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ABSTRACT
The problem of the conducted research arises from the fact that the countries mostly due to
structural and other constraints in the economy (or in cases where they have high levels of
GDP) do not use in the best way available inputs i.e. they do not achieve a satisfactory level of
economic efficiency, which then reflects on the competitiveness of their economies. The aim of
the research paper is to demonstrate how a combination of using Data Envelopment Analysis
Method (DEA) and the Global Competitiveness Index (GCI) in ranking the countries according
to the macroeconomic competitiveness is more realistic than it is in the case of using the
traditional indicators. In the paper, in evaluating the competitiveness of selected EU Member
States the Data Envelopment Analysis Method (DEA) is used. Based on the previous researches
and our research results it is found that the traditional indicators of competitiveness are
incomplete because they do not consider the macroeconomic efficiency of the country.
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Therefore, we propose to apply a combination of GCI and the efficiency results obtained by
DEA in order to achieve a more realistic evaluation of macroeconomic competitiveness.

Key words: Data Envelopment Analysis (DEA), EU, efficiency, inefficiency, macroeconomic
competitiveness,

1.Introduction
Economic efficiency usually implies the realization ofa higher level of output in the economy
using existing and available levels of inputs. Therefore, as the most important output, the gross
domestic product (GDP)is generally determined. The most common definition determines GDP
as the value of final goods and services produced in the economy during a given period
(Blanchard, 2005). The movement of the overall level of output in the economy is related to
the movement of other key macroeconomic variables, where is necessary to stick out
unemployment, wages and net public debt. According to Okun's law, increasing of GDP
growth is related to a reduction in the unemployment rate and vice versa,accordingly, it is
possible to assess whether the economy functioning "under" or "over" their possibilities. In the
case of economic expansion, unemployment decreases, while the growth of prices and wages
starts (Samuelson and Nordhaus, 2011). The very sensitive area in the current post-crisis times
represents the problem of public debt, which impacts onGDP, and itisanalyzed in a number of
papers. Thus, it is necessary to point out Stiglitz (2000) according to whom the increase in
public debt tends to decrease total output and wages and Novotny (2008) who points out that
countries with high levels of public debt have a weak competitive advantage in the
international market. Furthermore, Braeuninger (2002) confirms that the increase in public debt
slows economic growth.Aizenman et al. (2007) point out that in countries with high levels of
public debt and GDP ratio, there is a slowdown in the activity of the national economy and the
weakening of international competitiveness.

Modern business conditions have put great emphasis on investment in research and
development and their products as one of the key factors to increase economic activity,
efficiency and competitiveness of the national economy. Considerations about investments in

research and development as a factor of economic growth began in ’50sof the 20th century in
the papers of neoclassical economists (Solow, 1956) and continued through considerations of
the endogenous theory representatives (Romer (1986), Lucas (1988) Grossman and Helpman
(1991), Aghion and Howitt (1992), etc.). A common feature of the overall development of
scientific thought in this area comes from the "escalation of the fundamental ideas" according to
which the investment in research and development in the very beginning was perceived as a
"coincidence" i.e. by-product of corporate investments in physical capital. Further development
of scientific thought “led” to the situation in which need of "conscious" investment in research
and development was identified and actualized. That way of investment will ultimately resulted
in new products and innovation and whose market commercialization will contribute to the
achievement of economic growth and competitiveness, what is represented in the research of
modern theorists.
According to Aghion et. al (2005), increased investment in research and development represents
a factor of socioeconomic changes and response to globalization processes through the creation
of science and technology policy in order to ensure the competitiveness and efficiency of the
economy. Also, Karaman Aksentijević and Ježić (2009), Švarc (2014), Bezić and Karanikić
(2014) represent similar conclusions, where investments in research and development, the
effectiveness of technology and innovation, foreign direct investment and the opening of the
market,which is determined primarily by increasing the share of high technology products in
total exports, are identified as key factors to achieve economic growth.
The research problem in this paper arises from the fact that the countries, mostly due to
structural and other constraints in the economy, as well as in cases where they have high levels
of GDP, do not use their available inputs in the “best way”, i.e. they do not achieve satisfactory
level of economic efficiency, which reflects to the their competitiveness.In addition, the
competitiveness of the economy is determined by the level of GDP per capita, wages,
investment in research and development, unemployment, and public debt levels.The aim of this
paper is to examine the possibility of using Data Envelopment Analysis (DEA) by evaluating
the macroeconomic competitiveness of the EU member states. Therefore, this research paper
intends to prove the main research hypothesis: EU countries which are ranked high by GCI are
also those with the best DEA result of efficiency.Namely, the traditional indicators of
competitiveness suggest that the level of macroeconomic competitiveness in the long term

increases if the level of productivity increases. However, in the short term, it may not be valid.
Furthermore, the level of GDP that each state has to realize astheir potential is not always used
efficiently, which ultimately affects the level of competitiveness.Therefore, in this paper, the
new measure of competitiveness is proposed: a combination of traditional competitiveness
indicators and the results of the macroeconomic efficiency of the statesobtained by applying
DEA. Furthermore, DEA allows projections of inefficient states on the efficient frontier which
represents the potential changes that EU member states should implement in order to achieve
relative efficiency, which should lead to greater competitiveness.
The paper consists of six interconnected parts. After introductory considerations, the overview
of the theoretical and empirical aspectsis provided and the key elements of competitiveness are
identified.The research is continued by a detailed elaboration of the methodology and
implementation of data envelopment method. In the fifth part of the paper, the results of the
evaluation of competitiveness using the data envelopment method are presented. The paper ends
with a conclusion in whichthe key findings of the research are presented.

2. Literature review
Competitiveness, in the last thirty years, has become one of the most frequently analyzed
economic terms. Considering the complexity of the term, there is no unique definition and the
attitudes about competition. Its fundamental characteristics vary among authors. The
competitiveness in the long term implies an increase in the level of economic efficiency and
quality of production and services which is a key determinant of the long-term increase in living
standards. However, the competitiveness depends on the costs and capabilities of enterprises to
compete in the international and domestic market. In the short term, price trends, costs, wages
and exchange rates significantly affect the level of productivity. As a key requirement of longterm increase in the competitiveness, many authors emphasize close cooperation between
community, government, and society (Segler, 1986).

