
  

30 

Comparative Efficiency Analysis of Economic 

Growth using a Nonparametric Approach 

Aleksandra Marcikic Horvat*, Boris Radovanov, AND Otilija Sedlak 

University of Novi Sad, Faculty of Economics Subotica, Serbia 

Abstract  

The main goal of this paper is to evaluate relative efficiency of economic growth of European 

countries in 2019 using the input oriented Data Envelopment Analysis (DEA) model with a 

variable return to scale. The selected input variables are unemployment rate, inflation rate 

and tax revenue, while annual growth of gross domestic product (GDP) and annual growth of 

export of goods and services are used as output variables. The relative technical efficiency of 

27 European Union countries and the Republic of Serbia have been compared and the results 

show that eleven countries (Czech Republic, Denmark, Greece, Ireland, Lithuania, Malta, 

Germany, Poland, Portugal, Romania and Spain) achieved maximal efficiency score. The 

average technical efficiency is above 80% which shows that observed countries efficiently 

allocate their resources in order to improve economic development. Furthermore, the results 

of DEA model suggest the ways for inefficient countries to improve their efficiency score in 

the future. Latvia, Luxemburg and Sweden achieved the lowest efficiency scores under 70%. 

Keywords: Data Envelopment Analysis; Economic Development; European Union; Relative 

Technical Efficiency; Republic of Serbia 

1. Introduction 

The interest of economists on issues of world economic growth and development exist 

since ancient times, but it is considered that the Great Depression of the thirties contributed to 

a special highlight of this topic. Before World War II, underdeveloped countries were mainly 

colonies of world superpowers and the questions of their social and economic development 

were suppressed under political ideological aims. Over time the situation has significantly 

changed and the interdependence of social and economic impacts among different countries 

became more pronounced. Nowadays, states with their activities affect immediate 

environment, as well as the world economy; all these are accompanied by substantial and 

organic relationship between different economies. The desire of all nations of the world is to 

accelerate their economic development, thus the process of globalization is an important link 

between political and economic interests of developed and underdeveloped countries. The 

issue of economic prosperity today is a challenge equal to that, which existed during the 

Great Depression and the need for ethical thinking and evaluation of global economic trends 

is more than obvious.   

Economic growth and development are the main goals of underdeveloped countries, but 

those two terms cannot be observed as synonyms. Growth is a condition of development and 

its necessary factor, while economic development appears as a more complex category. 
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Economic growth refers to the increase of production of goods and services in the national 

economy, and it is presented as enlargement of the gross domestic product (GDP) within a 

specified period.  Economic development besides the increase of total output of goods and 

services also includes changes in structure of output and its distribution. Therefore, 

development represents qualitative side of change that is reflected in the institutional, 

technological, organizational and structural transformations within the economy. They may 

imply improvement in the material status of poor population, increased participation of 

manufacture and service sector in GDP with reduced share of agriculture, application of new 

technological achievements in the economy, unemployment reduction and so on.  

High growth in real gross domestic product, low inflation and unemployment rates and the 

foreign balance are some of the crucial economic indicators. Economic growth has many 

meanings. By it we mean the increase of the potential output of the economy (or production 

capacities), in the sense of the realized level of output in the conditions of full utilization of 

production factors (inputs). 

Economic growth is one of the main problems and is the subject of discussion by many 

politicians and world leaders. Even the most economically strong countries face the problem 

of maintaining economic growth, as well as the growth of gross domestic product, due to 

various epidemiological measures that were in force during 2020. Economic growth is an 

important indicator of a country's efficiency, i.e. its efficiency in using limited resources. 

Therefore, the aim of this paper is to compare the efficiency of economic growth of the 

European Union and the Republic of Serbia, as candidate for EU membership, using the Data 

Envelopment Analysis (DEA). Since productivity is considered a key source of economic 

growth, it is not surprising that many authors see economic growth through the prism of 

productivity, therefore investigating productivity changes over time using DEA (Škare & 

Rabar, 2016). Besides the basic DEA models, a lot of different variations and extensions have 

been applied to deal with a variety of applications in order to study complex phenomenon of 

economic growth all around the world (Afonso & St. Aubyn, 2013),  (Škuflić et al., 2013),  

(Lábaj et al., 2014), Chiu et al.,2015). 

