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Abstract: The aim of this article is to identify cluster§ countries with
similar levels of competitiveness among the EU-@udntries and to identify
for each of the 27 EU countries the path of contipetiess growth. The
cluster analysis conducted confirms the hypothesis the European Union
is an area with a high differentiation in termsl@fels of competitiveness.
The analysis shows that the strategy to increasgpettiveness should be
significantly different for each EU country. It ®iggested that in order to
increase its international competitiveness eachc&lthtry should follow the
pattern of the country which stands above it ilmerof competitiveness
ranking, but at the same time is most similar.
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INTRODUCTION

Competitiveness is one of the most misunderstoodeuts in economics
[Waheeduzzaman, Ryans, 1996]. The main problemcohamists dealing with
issues of competitiveness is the lack of a singigarsally accepted definition of
this phenomenon. Even such an expert as Portersitbdok "The competitive
advantage of nations" does not define competitiserrectly, although the term
is used repeatedly [Porter, 1990]. Furthermoréhénliterature there is the problem
of an excess of definitions, which stems from thet fthat the phenomenon is
considered at up to four levels, i.e. micro-, mezmacro- and mega-
competitiveness. Moreover, the concept of competiess is derived from at least
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three economic theories: those of internationalldraof economic growth and
microeconomics.

One of the few successful attempts at defining ame&asuring

competitiveness is the methodology proposed by\Mbed Economics Forum. This
approach can be called holistic, and is based timrbhacro and micro theories and
uses both hard and soft data. The Growth Competigiss Index (GCI) published
by the Word Economic Forum aims to quantify crugidlars of a country’s
competitiveness [Schwab, 2013]. They are:

Institutions (1) — the institutional environmenthigh is determined by the legal
and administrative framework;

Infrastructure (ll) — the quality and the extensiess of infrastructure;
Macroeconomic environment (Ill) — the stability d¢fie macroeconomic
environment (inflation rate, government spendmglic debt);

Health and primary education (IV) — the quantitg &yuality of basic education
and access to the health care system;

Higher education and training (V) — the quality igher education and the
intensity of vocational and continuous on-the-j@ring;

Goods market efficiency (VI) — the structure of gwotion and its compatibility
with national and international demand; the intgnef domestic market
competition; the degree of customer orientation launger sophistication;
Labour market efficiency (VII) — the flexibility ofthe labour force; the
transparency of labour law; the adjustment of spuppldemand in the labour
market;

Financial market development (VIII) — the leveldgvelopment and health of
the financial system; the trustworthiness and parency of the banking
system;

Technological readiness (IX) — ICT (Information &ddmmunication
Technology) access and use in daily activitiesoduction processes; foreign
direct investment intensity (FDI intensity);

Market size (X) — the size of the domestic maegkel openness to trade;
Business sophistication (XI) — the quality of a wiwy's overall business
networks and the quality of individual firms’ op@oms and strategies;
Innovation (XII) — the intensity of technologidainovation; R&D expenditure
in the private sector.

The GCI calculated for an individual country infarnabout the level of

competitiveness of its economy and allows a comspariof this level with that
achieved by other countries.

However, for an integrated group like the EU-27 mtaes, knowing which

country is more competitive than the others dogésantribute much to EU growth
policy. The previous competitiveness growth stratéay the EU-27, based on a
common denominator and employing identical toolsdompetitiveness support,
did not work, which could be evidenced by the falof the implementation of the
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Lisbon Strategy in the period 2000-2010. For te&son, in this paper similarities
in the competitiveness of the EU-27 countries Wil identified, and then the
different path for competitiveness growth will betekmined for each EU country.
The paths will be determined, based on the priacifflat to increase the
international competitiveness, each EU country khiny to follow the path of

another EU country which is very similar but stanalsove it in terms of

competitiveness ranking. Rather than advocating dhiecept of a "two-speed
Europe”, the paper proposes viewing the strendtkach particular Member State
as an engine of growth for the whole EU.

METHODOLOGY

For the analysis, the above-mentioned set of 12petitiveness indicators
(diagnostic variables) is used. First, the usefdnef the diagnostic variables is
determined by examining their degree of variatiod @orrelation. The analysis
requires variables which have sufficient variatiand are not correlated too
strongly with each other (Table 1). Only in thiseawill they be good carriers of
information, allowing different processes to beniifeed [Grabinski at all, 1993].
The desired level of the coefficient of variatiamdahe correlation coefficient, i.e.
such that the variables selected can be considiiegphostic variables, is taken
from the literature. It is assumed that if the ficefnt of variation exceeds 10% the
feature has statistically significant variation g¢ias, 2000], [Koztowska 2010].
Due to the very low value of the coefficient of iation for variables IV and VI,
they are excluded from the analysis.

