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Abstract. In this paper we analyze the changes that took place in the European

Union in the period 2004-2014, it is in a period of its intense expansion. Based on

a set of eight characteristics, we split the EU into clusters of countries with similar

profiles; we also split characteristics into clusters of linked features.

The study covers 28 countries currently being members of the EU irrespective of

when they have joined it. The research method we use is Grade Data Analysis, and

our data processing tool is GradeStat program.

Keywords: European Union, economic condition, cluster analysis, Grade Data Anal-

ysis, overrepresentation, outlier

1 ECONOMIC CONDITION

The economic condition of a country may be understood as its position in

relation to other countries in a specific period of time. It may be measured

through use of statistics involving GDP information, unemployment rates,

stock market data, and many other metrics.

This definition points to two major problems in assessing the economic

condition. Firstly, there is no universal set of measures of economic health.

Secondly, we cannot assess the economic condition of a certain country in

isolation from other countries; economic evaluations almost always take

the form of rankings or comparative analysis.

These factors make every assessment of the economic health more or

less subjective. We do not deny that our analysis – an assessment of the

economies of European Union countries over the past ten years – also has

this disadvantage.

1.1 Macroeconomic Measures

By macroeconomic measures we understand indicators of the current sta-

tus of particular areas of the economy (industry, labour market, trade, etc.).
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They describe real national income, spending, and output. They indicate

whether the economy is growing or in recession. They are published regu-

larly by governmental or international agencies, such as Eurostat.

The most important macroeconomic indicators are:

– Gross Domestic Product (GDP). It represents the total market value of

all goods and services produced in a country during a given year. There

are two most commonly used indicators based on the GDP: GDP per

capita and GDP growth rate.

– Inflation rate. It is a sustained increase in the general price level of

goods and services in an economy over a period of time. It is the re-

sult of an imbalance between the amount of money circulating in the

economy and the amount of goods available on the market.

– Unemployment rate. It is the percentage of the total labour force that is

unemployed but actively seeking employment and willing to work.

– Financial indicators: balance of payments, public debt, savings ratio,

etc.

1.2 Measures of Quality of Life

It is difficult to define the concept as abstract as quality of life. Usually it

is understood as the general well-being of individuals and societies. There

are many aspects of this "well-being", and some of them are closely related

to macroeconomics. Thus, the division of economic measures into macroe-

conomic indicators and indicators of quality of life is somewhat artificial.

Areas covered by quality of life are: political freedom, security, healthcare,

education, access to technologies, employment, and many others.

Quality of life should not be confused with standard of living which is

based on income. Standard of living refers to the level of wealth available

to a certain society and may be considered as one of measures of quality

of life (but not its synonym).

2 EUROPEAN UNION

The European Union (EU) was established on November 1st, 1993 by the

Treaty of Maastricht. Its creation was the next step towards full political

and economic integration of its members. EU is a successor of the Euro-

pean Economic Community founded on January 1st, 1958 by the Treaty of

Rome.

The purpose of starting closer cooperation of European countries was to

ensure their balanced development, to enable close contacts of European
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nations, and as a consequence: to prevent wars in Europe. A "triggering

factor" of European integration were tragic experiences of World War II.

For half-century members of the EU enjoy peace and a relatively high

standard of living. For this reason, the EU is often perceived as a "land of

prosperity", a club of rich countries with no problems. Indeed, EU mem-

bers are relatively affluent, but the EU is not monolithic; it includes both:

rich countries and those who have just started to build their wealth. The

year 2004 began the process of EU enlargement, and this process is still

ongoing. Accession to the EU has changed not only the situation of new

Member States, but also that of "old" ones, and of the Union as a whole.

Since 2007 the EU is facing one of the most difficult periods in its

history. The crisis in the real estate market, whose first signals came from

the US, began to spread in other countries, soon affecting the majority of

EU members. Problems of banks forced to intervene both governments

and central banks of many countries, as well as EU central institutions. In

2009 the new Greek government announced that the economic statistics

published by the previous governments were falsified, and the country has

long been in a recession. Soon serious economic problems hit Spain and

Ireland. The crisis – by way of a domino effect – spilled across the EU. It

turned out that the "club of the rich" may also have problems.

In this paper we are going to try to assess the evolution of the EU in the

period 2004-2014. There are many studies on this issue; however, very few

of them use data mining tools, including cluster analysis. We want to fill

this gap – we will look at the European Union through the prism of Grade

Data Analysis.

3 GRADE DATA ANALYSIS REVISITED

This paper is focused on Grade Data Analysis (GDA) applications, not on

the method itself; an in-depth description of GDA may be found in [5] and

[12]. However, for clarity of subsequent sections, it is necessary to provide

a brief summary of the methodology we are going to use. We have already

presented it in details in [15] and [16]; here we will make a short résumé.

Grade Data Analysis (GDA) is an advanced data analysis technique for

ordering both objects and their features.1 Its starting point is a table having

m rows and n columns; it presents m objects (rows) having n character-

istics (columns). All values in such a table must be non-negative; if there

are any negative values, they must be eliminated. Data sets for all objects

1A comprehensive presentation of cluster analysis may be found in [1], [2], and [17].
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must be complete; missing values must be supplemented. The sum of each

column of the table must be greater than zero.

Table 1 on page 47 contains 8 characteristics of 28 members of the Eu-

ropean Union. Values marked in bold were missing, and we had to supple-

ment them (the procedure will be described in Section 4.4). This table will

be used for an analysis of 28 countries (present and future EU members)

in 2004. However, before we perform it, we must normalise the data.

Data normalisation in GDA is performed in two steps. In the first step

each value is divided by the sum of its group. A group may be composed of

one or more columns. After this operation all values in the table belong to

the interval [0; 1]. This prevents the analysis from being dominated by one

(or some) of characteristics of objects (in our case these would be: GDP

and Debt).2

Each group of characteristics is assigned a weight which reflects its

"importance" in the analysis. Then each value in the table is multiplied by

the weight of its group and divided by the sum of the whole table – this is

the second step of the normalisation.

We decided to put Life F and Life M3 in one group, and to treat all

other columns as individual groups. We assigned a weight equal to 1.5 to

Debt and to all other characteristics: weights equal to 1. Table 2 on page

48 presents normalised values.

Such a pre-processed table is an input of Grade Correspondence Anal-

ysis (GCA) algorithm. In the first step GCA counts for each value its over-

representation index cij

cij =
pij

pi+ × p+j

, (1)

where pij is the value in i-th row and j-th column, pi+ is the sum of i-

th row, and p+j is the sum of j-th column. Table 3 on page 49 presents

overrepresentation indexes for 2004.

Overrepresentation indexes for each value may be presented in a form

of an overrepresentation map. Such a map is a square divided into rows

representing objects and columns representing characteristics. Heights of

rows and widths of columns are proportional to sums of rows and sums

of columns of the table of normalised values (see Table 2 on page 48) and

colours of cells represent overrepresentation indexes of each characteristics

2GDP – Gross Domestic Product, Debt – public debt. All characteristics will be described later

on.
3Life expectancy at birth for women and for men.
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in each object. Fig. 2 on page 50 presents an overrepresentation map for

28 countries in 2004, and Fig. 3 explains the meanings of colours.