Fagerberg (1988) points out that in "competitive" countries the increase of living standards does
not occur only as the result of an increase in real income, but also as the result of creating new
jobs. Accordingly, the author defines competitiveness as the ability to achieve the main

economic objectives, including growth in income and employment, but with the restriction or
prevention of a current account deficit.
According to Porter (1990), the international competitiveness of the country can be assessed
based ontwo sets of indicators: the existence of a significant and lasting export in a number of
different countries and significant investment in other markets which are based on the
capabilities and resources created in their own country. Furthermore, the contemporary global
economy is too complex and thus it is not explicable usingtraditional theories. New Porter's
theory of competitiveness is based on the assumption that national prosperity is created by the
strategic choices, not inherited (Porter, 1990). According to Velloso (1991), the international
competitiveness considers the ability of the country to maintain and increase the share of the
national economy in the global market and, in the same time, to reach international standards of
efficiency, successful exploitation of natural resources and adequate product quality. Moreover,
the author considers that the international competitiveness of the country depends on its ability
to export its products, efficientlyexploits the natural resourcesand increases productivity, which
ultimately

affects

the

improvement
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living
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Economic

Forum

(2015) identifies on the macro level, such factors as export, government, financial, infrastructure,
technology, labor and institutions, as key elements of the national competitiveness.Vedriš
(2005) states that the achieved results in exports, as a rarely other indicator, determine the
competitive ability of the national economy and emphasize that the ability to profitably export
shows what the state of affairs is, and who in the area of competitiveness succeeds and who
does not. Similar conclusions are also present in the paper of Taner et al. (2010).
Competitiveness can be defined at micro and macro level. Competitiveness at the micro level is
usually equated with market success, i.e. with dynamics of the market share and itspositioning
on the quality scale. On the other hand, competitiveness at the macro level is a wider term that
includes growth, quality of life and productivity. Some theorists (Krugman 1996, 1994)
represent the extreme „view” according to which competitiveness is not applicable to countries'
level, but only at the enterprise level. However, significant differences in economic
developments across countries at a similar stage of economic development clearly indicate the
existence of successful and less successful countries. However, the most important Krugman’s
contribution to the competitiveness is the view that competitiveness considers the ability of the
country to maintain the balance of payments in equilibrium while improving living standards.

Lane (1998) points out that international competitiveness is primarily explained by international
trade theories (Adam Smith), therefore, the classical theory of global competitiveness is built on
free trade. Arguments for free trade derive from comparative advantages (Ricardo) where the
market, open to foreign suppliers strengthens the competition. However, as a continuation to
previous researchers, Porter (1998) identifies the crucial importance of the efficiency of the
national economy as the fundamental determinants of competitiveness presenting the starting
point for the World Economic Forum, which definitionis based on 11 factors of productivity.
Leko-Šimić (1999) differentiates international competitiveness in a broader and narrower sense.
International competitiveness in the broader sense is based on the measurement and comparison
of macroeconomic indicators and living standards with particular emphasis on productivity. On
the other hand, international competitiveness in the narrower sense is definedas a country's
ability to export its products to the world market. In this case, companies from different
countries should have the opportunity to participate in the global market on equal (fair)
conditions in which their success or failure will determine the particular country as a
competitive or non-competitive (Neslihan and Huseyin, 2012). However, Salvatore (2009)
points out that, despite the best efforts of the World Trade Organization (WTO), the assumption
of free and fair trade and equal position of all participants in the global marketplace is
unrealistic.
Bienkowski (2008) defines competitiveness as the countries' ability to achieve economic growth
faster than other countries and to increase prosperity in a way that its economic structure is
changing

and

effectively

adapts

to

movement

of

international

trade.

In the past, countries' development was based on comparative advantages, for example low
labour cost and natural resources. However, in the modern business environment, international
competitiveness stems from advanced factor conditions based on knowledge and
„modern“ infrastructure, high technology and innovation. Further, Lovrinčević et. al (2008)
stand out that competitiveness determination in the modern business environment is heavily
influenced by globalization. Consequently, competitiveness, according to its definition and
characteristic, increasingly requires implementation of a global „world view“ which arises from
the need to compete with competitors from any part of the world. In such conditions, a focus on
the sectors and production of high added value is necessary. Therefore, Aiginger et al. (2013)

point out that competitiveness considers the ability of a country or region to create high added
value, ensure high levels of employment and improvethe standard of living.
Croatian National Competitiveness Council defines competitiveness as „country's ability to
achieve success on the international market, which enables a better standard of living for the
entire population“. Competitiveness is the result of many factors, among which the
competitiveness at the enterprise level and a favourable business environment that enables the
introduction of new products, processes and investment, are found to be most important.
Interaction of these factors provides productivity growth, higher income and sustainable
development (www.konkurentnost.hr, 2015). Most frequent definition of international
competitiveness is OECD's according to which competitiveness is an ability of the country to, in
free and equal market conditions, produce goods and services that previously pass the test of
international markets, ensuring retention and long-term increase in the real income of the
population (www.oecd.org, 2015).
The latest approach to competitiveness is provided by Djogo and Stanišić (2016) according to
whom competitiveness means the ability of the country to maintain the balance of trade infree
and fair market conditions, create jobs and provide an increase in income of the population. In
doing so, the great emphasis havebeen put on satisfactory investment levels without increasing
the levels of public debt and taking into account environmental objectives.
Competitiveness measuring methods as the theoretical approaches differ among authors.
Trabold (1995) provides a detailed overview of the most important elements of competitiveness,
with special emphasis on achievement and increasing disposable income usually measured by
GDP growth. Furthermore, the author emphasizes the importance of the movement of exports
and inflows of foreign direct investment (FDI). Taking into account current trends in a
globalized society, Trabold (1995) points out that the ability of the economy to adapt, which
reflects in the rapidity how the economy responds to the changing market conditions and
recognizes new opportunities, cannot be coveredjust by one macroeconomic indicator. In the
analysis that "ability", is represented by data on the levels of investment in research and
development. These indicators are integrated into a common category of "hard" indicators since
they are available from the statistical surveys carried out in all countries. On the other hand,
Lovrinčević et al. (2008) point out to the existence of so-called "soft" data based on the