To assess whether significant correlations exisivéen the variables, a
matrix of correlation coefficients for pairs of ianles is generated. No correlation
which could contribute to abnormal results in thmalgsis (min. § = -0.1483,
max ky, = 0.913) is found [Nowak, 1990], [GUS, 2012]. Hawe correlation
coefficients do not allow to determine the dep@&cdebetween variables other
than linear. Therefore, the correlation plots fdir the pairs of variables are
analyzed. It confirms the absence of significamvitimear correlations.

The next step of analysis should be the data narat&n. In our case this is
not necessary due to quite similar scales or mag@i among the variables.

Two taxonomic methods are used to identify simtyariin the
competitiveness level of the EU-27 countries.

Firstly, to group the countries analyzed into tiely homogeneous groups
the cluster analysis is applied. This method allavaetermination of the similarity
of objects without establishing a hierarchy amomgnt. Classification and
separation of the object clusters is carried outri®ans of a distance matrix. To
create this, Ward’'s method is used. It is basedawnanalysis of variance to
evaluate the distances between clusters, i.eteingts to minimize the sum of the
squared distances of points from the cluster’sroght
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Table 1. The variables and their basic statistio@hsures

Name | nofme v v v fvie i [ixo{x o [xi X
AT | Austria 504 58| 5,35|6,32]5,48]4,91] 469|465 57]462] 552 507
BE | Belgium 5| 5,68| 4,66 6,75|5,81|5,12| 4,54] 4,68 557]4,81] 532| 5,09
BG | Bulgaria 3,39 3,79| 542|592[4,31[4,17] 454|397 43]382] 362| 2,98
CY | Cyprus 459 48| 386| 65|4,98]468| 457|4,56/485]281] 418 3,36
cz | Czech Republic| 3,67 4,81| 5,19|5,87|4,87| 453 4,32|4,25|5,06] 4,51 445 381
DK | Denmark 54 574 54|6,19]559]503] 522|469]6,17]422| 541 508
EE | Estonia 4,94 4,72| 6,01|6,21|5,17|4,73| 511]451|529]298 42| 3,93
FI | Finland 6,03 558 57/6,82]6,18/505 5| 55592418 549| 575
FR | France 4,83 6,28| 464]6,32|5,14|447| 441|4,73]5,72|576] 5| 4,91
GR | Greece 337 47| 2,42|6,04|4,74] 3.93| 356]3,13]4,54] 438 374 3
ES | Spain 4,25 592| 4,17|6,09]5,02|4,37| 3,98 3,9|529|545 451] 3,77
IE | Ireland 522 534| 344|646 53|524] 5| 3,6/582|4,13| 500 466
LT | Lithuania 4,01 4,74| 4,57|6,05|5,15|4,36| 441|386 5]353| 4,16] 3,51
LU | Luxemburg 58 584| 6,18| 6,2]4,74]532] 4,65/5,21]6,21]3,07| 4,96] 4,82
LV |Latvia 4,01 4,11] 506]5.99]4,78] 4,42 4,78] 4,4|4,73[311] 3,89 3,25
MT | Malta 4,61 4,91| 46|6,34|4,93|4,62| 414]511]559]2,38] 4,27| 343
NL | Netherlands 572 6,18 52| 6,6]5,79]5,29] 4,99]4,96]5,98]5,11] 563] 531
DE | Germany 53] 6,36 548 63| 58(4,92| 451]466|571]6,02] 571 542
PL | Poland 411 389| 46]6,03]492|439| 448|459)466]512| 406 325
PT | Portugal 428 55| 3,87|6,19|4,98|4,31| 38|371|527|434 417| 3,86
RO | Romania 3,38 3.22| 4,83|551|4,36|386| 401|3,98/4,09]441| 347 2,92
SK | Slovakia 344 423 487|603 45437 42|445/446] 4| 402| 298
SI | Slovenia 4,05 491| 494|6.29| 52|442| 4,15|3,29)4,96] 346 418 3,85
SE | Sweden 5,78 5,69| 6,16| 6,46| 5,75| 5,14 4,81|5,29/6,29| 4,62| 556| 556
HU | Hungary 3,71 439| 515|584|4,67|4,.28| 4,27|4,05| 443|425 374 361
GB | United Kingdom| 5,41 6,22| 4,01 6,39|557|5,00| 542/516] 6]578| 548] 517
T | italy 3,56| 5,19| 4,23|584| 473|429 3,72|357|4,71|563| 475 3,73
min 333| 322| 242|551]431(386| 356|313|400|238] 347| 2,92
max 603| 636| 618]682]618]532| 542| 55|629|602| 571| 575
median 459| 519| 487| 62|502(453| 451]451(529|434] 445| 385
average 455| 511| 478]620]513(463| 449439527431 461] 4,15
ggzgﬁ“o ‘:] 086| 088| 094|032|051|043| 050|066|067|102| 072 094
\Clgﬁgtclg]‘t of 019| 017| 0,20|005|0,10|009| 011|015[0,13|0,24| 016| 023

