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1. INTRODUCTION

In a globalizing economy, maintaining and enhancing external
competitiveness has become of increasing concern to countries around the
world. This applies in particular to EU candidate countries, whose small
economies have to rely mainly on export-led growth. Improving
competitiveness is also important in the context of the enhanced economic
convergence required in order to join the Economic and Monetary Union
(EMU) (Orszaghova et al, 2013, p.7).

In these years of the global economic slowdown, Europe’s governments,
businesses and consumers are looking ahead to future sources of economic
growth. Beyond the immediate challenges of the European debt crisis
and questions over the future of the Eurozone and the whole European
Union, it is very important to revitalize economic growth and countries’
competitiveness.
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It should be emphasized that the EU as a whole could be competitive if
the separate member states sought to eliminate or reduce barriers which may
inhibit their competitiveness. First, the reform should embrace those
countries where the level of competitiveness is the lowest because their
impact weakens the position of the whole group.

This article looks in detail at the evaluation of competitiveness indicators
over the past few years in the European Union countries. However the aim
of this paper is not only to find groups of countries with similar
competitiveness characteristics (featuring not only similar competitiveness
indices in the last year), but also to investigate the dynamic pattern of the
competitiveness indices during the last few years using the latent class
models. The results of such analysis have a cognitional value for scientists,
but they may be also interesting in the view of some challenges, such as
formulating strategies of competitiveness.

The paper is organized as follows: after a short introduction, Section 1
provides a concise overview of a different competitiveness definitions and
their measures. This is followed by the methodology we applied in the
empirical part of the article, i.e. the dependent mixture model, its history and
main assumptions. The majority of the paper (Section 4) involves a detailed
analysis of competitiveness sub-factors for EU countries. The study focuses
on finding different competitiveness regimes for the EU countries and
providing the probabilities of switching between one regime and another.
Our analysis is completed by the main findings and conclusion.

2. DEFINING COMPETITIVENESS

Competitiveness can be defined as the ability to face competition and to
be successful when facing competition. Competitiveness would then be the
ability to sell products that meet demand requirements (price, quality,
quantity) and, at the same time, ensure profits over time that enable the firm
to thrive. Competition may be within domestic markets (in which case firms,
or sectors, in the same country are compared with each other) or
international (in this case, comparisons are made between countries).
Competitiveness can be then defined and measured at different levels of
economic analysis: nations (macro level), sectors of economic activity at
national and regional level (meso level) and firms (micro level). Research in
the field has a variety of perspectives. There are studies involving
macroeconomic, microeconomic, business, geographical and sectoral
factors, which are always interrelated. Therefore researchers use the concept
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of competitiveness in many different ways (Buzzigoli and Viviani, 2006),
often overlapping, using different measures, indicators and analytical
methodologies.

There 1s, however, more or less a consensus on which measures could be
used to assess competitiveness. Measurement can be made according to two
disciplines. The first one focuses on trade success and measures
competitiveness with the real exchange rate, comparative advantage indices,
and export or import indices. The second one, the strategic management
school, places emphasis on the firm’s structure and strategy. In the latter,
competitiveness is defined as cost leadership and non-price supremacy, with
cost competitiveness measured according to various cost indicators as well
as productivity and efficiency. More often non-price competitiveness
indicators are used to measure the external competitiveness of a country.
Thus we focus on this complex approach to competitiveness.

Competitiveness is therefore a relative measure. It is, however, a broad
concept and there is no agreement on how to define it nor how to measure it
precisely. Moreover, several authors stress that competitiveness does not
have a definition in economic theory (e.g. Sharples, 1990; Ahearn et al.,
1990). Although there is no agreed approach on how to define and measure
competitiveness, we present one of the most popular definitions.

International competitiveness has long been considered vital to growth in
industrial economies. With globalization, it is also becoming crucial for the
developing countries that have long insulated themselves from world
markets (Lall, 2001). One of the main reasons for the growing importance of
international competitiveness is technological. The rapid pace of innovation
and the resulting promise of productivity increase makes it more costly to
insulate economies from international trade and investment. Since new
technologies benefit all activities, traded and non traded, quick access to
such technologies in the form of new products, equipment and knowledge
becomes vital for the welfare of the nation.

