist (1953)) and its decomposition into the driving 

forces of productivity change. The Malmquist index that is based on the non-radial and non-oriented SBM 

model was used. This index is traditionally applied to measure productivity change between two time periods 

of a balanced panel of production units. It is defined as the product of catch-up effect and frontier-shift 

effect. Cooper, Seiford, and Tone (2007) defined that the catch-up (or recovery) effect relates to the degree 

to which a production unit improves or worsens its efficiency, while the frontier-shift (or innovation) effect 

reflects the change in the efficiency frontiers between the two time periods. The catch-up effect from the 

period 1 to period 2 can be measured by the following formula: 

 

frontierperiodtorespectwithperiodinyxofEfficiency

frontierperiodtorespectwithperiodinyxofEfficiency
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If the value of catch-up effect is higher than one, it can be interpreted as progress in relative efficiency 

from period 1 to period 2. The value of catch-up effect equal to one indicates no change, and the value 

lower than one indicates regress in relative efficiency from period 1 to period 2. 

In addition to catch-up effect, we must take account of the frontier-shift effect in order to fully evaluate 

the productivity change since the catch-up effect is determined by the efficiencies being measured by the 

distances from the respective frontiers. The frontier-shift is defined as follow: 

 

21 shiftFrontier
 

(3) 

 

Where ϕ1and ϕ2 are defined by following formulas: 
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Frontier-shift higher than one indicates progress in the frontier technology around the evaluated 

production unit DMU from period 1 to period 2, while frontier-shift equal to one and frontier-shift lower 

than one indicate the status quo and regress in the frontier technology.  

The Malmquist index is computed as the product of catch-up effect and frontier-shift effect using the 

following form: 

 

)()( shiftFrontierupCatchindexMalmquist 
 (5) 

 

The Malmquist index higher than one indicates progress in the total factor productivity change of the 

evaluated production unit DMU, from period 1 to period 2. The Malmquist index equal to one indicates the 

status quo, and the Malmquist index lower than one indicates deterioration in the total factor productivity. 

Firstly, the structure of used inputs and produced outputs in the banking sectors needs to be defined 

in order to assess if the banks´ clients use payment cards effectively in relation to the number of devices 

that can use in their countries. Therefore, as the input variables were used a number of issued payment 

cards, a number of ATM, and a number of EFTPOS terminals in selected countries. As the output variables 

were considered number and value of payments realized through the payment cards. To eliminate the impact 

of the size of banking sectors, recalculation of each variable was performed in relation to a total number of 

employees in credit institutions in individual countries. As the main data source will be used database 

Statistical Data Warehouse, namely Payment and settlement systems statistics, published on the web page 

of European Central bank. The annual data in 2005 and in 2015 on the country level (27 European Union 

countries) are used. 

4. EMPIRICAL RESULTS AND DISCUSSION 

The methodology defined above was used to investigate whether a wider network of ATMs and 

EFTPOS terminals and a higher number of issued payment cards were a guarantee of higher efficiency in 

the EU banking sectors. The investigation focused on the fact if the banks´ clients use payment cards 
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effectively in relation to the number of devices that can use in their countries. The analysis is done during 

the period in which the mentioned technologies experienced a significant positive development.  

The payment cards experienced a very dynamic development in last years, a significant increase can be 

seen in the number of payment card holders, but also in the number of places where the clients of banks 

can pay by cards through EFTPOS terminals or withdraw cash from ATMs. Figure 1 displays the 

development of payment cards issued by resident payment system participants in relation to a number of 

employees in credit institutions (CI) in analyzed countries. As can be seen in all analyzed countries the 

number of issued cards increased. The most dynamic development can be seen in the case of Finland, 

Ireland, Luxembourg and Denmark, where the share of issued payment cards per one employee increased 

more than 100%. Only in a case of France, there can be observed a slow decrease in the number of issued 

payment cards between selected years (6.75%). In average in all analyzed countries, the number of issued 

payment cards per one employee in credit institution increased by 46.12%. 

 

 
 

Figure 1. Number of issued payment cards per one employee in CI in EU countries 

Source: Prepared by authors 

 

As the second input variable in the DEA model was used the number of ATMs in relation to a number 

of employees in credit institutions in analyzed countries. The development of this variable can be seen in 

Figure 2. The most dynamic development can be seen in the case of Poland and Romania, where the share 

of ATMs per one of employee increased more than 100%. In the case of Denmark, Finland and Sweden 

there can be seen a slow decrease in the number of ATMs between selected years. In average in all analyzed 

countries, the number of ATMs per one employee in credit institution increased by 32.22%. Withdrawing 

cash from an ATM is very popular and often use way of using payment cards in all European Union 

countries. In high developed countries the ATM networks have been built for a long time, so the intensity 

of the introduction of new equipment in last ten years was stagnating. On the other hand, in emerging 

countries, that have joined the European Union only in last years, we can see a sharp increase in these 

devices. The situation is the same also in the case of EFTPOS terminals. 

