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Abstract  
The rising uncertainties in the economy and the entwined global financial markets 
can easily cause nonlinear (asymmetric) behaviors among economic actors. 
Accordingly, this study re-considers the stability of the money multiplier from a 
different methodological perspective from that of prior studies, which assumed 
a linear relationship between money supply and monetary base. To this aim, 
the nonlinear ARDL model is applied for the US for the 2000M1-2018M9 period. 
Empirical findings of the nonlinear model indicate that only increases in positive 
monetary base shocks have a proportional relation with money supply. Addition-
ally, the nonlinear ARDL detects proportional relationships between money supply 
and monetary base lower degree than the linear model.

JEL Classification: E510, E520
Keywords: Money Multiplier, Asymmetry, Linear and Nonlinear ARDL



102 I. GOCER, S. ONGAN, South-Eastern Europe Journal of Economics 1 (2020) 101-113

Introduction

Controllable money supply may help central banks achieve their monetary policy 
objectives effectively and as desired. On the other hand, controllable money supply 
may also require a stable money multiplier and a controllable monetary base. The 
long-run proportional relationship between money supply and monetary base im-
plies and requires a stable money multiplier. There are two main approaches to the 
determination of money supply: the Money Multiplier Approach and the Portfolio 
Approach. The two approaches differ in their assumption of whether the money 
multiplier is stable or not, and the monetary base is controllable. However, there is 
no academic consensus on the matter. According to the Money Multiplier Approach 
(Friedman and Schwartz, 1963; Brunner and Meltzer, 1964), variations (changes) 
in the money multiplier, caused by the amount of currency in circulation, time-
demand deposits and bank reserves, may dominate money supply in the short-run 
and become stable and predictable in the long-run (Brunner, 1961). According to 
the Portfolio Approach, the components of the money multiplier are determined by 
the portfolio choices of economic agents via cash demand, time deposits and excess 
reserves. These portfolio choices are sensitive to changes in relative return rates, risk 
levels, financial innovations, and the structure of financial markets. Thus, there is lit-
tle reason to assume the validity of a stable money multiplier, since all these market 
forces may cause a money multiplier to be unstable (Goodhart, 1989).
	 There are some empirical studies supporting the Money Multiplier Approach. 
For instance, Darbha (2002) applied the residual-based cointegration test by 
Gregory-Hansen (1996) for India and found a stable, but time-varying, long-run 
relation between money supply and monetary base. Rusuhuzwa (2015) used the 
Engle-Granger (1987) cointegration test and the Gregory-Hansen (1996) method 
for Rwanda and found a stable money multiplier. Tule and Ajilore (2016) applied the 
cointegration test for Nigeria and found a stable money multiplier. Lastly, Bhatti and 
Khawaja (2018) applied the cointegration tests of Engle–Granger (1987), Phillips–
Ouliaris (1990) and Johansen and Juselius (1990) for Kazakhstan and found that the 
money multiplier was stable for the country. 
	 However, the growing body of empirical studies is in favor of the latter approach, 
supporting an unstable money multiplier and uncontrollable monetary base. For 
instance, Nachnae (1992) for India, Ford and Morris (1996) for the UK, Baghestani 
and Mott (1997) for the US, and Sen and Vaidya (1997) for India applied the coin-
tegration test and found that the money multiplier was not stable and the mon-
etary base was uncontrollable for their respective countries. Furthermore, Uchendu 
(1995) applied the moving average regression technique for Nigeria and found an 
unstable money multiplier. Sahinbeyoglu (1995) used the unit root test for Turkey 
and found that the money multiplier was unstable. Moosa and Bhatti (1997) applied 
a battery of econometric tests for Kuwait and found an unstable money multiplier. 
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Howells and Hussein (1998) applied the causality tests based on cointegration and 
the Error Correction representation and found an unstable money multiplier for 
all G7 countries. Khan and Khan (2007) applied the cointegration test for Paki-
stan and found that the money multiplier was not stable. White (2006) applied the 
residual based cointegration test for Jamaica and found an unstable money multi-
plier. Downes et al. (2006) applied the descriptive statistics and unit root tests ap-
proach for six African countries and found that the money multiplier was not stable. 
Panagopoulos and Spiliotis (2008) used the Error Correction Vector Autoregres-
sive (VAR) causality for the G7 countries and found an unstable money multiplier 
for most of the countries except France and Japan. Badarudin et al. (2013) used 
the Trivariate VAR and Granger causality for the G7 countries and found that the 
money multiplier was unstable for all countries except the UK and the US for two 
short time periods. Similarly, Odior (2013) applied the Generalized Method of Mo-
ments (GMM) model for Nigeria and found that the money multiplier was unstable. 
The reasons for this inconsistency among monetary economists and their empiri-
cal studies may lie in the different time horizons, economic sizes, and structures of 
financial markets of sample countries, as well as the different methodologies ap-
plied. However, it is also important to note that all these studies assume an expected 
long-run proportional relationship (change) on the money supply is determined by 
a linearly distributed monetary base series. Yet, this distribution may potentially 
be nonlinear (asymmetric) because rising uncertainties in the economy can eas-
ily cause nonlinear behaviors among economic actors. This means that increases 
and decreases in the monetary base may have different impacts on money supply. 
While increases (positive variations) in monetary base may have proportional im-
pacts on money supply, decreases (negative variations) may not. Additionally, even 
if increases and decreases have the same effect, they may have different scale impacts 
on money supply. Accordingly, the stability of the money multiplier can also be de-
termined via these increases and decreases, separately, in a nonlinear context. The 
nonlinear autoregressive distributed lag (ARDL) model by Shin et al., (2014) allows 
for this decomposition in the monetary base series. 
	 Therefore, this study, differently from previous studies, aims to re-consider and 
test the stability of the money multiplier from this new methodological perspective 
for the US. Meanwhile, before starting methodological analyses, it would be better 
to look at the fluctuations in M1 and M2 for the US, which may correspond to some 
economic-financial crises and, thereby, change the stability of the money multiplier.    
	 Graph 1 shows that money aggregates M1 and M2 continuously fluctuate. How-
ever, sharp fluctuations correspond to some structural break dates, such as the 2001 
recession, the 2008 financial crisis and FED’s 2012 quantitative easing (QE) policy. 
All may cause potential nonlinear behaviour of US money multipliers.
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	 Source: Graph 1 was created from the data of the Federal Reserve Bank of St. Louis (FED)  