The relation of these factors is causing significant changes to the location
of productive activity across countries, and so to new patterns of global trade
and national comparative advantage. There is a continuing surge of activities
and functions seeking more efficient locations across the globe, led mainly
by multinational corporations but also in some cases by other agents such as
buyers and retailers (Dicken, 1998).

Competitiveness of a country is also defined as “the ability of a country
to produce goods and services that meet the test of the international markets
and simultaneously to maintain and expand the real income and also raise
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the welfare level of its citizens” (Haque, 1995). However the concept of
competition power should not be totally explained only by the ability of a
country’s productivity, it should also be explained by the firm’s level of
competition power and the industrial level competition skills.

A broader approach to competitiveness which is defined as “the extent to
which a country is able to compete in global markets” is presented by the
European Central Bank (Orszaghova et a/, 2013, p. 11).

The Organization for Economic Cooperation and Development (OECD)
defines competitiveness as the “ability of companies, industries, regions,
nations, and supranational regions to generate, while being and remaining
exposed to international competition, relatively high factor income and
factor employment levels on a sustainable basis” (Hatzichronologou, 1996).
The European Commission uses the following definition: “a sustained rise in
the standards of living of a nation or region and as low a level of involuntary
unemployment as possible” (European Commission, 2009).

For more than three decades the World Economic Forum’s annual Global
Competitiveness Reports have studied and benchmarked the many factors
underpinning national competitiveness. From the outset, the goal has been to
provide insight and stimulate discussion among all stakeholders on the best
strategies and policies to help countries to overcome the obstacles to
improving competitiveness. In the current challenging economic
environment, this work is a critical reminder of the importance of structural
economic fundamentals for sustained growth.

The World Economic Forum (WEF) defines competitiveness as the set of
institutions, policies and factors that determine the level of productivity of a
country. The level of productivity, in turn, sets the level of prosperity that
can be earned by an economy. The productivity level also determines the
rates of return obtained by investments in an economy, which in their turn
are the fundamental drivers of its growth rates. In other words, a more
competitive economy is one that is likely to sustain growth. The concept of
competitiveness thus involves static and dynamic components. Although the
productivity of a country determines its ability to sustain a high level of
income, it is also one of the central determinants of its returns to investment,
which is one of the key factors explaining an economy’s growth potential
(WEF, Global Competitiveness Report 2012-2013, p. 4).

Although there are different theoretical approaches to the measurement of
competitiveness, we focus in our empirical analysis on the well known indices
presented by the Global Competitiveness Report (prepared by the World
Economic Forum). The WEF’s annually published Global Competitiveness
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Report carries out respective computations of the competitiveness index by
different indicators. The Global Competitiveness Report focuses on economic
welfare and increasing standards of living while making computations and
rankings of the countries. According to the Global Competitiveness Report
2012-2013, Poland ranks 41st.

Hence the indicators used in this yearbook are firmly regarded as the
factors which are crucial for achieving high growth levels. In the WEF’s
Global Competitiveness Report (GCR) 2012-2013, over 100 variables are
used for 144 countries. These variables are grouped into 12 pillars, which
are the sources of national competitiveness, each measuring different aspects
of competitiveness: Institutions, Infrastructure, Macroeconomic Environment,
Health and Primary Education, Higher Education and Training, Goods
Market Efficiency, Labour Market Efficiency, Financial Market Development,
Technological Readiness, Market Size, Business Sophistication and
Innovation.

The GCI attributes higher relative weights to those pillars that are more
relevant for an economy given its particular stage of development. That is,
although all the 12 pillars matter to a certain extent for all countries, the
relative importance of each one depends on its particular stage of
development. To implement this concept, the pillars are organized into three
sub-indices, each critical to a particular stage of development.