Another way how the payment cards could be used by clients is for the realization of non-cash 

payments through the EFTPOS terminals. Therefore as the third input variable used in DEA model was 

the number of EFTPOS terminals per one employee in credit institutions in analyzed countries. The 

development of the implementation of these devices in various countries is shown in Figure 3. Also in a 

case of this variable, a rapid development can be observed. The fastest development can be seen in the case 

of Luxembourg, where the share of EFTPOS terminals per one of employee increased more than 1000%. 
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The rapid development higher than 300% is monitored also in Bulgaria and Romania. In France and 

Sweden, there can be seen a slow decrease in the number of EFTPOS terminals between selected years. In 

average in all analyzed countries, the number of EFTPOS terminals per one employee in credit institution 

increased by 95.97%. 

 
 

Figure 2. Number of ATMs per one employee in CI in EU countries 

Source: Prepared by authors 

 

 
 

Figure 3. Number of EFTPOS terminals per one employee in CI in the EU countries 

Source: Prepared by authors 

 

All these devices are offered by banks. The paper investigates if the implemented technologies were 

used by bank clients in a maximal possible way. As the indicators of successful usage of implemented devices 

were selected the number and the value of transactions realized by payment cards particular through ATMs 

and EFTPOS terminals. With the fast growth in the number of terminals and cards, the number and the 

value of payments realized through them also increased as is evident in Figure 4 and Figure 5.  

The largest increase in the value of transactions realized via payment cards per one employee in credit 

institutions was found in Slovakia, where the value increased by more than 1000% (Figure 4). The number 

of issued payment cards increased by 48.25%, the number of ATMs increased by 54.33%, and the number 

of EFTPOS terminals increased by 201% in comparison to a number of implemented technologies. In all 

cases, the growth was faster than the average of analyzed countries. In most of the analyzed countries, the 
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growth rate in the value of transactions realized via payment cards reached a value greater than 100%. Only 

in a case of Cyprus, Germany, Finland, France, Greece, Sweden and Slovenia the growth rates were slower. 

 
Figure 4. Value of transactions realized by payment cards per one employee in CI in the EU 

countries (thousands of EUR) 

Source: Prepared by authors 

 

The number of transactions realized via payment cards (Figure 5) shows that the Slovakia also reached 

the highest growth rate in the number of transactions realized via payment cards per one employee in credit 

institutions (816.38%). The growth rate higher than 500% can be found in the Czech Republic and Romania. 

On the other hand, an increase under the 100% is evident only in a case of four countries: Germany, France, 

Portugal and Slovenia. 

 

 
 

Figure 5. Number of transactions realized by payment cards per one employee in CI in the EU 

countries (thousands of EUR) 

Source: Prepared by authors 

 

The second part of the paper focuses on which banking sectors were positively affected by the 

implementation of new technologies and by the use of payment cards in 2005 and in 2015. According to an 

assumption, this positive impact should be transformed into the higher efficiency score estimated via the 

DEA model. The efficiency in this study was estimated using the computer program “DEA Solver-Pro 

software”. The efficiencies were calculated using the non-radial and non-oriented Super SBM model. 
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One of the advantages of super efficiency model is, that it allows identifying the outliers. The easiest 

way of how to identify them is through the box-plot analysis. In the next figure (Figure 6), the box-plot of 

super efficiency scores for both periods under consideration (2005 and 2015). 

 

  
2005 2015 

 

Figure 6. Box-plot of super efficiency in the EU countries in 2005 and 2015 

Source: Prepared by authors 

 

As can be seen in the both years, the super efficiencies were skewed towards lower values, which 

reflected by moving the median values down. According to box-plot analysis, two outliers can be seen in 

2005, and one in 2015. As the outliers in 2005 have been identified the banking sectors in Luxembourg and 

in Finland and in 2015 the banking sector in Ireland. The results of the super efficiency after identification 

of outliers for both periods under consideration (2005 and 2015) are presented in Table 1. 

Calculation of the super efficiency points to the fact that most of the analyzed countries were positively 

influenced by the use of credit cards. According to the results of our analysis, the countries could be divided 

into three main groups: 

 Within the first group, there are countries which in 2015 achieved higher efficiency and also better 

position in the ranking compared to 2005. In these countries, the percentage increase in the value and 

number of transactions realized by payment cards per one employee exceeded the percentage increase in 

the number of issued cards, ATMs and terminals, which resulted in the growth of efficiency. Within this 

group can be seen banking sectors in Austria, Cyprus, Czech Republic, Denmark, Estonia, France, Greece, 

Ireland, Latvia, Malta, Poland and Slovakia. 

