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Introduction

To study the socio-economic development of the population of the countries
of the European Union two approaches will be applied. Thedimstwill be the
modeling of the properties of synthetic variables with resp@atomponent
variables for individual determinants of socio-economic dguekent, whereas
the second one will be based on the classification of thetshjader the study
(European Union countries) using a cluster analysis.

The purpose of the book is to present the modified index of-seooieomic
development in comparison with the standard HDI index, as wellsisady the
socio-economic development of the European Union countries in the years 2008-
2018 in terms of dynamics and space.

For this purpose, the data collected from Eurostat databasethd
distinguished determinants of socio-economic development of Eurdp@an
countries will be used. They will include the data from the areas of:

1. Economics and Finance

2. Science and Technology

3. Education

4. Health

5. Living Conditions
The following three dimensions have been applied to buildMublished HDI
socio-economic development index:

1. Health assessed with an index based on average life expectancy.

2. Education assessed by two variables: literacy of adult populétien

share of people who can write and read with understanding) and schooling
(the average number of years of schooling).

3. Income assessed on the basis of Gross National Product p& capi

adjusted for purchasing power parity.

The HDI has been described as “yet another redundant composite
development indicator” (McGillivray, 1991) and “conceptually weakd
empirically unsound” (Srinivasan, 1994). Attempts at improvementefDI
have also been made, based on increasing the number ofatdesirtherein, the
2010 Human Development Report (HDR) introduced several changesHbthe
Life expectancy remains the indicator used for health, whiles&iNational
Income has replaced GDP as the measure used for living standae mean
number of years of schooling and expected years of schooling nowupake
dimension used for education.

In the publication a modified HDI index will be presented. It e created
on the basis of indices belonging to the groups of distinguishehulesamts, and
then it will be shown that the determinants which the index wadesuppted
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with have a statistically significant impact on the synthateasure of socio-
economic development of European Union countries.

The research objectives corresponded to the research pratiEgn®sed,
therefore they were presented in a similar structure. Tde rasearch objective
was to compare the situation of European Union countries in thexcohtscio-
economic development using the methodology of calculating the meafsure
socio-economic development and to present the ranking of the iesuotrthe
Economic Community according to this measure, including the presentti
Poland's position in this ranking for 2018 compared to 2008.

The main goal has been achieved on the basis of the followinfjspgeals:

1. An examination of the diversity of socio-economic developrettie

European Union countries,

2. Modeling of the elasticity of synthetic variables in relatmodmponent
variables for individual determinants of socio-economic devedoprim
the European Union countries,

3. Spatial-time analysis of the European Union countries forethes y2008-
2018 (including creation of rankings of European Union countries
according to the synthetic measure of socio-economic development
selected years 2008, 2013 and 2018, as well as an analysis ajrtn@dM
spatial autocorrelation indices).

In order to determine whether there is a differentiationotriaseconomic
development in the European Union countries, taxometric methodsapglied
using a synthetic measure of socio-economic development, lasveebnometric
models of linear and non-linear form.

For the analysis of quantitative variables, taxometric matsbduld be used
and they should not be called taxonomic.

The author of the book warns against the impending financiat.cfikie
current crisis will be more severe and prolonged than theoms one (Roubini
& Rosa, 2018).

European Union countries should remember that their indebtedness during
the crisis will increase, and therefore they should lstate budget expenditure.
This also includes Poland which spends large amounts fromatbdsidget under
the 500+ Program on children without no matter what income théyfaas. The
amount of the subsidy one receives should definitely depend on thradanaf
a family. This program was to support Polish families, ai a& increase
the fertility rate and improve the demographic situation for Poland.

Europe's economy depends on global economic processes. The current crisis
caused by the Covid-19 virus pandemic is assessed as one of theenmss
slumps in the last few decades. However, the economic crisssndo@ffect all
countries equally. One of the aims of the sustainable developsrterrteduce the
inequalities in countries and between countries, so it is gortant to know the
differentiation of socio-economic development in all European Unbamtcies
to allocate the necessary resources to the countries that need it most
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In the first chapter there will be presented the essence of tiseesmnomic
development of European Union countries and its following chosen detersainant
Economics and finance, Science and technology, Education, Healtheatadbtt
one Living conditions. The history of Europen Union will be added.

In the second chapter of the book will be discussed the chiésticteof
empirical material and the analytical methods applied in the bbod.third
chapter will be about modeling the elasticity of syntheticatdes with respect
to component variables for individual determinants mentioned above.

Fourth chapter is a research chapter on spatial-time analy&aropean
Union countries for the period 2008-2018. In this chapter the followipgcss
will be presented:

1. Rankings of European Union countries according to the syaitheéisure

of socio-economic development in the selected years 2008, 2013 and
2018,

2. The Moran's spatial autocorrelation indices,

3. The classification of European Union countries,

4. Nonlinear models of socio-economic development for individual

countries of the European Union,

5. Poland in comparison to other European Union countries in the context

of socio-economic development.

In the last chapter the comparison of the results of rdsagproaches in the
analysis of the socio-economic development of European Union cauntiibe
discussed.






Chapter 1. The essence of the socio-economic
development of European Union countries
and its determinants

1.1. Introduction

The purpose of this chapter is to describe selected terminolpgaadsals
presented in the literature on the subject, to indicate siti@aand differences,
as well as to present own position on the essence of sociorsica®velopment.

The first issue that should be taken when considering the essesueio-
economic development is the information that development is sometitre
than just the economic growth of a given country. Therefore, coneeic
factors should also be taken into account in research on this topic.

The concept of socio-economic development in its entirety includes th
phenomena that make up the essence of the concepts of "econonic” grow
"economic development" and "social development". Socio-economicagevel
ment should be understood as the process of positive quaatdativqualitative
changes (consisting in increasing and improving the existing omesthe
emergence of new phenomena) in the sphere of all economic, caftidrabcial
activities as well as socio-production and political-systemations (Kupiec,
1995).

Socio-economic development is considered in eight mutually -inter
penetrating aspects: social, economic, technical, technolpgjuatial, natural,
aesthetic and temporal. There are close links and conditiomedretthese
aspects, and depending on the circumstances and conditions, the ricpafta
each of them may be different and determined once. These sspmdit$be taken
into account in the implementation of the socio-economic pafdye country
and the region.

The socio-economic development of a country is related to takedewealth
of its inhabitants, as well as their prosperity. Prosperijngerstood as the sum
of the resources of a given national economy (Staby, 2007).

Convergence (Latin convergere - to gather, become similamoscept that
means convergence or its formation. Social convergence is undeesiadbe
process of reducing inequalities in socio-economic development betwéamsreg
and countries (Horx, 2002). Economic development is equated with changes i
the general living conditions of the population (Borys, 2005). It shdd
remembered that economic growth is a process with multilaedasignificant
socio-economic consequences. It is essential for the developmecdnomies,
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the standard of living of households, the size of the demand far tabaumber

of employed and unemployed persons. The analyzes of the proceag-téim
economic growth constitute one of the most important problems of moder
marcoeconomics (Tokarski, 2009). However, development is much mare tha
economic growth; therefore, non-economic factors must be includdbein
analysis of a country's welfare (Milenkovica et at., 2014).

It should be stressed that there is a huge literature onDhéhEit includes
studies by Acharya and Wall (1994), Cahill (2002, 2004), Gormely (1B8&s
(1997), Ivanova et al. (1998), Luchters and Menkhoff (1996, 2000), Mc@illiv
(1991), McGillivray and White (1993, 1994), Morse (2003), Murray (1991),
Neumayer (2001), Noorbakhsh (1998a, 1998b, 2002) and Sagar and Najam
(1998).

1.2. The history of the European Union

The European Union is an economic and political union of 27 democratic
European states. Currently, the Member States of the European Union ancupy
area of approx. 4,463,000 km, and their population exceeds 510 million people.