specially designed surveys. Such surveys measure factors of competitiveness that are not
available from the standard statistical base, particularly the effectiveness and independence of
the judiciary, the tendency to innovation, quality of corporate governance, corruption and the
influence of the state on business in a particular country. These indicators are the result of the
perception of the interviewed subjects on the current state of the economy. Research of Djogo
and Stanišić (2016) was based on the previous mentioned classification of competitiveness
factors. Authors evaluate the competitiveness of European countries based on six key indicators,
namely: the state of the balance of payments, unemployment rate, labourcosts, external debt, the
growth rate of GDP and the rate of investment.
Competitiveness rankings issued by international organizations causes the positions of the
countries that change every year. As the most important competitiveness indicators stand out
(Bezić, 2008): Global Competitiveness Index (GCI), World Competitiveness Index (IMD),
World Bank's Doing Business Index, Index of Economic Freedom (HF), Business
Competitiveness Index and Export competitiveness indicators. Lovrinčević et al. (2008) point
out that the researches of international institutions on the level of competitiveness according to
use of access can be classified into two groups. The first group includes researches of World
Economic Forum (WEF) and the International Institute for Management Development (IMD).
In their analyses, the level of competitiveness of a country is ranked by the economic system
(social and international relations), the role of state and institutional framework. The second
group of researches (World Bank and Heritage) is focused on the features of the regulations
related to business activities.
Based on previously analyzed theoretical aspects of competitiveness, it is possible to perceive
the complexity of this concept and the non-ability to provide unique and comprehensive
definitions. Specifically, the long-term competitiveness of national economies affects a large
number of economic and non-economic factorswhichvariesin time and space. Consequently, the
authors of this study perceive competitiveness as a country's ability to realize continued
economic growth, which ultimately contributes to increasing the well-being of the population
assuming increasing employment and reducing and/or maintaining a stable level of public debt.
Furthermore, in need of increasing exports, the country needs to adapt to the globalization
trends placing more emphasis on the investments in research and development, increasing

exports of high technology products and creating a favourable environment for the inflow of
foreign direct investment.
In the field of analysis of regional competitiveness using DEA method there are some very
interesting papers. Charles and Zegarra (2014) proposed methodology based on DEA to
measure and rank the competitiveness of all regions of Peru. They pointed out the versatility of
the DEA method through advantages, which DEA has over other approaches as an extremepoint method, which does not require any assumption of a functional relation between inputs
and outputs. Using BCC model they came to the results, which confirmed that the most
competitive regions are those with the highest level of economic development.
Guan et al. (2006) examined the relationship between technological innovation capability and
competitiveness using DEA. The traditional DEA model was employed and the results showed
that only 16% of the enterprises operated on the –practice frontier. They also find some
inconsistencies between organizational innovation capability and competitiveness in many
enterprises. Furthermore, a multi-objective DEA projection model provided a benchmark for
auditing competitiveness. Research results indicate that there is much room for enterprises to
improve competitiveness.
Halkos and Tzeremes (2007) using DEA investigated the effect of global strategies of the top 50
ICT multinationals and they established benchmarks, performances and key characteristics of
multinational strategic behaviour in the ICT industry. The research results shows that there is
higher rivalry among the competitors in communication and electronic/equipment segments.
Furthermore, they found that the most efficient global strategies are adopted from the US and
Japanese multinationals.
Wei-Wen (2011) proposed solution of the competitiveness-ranking problem in travel and
tourism by applying combination of DEA method, Grey system theory and artificial neural
network as well as employing Borda count methodology to merge these rankings. He concluded
that policy makers and stakeholders could arrive at better decisions than in the situation with
just original rankings.
Staničkova and Skokan (2011) analyzed the competitive potential of the EU countries through
Data Envelopment Analysis (DEA) and found that this method is suitable for the evaluation of
national competitiveness because it simultaneously evaluates a number of factors that determine

the level of economic development. They used gross domestic expenditure on R&D,
employment rate, gross fixed capital formation and the number of students of tertiary education
as inputs, while GDP in purchasing power standards and labour productivity per person
employed as outputs. In evaluating the efficiency of the countries, the basic models CCR and
BCC were used and the following conclusion is drawn: the countries evaluated as inefficient
according to the method are also, at the same time, those with less competitive
potential.Staničkova and Skokan (2012)also evaluated numerical grades of efficiency of
economical processes within 27 EU Member States during the period of time 2000-2010. They
used the same four inputs and two outputs as in (2012) with CCR model and they concluded
that applying DEA method presented a convenient way of comparing competitiveness on
national level. They pointed out that EU made an effort to renew the foundations of its
competitiveness through increasing its growth potential, productivity and efficiency. They
concluded that EU must mobilize all its resources in order to achieve these objectives.
Melecky (2013) evaluated efficiency trend in the “old” 15 EU countries by DEA in reference
years 2000-2011 by the Malmquist index. He pointed out that “The economy may be
competitive but if the society and the environment suffer too much the country will face major
difficulties. Therefore governments in the long run period cannot focus alone on the economic
competitiveness of their country; instead they need an integrated approach to govern the country
and focus on the broadest aspects affecting efficiency”. He concluded that competitiveness and
efficiency are complementary objectives and cannot be avoided in economic theory and practice.
Staničkova (2013) measured EU Member States efficiency changes over reference years 2000 2011 by CCR model and Malmquist Index. Based on factor analysis and DEA method she
concluded that in evaluated countries there was a distinct gap between economic and social
standards and that the most countries experienced decline in their performance because of
economic crisis.
Stanković et al. (2014) applied DEA in determination of efficiencies of Serbian cities. Authors
pointed out that effective and transparent local administration could be realized through the
certification of the cities and that certification assumes the assessment of service and
information quality for investors. The research results should indicate to authorities of cities
possible ways of improving their position at the list of business environment.

