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Abstract: Data envelopment analysis (DEA) methodology is used in this study for a comparison of
the dynamic efficiency of European countries over the last decade. Moreover, efficiency analysis is
used to determine where resources are distributed efficiently and/or were used efficiently/inefficiently
under factors of competitiveness extracted from factor analysis. DEA measures numerical grades of
the efficiency of economic processes within evaluated countries and, therefore, it becomes a suitable
tool for setting an efficient/inefficient position of each country. Most importantly, the DEA technique
is applied to all (28) European Union (EU) countries to evaluate their technical and technological
efficiency within the selected factors of competitiveness based on country competitiveness index
in the 2000–2017 reference period. The main aim of the paper is to measure efficiency changes
over the reference period and to analyze the level of productivity in individual countries based on
the Malmquist productivity index (MPI). Empirical results confirm significant disparities among
European countries and selected periods 2000–2007, 2008–2011, and 2012–2017. Finally, the study
offers a comprehensive comparison and discussion of results obtained by MPI that indicate the EU
countries in which policy-making authorities should aim to stimulate national development and
provide more quality of life to the EU citizens.

Keywords: competitiveness; country competitiveness index; DEA; efficiency; European Union;
factors; indicators; Malmquist productivity index

1. Introduction

It is generally accepted that the level of economic development is not uniform across territories.
On the contrary, it substantially differs. This plays an essential role in many research studies that
sought to assign an appropriate evaluation of economic and social development in the European
area (e.g., Balcerowicz et al. 2013; Easterly and Levine 2012; Watt and Botsch 2010; Ghosh et al. 2009).
As human activities are related to economic development and affected by territorial development,
the way of measurement of the conditions of national development is essential in the determination
of a country’s socio-economic policies (Halkos and Tzeremes 2005). The issue of socio-economic
advancement, as well as disparities of territories, is closely linked to the setting and evaluation of
competitiveness (Gardiner et al. 2004; Lukovics 2009; Ocubo 2012).

The pursuit and the promotion of competitiveness increasingly shape the dynamics of economic,
social, political, and cultural change in the contemporary world. The economy’s entry into the
globalization phase radically altered the nature of competition. Numerous new actors from every
market in the world are simultaneously in competition on every market. This new competition
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accentuated the interdependence of the different levels of globalization. Globalization obliged all
countries to raise their standards of economic efficiency, resulting in a growing interest in and concern
about competitiveness; nations, regions, and cities have no option but to strive to be competitive in
order to survive in the new global marketplace and the “new competition” being forged by the further
information or knowledge-driven economy (Gardiner et al. 2004).

Policy-makers at all levels are being swept up in this competitiveness fever. This growing interest
may perhaps be partly attributable to their awareness of the fact that all countries have to contend with
raised standards of economic efficiency as a result of the globalization of goods and factor markets.
The economy may be competitive, but if the society and the environment suffer too much, the country
will face significant difficulties and vice versa. Therefore, governments, in the long run, cannot focus
alone on the economic competitiveness of their country; instead, they need an integrated approach to
govern the country. The complexity of competitiveness, decomposed by Esser et al. (1995), in the view
of efficiency analysis is used in this paper—every country has standard features which affect and drive
the competitiveness of all the entities located there, even if the variability of competitiveness level of
the entities within the country may be very high.

In the European Union (EU), the process of achieving an increasing trend and a higher level of
competitiveness is significantly complicated by the heterogeneity of countries and regions in many areas.
Although the EU is one of the most developed parts of the world with high living standards, there exist
significant and substantial economic, social, and territorial disparities influencing a level of worldwide
production and efficiency; so far, the EU competitiveness stands as a global player in the world
economy. Considering the increasing importance of economic growth in the society and competitive
world, evaluation of territorial performance is remarkably considered, and various measures are
brought up as criteria in the assessment of territorial performance. The EU competitiveness depends
on a multiplicity of actions that can optimize the potentials within its countries. All EU member
states possess development opportunities; however, enough use of these options will increase the
competitiveness of the EU countries and, thus, they must be efficient enough.

From this point of view, the purpose of the paper is to achieve a more detailed productivity
analysis and assessment of EU28 countries based on the concept of country competitiveness index
(Annoni and Kozovska 2010; Annoni and Dijkstra 2013; Annoni et al. 2017) using a multivariate
method of factor analysis (FA), identifying the main factors of socioeconomic development determining
the competitiveness level of European countries. These factors of competitiveness are used for
further productivity score evaluation performed using an advanced data envelopment analysis (DEA)
approach—Malmquist productivity index (MPI) (Färe et al. 1994a, 1994b) in the reference period
2000–2017. The application of MPI allows providing an efficiency analysis of EU member states
in three selected periods, 2000–2007 (pre-crisis period), 2008–2011 (crisis period), and 2012–2017
(post-crisis period), concerning the internal and external assumption for their economic growth and
competitive position.

2. Theoretical Background

At a time when the EU member states have to deal with increased pressure on public balances,
stemming from demographic trends and globalization, the improvement of the efficiency and
effectiveness of public spending features high on the political agenda. The current economic situation
determined by persisting effects of the crisis is causing the governments of countries worldwide to
streamline their processes in terms of collecting revenue from the state budget and then redistributing
it on the principle of performance and economic efficiency. Therefore, this resulted in the fact that
markets provided by developed countries will be more critical for developing countries and their trade
practices, as well as commercial practices of national or/and private companies (MacGregor Pelikánová
2017). Comparative analysis of efficiency in the public sector is, thus, a starting point for studying
the role of efficiency, effectiveness, and total performance regarding economic governance of resource
utilization by general management for achieving medium/long-term objectives of economic recovery
and sustainable development of national economies (Mihaiu et al. 2010).
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The analysis of efficiency and effectiveness is about the relationships between inputs (entries),
outputs (results), and outcomes (effects). Farrell (1957) already investigated the question of how to
measure efficiency and highlighted its relevance for economic policy-makers. Since that time, techniques
to measure efficiency improved, and investigations of efficiency are more frequent. Nevertheless,
the measurement of efficiency and effectiveness of countries remains a conceptual challenge. Problems
arise because public spending has multiple objectives and because public sector outputs are often
not sold on the market, which implies that price data are not available and that the output cannot
be quantified (Mandl et al. 2008). Efficiency is, thus, a central issue in analyses of economic growth,
the effects of fiscal policies, the pricing of capital assets, the level of investments, the technology changes
and production technology, and other economic topics and indicators. Efficiency can be achieved
under the conditions of maximizing the results of action about the resources used, and it is calculated
by comparing the effects obtained by their efforts. In a competitive economy, therefore, the issue of
efficiency, particularly dynamic efficiency, can be resolved by comparing these economic issues.

The ratio of inputs to outputs gives the efficiency, but there is a difference between the technical
efficiency and the allocative efficiency. The technical efficiency implies a relationship between inputs
and outputs on the frontier production curve; however, not any form of technical efficiency makes
sense in economic terms, and this efficiency is captured through the allocative efficiency that requires a
cost/benefit ratio. The effectiveness, in terms of this meaning, implies a relationship between outputs
and outcomes. In this sense, the distinction between the output and the outcome must be made.
The outcome is often linked to welfare or growth objectives and, therefore, may be influenced by
multiple factors (including outputs, as well as exogenous “environment” factors). The effectiveness
is, thus, more challenging to assess than efficiency, since the outcome is influenced by political
choice. There are thus three key topics for the article concept: competitiveness–productivity–stage
of development, and their interdependence is as follows, resp. for the logical interconnection of
theoretical and empirical part see Figure 1.
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Drucker (2001) believes that there is no efficiency without effectiveness because it is more
important to do well what you proposed (the effectiveness) than do well something else that was not
necessarily concerned. The relationship between efficiency and effectiveness is that of a part to the
whole; the effectiveness is a necessary condition for achieving efficiency. This implies that efficiency
and effectiveness are not always easy to isolate.

3. Materials and Methods

The most common quantitative methods convenient for a high number of multivariate measured
variables can be identified as multivariate statistical methods. Multivariate analysis is an ever-expanding
set of techniques for data analysis, encompassing a wide range of possible research situations
(Hair et al. 2009). Between collections of multivariate statistical methods, we can include, e.g., principal
component analysis, factor analysis, cluster analysis, or data envelopment analysis.

3.1. Factor Analysis

Many scientific studies feature the fact that “numerous variables are used to characterize objects”.
Because of these big numbers of variables that are in play, the study can become rather complicated.
Moreover, it could well be that some of the variables measure different aspects of the same underlying
variable. For situations such as these, factor analysis (FA) was invented. FA is the statistical approach
that can be used to analyze interrelationships among a large number of variables and to explain these
variables in terms of their standard underlying dimensions, i.e., factors. The main applications of FA
techniques are, thus, to reduce the number of variables and to detect structure in the relationships
among variables, so as to classify variables. The objective of FA is to reduce the number of variables by
grouping them into a smaller set of factors; for this purpose, FA is applied in the paper.

FA is a collection of methods for investigating whether some variables of interest (Y1, Y2, . . . , Yn)
are linearly related to a smaller number of unobservable factors (F1, F2, . . . , Fk). If we suggest that one
measured variable, Y1, is a function of two underlying factors, F1 and F2, then it is assumed that Y
variable is linearly related to the two factors F, as follows (Hair et al. 2009):

Y1 = β10 + β11F1 + β12F2 + e1. (1)

The error terms e1 serves to indicate that the hypothesized relationships are not exact. In the
specialized vocabulary of FA, the parameters βi,j are referred to as loadings, e.g., β12 is called the
loading of variable Y1 on factor F2.

Why carry out factor analyses? If we can summarize a multitude of measurements with a smaller
number of factors without losing too much information, we achieve some economy of description,
which is one of the goals of scientific investigation. It is also possible that FA will allow us to test
theories involving variables, which are hard to measure directly. Finally, at a more prosaic level, FA can
help us establish that sets of questionnaire items (observed variables) are in fact all measuring the
same underlying factor (perhaps with varying reliability) and, hence, can be combined to form a more
reliable measure of that factor. There are some different varieties of FA (Stevens 1986).

For an elaboration of FA, the software IBM SPSS Statistics 25 is used in the paper.

3.2. DEA-Based Malmquist Productivity Index

Charnes et al. (1978) first proposed data envelopment analysis (DEA). Since DEA was first
introduced, researchers in some fields quickly recognized that it is an excellent and easily used
methodology for modeling operational processes for efficiency evaluations, accompanied by other
developments. There are several researchers which also employed the DEA method in the context of
studies about a country’s macroeconomy and Knowledge-based economies (KBE) (see Appendix A);
Melecký (2018) and Staníčková (2017) also consider DEA as a convenient tool for measuring efficiency as
a mirror of national and regional competitiveness. Several studies using the DEA approach also focused
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its attention on efficiency analysis in the context of EU member states in research and development
(Conte et al. 2009).