Table 1

Stages of 12 pillars of competitiveness according to Global Competitiveness
Yearbook 2012-2013

GLOBAL COMPETITIVENESS INDEX

. . . Innovation
Basic requirements Efficiency enhancers e e .
. . and sophistication factors
sub-index sub-index .
sub-index
Pillar 1. Institutions Pillar 5. Higher education and Pillar 11. Business
Pillar 2. Infrastructure training sophistication

Pillar 3. Macroeconomic
environment

Pillar 4. Health and
primary education

Pillar 6. Goods market efficiency
Pillar 7. Labour market efficiency
Pillar 8. Financial market
development

Pillar 9. Technological readiness
Pillar 10. Market size

Pillar 12. Innovation

Key for factor-driven
economies (in stage 1)

Key for efficiency-driven
economies (in stage 2)

Key for innovation-driven
economies (in stage 3)

Source: WEF, Global Competitiveness Report 2012-2013, p. 8.
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The basic requirements sub-index groups the pillars most critical for
countries in the factor-driven stage. The efficiency enhancers sub-index
includes those pillars critical for countries in the efficiency-driven stage, and
the innovation and sophistication factors sub-index includes the pillars
critical to countries in the innovation-driven stage (see WEF, Global
Competitiveness Report 20122013, p. 9). The three sub-indices are shown
in Table 1.

Twenty-one of the EU countries are in stage 3, i.e. innovation-driven
economies. The Baltic States, i.e. Estonia, Latvia, Lithuania and two of the
Central Europe countries — Poland and Hungary — are in transition from
stage 2 to stage 3. Only Bulgaria belongs to efficiency-driven economies.

3. LATENT AND HIDDEN MARKOV MODELS

In latent class analysis (Lazersfeld, 1950a, b; Lazersfeld and Henry,
1968) it is assumed that each observation comes from one of a number of
classes (groups) and models each with its own probability distribution. When
longitudinal data are to be analyzed, the research questions concern some
form of change over time. When change is discussed in relation to latent
class models, we are referring to a change that is in some sense categorical
or discrete, such as transition between latent classes, rather than a continuous
change in level. When latent class analysis (LCA) is applied three or more
times, this approach is called repeated-measures LCA (RMLCA). The other
approach, latent transition analysis (LTA), is a variation of the latent class
model that is designed to model not only the prevalence of latent class
membership, but the incidence of transitions over time in latent class
membership. The RMLCA approach works best when a small number of
indicators of the latent variable are measured three or more times. Then a
latent class model can be fitted so that the latent classes correspond to
different patterns of categorical or discrete change over time (Collins and
Lanza, 2011, p. 182).

Latent transition models are known as latent Markov models and are
frequently used in the social sciences, in different areas and application. In
psychology they are used for modelling learning processes (Wickens, 1982;
Schmittmann et al, 2006). In economics, latent Markov models are so-called
regime switching models (see e.g. Kim, 1994 and Ghysels, 1994). Other
applications include speech recognition (Rabiner, 1989) and genetics
analysis (Krogh, 1998). In these areas of application, latent Markov models
are usually referred to hidden Markov models. A more gentle introduction
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into hidden Markov models with application is the book by Zucchini and
MacDonald (2009). An overview of hidden Markov models with extensions
can be found in Frithwirth-Schnatter (2006), as well as in Cappe, Moulines
and Ryden (2005).

Hidden Markov models are formally equivalent to latent Markov models.
However in practice the literature on each of these models are largely
separated. HMMs originate from engineering applications such as speech
recognition (Rabiner, 1989), whereas latent Markov models originate in
sociology and political science (Langeheine, Van de Pol, 1990). HMMs are
typically applied to long univariate time series such as speech streams or
stock market prices. In contrast, latent Markov models were considered as
extensions of latent class models (McCutcheon, 1987) with repeated
measurements. In latent class models the goal is to classify persons into a
finite number of distinct types. The latent Markov model then is applicable
whenever questionnaires are administered repeatedly and the goal is to study
changes, e.g. in political preferences of large groups of people. In latent
Markov models the focus is on short multivariate time series with many
cases, whereas HMMs are mostly applied to long (univariate) time series of
a single process or individual.