Dzemydaite et al. (2016) evaluated Eastern and Central EU regions according to the efficiency
level of innovation system by DEA. They used two outputs: gross domestic product in
purchasing power parity per inhabitant and number of patents per inhabitant. The inputs were
cumulative expenditures for research and development in purchasing power standard per
inhabitant, human resources in science and technology and human capital employed in high
technology and knowledge-intensive sectors. The analysis revealed different levels of
innovation system efficiency in EU regions and they concluded that even regions spent a lot on
R and D and have a lot of human capital it does not guarantee innovative products with higher
value added.
3. Methodology
Data envelopment analysis (DEA) is a method based on linear programming. It measures the
relative efficiency within a set of peer entities (decision making units, DMUs), which operate
under similar conditions, converting multiple inputs into multiple outputs. The efficiency is
defined as the ratio between the weighted sum of outputs and the weighted sum of inputs. If the
ratio is equal to 1, then the DMU is relatively efficient (100 %), otherwise its value is between 0
and 1 and represents inefficiency. Weights are not predetermined, but are assigned to each
DMU by a method in a way thatshows them in the best light to maximize the output and input
ratio. Whereas the weights are not known in advance, DEA is appropriate in all situations when
it is impossible or very difficult to determine their values. When evaluating efficiency, the
possibility of considering multiple inputs and outputs as well as the fact that they do not have to
be expressed in the same units of measurement is a significant advantage compared to
parametric methods, which has resulted in a wide and varied application of DEA (Liu J.S., et al.,
2013). It is important to note that the efficiencyof each DMU is calculated in relation to the
other DMU within the set of all DMU and therefore it is a relative, not an absolute efficiency.
Furthermore, DEA does not presume any functional form of converting inputs into outputs,
which is an important advantage comparing to parametric methods, although it is assumed that
the change in input affects the change in output.
In addition to the selection of inputs, outputs and set of DMUs to be evaluated, it is possible to
choose the orientation of the model that will evaluate the effectiveness of each DMU in the
direction of the input or output. More specifically, if the selected model is input orientated, then

for each inefficient DMU it is necessary to establish to what extent and which of the inputs
should be reduced in order to achieve a present level of outputs and relative efficiency. In the
opposite orientation, it is necessary to establish for how much and which output should be
increased at a given level of inputs to achieve a relative efficiency. This enables the projection
on the efficient frontier of relatively inefficient DMUs whichare under the frontier, while
relatively efficient DMUs are on the efficient frontier (Šegota, 2008). So, DEA allows us the
identification of the amount and sources of inefficiency or distance from the frontier of
efficiency for each inefficient DMU. If the projection of the inefficient DMU on efficient
frontier is far from the actual or observed values, then the difficulties arise in terms of
overcoming such a big difference. In this case, it would be desirable to make a projection on the
efficient point that has inputs and outputs as close as possible to the observed values. Therefore,
the reference set is used and it consists of those efficient DMUs, which inefficient DMUs
should follow. Namely, in the reference set are those DMUs, which achieved the relative
efficiency and because of similar values of inputs and outputs of relatively inefficient DMU,
they could be compared. In addition, the most used, basic models of Data Envelopment
Analysis will be represented: CCR and BCC model.
3.1 CCR Model
As it is already mentioned one of the basic models of DEA, isCCR model, so named after the
initials of its authors: Charnes A., W. W. Cooper and E. Rhodes. Theoretical background of
DEA that follows presents the cited review of basic definitions, theorems and procedures,
without evidence. (Cooper et al., 2000: 23-50). The authors of the model indicate that the basic
idea of the model lies in the facts that, after the formation of virtual inputs and outputs with the
help of their respective weight, determine the weights that maximize their ratio. More specific:
suppose we have the data on the n decision makers (DMU) which use the same minputs xi (i=1,
2, 3,…, m)in order to realize the same soutputs y j (j=1, 2, 3, …s). The values of the weights of
inputs ( vi )(i = 1,...,m) and outputs (u r ) (r = 1,...,s) are not predetermined and it is necessary to
solve the following problem fractional programming to obtain it:

max θ =

u1 y10 + u 2 y 20 + ... + u s y s 0
v1 x10 + v 2 x 20 + ... + v m x m 0

(1)

( FP0 ) s.t.

u1 y1 j + ... + u s y sj
v1 x1 j + ... + vm xmj
v1 , v2 ,..., v m ≥ 0

≤ 1

(j = 1,...,n)
u1 , u 2 ,..., us ≥ 0

The constraints mean that the ratio of virtual output vs. virtual input should be less than or equal
1 for every DMU. If the optimal value is θ * = max θ = 1, the DMU being evaluated is efficient.
Otherwise DMU is inefficient compared to the others DMUs.
The above fractional program can be replaced with following linear program: (Cooper et al.,
2000:23-24.)
max θ = µ1 y10 + ... + µ s y s 0

(2)

s.t. υ1 x10 + ... + υ m x m 0 = 1
( LP0 )

µ1 y1 j + ... + µ s y sj ≤ v x1 j + ... + v m x mj (j = 1,...,n)

υ1 + ... + υ m ≥ 0

µ1 , µ 2 ,..., µ s ≥ 0

Definition 1 (CCR- efficiency)
1. DMO0 is CCR-efficient if θ * = 1 and there exists at least one optimal (v * , u * ) with v * > 0
and u * > 0 .
2. Otherwise, DMO0 is CCR-inefficient.
Now, it is possible to conclude that θ * < 1 or θ * = 1 and in every optimal solution of linear
program LP0 there is at least one element of (v * , u * ) equal to 0. It means that every DMU
reaches efficiency score between 0 and 100%. The set of CCR-efficient DMUs is the reference
set to the DMU0 and the set spanned by reference set is the efficient frontier of DMUo.