The rest of this study is structured as follows: Section 2 explains the empirical meth-
odology and data set, Section 3 provides empirical results, and Section 4 concludes 
the study.

2. Empirical Methodology and Data Set

The money multiplier model (money multiplier relationship) by Brunner (1961) and 
Brunner and Meltzer (1964) is the most frequently used model in empirical studies 
and it is usually written in the following proportional form: 

According to this model, money supply can be determined in two ways. First, a 
change in monetary base (H) proportionately changes money supply (Ms), if the 
money multiplier (k) is stable. This means that the money supply is exogenously 
determined by the central bank, in this case the U.S. Federal Reserve (FED). Second, 
both k and H change the money supply (Ms), if k is not stable, and it is a function 
of several endogenous factors, mentioned above in parenthesis. This means that the 
money supply process is endogenous. Eqn. 1 can be written in the following loga-
rithmic form:

(1)

(2)
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Under the assumption of a stable k (denotes ), Eqn. 3 is obtained in 
the following regression form:

where et is the error term and β0 is the logarithm of k. For a controllable or 
exogenous money supply process, k must be stable (stationary) and and Ht 
must be stationary or cointegrated, if the series are not stationary at the same or-
der of integration (Thenuwara and Morgan, 2017; Bhatti and Khawaja, 2018). This 
means that β0 must be zero, implying a logarithmic k, and  β1 must be 1, implying 
a proportional relationship between and Ht. We test this relationship for both 
M1 and M2, separately. The monthly data of money supply and monetary base were 
provided from the database of the Federal Reserve Bank of St. Louis (FRED). The 
sample period of this study was between 2000M1-2018M9, because the sharp fluc-
tuations in M1 and M2, caused by different economic crises and the FED’s monetary 
policy changes, were mostly seen after 2000. Therefore, this monthly period (223 
observations) may give us more and clearer information about the stability of the US 
money multiplier through monetary aggregates. 
	 In order to estimate both short-run and long-run impacts of changes in Ht on the 

we apply bounds testing to cointegration and the error correction model (ECM) 
within the ARDL model developed by Pesaran et al. (2001). The ECM indicates the 
speed of adjustment toward the long-run equilibrium from the short-run. Thus, we 
obtain the following ECM in the linear form of the ARDL model in Eqn.4: 

In Eq.4, Δ is the difference operator. Short-run and long-run impacts of changes in 
Ht on are determined by the scale and significances of β2j and β4 respectively. 
For the validity of potential nonlinear relationships, we follow Shin et al., (2014) and 
decompose Ht  as (increases) and (decreases). This decomposition of and 

is constructed with the concept of the partial sum process in the following form:

Hence, we obtain the following form of the nonlinear ARDL model in Eq.7.