In its second step GCA finds such a permutation of rows and columns of

the overrepresentation map which maximises Spearman’s rank correlation

coefficient ρ∗

ρ∗ = 3

m∑

i=1

n∑

j=1

(pij (2Srow(i)− 1) (2Scol(j)− 1)) , (2)

where

Srow(i) =

(
i−1∑

s=1

ps+

)

+
1

2
pi+, (3)

Scol(j) =

(
j−1∑

t=1

p+t

)

+
1

2
p+j. (4)

After GCA we receive an overrepresentation map which is more regu-

lar; its segments with have the same degree of grey form tight areas, and

the darkest ones are arranged close to the diagonal. Rows and columns

which are more similar become adjacent. Such a structure of the map per-

mits us to perform a cluster analysis – both for rows and columns; we can

find groups of similar objects as well as groups of interrelated attributes.

Fig. 4 on page 51 presents an overrepresentation map after GCA and the

cluster analysis for 2004.4

GCA allows also to detect outliers, i.e. objects which are "untypical".

These outliers differ from those detected by standard statistical methods.

Traditional techniques usually consider as outliers those of them which

have extremely low or extremely high levels of one characteristics. GCA

detects outliers based on the entire set of characteristics; it counts for each

row a value denoted as AvgDistArow which may be considered as an av-

erage distance of this row from all other rows.5 Objects (rows of the table)

which have AvgDistArow much greater than others are considered as out-

liers. Fig. 6 on page 56 presents a graph for values AvgDistArow in 2004.

We may notice that the most outlying country is Luxembourg.

4An overrepresentation map is based on overrepresentation indexes, not on values of charac-

teristics. This is why the cell representing Life M for Slovenia is darker than the one for Sweden,

though life expectancy of men in Sweden is higher than in Slovenia.
5A comprehensive explanation of the method for calculating this value can be found in [12].
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GCA allows to perform a similar analysis for characteristics. It counts

for each column a value AvgDistAcol which is used to detect outliers

among characteristics. Fig. 7 on page 57 presents a graph for values

AvgDistAcol in 2004. We may notice that the most outlying character-

istics is public debt.

4 EU COUNTRIES. GDA APPLIED

As we noted in Section 2, for a few years the European Union has been

going through one of the most difficult periods in its history. High unem-

ployment, rising public debt and political instability have become reality

of many EU members. The most glaring example of this is Greece, which

– according to many analysts – is bankrupt.

Many academics and policy-makers say that this breakdown of the "Eu-

ropean prosperity" could have been foreseen. They argue that alarm signals

were noticeable for a long time, but have been ignored both by decision-

making bodies of the Union, and by the governments of Member States.

When asked for examples of those signals, they usually point at rapidly

growing public debt, stagnation or decrease in GDP and rising unemploy-

ment.

It is obvious that these phenomena, characteristic for weak economies,

should have been a warning of upcoming problems. However, it should

be noted that a temporary rise in unemployment or short-term economic

stagnation periods occur even in countries with very strong economies.

Thus, when analysing the economic situation of a country, one should take

into account the coexistence of these factors – as they are interrelated – and

the period in which they can be observed. In such a research Grade Data

Analysis seems to be a suitable tool.

In this section we will explore the economic condition ofMember States

of the European Union in the period 2004-2014. Our study will include all

28 countries currently making up the EU regardless of when they acceded

to it. This approach may be surprising; however, each newmember brought

to the Union all its problems, contributing in this way to the troubles of the

whole community. Thus, we believe to be reasonable to take into account

also those countries, which – during the period covered by the analysis –

were still negotiating their accession.

4.1 Disclaimer

In [15] we considered whether there is an objective assessment and we

came to the conclusion that it does not exist. Each assessment is done by
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humans who, by their very nature, are subjective; thus, each assessment is

marked by the preferences and beliefs of those who perform it.

In GDA we can distinguish two areas, where the impact of subjectivism

of researchers is particularly evident. These are: the choice of characteris-

tics of objects, and the assignment of weights to groups into which these

characteristics have been divided. This will also take place in our study.

Though we will try to keep a maximum objectivity, we do not claim that

the result of our research will be completely free from the influence of our

convictions; it would be unfair on our part. The outcome of our analysis

can be considered valuable insofar as its assumptions are correct. Anyway

– this is a feature of most studies.

We believe that a fundamental feature of each researcher should be hon-

esty. Thus, we honestly admit that our research is performed from the per-

spective of those, who – while appreciating the benefits of European in-

tegration – note many mistakes made by the EU in economic and social

areas. However, our aim is not to make a final assessment of the phenom-

ena that have occurred over the past ten years; we just want our study to

be our voice in the debate on the future of the European Union. We think

that in a period of crisis affecting many Member States such a discussion

is necessary.

4.2 Characteristics of Countries

We will analyse the following characteristics of each country (please see

Section 1):

Macroeconomic measures:

– Gross Domestic Product (GDP)6 per capita (in PPS)7 – code: GDP,
– real GDP growth rate (percentage change with respect to the previous

year) – code: GDP +,
– inflation rate (annual average rate of change in %) – code: Inflation,
– general government gross debt8 (percentage of GDP) – code: Debt,

6The Organization for Economic Co-operation and Development (OECD) defines the GDP as

an aggregate measure of production equal to the sum of the gross values added of all resident

institutional units engaged in production (plus any taxes, and minus any subsidies, on products

not included in the value of their outputs). The sum of the final uses of goods and services (all

uses except intermediate consumption) measured in purchasers’ prices, less the value of imports of

goods and services, or the sum of primary incomes distributed by resident producer units.
7Purchasing Power Standard. An artificial currency unit which eliminates differences in price

levels between countries. Theoretically, one PPS can buy the same amount of goods and services in

each country.
8In the Maastricht Treaty it is defined as consolidated general government gross debt at nominal

(face) value, outstanding at the end of the year in the following categories of government liabilities
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– unemployment rate (in %) – code: Unempl.

Quality of life:

– life expectancy at birth for females (in years) – code: Life F,

– life expectancy at birth for males (in years) – code: Life M,

– level of internet access (percentage of households)9 – code: Web. We

will identify this characteristics with the use of information technology

in a given country.

We considered introducing the period of membership as one of charac-

teristics covered by the analysis, but we rejected this idea. For many years

the European Union has been consistently implementing "Community pol-

icy" (mostly: social and economic) which strongly influences the actions

taken by individual countries, and which – by consequence – is reflected in

the economic condition of EU members. Thus, the period of membership

would be strongly correlated with other "parameters" already included in

the research. In addition, it would be extremely difficult to assign a weight

to it as in fact we would have to answer the question whether the period

of membership in the EU is more important, equally important, or less im-

portant than, for example, GDP per capita or the level of unemployment.