Source: own calculations

The error sum of squares antlvalues are computed using the following
formulae:

ESS (error sum of squares)ZZZ‘x”k -X.| 1)
Tk

‘2
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TSS (total sum of squares)» >’ Z‘xijk - Xk‘z , 2)
I
R Squared §=TSS — ESS/TSS, (3)

where: Xjx denotes the value for variable k in observatibelpnging to cluster i,
Xy denotes the cluster mean for variabland X, denotes the mean for
variable k.

Among very different distance (similarity) matric&&uclidean distance is chosen,
as it is the recommended distance measure for Wandthod [see more Kaufman
and Rousseeu, 1990 and Everitt, Landau, Leese].2001
Secondly, to create the path of competitivenessvitirdor an object/
country, an object map is used. To create this, steps are needed. The first of
these is to build the above-discussed matrix dhdies, indicating the distance of
an object relative to the rest. The second stépriank all the objects (countries) in
a ranking procedure. To create the ranking we &iewn synthetic variable for
each country. We follow the methodology proposedibitwig. In this method, we
first choose an “ideal object” which is describgdabset of the maximum values of
each variable. The variables must be standardirddl@ey should be stimulants.
The synthetic variable uses the following formula:
d;=1-2, @)
Co
where
d is the taxonomic measure of development propogéditiwig,
cio Is the Euclidean distance between the countrytiamdideal object”,
Co is the critical distance between objects and itheal object”, and

¢, =C, + 2, (5)

_ 1

C, == .Cop. (6)
N

o = lz(cio —60)2}2 7)

c\’|O = Z:l:()(lj _Xmax)z:|2 (8)

Based on this ranking of the EU-27 countries anthendistance matrix, an object
map is created. All the statistical analyses iis daticle are performed using the
statistical software Statistica 11.0, SPSS ver2ihf and R software
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EMPIRICAL ANALYSIS

The above-described similarity matrices of the olgje called distance
matrices, are used to create a dendrogram. Thiwsshow many clusters, i.e.
homogeneous groups of countries, can be found antten&U-27 countries. The
interpretation of the dendrogram, i.e. the idecdifion of the number of clusters,
depends on the bond distance chosen . The rulegeddy Mojena, based on the
relative size of the different levels of junctiois,chosen to determine the cut-off.
The constant in Mojena’s inequality has a valué&.gb, which is recommended by
Milligan and Cooper [Milligan, Cooper, 1985]. Accong to the result of this
inequality, a cut-off at the level of 12.68 givesatisfactory division of the 27
countries into clusters.

Using Ward’s method, in 2012 five large homogengtmups of countries
(clusters) can be distinguished (Figure 1). Thacbelsaracteristics of the clusters
are presented in table 2.

Figure 1. Dendrogram for 12 competitiveness llaging square Euclidean distance
(27 EU countries)

Dendrogram 2012
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In cluster 1 we have nine countries, mainly fréva EU-15, all with a high
level of competitiveness. In this cluster, all tregiables not only achieve a better
average value compared with the entire EU-279mftthe 10 variables record the
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highest average values among the five clusterstifiigh Because there is no
variable with a value clearly differing from thestewe can regard this cluster as
being well-established with a high level of coniipetness.

