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1. Introduction

1.1. Efficiency considerations in the financing of
higher education

The viewpoints applied by the different education
researchers and analysts for the assessment of the financing
systems differ or can differ slightly, their common feature is
that they all contain efficiency and equity criteria. Market
regulation, quality development and other issues to be
studied can be interpreted as parts of the former viewpoints
or separately from them.

Most of the analysts differentiate external and external
efficiency in the field of education. Kováts (2006) defines three
different types of efficiency: allocative, production and dynamic
efficiency. Allocative or economic efficiency is the best possible
utilization or distribution of the available limited resources for
maximizing usefulness (consumer welfare). Production or cost
efficiency defines the requirement that the ratio of the production
factors should be optimal so that a maximum output could be
achieved with the given inputs. Dynamic efficiency refers to the
prospective efficiency and determines innovation, the renewal
and adaptation ability of the organizations (GVH, 2007). In the
present paper, I study the production efficiency of the European
higher education systems and relate it to certain elements of the
financing mechanism and socio-economic factors.

1.2. Justification of the role of state and private
sector in higher education

Observing the higher education institutions as a whole,
the ratio of public funds used exceeds 70%, in extreme cases
– mainly in Scandinavia – it can reach even 97–98%. It is a
fair question why the state finances universities and colleges

to such a high extent that is why the state should have a role
in higher education. Numerous Hungarian and foreign
studies have studied this problem the bases of which were the
views of M. Friedman and A. O. Hirschman.

Until the end of the 1980s (the middle of the 1990s) –
when higher education was free almost everywhere – the
analyses emphasised that higher education have a certain
public usefulness for society: the average educational and
cultural levels and the amount and quality of human
resources are improved resulting in higher living standards.
These effects of higher education are called environmental
effects or externalities in technical terms. Among others, this
is what justifies the necessity of state support and the use of
public funds (Friedman, 1996).

In addition, there are rational reasons for the state
contribution of higher education: one is the imperfection of
the capital market. Friedman (1996) explains that the banks
and financial institutes do not give enough loans for investing
into ”people”, because it is less safe compared to investment
into physical capital. Fixed loans have high risks also for the
state. Last but not least, the imperfection of information
should also be mentioned as an argument for state support.

The above thoughts of Friedman (1996) can be
considered as a part of the human capital theory which might
be the most important approach to the economic role of
human resources; this theory is of major importance for the
subject of the present study. It has been defined by T. W.
Schultz. Schultz (1983) claims that although it is against our
basic values and beliefs to consider human beings as capital
goods, this kind of thinking can answer numerous economic
questions and problems. Investment into human capital is
important because the acquired knowledge is a decisive
factor in economic progress and also because it is a good
investment for the individual. One or the major beneficiaries
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of higher education are the individuals, therefore, they have
to make a direct contribution to the costs of their own
education.

2. Materials and methods

While allocative efficiency can be interpreted at the level
of society, production efficiency refers to the operation of a
company or organization. Organizations – including higher
education institutions – can increase their production
efficiency either by increasing their output at a constant input
or by obtaining the same output with reduced inputs. For
determining production efficiency it is usually applied the
well-known formula: Efficiency = output / input.

In my study, I apply one input and two output variables
for comparing the European higher education systems. The
OECD publication, Education at a Glance containing
detailed and comprehensive statistics was used as a data
source. The input variable is the ratio of expenditure spent on
higher education institutes to GDP, the output variables are
the ratio of people with a diploma to the total population and
their employment rate. For the first output variable, the
OECD provides the data according to age groups (the
differentiate 4 age groups). As my study focuses on the short
term effects of education, the age group of 25 and 34 years

was selected, the data represent the ratio of those with a
diploma within the population aged between 25 and 34 years.
The variables of DEA model are demonstrated in table 1, the
values refer to the year 2006.

If I used the above formula for calculating efficiency
scores, I could compare the value of the input variable to only
one of the output variables. However, the countries do not
only aim for highly qualified professionals, but they also
want that these people could find employment. Therefore,
such an efficiency index is needed which can handle if there
are multiple input and output variables at an organization.
For solving this problem, two major trends were formed:
stochastic (based on probability) analysis and the so-called
Data Envelopment Analysis (DEA) requiring mathematical
programming. For calculating the efficiency index, I used the
DEA method which I would like to describe briefly.