4.3 Research Methodology

We will analyse three "snapshots" of 28 countries: for 2004, 2009, and

201410 – i.e. three sets of the above-described characteristics for those

years. We will use databases of Eurostat11 – however, with some excep-

tions described in Section 4.4.

4.4 Missing Values

Time series available in the Eurostat portal are not complete. For 2004,

there are no values of:

– real GDP growth rate in Lithuania,

(as defined in ESA2010): currency and deposits, debt securities and loans. The general government

sector comprises the subsectors: central government, state government, local government and so-

cial security funds. Government debt is also known as public debt, national debt and sovereign debt.

In this study, we will use these terms interchangeably.
9Percentage of households which have internet access at home. All forms of internet use are

included. The population considered is aged 16 to 74.
10By a "snapshot" we mean the status at the end of the year.
11Access: July 3rd, 2015.
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– general government gross debt in Greece,

– level of internet access in Belgium, Croatia, Malta, and Sweden.

As GDA does not allow to perform analysis based on incomplete data,

we had to supplement them. Real GDP growth and general government

debt could be found in the Trading Economics portal,12 but the level of in-

ternet access could not. One of imputation13 methods used in cluster anal-

ysis is replacing each missing value with the average of its two adjacent

values, but this approach could not be used here. We had no values for

2003 for Belgium, Malta, and Sweden; for Croatia it was even worse: we

had no values for whole period 2003-2006. Therefore we decided to use

another approach. We drew a scatter plot for the time series for each coun-

try.14 Then we added a trendline to it.15 Finally we counted values of the

trend function for 2004 and we used them to fill in the missing values.16

Fig. 1 presents a scatter plot for Belgium.

Fig. 1. Level of internet access. Scatter plot with a trend line for Belgium

12http://www.tradingeconomics.com/.
13The process of replacing missing data with substituted values.
14We used Excel.
15We used a polynomial function. For Sweden – of the third degree, for other countries – of the

second degree.
16We assumed no seasonality.
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4.5 Groups of Characteristics. Weights

We decided to put life expectancy at birth of males and of females in the

same group. This way we could analyse "life expectancy of citizens" of

each country. Other characteristics were placed in individual groups.

General government gross debt was given the highest weight: 1.5, all

other groups – weights equal to 1. In [16] we analysed almost the same set

of characteristics, and we assigned to all groups identical weights equal to

1. This time we changed our mind; the crisis in Greece, provoked mainly

by its high public debt, was the reason.

4.6 Year 2004

As we said in Section 4.3, we will analyse "snapshots" of 28 countries

taken during the period 2004-2014 in 5-year intervals. Table 1 contains

a "snapshot" for 2004. Values marked in bold were missing in Eurostat

databases; they were supplemented as described in Section 4.4. Table 2

presents values for 2004 normalised with groups and weights. Table 3

presents overrepresenation indexes for 2004.

Fig. 2 presents the overrepresentation map for 28 countries in 2004, and

Fig. 3 explains the meanings of colours.

4.6.1 Year 2004. Clusters

We processed the data with GCA algorithm and we performed a cluster

analysis. We grouped countries in 4 clusters, and their characteristics – in

3 clusters.17 Fig. 4 presents the resulting overrepresentation map.

We will start the analysis of results by looking at clusters of character-

istics. Their grouping is surprising.

– Cluster 1. Inflation rate and real GDP growth rate.

GCA places in a common cluster characteristics which are "close" to

each other. However, inflation is a negative phenomenon, while the

growth of the GDP – a positive one. How to explain the fact that these

two characteristics are close to each other?

Firstly, these characteristics are close to each other in the analysed

group of countries; we cannot say, on the basis of our research, that

inflation and GDP growth are always interrelated. Secondly, we can

17As we said in [15] and [16], there is no universal rule on how many clusters to search for.

We decided to divide countries into 4 clusters, and their characteristics into 3 clusters after a visual

analysis of the overrepresentation map. For more information please see [4].
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Fig. 2. Overrepresentation map. 28 countries in 2004

Fig. 3. Code of colours

analyse them only in the context of the entire study. The fact that infla-

tion and GDP growth have been placed in the same cluster means that

they are more closely related to each other than to other characteristics

included in the research.18

18Discussion about the relationship between inflation and economic growth has been going on

for many years. It is dominated by two beliefs. The first one is the "inflation-buys-growth" idea –

an opinion that low inflation is one of the factors stimulating GDP growth (and, on the other hand,
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Fig. 4. Overrepresentation map after GCA and the cluster analysis. 28 countries in 2004

– Cluster 2. Unemployment rate, life expectancy at birth for females, and

life expectancy at birth for males.

As the "middle" cluster, it contains the characteristics which differen-

tiate the countries to a lesser degree than those grouped in clusters "on

the edges of the map". However, we cannot say that unemployment and

life expectancy are similar in each country; they are not – let’s compare

for instance unemployment rates for Ireland and Slovakia.

– Cluster 3. General government gross debt, Gross Domestic Product,

and level of internet access.

In this cluster we may see that GDP and the level of internet access are

closed to each other; it is not surprising: countries with high GDP are

low inflation is an inevitable consequence of that growth). Opposing view is that inflation is always

an evil and has a negative effect on the economy.

In this paper, we have no ambition to give a clear answer why – in the countries covered by our

research – we may observe some relationship between economic growth and inflation; we just note

that it exists. Considering whether it is an "objective law" or an effect of some actions taken by the

EU is beyond the scope of our study.
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usually technology-advanced. However, the relationship between pub-

lic debt and GDP per capita can be astonishing, at least at first glance

– usually we think that the rich (in this case: wealthy countries) do not

need to have recourse to debt.19

We have 4 clusters of countries:

– Cluster 1. Romania, Latvia, Bulgaria, Slovakia, Hungary, Lithuania.

"New" countries which either have just joined the EU (Latvia, Slovakia,

Hungary, Lithuania),20 or still negotiate their accession (Romania and

Bulgaria).21

This cluster is characterised by high inflation (strong overrepresenta-

tion except Lithuania), but also by high real GDP growth rate (strong

or slight overrepresentation). On the other hand, countries of this clus-

ter have low GDP (strong or slight underrepresentation) and use infor-

mation technologies to a much lesser degree that the European average

(strong underrepresentation). We may also observe a relatively high

level of unemployment (strong or slight overrepresentation in 4 coun-

tries), as well as low life expectancy at birth (slight underrepresentation

except Lithuania).

This is a cluster of emerging countries. They have low, but quickly

growing GDP. They struggle with inflation and unemployment, and try

to improve their low standard of living. They only introduce the use of

the IT. However, what may be surprising, their public debt is relatively

low (strong or slight underrepresentation except Hungary). We can risk

the conclusion that countries of the first cluster are trying to bridge the

gap separating them from the rest "without extravagance": they base

mainly on their own resources and use them moderately.