Table 2. Average values of the variables in eaaktet
All

Cluster number . 1 2 3 4 5
countries
Number of countries in eacl
cluster 27 9 6 5 2 5
AT, BE, DK,| BG, SK,
Country in each cluster NL, FI, SE,| HU, RO, L(T:Y'S:VIR/ EE, LU P('BI'RiTE?I'E

FR, DE, GB| CZ, PL 10 o
Institutions 4,541 5,386 3,607 4,254 5,270 4,136
Infrastructure 5,131 5,948 4,055 4,694 5,280 5,330

Macroeconomic
environment
Higher education and 5128 | 5679 | 4,605 5008 4955 4,954
training

Labour market efficiency 4,492 4,843 4,303 441 80,8 4,012

Financial market 4387 | 4924 | 47215 4244 486D 3,582
development

4,815 5,178 5,010, 4,606 6,09p 3,626

Technological readiness 5,271 5,896 4,5p0 5,026 506, 5,126
Market size 4,315 5,013 4,352 3,088 3,025 4,786
Business sophistication 4,614 5,458 3,803 4,136 80,6 4,452
Innovation 4,151 5,262 3,258 3,480 4,315 3,804

Source: own calculations based on Table 1.

Cluster 2 consists of six countries from Centradl &astern Europe. This
group is characterized by a low level of competitigss, i.e. 6 of the 10 variables
have the lowest average level among all the clsisteny competitive advantage
for these countries is based only on above-avedagelopment of the size of the
domestic market, trade openness and stabilityeofrthcroeconomic environment.

Cluster 3 is an interesting case of a group of teswith an average level
of competitiveness of their economies. This growpngrises Cyprus, Malta,
Lithuania, Slovenia and Latvia. The average vabfemost of the variables differ
little from the average value of the competitiven@sdicators recorded for the
entire group of EU-27 countries. Therefore, thisser is formed of countries that
concentrate on a complex growth of competitivemesdl its aspects (as in cluster
1) rather than on building a competitive advantbgeed only on two or three
selected pillars of competitiveness (as in clugjer

Cluster 4 consists of two countries: Estonia andembourg. The main
pillar of competitiveness of these countries isextremely high stability of the
macroeconomic environment (inflation rate, governimepending and public
debt). The level of competitiveness of these twantoes can be described as
medium-high, because half of the variables analyretthis cluster have values
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greater than the average values of these varidbtethe entire EU-27 group.
Competitive advantage in these countries is alssedan an unusually well-
developed infrastructure and financial market, ghtdegree of ICT saturation in
the economy and a high intensity of technologieabivation.

The last cluster, number 5, consists of four sautleuropean countries
(Greece, Spain, Portugal and Italy) and IrelandesEhcountries are competitive
due to a well-developed infrastructure and thedasize of the domestic market.
Although in this cluster only 2 of the 10 variableave values greater than the
average values for the whole EU-27, the majorityhef competitiveness indicators
vary around the average values for the whole Unidinherefore, the
competitiveness level of the countries in this ®usan be described as average.

This cluster analysis confirms the hypothesis thatEuropean Union is an
area with high differentiation in terms of levelsammpetitiveness. We have one
cluster of countries with a very high level of eoonc competitiveness (cluster 1),
one of above-average level of competitiveness f@tu, two clusters of countries
representing the average level of competitivenebst with different
competitiveness bases (clusters 3 and 5), andeclasimber 2 consisting of six
EU-27 countries with a low level of competitivenes#/ith such a large
differentiation of competitiveness level among tB& economies, it is difficult to
build an EU competitiveness strategy based onglesimified growth path.

It is suggested that each of the EU-27 countrigge@ally in the short term,
should follow their individual path to increase quatitiveness. In order to
determine these paths of competitiveness, all 2¢&htries are ranked according
to their competitiveness level. Table 3 shows thrking of countries based on the
value of the synthetic variable, where the “iddgjeot” is described by a set of the
maximum values for each variable.

Table 3. Ranking of 27 EU countries, based orsymthetic variable in 2012

Country rank country rank
NL 0,7733 1 MT 0,2933 15
SE 0,7635 2 PL 0,2885 16
Fl 0,7538 3 LT 0,2876 17
DE 0,7062 4 CY 0,2706 18
DK 0,6910 5 PT 0,2658 19
GB 0,6870 6 SI 0,2578 20
AT 0,6422 7 LV 0,2438 21
BE 0,6136 8 IT 0,2201 22
FR 0,5644 9 HU 0,2192 23
LU 0,5097 10 SK 0,1780 24
IE 0,4273 11 BG 0,1203 25
EE 0,4193 12 RO 0,0493 26
ES 0,3469 13 GR 0 27
Ccz 0,3406 14