2. Methodology 

Data Envelopment Analysis (DEA) is a well-known nonparametric approach for 

efficiency analysis of selected Decision Making Units (DMU), that can be successfully 

applied in various areas, both on micro and macroeconomic levels. The forerunner of the 

DEA method is Farrell's idea (Farrel, 1957), which Charnes, Cooper, and Rhodes (Charnes et 

al., 1978) upgraded with the linear programming (LP) method to devise a new method for 

calculating efficiency called Data Envelope Analysis (DEA). The basis of acceptance and 

improvement of this method by many authors are its wide applicability, in various areas of 

research, simplicity and comprehensibility and convenience in the case of diverse 

inputs/outputs. DEA compares the efficiency of each individual entity with the maximal 

achieved efficiency score. This method does not require a prior assumption about the 

analytical form of the observed inputs and outputs, and different types of metrics are allowed. 

The results of the DEA present relative efficiency measures, since they depend on the number 

of entities involved, as well as on the number and structure of the input and output variables 

(Radovanov et al., 2020). 
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In order to apply DEA correctly, the following conditions must be met: 

 The subject of efficiency assessment is several decision making units (DMUs) with 

their input and output data (Kao, 2014). 

 DMUs, when precisely defined, are always of the same type of institutions (railway 

stations, bus stations, state universities, companies, high schools or the state itself). 

 DMUs operate within similar business conditions but often the initial data for 

different units are significantly different. 

 The number of decision-making units should be at least two or three times higher than 

the sum of diverse inputs and outputs (Golany, 1989), which is confirmed by 

numerous examples from the literature in which efficiency measurement was 

performed. 

 Flexible DMUs in terms of the suggestions based on DEA results (reduction/increase 

of a certain input and output). (Beasley, 1996). 

The implementation of the DEA method can be divided into four basic phases: (1) the 

selection of the units to be decided; (2) input and output selection; (3) solving DEA models 

and (4) analysis and interpretation of solutions. Through the application of DEA in the 

management of large projects, Emrouznejad and Witte (Emrouznejad & Witte, 2010) defined 

the so-called Cooper's unified process for non-parametric projects (COOPER framework) 

which expands the basic procedure of DEA implementation in the following 6 phases: 

(1) Defining concepts and goals, 

(2) Data structuring, 

(3) Model selection, 

(4) Performance comparison, 

(5) Evaluation and 

(6) Results and application. 

In our analysis, the input-oriented DEA model with a variable return to scale was applied 

to examine the technical efficiency of economic growth, since the assumption of constant 

return to scale can be accepted only if the entities operate at their optimal size. The analysis 

was performed by solving the following linear porgramming model (Jemric & Vujcic, 2002) 

for each country: 

 

𝑚𝑖𝑛𝜆𝑧0 = 𝜃0                                                (1) 

subject to: 
∑ 𝜆𝑗𝑦𝑟𝑗

𝑛
𝑗=1 ≥ 𝑦𝑟0,     𝑟 = 1, 2 … 𝑠                 (2) 

𝜃0𝑥𝑖0 − ∑ 𝜆𝑗𝑥𝑖𝑗 ≥ 0,      𝑖 = 1, 2 … 𝑚𝑛
𝑗=1        (3) 

∑ 𝜆𝑗 = 1𝑛
𝑗=1                                         (4) 

𝜆𝑗 ≥ 0,    𝑗 = 1, 2 … 𝑛                         (5) 

 

where xij is the perceived input amount of the ith type of the jth DMU and yrj is the perceived 

output amount of the rth type for the jth DMU. λ is the DMU’s weight and the efficiency score 

is 𝜃.  
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3. Selection variables for DEA model  