– Cluster 2. Estonia, Poland, Croatia, Czech Republic, Greece, Slovenia,

Spain. "New" countries which either have just joined the EU (Estonia,

Poland, Czech Republic, Slovenia),22 or still negotiate their accession

(Croatia),23 plus two "old" countries (Greece and Spain).24

19As in the case of inflation, the impact of public debt on economic growth (and consequently:

on the level of GDP per capita) is the subject of many discussions. Quite common is the belief

that public debt, as long as it does not exceed a reasonable level, stimulates economic growth. The

problem is, however, how to determine that "reasonable level". More information may be found in

[3], [6], [7] and [10].
20They joined the EU on May 1st, 2004.
21They joined the EU on January 1st, 2007.
22They joined the EU on May 1st, 2004.
23Croatia joined the EU on July 1st, 2013.
24Greece joined the EU on January 1st, 1981, and Spain – on January 1st, 1986.
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Countries of this cluster have lower inflation, but also lower real GDP

growth rate. Their GDP is slightly higher than that of countries in clus-

ter 1, but still lower than that of countries grouped in clusters 3 and

4 (Greece is an exception). They are not IT usage leaders (except Es-

tonia and Slovenia). Their unemployment rate is comparable with that

in cluster 1 and much higher than that in clusters 3 and 4. Life ex-

pectancy is higher than that for cluster 1. Public debt is moderate (ex-

cept Greece).

It is hard to find proper words to classify this cluster. It comprises coun-

tries which are still emerging (new or future EU members), but also

Greece and Spain. These two "old" EU members have probably been

included here because of their problems: unemployment for Spain and

public debt for Greece.

– Cluster 3. Portugal, France, Ireland, Malta, Cyprus, Italy, Belgium,

Luxembourg. Four Founding Member States25 (France, Italy, Belgium

and Luxembourg), two "old" EUmembers (Portugal and Ireland),26 and

two "new": Malta and Cyprus.27

Countries of this cluster may be characterised by low inflation and low

GDP growth rate (except Ireland and Luxembourg). They have also

high GDP and high level of IT usage. Their unemployment is lower,

and life expectancy – higher than in previous clusters. However, on this

positive image there is one crack: public debt in nearly all countries is

high. Only Ireland and Luxembourg have an underrepresentation of it;

all other countries have a slight or even strong overrepresentation.

This cluster groups developed countries. They are rich, and they offer

a high standard of living. However, they must remember that some part

of their success is "borrowed" and one day will have to be paid back.

– Cluster 4. Austria, Finland, Germany, Sweden, United Kingdom, the

Netherlands, Denmark. Two Founding Member States (Germany and

the Netherlands), and five "old" EU members.28

All countries in this cluster have low inflation (strong underrepresenta-

tion), but also low GDP growth rate (ideal representation at best). Their

GDP is high (slight overrepresentation in each country), and their usage

of IT – very high. Life expectancy of their people is also high. These

25Countries who in 1957 signed the Treaty of Rome, which created the European Economic

Community.
26Portugal joined the EU on January 1st, 1986, and Ireland – on January 1st, 1973.
27They joined the EU on May 1st, 2004.
28Austria, Finland and Sweden joined the EU on January 1st, 1995; United Kingdom and Den-

mark – on January 1st, 1973.
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countries are not, though, free of trouble; two of them have high unem-

ployment and three of them – high public debt.

This last cluster groups EU leaders: very rich countries with high stan-

dard of living and relatively low financial liabilities.

Across the 28 countries surveyed, we can see some interesting patterns.

– GDP growth rate and inflation are correlated (that is why these two

characteristics have been put in the same cluster), and it is a posi-

tive correlation:29 when inflation decreases, also decreases the rate of

growth of GDP and vice-versa (see Table 6 on page 79). This rela-

tionship may explain why some governments allow for an increase in

inflation in order to stimulate economic growth. However, there is the

question of what long-term consequences of such a policy may be.

– High public debt is characteristic not for poorer countries of the com-

munity, but for wealthier. This phenomenon raises one question: isn’t

a high standard of wealthy countries – at least in part – illusory? How-

ever, public debt is the most overrepresented in cluster 3 (developed

countries), not in cluster 4 (leaders). So maybe public debt is a factor

stimulating development, and when a country reaches a certain stan-

dard, it loses its importance, thus: decreases?

– GDP per capita and IT usage are strongly positively correlated30 (see

Table 6 on page 79). High GDP makes IT usage cheaper, so it becomes

more available. High utilization of IT stimulates economic develop-

ment, and influences on GDP growth. Thus, economic development

and technological advances stimulate each other.

If we perform a cluster analysis for countries dividing them only into

two clusters, we get a very interesting result. GCA creates one cluster for

old EU members, Malta and Cyprus, and another one for new members

plus Greece (see Fig. 5). Thus, according to the results of our research, the

condition of Greece – already in 2004 – made it more similar to countries

newly joining the EU than to those whowere its members for many years.31

29̺ = 0.548356.
30̺ = 0.852034.
31It should be also noted that all new EU members in the first cluster are countries of eastern and

central Europe. Malta and Cyprus have always been close to the EU, so it seems natural that GCA

placed them in the second cluster. However, the presence of Greece in the first cluster is surprising.

It shows that Greece already in 2004 – by criteria adopted in our research – was more similar to

countries of the former Eastern bloc than to those of the "old Union".
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4.6.2 Year 2004. Outliers

Outliers detection shows that the most outlying country in 2004 is Lux-

embourg32 (see Fig. 6). We can explain it after a careful analysis of the

overrepresentation map. Luxembourg belongs to cluster 3 which groups

developed countries. They are characterised, among others, by low (or rel-

atively low) GDP growth rate and high public debt. Values of these two

characteristics for Luxembourg are different: it has high GDP growth rate

and low public debt.

Fig. 5. Overrepresentation map after GCA and the cluster analysis. 28 countries in 2004, only 2

clusters of countries

In Fig. 4 we may observe that Ireland is very similar to Luxembourg:

it has the same colours in all cells except those corresponding to life ex-

pectancy. Moreover, the overrepresentation of life expectancy is higher in

32AvgDistA = 0.183754.
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Fig. 6. Outliers for countries. 28 countries in 2004

Ireland than in Luxembourg. We may wonder why, then, GCA indicates

Luxembourg, and not Ireland, as the most outlying country.

Unfortunately, we cannot explain it based only on the overrepresenta-

tion map. The code of colours we use (see Fig. 3) does not permit to ob-

serve some differences between objects and their characteristics. We have

to go back to Table 1 and analyse rows representing both countries. GDP

in Ireland is nearly 42% lower, and Irish public debt is over 4 times higher

than those of Luxembourg.

Surprisingly, Greece and Italy are not outlying countries in spite of their

very high public debt. This drawback of these countries is compensated

with their low unemployment and low inflation rates. Greece has also rel-

atively high GDP growth rate.

Outliers detection for characteristics shows that the most outlying one is

public debt33 (see Fig. 7). It becomes clear when we realise how diversified

this characteristics is: from 5.10% of GDP (in Estonia) to 100.00% of GDP

(in Italy).34 We may observe it on the overrepresentation map – column

Debt is very "colour-diversified".