The beginning of post-war European integration was the establdlofithe
European Coal and Steel Community in 1952. The European Coal and Steel
Community (ECSC) was established on the basis of the Toé&@ris, signed on
April 18, 1951 by six countries: Belgium, France, the Netherlands, Luxembourg,
West Germany and Italy. The draft treaty was presented ondM&950 by the
French Minister of Foreign Affairs - Robert Schumann. It wased on the
transnational economic and political integration of Wedkemopean states, with
particular emphasis on the joint coordination of coal and steel product

The next stage in the history of the creation of the Europeammlvas the
signing of the Treaties of Rome on March 25, 1957. The first of tbati€s of
Rome established the European Economic Community (EEC) and the second the
European Atomic Energy Community (EURATOM). The Treaties of &om
entered into force on January 1, 1958. As early as 1958, the European
Communities had some common bodies (the Parliamentary Assembltha
Court of Justice). The full institutional connection took plaocelJuly 1, 1967,
when the so-called Fusion Treaty signed on April 8, 1965. Thgytestablishing
a Single Council and a Single Commission of the European Commasisiesied
the creation of one Council of Ministers for the Communitiesr afte merger of
counterparts from the ECSC, EURATOM and EEC, and the mergdred t
institutions into one Commission (Community Commission): the EC&® H
Authority, the EEC Commission and the EURATOM Commission.

The membership of the communities increased in 1973 as GréeainBri
Denmark and Ireland joined them. Norway, which was a candiddteat time,

did not decide to accede because of opposition from its citizens.
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The second enlargement took place in the 1980s, when Greece (in 1981)
Spain and Portugal (in 1986) joined the EEC. In 1985 there was theasd\of
leaving the communities: Greenland, an autonomous part of Dienlefar With
the reunification of Germany in 1990, the territory of the forrB®rman
Democratic Republic became part of the European Union.

The European Union was established on November 1, 1993, by virtue of the
Maastricht Treaty signed on February 7, 1992, as a result of nmearg »f
political, economic and social integration.

The third enlargement (already within the European Union) toole ptac
1995, when Austria, Sweden and Finland were admitted.

Within the Communities, the creation of a common single mahkst
gradually been achieved by eliminating customs barriers, intitogilcommon
legal and technical standards and conducting a common agricplblicgl. At the
same time, political ties between the countries of the Contiasimere tightened.

The fifth and so far the largest enlargement of the Union toale ma May
1, 2004. At that time, 10 countries joined the EU: Estonia, Latvihuania,
Poland, the Czech Republic, Slovakia, Hungary, Slovenia, Malta and Cyprus.

On April 25, 2005, Bulgaria and Romania signed the accessiory ireat
Luxembourg, opening the way for these countries to join the European aimio
January 1, 2007.

After signing the accession treaty in December 2011, Crdétably joined
the European Union on 1 July 2013, enlarging the EU to 28 member states.

On the night of January 31 to February 1, 2020 the United Kingdotinéeft
European Union as the first country in history.

1.3. Definitions of the concept of socio-economic
development

The word “development” usually implies a process of a grawtthanges.
From a civilizational point of view, development can be defiasdanoverall
activity in a society, consciously or subconsciously undertakémed at
improvements in that society (Stec, Filip, Grzebyk&PiersclenZd14). The
qualifier “socioeconomic” is itself a combination of two words aelhtes to
social factors, like education, and occupation, as well as ecorfantors, like
income and assets. Thus, socio-economic development can be defimped@sss
of changes or improvements in social and economic conditionsyasethee to
an individual, an organization, or a whole country (Roztocki&WeifgrpP016).

Socio-economic development is one of the most popular economioigateg
related with socio-economic growth and welfare. While, thecefdf economic
growth is multiplication of production factors, the effects otis@conomic
development are broader and include not only economic aspectyoiita is of
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an quantitative nature, while the development — qualitative ansbisansidered
at the social level.

Development, as a concept, is ambiguous and is used in var@aintekis.

It is, first and foremost, understood as a chain of on-goingteatgad irreversible
changes in the structures of complex bodies, i.e., systems (€kiojh989;
Grzebyk&Stec, 2014).

Another approach, popularly known as 'Social indicators approach'|tis bui
upon the premise that development is a multidimensional praveslsing the
transformation of the whole social system, and an appropriasurefor such
a process should therefore incorporate a wide range of sociaécmmbmic
indicators reflecting the various aspects of the society (Khan, 1991).

There is a new urgency based on a strong sense that tradititinators are
inadequate. Furthermore, the social indicators available tddeéeprovided an
inadequate understanding of how the development process proceeds (Andrews
1973).

In the United States a strong preference for the subgegfiproach to quality
of life gained acceptance, while in Europe — at leastam@inavia and to a certain
degree in other parts of Europe — more emphasis was given ttivibjadicators
which measure social conditions in the eyes of statistikpérts. In both areas
more and more concepts (as well as indicators) have beeloplveGlatzer,
2006).

GNP per capita as a general measure of development suffersitiny other
limitations (McGranahan et al., 1972). One important criticdggainst the concept
IS that since it is a market-based production-oriented contepes not measure
welfare of a society. Nordhaus and Tobin (1973) attempted to adjudisGrhat
it would be a better "Measure of Economic Welfare (MEW)"isTépproach
entails adding an estimated value of leisure and thecsesraf consumer durables
to GNP and subtracting an arbitrary amount from GNP for defexjenditures
and other 'regrettables' (such as disamenities of urbanisatitmigmlcrime, and
S0 on).

The European Commission in its communication (Stiglitz, SerofB#i,
2009) clearly indicated the need to “move away from GDP” for syiothe
indicators that would describe in a more comprehensive way the fungtiand
well-being of individuals and entire communities. Currently, thedieators may
be the Human Development Index measuring the level of social deeibpmd
ranking countries on the level of: material standard of livkmpwledge and life
expectancy, and quality of health, or the Quality of Life Index,swmeéag the
quality of life in terms of: costs of living, education, healtrmderacy, safety and
the environment (Kasprzyk, 2013).

The Human Development Index (HDI) was created by M. ul Haq in 1990
with the help and advice of A. K. Sen, who established thea@stimptions of
comprehensive measurement of socio-economic development (Anand&Sen,
1994). The index operationalized the broad concept of human development
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by combining health, education and income into a composite index
(Agufia&Kovacevic, 2010). The indicator itself was systecadliy improved. The
most significant change was made in 2010 and was a reflecticevatal
assumptions made by M. ul Hagq, inter alia: a possibility ofsonéag the basic
concept of human development to expand humans’ choices; including only
a limited number of variables (to keep it simply and marisggato be
constructed rather than using plethora of separate indicestimg\both social

and economic choices; with the use of quite flexible methodologyemmstance

to missing data (ul Hag, 2003). HDI is a synthetic measurellmaséhe average

of indicators covering three basic spheres of life:

1. The sphere of health, which is assessed by the ratio of thegavide
expectancy.

2. The sphere of education, which is assessed on the basis ofeh# rat
educational attainment, as measured by two indicators of educational
designated for the adult population, ie.: literacy (the sbipeople who
could read and write with understanding) and schooling (thraged¢ime
of education, understood as the average number years of schooling).

3. The sphere of income, which is assessed on the basis of (GN$) per
capita, calculated according to purchasing power parity (PPP $).

The Human Development Index (HDI) is one of the most frequently used
measures of socio-economic development. Until 2010, HDI was atddul
according to the following procedure - it consisted of three components:

1. Gross domestic product per capita,

2. Human life expectancy,

3. The level of education of citizens measured by the enroliment index.

The indices for individual components were calculated accordinfeo
following formula:

P.— P,
| = f min (1)
Pmax - Pmin
where:
| — general index formula,
Pr — actual value of the variable,
Pmin — minimum value of the variable,
Prax— maximum value of the variable.
1 1 1
HDI:_I[E +_1€ +_IPKB (2)

3 3 3

where:
lie — index for the average length of human life,
le — index for the Gross Enrollment Ratio (GER),
Ipke — index for GDP per capita.
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In 2010, the method of calculating HDI was changed. Currently, it is
calculated on the basis of four diagnostic variables: avdiegexpectancy,
national incomeper capitaaccording to the purchasing power parity, the average
number of years of education for residents aged 25+ and the expenibdr of
years of education for children starting education.