DEA is based on the simple Farrell model (Farrell 1957) for measuring the efficiency of
decision-making units (DMUs) with one input and one output. This method was initially expanded in
1978 by Charnes, Cooper, and Rhodes (CCR model) assuming constant returns to scale (CRS), and it
was later modified in 1984 by Banker, Charnes, and Cooper (BCC model) assuming variable returns
to scale (VRS). DEA methods also include advanced additive models, such as the slack-based model
(SBM) performed by Tone in 2002 or free disposal hull (FDH) and free replicability hull (FRH) models
that were firstly formulated in 1984 by Deprins, Simar, and Tulkens. In recent years, research efforts
focused on the investigation of the causes of productivity change and its decomposition. Malmquist
productivity index (MPI) became the standard approach in productivity measurement over time within
nonparametric research. MPI was introduced firstly by Caves et al. (1982). Färe et al. (1994a, 1994b)
defined and applied an input-oriented productivity index as the geometric mean of the two MPIs
developed by Caves et al. Although it was developed in a consumer context, MPI recently enjoyed
widespread use in a production context. MPI can be used to construct indexes of input, output, or
productivity, as ratios of input or output distance functions. There are various methods for measuring
distance functions, and the most famous one is the linear programming method. MPI allows measuring
of total productivity using distance-function calculation, which can be estimated from a solution of
mathematical programming problems of the DEA kind.

With respect to the nonparametric approach, it is worth mentioning differences between parametric
and nonparametric methods in statistics, especially concerning the fact that we use several descriptive
statistics in the paper. Methods are classified by what we know about the population we are studying.
Parametric methods are typically the first methods studied in an introductory statistics course. The basic
idea is that there is a set of fixed parameters that determine a probability model. Parametric methods
are often those for which we know that the population is approximately normal, or we can approximate
using a normal distribution after we invoke the central limit theorem. There are two parameters for a
normal distribution: mean and standard deviation. To contrast with parametric methods, we define
nonparametric methods. These are statistical techniques for which we do not have to make any
assumption of parameters for the population we are studying. Indeed, the methods do not have any
dependence on the population of interest. The set of parameters is no longer fixed, and neither is
the distribution that we use. It is for this reason that nonparametric methods are also referred to
as distribution-free methods. Nonparametric methods are growing in popularity and influence for
some reasons. The main reason is that we are not constrained as much as when we use a parametric
approach. We do not need to make as many assumptions about the population that we are working
with as what we have to make with a parametric approach. Many of these nonparametric methods are
easy to apply and to understand. It is safe to say that most people who use statistics are more familiar
with parametric analyses than nonparametric analyses. What is the comparison of both methods?
There are multiple ways to use statistics to find a confidence interval about a mean. The parametric
method would involve the calculation of a margin of error with a formula, and the estimation of the
population mean with a sample mean. The nonparametric method to calculate confidence mean would
involve the use of bootstrapping. Why do we need both parametric and nonparametric methods for
this type of problem? Many times, parametric methods are more efficient than the corresponding
nonparametric methods. Although this difference in efficiency is typically not that much of an issue,
there are instances where we do need to consider which method is more efficient. Concerning statistical
error, the difference lies in the fact that nonparametric methods (data envelopment analysis, DEA) use
optimization to solve statistical errors, and parametric methods (stochastic frontier analysis, SFA) use
econometrics to resolve statistical errors.

As mentioned above, empirical analysis is based on a frontier nonparametric approach and aims
to study productivity growth and efficiency. This part of the analysis is based on MPI for measuring
the change of technical efficiency and the movement of the frontier in terms of individual DMUs
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(Färe et al. 1994a, 1994b). Suppose we have a production function in period t as well as period t + 1.
MPI calculation requires two single-period and two mixed-period measures. The two single-period
measures can be obtained using the CCR CRS model. For simplicity of MPI calculation, it is presented
as a basic DEA model based on the assumption of single input/output. With regard to the selected
type of DEA model and its assumptions, it is still appropriate to mention here the general way of
model selection. The classic input-oriented DEA model can be specified under the condition that
the production function has constant returns to scale (CRS). If the production function has variable
returns to scale (VRS), there may be returns to scale (RTS) described as increasing (IRTS) or decreasing
(DRTS). The selection of the DEA model based on RTS can be assessed according to three methods, as
specified Seiford and Zhu (1999), i.e., CCR RTS method, BCC RTS method, and scale efficiency index
method. For evaluation of territorial efficiency, DEA in the form of the CRS model is often used, e.g.,
Lacko and Hajduová (2018), Makridou et al. (2014), Otsuka (2014), or Malhotra and Malhotra (2006).

Suppose each DMUj (j = 1, 2, . . . n) produces a vector of output yt
j =

(
yt

1 j, . . . , yt
s j

)
by using a

vector of inputs xt
j =

(
xt

1 j, . . . , xt
mj

)
at each period t, t = 1, . . . , T. From time t to time t + 1, DMU0

′s

efficiency may change and/or the frontier may shift. MPI is calculated via Equation (2) comparing
xt

0 to the frontier at time t, i.e., calculating θt
0

(
xt

0, yt
0

)
in the following input-oriented IO CCR CRS

envelopment model (Zhu 2011):
θt

0

(
xt

0, yt
0

)
= minθ0, (2)

subject to
n∑

j=1
λ jxt

j ≤ θ0xt
0,

n∑
j=1

λ jyt
j ≥ yt

0,

λ j ≥ 0, j = 1, . . . , n,

whereθ0 indicates the efficiency score of observed DMU0, and xt
0 =

(
xt

10, . . . , xt
m0

)
and yt

0 =
(
yt

10, . . . , yt
s0

)
are the input and the output vectors of DMU0 among others.

MPI is further calculated via Equation (3) comparing xt+1
0 to the frontier at time t + 1, i.e.,

calculating θt+1
0

(
xt+1

0 , yt+1
0

)
in the following input-oriented CCR CRS envelopment model (Zhu 2011):

θt+1
0

(
xt+1

0 , yt+1
0

)
= minθ0, (3)

subject to
n∑

j=1
λ jxt+1

j ≤ θ0xt+1
0 ,

n∑
j=1

λ jyt+1
j ≥ yt+1

0 ,

λ j ≥ 0, j = 1, . . . , n.

MPI is further calculated via Equation (4) comparing xt
0 to the frontier at time t + 1, i.e., calculating

θt+1
0

(
xt

0, yt
0

)
via the following linear program (Zhu 2011):

θt+1
0

(
xt

0, yt
0

)
= minθ0, (4)

subject to
n∑

j=1
λ jxt+1

j ≤ θ0xt
0,

n∑
j=1

λ jxt+1
j ≥ yt

0,

λ j ≥ 0, j = 1, . . . , n.
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MPI is further calculated via Equation (5) comparing xt+1
0 to the frontier at time t, i.e., calculating

θt
0

(
xt+1

0 , yt+1
0

)
via the following linear program (Zhu 2011):

θt
0

(
xt+1

0 , yt+1
0

)
= minθ0, (5)

subject to
n∑

j=1
λ jxt

j ≤ θ0xt+1
0 ,

n∑
j=1

λ jyt
j ≥ yt+1

0 ,

λ j ≥ 0, j = 1, . . . , n.

MPI measuring the efficiency change of production units between successive periods t and t + 1,
is formulated via Equation (6).

M0(xt+1, yt+1, xt, yt) = ECH0 · FS0, (6)

where ECH0 is the change in the relative efficiency of DMU0 about other units (i.e., due to the production
possibility frontier) between periods t and t + 1. FS0 describes the change in the production possibility
frontier as a result of the technology development between periods t and t + 1. The formulation of MPI
in Equation (7) makes it possible to measure the change of technical efficiency and the movement of
the frontier in terms of a specific DMU0 (Zhu 2011).

M0 =
θt

0

θt+1
0

(
xt+1

0 , yt+1
0

) θ
t+1
0

(
xt+1

0 , yt+1
0

)
θt

0

(
xt+1

0 , yt+1
0

) · θt+1
0

(
xt

0, yt
0

)
θt

0

(
xt

0, yt
0

) 
1
2

. (7)

The first component on the right-hand side measures the magnitude of technical efficiency
change between periods t and t + 1, indicating that technical efficiency improves, remains, or declines.
The second term measures the shift in the possibility frontier, i.e., technology frontier shift, between
periods t and t + 1. Trends in MPI, ECH, and FS are illustrated in Table 1.

Table 1. Trends in Malmquist productivity index (MPI) and its components (source: Zhu 2011).

MPI Productivity ECH FS

MPI > 1 Improving Change >1, improving Change >1, improving
MPI = 1 Unchanging Change = 1, unchanging Change = 1, unchanging
MPI < 1 Declining Change <1, declining Change <1, declining

MPI—malmquist productivity index; ECH—change in relative efficiency; FS—change in production possibility
frontier.

DEA is a popular method for general business management because it has a number of advantages:
(1) it can evaluate a DMU’s performance with multiple inputs and multiple outputs (fulfilling the
criteria of our dataset, i.e., many input and output factors based on the number of numerous initial
indicators); (2) it allows the units of input and output variables to be different (again, this criterion
meets the paper outline, where the dataset represents various aspects of competitiveness on both side
of input and output indicators); and (3) it is not necessary to know the type of production function in
advance. However, DEA also has several limitations: (1) the DMUs must be homogeneous (in our
case, the criterion of homogeneity represent 28 countries of the EU); (2) to obtain the best results,
the number of DMUs must be at least twice the total number of input and output variables (this
condition is fulfilled as the following paragraph and equations explain); and (3) isotonicity must exist,
that is, the output must not decrease while the input increases (this condition is met as confirmed in
the following paragraph).
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If a performance measure (input/output) is added or deleted from consideration, it will influence
the relative efficiencies. Empirically, when the number of performance measures is high in comparison
with the number of DMUs, then most of the DMUs are evaluated efficiently. Hence, the obtained
results are not reliable. There is a rule of thumb proposed by Cooper et al. (2007) which expresses
the relationship between the number of DMUs and the number of performance measures. Toloo et al.
(2015) checked more than 40 papers that contain practical applications and, statistically, they found out
that, in nearly all of the cases, the number of inputs and outputs did not exceed six. Suppose there are
n DMUs which consume m inputs to produce s outputs. A simple calculation shows that when m ≤ 6
and s ≤ 6, then 3 (m + s) ≥ m × s. As a result, in this paper, the following formula is applied:

n ≥ 3(m + s). (8)

In the article, this rule is met, i.e., the number of DMUs is three times higher than the sum of
inputs and outputs, i.e., 28 ≥ 3(6 + 3).