4.6.3 Year 2004. Outliers Eliminated. New Analysis

As we said in Section 3, outliers may hinder the perception of certain re-

lationships in the data. Those "hidden" relationships may become visible

if we remove outliers from the data, proceed the data again with GCA and

perform another outliers detection.

33AvgDistA = 0.120861.
34See Table 1.

Lu
xe

m
bo

ur
g 

E
st

o
ni

a 

M
a

lta
 

lr
e

la
nd

 

lt
a

ly
 

Li
th

u
a

ni
a 

S
lo

ve
ni

a 

G
re

ec
e 

F
in

la
nd

 

B
e

lg
iu

m
 

G
e

rm
a

ny
 

P
o

rt
u

ga
l 

C
y

pr
u

s 

H
un

ga
ry

 

P
o

la
nd

 

S
W

ed
e

n 

A
us

tr
ia

 

C
ro

a
ti

a 

F
ra

nc
e 

S
pa

in
 

C
ze

c
h 

R
e

p
 

UK
 

S
lo

va
ki

a 

N
et

h
e

rla
nd

s 

D
e

nm
a

rk
 

La
tv

ia
 

Bu
ł
g
a

ri
a
 

R
o

m
a

ni
a 

o 
o 

o 
o 

~
 

~
 

~
 

~
 
~
 

~
 

~
 

m
 

oo
 

o 
~
 

~
 

m
 

oo
 

v 
---

i-
--

I I I I I 

I 

I I I 
V

 
/ 



ECONOMIES OF EU COUNTRIES SEEN VIA GRADE DATA ANALYSIS 57

Fig. 7. Outliers for characteristics. 28 countries in 2004

Fig. 8 presents the overrepresentation map for 27 countries (without

Luxembourg) in 2004 after GCA and the cluster analysis. As we may no-

tice, the only difference between this map and the one presented in Fig. 4 is

the absence of Luxembourg. Neither the order of countries, nor the clusters

have changed.

Fig. 9 presents the result of outliers detection for 27 countries (without

Luxembourg). There is no evident outlier; the graph is fairly smooth, and

the first country (Estonia) stands out from the others in a relatively small

extent. Thus, Luxembourg is a "European leader" and its position is not

endangered.

Fig. 10 presents the overrepresentation map for 28 countries in 2004

after GCA and the cluster analysis with public debt removed. As we may

notice, it is only the order of countries in clusters what differs this map

from one presented in Fig. 4.

Fig. 11 presents the result of outliers detection for characteristics with-

out public debt taken into account. There is no evident outlier; the graph

is fairly smooth, and the first characteristics (GDP growth rate) stands out

from the others in a relatively small extent.

0.12 

0.11 

0.10 

0.09 

0.08 

0.07 

0.06 

0.05 

"' 

-..Q 
Q) 

o 

"' "' " 

+ 
CL 
o 
C) 

----~ 
-a. 
E 
Q) 
C 
::J 

~ 
-----....... 

CL 
o 
C) 

LL 

2 
:.:::; 



58 Stanisław Lenkiewicz

Fig. 8. Overrepresentation map after GCA and the cluster analysis. 27 countries in 2004 (without

Luxembourg)

Fig. 9. Outliers for countries. 27 countries in 2004 (without Luxembourg)

4.7 Year 2009

Table 4 contains a "snapshot" of 28 countries for 2009. Values marked

in bold were missing in Eurostat databases. They were supplemented as

described in Section 4.4.
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Fig. 10. Overrepresentation map after GCA and the cluster analysis. 28 countries in 2004 (without

public debt)

Fig. 11. Outliers for characteristics. 28 countries in 2004 (without public debt)

4.7.1 Year 2009. Problem with negative values

Some values in Table 4 are negative: GDP growth rate for all countries

except Poland, and inflation rate for Ireland, Portugal, and Spain. As GCA
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cannot analyse negative values, we had to eliminate them. We considered

several approaches:

– To remove columns with negative values from the analysis.

Because GDP growth rate and inflation are important measures of eco-

nomic condition of each country, removing them would make our re-

search useless.

– To introduce two new columns: real GDP decline rate (code: GDP –)

and deflation rate (code: Deflation); to replace negative values in col-

umn GDP + by zeros and put their negations in column GDP –, and to

proceed the same way with columns Inflation and Deflation.

This approach seemed attractive. It would preserve all rules used for

2004 – we may say, in fact, that these two columns were also present

previously, but filled exclusively with zeros. However, thy would dom-

inate whole analysis, making it also useless. Let’s consider Poland –

the only country with positive GDP growth rate. After normalisation

of columns Poland would have value 1 in column GDP + and values

much smaller in other columns. Thus, GDP + would dominate the en-

tire analysis of Poland, and Poland would dominate the entire analysis

of GDP + (see Fig. 12). Such an analysis would also be useless.

– To "shift all values to the right", i.e. to subtract from each value in

columns GDP + and Inflation the minimum value for each column:

–14.80 for GDP + and –1.70 for Inflation.

This approach would preserve "proportions of distances" between pairs

of objects "measured in a certain characteristics" during normalisation

of columns (see Formula (5)).

xis − xjs

xks − xls

=

xis − xmin,s∑
n

p=1
(xps − xmin,s)

−

xjs − xmin,s∑
n

p=1
(xps − xmin,s)

xks − xmin,s∑
n

p=1
(xps − xmin,s)

−

xls − xmin,s∑
n

p=1
(xps − xmin,s)

, (5)

where

xrs – value in r-th row and s-th column (value of s-th characteristics in

r-th country),

xmin,s – minimum value in s-th column (minimum value of s-th char-

acteristics in all countries),

n – number of rows (number of countries).

We chose the last solution.
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Fig. 12. Overrepresentation map after GCA. 28 countries in 2009. Two new columns: GDP – and

Deflation

4.7.2 Year 2009. Clusters

We processed the data with GCA algorithm and we performed a cluster

analysis. We used the same groups and weights as for 2004 (see Section

4.5). As before, we identified 4 clusters of countries and 3 clusters of char-

acteristics. Fig. 13 presents the resulting overrepresentation map.

We may observe that clusters of characteristics have changed.

– Cluster 1. Inflation rate and unemployment rate.

As previously, inflation rate was placed "on the edge" of the overrep-

resentation map, which means: it is strongly differentiating countries

in the study. Unlike in 2004, it was grouped with unemployment rate,

not with GDP growth rate. Thus, two features considered negative phe-

nomena form a common cluster, what seems to be natural.

– Cluster 2. Life expectancy at birth for females, level of internet access,

life expectancy at birth for males, and Gross Domestic Product.

Once again we have a more natural cluster than that for 2004. Life ex-
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Fig. 13. Overrepresentation map after GCA and the cluster analysis. 28 countries in 2009

pectancy, GDP per capita, and IT usage can be considered measures of

quality of life. What is surprising, life expectancies for females and

males are not adjacent. It may signal that in the analysed countries

life expectancies for women and men do not approach and in the pe-

riod 2004-2009 their differentiation increased. However, to verify it,

we should also analyse changes observed in the same period between

other pairs of characteristics.