The Human Development Index (HDI) is a composite measure ohhealt
education and income, where its first result was published byrilted Nations
Development Programme (UNDP), in the first Human DevelopmepoiRen
1990 (Maccari, 2014). The HDI is a composite index which intends taregbie
idea of human development by focusing on three dimensions: a lorigpaltiay
life, knowledge and a decent standard of living. Four indicatores b@en selected
to measure these concepts: life expectancy at birth, meas gkachooling,
expected years of schooling, and Gross National Income (GNIl)cgeta
(Agufia&Kovacevic, 2011).

The innovative feature of the HDI was the creation of alsietatistic, as
a summary measure of human development, able to describe bothasamkcia
economic development. With HDI the progress of a country is &sbagminst
minimum levels that a society needs to survive over tintkedd, on the technical
point of view the HDI is normalized establishing a minimand a maximum
value for each dimension, called goalposts, in such a way thatceaatry is
marked in relation to these goalposts, within a value bet@ead 1. This method
allows reaching a rank of the countries, based on the human devetopme
achievement. Before 2010, HDI was calculated combining thrdieeist life
expectancy index (LEI), educational index (El) and income indgxw(th
a simple mean. At a later stage, with Human Development R2pb@, a new
methodology of calculation through a geometric mean of the same three
components was introduced. Unlike the old HDI, the new HDI takescdount
differences in attainment across dimensions. In this way, poorpenfice in any
dimension is directly reflected in the new HDI, which captunesv well
a country’s performance is across the three dimensions (iHDegelopment
Report, 2011).

1.4. The characteristics of determinants
of socio-economic development

1.4.1. Introduction

The publication distinguishes the following determinants ofcseconomic
development:

1. Economics and Finance

2. Science and Technology

3. Health
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4. Education

5. Living Conditions

On the basis of the literature on the subject and the reeadations of
scientists, it was concluded that it was necessary to eméchiDl index with
determinants related to Science and Technology, as well as to Living Goaditi
Both of these determinants play a significant role in the osecbnomic
development of the European Union countries and cannot be omittedhfeom
analysis.

In the following sections of the book, the essence of each oéthemnants
of socio-economic development will be discussed. The figure 1 ghevisipact
of individual determinants on the socio-economic development.

Living Conditions

Economy and s
Finance
Socio-economic
development
\

Fig. 1. The impact of individual determinants oa #ocio-economic development
(Source:author’s own study

Science and
Technology

1.4.2. Economy and Finance

Economic growth means changes that involve growing the entire egonom
due to the ones taking place in its composite elements. Econoavithgis,
therefore, a measure of short-term quantitative economic changexgtéssed
with the help of economic growth indicators that include qualgathanges in
the country’s socio-economic structures. (Stec et al., 2014).

According to Nowa Encyklopedia Powszechna PWN (2004), economic
development is qualitative and structural changes in the natcoalomy that
result from economic growth. The Encyclopedia Britannica (20&f)nes
economic development as a process involving quantitative and atjualit
changes, as a result of which primitive low-income economisransformed
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into higher-income economies. According to The Princeton Encydmpédhe
World Economy, economic development covers three areas beyond par capit
income growth, namely (Rejnert&Rajan, 2009):

* development of the country's economic system - economic development
is to be facilitated by structural changes, including urbabizatan
increase in the size of enterprises, a relative declifeeiimtportance of
the agricultural sector (both in employment and in GDP creafionjhe
benefit of the processing industry and services, geographicaisgapa
of markets, increase in diversity manufactured and exchanged products;

» distributing the benefits of economic development that reduces th
poverty area;

* sustainable development which is defined as development that allows
meeting the needs of current generations at a level that dolesibhan
ability to meet the needs of future generations.

One of the main objectives of the European Union is to pronoatgoenic,

social and territorial cohesion and solidarity between the mestaies. One of

the main ways to achieve a coherent target is to finance projeetons where

GDP per capita is less than 75% of the European Union average. 8fLt6&
budget allocated to the increase in cohesion in the years 2007-2013 was spent for
this purpose. Recognizing that cohesion is not only limited fatively poor
regions, another important way to achieve it is to provide funairtgpost the
performance of richer regions with the aim of achieving indirect kdéwffects

and subsequently eradicating poverty in poorer regions.

The “Europe 2020" strategy, due to the specific moment of itsieaneavas

a response to the economic crisis. At the same time, it tomkacbunt the long-
term challenges facing Europe related to globalization, agisgadéties and the
growing need for rational use of resources. As in the Lisb@tegly, economic
growth continues to be the main focus, but particular attention aidstg the
sustainability of this process. The implementation of the Europé 302ategy
was to be a knowledge-based, low-carbon economy that promotedrenvir
mentally friendly technologies, conserved resources, cresed'green” jobs,
while maintaining care for social cohesion.

The main goal of the strategy was to build a sustainahleefuto get it, it

was necessary to go beyond the horizon of short-term goals. Thegoaifor
Europe was to get back on track and then stay on the path obpimesit. Its
assumptions are more jobs and a higher standard of livingstidtegy shows
that Europe can develop in an intelligent and sustainablecaaypromote social
inclusion, can find a way to create new jobs and define the idimect
development of societies.

In order to meet the assumptions of the “Europe 2020" programoragst

economic governance model will be needed, which would allow to show which
determinants have the greatest impact on the socio-economiopteeat in the



19

EU countries. The most urgent task for the Union will be to @mecthe crisis.
However, even before the crisis, in many areas the Union did wetogefast
enough. This applies to the following:

» the average rate of growth in Europe was structurally |dkngm that of
our largest economic partners — mainly due to differences in productivity
levels increasing over the last decade. This mainly resuta the
differences in business structures, a lower level of invest in R&D
and innovation, insufficient use of information and communication
technologies, the reluctance of some of our societies to iteova
difficulties in market access and a less dynamic business environment;

» despite progress, employment rates in Europe are still signifidanter
than in other parts of the world,;
* societies are aging faster and faster, a smaller working gtapulnd an

increase in the number of pensioners will put an additional burden on

welfare systems.

In the past, the EU and its Member States managed to overcomenpsabl
the face of difficulties. The largest single market in therld with a single
currency was created in Europe in the 1990s. A few yearsthaativision of
Europe ended; New Member States joined the Union, while othess lsegking
membership or closer relations with the Union. Actions underEtlmpean
Economic Recovery Plan helped avert economic collapse and ws{fstesms
protected citizens from even greater poverty.

Europe can mobilize itself in times of crisis and adapt ¢snemy and
society to the new situation. Today, Europeans must face chasiga@grevent
the effects of the crisis, to remedy Europe's structuralmessles and to deal with
increasingly serious international challenges.

Open Europe operating under international regulation is the bgsoweap
the benefits of globalization, leading to a growth and employmerntheAsame
time, Europe should strengthen its position on the international lsyagi@ying
a leading role in shaping the future global economic orderitG20 forum and
pursuing European interests by actively using all available tools.

Cooperation within the EU is producing results. The Union will Gelyable
to influence global politics if it acts together. The financiaisrof 2008 showed
what could happen when mathematical models were not used andreaisout
further sustainable development were not made on their basis.

The main task facing the European Union today is economic rec@ersr
long-term challenges are globalization, the need for scarce cesand an aging
population. For nearly twenty years unemployment in Western Euagpbden
the most important social problem and a sign of unused resowuttiés, at the
same time the needs are not fully met.
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Many people question the importance of GDP as a measure afevéifhen
assessing welfare, one should not only rely on material goods emden but
also take into account other elements influencing the qualiijecind welfare
that are not included in the GDP account, such as the healsidénts or the
quality of education.

GDP as a measure of welfare is not without its drawbackg, averlooks
many important factors that affect the standard of livinge @f them is the
amount of time off work. GDP also does not provide information loen t
distribution of income. The amount of GDP per capita informs abouittfzgien
of the average inhabitant of the country, but this average igddferences in the
situation of various people.

