
Abstract  

The main purpose of this paper is to test the efficiency of tertiary education ex-
penditure in European Union Member States from Central and Eastern Europe, 
in comparative terms, through the application of an efficiency frontier approach 
(Data Envelopment Analysis). The results from the study conducted show that the 
most efficient country with respect to tertiary education expenditure is Romania, 
followed by the Czech Republic, Lithuania and Slovenia. Estonia and Bulgaria are 
classified as the most inefficient countries in terms of tertiary education expendi-
ture, with the largest deviation from the efficiency frontier, even though investment 
in the field is relatively high.
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Introduction

The development of the scope and quality of tertiary education is important for 
 every country, as it is considered to be an investment in human capital, leading to 
many positive effects for both individual recipients of the service and the  economy 
as a whole. On the one hand, tertiary education has a positive effect on labour 
 market placement and the welfare of the individual. On the other hand, according 
to endogenous growth theories (e.g. Romer, 1986), human capital is a factor that has 
a positive effect on long-term economic growth. In view of the above, it is important 
to increase investments in the field from both public and private sources and to 
 improve the efficiency of the expenditure incurred.
 Unlike secondary education, which advocates the principle of equal access and 
equal opportunity to a greater extent, tertiary education is not compulsory, and, in 
most European countries, it is funded from mixed sources. 

Table 1. Differences between secondary and tertiary education in EU member states 
from Central and Eastern Europe (CEE) on average

 Source: Authors’ calculations based on Eurostat data.

1. The value of the indicator is calculated as an average value for CEE countries from the EU except 
for Estonia and Lithuania, due to the lack of data on Eurostat.

2. Except for Slovakia and Lithuania, due to the lack of data for 2018 on Eurostat.
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 The acquisition of a tertiary education degree provides an advantage and implies 
a more successful labour market realization. Table 1 shows that the employment rate 
(age group 25-29) among the population with secondary education in the member 
states of the European Union from Central and Eastern Europe (CEE), in 2018, is 
on average 77.7 percent, while for the population with tertiary education it is 82.9 
percent. The same trend is observed for youth unemployment (6.7 percent for the 
population with secondary education vs. 6.3 percent for the population with tertiary 
education in CEE Member States, in 2018) and income (the average monthly earn-
ings of a person with secondary education in the CEE member states, in 2014, was 
731 euro, while for a person with tertiary education it was 1066 euro). In addition, 
in 2018, in CEE, a significantly smaller proportion of the population with tertiary 
education was at risk of poverty or social exclusion.
 The positive effects on individuals with tertiary education, as well as the external 
effects that tertiary education generates, are an incentive for public policy in this 
field. One goal is for most of the population to acquire a tertiary education degree. 
In this way, more people will benefit from better opportunities to enter the labour 
market, thereby also affecting inequality in society. Increasing tertiary educational 
attainment is precisely one of the goals of the Europe 2020 Strategy to achieve smart 
growth. In 2018, according to Eurostat data, the EU average goal was reached (ter-
tiary education attainment for age group 30-34 was 40.7 percent with a target of 40 
percent by 2020).
 The data in Figure 1 show that the achievement of the national target is also char-
acteristic of the Czech Republic, Estonia, Latvia, Lithuania, Poland and Slovenia. 
The other CEE countries studied are close but have not yet achieved the national 
target set in the Europe 2020 Strategy in this area. The highest value for tertiary 
education attainment (age group 30-34) is characteristic of Lithuania (57.6 percent 
for 2018). Other countries in Central and Eastern Europe (Estonia, Poland, Latvia 
and Slovenia) also present higher values in   tertiary education than the 2018 EU-28 
average.
 Obtaining a tertiary education degree influences labour market integration and 
welfare, but what is more important is the skills acquired during training. Explor-
ing the relationship between education and economic growth, Barro (2013) points 
out that “quality and quantity of schooling both matter for growth but that quality 
is much more important” (Barro, 2013, p. 228). For this reason, the second area in 
which efforts in tertiary education should focus on is achieving quality of service.
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Figure 1. Tertiary educational attainment age group 30-34 (%)

 Source: Authors’ calculations based on Eurostat data.

Increasing the positive effects of tertiary education in both directions can be achieved 
by increasing investment in the field or improving the efficiency of the expenditure 
incurred. Interestingly, against the background of an increase in the proportion of 
the population with tertiary education, in the period 2008 - 2017, public expenditure 
on tertiary education, as a share of total public expenditure, decreased, on average, 
in the EU-28, on average in the CEE Member States, and, also, in all CEE countries 
except Hungary (see Figure 2). Tertiary education, however, can be a quasi-public 
good (training at public universities), with a way of excluding consumers, due to the 
fee charged, or a pure private good (training at private universities). In this regard, 
tertiary education expenditure has a public as well as a private source, even though 
in all CEE Member States public exceeds private expenditure3. 