One of DEA advantages, comparing to the traditional methods, is that inputs and outputs do not
have to be expressed in same kind of units. This is about in following theorem (Cooper et al.,
2000:24).
Theorem 1
The optimal values of max θ = θ * are independent of the units in which the inputs and outputs
are measured provided these units are the same for every DMU.

CCR model can be expressed as linear program model in model in vector-matrix notation
(Cooper et al., 2000:43):

(LP 0 )

max

uy 0

s.t.

vx0 = 1

(3)

− vX + uY ≤ 0
v ≥ 0, u ≥ 0

The dual problem of (LP 0 ) is:

(DLP 0 )

min

θ

(4)

s.t. θx0 − Xλ ≥ 0

Yλ ≥ y 0

λ≥0

(DLP 0 ) has a feasible solution θ =1, λ 0 =1, λ j =0 (j≠0) and we can conclude that 0< θ * ≤1. The
input excesses s − ∈ R m and the output shortfalls s + ∈ R s are defined as “slack” variables by:
s − = θx 0 − Xλ s + = Yλ − y 0 with s − ≥ 0, s + ≥ 0 for any feasible solution (θ , λ ) of (DLP 0 ).

To discover possible input excesses and output shortfalls two-phase LP problem should be
solved (Cooper et al, 2000:44-47).

max

ω = es − + es +

s.t.

s − = θ * x 0 − Xλ

(5)

s + = Yλ − y 0

λ ≥ 0 , s − ≥ 0, s + ≥ 0
m

s

where e=(1,...,1) so that e s − = ∑ i =1 s i− and e s + = ∑ r =1 s r+ .

Definition 2(Cooper et al, 2000:45)
If optimal solution (θ * , λ* , s −* , s +* ) of above LP satisfies θ * = 1 and slacks are zero, then
the DMU0 is CCR-efficient and θ * = 1, while all slacks are zero. Otherwise, the DMU0 is
inefficient.
Definition 3(Cooper et al, 2000:45)
DMU is fully efficient if and only if it is not possible to improve any input or output without
worsening some other input or output.
Definition 4(Cooper et al, 2000:47)
For an inefficient DMU0 we define its referent set E0 , by:

{

}

E0 = j λ*j > 0 ( j ∈ {1,..., n })

(6)

And optimal solutions are now expressed as:

θ * x0 = ∑ x j λ*j + s −*

y0 =

∑y λ
j

j∈E0

*
j

− s +*

(7)

The gross input improvement ∆x 0 and output improvement ∆y 0 can be calculated as
∆x 0 = x 0 − (θ * x 0 − s −* ) = (1 − θ * ) x 0 + s −*

∆ y 0 = s +*

(8)

while the formula for improvement, called the CCR-projection follows as(Cooper et al,
2000:47):

x̂ 0 = x 0 − ∆x 0 = θ * x 0 − s −* ≤ x 0

yˆ 0 = y 0 + ∆y 0 = y 0 + s +* ≥ y 0 (9)

3.2 BCC model
Banker-Charnes-Cooper model (BCC model) represents one of several variations of CCR
model. It presumes variable returns-to-scale and its frontier has piece-wise linear and concave
characteristics. Banker, Charnes and Cooper are 1984presented in their paper model with
production possibility set PB by (Cooper et al., 2000:90):

PB = {( x, y) x ≥ Xλ , y ≤ Yλ , eλ = 1, λ ≥ 0

}

(10)

where X = ( x j ) ∈ R m×n and Y = ( y j ) ∈ R s×n are the sets of input and output data, λ ∈ R n andeis
row-vector with all elements 1. The BCC model differs from the CCR model just in additional
n

condition eλ = ∑ j =1 λ = 1 . Input-oriented BCC model evaluates efficiency of DO0 by solving
j

LP:(Cooper et al, 2000:91).

( BCC0 )

min

θB

s.t.

θ B xo − Xλ ≥ 0

(11)

Yλ ≥ y o
eλ = 1

λ≥0
whereθ B is scalar. The dual program is:

( DBCC0 )

max

z = uyo − uo

s.t.

vxo = 1

− vX + uY − u o e ≤ 0

(12)

v ≥ 0 , u ≥ 0 uo free in sign
where scalars z and u o may be positive, negative or zero. The results of BCC model efficiency
are higher than the results of CCR model because the difference in their efficiency frontiers.If
we are not sure if it is a constant or variable returns-to-scale then it is recommended to estimate
DMU by both models. If the results differ a lot we can conclude that BCC model is convenient
because of variable-returns-to-scale. Otherwise, CCR model is recommended. We will continue
with citation of definition about BCC-efficiency (Cooper et al., 2000:92).

Definition 6
If an optimal solution (θ B* , λ* , s −* .s +* ) for ( BCC0 ) satisfies θ B* =1and has no slack ( s −* = 0, s +* =
0), then the DMU0 is called BCC-efficient, otherwise it is BCC-inefficient.

4. Empirical data and analysis
This research paper is focused on the Global Competitiveness Index (GCI) which is the most
used competitiveness indicator and which covers 138 countries. It is published in the Global
Competitiveness Report (GCR) every year. This indicator of competitiveness is based on a
number of indicators, wherein the survey indicators occupy about 2/3 of the total shares and
statistical indicators occupy 1/3. GCI is based on three basic factors and 9 indicators. The
calculation of the GCI includes the key factors: fundamental factors, factors of efficiency1 and
innovation factors. Each of these factors has a number of relevant indicators which evaluation
affects the determination of the final ranking of global competitiveness of individual countries
(Tomljanović et. al, 2015). In addition, the competitiveness of the observed countries is more
thoroughly evaluated, taking into account current researches, through a number of
macroeconomic data: GDP per capita (US$), the growth rate of GDP (%), annual net earnings
of workers (US$), the level of public debt (% of GDP), foreign direct investment (% of GDP),
investment in research and development (% of GDP), unemployment rate (% of total
population), exports of goods and services (% of GDP) and exports of high technology (% of
total exports). Information on the competitive positions of individual countries are collected