– Cluster 3. GDP growth rate and general government gross debt.

As in 2004, we have a puzzling combination of GDP growth rate with

a characteristics that awakens negative connotations. In 2004 it was

inflation rate, and now it is public debt. This makes us wonder whether

the development of the EU countries (at least of some of them) was not

development "on credit".

Clusters of countries also changed. Now these are:

– Cluster 1. Lithuania, Estonia, Latvia, Romania, Bulgaria.
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– Cluster 2. Slovakia, Croatia, Finland, Sweden, Poland, Hungary, Slove-

nia, Czech Republic, Denmark, Spain.

– Cluster 3. Luxembourg, United Kingdom,Malta, the Netherlands, Cyp-

rus, Germany, Ireland.

– Cluster 4. France, Austria, Portugal, Italy, Greece, Belgium.

We may feel the temptation to compare these clusters with those re-

ceived for 2004, to indicate which countries remained in their "original"

clusters, and which moved to the others. However, such an approach would

be totally wrong. The explanation why may be found above. Clusters of

characteristics for 2004 and 2009 vary considerably, some characteristics

significantly shifted; the new identification of clusters of countries is based

on rules different from those used 2004. This means that the situation

in whole EU significantly changed. Thus, in 2009 it is necessary to re-

examine the EU as a whole, not its individual subgroups identified five

years earlier.

– Cluster 1. It groups five new EU members. This cluster is characterised

by high inflation (strong overrepresentation except Estonia) and high

unemployment (strong or slight overrepresentation except Romania).

Countries of this cluster have low GDP per capita (strong or slight un-

derrepresentation) and low GDP growth rate (strong or slight underrep-

resentation except Bulgaria). IT usage is differentiated: it is low in three

countries (Latvia, Romania, and Bulgaria), but high in two (Lithuania

and Estonia).

This is a cluster of emerging countries. They have low and slowly grow-

ing GDP. They struggle with inflation and unemployment. However,

they try to develop based mainly on their own resources and use them

moderately – their public debt is low (strong or slight underrepresenta-

tion). We may risk the conclusion: they are not rich, but reasonable.

– Cluster 2. It groups four old EU members and six new. This cluster may

be distinguished from the previous one by much lower unemployment

(slight underrepresentation in seven countries out of ten) and slightly

lower inflation (only two countries with high overrepresentation). It

has also higher GDP per capita which is growing faster. Unfortunately,

countries of the second cluster are less thrifty; nine of them have slight

underrepresentation of public debt, and one: slight overrepresentation,

while in the first cluster it is strong underrepresentation which domi-

nates. IT usage is moderate: from slight underrepresentation to slight

overrepresentation.
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It is the most diversified cluster. It is hard to say why it unites so dif-

ferent countries. Perhaps what is joining them is a period of dynamic

changes they are going through? To verify it, however, further in-depth

study would be needed.

– Cluster 3. It groups five old EUmembers and two new. This cluster may

be distinguished from the previous one by lower inflation and lower

unemployment (in both characteristics this is slight or strong underrep-

resentation which dominates). Countries of this cluster have high GDP

per capita and its growth rate is high (domination of slight overrepre-

sentation). Like in previous cluster, IT usage is moderate: from slight

underrepresentation to slight overrepresentation.

Unfortunately, there is also one important difference between this clus-

ter and both previous ones: high public debt. Five countries (out of

seven) have strong overrepresentation of characteristic; it makes us

wonder whether the development of these countries is not a develop-

ment on credit, at the expense of future generations.

Some more attention should be devoted to two countries: Luxembourg

and the Netherlands. Luxembourg, "the European banker", is the only

country with strong overrepresentation of GDP and it has also strong

underrepresentation of public debt. The Netherlands have slight over-

representation of GDP and slight underrepresentation of public debt.

Both countries have slight overrepresentation of GDP growth rate and

strong underrepresentation of unemployment. They could be called "rea-

sonable cousins" of the others belonging to the same cluster.

– Cluster 4. It groups six old EU members. This cluster may be charac-

terised by low inflation (strong or slight underrepresenation) and rela-

tively low unemployment (slightly lower than in the second cluster, but

slightly higher than in the third one). IT usage in this cluster, as in the

first one, is diversified: from strong underrepresentation to slight over-

representation.

GDP per capita and its growth rate are lower than in the third cluster,

though higher than in the remaining two. Public debt is much higher

than in any other cluster: all countries have overrepresentation of this

characteristics (three of them: slight, and three others: strong).

A comparison of this cluster with the other ones (especially with the

third) raises a pessimistic hypothesis. Perhaps countries of the last clus-

ter have crossed the "security border", abroad which the increase in

public debt is not accompanied by economic development? The analy-

sis for 2014 will verify this assumption.
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When comparing overrepresentation maps for 2004 and 2009 we can

observe that:

– Inflation is still one of the most important traits of the countries.

– GDP growth rate and inflation are correlated, but in 2004 it was a pos-

itive correlation, and in 2009 it is negative35 (see Table 6 on page 79).

– In 2004 IT usage was one of two most important traits of the countries

(the other one was inflation). In 2009 it is not. ColumnWeb for 2009 is

much less diverse than that for 2004. None of the countries has strong

overrepresentation and only two of them have strong underrepresen-

tation. Thus, in the period 2004-2009 the use of IT has been greatly

expanded in new EU members.

– Public debt is still one of the basic ways of stimulating economic de-

velopment. There are already first signs of the danger linked with this.

It is also worth noting that:

– Still very few cells of the overrepresentation map have an average level

of grey which symbolizes an ideal representation. 28 countries under

our analysis are still very diversified.

– Both in 2004 and 2009 columns Life F and Life M are are not very di-

versified. None of 28 countries has strong under- or overrepresentation.

We can say that when it comes to life expectancy, EU countries have

reached a certain standard.

4.7.2 Year 2009. Outliers

Outliers detection for countries in 2009 is surprising (see Fig. 14). We may

observe that:

– There is no clear one outlier. There is a group of outliers: Romania,

Lithuania, Bulgaria, and Luxembourg.

– The "economic diversity" of the EU countries in the period 2004-2009

has increased, not decreased. In 2004 AvgDistA for the most outlying

country (Luxembourg) was equal to 0.183754, in 2009 it is equal to

0.201077 (for Romania). This makes us wonder about the effectiveness

of European integration processes.

The first three outliers: Romania, Lithuania, and Bulgaria are consid-

ered as poor countries, while Luxembourg – as the richest one. For sure

they have been indicated as outliers for different reasons.