3. For a more detailed analysis of higher education funding in CEE Member States, see Yotova and 
Stefanova (2017).
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Figure 2. Share of tertiary education public expenditure in total public expenditure (%)

 Source: Authors’ calculations based on Eurostat data.

Increasing expenditure in tertiary education is important but ensuring that the in-
vestment is spent efficiently is even more important. The concept of efficiency is as-
sociated with the theory of the firm, but is also increasingly being applied to public 
policy evaluations. Expenditure efficiency for tertiary education is achieved when 
the resources given produce the maximum possible results or when the results given 
are achieved with minimal resources.
 The purpose of this study is to carry out a comparative analysis of the expendi-
ture efficiency of tertiary education in the EU Member States of Central and East-
ern Europe. To achieve this, the approach adopted is one that aims to increase the 
validity of conclusions. It differs from those used in relevant literature in the field of 
combining several methodological decisions: First, it accounts for mixed higher ed-
ucation funding when choosing an input resource indicator (the sum of public and 
private expenditure on tertiary education per student as a percentage of GDP per 
capita). Second, it takes account of the time lag between costs spent on higher edu-
cation and results manifested. Third, it uses three separate models with a common 
indicator for input and different indicators for output, which is a kind of robustness 
test concerning the results. Fourth, it takes account of both the direct quantitative 
effects of expenditure spent on tertiary education and some of the indirect costs 
related to the labour market realization and welfare.
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 The paper is structured as follows: The next section provides a brief summary of 
existing relevant literature in the field. The second part describes the methodology 
adopted. The third part presents the main results of the study conducted, identifying 
the most efficient and comparatively inefficient countries, in terms of expenditure 
on tertiary education. The last part presents the main conclusions drawn from the 
analysis.

Literature Review

Studies on efficiency of educational expenditure of countries, in comparative terms, 
predominantly apply non-parametric methods. The most used method of this type 
is DEA (Data Envelopment Analysis). Existing research studies in the field adopt 
various methodological approaches that determine the scope, nature and validity 
of results and conclusions, as well as the contributions made to relevant literature. 
 Despite the important role of tertiary education in building human capital and 
placement on the labour market, many of the research studies conducted have not 
independently examined this important issue. They consider the efficiency of educa-
tion expenditure as a whole or at different levels (e.g., Afonso and S. Aubyn, 2005; 
Herrera and Pang, 2005; Jafarov and Gunnarsson, 2008; Aristovnik, 2013; Fon-
chamnyo and Sama, 2016; Dutu and Sicari, 2016 ). Fewer studies (e.g., St. Aubyn et 
al., 2009; Toth, 2009; Yotova and Stefanova, 2017; Jelic and Kedzo, 2018; Stefanova, 
2019) trace the specifics of tertiary education, in particular.
 Another major feature of much of the research in this field is the use of public 
tertiary education expenditure as an input resource indicator (e.g., Jafarov and Gun-
narsson, 2008; Herrera and Pang, 2005, Fonchamnyo and Sama, 2016; Dutu and 
Sicari, 2016; Ahec Sonje et al., 2018; St. Aubyn et al., 2009), without taking into 
account the fact that both public and private funding is available in the sphere in 
most European countries, including Central and Eastern European countries. Fewer 
studies (e.g., Toth, 2009; Yotova and Stefanova, 2017; Stefanova, 2019), including 
this one, consider the mixed nature of higher education funding and use the sum of 
public and private expenditure as an input resource indicator.
 The diversity of methodological approaches in the specialized literature exam-
ining the efficiency of higher education expenditure in comparative terms is also 
largely determined by the choice of output indicators. Existing approaches include 
indicators for the direct effects of education, such as, for example, labour force with 
tertiary education (% of total), school enrolment, tertiary educational attainment, 
ratio of people with diploma to total population (e.g.,  Aristovnik, 2013; Yotova and 
Stefanova, 2017; Toth, 2009) and indicators reflecting the quality of education re-
ceived but having an indirect effect, such as unemployment in the tertiary education 
population (e.g.,  Aristovnik, 2013; Ahec Sonje et al., 2018; Jelic and Kedzo, 2018; 
Stefanova, 2019), the employment rate of tertiary education population (e.g., Toth, 
2009; Yotova and Stefanova, 2017; Stefanova, 2019), etc.
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 In addition to the use of output indicators, the range of countries included in 
the study is the other major parameter that has a significant impact on the results 
obtained for the efficiency of using DEA. This is because the method evaluates 
comparative efficiency and the inclusion or exclusion of a country affects the effi-
ciency frontier calculated and the classification of individual countries as efficient 
or inefficient. There are also different approaches in this area. Some studies (Her-
rera and Pang, 2005; Afonso and S. Aubyn, 2005; St. Aubyn et al., 2009; Toth, 2009; 
Aristovnik 2013; Dutu and Sicari, 2016; Jelic and Kedzo, 2018) examine a broader 
range of countries that are, however, not homogeneous in terms of economic de-
velopment, historical features, etc. Others (Jafarov and Gunnarsson, 2008; Yotova 
and Stefanova, 2017; Ahec Sonje et al., 2018), as well as the current study, focus on 
a smaller and relatively homogeneous group, such as the EU member states from 
Central and Eastern Europe. 
 Due to different methodological approaches, and, especially, due to different 
country choices, the conclusions from the studies are not identical, making it dif-
ficult to define a common conclusion about the countries that show the highest 
efficiency of tertiary education expenditure. However, some common features of 
the results of studies on the countries of Central and Eastern Europe can be in-
dicated. For example, Aristovnik (2013) and AhecSonje et al. (2018) classify the 
Czech Republic, Latvia and Lithuania as efficient countries. These countries are also 
efficient in at least one of the models implemented by Yotova and Stefanova (2017). 
Lithuania and the Czech Republic are among the most efficient countries in the EU, 
according to Jelic and Kedzo (2018). As to Romania’s place in terms of efficiency of 
expenditure on tertiary education, there are also some similarities in the results of 
the studies, with the country being in second place according to Ahec Sonje et al. 
(2018), Aristovnik (2013) and Yotova and Stefanova (2017). Slovakia, on the other 
hand, is classified as an efficient country by Jelic and Kedzo (2018) and Toth (2009), 
and Bulgaria is among the most inefficient countries, according to Jafarov and Gun-
narsson, Yotova and Stefanova (2017) and Jelic and Kedzo (2018).