The term “dependent mixture model” was originally proposed by Leroux,
Puterman (1992) and used by Visser and Speekenbrink (2010) to relate both
to the latent and hidden Markov model.

4. DEPENDENT MIXTURE MODEL

The main assumption of a dependent mixture model is that at any time
point the observations are distributed as a mixture of u# components (or
states), and that time-dependencies between the observations are due to time-
dependencies between the mixture components (i.e. probabilities of
transitions between the components). These dependencies are assumed to
follow a first-order Markov chain. Moreover, the observation at a particular
time point is independent of observations at other time points conditionally
on the latent state. The latter implies that the observed competitiveness
indices (analyzed in the empirical part of the analysis) in time ¢ depends only
on the latent state at time ¢ and is often referred to as the local independence
assumption.

The general form of our data is X,, =(X|,..., X/, X},..., X7, X7, X7') s

for an m-variate time series of length 7. We use X, as shorthand for
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X tl ,-..»X, . The joint likelihood of observations given model parameters
@ can be written as (Visser, Speekenbrink, 2010):

-1
P=(X,.S,10)=xbs (X)]]a,bs (X..), (1

t=1

where the following elements are:

S,— is an element of S =[l,...,u], a set of u latent classes, states or

regimes,
7, = P(S, =s) — an initial-state probability, i.e. the probability of having a
particular latent initial class/state at time =1,

a, =P(S

sr

1 =TS, =s) —atransition of state s to state .

Assuming a homogenous transition process with respect to time, we achieve

the latent transition matrix A of transition probabilities a_., with s,7,....,u

sro

denoting the probability of switching from latent state s to latent state 7.
A= 0| 2)

The row sums of transition matrix equal to one.
b, —is a vector of observation densities b/ = P(X/ | S, =r) that provides

conditional densities of observations X, associated with latent class/state r,

j=1,...,m. The example data brj could be a Gaussian or Bernoulli
distribution.

Maximum likelihood (ML) estimation of the parameters of dependent
mixture model can be solved by means of the Expectation-Maximization
(EM) algorithm (Dempster et al, 1977). The E step computes the joint
conditional distribution of the ¢+1 latent variables given the data and the
current estimates of the model parameters. In the M step, standard complete
data ML methods are used to update the unknown model parameters using
the expanded data matrix with the estimated densities of the latent variables
as weights.

An important modelling issue is the choice of s, the number of clusters
needed to capture the unobserved heterogeneity across observations. The
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selection of the proper number of clusters is typically based on information
criterion such as the Bayesian Information Criterion (BIC) (Schwarz, 1978)
or the Akaike Information Criterion (AIC) (Akaike, 1974).

5. COMPETITIVENESS OF THE EU COUNTRIES
— THE EMPIRICAL STUDY

Our analysis deals with the cross-sectional dataset with twenty seven EU
countries measured over seven years (2006-2007, 20072008, 20082009,
20092010, 20102011, 2011-2012, 2012-2013)", for a total of 189
observations. The public data set is available at the World Economic Forum
website. All the computations and graphics in this paper have been done in
depmixS4 (Visser and Speekenbrink, 2013) package of R.

The following variables (sub-indices) were used in the analysis:

Global Competitiveness Index — GCI,

Basic requirements,

Efficiency enhancers,

Innovation and sophistication.

A reasonable theoretical approach might indicate that there are two” or
three latent groups of countries — more competitive, less competitive or those
countries who are in the middle (in the case of three classes)’. We can test
this hypothesis using a dependent mixture model. The optimal number of
clusters was chosen using information criteria (BIC, AIC). We decided to
compare the results for two and three latent classes because the difference in
information criterion between two and three clusters was very small.
Moreover during the period 2006-2012, the countries experienced shocks
and big crises, therefore we considered both two and three latent states. We
estimated the parameters of two and three components using the EM
algorithm.

Each latent state can be characterized by the mean return (4Z) and

standard deviation ( 6 ) of the country’s sub-indices. The standard deviations

! Since 20062007 the World Economic Forum has been publishing the Global Competitiveness
Index on the basis of the same sub-indices.

% The groups of new and old EU member states.