Previous researchers (Davidson, 2000) have addressed the hypdihesis t
GNP (or GDP) per capita cannot be considered the only andldndi@ator of
a country's performance, as it does not capture the overldbeueg of its
population(Milenkovica et al., 2014).

1.4.3. Science and Technology

The main reason why the standard of living is higher today than ilaghe
century is the advancement of technological knowledge. A simanith means
increasing the role of knowledge and innovation as the driving fofaas future
development. This requires improving the quality of education, impraviag
results of research activities, supporting the transfemalvation and knowledge
in the European Union countries, full use of information and commumicati
technologies, and ensuring that innovative ideas turn into new gisodnd
services that would contribute to an increasing growth, joldicreand solving
social problems in Europe and in the world.

The development of science and higher education causes ecaromib.

It is assumed that rich countries (the national product is #ie r@ason here) can
afford to allocate more funds to the development of scientiit @search
potential than poor countries (Grabki, 2003).

The fundamental condition for the flow of scientific and redenowledge,
especially accumulated in new technologies, is the developaofeztonomic
cooperation with countries better equipped with human capital and new
technologies. The best conditions for the development of iniena&ieconomic
cooperation are created by markets that are not isolatethrlffy barriers,
administrative barriers and state protectionist politiasltmit the free exchange
of goods, services, capital and labor @hiak et al., 2009).



21

1.4.4. Education

Education as a social process has been associated with enoeathe very
beginning of their existence. The definition of this proaesees from the Latin
word educatio, which means upbringing, training.

Education is a process that facilitates learning or acqwriog/ledge, skills,
values, beliefs and habits. Educational methods include a d@tus=aching,
training and targeted research (Dewey, 1944).

The education system can and does to a greater or lessepexterih three
basic functions (Ktéska&Howaniec, 2001):

» shaping the social structure according to the level of educatidrihe

related level of income and prestige,

* increasing the modernization potential of the society,

« adjusting the structure of education to the needs and seafttire labor

market.

Today, most economists believe that knowledge is a hew fafdtmreasing
importance. The primary task of the education system is to itkpawtledge and
practical skills. A well-trained workforce is essential sustained economic
growth and development (Roman, 2005). In the post-industrial societg,andr
more often referred to as the “knowledge-based society”,olkeof schools is
changing. Its primary task is no longer to impart encyclopetievledge, but to
teach how to learn. Education and the labor market are two sptiates that
influence each other. The development of the economy dependarie @&ktent
on the quality of human resources provided by the education system.

1.4.5. Health

According to the WHO, health is “a state of complete phi;sgzsial and
mental well-being and not merely the absence of disease aniigfir( WHO,
2011). As such, health is considered a fundamental contributor tcetfarenof
every country.

Health is one of the most important factors affecting bottekfeectancy and
standard of living. Health is defined as a state of physizatal and social well-
being (Health for All 2000 Report). Thus, this definition does not ordan the
absence of disease or disability, but also an abilitylfitl ocial roles, an ability
to adapt, i.e. adapt to changing environmental conditions, and to dedhese
changes as effectively as possible. Therefore, healthdaexaor of well-being,
joy in life, i.e. what directly determines the quality deland the degree of
satisfaction with it (Tylka, 2000). Health is currently tezshas (Tuszjska-
Bogucka&Bogucki, 2005):

« value that allows an individual to fully meet their needs,raipns and

satisfaction, as well as adaptively cope with their environment,
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* aresource thanks to which a person can fully develop, and thudbuatent

to the development of society,

* ameans to achieve a better end.

Therefore, health should be protected (through prophylaxis), improved
(through health promotion) and also multiplied (through treatmemd
rehabilitation). "Improving health and the related quality @'li§ a strategic goal
set by the World Health Organization for the European Union. gdas can be
achieved through the implementation of the following activitiesék-Rokicka,
1999):

» changes in the lifestyle of the population,

» shaping healthy working environment,

« reducing inequalities in health status and access to health services.

1.4.6. Living Conditions

Living conditions are one of the basic determinants of socio-edonom
development. They also indicate the material position of anthdil. Adequate
residence is a matter of living in dignity. The house isaagbf rest and physical
regeneration (Sen, 1987). Moreover, it is the center of fani@ywhere next
generations are born and brought up (Quality of life in Europe, 2004).

Living conditions are an important determinant of the standatiding of
the population. When describing the living conditions, the averagéeutbadr
space per household member is taken into account, as well eguipsnent,
among others, with sanitary installations, water supplesysind central heating.
However, nowadays, the above-mentioned installations are nobachallenge,
and therefore it should be considered whether these aspects shtakdrbato
account in the study of socio-economic development. A more key iisghe
analysis of living conditions are problems related to firgnssues, i.e. income
and expenses of an individual. Significant variables in this groupha&raverage
monthly disposable income per person, the amount of the averageamdgee
amount of the minimum wage (Kuc, 2016).

Living in dangerous or insufficiently good conditions increasesrisk of
social exclusion (Wilson, 2006). The conditions which a personitivaiso affect
their health, as well as the sense of security.

The living standard is one of the most important subject mattguablic
statistics (Piecuch, Chudy-Laskowska, Szczygiet, 2019). The loanditions, in
general, define the entirety of factors determining thefsation of human needs,
while the living standard refers to the degree of satisfaaif these needs (US
t6dz, 2010). The living standard can be treated as the synonym of theestroad
meaning of living conditions (Piasny, 1993).

In the conditions of the crisis, the following negative econgshenomena
have been observed (Zioto, 2013; Kotodko, 2011):
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e limiting consumption and, as a result, reducing employment in the
production sphere and increasing the number of unemployed people
(especially men),

* reducing the number of companies,

» deterioration in the standard of living of the population.

Poverty issues are linked to living conditions aspects. Poaedyrding to

the State Scientific Publishing House Encyclopedia (PWN) ithia ‘social
phenomenon based on the lack of sufficient means to satisfy tleenieasis of
a human or a family’. Webster's New College Dictionary defipeverty as
‘a state of being poor, having very little money or being in neea specific
quality’. The World Bank, however, claims that the poor ‘do not haneigh
resources to satisfy the basic needs’.

Definition adopted by UNO on the summit in Copenhagen in 1995 is two-

dimensional. It consists of absolute poverty that is charaetebyg the inability

to satisfy basic needs of a human: food, water, washing fagilitiealth,
accommodation and information. It depends not only on income of the halisehol
but also on the access to the basic services which in shragais depend on the
income. The general poverty takes into account both economic ciatlagpect

of the phenomenon (the lack of possibility to make decisions artitipate in
cultural, civil and social life) which is reflected by “powerlessie“no decision

making”, “deprivation of dignity” (Lisner, 2007).

1.5. Other measures of the standard of living

To measure human development more comprehensively, the Human
Development Report also presents four other composite indices. The
Inequalityadjusted HDI discounts the HDI according to the exdeiriequality.

The Gender Development Index compares female and male HDI vdles
Gender Inequality Index highlights women’s empowerment. And the
Multidimensional Poverty Index measures non-income dimensions of poverty.

1. Living ConditionsIndex (LCI) which measures housing, nutrition, health
and healthcare, cultural and sports activities, ecology, mobéitg,
leisure activities.

2. Quality of Life Index (QOL) according to Britannica, is the degree to
which an individual is healthy, comfortable, and able to partieipaor
enjoy life events. It is based on a methodology that combinegshés
of subjective life satisfaction surveys with objectivetfas of the quality
of life in various countries, and additionally covers safetgilfaand
friendship status, working conditions, migrations, and GDP petazapi
unemployment and poverty.

3. Human Development Index (HDI) is used to assess the level of social
development of a given country or a region against the background of
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others or in comparison with the results from previous yearss It i
determined on the basis of measures relating to the three dmeo$
social development; they are: life expectancy, enrollment dbi er
capita (according to PPP).