1

Higher education, market efficiency and technological readiness

from reports on pages of World Economic Forum and the key macroeconomic data are collected
from statistical base of the World Bank, Eurostat and AMECO's.
Measuring the competitiveness of countries represents a challenging task, not only because the
competition is still universally undefined term, but also because it takes into accounts the large
number of indicators, which are,at the final evaluation, difficult to compare. Namely, a country
can be highly ranked according to certain indicators, while according to the other can be ranked
lower, and therefore the final evaluation in such cases is questionable. As previously stated,
DEA provides the possibility to compare the units operating under similar conditions and takes
into account the multiple inputs and multiple outputs, without presuming any functional form of
converting inputs into outputs. An additional advantage of using DEA is that the inputs and
outputs can be expressed in different units of measurement, which lead to the summary measure
of efficiency that is appropriate when evaluating the competitiveness of countries. The first step
in this study represented is the selection of a set of units or countries to be included in the
analysis. Since the objective of this paper suggests a more realistic evaluation of Member States,
the analysis included 26 of the 28 member states (since Cyprus and Malta did not have the
relevant data) with the data for 2015. The next important step was a selection of inputs that each
country should use in order to achieve the appropriate outputs. The use of the inputs forms the
outputs, while it is important to achieve as much as possible economic effects (outputs) by using
less inputs. The choice of used inputs and outputs was based on the previously mentioned
research (for example: Vedriš (2005), Taner et al. (2010),Aizenman et al. (2007), Obadić (2005)
and Rančić and Durbić (2016).Our assumption was that a country, which achieves greater
efficiency, is also the one that is more competitive. For the inputs the amount of GDP per capita
(inUS$) and investments in research and development (% of GDP) are selected, while for the
outputs are determined: the net salary of the employee (in US$), the share of high technology
products in total exports (%), public debt (% of GDP), export (% of GDP) and unemployment
rate (%). Namely, in the context of the application of DEA, GDP per capita of a country
represents its potential. If it is efficiently used, a reduction in the unemployment rate and the
level of public debt can be expected, while the salaries of employees and high-tech exports
should grow. By increasing the investments in research and development, it can be expected the
salary increase and exports of high technology products as well, while the unemployment rate
and public debt should be reduced.

The increase in unemployment significantly slows the economic growth of the country and
limits its competitive potential. Obadić (2005) states how unemployment as a limiting variable
for achieving national competitiveness should be systematically reduced by increasing the
quality of human resources, which was also highlighted in Rančić and Durbić's work
(2016).Since the DEA assumes that the increase of inputs increases the outputs, the
unemployment rate and public debt of the countries are undesirableoutputs. Namely,
undesirable outputs should be as small as possible, and they (as shown in the case of Greece)
are important indicators of the actual situation of the country, that is, the indicators of its
competitiveness. Table 1 presents the summary statistics of the inputs and outputs,while the
correlation matrix is shown in Table 2. Variables used for inputs and outputs are prepared for
application of DEA because of disparities between the countries especially GDP per capita and
Net salary. The problem is solved by data standardization with procedure of mean normalization.
Table 1: Statistic on input and output variables in 2015
Value of Input

Input

Output

Output

Output

External

Unemployment Net salary

Output

Output

VTI

Export

variable
GDP per R&D
capita

(% of government rate (% of total of

(% of

(% of

(US$)

GDP)

GDP)

debt (% of labour force)

employees

total

GDP)

(US$)

export)

Max.

3.1756

1.9064

5

1.74

2.09

2.08

3.23

Min.

0.22

0.2865

0.5

0.35

0.1935

0.33

0.42

Average

1.0002

0.9971

1.0385

1.0004

1.0003

1

1.0007

SD

0.6406

0.468

0.9398

0.3656

0.6023

0.488

0.577

Source: Authors´ calculation

Table 2: Correlation coefficients of input and output variables
Variable

Input

Input

Output

Output

Output

Output

Output

GDP

R&D

External

Unemploy-

Net salary

VTI

Export

per

(% of

govern-

ment rate

of

(%of

(%of

capita

GDP)

ment

(% of total

employees total

debt

labour force)

(US$)

export)

(US$)

GDP)

(%of
GDP)
GDP per

1

0.522

0.896

0.443

0.896

0.569

0.511

1

-0.192

0.544

0.657

0.308

-0.104

-0.004 -0.192

1

0.175

-0.164

0.129

0.355

0.443

0.544

0.175

1

0.424

0.526

0.243

0.896

0.657

-0.164

0.424

1

0.527

0.151

0.569

0.308

0.129

0.526

0.527

1

0.466

0.511

-0.104

0.355

0.242

0.151

0.466

1

capita
(US$)
R&D (of GDP) 0.522
External
government
debt

(%

of

GDP)
Unemployment rate (% of
total

labour

force)
Net salary of
employees
(US$)
VTI(%of
total export)
Export(%of
GDP)
Source: Authors´ calculation

As shown in Table 3, the results of the relative efficiency of the countries using the CCR and
BCC models are not similar. According to the CCR model, 8 countries are efficient, 18
countries are inefficient, while according to the BCC model, 14 countries are efficient and 12
countries are inefficient. It is possible to conclude that the BCC model is more representative
than CCR model due to influence of variable returns to scale. In addition, the result of the
efficiency of the EU member states will be examined according to the BCC model.