In this section, we check the validity of the model in terms of the model specification and the
existence of potential outliers in the sample. Firstly, we introduce the isotonicity test for checking
the validity of the model specification. Specifically, we checked whether an increase in input
indicators brought growth in outputs rather than a decrease in outputs (see Avkiran 2006; Adusei 2016;
Hwang et al. 2018; Jiang and He 2018). Input data for the DEA model must meet the isotonicity criteria,
i.e., the level of outputs is at least the same, and does not fall when inputs increase. More specifically,
the requirement is that the relationship between inputs and outputs is not erratic. Increasing the value
of any input while keeping other factors constant should not decrease any output but should instead
lead to an increase in the value of at least one output. By calculating the correlations between the input
and output variables, we found that, if the pairwise correlation is statistically significant at 5% level of
significance, the correlation moves in the range from 0.49 to 0.69 with one exception. Only in the case
of input factor 2 (level of infrastructure) and output factor 3 (labor market) was there a correlation
(−0.13). These results of the isotonicity test justify the selection of variables.

Secondly, we conducted outlier detection with the idea of a scatter matrix, especially using
boxplots and the number of extreme outliers. Based on the assumptions for principal component
analysis (PCA), we use standardized variables for the extraction of rotated factors using SPSS Statistics,
which recommends determining extreme outliers as component scores with values out of interval
(quartile 1 – 3 × IQR; quartile 3 + 3 × IQR). According to Chandola et al. (2009) or Jiang and He
(2018), this methodology is simple and widely used. We performed the procedure and calculated
the accumulated times that the data of a country are considered to be an outlier with the value of
component scores out of interval (quartile 1 − 1.5 × IQR; quartile 3 + 1.5 × IQR). The results show
that there are outliers, but they are more or less exceptions. In the case of input factors, we found
that Germany and the United Kingdom in factor 2 (infrastructure), Malta in factor 5 (participation in
education), and Bulgaria in factor 6 (expenditure on education and civilization diseases) outperformed
the other countries during some but not all years of the reference period 2000–2017. In the case of
output factors, we found that only Spain in factor 2 (knowledge-based economy) outperformed the
other countries during some but not all years of the reference period 2000–2017. In the case of outliers,
the DEA method might be inconsistent. Because these countries were outliers and not extreme outliers,
present only in some input or output factors and not in all years of the reference period, they were left
within the framework of the evaluation.

For the solution of the DEA method, a software tool based on solving linear programming
problems is used in the paper—Solver in MS Excel 2016, similar to DEA Frontier.

4. Results

The empirical analysis starts by building a database of indicators that are part of the country
competitiveness index (CCI) approach created by Annoni and Kozovska (2010) in 2010, and then
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updated by Annoni and Dijkstra (2013) and Annoni et al. (2017). CCI also has its dimension in the
regional competitiveness index (RCI). The roots of CCI/RCI lay in the most known competitiveness
indicator, the global competitiveness index reported by the World Economic Forum. Pillars of
CCI/RCI are grouped according to the different dimensions (input versus output aspects) of national
competitiveness they describe. The terms “inputs” and “outputs” are meant to classify pillars into those
which describe driving forces of competitiveness, in terms of long-term potentiality, and those which
are direct or indirect outcomes of a competitive society and economy Annoni and Kozovska (2010).

The CCI/RCI data file consisted of 66 indicators in 2010, 73 indicators in 2013, and 74 indicators in
2016; however, not all indicators are used in the paper because of a lack of data for every country within
EU28—15 countries are classified as old EU member states (origin countries from 1957 and countries
joining the European community in 1973, 1981, 1986, and 1995), and 13 countries belong to the group
of new EU member states (joining the EU in 2004, 2007, and 2013). Some indicators are excluded from
analysis because of a lack of data for many of countries and periods; from this point of view, only
61 indicators are used in the paper—37 represent inputs, and 24 represent outputs (see Table 2). Related
to the issue of the nature of the dataset and individual indicators, the used database includes quantitative
(numerical) indicators with the exact measured values, and not qualitative (categorical) indicators. The
data source for downloading these indicators was the European Statistical Office (Eurostat).

Table 2. Country competitiveness index (CCI) indicators in input and output dimensions * (source:
own elaboration).

Dimension Pillar Indicator of Input

Input

Institution
Political stability (PS), voice and accountability (VA),
government effectiveness (GE), regulatory quality (RQ), rule of
law (RL), control of corruption (CC)

Macroeconomic stability

Harmonized index of consumer prices (HICP), gross fixed
capital formation (GFCF), income, saving, and net lending/net
borrowing (ISLB), total intramural research and development
expenditure (GERD), labor productivity per person employed
(LPPE)

Infrastructure

Railway transport—length of tracks (RTLT), air transport of
passengers (ATP), volume of passenger transport (VPT),
volume of freight transport (VFT), motorway
transport—length of motorways (MTLM), air transport of
freight (ATF)

Health

Healthy life expectancy (HLE), infant mortality rate (IMR),
cancer disease death rate (CDDR), heart disease death rate
(HDDR), suicide death rate (SDR), hospital beds (HB), road
fatalities (RF)

Primary, secondary and
tertiary education; training

and lifelong learning

Mathematics, science, and technology enrolments and
graduates (MSTEG), pupils to teachers ratio (PTR), financial
aid to students (FAS), total public expenditure at primary level
of education (TPEPLE), total public expenditure at secondary
level of education (TPESLE), total public expenditure at
tertiary level of education (TPETLE), participants in early
education (PEE), participation in higher education (PHE),
early leavers from education and training (ELET), accessibility
to universities (AU), lifelong learning—participation in
education and training (LLPET)

Indicators for technological
readiness Level of internet access (LIA), E-government availability (EA)
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Table 2. Cont.

Dimension Pillar The Indicator of Output *

Output

Labor market efficiency

Labor productivity (LP), male employment (ME), female
employment (FE), male unemployment (MU), female
unemployment (FU), Public expenditure on labor market
policies (PEoLMP), employment rate (15 to 64 years)
(ER15to64), long-term unemployment (LtUR), unemployment
rate (UR)

Market size Gross domestic product (GDP), compensation of employees
(CoE), disposable income (DI)

Business sophistication Gross value added in sophisticated sectors (GVA),
employment in sophisticated sectors (EiSS)

Innovation

Human resources in science and technology (HRST), total
patent applications (TPAp), employment in technology and
knowledge-intensive sectors by education (ETKIedu),
employment in technology and knowledge-intensive sectors
by gender (ETKIgen), employment in technology and
knowledge-intensive sectors by type of occupation (ETKIocc),
human resources in science and technology—core (HRSTcore),
patent applications to the European Patent Office (EPO),
high-tech patent applications to the EPO (HTI), Information
and Communication Technologies (ICT) patent applications to
EPO (ICT), biotechnology patent applications to the
EPO (BioT)

* Due to the extent of the dataset, the authors applied restrictions on data availability.

The reference period consists of years 2000, 2007, 2008, 2011, 2012, and 2017, whereas years are
divided into three groups according to the different period of economic cycles they describe. The period
of years 2000 to 2007 characterizes a growth period in all evaluated countries and the pre-crisis period;
years 2008 to 2011 are part of the period which represents crisis; and years 2012 to 2017 constitute the
post-crisis period.

Key Factors of Competitiveness at the EU National Level

What is the background of national competitiveness? What are the key factors having an impact on
competitive advantages and disadvantages of nations? What are the crucial factors behind competitive
differences and gaps among countries? These are the kinds of questions that motivate the empirical
study of aspects of EU member state competitiveness. Especially currently, when governments
of countries deal with the impact of the crisis, the policy-makers need a clear sense of its current
competitive position, its functioning, and latent factors of competitiveness: the new starting point.
By understanding both its position and factors of competitiveness, the policy-makers could better
understand the potential development options and also limitations for countries to know which
activities are necessary to boost and which ones to limit, followed by plotting a development trajectory
toward the desired end state, as mentioned by Martin (2003).

In the following analysis, the key factors of competitiveness for the EU28 member states are
described. The first part of FA is devoted to input factors of competitiveness; it means driven forces
of competitiveness. Driven forces of competitiveness are divided into factors that are crucial for EU
economies. In this paper, six dominating factors for inputs explained 68.098% of the total variability in
the reference period (see Table 3), which can be considered as a satisfactory result. For calculation of
input factors by FA, principal component analysis was used as the extraction method, and varimax
with Kaiser normalization was used as the rotation method.
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Table 3. Input factors—total variance explained (source: own calculation and elaboration).

Component
Initial Eigenvalues Rotation Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1 10.540 30.115 30.115 9.112 26.033 26.033
2 5.223 14.923 45.038 5.604 16.011 42.044
3 2.523 7.209 52.247 2.505 7.158 49.203
4 2.163 6.180 58.428 2.436 6.960 56.162
5 1.880 5.372 63.799 2.177 6.220 62.382
6 1.504 4.298 68.098 2.001 5.716 68.098

7 1.362 3.892 71.990
8 1.233 3.523 75.513
9 1.061 3.031 78.544

Table 4 shows 37 indicators (initial FA) and their relevant input factors of competitiveness. Input
factors of competitiveness for the EU member states are divided into several areas of the national
economy, which are currently key and necessary for an economy based on knowledge and innovation.

Table 4. Input factors—rotated component matrix (source: own calculation and elaboration).

Rotation Converged in
8 Iterations

Component Group Factor
1 2 3 4 5 6

Zscore(VA) 0.922 (1)

Factor 1
Economic growth and

development

Zscore(RL) 0.917 (1)
Zscore(CC) 0.915 (1)
Zscore(GE) 0.913 (1)

Zscore(GERD) 0.873 (2)
Zscore(LPPE) 0.863 (2)
Zscore(RQ) 0.851 (1)
Zscore(PS) 0.765 (1)

Zscore(GFCF) 0.742 −0.347 (2)
Zscore(LIA) 0.735 −0.431 (3)

Zscore(CDDR) −0.696 −0.315 0.470 (4)
Zscore(IMR) −0.695 0.311 (4)
Zscore(RF) −0.672 0.306 (4)

Zscore(LLPET) 0.645 0.373 (5)
Zscore(TPETLE) 0.553 0.318 0.521 (5)

Zscore(VFT) −0.444 −0.392 (6)

Zscore(ISLB) 0.951 (1)

Factor 2
Level of infrastructure

Zscore(AU) 0.914 (2)
Zscore(ATP) 0.879 (3)

Zscore(MTLM) 0.862 (3)
Zscore(ATF) 0.816 (3)

Zscore(RTLT) 0.735 (3)

Zscore(HB) 0.852 (1)
Factor 3

Health phenomena in
human life and

Zscore(SDR) 0.530 0.392 (1)
Zscore(TPEPLE) −0.505 (2)

Zscore(PTR) 0.399 0.445 (3)

Zscore(HICP) −0.312 −0.732 (1) Factor 4
Inflation trends, transport,

healthy lifestyle, the
performance of educational

institutions, and public
administration

Zscore(VPT) 0.665 (2)
Zscore(HLE) 0.511 (3)
Zscore(ELET) 0.509 −0.433 (4)
Zscore(FAS) −0.457 0.334 (4)
Zscore(EA) 0.369 0.423 (5)

Zscore(PEE) 0.350 −0.663 (1) Factor 5
Participation in educationZscore(PHE) −0.326 0.627 (1)

Zscore(MSTEG) 0.330 0.614 (1)

Zscore(TPESLE) 0.811 (1) Factor 6
Expenditure on education
and civilization diseasesZscore(HDDR) −0.308 −0.466 (2)
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Factor 1 (economic growth and development) is composed of indicators in the following groups:
(1) institutional environment, (2) macroeconomic stability, (3) technological readiness, (4) health,
(5) education, and (6) infrastructure. (1) Effective institutions improve the delivery of public goods and
services, address market failures, reduce transaction costs, promote transparency of entrepreneurship,
and facilitate the functioning of the labor market. (2) Macroeconomic stability ensures confidence in
the markets and leads to higher long-term investment and is essential for maintaining competitiveness.
(3) ICT fundamentally changed the organizational structure of society, facilitating the adoption of new
and more efficient ways of working and working practices, changing lifestyle, increasing productivity,
and accelerating business processes. (4) Indicators of health describe human capital in terms of health
status, with a particular focus on the workforce. A healthy workforce is a key factor in increasing labor
market participation and labor productivity, and it strengthens competitiveness. (5) An economy based
on knowledge and innovation requires educated human capital, which can adapt to changing the
economic and social situation, and educational systems that successfully create key skills and abilities.
(6) Transport, regardless of its type, is fully dependent on the needs of the economy and society, both
in freight and passenger traffic. The functioning of the transport market is influenced much more than
in other areas of government economic and social policy.