 The second group is characterized by an increase in efficiency score, but this increase wasn’t reflected 

in strengthening position in the ranking. In this group can be seen Germany, Spain, United Kingdom, 

Hungary and Lithuania. Also in these countries, the percentage increase in the value and number of 

transactions realized by payment cards per one employee exceeded the percentage increase in the number 

of issued cards, ATMs and terminals, which resulted in the growth of efficiency. 

 The last group is created by countries, where the efficiency decreased. In these countries, the growth 

rate of one of the input variables (the number of issued cards, the number of ATMs, or the number of 

EFTPOS terminals) was higher compared with the growth in the value and number of transactions realized 

by payment cards. Within this group are banking sectors in Belgium, Bulgaria, Finland, Italy, Luxembourg, 

the Netherlands, Portugal, Romania, Sweden, and Slovenia. 

The results of the DEA analysis confirmed the assumption that if an increase in a number of devices 

is not supported by their usage by clients, it will have the negative impact of the banking sector in the form 

of efficiency lost. 
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The reasons for efficiency change could be also examined by the Malmquist index, which can be 

dichotomized into its catch-up and frontier-shift components (Palečková, 2017). In Table 1 is evident that 

the positive efficiency change in most of the analyzed countries was due to catch-up effect, which is evident 

by the value of catch-up higher than one. This can be seen in the case of Austria, Cyprus, Czech Republic, 

Germany, Estonia, Spain, France, United Kingdom, Greece, Hungary, Ireland, Lithuania, Latvia, Malta, 

Poland and Slovakia. It means that in these countries the technical efficiency increased, where the growth 

rate can be calculated as the difference between the catch-up and one. For instance, in a case of Slovakia, 

there can be seen technical efficiency increased by 216.74%. In a case of Belgium, Bulgaria, Denmark, 

Finland, Italy, Luxembourg, Netherlands, Portugal, Romania, Sweden and Slovenia, the value of catch-up 

effect was lower than one. It means that in these countries the technical efficiency decreased. For instance, 

in a case of Slovenia, there can be seen the decline in the relative technical efficiency by 9.37%. 

 

Table 1 

Super efficiency and decomposition of Malmquist index in the EU countries 
 

Country 

2005 2015 Catch-up Frontier-shift Malmquist index 

Score Rank Score Rank 2005-2015 2005-2015 2005-2015 

Austria 0.2909 12 1.3391 2 3.4741 0.3180 1.1048 

Belgium 1.0044 6 0.4641 13 0.4621 2.5905 1.1972 

Bulgaria 0.0657 26 0.0521 27 0.7932 0.2585 0.2050 

Cyprus 0.2532 14 1.2569 5 5.6728 0.2213 1.2555 

Czech Republic 0.1130 25 0.2901 18 2.5685 0.3817 0.9804 

Germany 0.3962 10 1.0000 10 2.6961 0.3243 0.8743 

Denmark 1.2568 4 1.3352 3 0.9341 1.1950 1.1162 

Estonia 0.2823 13 0.4830 12 1.7112 1.9201 3.2856 

Spain 0.1510 19 0.1822 23 1.2071 1.4341 1.7311 

Finland 1.2879 2 1.1115 8 0.8668 1.5049 1.3044 

France 0.5170 8 1.1639 7 2.0614 1.2908 2.6609 

United Kingdom 1.0601 5 1.0908 9 1.0147 1.8471 1.8743 

Greece 0.0580 27 0.0605 26 1.0421 1.4380 1.4985 

Hungary 0.1375 21 0.1964 22 1.4280 0.3984 0.5690 

Ireland 0.5005 9 4.0545 1 2.5159 0.6984 1.7572 

Italy 0.1816 16 0.1420 24 0.7818 1.3222 1.0337 

Lithuania 0.1601 17 0.2158 21 1.3479 1.5537 2.0942 

Luxembourg 3.2781 1 1.2547 6 0.5550 0.7097 0.3939 

Latvia 0.1585 18 0.3215 17 2.0280 0.6747 1.3683 

Malta 0.1281 23 0.3530 16 2.7561 0.3394 0.9354 

Netherlands 0.6764 7 0.6247 11 0.9235 1.1639 1.0748 

Poland 0.1408 20 0.2536 19 1.8008 0.3315 0.5969 

Portugal 0.3814 11 0.3541 15 0.9283 2.0480 1.9012 

Romania 0.1366 22 0.0947 25 0.6934 0.3109 0.2156 

Sweden 1.2744 3 1.2587 4 0.8507 1.9316 1.6432 

Slovenia 0.2400 15 0.2176 20 0.9063 1.3882 1.2582 

Slovakia 0.1228 24 0.3890 14 3.1674 0.3907 1.2375 
 

Source: Prepared by authors 

 