35In 2004 ̺ = 0.548356, in 2009 ̺ = −0.308577.
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Fig. 14. Outliers for countries. 28 countries in 2009

The situation of Luxembourg is clear. It is the only country with strong

overrepresentation of the GDP, and the only country with high GDP ac-

companied by low public debt. As for Romania, Lithuania, and Bulgaria,

the problem is deeper. While analysing the overrepresentation map (see

Fig. 13) we may notice that they have high inflation (strong overrepre-

sentation) and low GDP (strong underrepresentation). The same may be

observed for Latvia, Poland, and Hungary, but there is one difference: Ro-

mania, Lithuania, and Bulgaria have very low public debt (strong under-

representation) which distinguishes them from Latvia, Poland, and Hun-

gary. Thus, we may say that Romania, Lithuania, and Bulgaria are outliers

because they are "poor, but reasonable".

Outliers detection for characteristics shows that the most outlying one

is inflation36 (see Fig. 15). We may easily observe that its column is the

most "colour-diversified" in the overrepresentation map (see Fig. 13).

4.7.4 Year 2009. Outliers Eliminated. New Analysis

Fig. 16 presents the overrepresentation map for 25 countries (without Ro-

mania, Lithuania, Bulgaria, and Luxembourg) in 2009 after GCA and the

cluster analysis. We may notice only some minor differences between this

map and the one presented in Fig. 13: columns Life F and Web have been

swapped, some countries have also been swapped, and 5 of them have

moved to lower clusters.

36AvgDistA = 0.227459.
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Fig. 15. Outliers for characteristics. 28 countries in 2009

Fig. 16. Overrepresentation map after GCA and the cluster analysis. 25 countries (without Roma-

nia, Lithuania, Bulgaria, and Luxembourg) in 2009

Fig. 17 presents the result of outliers detection for 25 countries (without

Romania, Lithuania, Bulgaria, and Luxembourg). The graph is interesting;

we may say that there is a new outlier: Poland, but we may also say that

there is a new group of outliers: Poland, Ireland, Hungary, and Spain.
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Fig. 17. Outliers for countries. 25 countries (without Romania, Lithuania, Bulgaria, and Luxem-

bourg) in 2009

Fig. 18 presents the overrepresentation map for 28 countries in 2009

after GCA and the cluster analysis with inflation removed from character-

istics. Once again we may notice only some minor differences between this

map and the one presented in Fig. 13.

Fig. 19 presents the result of outliers detection for characteristics with-

out inflation taken into account. The new outlier is GDP per capita, but it

stands out from other characteristics in much lower extent37 than inflation.

Though we have a new outlier, we will not perform another analysis with

this characteristics removed. We think that an analysis without GDP per

capita taken into account would have no sense.

4.8 Year 2014

Table 5 contains a "snapshot" of 28 countries for 2014. GDP growth rate

for Luxembourg was missing; we supplemented it as described in Section

4.4. Data for life expectancy at birth were also missing (for all countries),

so we supplemented them by data for 2013.

We transformed columns GPD + and Inflation to eliminate negative val-

ues using the same procedure as in Section 4.7. Then we analysed the table

in GradeStat using the same groups and weights as for 2004 and 2009 (see

Section 4.5).

4.8.1 Year 2014. Clusters

37AvgDistA = 0.099908.
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Fig. 18. Overrepresentation map after GCA and the cluster analysis. 28 countries in 2009 (without

inflation)

Fig. 19. Outliers for characteristics. 28 countries in 2009 (without inflation)

We processed the data with GCA algorithm and we performed a cluster

analysis. We grouped countries in 4 clusters, and their characteristics – in

3 clusters. Fig. 20 presents the resulting overrepresentation map.
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Fig. 20. Overrepresentation map after GCA and the cluster analysis. 28 countries in 2014

We have the following clusters of characteristics:

– Cluster 1. Inflation, GDP growth rate, and GDP per capita.

Once again, inflation is "at the heart" of the first cluster. It is grouped

with GDP growth rate and GDP per capita. This combination requires

a deeper reflection.

First, we should notice that in 2004 GDP per capita and GDP growth

rate were located in non-adjacent clusters (see Fig. 4). These two char-

acteristics were negatively correlated;38 countries with lower GDP per

capita had higher GDP growth rate. This means that poorer countries

developed faster, which was in line with the policy of eliminating dis-

parities of development between richer and poorer EU members. In

2009 this correlation was inverted.39 In 2014 is again negative, but the

principle "poorer countries develop faster" in much less visible.40 The

38̺ = −0.594276.
39̺ = 0.266191.
40̺ = −0.110715.
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question is whether this is due to the fact that disparities of develop-

ment of individual countries decreased during the analysed ten years,

or it signals a lack of a real "economic integration" policy.

Secondly, we should consider whether the combination of these three

characteristics in one cluster is good. We will not give here a categori-

cal answer, but we believe that it is an alarm signal (see our remarks on

page 54).41

– Cluster 2. IT usage, life expectancy at birth for males, and life ex-

pectancy at birth for females.

These are characteristics which may be considered as measures of qual-

ity of life. They are grouped in one cluster which seams natural.
– Cluster 3. Public debt and unemployment.

These two characteristics are defects which each country tries to elimi-

nate, or at least: to minimize. It seems natural they are forming a com-

mon cluster.

A comparison of the overrepresentation map for 2014 with those for

years 2004 (see Fig. 4) and 2009 (see Fig. 13) leads to an interesting

insight. In 2004 and 2009 public debt and unemployment were sepa-

rated in two clusters, and their correlation was negative.42 Now they

form their own cluster and are positively correlated.43 We may venture

the conclusion that excessive indebtedness of several countries finally

triggered the intensification of negative economic phenomena.
Public debt initially may support development (e.g. cause an increase in

employment), but when it is too high it has negative consequences such

as unemployment. This relationship is not direct; when governments

need to service the debt, they impose additional burdens on employers,

and those – looking for savings – reduce the workforce.

Clusters of countries are the following:

– Cluster 1. Luxembourg, Estonia, Romania, Czech Republic, United

Kingdom, Malta.
– Cluster 2. Germany, Denmark, Sweden, Austria, Latvia, Poland, Lithua-

nia, Finland.
– Cluster 3. The Netherlands, Hungary, Ireland, Slovenia, Slovakia, Bel-

gium, France.

41The correlation of inflation and GDP growth rate is equal to 0.166392. It is positive, but lower

than in 2004, when it was equal to 0.548356. However, the correlation of inflation and GDP per

capita is equal to 0.376682, while in 2004 and 2009 it was strongly negative (–0.606384 and

–0.558722, respectively).
42In 2004 ̺ = −0.036976, in 2009 ̺ = −0.025198.
43̺ = 0.475017.
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– Cluster 4. Bulgaria, Italy, Portugal, Croatia, Spain, Cyprus, Greece.

In each cluster we can observe a "mix of countries": both "old" and

"new" EU members. This is a significant change compared to previous

years. In 2004, old and new Member States formed two dense blocks (al-

though there were three exceptions – see our remarks on page 54). In 2009,

this regularity was still noticeable. In 2014 it disappeared. We believe this

is the most important change that took place during the period 2004-2014.