. Human Poverty Index (HPI) is a measure established by the United

Nations. It is a synthetic measure that represents tieé dé poverty of
society in relation to the development of the population. It detesthe

scale of “impoverishment” in such dimensions of social lifeheslth
status, life expectancy, level of educational achievementwell as
income distribution and standard of living. It is commonly considared

be more reliable than the HDI Human Development Index, or eld#h G

— because in the case of HPI not only earnings in relation to the
demographic structure are taken into account, but also the comparison of
the degree of poverty with the level of intellectual development.

HPI-1 for developing countrie@=3):

3

a a a la
Hp,l{(a +R +P3>}
3

P — probability of underlife up to 40 years (x100),

P, — an index of the lack of literacy skills,

Ps — unweighted average of the number of people without access to
drinking water sources and children with underweight.

HPI-2 for developed countriga=3):

(4)

a a a a Va
lez{(a +P 4P, +P4)}

4

P — probability of underlife up t60 years (x100),

P> — an index of the lack d@inctional reading and writing skills,

Ps — population below the poverty level (< 50% of the median income),
P, — long-term (> 12 months) unemployment rate.

As the a parameter increases, more weight is assumed ferspecific
(non-constitutive) factors. Currently, this index has bepfaced by the
Multidimensional Poverty Index.
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5. Human Wellbeing Index (HWI) and its approach known as a “health
assessment” mainly deals with the relationship betweensiarad the
ecosystem and their interactions with each other (Preatett; 2001).
Health assessment is related to five dimensions of humartygreaeh of
which is characterized by bipolarity:

» health and population are linked to the goal of people enjoying a long
healthy life, thus keeping abundance within human and natural
resources,

e private household and state assets suggest that individuals and
households have material and income assets to meet basiandeds
a prosperous livelihood, and that society has the resourceppors
economic activity and ensure prosperity,

» knowledge allows people to have the skills to modernize andwitbal
a change, to lead a prosperous and sustainable life and toifsilfill
potential, and culture deals with spiritual development, imisaand
self-expression,

* society means freedom and rule - human rights are fully reshend
an individual can choose and influence who decides about the order
and order of society,

» ‘gender justice’ and households allows an equal distributionnefflie
and losses between households, men and women.

6. Weighted I ndex of Social Progress (WISP) is an index that was built in
1976 by R. Estes of the University of Pennsylvania. It was peshémt
two forms: as International Index of Social Progress (ISP) itnd
weighted version — Weighted Index of Social Progress (WISH)aRd
WISP are estimated on the basis of 46 social indicators organizeiinto
groups, such as: education, health care, women's status, sofékwel
demography, geographic conditions, political status, economic situation,
cultural diversity and defense. Each factor is scored a “plu&hinus”,
depending on whether it has a positive or negative impact oal soci
development. Interestingly, only countries with a population of more tha
1 million are taken into account when compiling the rankings. According
to R. Estes, ISP is to be a measure that will allow measuringnhothe
level of advancement of social development in a given coulotrtyalso
estimating the level of economic development and information on the
political situation. Additionally, R. Estes wanted the index to identify the
country's ability to provide its citizens with maximum wedfa®ver time,
both ISP indices and the weighted WISP, namely changes in thessyal
have become a frequently used starting point to determine wiaeithéo
what extent a nation has improved its ability to meet thie basial needs
of the general public. Both the ISP and WISP indices are publeshery
5 years (Estes, 2006).
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7. Better Lifelndex (BLI) was introduced in 2010 by the OECD to measure

socio-economic well-being in member countries. It measures 20atiff
indicators across 11 sectors of the economy. It includes arsamEsds

of income earned, assets owned, living conditions (including the mumbe
of rooms per person, the share of housing expenses, access to th
bathroom), the situation in the labor market, the level of unemployment
and its structure, employment conditions, the level of education, the state
of the natural environment, community bonds and social commitment,
health, life satisfaction, safety and balance between work and leisure.

. Life Expectancy Index (LEI) — Life expectancy is a statistical measure of

the average time an organism is expected to live, bastét grear of its
birth, its current age and other demographic factors including geiifge
Expectancy Index (LEI} one of the indicators considered in the human
development index of a country. LEI equels 1 when life expectancy a
birth is 85 and equels 0 when life expectancy at birth is 20. The most
commonly used measure is life expectancy at birth (LEB), wtdahbe
defined in two ways. Cohort LEB is the mean length of life ohetual

birth cohort (all individuals born a given year) and can be computed only
for cohorts born many decades ago, so that all their memberslieave
Period LEB is the mean length of life of a hypothetical colsstimed to

be exposed, from birth through death, to the mortality rates ausatv

a given year (Shryok, Siegel, 1973).

. Multidimensional Poverty Index (MPI) —in the global MPI, people are

counted as multidimensionally poor if they are deprived in one-third o
more of 10 indices, where each index is equally weighted within i
dimension, so the health and education indices are weighted 1/énglach a
the standard of living indicators are weighted 1/18 each. fiteadity

of multidimensionally of the poor is measured by the average nushber
weighted deprivations they experience. The MPI is the produdieof t
incidence of poverty (proportion of poor people) and the intensity of
poverty (average deprivation score of poor people) and is,fdhere
sensitive to changes in both components. The MPI ranges from 0 to 1 and
higher values imply higher poverty.



Chapter 2. The characteristics of empirical material
and analytical methods applied

2.1. The characteristics of empirical material

The necessity of finding a new measurement of the qualitfeafflisocieties
is emphasized by international organizations and especiadiytsts. That is why
the author decided to modify the standard measure. Nowadays impadizns f
are also science and technology and the standard of human living.

That is why, in this paper the following determinants of socio-ecanom
development will be used:

1. Economy and Finance

2. Science and Technology

3. Health

4. Education

5. Living Conditions

The construction of the synthetic measure of development reciees
division of diagnostic variables set to stimulants and destirntsila/ariables
included in the set of stimulants have been marked with the(sjgmhile the
(-) granted destimulants. The transformation of destimulanttimulants was
made according to the following formula:

xS = miax>§j P-&P (5)

where:
xj — value of the j-th variable for the i-th country,
S— symbol indicates stimulant, while the symbBadiestimulant.

Then, after the transformation of destimulants to stimulants,nthre
malization of variables was used according to the following formula:

_ %

—Wozl,,n,J:l,m: (6)

U;
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where:
uj — normalized value of the j-th variable for the i-th country,
n — number of countries,
m— number of variables.

Synthetic measure of the socio-economic development was tattblathe
following formula:

u :Ezqq'(i:]_,___,n;qZ 1.1 (7)
&g

where:
Uq — synthetic variable value for the i-th country calculaiadhe basis of
the variables belonging to the g-th determinant,
r — number of determinants.

In contrast, measures of socio-economic development accordiegadocate
determinants was calculated using the following formula (Ze2@04):

18 . . ,
U, ==> 4, (=1..nj=1..m (8)
m<5

A detailed list of indicators used for the construction of indisatfor
individual determinants of socio-economic developnieag been given below.
Indicators have been selected based on the availability of Eurostat data.

I. Economy and Finance
1. Unemployment rate (-)
2. GDP per capita 1 (+)
3. Indicator of real expenditure per 1 inhabitant (+)

Il. Science and Technology
1. Gross domestic expenditure on R&D (% of total expenses) (+)
2. Human resources in science and technology (% of the active popula
tion) (+)
3. The number of patent applications submitted to the European Patent
Office per million inhabitants (+)
4. The number of researchers per 1000 inhabitants (+)
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. Health
1. Life expectancy (+)
2. Self-perceived long-standing limitations in usual activitiege to health
problem (-)
3. Self-reported unmet needs for medical care due to being toosxpe
)
4. Number of beds in hospitals per 100 000 inhabitants (+)

IV. Education
1. Participation rate in education and training (persons aged @5 years
old) (+)
2. The percentage of people with at most lower secondary edueattbn
with no further education at the age of 18-24 years old (-)
3. The percentage of people gaining or with higher education agéa 15
64 (+)

V. Living Conditions
1. The percentage of people who are unable to make ‘ends meet’ (-)
2. The rate of people at risk of poverty (-)
3. Share of people living in under-occupied dwellings (+)

In the following Table 1 the descriptive statistics for timstlsetic measure
in the analyzed years 2008-2018 are presented.