3 In line with the economic theory of stages of development, the GCI assumes that economies
are in the factor-driven (the first stage), the efficiency-driven (the second stage) and the
innovation-driven (the third stage) stages of development (see Table 1 and the Global
Competitiveness Report 2012-2013, pp. 8-9).
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provide information about volatility (i.e. the risk) of each latent state: a low
volatility state can be interpreted as a more “stable” competitiveness regime.

In Table 2 the latent states and its characteristics are presented. The first
column in Table 2 provides the size of each latent state which indicates the
proportion of time observations classified into a particular state, and thus
represents their level of occurrence in the period that is analyzed. For
example, 60% of time points are allocated into state one which represents the
modal state, while state two contains only 40% of the observations.

Table 2

Estimated priors, means and standard deviations for the dependent mixture model
with two components

Basic Efficiency | Innovation and
Index . GCI . s L
Size requirements enhancers sophistication
State A e A G A e A G
State 1 0.60 4.37 0.21 | 4.81 0.35 4.38 | 0.21 3.85 0.34
State 2 0.40 5.31 0.21 | 5.76 0.23 5.19 | 0.20 5.21 0.33

Source: own study.

The analysis of mean returns and standard deviations allows insight about
the main features of the different phases which characterize the dynamics
of the countries’ competitiveness. State 1 for example identifies low
competitiveness periods since they are characterized by the low value of f

and the high value of & . According to their size this state occurs more often.
On the other hand, state 2 with a higher value of ;4 refers to high

competitiveness periods. This state represent the phase of stability of the
countries economic situation (lower value of & ). Furthermore it can be noted
(from Table 2) that within each latent state 2 and & differ among the country
sub-indices. In particular the basic requirements indices have higher values (by
44% higher in the first state and 45% higher in the second state) with respect
to the general competitiveness index. Moreover, the value of & for the basic
requirement index in the first latent state has the highest value.

On the other side efficiency enhancers as well as the innovation and
sophistication factors sub-indices usually have lower values with respect to
the general competitiveness index®. The only exception is represented by the

* The efficiency enhancers sub-indices are by 1% higher in the first state and by 12% lower in
the second state, innovation and sophistication factors sub-indices are by 52% lower in the
first state and by 10% lower in the second state with respect to the general competitiveness
index.
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first latent state which is characterized by a 1% higher value of efficiency
enhancers sub-index than the general competitiveness indicator. The results
reported in Table 2 provide an innovative measurement of risk and expected
return and allow us to identify alternative investment strategies in different
countries.

Bulgaria, Cyprus, the Czech Republic, Estonia (with the exception of the
first year of the analysis), Greece, Hungary, Italy, Latvia, Lithuania, Malta,
Poland, Portugal, Romania, the Slovak Republic, Slovenia and Spain are in
the first state. The second state comprises: Austria, Belgium, Denmark,
Finland, France, Germany, Ireland, Luxembourg, Netherlands, Sweden and
the UK, with the non-stable position of Ireland which was in the first state in
years 2009-2010, 2010-2011, 2011-2012, and in the second state during
four years of the analysis’. Therefore we can say that the first class consists
of the countries that joined the EU after 1 May 2004 (excluding Italy, Spain
and Portugal), and the second class consists of the old EU member states.

A further relevant set of information provided by the dependent mixture
model is represented by the latent transition matrix A which shows the
probability of switching from one latent state to another. The results related
to the dynamics of the country competitiveness indices are reported in Table
3. The values on the main diagonal of transition matrix represent the state’s
persistence, that is the probabilities of remaining in a particular phase (state).
For example, the probability of staying in latent state 1 is a,, =0.67 while it is

not so unlikely to remain in state 2 ( a,, = 0.44)°. The off-diagonal entries @,

indicate the probabilities of country regime switching: for instance, when the
economy of the country is experiencing a crisis, the competitiveness indicators
are not well represented by latent state 1 at time ¢+1, and this unattractive,
uncompetitive phase might be persistent, because transition to a stronger
competitive countries position is quite unlikely (a, =0.33). It is also

interesting to notice that when we are in the positive market regime at time ¢,

5 The time period of the analysis could have an influence on the position of Ireland which was
very high in the ranking at the beginning of our analysis. The non-stable position for this
country in the years of the analysis could be explained by the substantial instability of the
economy, which was an evident problem in 2009. Thus the country joined the team of PIIGS
nations.