– Cluster 1. Its main characteristics is high GDP growth rate (slight over-

representation) accompanied by high inflation (slight or strong overrep-

resentation). We may also notice low unemployment (slight or strong

underrepresentation) and low public debt (slight or strong underrepre-

sentation except the United Kingdom). In this cluster IT is commonly

used (Romania is the only exception).

We may say countries of this cluster have avoided problems currently

afflicting the EU: high public debt and lack of jobs. However, this was

at the expense of high inflation.

– Cluster 2. This cluster is a real mixture. It is difficult to identify basic

characteristics of countries which belong to it. Each column is diver-

sified, and one of them: GDP + contains nearly all shades of grey,44

which means: this cluster unites countries with very low GDP growth

rate as well as those with very high.

We can understand the rule, according to which the GCA identified

clusters of countries, when we look at the whole map. We may observe

that above the middle horizontal line there is much light on the right;

below this line there is much more light on the left. "Right" and "left"

are designated by the second vertical line. Clusters 1 and 2 group coun-

tries with lower public debt and lower unemployment, but with higher

inflation and – usually – higher GDP growth rate. In clusters 3 and 4

this relation is inverted. In clusters 1 and 2 we may also notice higher

IT usage and higher life expectancy.

Thus, cluster 2 groups countries which have relatively low public debt

(except Austria) and relatively low unemployment (except Latvia and

Lithuania), but they are not as trouble-free as are countries of cluster

1. They have slightly lower inflation and higher GDP per capita than

countries in cluster 1, but also much lower GDP growth rate (except

Poland). IT usage and life expectancy are comparable in both clusters.

44The only missing colour in the one repreenting ideal representation, but it is almost absent

from the entire map.
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– Cluster 3. In this cluster high public debt is a common concern (slight

overrepresentation except the Netherlands and Slovakia). Unemploy-

ment is not very high (slight underrepresentation except Slovakia), but

soon may become a serious problem. Inflation is lower than in cluster

2, and GDP per capita and GDP growth rate – comparable to those in

cluster 2. IT usage and life expectancy are lower than in clusters 1 and

2 (except the Netherlands and Slovakia).

This cluster groups countries at risk of crisis. They have still relatively

good economic results, but their high public debt is a serious burden for

them. For now, there are reasons for concern for the Netherlands and

Slovakia, but other countries should find a way out of the loop of debt.

– Cluster 4. This cluster stands out on the map: there is a large light area

in the left part of it, and a small dark area in the right. That means: it

groups countries with low GDP per capita and low GDP growth rate,

and with high public debt and high unemployment. Surprisingly, de-

spite their debts, those countries have low inflation. We may also notice

low IT usage and low life expectancy.

However, there is one exception: Bulgaria. In has low public debt, high

GDP growth rate, high IT usage and high life expectancy. These are

characteristics that do not fit in this cluster. We can assume that Bul-

garia has been put in this cluster because of its high unemployment,

low GDP per capita and low inflation which are typical for for cluster

4. As Bulgaria is "50% in cluster 4, and 50% outside it", we may expect

it is an outlier.

4.8.2 Year 2014. Outliers

Fig. 21 proves that Bulgaria is really the most outlying country. However,

the differentiation of countries in 2014 is lower that it was in 2004 and

2009.45

Fig. 22 shows that there is not one outlying characteristics, and there

is not a group of outlying characteristics, either. The graph is smooth and

the value of AvgDistA for the first characteristics (GDP +) is lower than

it was in 2004 and 2009.46

45AvgDistA = 0.128539.
46AvgDistA = 0.104057.
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Fig. 21. Outliers for countries. 28 countries in 2014

Fig. 22. Outliers for characteristics. 28 countries in 2014

4.8.3 Year 2014. Outliers Eliminated. New Analysis

Fig. 23 presents the overrepresentation map for 27 countries (without Bul-

garia).

We may observe the following changes in clusters of characteristics:

– Columns Inflation and GDP + have been swapped.
– Column GDP has been shifted from cluster 1 to cluster 2.

– Columns Life M and Life F have been swapped.
– Columns Debt and Unemployment have been swapped.

As a result, clusters of countries also changed:

– The United Kingdom, a former member of cluster 1, is now located

in cluster 2, so there is no country with high public debt in cluster 1.

The rule used by GCA: separating countries with high public debt from

those without it is now even more visible.
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Fig. 23. Overrepresentation map after GCA and the cluster analysis. 27 countries in 2014 (without

Bulgaria)

– Czech Republic, which was a member of cluster 1, is now the first

country in cluster 2.

– Malta, a former member of cluster 1, is now located in the middle of

cluster 2.

– Finland and Austria, former members of cluster 2, dropped to cluster

3.

All countries from former clusters 3 and 4 retained their positions.

The new overrepresentation map is more regular, and characteristics be-

ing a base of the identification of clusters are more visible. These are: pub-

lic debt and unemployment (cluster 3 of characteristics), and GDP growth

rate and inflation (cluster 1 of characteristics). Fig. 24 shows that among

27 countries (without Bulgaria) the most outlying country is Luxembourg

(as in 2004).
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Fig. 24. Outliers for countries. 27 countries in 2014 (without Bulgaria)

5 Conclusion

As we can see, over the past 10 years the European Union has undergone

rapid evolution. The main changes are the following:

– The division into old and new members – clearly visible in 2004 –

considerably blurred.

– An increasing problem of the EU is high public debt of many Member

States. It entails further problems, one of which is unemployment.

– The undisputed EU leader is Luxembourg. It is the only country with

high and still growing GDP and low public debt.

– Profile of Greece in 2004 was more similar to profiles of new EUmem-

bers than to those of old Member States. Thus, current problems of this

country could have been foreseen... if there were available reliable data

on its economy, and these – as we know – were hidden by Greek gov-

ernments.

Once again, we emphasize that our research is only our voice in the

discussion on the present and the future of the European Union. We are

aware of our own limitations and of the limitations of the research method

we used. We know that our assumptions (choice of characteristics, their

grouping and their weights) have influenced the results obtained. We are

also aware that of the utmost importance is the credibility of the data; the

example of Greece shows that it is not always guaranteed.
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GOSPODARKI KRAJÓW UNII EUROPEJSKIEJ

W ŚWIETLE GRADACYJNEJ ANALIZY DANYCH

Streszczenie. W niniejszym artykule dokonujemy analizy zmian, jakie zaszły w Unii Europejskiej

w latach 2004-2014, to jest w okresie jej intensywnego poszerzania. Na podstawie zestawu ośmiu

cech dokonujemy po-działu Unii na skupienia krajów o podobnym profilu, jak również podziału

cech na skupienia cech powiązanych. Badaniem obejmujemy dwadzieścia osiem krajów wchodzą-

cych obecnie w skład Unii bez względu na to, kiedy stały się jej członkami. Jako metodę badawczą

wykorzystujemy gradacyjną analizę danych, a narzędziem przetwarzania danych jest dla nas pro-

gram GradeStat.

Słowa kluczowe: Unia Europejska, kondycja gospodarcza, analiza skupień, gradacyjna analiza

danych, nadreprezentacja, element odstający