It can be observed that the value of the mean of the syntheéisure still
increases in the analyzed period. The minimum value was ebtainthe year
2010. The maximum values were obtained in the years 2017 and 2018. In all the
analyzed years, the left-hand asymmetry should be noted, whiais ried for
most of the countries analyzed, the values of the socio-ecomawatopment
measure were higher than the average value for the Europeam Coifficients
of variation for all analyzed years are higher than 1@ehvmeans that there is
a sufficiently large variation in the indicator in individual years.

For the European Union the coefficient of variation equels 14.38% in 2018,
while for the HDI the same coefficient equels 4.24% which mehaats HDI
indicator is characterized by too little diversity of soeegmnomic development in
the case of EU countries.
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Table 1. Descriptive statistics for the syntheteasure of socio-economic development
in the European Union for the years 2008-2018

Descriptive statistics (Synthetic measure)

. Coeffi-
Variable M . . Low High Std. cient Asy-

ean |Median|Min [Max . . o

quartile | quartile |deviation of mmetry

variation
Sy“thezt(')%g“easu“ 0.59 | 0.59 [0.410.74 053 | 0.66 | 0.09 | 15.60 | -0.17
Sy“thezt(')%g“easu“ 059 | 0.58 [0.440.74 052 | 067 | 0.10 | 16.45 | -0.03
Sy”th‘;t(')clg“eas““ 0.59 | 0.58 [0.380.75 051 | 0.68 | 0.11 | 1877 | -0.17
Sy”th‘;t('ﬁ;“eas““ 0.60 | 0.60 [0.390.76 051 | 0.69 | 0.11 | 1827 | -0.18
Sy”thezt(')clrzneasu“ 0.60 | 0.60 [0.400.76 051 | 0.70 | 0.11 | 1828 | -0.15
Sy“thezt(')clg“easu“ 0.60 | 0.59 [0.410.76 0.52 | 0.70 | 0.11 | 1839 | -0.15
Sy“thezt(')clzneasu“ 061 | 0.59 |0.430.76 053 | 0.70 | 011 | 17.61 | -0.15
Sy”th‘;t(')clg“eas““ 0.62 | 0.61 [0.490.77 054 | 070 | 0.10 | 16.14 | -0.20
Sy”th‘;t(')clg“eas““ 0.62 | 0.61(0.420.77 055 | 0.70 | 0.10 | 16.15 | -0.29
Sy”th‘;t('ﬁ;“eas““ 0.63 | 0.63 0.450.78 056 | 0.72 | 0.10 | 1535 | -0.38
Sy”thezt(')clg“easu“ 0.64 | 0.64 [0.470.78 058 | 0.73 | 0.09 | 1438 | -0.45

(Source: author's own research

In the Table 2 rankings of the European Union countries accordid®Iito
indicator and the synthetic measure of socio-economic developmehefpear
2018 are presented. The first three places are taken by Swieel®tetherlands
and Ireland in HDI ranking and Sweden, Finland and Denmark in synthet
measure ranking both of them for the year 2018. It can be alswetdskat there
are changes for particular countries, the biggest one areréec&and Italy as
well as for Hungary. In the figure 2 the comparison of Humare@gwment Index
values and synthetic measure of socio-economic development irutbpe&n
Union countries for the year 2018 were presented.
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Table 2. Rankings of the European Union countrées@ling to HDI indicator
and the synthetic measure of socio-economic dexeopfor the year 2018

No.| oy | Hpizots| Ranking | DECCH Ranking | posiion
2018

1 Sweden 0,945 1 0,777 1 0
2 The Netherlands 0,944 2 0,733 6 4

3 Ireland 0,942 3 0,735 5 2
4 Germany 0,939 4 0,721 8 4
5 Denmark 0,93 5 0,751 3 -2
6 Finland 0,925 6 0,757 2 -4
7 The United Kingdom 0,92 7 0,707 10

8 Belgium 0,919 8 0,720 9

9 Luxembourg 0,916 9 0,731 -2
10 Austria 0,914 10 0,737 4 -6
11 Slovenia 0,902 11 0,701 12 1
12 France 0,901 12 0,704 11 -1
13 Spain 0,893 13 0,606 20 7
14 Czechia 0,891 14 0,687 13 -1
15 Malta 0,885 15 0,643 14 -1
16 Italy 0,883 16 0,550 24 8
17 Estonia 0,882 17 0,630 16 -1
18 Cyprus 0,873 18 0,639 15 3
19 Greece 0,872 19 0,466 28 9
20 Poland 0,872 20 0,609 19 -1
21 Lithuania 0,869 21 0,586 21 0
22 Slovakia 0,857 22 0,612 18 -4
23 Latvia 0,854 23 0,497 25 2
24 Portugal 0,85 24 0,568 22 -2
25 Hungary 0,845 25 0,615 17 -8
26 Croatia 0,837 26 0,565 23 -3
27 Bulgaria 0,816 27 0,489 26 -1
28 Romania 0,816 28 0,483 27 -1

(Source: author’s own research
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Fig. 2. The comparison of Human Development Index vatuessynthetic measure
of socio-economic development in the European Unmmtries for the year 2018
(Source: author’s calculations

In the Figure 3 the scatter chart of Human Development Indexsvalue
synthetic measure of socio-economic development in the Europeam U
countries for the year 2018 is shown. The correlation coeffibemveen the HDI
indicator and synthetic measure of socioeconomic developmentalcagated
and it equals 0,88. It is stastically significant.

The chart 4 presents the values of the measure for the Eccaradriénance
determinant for 2008 and 2018. The countries that in 2018 took the highest place
in the ranking for the Economic and Finance determinant werentloxerg,
Denmark and Austria. The last three places in the ranking taken by Romania,
Spain and Greece. When analyzing the determinant of Economics and Finhance
was noticed that Luxembourg was the leader in the European Union inT2@18.
position of this country did not changed compared to 2008. The countries that
achieved the highest growth for this determinant compared to 20@8&ermany
and Slovakia. Each of these countries achieved an increase of8 ptanpared
to 2008. In the ranking for 2018, the position of Poland increased by 6 places
compared to 2008. The largest decrease was recorded for Cydr@eece. In
these countries the economic crisis was most clearly @igitthis aspect of socio-
economic development.
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Fig. 4. The comparison of Economy and Finance detemhinaEuropean Union countries

for the years 2008 and 2018
(Source: author’s calculations
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Germany was the country that in 2018 achieved the highest pdsttitre
determinant of Science and Technology and maintained its leadingoposi
compared to 2008. The last three places were taken by Greeces @gdrLatvia.
When analyzing the Science and Technology determinant, tfestancrease in
the period analyzed was recorded for Austria and Poland. Thatlaigereases
were recorded for Finland, Malta and Ireland. The resultsraatare presented
in figure 5.
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Fig. 5. The comparison of Science and Technologgrdenant
in European Union countridsr the years 2008 and 2018
(Source: author’s calculations

In 2018, the countries that ranked highest for the Health determieaat
Ireland, Cyprus and Austria. For this determinant, the highesiaise compared
to 2008 was recorded in Croatia and Bulgaria. The largestakss were recorded
for Belgium and Greece. Poland in the health ranking fell by digros compared
to 2008. The lowest values in this respect were achieved byotlosvihg
European Union countries - Portugal, Lithuania and Latvia. Thenglotaesults
are presented in figure 6.
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Fig. 6. The comparison of Health determinant indpean Union countries
for the years 2008 and 2018
(Source: author’s calculations

In 2018, Sweden, Finland and Luxembourg took the highest places in the
Education ranking. Luxembourg was the country with the highest growth for this
determinant compared to 2008. The country's position increased bycg$ pla
the ranking for 2018 compared to 2008 and this was the largest inarahse
case of the measure created for the determinant Education. Outsideblouxg,
the largest increases were recorded for France, Gree¢wandal. On the other
hand, the largest decreases were recorded for Slovenia an@rgefoland's
situation turned to a disadvantage in terms of educatidts pesition fell by 3
places. The last three places in the ranking for Education wene e Bulgaria,

Italy and Romania. The obtained results are presented in figure 7.