Methodology

The evaluation of the efficiency of tertiary education expenditure in this study is 
done through the application of an efficiency frontier approach. In particular, the 
method applied is DEA (Data Envelopment Analysis)4. The method has been in-
creasingly applied in research on public sector efficiency, and especially for com-
parative analysis of the efficiency of education and health expenditure. It can also be 
used in more extensive analyses (e.g., Alfonso et al., 2006).

4. For a more detailed analysis of DEA (Data EnvelopmentAnalysis), see Cooper et al. (2011).
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 The widespread application of the method is a consequence of its advantages as 
a non-parametric method, in which the form of the efficiency frontier or the func-
tional relationship between inputs and outputs need not be defined in advance, but 
determined on the basis of specific empirical data on inputs and outputs, through 
mathematical programming. It is precisely for this reason that the method is par-
ticularly suitable for use in the field of tertiary education expenditure efficiency, 
since it is difficult to determine in advance a specific relationship between input re-
source and output result, because the effects of higher education are predominantly 
indirect. Furthermore, according to Mihaiu (2010), the DEA recognises a complex 
nonlinear relationship between results and inputs, while parametric methods typi-
cally limit this relationship, based on a linear relationship or simple forms of a non-
linear one.
 The DEA uses linear programming and other forms of mathematical program-
ming methods in order to calculate the efficiency frontier and to derive efficiency 
coefficients. The DEA classifies countries as efficient (with efficiency coefficient one 
and situated on the efficiency frontier) and inefficient (with efficiency coefficient 
under one and situated below the efficiency frontier).
 Applying DEA assesses the efficiency of certain units in a comparative way. This 
means that the method does not provide a theoretical criterion for efficiency, but, 
rather, indicates which countries are more efficient than others included in the study. 
For this reason, the choice of countries is essential. In this regard, the current study 
covers a relatively homogeneous group of countries with similar characteristics, in 
terms of historical features and economic development, that are relevant to the area 
under study.
 DEA can be used to analyse the efficiency of input resources or output results. If 
there is inefficiency, with respect to input resources in one country, this means that 
such input resources must be reduced until the efficiency frontier is reached. In the 
case of inefficiency with respect to the output result, it must be increased in order 
to achieve efficiency. In this study, DEA is used to analyse the efficiency of input 
resources, since these are easier to model and can be directly affected. The influ-
ence on output results is more complicated since it cannot be directly addressed and 
influenced. For this reason, the input-resource DEA model provides a better oppor-
tunity to make recommendations to policy makers. The model is applied at variable 
returns of scale, as this takes account of the different scales of the individual units 
and allows different input-output ratios to be defined as efficient. In other words, 
the choice of the variable returns of scale removes the scale effect if some units are 
not functioning at optimal scale. When studying efficiency in a comparative aspect, 
under  constant returns of scale, only one correlation between input resources – out-
put result is assumed as efficient, and all other units have to be compared against it 
without taking into account the scale at which individual units, subject to classifica-
tion, act.
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 This study employs three models that use one input resource indicator and dif-
ferent output indicators drawing data from the Eurostat database. This approach 
aims at increasing the validity of results, while also serving as a robustness test of 
results.
 The input indicator selected is Total expenditure on tertiary education per stu-
dent, as a percentage of GDP per capita. Despite the preponderance of studies on 
the efficiency of public expenditure on tertiary education in relevant literature, the 
methodological approach here is different. Because of the mixed funding system, it 
is impossible to clearly distinguish what part of the results is due to public and what 
to private sources. In this regard it is more appropriate to use the total tertiary edu-
cation expenditure, which, in this study, is calculated as the sum of public expendi-
ture and private household expenditure and presented in relative terms. 
 A critical question of the methodology of this study is how the outputs of tertiary 