Factor 2 (level of infrastructure) is composed of indicators in the following categories:
(1) macroeconomic stability, (2) training, and (3) infrastructure. (1) An indicator of income, saving,
and net lending and borrowing signals the behavior of fundamental institutional, economic sectors.
The relationship between income, savings, and gross capital formation determines the ability or need
to finance various sectors (net lending/borrowing), which significantly affect the macroeconomic
sector and, thus, the national economy. (2) Participation in education and the accessibility of higher
education are considered essential for the continuous updating of skills and competencies of people
that are needed for coping with the challenges of a continually evolving society based on knowledge,
innovation, and ICT. (3) Modern and efficient infrastructure contributes to both economic efficiency
and improving territorial equality, as it allows for maximizing local economic potential and optimum
utilization of resources.

Factor 3 (health phenomena in human life and cultivation) is composed of the following indicators:
(1) health, (2) education, and (3) training. (1) An indicator of hospital beds indicates the availability
of healthcare in hospitals, i.e., the possibility of being admitted to treatment in hospital for some
time. There is a rising trend in numbers of suicides related not only to personal problems but
also to the considerable amount of hopelessness associated with the political situation in many
countries or economic crisis. Economic downturn strongly tolls on the mental health of the population,
because people living in uncertainty suffer from depression and psychological problems, which may
subsequently result in suicides. (2) Primary education provides the basis for lifelong learning, forming
relationships to education, responsible for the further motivation of children and attenuating the
inequality of the social and cultural environment of the family. (3) Smaller classes are beneficial for all
pupils because they are dedicated to individual attention from teachers, reflected in their ability to
learn with a significant impact on their participation in further higher education.

Factor 4 (inflation trends, transport, healthy lifestyle, the performance of educational institutions,
and public administration) is composed of the following indicators: (1) macroeconomic stability,
(2) infrastructure, (3) health, (4) education, and (5) technological readiness. (1) The harmonized
index of consumer prices (HICP) was introduced to establish a comparable index of consumer prices,
so as to measure inflation trends in all EU countries as a criterion for entry into the monetary union.
(2) Transport is one of the basic needs of humanity, mainly due to the different potential landscapes
of the world. Transport routes can be used to move and transport people, matter, goods, energy,
etc. (3) An indicator of healthy lifestyle is used to monitor health as a factor affecting productivity,
to measure the employability of workers, to monitor progress in the field of accessibility, and to monitor
the quality and sustainability of healthcare. (4) EU applies strategies against early school leaving;
at the same time, however, it should try to widen access to higher education and improve its quality.
If we manage to provide young people with the right skills and professional qualifications, it helps
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the economy in the fight against youth unemployment. The issue of inequality in financial resources
in access to higher education is a key topic in recent years. Today’s system of financial support for
students in higher education is insufficient. Universities must be genuinely open to all who have
sufficient skills to cope with studies. (5) The E-government deals with computerization of public
administration. The E-government is a tool for using modern technology to simplify the lives of public
administration customers while saving state funds.

Factor 5 (participation in education) is composed of indicators in one category: (1) education.
An educated population is a fundamental prerequisite for the economic and social development of
each country, whether currently or in the future. Governments, therefore, have an interest in broad
population access to education and a wide range of educational opportunities for children and adults,
which has an impact on future access to universities and a subsequent educated labor force.

Factor 6 (expenditure on education and civilization diseases) is composed of the following
indicators: (1) education and (2) health. (1) Secondary schools provide education and vocational
training for nearly the entire population of young people who completed their compulsory education
and pre-employment or before entering college. (2) Heart disease falls into the category of lifestyle
diseases, which is a group of diseases in which a significant contributor is the lifestyle and environment
of industrial society. A crucial prerequisite for an economically, socially, and personally successful
company is a healthy population.

The second part of FA is devoted to output factors of competitiveness representing direct or
indirect outcomes of a competitive society and economy. In this paper, three dominating factors for
outputs explained 70.258% of the total variability in the reference period (see Table 5), which can also
be considered as a very satisfactory result. For calculation of output factors by FA, principal component
analysis was used as the extraction method, and varimax with Kaiser normalization was used as the
rotation method.

Table 5. Output factors—total variance explained (Source: own calculation and elaboration).

Component
Initial Eigenvalues Rotation Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1 11.807 45.412 45.412 6.547 25.182 25.182
2 3.517 13.526 58.939 6.088 23.415 48.597
3 2.943 11.320 70.258 5.632 21.662 70.258
4 2.314 8.899 79.157
5 1.874 7.210 86.367

Table 6 shows 24 indicators and their relevant output factors of competitiveness. Output factors of
competitiveness for the EU member states are divided into three areas which are currently considered
as the main output of the knowledge-based economy.

Table 6. Output factors—rotated component matrix (source: own calculation and elaboration).

Rotation Converged
in 5 Iterations

Component Group Factor
1 2 3

Zscore(EPO) 0.871 (1)

Factor 1
Economic

performance and
innovative potential

Zscore(DI) 0.821 0.305 (2)
Zscore(HTI) 0.803 (1)
Zscore(ICT) 0.802 (1)

Zscore(HRSTcore) 0.801 (1)
Zscore(GDP) 0.778 (2)
Zscore(HRST) 0.776 (1)

Zscore(PEoLMP) 0.734 (3)
Zscore(LP) 0.726 (3)

Zscore(BioT) 0.683 (1)
Zscore(FE) 0.578 0.382 (3)

Zscore(GVA) 0.519 (4)
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Table 6. Cont.

Rotation Converged
in 5 Iterations

Component Group Factor
1 2 3

Zscore(ETKIedu) 0.982 (1)

Factor 2
Knowledge-based

economy

Zscore(EiSS) 0.982 (2)
Zscore(ETKIocc) 0.982 (1)
Zscore(ETKIgen) 0.982 (1)

Zscore(TPAp) 0.852 (1)
Zscore(CoE) 0.843 (3)

Zscore(UR) −0.966 (1)

Factor 3
Labor Market

Zscore(MU) −0.937 (1)
Zscore(LtUR) −0.898 (1)

Zscore(FU) −0.890 (1)
Zscore(ME) 0.392 0.760 (1)

Zscore(ER15to64) 0.578 0.617 (1)

Factor 1 (economic performance and innovative potential) is composed of indicators in the
following groups: (1) innovation, (2) market size, (3) labor market efficiency, and (4) business
sophistication. Factor 2 (knowledge-based economy) is composed of indicators in the following
categories: (1) innovation, (2) business sophistication, and (3) market size. Factor 3 (the labor market)
is composed of one indicator: (1) labor market efficiency. Based on output factors on competitiveness,
it is clear that the most economically advanced countries in the world offer excellent conditions for
business, with a long-term focus on supporting research and development. Substantial funding from
both public budgets and business budgets is oriented to promote new ideas and a creative approach
to economic activities. Domestic companies know that the future belongs to prepared companies
offering something extra to their customers, i.e., the added value. In the coming years, economic
growth belongs to countries experiencing “creative” companies. The profitability of large and small
companies mainly depends on new ideas and thoughts. Promoting education and learning of residents
is very important for the future of countries. Innovative employees determine the success of companies.
The driving force is the ideas. The greatest asset of prosperous companies does not involve material
things, but employees who can create new values, to respond flexibly to changing market needs and to
bring constantly new ideas.

The database of factors of competitiveness (six factors for inputs and three factors for outputs)
was used for the efficiency analysis by the DEA method, representing the values of input and output
factors for each EU28 member state in the years of the reference periods, i.e., 2000, 2007, 2008, 2011,
2012, and 2017. Because of the DEA requirement on positive values, it was necessary to correct
the initial values of input and output factors (several countries showed negative values in some
factors). The conventional DEA method assumes that inputs and outputs are non-negative data. In
our case, the use of standardized input or output factors from factor analysis showed that not all
values met the non-negativity assumption. Thus, a data transformation was used by adding a given
constant (as explained below), transforming the distribution of inputs and outputs as non-negative
data; in other words, negative data cannot be directly used under any CRS DEA model. Assuming
normal distribution, this distribution is transferred to non-negative data; for more information, see,
e.g., Tung et al. (2018) who explored the properties of the efficiency measures for a variant of radial
measure (VRM) and proposed new efficiency measures for input-oriented and output-oriented VRM
models. However, there are other ways to work with negative data; e.g., Bansal and Mehra (2018)
proposed a DEA efficiency model that possesses the requisite features of translation invariance and
unit independence, obligatory when dealing with negative values in the original dataset coming into
the analysis. Izadikhah et al. (2018) proposed a new type of DEA model for measuring and assessing
the sustainability of suppliers in the presence of negative data and volume discounts. For more
information about comparing different types of transformation methods, see, e.g., Chortirat et al. (2011)
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or Shu et al. (2002). Generally, data transformation is the process of converting data (in the original
set of indicators and values) from one format into another format. Data transformation is, thus, both
critical and essential for activities such as data integration and data management, i.e., for solving such
types of problem appearing in this paper. Depending on the needs of the issues, data are transformed
to make them compatible with other data, move them to another system, join them with other data, or
aggregate information in the data. However, the methods of data transformation are influenced not
only by the nature of the problem being solved and the purpose of the measurement for which the data
are to be used, but also by the methods that will be used to solve the problem. Thus, the DEA method
is also an option. As Barnum et al. (2017) explained, there are some methodological hazards associated
with the use of DEA that are especially relevant to managerial decisions, but which are largely ignored
in the literature, especially the problem of economic assumptions regarding input substitutions and
output transformations.