Source: own calculations
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The synthetic variable is normalized so that itges from 1 (maximum
value) to 0 (minimum value). The places of eachntguin the competitiveness
ranking here are slightly different from those le W?WEF rankings. This is due to
the exclusion from the analysis of variables IV afidtoo low variability). Thus,
in the ranking here the following countries gainglgly in competitiveness
compared to the WEF rapport: Holland , Denmark,aRd] Malta, Latvia,
Slovenia, Cyprus, Bulgaria. On the other hand, ghesuntries lose a little bit:
Finland, Sweden, the United Kingdom, the Slovak.Rew Italy (down by up to 5
places).The best path for increasing the competitgs of each economy is to
follow on the solutions used in countries which laigher in the ranking. However,
for example, Luxembourg, which is ranked in 10thcel in the competitiveness
ranking, does not have to catch up with all thentdes ahead of it. The proposal
here is to build an easy affordable strategy taawp each country's position in the
rankings by adopting the pattern of a country whiels a better position in the
competitiveness ranking but at the same time is tile most similarRelying on
the experiences of country, which is more competitbut at the same time very
similar, ensures easy implementation of the sahstigelected. This approach only
allows an indication of the countries from whiclselected economy should draw
patterns. The method does not, however, explaintwbycountries similar to each
other occupy different positions in the competitigss ranking.

A tool that allows analysis of each country's positin the ranking and
allows us to find a better but most similar objésta map of the objects. The map
is a polar diagram, where each point on the malefimed by two values. The first
value is the value of the synthetic variable (a snea of angle), with the worst
countries on the left and the best objects in #mking on the right). The second
value is the distance matrix for each selected ttpucompared to the other
countries (this distance is represented by seroles). The country analyzed is
always at the bottom of the map, and the bold sdidicates the position of the
country analyzed in the ranking. To identify thahpto competitiveness growth,
we need to pay attention to all the countries anrtfap lying to the right of the
designated radius and at the same time closest to i

The path of competitiveness growth for the Polisbnemy is illustrated in
Figure 2.The semicircles define the metric distance of ladl tountries from the
country located in the centre at the bottom of figare (Poland). The radiuses
from right to left (anticlockwise) determine thegjitns of the countries in the
ranking. The numbers placed at the end of the dadius of the semi-circle
represent the scale of the object values in th&imga. Analysis of this figure
shows that to increase the competitiveness of dtislPeconomy, we should try to
implement instruments for competitiveness growtlicgdased on Czech, Maltese
and Estonian experiences.
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Figure 2. Paths to competitiveness growth for thisR economy
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Source: own calculations based on calculations ffaiwle 3.

Analogous maps have been drawn for each of theo@itces. Due to lack
of space, only the conclusions which can be drawm fthese maps are presented
in the table below. Table 4 indicates country tbofe for each of the 27 EU
countries

Table 4. Paths to competitiveness growth for ed¢hen27 EU countries

Country Country to follow Country Country to follow
analyzed analyzed
NL MT Estonia, Luxemburg
SE Netherlands PL Czech Rep., Estonia
Fl Sweden, Netherlands LT Poland, Malta
DE Sweden, Netherlands CY Lithuania, Poland
DK Germany, Netherlands PT Spain, Ireland
GB Netherlands, Germany Sl Cyprus, Latvia
AT Denmark, Germany LV Slovenia, Lithuania
BE Austria, Denmark IT Portugal, Spain
FR Germany, United Kingdon] HU Poland, Czech Rep.
LU Belgium, Austria SK Hungary, Poland
IE France, Belgium BG Hungary, Poland
EE Luxemburg, France RO Slovakia, Hungary
ES Ireland, Estonia GR Italy, Portugal
cz Estonia, Luxemburg

Source: own calculations
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CONCLUSIONS

This paper focuses on the identification of siniijain the competitiveness
of the EU-27 countries. The cluster analysis hagicoed the hypothesis that the
European Union is an area which can be divided iatge clusters with very
different levels of competitiveness. Thereforesitsuggested that one unified
strategy to increase EU competitiveness is not ad ggblution. A new concept
of individual competitiveness growth strategy faack EU country has been
proposed, based on the implementation of provemtieok from other EU
countries which have a better position in compediiess ranking but at the same
time are the most similar. In order to determireeghth to competitiveness growth,
the creation of maps based on each country's positi the competitiveness
ranking (ranking based on the synthetic variablg) the distance metric of the
selected country compared to other countries has peposed.
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