education expenditure incurred should be defined and measured. The first area in 
which results can be explored reflects the quality of the education received, which, in 
turn, affects labour market realisation and the welfare of the population with tertiary 
education. The indicators employment rate of population with tertiary education 
and population with tertiary education not at risk of poverty and social exclusion 
were selected to reflect the qualitative aspect in this study5. Although the indirect ef-
fects of higher education are more important, they can clearly be also influenced by 
other factors not necessarily related to educational attainment, such as IQ, personal 
qualities, talents, etc. For this reason, in order to carry out the robustness test of re-
sults, as already indicated, an additional third model has been applied. It reflects the 
direct quantitative effects of the degree obtained using tertiary education attainment 
as an output indicator.
 In particular, the following indicators are used as outputs for the three models. 
The first model uses Tertiary education attainment (age group 25-34 years). The 
second model applies Employment rate of population with tertiary education (age 
group 25-29 years), and the third model uses Population with tertiary education not 
at risk of poverty and social exclusion (age group 25-49 years). The choice of output 
indicators is predetermined by the existence of a strong direct theoretical relation-
ship between the input resource and the output that is required for the application 
of DEA, since the purpose of the method is not to calculate the coefficient of signifi-
cance of the relationship and verify that it exists, but to determine, through com-
parative analysis, which countries achieve the greatest resource efficiency (achieving 
the highest result with a given resource or achieving a given result using the least 
amount of resources). 

5. The indicator population with tertiary education not oatrisk of poverty and social exclusion is 
obtained by subtracting the percentage of the population with higher education at risk of poverty 
and social exclusion from 100%.
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 DEA works with data for a given year or averaged data for a specific period. The 
study uses averaged data over two years, the purpose being to prevent any extreme 
values to affect results. Due to the time lag between the time when the expenditure 
is incurred and the effects it has (about four years, given the average duration of a 
Bachelor’s degree course), input and output data are taken over different periods. 
Input resource data for the year 2013-2014 on average is used. Averaged data for the 
2017-2018 period6 is used for output results since these are the latest data available 
for the indicators.
 The three indicators are defined for a specific age group. The lowest limit is de-
termined by the age at which it is generally considered that genuine integration into 
the labour market has begun, and at least a Bachelor’s degree has been attained. The 
highest limit is the lowest possible, according to available Eurostat data. Data on ter-
tiary education population indicators are at levels 5 to 8 according to ISCED 2011. 
All methodological decisions described aim at increasing the reliability of study 
 results.

Results

The results of applying Data Envelopment Analysis to the group of ten EU Member 
States6 from Central and Eastern Europe show that the only country classified as 
 efficient in all three models applied is Romania. The Czech Republic has an efficien-
cy coefficient equal to one, according to the first and third models, and according 
to the second model, it is the closest to the efficiency frontier among the countries 
studied. Lithuania is defined as efficient, according to the first and second models, 
but according to the third model, it is ranked eighth in terms of efficiency coeffi-
cient. In this regard, the Czech Republic and Lithuania can be described as relatively 
efficient, according to this study. Slovenia shows an efficiency coefficient equal to 
one, according to the first model, while according to the second and third ones, it is 
ranked fourth and third, respectively. All other countries are classified as inefficient 
with different deviations from the efficiency frontier according to the three models 
since their efficiency coefficients are under one (see Table 2).
 It is important to note that, according to the three models, the ranking of coun-
tries (except Lithuania) is relatively similar, which increases the validity of the con-
clusions, since the application of the three models also serves as a robustness test. 
In addition to the similar results of the three models, the validity of the findings of 
this study is also supported by the validation of their more important part, not only 