For all EU28 member states across all reference years, the correction by adding a given constant
was made as follows: minimum values were calculated for input factors F1–F6, where min was equal
to −3.882; and the minimum values were calculated for output factors F1–F3, where min was equal
to −3.387. Based on these minimum values, the value 4.000 was added to the initial factor values;
all factors gained positive values from this correction, as required for DEA. The range of values (among
input factors and among output factors, as well as the range of values among input and output factors)
was not changed. Therefore, only the level of values for all factors was shifted to the same extent as
positive (non-negative) values for all factors. Therefore, all data indicators, in this case, input and
output factors, had positive (non-negative) values. The range among values of all indicators was the
same after the change as before making it. Values from negative to positive, as well as from positive to
positive, were moved in the same way, i.e., differences among all values were not lost.

5. Discussion

According to the efficiency analysis and derived results from the solution of MPI, it emerges
that the 2000–2007 efficiency ratios of the EU28 countries ranged from 0.785 to 1.653. In the case of
2008–2011, the efficiency ratios of the EU28 countries ranged from 0.396 to 1.240. In the case of 2012–2017,
the efficiency ratios of the EU28 countries ranged from 0.869 to 1.033. From the main descriptive results
for all MPI parts, i.e., MPI, ECH, and FS (see Table 7), it was possible to see that the level of efficiency
measured by MPI increased among the three reference periods. However, what do these values mean
concerning the MPI definition or any of its elements? If MPI is less than one, it signifies productivity is
getting worse, while, if MPI is equal to one, it indicates unchanging productivity, and, if MPI is higher
than one, it means productivity is getting better (Zhu 2011). From this point of view, it is necessary
to say that the increasing trend of MPI seems to be positive information, but, in fact (based on mean
values), it means that, in a comparison of periods 2000–2007, 2008–2011, and 2012–2017, the overall
productivity of evaluated countries recorded a decreasing (negative) trend. This result is not surprising
because of the nature of compared periods. Period 2000–2007 was characterized by economic growth
and improving living standards in all EU member states and with the convergence process of EU12
member states to the EU15 member states. For period 2008–2011, all evaluated European countries
suffered from impacts of the financial and economic crisis. Finally, in the period 2012–2017, most of
these countries solved these economic problems, but this period was also characterized as a post-crisis
period with a slow increasing trend of the main macroeconomic indicators.
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Table 7. MPI descriptive statistics (source: own calculation and elaboration).

Statistics
Period

2000–2007 2008–2011 2012–2017

MPI ECH FS MPI ECH FS MPI ECH FS

N Valid 28 28 28 28 28 28 28 28 28
0 Missing 0 0 0 0 0 0 0 0 0

Mean 0.97235 0.99416 0.97789 0.99377 1.00394 0.98987 0.99961 0.99965 0.99996
SD 0.159261 0.027815 0.155983 0.135679 0.013288 0.135008 0.027900 0.005487 0.027283

Variance 0.025 0.001 0.024 0.018 0.000 0.018 0.001 0.000 0.001
Range 0.867 0.156 0.867 0.844 0.070 0.844 0.165 0.028 0.165

Minimum 0.785 0.885 0.785 0.396 0.991 0.396 0.869 0.986 0.869
Maximum 1.653 1.041 1.653 1.240 1.061 1.240 1.033 1.014 1.033

In Tables 8–10, the MPI results for periods 2000–2007, 2008–2011, and 2012–2017 are outlined,
including information about the number of evaluated DMUs (the first column), codes of EU28 member
states (the second column), efficiency scores of MPI (the third column), scores of efficiency change (the
fourth column), scores of frontier shift (the fifth column), rank of EU28 member states based on MPI
(the sixth, seventh, and eighth columns), and groups of countries (the ninth column). In Tables 8–10,
results of the MPI and its dimensions are highlighted using the traffic light method. The range of
colors of this method changes from dark to light shades of gray. Countries with the highest values of
the MPI, catch-up, and frontier shift suggest a better level of efficiency and, thus, competitiveness; they
are highlighted by dark shades of gray—the higher the value is, the darker the shade of gray is. On the
contrary, countries with the lowest values of the MPI and its two dimensions (catch-up and frontier
shift) suggest a worse level of efficiency; they are highlighted by light shades of gray—the lower the
value is, the lighter the shade of gray is. Countries with values of the MPI falling between efficient
(dark shades of gray) and inefficient (light shades of grey color) are highlighted by medium shades
of gray.

Table 8. MPI results for period 2000–2007 (source: own calculation and elaboration).

No. DMUs IO CRS MPI Efficiency Change Frontier Shift Rank
Group of
Countries

1 BE 0.972 1.000 0.972 1. MT 1.653

1st
(3 EU15, 5 EU13)

2 BG 0.785 1.000 0.785 2. HR 1.138

3 CZ 0.903 0.994 0.908 3. PT 1.109

4 DK 0.939 1.000 0.939 4. RO 1.097

5 DE 0.880 1.000 0.880 5. IE 1.055

6 EE 0.928 1.013 0.915 6. LT 1.049

7 IE 1.055 1.000 1.055 7. FI 1.036

8 EL 0.948 0.978 0.970 8. SK 1.010
9 ES 0.858 1.000 0.858 9. AT 0.979

2nd
(7 EU15, 6 EU13)

10 FR 0.888 1.000 0.888 10. BE 0.972

11 IT 0.892 1.000 0.892 11. LU 0.970

12 CY 0.907 1.000 0.907 12. EL 0.948

13 LV 0.904 0.996 0.907 13. DK 0.939

14 LT 1.049 1.000 1.049 14. EE 0.928

15 LU 0.970 1.000 0.970 15. HU 0.927

16 HU 0.927 1.000 0.927 16. PL 0.920

17 MT 1.653 1.000 1.653 17. SE 0.919

18 NL 0.906 1.000 0.906 18. CY 0.907

19 AT 0.979 1.041 0.940 19. NL 0.906

20 PL 0.920 0.885 1.040 20. LV 0.904

21 PT 1.109 1.030 1.077 21. CZ 0.903
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Table 8. Cont.

No. DMUs IO CRS MPI Efficiency Change Frontier Shift Rank
Group of
Countries

22 RO 1.097 1.000 1.097 22. IT 0.892

3rd
(5 EU15, 1 EU13)

23 SI 0.826 0.940 0.879 23 FR 0.888

24 SK 1.010 1.000 1.010 24. DE 0.880

25 FI 1.036 1.000 1.036 25. ES 0.858

26 SE 0.919 1.000 0.919 26. UK 0.827

27 UK 0.827 0.959 0.863 27. SI 0.826
28 HR 1.138 1.000 1.138 28. BG 0.785 4th (1 EU13)

Note: Belgium (BE), Bulgaria (BG), Czech Republic (CZ), Denmark (DK), Germany (DE), Estonia (EE), Ireland
(IE), Greece (EL), Spain (ES), France (FR), Italy (IT), Cyprus (CY), Latvia (LV), Lithuania (LT), Luxembourg (LU),
Hungary (HU), Malta (MT), Netherlands (NL), Austria (AT), Poland (PL), Portugal (PT), Romania (RO), Slovenia
(SI), Slovakia (SK), Finland (FI), Sweden (SE), United Kingdom (UK), Croatia (CR).

Table 9. MPI results for period 2008–2011 (source: own calculation and elaboration).

No. DMUs IO CRS MPI Efficiency Change Frontier Shift Rank
Group of
Countries

1 BE 0.989 1.000 0.989 1. MT 1.240
1st

(1 EU13)

2 BG 0.396 1.000 0.396 2. CY 1.120
2nd

(1 EU13)

3 CZ 1.034 1.000 1.034 3. PT 1.075

3rd
(8 EU15, 8 EU13)

4 DK 0.987 1.000 0.987 4. NL 1.065

5 DE 1.021 1.000 1.021 5. LU 1.065

6 EE 1.013 1.061 0.954 6. AT 1.062

7 IE 0.905 1.000 0.905 7. LT 1.042

8 EL 0.942 1.000 0.942 8. SI 1.039

9 ES 1.035 1.000 1.035 9. ES 1.035

10 FR 0.975 1.000 0.975 10. CZ 1.034

11 IT 1.002 1.000 1.002 11. RO 1.029

12 CY 1.120 1.000 1.120 12. PL 1.021

13 LV 0.948 1.000 0.948 13. DE 1.021

14 LT 1.042 1.000 1.042 14. HR 1.014

15 LU 1.065 1.000 1.065 15. EE 1.013

16 HU 0.875 1.000 0.875 16. SK 1.010

17 MT 1.240 1.000 1.240 17. FI 1.003

18 NL 1.065 1.000 1.065 18. IT 1.002

19 AT 1.062 1.000 1.062 19. BE 0.989

4th
(7 EU15, 1 EU13)

20 PL 1.021 1.008 1.013 20. DK 0.987

21 PT 1.075 1.030 1.044 21. SE 0.982

22 RO 1.029 1.000 1.029 22. FR 0.975

23 SI 1.039 1.000 1.039 23 LV 0.948

24 SK 1.010 1.000 1.010 24. EL 0.942

25 FI 1.003 1.000 1.003 25. UK 0.938

26 SE 0.982 1.000 0.982 26. IE 0.905

27 UK 0.938 0.991 0.947 27. HU 0.875
5th

(1 EU13)

28 HR 1.014 1.020 0.993 28. BG 0.396
6th

(1 EU13)
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Table 10. MPI results for period 2012–2017 (source: own calculation and elaboration).

No. DMUs IO CRS MPI Efficiency Change Frontier Shift Rank Group of
Countries

1 BE 1.005 1.000 1.005 1. EL 1.033

1st
(12 EU15, 7 EU13)

2 BG 0.869 1.000 0.869 2. EE 1.020

3 CZ 0.993 1.000 0.993 3. RO 1.019

4 DK 1.004 1.000 1.004 4. UK 1.016

5 DE 0.996 1.000 0.996 5. IE 1.015

6 EE 1.020 1.014 1.007 6. PL 1.015

7 IE 1.015 1.000 1.015 7. ES 1.012

8 EL 1.033 1.000 1.033 8. LU 1.011

9 ES 1.012 1.000 1.012 9. FI 1.009

10 FR 1.002 1.000 1.002 10. HU 1.008

11 IT 1.002 1.000 1.002 11. BE 1.005

12 CY 0.988 0.986 1.002 12. SK 1.005

13 LV 0.989 1.000 0.989 13. SE 1.004

14 LT 1.001 1.000 1.001 14. DK 1.004

15 LU 1.011 1.000 1.011 15. MT 1.004

16 HU 1.008 1.000 1.008 16. NL 1.003

17 MT 1.004 1.000 1.004 17. FR 1.002

18 NL 1.003 1.000 1.003 18. IT 1.002

19 AT 0.997 1.000 0.997 19. LT 1.001

20 PL 1.015 1.014 1.001 20. AT 0.997

2nd
(3 EU15, 5 EU13)

21 PT 0.985 0.988 0.997 21. DE 0.996

22 RO 1.019 1.000 1.019 22. HR 0.996

23 SI 0.991 1.000 0.991 23 CZ 0.993

24 SK 1.005 1.000 1.005 24. SI 0.991

25 FI 1.009 1.000 1.009 25. LV 0.989

26 SE 1.004 0.999 1.005 26. CY 0.988

27 UK 1.016 1.000 1.016 27. PT 0.985

28 HR 0.996 0.991 1.006 28. BG 0.869
3rd

(1 EU13)

Broader aspects enter the overall evaluation of economics, and these aspects are unnoticeable
for DEA, i.e., parts of the qualitative assessment in line with the evaluation of overall performance.
Performance is linked concerning competitiveness; a good performance in the innovation group is
expected to also be a good performance in the efficiency and the basic groups as they are instrumental
in increasing levels of competitiveness. As countries move along the path of development, their
socio-economic conditions change, and different determinants become more important for the national
level of competitiveness. As a result, the best way to improve the competitiveness of more developed
countries will not necessarily coincide with the way to improve less developed countries. Consistent
with the theory of economic growth and economic development, CCI results confirm that the most
competitive countries are those with the highest level of economic development (for more information,
see Annoni and Kozovska 2010; Annoni and Dijkstra 2013; or Annoni et al. 2017). It is striking that
several of the top competitors are traditionally economically strong countries. At the end of the
competitiveness scale, it is possible to find some countries which are unfortunately steadily the worst
performers. These differences in CCI editions indicate that the EU moved far from a homogeneous entity
in terms of competitiveness, but CCI results show a more polycentric pattern. Therefore, part of the
explanation of inequalities among the EU member states has to do with differences in competitiveness.