The last of the determinants analyzed are Living conditionen/ghesenting
the results for this determinant, it was observed that Malta wéeatier in 2018
in the European Union. The country grew by 3 places compared to 200&xthe
places were taken by Ireland and the Netherlands. The drieatesse in value
for this determinant was achieved by Great Britain and Hunddrg.largest
decline in the ranking in terms of living conditions was recordedfoatia and
Cyprus. Poland took 21st place in the ranking for Living Conditiom®pared to
2008 it increased by 1 position. The lowest values were obtained bgirirgm
Bulgaria and Greece. The obtained results are presented in figure 8.
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2.2. The characteristics of the analytical methods used

Synthetic measures are created by transforming the unirsaesby several
variables into one-dimensional space, obtaining the so-caltetedic variable
(Grabinski, 1992).The following stages of the transformation described above
should be distinguished:
determination of a set of diagnostic variables,
reduction of the dimension of the classification space,
determining the direction of variable preferences,
determining the system of weights for variables,
bringing the variables to mutual comparability,
determining the value of a synthetic variable based on tketex®
aggregation formula (Zeka2000).

In studies on the assessment of the standard of living of theapiopuithe
basic problem is the selection of diagnostic variables tlatcterize the studied
phenomenon (Kowerski, 1983; Michalos, 200Bhese variables are usually
selected arbitrarily by the authors of the study (exampleatefories of variables
are presented in the section on the methods of measuring the standard of living

The next stage in the construction of synthetic measurbs igtluction of
the dimensions of the classification space. From a practical poitgwf simple
methods are of particular importance in the process of reducagnattic
variables, both in terms of conceptual and numerical signifiqgdhakna&Zelias,
1998). One of the simple methods of eliminating diagnostic agais the
coefficient of variation:

oA wWNE

v :_l‘ (i=1...k) (10)

where:
§ — standard deviation,
X; — arythmetic mean.

Diagnostic variables for which the inequality is satisfied areiehted:

vis€ (11)

whereg is an arbitrarily given small positive number. Usuallysiassumed that
e=0.1
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The substantive and formal importance of a given variable is detefmine
only by its high variability, but most of all by the diffitylin achieving its high
values (Rusnak, Siedlecka&Siedlecki, 1982). This means thaatfable is all
the more important, the fewer tested objects achieve its high values.

The third stage of creating an aggregate variable isndigiieig the direction
of variable preferences in relation to the considered prppéthe structure. This
stage requires the division of variables into:

» stimulants,

» destimulants,

e nominants.

A stimulant is understood as a variable whose high values aléssitling
a given object as better from the point of view of the agageecriterion. In the
case of a destimulant, the situation is opposite, i.e. high Jaldieate that a given
object is classified as worse. On the other hand, a nominantesture whose
certain values, defined as “normal”, allow classifyingwegiobject as better from
the point of view of the aggregate criterion, while the objdetscribed by all
other values are worse due to this criterion (ZeR800).

The fourth step in the synthetic measures development iddoriee the
system of weights for the set of final diagnostic variafilés. biggest problem of
this stage is the fact that there is no unambiguous way ofndeieg the
weighting system for variables included in the final lisd@gnostic variables
(Grabinski, Wydymus&Zelid, 1989). In empirical research, fixed or differen-
tiated weights can be used. When determining differentiatehts, two
approaches to the problem analyzed can be distinguished. Tlethesso-called
an expert judgment method based on non-statistical informationhéDather
hand, the second approach is based on statistical information agwhthation
of the information value of individual variables obtained on thsd(Kowerski,
1983).

The fifth stage of synthetic measures development consistsingingy
diagnostic variables to mutual comparability. Mutual compatgtofi variables
IS obtained by applying normalization methods, the general formwhioh can
be written as follows:

_\P
2 = [‘T""j (12)

where:
x;j — real variable,
z; — transformed variable,
a, b (b £ 0), p— normalization parameters.



39

One can distinguish the following normalization methods:

a. Standardization — wheris equal to the arithmetic medris the standard

deviation, angp=1, 2, ...,

b. Uniitarization — whem equals zero, the lowest or the highest vatus,

therange, and p=%;,1, 2, ...,

c. Ratio transformations — whenequals zerob is any number different

from the range valug = 1.

The last step in the procedure of “constructing” a syntheti@ablar is
determining its value based on the selected method of atjgregé diagnostic
variables. There are two types of diagnostic variable ggtitemm methods:
standard and non-standard. A typical representative of synthetic paititioies
is the so-called taxonomic measure of Hellwig's developmeriiwige 1968).
Alternative proposals for a synthetic measure of developmemt presented in
their works by, among others Gligk (1974), Bartosiewicz (1976), Strahl (1978),
Borys (1978) and Nowak (1990).

In the case of non-standard synthetic measures of developmemiethge
values from the observations characterizing the objecta@seoften used, based
on the arithmetic, harmonic or geometric mean. For instance, addiththetic
measures based on the arithmetic and harmonic mean areldsfitie following
formulas (assuming that weights are constant for all diagnostibles)a

1 k
z :Ez% (i=1,...,m) (13)
j=1
k :
z =— 1 (i=1,....m) (14)

where:
Z —i-th realization of the synthetic variatde

The synthetic measure of development constructed in this wayhbas
following interpretation: the i-th object is characterizedtbg higher level of
development, the higher the value of the meazuse

Multiplicative synthetic measures based on the geometricn noeaon
common factors occurring in factor analysis are less frequeséld in practice
(Pociecha, Podolec, Sokotowski&Zaj 1988).






Chapter 3. Modeling the elasticity of a synthetic
measure in relation to component variables
for individual determinants

3.1. Introduction

An econometric model is an equation or a system of equations teah{ze
the essential quantitative relationships between the coedideconometric
phenomena:

Y=fF (Xl, Xz, Xs, ...... , X1, 8).
Y = 0(1X1+0(2X2 +0(3X3 +--~+0(an+£ (15)

The structure of each econometric model is defined by:
« variables,
* type of functional relationship,
e model parameters,
* random component.
Types of variables in the econometric model:
« endogenous (explained) — variables, the shaping of which is explained by
the econometric model by means of a functional notation of depeedgnci
» exogenous (explanatory) — variables that allow the explanafiaghe
model of the shaping of endogenous variables, but are not thetsafbjec
the model’s analysis themselves.
Shaping of the random component in the econometric model is one of the
basic sources of knowledge on whether the model has been braittorlts
value is the difference between the empirical value invangperiod and the
estimated theoretical value for the values of explanatoriablas in a given
period (or earlier, in the case of series with time-delaetbgenous variables).
By definition, a model (in a broad sense) is a simplifiecupécof reality. Building
an econometric model, certain phenomena occurring in economics are
“simplified” to the form of a function. At the same time, steéxpected that the
model will reflect reality as closely as possible, anddifierence between the
actual value (empirical value) and what was calculatedh@masis of the model
(theoretical value) will be as small as possible thasslose to zero as possible.
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3.2. Model building (aspect of correct data quality)
and model verification

3.2.1. Construction of the model

The construction of the model should start with the formulatibraro
economic problem, then one should decide on the variables thheleifig to the
group of explanatory variables, and the ones which belong to thep gf
explained variables. An important aspect is also the selecti@apmiopriate
empirical data. Be aware of the quality of the data used. atee should be
obtained from reliable sources. The development and preparation dsdtenéor
an analysis is another important aspect in the procedure of rguikain
econometric model and an analysis based on the evaluation oftimated
structural parameters.

The process of determining the econometric model can be dividethat
following stages:

Step 1.Model specification,

Step 2.Estimation of model parameters,

Step 3.Model verification,

Step 4.Use a model for forecasting.

Verification of the model consists in assessing the matclmhghe
econometric model to empirical data. The verification ofrtfuelel consists in
answering the question whether the econometric model explaineapmg of
the dependent variable to a sufficiently high degree. Ferpiirpose various
measures of model compliance with empirical data are applieé. basic
measures of this type are: the standard deviation of the rissithecoefficient
of random variation, the coefficient of convergence and the cueffi of
determination.