6. For the indicator Population with higher education not at risk of poverty and social exclusion for 
Lithuania and Slovakia, only data for 2017 are used, as data for 2018 were missing on Eurostat at 
the time of the study.
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by other authors applying similar methodologies, but also in studies using different 
output indicators, different time intervals and a much more diverse and comprehen-
sive choice of countries studied. For example, Lithuania and the Czech Republic are 
classified as efficient countries by Aristovnik (2013), Yotova and Stefanova (2017), 
Jelic and Kedzo (2018) and Ahec Sonje et al. (2018). Romania is classified as efficient 
by Stefanova (2019) and it is in second place in studies by Ahec Sonje et al. (2018), 
Aristovnik (2013) and Yotova and Stefanova (2017).

Table 2. Efficiency Coefficients

 Source: Authors’ calculations through applying DEA on Eurostat data.

The most inefficient country, according to the efficiency coefficients obtained from 
the three models, is Estonia. It should be noted that the highest percentage of ex-
penditure per student, as a percentage of GDP per capita (see Figure 3), is observed 
in Estonia, but the results from costs incurred in the areas studied are not satisfac-
tory. At the same time, in Romania and the Czech Republic there is a relatively 
low value for the input resource indicator. From these observations, a relationship 
between the expenditure on tertiary education and the efficiency coefficient can be 
assumed. However, there are also exceptions, since one of the most efficient coun-
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tries (Lithuania) ranks second according to the input indicator used. It cannot, 
therefore, be determined unequivocally that there is an inverse relationship between 
the magnitude of tertiary education expenditure and the efficiency coefficient. Both 
countries that spend less and invest more in the field can be efficient. The process of 
providing the service is more important.

Figure 3. Total expenditure on tertiary education per student, as a percentage of 
GDP per capita 2013-2014 (%)

 Source: Authors’ calculations based on Eurostat data.

Results show that Bulgaria is one of the most inefficient in all three models (in the 
first and second models, it is in the penultimate place before Estonia, and in the 
third less efficient than Estonia and Lithuania), while, at the same time, it is second 
in terms of the input indicator used. This indicates that, comparatively, the country 
presenting a high value of total expenditure on tertiary education per student, as 
a percentage of GDP per capita, which, however, is not spent in the most efficient 
way.  It should be noted that the poor performance of Bulgaria in terms of efficiency 
of tertiary education expenditure, is confirmed, by other studies (Jafarov and Gun-
narsson, 2008; Yotova and Stefanova, 2017; Jelic and Kedzo, 2018; Stefanova, 2019).
The first model has the greatest number of efficient countries (four). For this reason, 
the average efficiency coefficient is also the highest (0.9235) as compared to the oth-
er two models. This indicates that more countries are achieving performance that 
reflects the quantitative results of the expenditure incurred. The average coefficient 
obtained shows that, for the same amount of expenditure, one CEE country on aver-
age provides 7.65 percent less output than if it had been efficient.
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 According to the second and third models, reflecting the quality of tertiary edu-
cation, two countries are classified as efficient, with an average efficiency coefficient 
of 0.8790 and 0.8545, respectively. The efficiency coefficient of the second (third) 
model (s) means that for the same amount of input, a country provides 12.1 percent 
(14.55 percent) less output than if it had been efficient.

Conclusion

The study conducted shows that, despite the use of different output indicators in 
the three models, the ranking of the counties (except Lithuania) is relatively close. 
 Romania is classified as efficient in all three models applied. Lithuania and the Czech 
Republic have an efficiency coefficient equal to one, according to two of the models, 
while Slovenia has an efficiency coefficient equal to one according to the first model. 
According to the three models, the most inefficient country is Estonia, followed by 
Bulgaria. The study results are also consistent with the results of other researchers 
in this field.
 All EU Member States from CEE included in the study show the highest effi-
ciency coefficients in the first model. At the same time, the average efficiency coef-
ficient, according to this model, is the highest and the number of efficient countries 
is the greatest. This indicates that the quantitative aspects of the results of the tertiary 
education expenditure incurred are higher than those related to the quality of the 
service provided and the labour market realisation and welfare. The existence of a 
supranational objective, in terms of the quantitative aspects of the results of invest-
ment in tertiary education, is one of the reasons for the results observed. However, 
given the ultimate goal of investing in human capital, it is necessary to strengthen 
the pursuit of quality in tertiary education in the Member States of Central and East-
ern Europe. Increasing the positive results in these areas will favour the countries’ 
economic development in the long run.
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