Now that we have stated and explained the macroeconomic indicators and explained the 

functioning of the DEA method, it is necessary to decide on the inputs or outputs that will 

serve us in measuring the efficiency of the DMU. As a multidimensional phenomenon, 

economic growth has been studied using a variety of different indicators, ranging from gross 

domestic product, inflation and unemployment, as the primary variables, to a series of less 

used variables such as consumer price index, access to credit, business cycles. Consequently, 

a different selection of observed variables leads to different relative efficiency results that are 

additionally influenced by the choice of the model itself (Škare & Rabar, 2016). In order to 

conduct research related to the achieved level of efficiency of economic growth of European 

countries, the basic characteristics were studied and statistical indicators were collected from 

the World Bank database for the year of 2019. In the abovementioned input-oriented DEA 

model with variable return to scale three input and two output variables were selected (Table 

1). On the side of inputs, the following variables were used: 

 Unemployment rate, which is the number of unemployed people who are actively 

looking for work. That number is divided by the number of employed and 

unemployed population. This indicator directly indicates to us the part of the 

population that does not participate in the creation of gross domestic product. 

 Inflation rate, i.e. the growth rate of the general price level in the country. Gross 

domestic product is represented by the ratio of the quantity of products and services, 

and their prices. Therefore, if the inflation rate is high in a country, a high GDP in that 

case would not mean an increase in production but an increase in the prices used in its 

calculation. 

 Tax revenue. It is decided to include tax revenues in the inputs due to the assumption 

that increased taxes, i.e. producer expenditures based on taxes, discourage producers 

from producing larger quantities of products or doing business at all. 

Following variables were used as outputs: 

 Annual GDP growth, i.e. annual growth of GDP (Gross domestic product), which is 

actually a percentage increase in gross domestic product in one year compared to the 

previous year. 

 Annual growth of exports of goods and services (%), which represents the percentage 

growth of exports of goods and services of one country. 
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Table 1: Input and output variables  

Country 
Unemployment 

rate 
Inflation rate Tax revenue 

Gross domestic 

product 

Export of goods and 

services 

Austria 4.5 1.5 25.4 1.4 2.9 

Belgium 5.4 1.4 23.2 1.7 1 

Bulgaria 4.2 3.1 20.2 3.7 3.9 

Croatia 6.6 0.8 21.8 2.9 6.8 

Cyprus 7.1 0.3 24.3 3.1 -0.4 

Czech Republic 2 2.8 14.7 2.3 1.3 

Denmark 5 0.8 32.3 2.8 5 

Estonia 4.4 2.3 21 5 6.2 

Finland 6.7 1 20.8 1.1 7.7 

France 8.4 1.1 15.8 1.5 1.9 

Germany 3.1 1.4 11.5 0.6 1 

Greece 17.3 0.3 26.1 1.9 4.8 

Hungary 3.4 3.3 22.3 4.6 5.8 

Ireland 4.9 0.9 18.3 5.5 11.1 

Italy 10 0.6 24.2 0.3 1 

Latvia 6.3 2.8 22.8 2.1 2.1 

Lithuania 6.3 2.3 16.8 4.3 9.5 

Luxemburg 5.6 1.7 26.5 2.3 0.8 

Malta 3.4 1.6 26 4.9 6.1 

The Netherlands 3.4 2.6 23 1.7 2.7 

Poland 3.3 2.2 17.4 4.5 5.1 

Portugal 6.5 0.3 22.1 2.2 3.5 

Romania 3.9 3.8 14.3 4.2 4 

Slovakia 5.8 2.7 18.7 2.3 0.8 

Slovenia 4.4 1.6 18.6 3.2 4.1 

Spain 14.1 0.7 14.2 2 2.3 

Sweden 6.8 1.8 27.9 1.3 3.3 

Serbia 10.4 1.8 18.6 4.2 7.7 

Source: World Bank database 

4. Results 

Data analysis was performed using DeaMax software, using the variable return to scale 