(3)

(4)

(5)

(6)
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The impacts of long-run increases and decreases in Ht on are determined by the 
signs and significances of normalized long run coefficients, such as β5/β4 and β6/β4.
Thus, with decomposed variables, we will be able to understand how responds 
to the and separately, in terms of stability of the money multiplier. Conse-
quently, this model will also reveal whether changes in and  have symmetric 
or asymmetric effects on . If the coefficient values of and  are of different 
scale or one of them is significant and the other one is not, this will imply asym-
metric impacts. However, for a formal decision of asymmetry, we apply the Wald 
test for both the short-run (WSR) and the long-run (WLR).  and 
normalized long run coefficients, such as ( β5/β4)  ( β6/β4) will confirm short-
run and long-run asymmetries, respectively.

3. Empirical Results

Before running the ARDL models, we must make sure that the series are stationary. 
To this aim, we apply Augmented Dickey Fuller (1981) (ADF) and Phillips-Perron 
(1988) (PP) Unit Root Tests. The results of these two tests are reported in Table 1.  

Table 1. ADF and PP Unit Root Test Results

	 Note: ***, ** and * denote statistical significances at 1%, 5% and 10% level respectively.  Optimal 
lags were automatically selected by using the Modified Akaike Information Criterion. For the levels 
and first differences, trend-intercept and intercept models were used, respectively.

(7)
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The results of the unit root tests indicate that all series are I(1). Hence, and Ht 
must be cointegrated for a long-run stable money multiplier. To test the cointegra-
tion relationship between these two variables, we applied bounds testing. Results of 
the bounds testing for the linear and nonlinear models are reported in Table 2. 

Table 2. Test Results of Bounds Testing

                 

	 Note: k is number of regressors. ***; denotes cointegration at 1% significance level.

The critical bounds have been tabulated by Pesaran et al. (2001). The test results 
of the bounds testing indicate that the series are cointegrated at the 1% level for 
both linear and nonlinear models, since the F-statistics of M1 and M2 exceed the 
critical values. The results of the linear ARDL model for the short-run and the long-
run, as well as diagnostic tests are reported in Table 3.
	 The long-run estimates of the linear model in Table 3 indicate that changes in the 
monetary base (Ht) have a cointegrated proportional relationship with money sup-
ply (for both M1 and M2, since their coefficients are significantly positive. However, 
the coefficient values of  for both M1 and M2 are less than 1 (one-to-one relation), 
implying that the money multiplier is unstable for both of them. On the other hand, 
M1 responds to changes in the monetary base (Ht) more than M2 (0.70 and 0.39). 
Short-run estimates indicate that there is no considerable proportional relationship 
between  and  in the short-run. Furthermore, the Error Correction Term (ECT) 
mechanisms for M1 and M2 work, since their coefficients are significantly nega-
tive. This means that short-run variations converge (adjust) with long-run values. 
The speed of M1 adjustment is higher than that of M2. The results of the nonlinear 
ARDL model, both in the short-run and the long-run, as well as the diagnostic tests, 
are reported in Table 4. 
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Table 3. Linear ARDL Model Estimation Results

	 Note: ***, ** and * denote statistical significances at 1%, 5% and 10% levels, respectively. CU-
SUM and CUSUM of Squares test graphs are reported in Appendix 1. High R2 and values show 
that explanatory powers of the models are high. DW, and statistics indicate that there is 
no autocorrelation or heteroscedasticity problems in the models. statistics indicates there is no 
model misspecification error. Models are stable, since CUSUM and CUSUMQ graphs in Appendix 
1 are within confidence intervals.
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Table 4. Nonlinear ARDL Model Estimation Results

	 Note: ***, ** and * denote statistical significances at 1%, 5% and 10% levels respectively. WLR 
and WSR are long and short-run Wald tests. Normalized long-run coefficients are obtained with 

 Engle and Granger cointegration test statistics. Criti-
cal t-table values are 2.57, 1.96 and 1.64 at 1%, 5% and 10%. CUSUM and CUSUM of Squares test 
graphs are reported in Appendix 2. High R2 and values show that the explanatory powers of the 
models are high. DW,  and statistics indicates that there is no autocorrelation or hetero-
scedasticity problem in the models. statistics indicates the there is no model misspecification 
error. Models are stable, since CUSUM and CUSUMQ graphs in Appendix 2 are within confidence 
intervals. The long-run (WLR) and short-run (WSR) Wald tests confirm asymmetry both in the long-
run and the short-run. EGMAX statistics confirm cointegration relationships between variables.
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	 The normalized long-run estimates of the nonlinear model in Table 4 indicate 
that only increases in the monetary base ( ) have cointegrated proportional re-
lationships with money supply ( ) for both M1 and M2, since their coefficients 
are significantly positive. This means that the FED’s only expansionary monetary 
policy, which increases the monetary base ( ), leads to an increase in money sup-
ply (both in M1 and M2). However, the coefficient values of ( ) for M1 and M2 
are lower than 1, thereby implying that the money multiplier is not stable in terms 
of increases in the monetary base (in expansionary monetary policy). On the other 
hand, decreases in monetary base ( ) (contractionary monetary policy) do not 
have a cointegrated proportional relationship with the money supply ( ) for both 
M1 and M2 in the long-run, since their coefficients are insignificant. Thus, it can be 
concluded that the money supply process for both M1 and M2 is not exogenous for 
the US because the coefficient values of  and  are lower than 1 or insignificant, 
respectively.
	 The comparative result of the linear and nonlinear ARDL models is that the non-
linear model detects a weaker proportional relationship between money supply and 
monetary base than the linear model for both M1 (0.39) and M2 (0.29) in the long 
run. These coefficients were found to be 0.70 and 0.39 by the linear model. This may 
be interpreted to mean that the money supply determination process (mechanism) 
in the US exhibits a nonlinear character. Furthermore, the nonlinear model indi-
cates that increases ( ) and decreases ( ) in the monetary base have asymmetric 
impacts on money supply ( ) for M1 and M2, since ( β5/β4)  ( β6/β4) in the 
long-run and in the short-run.