The DEA method was worked out by Farrel, Debreu and
Koopmann, then it was further developed by Charnes, Cooper
and Rhodes at the end of the 1970s. Its basic objective was to
determine which units of the organizations (DMUs: decision
making units) having several input and output variables operate
less efficiently. Since if only one input variable and one output
variable are taken into consideration, then only partial
efficiency indices can be calculated which can be misleading.
Later, a demand arose that the method should provide
information how the input units could be changed in order to

improve performance. (Cooper et al., 2007)
DEA – similarly to production efficiency – can
be interpreted with both input-oriented or
output-oriented approaches. The output-
oriented approach focuses on how high
maximal output can be achieved with the same
amount of resources. Tibenszkyné (2007) states
that the output-oriented approach is the
appropriate one for higher education because
the principle of cost minimization is not applied
according to the market conditions. It should
also be taken into consideration that the
integration of resources is not always the same
in the education process. If they would be
utilized at the same level, then we should
calculate with constant Return to Scale (CRS),
accordingly, variable return to scale (VRS) is
preferable. The output-orientedVRS indices of
DEA can be obtained by solving the following
linear programming equations:
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Table 1: Variables of the output-oriented DEA model

Countries

VARIABLES OF THE NON-DISCRETIONARY
STANDARD DEA MODEL INPUTS

Ratio of Ratio of Employ-
expenditure people with ment GDP per Parental Public-
spent on diploma to rate of capita in educational to-total
higher total people with current attainment expenditure

education to population diploma US$ (PEA) ratio
GDP (Input) (Output1) (Output2) (GDPP) (PTT)

Austria 1,3 19 85,9 38669 77 92,9

Belgium 1,2 42 83,6 37779 60 90,6

Czech Republic 1,0 15 85,1 14037 89 81,2

Denmark 1,7 41 87,4 50712 78 96,7

Finland 1,7 38 85,0 40040 80 96,1

France 1,3 41 83,0 36656 61 83,6

Germany 1,1 22 84,3 35054 83 85,3

Greece 1,5 27 83,3 27731 53 96,7

Hungary 1,1 21 81,8 11227 77 78,5

Iceland 1,2 32 92,0 54582 64 91,2

Italy 0,9 17 80,6 31490 47 69,6

Netherlands 1,3 36 86,4 40436 70 77,6

Poland 1,6 28 83,5 8881 49 74

Portugal 1,4 20 86,4 18407 20 68,1

Slovak Republic 0,9 17 84,9 10217 86 77,3

Spain 1,1 39 83,4 27905 43 77,9

Sweden 1,6 39 87,3 42278 82 88,2

Turkey 1,0 13 75,5 5448 22 91,5

United Kingdom 1,3 37 88,1 39281 67 66,9

Source: OECD (2008), WRI (2006)
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In this system of equations s means the number of inputs,
m the number of outputs. yrk is the sum of the r outputs of the
k. production unit, xik is the sum of its i inputs. Sr and si
stands for the weights of the outputs and inputs. The k. unit is
considered efficient, if its efficiency score, Ök is equal to 1.

The standard DEA model incorporate only discretionary
inputs, those whose quantities can be changed at the DMU
will, and don’t take into account the presence of
environmental factors – as non-discretionary inputs. These
socio-economic differences can play an important role in
determining heterogeneity accross DMUs. The most relevant
variables can influence educational outcomes are household
wealth, parental education and state support of higher
education. Household wealth is measures by GDP per capita
refers to 2006. Parental educational attainment means the
percentage of population aged 45–54 that has attained at least
upper secondary education in 2006. State support is given by
the percentage of state contribution to the expenditures of
higher education institutions in 2005. (The values of the
variables are presented in table 1.) In my paper I’d like to
measure the effect of these factors to the efficiency of
European higher education systems using a two-staged
model.

If zk is a non-discretionary input, the following regression
is estimated:

The efficiency scores are resulted by solving the equations
above in the first stage. Â is the parameter of the non-
discretionary input to be estimated in step two. SinceΦk is not
a measured, but a calculated bounded variable (Φk ≤ 1), I’ll
use the censored Tobit-regression. (ATS, 2008) This regres-
sion model shows which non-discretionary variable has
significant effect on the performance of the higher education
systems. In the case of the significant variables, sensitivity
analysis provides the minimum magnitude of change required
in variable values to reclassify a DMU. The absolute value of
this sensitivity score doesn’t give us useful information. More
important is the comparison of the rates of each countries,
because I’d like to answer which country reacts more
sensitively to the changes of the environmental factors.

3. Results and discussion

In table 2 I report results for the standard DEA variable-
returns-to scale efficiency scores and peers of each of the 19
considered countries.

It’s easy to observe from table 2 that most efficient
countries with the standard approach are Belgium, Denmark,
Iceland, Italy, the Slovak Republic and Spain. Hungary is
ranked to the 16. place. If our country wants to become
efficient, it will have to aim at the position of Iceland and the
Slovak Republic – as peers. Greece, Poland and Turkey are
located on the opposite end of the rank. Turkey is the only
state with efficiency score under 0,9, since the ratio of the
population that has attained tertiary education is only 13%,

and the employment rate of people with a diploma is almost
10% less, than the European average.