DEA method with input orientation. This means that we wanted to see which countries are 

efficient in their economic growth, and which countries need to reduce inputs in order to 

achieve the same level of output, and thus increase their efficiency. Data for twenty-eight 

countries were included in the analysis. Out of that, 27 countries are members of the 

European Union and the 28th country is the Republic of Serbia. 
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Achieved average efficiency scores are presented in Table 2. The results of efficiency 

scores lie between 0 and 1 i.e. between 0% and 100%. If the score is 1, it means that the 

country is efficient in its economic growth according to the given indicators. If the coefficient 

is less than 1, it means that the country is inefficient, ie that it is necessary to reduce inputs in 

order to efficiently achieve the given output. The relative technical efficiency of 27 European 

Union countries and the Republic of Serbia have been compared and the results show that 

eleven countries (Czech Republic, Denmark, Greece, Ireland, Lithuania, Malta, Germany, 

Poland, Portugal, Romania and Spain) achieved maximal efficiency score. The average 

technical efficiency is above 80% which shows that observed countries efficiently allocate 

their resources in order to improve economic development. Furthermore, the results of DEA 

model suggest the ways for inefficient countries to improve their efficiency score in the 

future. Latvia, Luxemburg and Sweden achieved the lowest efficiency scores under 70%. 

Table 2: Results of DEA model  

Country Efficiency score Result 

Austria 0.82 Unefficient 

Belgium 0.77 Unefficient 

Bulgaria 0.78 Unefficient 

Croatia 0.87 Unefficient 

Cyprus 0.89 Unefficient 

Czech Republic 1.00 Efficient 

Denmark 1.00 Efficient 

Estonia 0.91 Unefficient 

Finland 0.85 Unefficient 

France 0.90 Unefficient 

Germany 1.00 Efficient 

Greece 1.00 Efficient 

Hungary 0.99 Unefficient 

Ireland 1.00 Efficient 

Italy 0.80 Unefficient 

Latvia 0.58 Unefficient 

Lithuania 1.00 Efficient 

Luxemburg 0.69 Unefficient 

Malta 1.00 Efficient 

The Netherlands 0.80 Unefficient 

Poland 1.00 Efficient 

Portugal 1.00 Efficient 

Romania 1.00 Efficient 

Serbia 0.87 Unefficient 

Slovakia 0.71 Unefficient 

Slovenia 0.85 Unefficient 

Spain 1.00 Efficient 

Sweden 0.60 Unefficient 

Source: author’s calculations 
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According to the presented results, eleven countries achieved maximal relative efficiency 

score of economic growth in 2019.  For example, Germany and Greece are both efficient, 

although their inputs and outputs differ significantly from each other. However, in the case of 

Germany, we have a low unemployment rate, a low inflation rate, low government tax 

revenues, but we also have a low level of economic growth. On the other hand, in Greece we 

have a higher unemployment rate and high tax revenues going to the state, but we also have 

high economic growth that justifies such high inputs. Thus, although the inputs differ 

between the countries of the European Union, they are used efficiently in both cases. 

Apart from the above eleven countries that are efficient in using their inputs, the other 

seventeen countries do not show such efficiency. In terms of inefficiency, Latvia is 

convincingly in the lead with an efficiency score of 0.58. If we look at the Table 1, we can 

see that this country has a slightly higher unemployment rate, which is not particularly high 

compared to other countries, however, has extremely high tax revenues compared to other 

countries, and insufficiently high levels of output growth or gross domestic products and 

exports, which would justify such high inputs. 

Sweden is one of the most stable countries if we talk about the level of prosperity, 

however, in our analysis, it is inefficient in its economic growth. This result is inevitable, 

given that Sweden has the second highest tax revenues in the European Union and a very low 

level of annual growth of gross domestic product and a low growth rate of exports. 

It is also expedient to refer to the results of the candidate country for EU membership - the 

Republic of Serbia. Serbia has not proven to be efficient, but it is certainly not the most 

inefficient country. Serbia is achieved an efficiency score of 0.88, which is a similar result as 

in the case of Croatia or France. Although it has a higher export growth rate than most 

countries, and a higher level of gross domestic product growth, Serbia also has one of the 

highest unemployment rates, which in this case cannot be offset by export and gross domestic 

product growth. In order to achieve the efficiency of economic development, it would be 

necessary to reduce the unemployment rate in Serbia. 