4. Conclusion

Understanding the money supply determination process in detail is extremely im-
portant for a country. If a nation’s central bank (such as the FED in the US) increases 
or decreases the monetary base more or less than the amounts required, this can 
easily cause undesirable inflation or deflation rates and, thereby, lead to unwanted 
results concerning all other macroeconomics variables. Therefore, this study re-
considers the stability of the money multiplier via the traditional money multiplier 
model from a different methodological perspective. Contrary to previous empirical 
studies, this study assumes that there may be a potentially asymmetric (nonlinear) 
proportional relationship between money supply and monetary base, because of po-
tentially asymmetric (nonlinear) behaviors of financial actors in response to rising 
uncertainties in the economies and entwined financial markets of countries. To this 
aim, the nonlinear ARDL model is applied for the US alongside the linear ARDL 
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model. The empirical findings of this study are three-fold. First, both linear and 
nonlinear models indicate that the money multiplier in the US is not stable for both 
M1 and M2, therefore, implying that the money supply process is not exogenous for 
the FED. Second, the nonlinear model detects a weaker proportional relationship 
between money supply and the monetary base than the linear model. Third, the 
nonlinear model indicates that the FED’s only expansionary monetary policy has 
impacts on money supply, while the contractionary monetary policy of the FED has 
no impact on the money supply determination process. 
	 In conclusion, new methodological approaches in the nonlinear context, such as 
the nonlinear ARDL model, may help central banks understand how money supply 
responds separately to increases and decreases in the monetary base. This study also 
shows the need for more empirical studies conducted using different methodologies 
in a nonlinear context for other countries as well. 
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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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Business, Athens, Greece

In 2010, the European Commission officially launched the Europe 2020 Project, 
which is described as a strategy for smart, sustainable and inclusive growth, intended 
to promote growth, employment and social integration in Europe. The aim of this 
volume is to analyze this strategy and the role of the so called European political 
entrepreneurship in implementing it.
	 The book has four parts: Europe 2020 and Study Framework, Core Actors of 
Europe 2020, Policies for Smart, Sustainable and Inclusive Growth, and Concluding 
Remarks. It contains twelve essays authored by ten experts most of whom are from 
or work in Sweden. All essays are well-written, concise and informative.
	 With respect to the EU policies described in these essays, this reader feels uneasy 
about two issues, namely, migration and economic growth. Regarding economic 
growth and the emphasis EU policy makers place on it, the authors appear to be either 
uninformed or to prefer to ignore the well- established fact that the limits for further 
growth have been exhausted. The current challenge is not GDP growth or of per capita 
income, but, rather, income inequality and citizens’ welfare. Furthermore, the authors 
seem to believe that growth can be achieved without negative environmental impact. 
They ignore research findings showing that such ‘decoupling’, in a relative or absolute 
sense, is not a real possibility. The role of technology in increasing productivity of 
resources is not unlimited. 
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	 Regarding migration policies, it appears that EU policy makers believe that Europe 
in underpopulated and, therefore, migration is necessary to meet labor needs. Thus, 
they see migrants as a cheap labor source, necessary for growth, as the case used to 
be in many wealthy countries in the past. At the same time, the authors ignore that 
migration has caused a disruption of the social web in many countries and in many 
areas within each country. The truth, of course, is that Europe (and the world) is 
overpopulated, if examined from the point of view of ecological balance. The inflows 
of migrants to Europe will simply exacerbate the situation. It is also clear that social 
discontent in many European countries is rising.  
	 Of course, the review of a good book, such as this one, is not the proper oppor-
tunity for criticizing EU policies. However, it is hard to ‘shake off ’ the feeling that 
the social, environmental and economic priorities of the European Union need to be 
reconsidered.
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