In order to analyse the effects of the environmental
factors I create three models. The first model contains all the
explanatory variables. Table 3 provides information on the
parameter estimates and values of significance and R2.

The education level of the parents doesn’t prove to be
statistically significant, probably because European
countries try to actively monitor and sustain the high equity
of schooling. According to an OECD-study prepared in 2007
equity “implies ensuring that personal and social
circumstances – for example gender, socio-economic status
or ethnic origin – should not be an obstacle to achieving
educational potential.” (OECD, 2007) That’s why in model 2
there are only two variable: GDP per capita and public-to-
total expenditure ratio. If we accept the significance level of
0,05, the estimated coefficients of both non-discretionary

Using DEA to evaluate efficiency of higher education

Table 2: Results for higher education efficiency

Countries
OUTPUT-ORIENTED DEA

VRS Rank Peers

Austria 0,934 15 Iceland

Belgium 1,000 1 Belgium

Czech Republic 0,975 11 Iceland, Slovak Republic

Denmark 1,000 1 Denmark

Finland 0,964 12 Denmark, Iceland

France 0,983 9 Belgium, Denmark, Iceland

Germany 0,940 13 Iceland, Slovak Republic

Greece 0,905 18 Iceland

Hungary 0,913 16 Iceland, Slovak Republic

Iceland 1,000 1 Iceland

Italy 1,000 1 Italy

Netherlands 0,976 10 Belgium, Denmark, Iceland

Poland 0,908 17 Iceland

Portugal 0,939 14 Iceland

Slovak Republic 1,000 1 Slovak Republic

Spain 1,000 1 Spain

Sweden 0,990 8 Belgium, Denmark, Iceland

Turkey 0,865 19 Iceland, Slovak Republic

United Kingdom 0,998 7 Belgium, Denmark, Iceland

Source: own calculations

Table 3: Censored normal Tobit results

Model 1 Model 2 Model 3

Constant
1.047293 1.060891 0.907923
(<0.0001) (<0.0001) (<0.0001)

GDPP
0.229e-5 0.2536e-5 0.2151e-5

(0.0008) (0.0003) (0.0048)

PEA
0.000506
(0.2628)

PTT
-0.002139 -0.001993
(0.0257) (0.0500)

R2 0,611 0,532 0,337

Source: own calculations
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inputs are statistically significant. While higher GDP per
capita results in more efficiency, public-to-total expenditure
ratio is related negatively to the efficiency measure. For
example, an increase of the state support of higher education
sector reduces to the efficiency score. In other words, the
higher private contribution to the expenditures of universities
and colleges implies that the given country moves closer to
the theoretical production possibility frontier. Since the GDP
per capita has the most significant effect to the efficiency
score, it worth studying what happens by dropping out both
of the other explanatory factors. Despite of the fact that GDP
per capita behaves significant in model 3, model 2 is much
better, because R2 is almost 20% higher – the variance of
GDPP and PTT explains more than the half of the variance of
DEA variable-returns-to-scale efficiency values.

The last operation of my study is analysing the sensitivity
of the performance of higher education systems to the
changes of the significant non-discretionary inputs
separately. By calculating the minimum necessary
magnitude of change in the variable values to the
improvement of the state’s position, I’m able to make a
sensitivity ranking regarding to the explanatory factors.
Figure 1 illustrates the rankings of the European higher
education systems.

In the case of the countries below and to the right of the
diagonal the changes of GDP per capita induce most
substantial shift of the efficiency measures than the changes
of the state support of higher education. On the other hand,
states above and to the left of the diagonal react more
sensitively to the changes of PTT. By comparing the details
of figure 1 to the value of GDPP and PTT it’s possible to
observe that the poorer countries are located above and to the
left of the diagonal, while richer states with lower levels of
state support are found on the opposite side of the figure. The
last important conclusion is that the changes of GDP per

capita are more significant at two thirds of the most efficient
higher education systems, than the shift of PTT.

4. Conclusion

In my study, I aimed to determine the relationship
between the efficiency of European higher educations
systems and the degree of state support as well as the
family’s socio-economic background. I found that the GDP
per capita has the most considerable influence on what
results the countries achieve in higher education relative to
their inputs, and the degree of the state contribution is
negatively correlated to the efficiency measure. I can
conclude that the rise of the private contribution to the
expenses of higher education (for example by introducing
tuition fees) is a more effective tool of the enhancement of
efficiency in the poorer countries than in the richer ones.
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Figure 1: Sensitivity rankings of European higher education systems
Source: own demonstration
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