% The probabilities on the main diagonal of the transition matrix cannot be considered as
stable but there are also far from the minimum level of 0.05. It should be emphasized that the
transition probabilities from state 2 to state 1 is more likely than remaining in state 2, which
means that maintaining competitiveness at this stage of development is much more difficult
than switching to the less competitive state 1.
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it may persist also at time 7+1 with probability a,, =0.44, but it may also

shift to the worse competitive period phase represented by state 1 with a
higher probability (a,, = 0.56).

We can exploit the information provided by the switching probabilities
reported in Table 3 in order to evaluate the reliability of the prediction
capability of the dependent mixture model. Table 3 shows that some regime
switching can be predicted quite accurately because their transition
probabilities are high, for instance the probability of remaining in latent state
one is relatively easy to predict. There are no transition probabilities close to
0.05 which could complicate prediction (this could make competitive regime
at time 7+1 quite difficult to predict precisely).

Table 3
Latent transition matrix for two states
State s / State r State 1 State 2
State 1 0.67 0.33
State 2 0.56 0.44

Source: own study.

As mentioned before, we also estimated the parameters for three latent
states which are presented in Table 4.

Table 4

Estimated prior, mean and standard deviation for the dependent mixture model
with three components

Basic Efficiency Innovation and
Index . GCI . e .
Size requirements enhancers sophistication
State A G A G A G A G
State 1 040 | 531 | 0.21 5.75 0.24 5.18 0.20 5.21 0.33
State 2 044 | 447 | 0.14 4.95 0.27 4.47 0.15 3.99 0.24
State 3 0.16 | 4.19 | 0.11 4.40 0.20 4.13 0.15 3.42 0.16

Source: own study.

Table 4 provides information on the three states that were identified, that
is the average proportion of countries in state s over time and the mean
and variance of the competitiveness sub-indices in the three latent states.
The probability of being in state 1, 2 and 3 is 0.40, 0.44 and 0.16,
respectively.
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State 1 identifies the best performing competitiveness periods since they
are characterized by the highest value of /. On the other hand, state 2 with

a lower value of f refers to the less competitive periods. According to the

size this state occurs more often. State 3 contains only 16% of observations
and represents the least competitive periods for EU countries. It can be noted
that this state is characterized by the lowest values of 4, and includes

countries with lower volatility. Furthermore, it can be emphasized that the
basic requirements indices have higher values with respect to the general
competitiveness index. Moreover the value of & for the innovation and
sophistication factors sub-index in the first latent state has the highest value
(0.33).

The efficiency enhancers and the innovation and sophistication factors
sub-indices wusually have lower values with respect to the general
competitiveness index. The only exception is represented by the second
latent state which is characterized by the same value of efficiency enhancers
sub-index like the general competitiveness index.

Table 5
Latent transition matrix for three states
State s / State r State 1 State 2 State 3
State 1 0.44 0.34 0.22
State 2 0.45 0.42 0.13
State 3 0.00 0.92 0.08

Source: own study.

The transition probability matrix given in Table 5 shows that countries
which were in the first latent status had a probability of 0.44 remaining there
over time. If they did transition, they were most likely to transition to the
second latent state (0.34). Those countries in the second latent state had a
0.42 probability of remaining there, their most likely transition was back to
the first state (0.45). Countries of the third state had the lowest probability of
remaining stable over time. They were most likely to transition to the second
latent state (0.92) and had a negligible (rounded to 0.0) probability of
transition to the most competitive state.