An economic entity with a low level of competitiveness may not have similar opportunities as
a highly competitive economic entity. This fact remains and is confirmed. However, what does it
mean for efficiency in competitiveness? In the case of efficiency analysis of competitiveness and in
the time comparison analysis of change, the results are just a little bit different. Why? The concept
of competitiveness may then be necessary not only to evaluate why some countries grow faster than
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others, but also why some countries have a better and more efficient distribution of competitiveness
over time than others. Is a high level of competitiveness necessarily associated with a high level of
efficiency, and vice versa? It may not always be the case because evaluated countries have a lower
level of input; these countries were able to achieve competitiveness at the level of CCI. While the CCI
value may not be high in the less competitive countries, it is necessary to compare the values of inputs
and outputs. In DEA efficiency analysis, although the IO CRS MPI value is not so high, overall, it is
possible to state that the country operates more efficiently at the end than at the beginning of the
reference period. Such a conclusion is relevant by comparing values of inputs and outputs, and the
fact that outputs are achieved with given inputs.

More specifically, based on MPI results in periods 2000–2007, 2008–2011, and 2012–2017, it is
important to notice that many European countries achieved a value of MPI higher than 1.000 and, thus,
productivity is increasing. As mentioned above, part of the explanation of the large inequalities within
EU countries is linked with the differences in competitiveness. Finally, Tables 8–10 show reordered
countries, from best to worst, their MPI score, and the corresponding rank. The results state positive
trends within the community of EU member states. Based on the MPI results, it is clear that the best
efficiency changes in competitiveness comparing reference years were achieved by countries belonging
to the group of EU13 countries, i.e., new EU member states, than in the case of countries belonging to
the group of EU15 countries, i.e., the old EU member states. This fact is not surprising, because it has
the following key political implications with several reasons/factors:

• The new EU member states constantly fall into the category of less developed and competitive
states based on gross domestic product (GDP) per head in Purchasing Parity Standard (PPS),
which is the reason for their inclusion in the appropriate categorization stage of development
(see Annoni and Kozovska 2010; Annoni and Dijkstra 2013; or Annoni et al. 2017);

• The association of each country with the relevant stage of development testifies to its competitive
advantages and disadvantages and determines its weaknesses. A medium stage of development
is associated with economies primarily driven by factors such as lower skilled labor and basic
infrastructures. Aspects related to good governance and quality of public health are considered
basic inputs in this framework. An intermediate stage of development is characterized by labor
market efficiency, quality of higher education, and market size, factors which contribute to a more
sophisticated economy and more significant potential for competitiveness. In the high stage of
development, factors related to innovation, business sophistication, and technological readiness
are necessary inputs for innovation-driven economies (Annoni and Dijkstra 2013);

• The threshold defining the level of GDP as a percentage of EU average was taken as a reference
as it is the criterion for identifying countries and their regions eligible for funding under the
established criteria of the EU regional policy framework. European funds are an essential tool for
regional development and reducing economic, social, and territorial disparities among European
countries and their regions. Reducing disparities have a significant impact on competitiveness,
and these two concepts are, thus, the EU complementary objectives. Of the total budget allocated
to regional policy, a substantial part goes just to the NUTS 2 regions of EU13 countries (i.e., the
basic regions for the application of regional policies classify based on the EU Nomenclature of
Territorial Units for Statistics), where development is significantly supported;

• New EU member states are often considerably dependent on exports into the old EU member
states and on the flow of money for this exchange shift.

The above facts can raise the question of whether the results automatically provide the prerequisites
for improving the development of the new EU member states. This is the question of the convergence
process de jure and de facto. For the Baltic, Balkan, and central and eastern European countries, joining
the EU held the implicit promise of economic convergence to Western European standards of living
represented by the old EU member states. As officially stated by the European Commission (2019), this
was true for both the first wave of eastern enlargement in 2004 and the subsequent accession of Bulgaria
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and Romania in 2007 and finally Croatia in 2013. As of the 15th anniversary of the 2004 accession, this
expectation was largely met; access to the European single market (i.e., internal market) created new
business opportunities, triggered vast capital flowed to the new EU member states, and facilitated
their integration into global supply chains. The catch-up process, thus, gained additional impetus
during the accession talks and negotiation and again upon joining the EU. Although a significant
gap remains today, it is shrinking at a rapid pace, highlighting central improvements among the
new EU member states, as well as convergence of the group of EU13 countries to the group of EU15
countries in the following areas: income convergence; convergence in labor productivity; convergence
in workforce; convergence in participation rates; convergence in educational attainment; convergence
in competitiveness; convergence in quality of governance; convergence in research, development, and
innovation; convergence in digital connectivity; convergence in openness to trade and integration into
European supply chains; and convergence in openness to foreign direct investment.

Figure 2 constitute the box plots of all parts of MPI, i.e., MPI, ECH, and FS. Box plots of each
MPI part show data skewness and kurtosis to mean values, reflected by the equal location of the
median (X50) between the upper (X75) and lower (X25) quartiles. In the cases of MPI, ECH, and FS,
data are skewed to the upper levels—the median is shifted to the upper quartile (X75). The shapes
of box plots also indicate the symmetrical layout. Each box plot represents data from the normal
distribution, not only due to its symmetry but also due to the position of the median, which lies almost
in the middle of the rectangle. In the context of efficiency analysis, the outliers and extreme values are
interesting, i.e., the highest or lowest values of MPI in comparison to values of MPI of other countries
in the evaluated sample within the reference period. The current version of the EU has 28 member
states and, therefore, we aim to have relevant analysis for all EU countries and not only the selected
sample. Therefore, DMUs present the EU countries in the form of outliers, and extreme values are
not excluded from our empirical analysis. Our analysis aims to have comprehensible results for the
entire sample of countries and not a partial sample; we are concerned about the diversity that the EU is
characterized by, as highlighted by its motto “unity in diversity”.

The classification of EU15 and EU13 member states concerning the nature of technical and
technological change is illustrated in Figure 3. In all reference periods, the location of all European
countries is recorded concerning results of ECH and FS. Evaluated countries are divided into two
groups (the EU15 member states and the EU13 member states) for a better comparison of common
features and differences. It is convenient to remind the reader that ECH and FS values of 1.000
mean no productivity change, values higher than 1.000 mean that productivity is improving, and
values lower than 1.000 mean that productivity is deteriorating. From this point of view, it is possible
to divide European countries into four categories or quadrants. Via the illustration of Figure 2,
information about differences in efficiency recorded by MPI among three reference periods is confirmed.
Across the reference periods, most European countries are located in quadrants with a low level
of FS, and a higher or lower level of ECH. It means that efficiency change is especially caused by
the difference in the production possibility frontier because of the technology development between
reference years, i.e., technology frontier shift. This fact is positive information concerning factors
of competitiveness; it signifies that countries can utilize their internal factor endowment efficiently
and can apply technological progress for boosting their competitive advantages, i.e., they contribute
to qualitative-based economic growth, allowing raising the steady state. On the other side, some
European countries are located in quadrants with a high level of FS, and a more upper or lower level
of ECH. It means that efficiency change is due to a change in the relative efficiency of the evaluated
country with respect to other countries, due to the production possibility frontier between reference
years, i.e., technical efficiency change. This fact is not such positive information because it means
that countries extract their efficiency based on shifts in sources of competitiveness, i.e., they make
changes in composition and quantity of sources based on their exchange business with other countries.
The characteristic of technical efficiency change, thus, contributes only to quantitative-based economic
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growth, which has its limits; this is disconcerting concerning limited sources, utilization of sources,
and possibility/impossibility of their recovery.
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The practicality or applicability of these results in terms of economic policy is, however, limiting
because the results only refer to relative efficiency. What does it mean? In the framework of the
evaluation, it is necessary to move from efficiency to effectiveness, i.e., instead of conducting economic
policy activities based on their setting and objectives; however, this cannot be done using the DEA
method. For future research, it is necessary to rely on the evaluation of the relationship between output
and outcome (effectiveness) and not input and output (efficiency), which the DEA method evaluates.
The reconstructed or newly built technical and transport infrastructure, the reconstruction of buildings
and companies, and buying new technical tools, i.e., factual or physical re-modernization should be
taken in account, as well as the possibilities of proper use in activities generating added value for
the economy, i.e., qualitative, competitive advantage, which is key for the knowledge economy. This
should be the topic of future research, i.e., how the factor endowment of the given economy contributes
to its growth and how the economy can use not only its quantitative but also its qualitative competitive
advantages. To this end, however, it is necessary to find suitable methods used in the evaluation of
effectiveness. The quality and utility of assessment could be improved further by developing a more
integrated and ongoing approach to evaluation.

All these factors affect the convergence trend of the new EU member states and their regions to the
old EU member states, and the growth in the old EU member states has an implicative impact on growth
in the new EU member states. This growth may have the same degree in EU13 countries as in EU15
countries or may be higher. Many of the differences in economic growth and quality of life within a
country may be explained by the differences in competitiveness. Countries with more paved roads, with
better institutions, with better business environment, and with better human capital, for example, may
experience faster economic growth and a clearer reduction in poverty levels (Charles and Zegarra 2014).
All these trends and facts have very significant effects on the competitiveness of all EU member states,
changing the efficiency/inefficiency development. The internal variation and heterogeneity also
underline the inevitable steps needed at the national level. Policies oriented to solve the main economic
and social problems of citizens may then not only focus on the improvement of the aggregate or average
indicators of competitiveness, but also on the reduction of the regional differences in competitiveness.
Effective thematic policies and efficient use of public spending on the established aims will help the
overall efficiency of the whole system, ensuring desired outcomes—effectiveness that has a significant
impact on reducing disparities and improving competitiveness.