5. Conclusion 

In recent years, there has been an exponential growth in the number of scientific-

theoretical discussions, empirical research and practical applications of the DEA method. The 

reasons for the rapid growth can be explained by the interdisciplinary nature of this 

methodology, as well as the fact that it has opened up possibilities when other approaches do 

not give satisfactory results due to the complex or unknown nature of connections between 

multiple inputs and outputs. DEA in addition to being generally simple and usable in 

different areas of research, can also provide us with insight into various economic 

phenomena, which the researcher may not expect to see among the results. In this paper, 

countries such as Sweden or Austria, which enjoy the status of one of the most desirable 

places to live in the world due to their stable economy, are inefficient in their economic 

growth. This result highly depends on the selection of input and output variables, time period 

and choice of applied DEA model. 

It would be interesting for further research to examine dynamic of the efficiency of 

economic growth using longer time period by application of Window DEA. Also two-stage 
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DEA would be suitable to identify significant factors that influence on efficiency of 

economic growth.   

References 

Afonso, A. and St. Aubyn, M. (2013). Public and private inputs in aggregate production and 

growth – a cross-country efficiency approach, Applied Economics, 45(32), pp. 4487-

4502. 

Beasley J. E, OR-Notes, (1996) available at: 

http://people.brunel.ac.uk/~mastjjb/jeb/or/dea.html 

Charnes, A., Cooper, W., Rhodes, E. (1978). Measuring the effciency of decision-making 

units. European Journal of Operations Research, 6, pp. 429–444. 

Chiu, Y.-H., Weng, W.-H. and Lu, L. C. (2015). The Analysis of Undesirable Output to 

Countries’ Productivity: The Example of the Asian Countries, Energy Sources, Part 

B: Economics, Planning, and Policy, 10(1), pp. 21-30. 

Emrouznejad, A., & Witte, K. (2010). COOPER-framework: A unified process for non-

parametric projects. European Journal of Operational Research, 207, pp. 1573– 

1586. 

Farrell, M.J. (1957). The measurement of productive efficiency. Journal of the Royal 

Statistical Society. 3, pp. 253–290. 

Golany, B. and Roll, Y. (1989). An Application Procedure for DEA. International Journal of 

Management Science, 17 (3), pp. 237-250. 

Kao, C. (2014). Network data envelopment analysis: A review. European Journal of 

Operational Research, 239, pp. 1-16. 

Lábaj, M., Luptáčik, M. and Nežinský, E. (2014). Data Envelopment Analysis for Measuring 

Economic Growth in Terms of Welfare Beyond GDP. Empirica, 41(3), pp. 407-424. 

Jemric, I., and Vujcic, B. (2002). Efficiency of banks in Croatia: A DEA approach. 

Comparative Economic Studies, XLIV (2), pp. 169-193. 

Radovanov B., Dudić B., Gregus M., Marcikić Horvat A., and Karovic V.  (2020). Using a 

Two-Stage DEA Model to Measure Tourism Potentials of EU Countries and Western 

Balkan Countries: An Approach to Sustainable Development. Sustainability. 12. 

4903. DOI:10.3390/su12124903. 

Škare, M. and Rabar, D. (2016). Measuring Economic Growth Using Data Envelopment 

Analysis. Amfiteatru Economic, 18, pp. 386-406. 

Škuflić, L., Rabar, D. and Škrinjarić, B. (2013). Assessment of the efficiency of Croatia 

compared to other European countries using data envelopment analysis with 

application of window analysis. International Journal of Sustainable Economy, 5(1), 

pp. 104-123. 

World Bank Database (2020), available at https://data.worldbank.org/region/european-union 

http://people.brunel.ac.uk/~mastjjb/jeb/or/dea.html