Table 3: Relative efficiency by CCR and BCC Model
Country

Efficiency score Country

Efficiency score

CCR

BCC

CCR

BCC

Austria

0.72

1

Hungary

1

1

Belgium

0.79

0.94

Ireland

1

1

Bulgaria

1

1

Italy

0.79

0.84

Czech Republic

0.81

1

Lithuania

0.92

0.94

Germany

0.74

1

Luxembourg

1

1

Denmark

0.62

0.68

Latvia

1

1

Spain

0.0.83

0.87

Netherlands

0.931

1

Estonia

1

1

Poland

0.89

0.91

Finland

0.77

0.77

Portugal

0.72

0.77

France

0.86

1

Romania

1

1

United Kingdom 1

1

Slovak Republic 0.97

1

Greece

0.85

0.92

Slovenia

0.70

0.80

Croatia

0.95

0.96

Sweden

0.67

0.71

Source: Authors´ calculation

If we compare the results of the relative efficiency with the competitiveness index for 2015
(Table 4), it is possible to conclude that 14 of 26 observed countries is rated relatively efficient.
Then, 4 countries which are evaluated as efficient are also relatively highly ranked by the

competitiveness rankings and occupy the top 10 positions: Germany, United Kingdom,
Netherlands and Sweden.
Table 4: Efficiency results for countries and indices of competitiveness
Country

BCC efficiency

GCI

score

rank

Austria

1

23

Belgium

0.94

Bulgaria

1

BCC efficiency

GCI

score

rank

Hungary

1

63

19

Ireland

1

24

54

Italy

0.84

43

0.94

36

Czech

Country

Lithuania

Republic

1

31

Germany

1

4

Luxembourg

1

20

Denmark

0.68

12

Latvia

1

44

Spain

0.87

33

Netherlands

1

5

Estonia

1

30

Poland

0.91

41

Finland

0.77

8

Portugal

0.77

38

France

1

22

Romania

1

53

United

Slovak

Kingdom

1

10

Republic

1

67

Greece

0.92

81

Slovenia

0.8

59

Croatia

0.96

77

Sweden

0.71

9

Source: Authors´ calculation

Furthermore, among 26 countries 8 of them (Belgium, Finland, Germany, Denmark, UK,
Luxembourg, Netherlands and Sweden) are identified as best-rated countries; they are in the top
20 according to GCI indicator of competitiveness. Of these 8 countries, just Belgium and
Finland are evaluated as relatively inefficient by the Data Envelopment Analysis method which
means approximately 75% efficient countries for this group of countries. In the second group of
observed countries, which are ranked in the interval from 21st to 40thaccording to the GCI, are 8
countries (Austria, Czech Republic,Estonia, France, Lithuania Ireland, Spain and Portugal). The

inefficient countries are Spain, Lithuania and Portugal, while Austria, Ireland, Estonia France
and the Czech Republic are relativelyefficient. It canbe concludedthat for this group the share
of efficient countries represents approximately 63% and suggests anexpected decrease
compared to the top 20 best-ranked countries. For the next group of countries ranked according
to GCI indicator from 41st to 60th place (Bulgaria, Italy, Latvia, Poland, Romania, Slovenia),
relatively efficient are rated 50%,

Bulgaria, Latvia and Romania are relatively efficient.

Remaining other four, observed countries ranked from 63rd to 87th place, Greece and Croatia are
evaluated as relatively inefficient, while Slovak Republic and Hungary are evaluated as efficient,
which represents 50%.
DEA allows the determination of BCC projections on the efficient frontier in the case of
inefficient countries. Data Envelopment Analysis allows also the determination of the reference
set for each inefficient country, which includes efficient countries that represent potential
"models".
Furthermore, the evaluation of the relative efficient countries that are in the reference sets of
individual inefficient countries is carried out (Table 5). Although the 14 countries areevaluated
as efficient,United Kingdom is even 12 times in the reference set which indicates that the
country is a leader of efficient countries. This is in line with its excellent position in the
competitiveness rankings, which presents an additional motive for the inefficient countries for
their efforts to improve their efficiency and thus achieve the macroeconomic competitiveness.

Table 5: Frequency of efficient countries in the reference set
Reference country Frequency to

Reference country Frequency to

other countries

other countries

Czech Republic

2

Ireland

1

Germany

1

Luxembourg

4

Austria

1

Latvia

1

Estonia

3

Netherland

2

Bulgary

7

Romania

6

Hungary

7

Slovak Republic

1

France

1

United Kingdom

12

Source: Authors´ calculation

5. Results and discussion
Starting from Porter (1998) which argues that the country's ability to achieve long-term
economic growth and increase the standard of living depends on the level of efficiency in using
available resources, this paper proposed the combination of the GCI and results of
macroeconomic efficiency obtained by DEA methodology as a new measure of competitiveness.
Conducted research represents the upgrade on the findings of Djogo and Stanišić (2016) and it
is based on assumptions of Stančikova and Skokan (2012) who analysed the potential
competitiveness of the EU Member States using the DEA (CCR and BCC models). They
determined that the inefficient countries are also those which have "lower" potential for
achieving the competitiveness.
Djogo and Stanišić (2016) have already shown in their research that GCI is not enough reliable
measure of the country's competitiveness because in the short-term it is not certain if the change
in the production level through price competition will necessarily lead to the increase of the
competitiveness. This conclusion comes from the time gap between the moment of change in
the productivity and realization of macroeconomic effects that increase the competitiveness of
countries. Furthermore, the authors have found out that a number of countries are overvaulted
(Finland, Ireland, Iceland, Portugal, Spain) or undervalued (Russia, Turkey, Estonia, Moldova)
according to the evaluation of macroeconomic competitiveness. Therefore, the authors suggest