The White Paper on the Future of Europe makes a powerful statement about the current precarious
state of European integration and its uncertain future. The continuing effects of the financial, economic,
and migration crises are associated with reduced confidence and trust in democratic institutions and
politicians, and a rise in populism, threatening the unity of the EU. A significant cause is the unequal
impact of globalization and technological change on different parts of the EU. Thus, the EU not only
needs to accelerate sustainable growth but also to resume convergence so that all parts of the EU
can exploit the opportunities from the globalization of trade and technological change. The past
three decades were characterized by trade liberalization, the rise of global value chains, and global
production networks. The integration of emerging countries challenged the EU’s attractiveness as a
production location, because of import competition and off-shoring.

Furthermore, technological change and digital transformation (the fourth production revolution)
is associated with jobless growth and concerns that the EU is falling behind technologically. Europe
generally has a strong position concerning advances in technology, value added, productivity,
profitability, and profits, but there are significant questions about its technological leadership. There
are significant opportunities from the structural change that the EU is well placed to exploit. The cost
advantages of some emerging economies are eroding, labor costs are becoming a less critical factor in
location decisions, and some supply chains are being shortened to ensure greater control. These trends
do not guarantee the renewed competitiveness of developed economies but depend on the ability
of developed economies to effect the necessary structural transformation. Structural change across
the EU requires a different policy and institutional focus on “ecosystems” of open, interconnected
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networks of stakeholders, cooperating through strategic partnerships able to respond rapidly and
flexibly to technological, market, and social changes. Disruptive innovation and creativity require
multidisciplinary and open models of collaboration. The support of an environment for such ecosystems
will unavoidably need to be tailored to specific national, regional, or even local contexts. Policy packages
need to be integrated and coordinated, delivered at a national, regional, and local level, while being
adapted to the needs of different territories (Bachtler et al. 2017).

Many observers believe that Europe is at the beginning of a new industrial revolution, considered
to be the fourth such leap forward labeled Industry 4.0. The ubiquitous use of sensors, the expansion of
wireless communication and networks, the deployment of increasingly intelligent robots and machines,
as well as increased computing power at a lower cost and the development of “big data” analytics,
have the potential to transform the way goods are manufactured in Europe. This new digital industrial
revolution holds the promise of increased flexibility in manufacturing, mass customization, increased
speed, better quality, and improved productivity. However, to capture these benefits, enterprises will
need to invest in equipment, information and communication technologies (ICT), and data analysis,
as well as the integration of data flow throughout the global value chain. The EU supports industrial
change through its industrial policy and research and infrastructure funding. Member states are also
sponsoring national initiatives such as Industrie 4.0 in Germany, the Factory of the Future in France
and Italy, and Catapult centers in the United Kingdom (UK). However, challenges remain. The need
for investment, changing business models, data issues, legal questions of liability and intellectual
property, standards, and skill mismatches are among the challenges that must be met if benefits are to
be gained from new manufacturing and industrial technologies. If these obstacles can be overcome,
Industry 4.0 may help reverse the past decline in industrialization and increase total value added from
manufacturing to a targeted 20% of all value added by strategy Europe 2020.

Based on the facts mentioned in the two paragraphs above, the issue of reducing disparities among
the EU member states and improving internal and external competitiveness can be solved by the current
technical and digital revolution (Industry 4.0), especially via the EU cohesion policy instruments, e.g.,
in the form of Cohesion Policy 4.0 and through the European Structural and Investment Funds for
current programming period 2014–2020. The challenge for the EU as a whole and the individual
member state policy-makers is to develop or adopt policy frameworks and strategies that will stimulate
sustainable growth, in a manner that ensures greater inclusiveness, especially in access to employment
and capacity for entrepreneurship. This demands a more granular approach to structural policy,
tailored better to the specific conditions of the different types of regions and communities across the
EU. Different strategies are needed for frontier regions, intermediate regions (some catching up but
others only keeping pace), and lagging regions. Existing EU strategies—from Lisbon strategy for
period 2000–2010 to current strategy Europe 2020 for period 2010–2020—are only partially successful,
with limited results about the scale of the challenge.

Notwithstanding specific achievements, strategies were over-ambitious about the resources
available, the deficits in governance (especially on coherence and the coordination of policies), and the
performance of interventions. Importantly, policy responses gave inadequate recognition of the spatial
unevenness of current and development needs and challenges for economic growth and development
in the EU. Looking forward, any new EU strategic approach needs to recognize the lessons from the
past and be realistic about what can be achieved. With relatively limited budgetary resources at the EU
level, the EU will need to establish some principles for a new EU strategy. The critical requirement is a
coherent, consistent, and mutually enforcing policy framework. Sectoral policies cannot deliver on a
new EU agenda without integrated territorial policy packages. Equally, integrated territorial policy
approaches cannot achieve prosperity and inclusive growth in the EU without well-designed sectoral
and structural policies and reforms.

The EU model of integration delivered unmatched long-term growth and economic and social
convergence. However, the model is threatened by the effects of the financial and economic crises on
employment opportunities and living standards. The EU needs both to accelerate sustainable growth
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and ensure that all parts of the EU can exploit the growing globalization of trade and technological
change. Structural transformation should be central to renewed policy priorities, requiring a new
balance between policies for competitiveness and cohesion. The pursuit of economic and social
cohesion is a collective task of both national and EU policies. Member states have the primary
responsibility for the conduct and coordination of their economic policies to meet cohesion objectives.
The same obligation applies to all EU policies and actions, including the implementation of the internal
market. The agenda for Cohesion 4.0 is, thus, a much broader task than for cohesion policy alone.
It requires the EU member states to demonstrate that they implemented structural reforms to support
growth and cohesion before uploading domestic interests to the European level. It also underscores the
necessity of an integrated approach to structural transformation and cohesion under all EU regulatory
and investment policies (Bachtler et al. 2017).

The informative ability of the results depends on the methods used; the results, as such, are
dependent on the selected measurement methods that affect their limits and usage assumptions.
Generally, the results of each analysis and method depend on the data used, i.e., they depend on data
quality. There exist different assumptions that your data must meet for the method used to give a valid
result. In the case of our analysis, the limitations are lined primarily with using principal component
analysis (PCA). When we chose to analyze our data using PCA, part of the process involved checking
to make sure that the data we wanted to examine could be analyzed using PCA. In practice, checking
for these assumptions required using SPSS Statistics to carry out a few more tests, as well as to think a
little bit more about our data. When analyzing our data using SPSS Statistics, one or more of these
assumptions may be violated (i.e., not met). This is not uncommon when working with real-world data
rather than textbook examples. However, even when our data fail certain assumptions, there is often a
solution to try and overcome this. The particulars that we had to deal with in our analysis mainly
concerned that data should be suitable for data reduction and there should be no significant outliers.
Involving DEA assumptions, we had to deal with the homogeneity of units, sampling adequacy, i.e.,
comparison of the number of units and the number of input and output variables, and last but not
least isotonicity. All of these limitations were addressed, tested, and explained in the article.

6. Conclusions

Currently, the EU consists of 28 member states and is continually expanding to include new
countries. The considerable geographic, demographic, and cultural diversity of the EU also brings
differences in the socio-economic position of the EU member states. Different results in economic
performance and living standards of the population indicate the status of the competitiveness of
every country. Each country should know its competitive advantages and disadvantages and aim to
strengthen advantages and reduce disadvantages, i.e., key factors of competitiveness. One of the main
aims of the paper was to define the main factors of socio-economic development that determine the
competitiveness level of EU member states. Based on FA results, it is possible to state that, in most of
the cases, the old EU member states reflect the best results in driven forces of competitiveness (inputs
aspects) as an assumption for better outcomes of economic activities and functioning of society (outputs
aspects). The competitiveness of territory resides not only in the competitiveness of its constituent
firms and their interactions, but also in the broader assets and social, economic, institutional, and public
attributes of the country itself. The notion of competitiveness is as much about qualitative factors
and conditions (such as untraded networks of informal knowledge, trust, social capital, and the like)
as it is about quantifiable attributes and processes (such as inter-firm trading, patenting rates, labor
supply, and so on). Furthermore, the causes of competitiveness are usually attributed to the effects of
an aggregate of factors rather than the impact of any individual factor. The sources of competitiveness
may also originate at a variety of geographical scales, from the local through to the regional, national,
and even international. Therefore, the possibility of isolating the precise effects of any individual factor
is limited, as mentioned by Martin (2003). The emergence of new perspectives in creating competitive
advantages at the national level clearly emphasizes the role of local factors and economic initiatives in
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the general economic development of a country through conceptual constructions such as industrial
clusters or districts, innovation networks, or competence centers.

From efficiency analysis, it is evident that there are significant economic development disparities
between European countries. For smoothing of these disparities, the EU authorities are developing
various strategies to further the economic growth of all EU member states and especially their regions
both in the old and new EU member states. The pace of convergence also has an impact on the level
of economic growth of the EU as such. Catch-up of less developed economies (the EU13 countries)
can occur through several different channels. As these effects occur simultaneously, they can cause
feedback to other economic developments, meaning that many of the dynamics can be mutually
reinforcing, thus having a positive impact not only on the group of EU13 countries but also on
the group of EU15 countries. From efficiency analysis, the five channels can be distinguished in
the EU context, i.e., intensification of trade, increases in investment in human and physical capital,
financial integration, improvements in institutional quality, and innovation and technological progress.
As the European Commission (2019) explained, the nature of the convergence process is in line with
enlargement process, and any transition from a centrally planned economy to a market-based one is
bound to produce a rise in productivity, economic growth, and per capita income. The main channels
through which this occurs is through greater allocative efficiency and, perhaps less clear-cut, higher
capital investment rates and more effortless technology transfer.

When the Baltic, Balkan, and central and eastern European countries joined the EU in
2004–2007–2013, they became part of the European single market, i.e., one territory without any
internal borders or other regulatory obstacles to the four free movements (movement of goods, services,
persons, and capital). Membership of the European single market raised their integration with the
rest of the EU, stimulated macroeconomic competitiveness, as well as market competition and trade,
improved efficiency, raised quality, and reduced prices. It boosted trade with the old EU member
states of the EU15 countries, as well as among each other. It also had a large impact on incomes and
welfare of citizens in the EU as a whole. Not only access to the European single market but also the
EU cohesion policy had a significant impact on the convergence pace, i.e., the EU cohesion policy
supports the catch-up process in Europe’s regions. The Baltic, Balkan, and central and eastern European
countries joining the EU became eligible for this support from the EU cohesion policy programs.
The results of DEA analysis, thus, confirm the potential benefits of the EU cohesion policy with
significant output gains in the long-run period due to sizeable productivity improvements. As officially
stated by the European Commission (2019) concerning the impact of the EU cohesion policy, in the
medium-run period, the productivity-enhancing effects of infrastructure investment, research and
development-promoting policies, and human capital investments become gradually stronger and
generate large output effects in the long-run period; therefore, there are permanent positive output
gains in the EU as a whole.