Another factor which influenced the efficiency score was a frontier-shift effect. In countries like 

Belgium, Denmark, Estonia, Spain, Finland, France, United Kingdom, Greece, Italy, Lithuania, the 
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Netherlands, Portugal, Sweden and Slovenia the value of frontier shift was higher than one, it means that 

the total productivity factor was affected in positive term. For instance, in a case of Slovenia, there is evident 

the progress in the frontier technology by 38.82% A change if the efficiency frontier can be attributable to 

any change in the environment of mentioned countries. Thus, it captures the effect of technological change 

as well as the effect of government regulations, central bank policies, overall technological progress, and 

macroeconomic development and so on. The frontier shift’s effect also represents the effect of innovation 

in evaluated countries. All these issues together with information technology uptake influenced the banks´ 

ability to offer more sophisticated products and services, enabling them to take their products closer to 

clients and so increase their efficiency. 

If the catch-up effect was encouraged by the frontier-shift effect there had the positive impact on total 

Malmquist index, in form of higher value of total factor productivity. Therefore, the highest Malmquist 

index can be seen in Estonia, Spain, France, United Kingdom, Greece and Lithuania. The highest value of 

Malmquist index can be seen in Estonia. It means that this banking sector has taken the most effective 

decisions, which were also supported by the technological progress. In the Estonian banking sector the 

increase in the number of issued cards, ATMs and terminals was encouraged by the higher increase in the 

value and number of transactions realized by payment cards per one employee, which resulted in the growth 

of efficiency. Although the Estonia was not one of the most efficient countries, the level of improvement 

was the highest.  

If only one effect was positive, then the overall value of the Malmquist index depended on the intensity 

of both components. Even that one effect was able to prevail over the second one, and it was reflected in 

the progress of total factor productivity change. If not, the value of the Malmquist index was lower than 

one indicates deterioration in the total factor productivity. Thus, it may be evident that the usage of payment 

cards was not encouraged by the technological progress and also of positive changes in the macroeconomic 

environment of countries, and it did not have to lead to the overall improvement. In case of Germany, it is 

evident that one of the highest developed countries. The space for technological progress and for significant 

positive changes in the macroeconomic environment was not as wide as in case of emerging countries. This 

led to the fact that despite the significant increase in technical efficiency, the overall decline in total factor 

productivity appeared. 

However, there exist also those countries, where both effects are lower than one indicating regress in 

relative efficiency from period 1 to period 2 and regress in frontier technology. Therefore, the overall 

Malmquist index was also lower than one. It is evident in the case of Bulgaria, Luxembourg, and Romania. 

In a case of Bulgaria and Romania the levels of overall improvement were the lowest. As can be seen in 

these countries a sharp increase in these devices (ATM and EFTPOS) was not encouraged by their use by 

bank clients. Also overall technological progress and the changes in the macroeconomic environment were 

not at a sufficient level. All these factors together reflected in regress in total factor productivity. 

5. CONCLUSION 

This paper investigated whether the investment into the implemented technologies – issued payment 

cards, ATMs and EFTPOS terminals – influenced the efficiency of the banking sectors. Using a sample of 

27 European Union countries in 2005 and in 2015, the research primarily focused on whether a wider 

network of terminals and a higher number of payment cards issued by banks were transformed effectively, 

and was used by banks´ clients in a maximal possible way.  

The analysis was done during the period of the rapid development of technologies and also with their 

usage by banks´ clients. It was evident by a significant increase in the number of payment card holders, but 

also in the number of places where the clients of banks can pay by cards through EFTPOS terminals or 
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withdraw cash through ATMs displayed on the figures (Figure 1, Figure 2 and Figure 3). With the fast 

growth in the number of terminals and cards, the number and the value of payments realized through them 

also increased as was evident in Figure 4 and Figure 5. The important finding from the research points to 

the fact that if an increase in the value and number of transactions realized by payment cards exceeded the 

increase in the number of issued cards, ATMs and terminals, it resulted in the growth of efficiency. However, 

when the growth of one from the input variables (the number of issued cards, the number of ATMs, or the 

number of EFTPOS terminals) was higher compared with the growth in the value and number of 

transactions realized by payment cards, it reflected in the decrease of efficiency. 

The results of the analysis point to the fact, that most of the countries reached progress in total factor 

productivity, which was affected by progress in form of recovery effect, innovation effect, or both of them.  

It may be stated that the paper has some limitations. Therefore, for the future research, it could be 

analyzed how the exclusion of outliers could affect the changes in efficiency. Also, the analyzed period can 

be divided into sub-periods, e.g. till 2008 and after that date, which can help in assessing the impact of 

financial crisis 
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