the application of their own 6 BIC model (together with GCI) in the evaluation of country’s
competitiveness.
Since the above mentioned indicators do not consider the efficiency of using resources of the
country, in this paper an additional indicator of the competitiveness is proposed and obtained by
DEA method.
After the obtained results of the relative efficiency of countries according to the CCR (4) and
BCC (12) models, it has been established that the BCC model is more suitable than CCR model
since the number of efficient countries according to the both models is significantly different.
Therefore, it is possible to conclude that variable returns to scale is present. By the insight into
the previous research, it has been found out that in DEA applications in evaluating the macro
efficiency of countries the undesirable outputs such as unemployment and public debt have not
been considered so far. Namely, when evaluating the competitiveness of the country, special
attention must be paid to the issue of public debt and unemployment which significantly
"burden" the population and do not ensure an increase of living standard. The above mentioned
can be seen in the example of Croatia. Although Croatia slowly comes out of the recession, it is
still burdened by high levels of unemployment and public debt and low levels of salaries.
Insufficiently competitive Croatia is according to the CCR model evaluated as inefficient
macroeconomic country. Also, one of the unwanted consequences of this situation is the
migration of young and educated labour force.
Based on theoretical and empirical research we proposed the way to improve the
competitiveness ranking, as the step further comparing with estimating countries’ efficiency or
productivity changes through Malmquist index as we found in several previous papers.Of the 26
observed countries, 14 countries were evaluated as relatively efficient (Austria, Bulgaria, Czech
Republic, Germany, Estonia, France, United Kingdom, Hungary, Ireland, Luxembourg, Latvia,
Netherlands, Romania and Slovak Republic.) of which 8 countries are ranked among the top 30
according to the GCI (Austria, Germany, Estonia, France, United Kingdom, Ireland,
Luxembourg and Netherlands). This case is about highly developed EU countriesand such
results have been expected. These are countries with high levels of inputs which these countries
efficiently use in the realization of outputs (although some of them have above average
unwanted output (public debt), for example Germany, Ireland, Hungary, and the United
Kingdom and a lower unemployment rate, except Ireland).

Among the remaining efficient countries ranked above 30th place, Czech Republic is ranked as
31st with below average levels of GDP per capita and only slightly above the average investment
in research and development. Czech Republic achieves a below-average level of net salaries of
employees and above average export of high technology products, with below-average levels of
public debt and relatively low unemployment rate. Hungary, in 63rd place, with below-average
levels of inputs achieves above-average results in exports of high technology products, but with
a higher level of public debt, lower wages and a lower unemployment rate. Latvia, in 44th place,
with inputs of below-average levels achieves below-average outputs, but with a lower level of
public debt and unemployment rate. Romania, as well as Latvia, reaches efficiency with belowaverage levels of inputs, with lower public debt and unemployment rate and occupy53rd place.
Besides the Czech Republic, which has a slightly higher rate of investment in research and
development, as well as GDP per capita, the other three countries are efficient due to lower
levels of inputs used to achieve outputs. This means that for their better ranking it is necessary
to raise the level of GDP per capita and the investments in research and development in order to
achieve, with their efficient use, higher levels of net wages as well as the percentage of exports
of high technology products.
On the other hand, 12 countries observed are rated inefficient, of which 4 (33%) are ranked in
the positions higher from 30: Belgium, Denmark, Finland, and Sweden which according to the
level of GDP per capita, investment in research and development and average wages of
employees occupy outstanding positions and that is why the results of efficiency are surprising.
Namely, it does not mean that these countries are not competitive but they could be more
efficient in using their potentials. In general, the comparative analysis of 4 countries suggests
that despite their great potential, the greatest limitations arise from the relatively high levels of
public debt and below-average level of exports of high technology products, which should
ultimately determine their efficiency and position in the global rankings of competitiveness.
The obtained efficiency results (Table 3) indicate that the decision makers at the national level
should pay special attention to raising the efficiency of using the resources of the country in
order to reduce the unemployment rate, increase the salaries and reduce public debt. In addition,
DEA allows the determination of efficient countries that may represent models for inefficient
countries i.e. the reference set (Table 5). It means that the results of efficiency of some countries
may represent the realistic goals for inefficient countries.

Based on the results of the research and regarding the contemporary trends in business and the
necessity of achieving the knowledge economy, countries should consider and prioritize the
providing of efficiency of exploitation of available resources (e.g. investment in research and
development) in order to increase salaries and export competitiveness (primarily through the
increased volume of high-technology products).

6. Conclusion
Based onthe previous analysis, studies and results it is possible to conclude that the ranking of
countries on the scale of macroeconomic competitiveness according to the Global
Competitiveness Index (GCI) is incomplete because it does not consider the efficiency of the
countries in usingof multiple inputs to achieve multiple outputs. Therefore, the paper
recommends the applicationof Data Envelopment Analysis as a suitable for evaluation of the
relative efficiency of the observed country and which results should affect the final ranking of
countries. Namely, the efficiency of countries at the macro level affects their productivity and
leads to an increase in their competitiveness in the long-term. Thus, main scientific contribution
of this research derives from the fact that, with a combination of GCI indicators and the
efficiency results obtained by DEA, the ranking of countries improves. Also, more realistic
evaluations of macroeconomic competitiveness are expected, which represents a fundamental
contribution to this research.Namely, the empirical results confirm that DEA scores including
undesirable outputs as government debt and unemployment rate are more realistic because they
calculate negative impact on the competitiveness. As we know, it is the first research in which
undesirable outputs are included in analysis of competitiveness of EU member states. We found
that not all developed and high ranked countries are also efficient in using their inputs as
potentials. Furthermore, we found several less developed EU member countries relatively low
ranked with the greatest efficiency score. In that way, the basic research hypothesis is partially
proved. The justification for using this combination is in the fact that during the analysis the set
of observed countriessplit into efficient, inefficient andthose for which is possible to conclude
that they are "overvalued" or "undervalued" and, therefore, it would benecessary to consider and
analyze their ranking further. This method of measuring the competitiveness may, in the
perspective, be useful for decision makers at the country level in order to improve their position
in the international “arena”. Furthermore, in view of increasing the competitiveness, decision

makers should regularly evaluate the macroeconomic efficiency of their country by DEA to
achieve and maintain its maximum level. Also, this research has some shortcomings that are
evident in the fact that the assessment of effectiveness performance is based on data from the
past and that the evaluation of efficiency depends on a set of selected countries that are
evaluated. Moreover, it is about a relative, not an absolute efficiency. Another limitation of
research is some highly correlated input/output data. Regardless of the restrictions, the
advantages of using this method are numerous and thus justified. In the future researches, in the
evaluation of the efficiency it would be useful to apply a categorical model of DEA, which
would consider the differences among the EU countriesandDEA window analysis through the
period of time.
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