Many European countries, even those with an acceptable level of economic growth, are developing
new strategic plans aiming at keeping up in the “rat race” of international and interregional competition
to attract the best investments. A policy focusing on improving the physical and social environment
may be one of the essential tools to attract the natural territorial sources of economic growth. This
competition may be seen as the result of an increasing variety of production opportunities in a growing
number of regions across the EU (Lambooy and Boschma 2001). The new variety evolved with
the development of new technologies and new organizational structures. Many countries feel the
threat of being outperformed by other countries and, therefore, they have to utilize their competitive
advantages efficiently. Bringing together different development factors which illustrate single aspects
of competitiveness gives a first impression of the overall international competitiveness of European
countries and shows the diversity that exists within the EU territory. Among the essential driving
forces influencing future territorial development are demographic development (including migration),
economic integration, transport, energy, agriculture and rural development, climate change, further
EU enlargements, and territorial governance. A significant role is played by exogenous factors having
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an impact on regional competitiveness, as mentioned. Current theories of regional competitiveness
emphasize the significance of “soft” factors such as human, cultural (knowledge and creativity), and
socio-institutional capital, environmental quality, etc. A wide range of soft location factors is, thus,
of increasing importance. “Soft” factors like governance, culture, and natural environment are part of
territorial potentials and offer synergies for jobs and the growth agenda. The potentials for these “soft
factors” differ widely between areas. Quality living environments and access to environmental and
cultural amenities are among factors that attract investment and people to a location, which is very
important for competitiveness for each country and its competitive advantage and factor endowment.
Currently, hazards do not undermine the competitiveness of a region. Only a few places have shallow
exposure to the main natural and technological hazards in Europe, and climate change is expected
to increase the risk of hazards in the future. To gaze into the future, it is necessary to understand
the driving forces that shape territorial development and various possible future developments and
interrelations with the territory each driving force might bring. Bringing them together into integrated
prospective scenarios is then the final challenge.
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Appendix A

Table A1. DEA method in countries’ macroeconomy and KBE studies (source: own review and elaboration).

Authors Datasets Inputs and Outputs Used in DEA Key Results

Cheng Chen 2017 20 Taiwan counties/cities in the
period 1999–2013

Inputs and outputs: variables for the
department of economic development,
variables for the department of public
security, variables for the department of
social welfare, variables for the department
of education

The police security department is the most efficient in most
counties/cities in the period 1999–2013, and the economic
development department is the second most efficient one in
2002–2005 and after 2009. There exist urban–rural gaps in the
efficiency scores between counties and cities, between
service-type and non-service type counties/cities, and among
different regions.

Nurboja and Košak 2017

11 southeast European countries; 82
banks from EU member countries

and 157 banks from non-EU
countries; period 1999–2013

Inputs: borrowed funds, labor, and physical
Capital
Outputs: loans, securities, and other earning
assets, ratio of equity

Statistically significant cost efficiency gap between EU and
non-EU banking systems in the region, where on average EU
banking systems tend to be more cost efficient than their
non-EU counterparts.

Wu et al. 2014
21 Organisation for Economic

Co-Operation and Development
(OECD) countries

Inputs: real physical capital per worker, real
knowledge capital per worker
Outputs: Real income per worker, real
income per
worker over unemployment rate, real
income per
worker over air pollutants

Research and development expenditures, the proxy variable for
knowledge capital, can indeed improve countries’ efficiency
scores, implying that the endogenous growth theory is
supported in OECD countries. Whether the undesirable
outputs are included in the DEA models and are properly
treated is crucial in the evaluation of efficiency values.

Foddi and Usai 2013 271 regions in 29 European countries

Inputs: Total intramural R&D expenditure,
Economically active population with tertiary
education
attainment
Outputs: Number of the European Patent
Office (EPO) patent applications per priority
year and residence region of inventors

Malmquist index shows extremely differences in productivity
dynamics across regions, important differences are between the
core and periphery of Europe.

Rabar 2013 Croatian regions, three-year period
2005–2007

Inputs: registered unemployment rate,
number of support allowance users
Outputs: share of the secondary sector in
Gross Valued Added (GVA), gross fixed
capital formation in fixed assets, level of
import coverage by export, number of
graduate students, Gross Domestic Product
(GDP)

Among 63 observed entities, 15 turned out to be efficient. The
highest efficiency results were achieved in 2007 toward both
orientations. None of the 21 counties was efficient during the
entire period. The worst efficiency results were achieved in
2006, while the lowest average efficiency was achieved in 2005.
Average efficiency scores for all three periods are greater in
output orientation than in input orientation.
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Table A1. Cont.

Authors Datasets Inputs and Outputs Used in DEA Key Results

Goryushina and Mesropyan
2013

Russian regional economy
performance for the period from 2008

to 2010

Inputs: number of cattle, organizations
acreage under crops, average number of
employees, power capacity, equipment parks
Outputs: gross grain yield,
production of milk, production of livestock
and poultry

Agrarian production of the south of Russia shows the reserve
of stability, and the southern regions belong to Pareto-efficient
set of Russian regions. Only 4 regions among 13 of the south
are estimated as having the stable decline.
The economic development opportunities of this regions are
significant, nevertheless, the considerable potential of regions is
not used.

Afzal and Lawrey 2012

Association of southeast Asian
nations (ASEAN) in two years 1995

and 2010, World Development
Indicators (WDI) and World

Competitiveness Yearbook (WCY)

Inputs: Export/GDP, import/GDP, Foreign
Direct Investment (FDI) inward flows, R&D
expenditure, intellectual property rights,
education expenditure, net enrolment ratio
at secondary school, knowledge transfer rate
(university to industry), FDI inflows
Outputs: Real GDP growth, scientific and
technical publications per 1000 population,
computer users per 1000 population,
high-tech export

Indonesia in knowledge acquisition; Singapore, South Korea
and Thailand in knowledge production; Singapore in
knowledge distribution; the Philippines, and South Korea in
knowledge utilization are the most productive and 100%
efficient countries in either one or both of the years
investigated.

Deliktas and Balcilar 2005
25 transition economies (east

European, Baltic, and other former
Soviet Union countries)

Inputs: total labor force, gross capital
formation
Outputs: real GDP

No technological progress, but over the whole period
1991–2000 there was a technological regress, and also decline in
the average annual total factor productivity. Results suggest
that, on average, chance in technical efficiency is outweighed
by the technical regress.

Tan et al. 2008 WDI-2001 dataset for 54 developing
countries

Inputs: Research and Development (R&D)
expenditure, labor productivity, average
schooling
Outputs: mobile phone users, internet users,
Personal Computer (PC) penetration,
high-tech exports

India, Indonesia, Thailand, and China are inefficient countries
due to the outflow of human resources.

Christopoulos 2007 Selected OECD and non-OECD
countries

Inputs: human capital, openness
Output: real GDP

Movements towards openness increase the efficiency
performance of non-OECD countries.

Mohammad 2007
Selected Asia–Pacific countries.

Datasets
collected in 1996, 2000, and 2003

Inputs: government expenditure as % of
GDP
Outputs: real GDP growth, real employment
rate, inflation rate

Only seven of 25 selected countries are efficient.
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Table A1. Cont.

Authors Datasets Inputs and Outputs Used in DEA Key Results

Ramanathan 2006 Selected Middle Eastern and north
African countries, WDI-1999

Inputs and outputs: ratio of labour to
population, life expectancy, primary
education teachers, GNP per capita, literacy
rate, mortality rate, etc.

Bahrain, Jordan, Kuwait, and the United Arab Emirates (UAE)
are the most efficient while Yemen is the least efficient country.

Malhotra and Malhotra 2006 European Union (EU15) nations
against one another from 1993 to 2006

Seven economic variables: current account
as % of GDP, current account as % of exports,
GDP per head of population, inflation,
international liquidity, real GDP growth,
exchange rate stability

All the participating nations were not equally efficient at the
beginning of the economic integration in 1993. Economic
integration did help in achieving convergence in economic
performance of EU15 nations because 13 of the 15 nations were
efficient in 1998. After 1998, there is lack of convergence in the
performance of EU 15 nations and some nations performed
more efficiently in contrast to other nations.

Halkos and Tzeremes 2005 51 Greek prefectures, three decades
(1980, 1990, 2000)

Inputs: Number of hospital beds per 1000
citizens, number of doctors per 1000 citizens,
number of public schools per 1000 students,
number of public buses per 1000 citizens
Outputs: GDP as a percentage of the mean
GDP of the country, difference of
urban–rural population, number of new
houses per 1000 citizens

Results of effect of fiscal policies on the Greek prefectures: the
resources of a prefecture do not necessarily ensure the
efficiency of this prefecture.

Hsu et al. 2008 World Competitiveness Yearbook
2004

WCY-2004 pillars used as input and output
variables for OECD and non-OECD
countries

Indonesia and Argentina outperform in all the efficiency scores
and Turkey, Poland, and Mexico appear to have stable
efficiencies. Twenty-nine countries are shown to be efficient.

Hseu and Shang 2005 OECD countries, 1991-2000

Inputs: wood pulp capacity, paper and
paperboard capacity, number of employees
Outputs: wood pulp, paper and
paperboard

The productivity change of pulp and paper industry in OECD
countries ranged from Switzerland’s 0.9% to Japan’s 2.4% over
the sampled period. The Nordic nations (Finland, Norway, and
Sweden) recorded 1.2–1.5% improvement in their performance.
The productivity of the Canadian pulp and paper industry
increased by 2%, while that of its United States counterpart
increased only by 0.8%. The results also showed that the last
decade’s productivity growth was attributed more to the
technical change than efficiency change.
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Table A1. Cont.

Authors Datasets Inputs and Outputs Used in DEA Key Results

Breuss et al. 2000 Central and eastern European
candidate countries to the EU

Three Copenhagen criteria:
(i) political criteria—i.e., the establishment of
democracy and the
protection of human rights and minorities;
(ii) economic criteria—the building up of a
functioning market economy able to
withstand the competition on the single
market;
(iii) acquis criterion—i.e., the complete
takeover of the legal status of the Union plus
the acceptance of its targets (meaning
monetary and political union)

Macroeconomic performance of most of the Central and Eastern
European countries (CEEC) lies far behind the EU standards, in
foreign trade some of the CEECs already perform better than
some EU countries. Interestingly, authors find out that some
CEECs were already better prepared for the European
Monetary Union (EMU) than many EU member states.

Golany and Thore 1997
Statistical department
of 72 developed and

developing countries in 1970–1985

Inputs: real investment as % of GDP, real
government consumption as % of GDP,
education expenditure as % of GDP
Outputs: real GDP growth, infant mortality,
enrolment ratio for secondary schools,
welfare payments

Japan, the United States of America (USA), Canada and the
Asian tigers show increasing returns to scale (IRS);
Scandinavian and very poor developing countries show
decreasing returns to scale (DRS).
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