In the first class there are the best performing countries: Austria,
Belgium, Denmark, Finland, France, Germany, Ireland, Luxemburg,
Netherlands, Sweden, and the UK. Estonia was in this class in 2006-2007.
The second class comprises less competitive countries: Cyprus, the Czech
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Republic, Estonia, Hungary, Italy, Latvia, Lithuania, Malta, Poland,
Portugal, Slovenia, and Spain. It is worth noting that only in the first year of
the analysis Greece was in this state, and Estonia was not. Latvia also
changed position in four periods of time: 2008-2009, 2009-2010, 2010—
2011, 2011-2012, and was back in this class in the last year of the analysis.
The non-stable position in the second class refers also to Ireland (2009—
2010, 2010-2011, 2011-2012) and Poland, that was in the less competitive
class 3 during the first three years. The Slovak Republic was also in this
class during five years; its position worsened during the last two years.

The third state indicates the least competitive economies. Countries
always belonging to this class are Bulgaria, Greece and Romania, with the
exception of Greece in 2006-2007 (belonging then to the second class).
Poland was also in the third class during the first three years, and Latvia in
2009-2012. This class also included the Slovak Republic in the last two
years of the analysis (previously belonging to the first class).

We can say that the first class includes northern EU-member countries
(with the exception of France and Ireland). The second state comprises the
southern and east-central EU-member countries. “Ireland, Spain, Portugal
and Greece are treated as countries of the ‘European Periphery’ and as
recipients, for a period of more than ten years, of various financing
arrangements aimed at supporting and strengthening their competitiveness”
(Garelli, 20006).

The last state comprises Bulgaria, which belongs to efficiency-driven
economies, and two countries (Poland and Latvia) which were considered by
the WEF as countries in transition (between stages 2 and 3). There is also
Greece experiencing huge economic problems, and Slovakia, one of the
youngest members of the Eurozone.

The two clusters could not be the only one choice (according to
information criterion) but lead to a consistent representation of the
competitiveness variable dynamics, clearly defining two distinct types of
regime switching which is coherent with many facts in economics.
Moreover, it is close to the traditional distinction made between the 15
original members and the 12 countries that joined after 2004.

The dependent mixture model defines the different competitiveness
regimes for the EU countries and provides the probabilities of switching
between one regime and another. First, this approach provides a
methodologically correct solution able to differentiate the latent evaluation
with respect to the country competitiveness phases. The latent transition
probabilities enable to predict the market regime at time ¢+1 quite accurately
by referring to the highest diagonal values in transition matrix.
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CONCLUSIONS

The EU as a union remains diversified in terms of the level of
competitiveness of its member states (and prospects of improvement) in
different years. Most often the competitiveness of countries is compared on
the basis of the previous year’s indices. We found and characterized groups
of EU countries with a similar ability to sustain a high level of
competitiveness during the last few years. We also answered the question of
which countries are prone to switch their competitiveness position. We
found two groups of countries using the extended latent class model for short
multivariate time series. One group, with the weaker competitive position as
well as the higher state persistence and lower probability of transition to
another group, comprises: Bulgaria, Cyprus, the Czech Republic, Estonia,
Greece, Hungary, Italy, Latvia, Lithuania, Malta, Poland, Portugal, Romania,
the Slovak Republic, Slovenia and Spain. The other group comprises
countries with a higher level of competitiveness, but in a less stable position:
Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Luxemburg,
Netherlands, Sweden and the UK.

The simultaneous analysis of the time series allows a better comparison
of country dynamics compared to the application of cluster analysis for each
year separately. The knowledge of the latent state characteristics and the
transition probabilities are decisive in order to properly measure the latent
competitiveness stability of all of the EU countries. Furthermore, the
classification of every time point of the time series in homogenous non-
observable states offers a contribution to model-based clustering for
financial time series and panel data (Frithwirth-Schnatter and Kaufmann,
2008; Otranto, 2008; Costa and De Angelis, 2012) which is receiving
growing attention in the statistical literature.

This article discusses which countries can be more successful in terms of
economic performance and which countries should catch up with the group
of leaders in competitiveness to have a positive impact on the EU as a whole.
The results and the detailed analysis of the estimated parameters as well as
the transition matrix of the model may also contribute to the current policy
discussion on measures for achieving sustainable competitiveness of the
European Union economies, strategy and reform programmes in the separate
member states.
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