The measures for assessing the matching of the econometrid toode
empirical data include:

1. Residual variance
The formula for the residual variance is as follows:

?:1(}’1'—7)2 (16)

§2 =
€ n—k

2. Standard deviation of the residual component
The residual standard deviation, i.e. the average absolute erhar sguare
root of the variance of the residual term, which is an estinfate variance
of the random term. It is calculated from the following formula:

S, = |82 (17)
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The standard deviation of the residual component informs how much on
average the theoretical values (calculated on the bagis estimated form

of the econometric model) deviate from the empirical valti@gorms about

the average deviations of the empirical (real) valudseofiependent variable
from its theoretical values calculated from the model, i.ehdw much, on
average, the model is wrong when estimating the value of thendept
variable (the size of this "error" is expressed in units of thisvia).

. The coefficient of residual variationinforms about what part of the mean
value of the explained variable tise standard deviation of the residual
component, i.e. to what extent the variable explained is influenced by
random (random) factors. It is usually expressed as a perceraade
determined using the formula:

e

S
Ve = 5 100% (18)

. The coefficient of convergenceinforms to what extent the general
variability of the dependent variable is not explained by tlen@wmetric
model:

2 _ Yie1(yi — y)?
S i~ ¥ (19)

. The coefficient of determinationinforms about the extent to which the
general variability of the variable is explained by the econaeneiodel, or
what part of the variability (variance) of the explaivediable in the sample
coincides with the correlations with the variables includedemtodel. It is,
therefore, a measure of the extent to which the modgeinfib the sample.
The coefficient of determination takes values from the intd@sal] if the
model has an intercept and the least squares method was asgthéde the
parameters. Its values are most often expressed as a pgecdrite fit of the
model is the better the closer the valu&dis to one. It is expressed by the
formula:

R*=1-¢? (20)

s 21— )P
RO AL @
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Model verification is aimed at checking whether the econometodel is
acceptable for its use and is performed according to the following stages

* An assessment of the error that the estimated equation is burdened with,

* An assessment of errors in estimating structural parameters,
¢ An assessment of the level of model fit to empirical data,
* Research on properties of random deviations.

3.2.2. Veryfication of the model

. Testing the significance of the structural parameters of the odel

We put the null hypothesis against the alternative hypothesis:

Hy:a;=0 (22)
H1 N4 0

The null hypothesis assumes that éhgparameter is insignificantly different

from zero, i.e. that the X/ariable, on which it stands, has an insignificant

influence on the dependent variable. Rejecting thehypothesis means

accepting the alternative hypothesiswhich states that the parameter value

differs significantly from zero (i.e. the variablehas a significant impact on

the variable explained).

The significance test that allows verifying the hypothesisaH= 0 is based

on the distribution of the Student'statistic determined by the formula:

b= a; — a;
% D(ay)

(23)

where:

a — evaluation of theth parameter,

a; — the real value of the parameter (according to the null hypottiesig),
D(a) — the mean error of the parameter estimate.

. Research on the properties of the residual component

The batch test (also called the Stevens batch test dv#he-Wolfowitz
batch test) is used to test the randomness of the residupboent. It is
a non-parametric sample randomness test. It is used, inte¢palreeck if the
results of the experiment meet the postulate of sample randomness.
The null and alternative hypotheses are formulated as follows:
Ho: the selection of units for the sample is random; the model is.linear
H.: the selection of units for the sample is not randomptbdel is non-
linear.
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One of the methods of verifying the above-mentioned hypothesissetiles
test.

. An examination of the symmetry of the residual component

The study of the symmetry of the distribution of residuals feample is
based on the verification of the hypothesis that the number of positiv
residues does not differ significantly from the number of negagsidues.
The null and alternative hypotheses in the study of the symroétthe
residual term take the following form:

Hy: [% = %] that is, the distribution of the residuals is symmetrical

Hy: [% * %] that is, the distribution of the residuals is not symmetrical

The test of this hypothesis is the statistics:

-]
te = n_ 2

R0 o
n—1

where:
m— number of positive (or negative) residues;
n — total number of residues.

. Study on the autocorrelation of the random component. Durbifwatson
test.

In order to test the autocorrelation of the residual componemiylla
hypothesis should be made, stating that the autocorrelation coefficibit of
model residuals is statistically equal to zero, and thereforalternative
hypothesis for which the autocorrelation coefficient of the mosgtiuals is
statistically different from zero.

H()Z p1L= 0
Ha: p1750

p1is called the autocorrelation coefficient (correlation depereleh@andom
components: and their first lags.1) which can be expressed by the formula:

cov (e, &—1)

= DE)D () (25)

P1
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One of the most popular statistics used to verify the hypotbeielack of
first-order autocorrelation of the disturbing components in static models is
the Durbin-Watson statistic. In this statistic, two setshgbotheses are
possible. If the correlation of the residuals in the sample is potieve

H()Zpl: 0
H11p1> 0

This means that as the null hypothesis we assume the absence of
autocorrelation of random components because the autocorrelation
coefficient of residuals takes values close to zero. kigied in favor of an
alternative hypothesis, which assumes a positive time coorelaf random
components, which is statistically significant.

The second set of hypotheses is:

Hoipi =0
Hllpi <0

In this case, the null hypothesis also excludes any correlatite iresidual
values of the model. However, in this system, the altern&typothesis
assumes a statistically significaregative autocorrelation

Unknown random terms cannot be used because they are not known and
therefore the observations of the residualeeges,..., & are used instead to
calculate the rest of the model,

The Durbin-Watson test statistic is expressed by the formula:

_ Yia(er — 1)’

n 2
t=16t

d (26)

The tables of the Durbin-Watson test present the critical saiid and d

for the appropriate number of observations n and the number of explanatory
variables k.

The Durbin-Watson statistic is calculated as the quotierth®fsum of
squared residual increments and the sum of squared residuals. Afte
appropriate mathematical transformations, this statistic b written in

an approximate form as a twice the difference 1 and réstdual
autocorrelation coefficient.

DW = 2(1p1) (27)

This approximation is the more accurate the larger the sasigde The
Durbin-Watson statistic takes values from O to 4. The clastret extreme
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values of the DW occurrence interval, the closer &luéocorrelation
coefficientis to the absolute value of 1. If DW takes values close tioe®,

p1 is close to one, whilpl is close to -1 when DW is equal to 4. Lack of
autocorrelation of random terms occurs when DW is equal to 2.

Critical values dand @ are used to verify the null hypothesis. If the obtained
DW value is within the range (d0), then we have grounds to reject the null
hypothesis of the absence afitocorrelation in favor of the alternative
hypothesis of the presence of a statistically signifigaosijtivecorrelation

of random components When DW is in the range (2u)d we have no
grounds to reject the null hypothesis. The range, the boundaridsobf ave
determined by dand d, is called the inconsistency area. In the event that
DW belongs to this range, the test does not resolve the issue of
autocorrelation, we cannot decide to accept or reject the rmoklngsis. As
mentioned before, the greater the number of observations results atex gre
accuracy of approximation of the DW statistics, and thus thatgr the
sample size, the smaller the area of inconsistency.

An investigation of homogeneity of variance of a random component

One of the assumptions for the use of the Least Squares Isothe-
geneity of variance, the so-called homoscedasticity of waiaifhe
homoscedasticity of variance can be checked with the use oftesayone

of which is the Goldfeld-Quandt test. In this test, the followiggotheses
are formulated for two parts of the population. They are preduim be
characterized by different variances of the random component:

Hy: 6% = 6% the random component is homoscedastic (homogeneous)
Hy: 0% > % the random component is heteroscedastic
(non-homogeneous)

The Fisher-Snedecor statistic is used to verify thiygothesis. If lis true,
the following statistic has a Fisher-Snedecor F distribution.

F = 512 2 2
_g, S{ >S5 (28)

. Normality

In the case of large samples, verification of the hypothebest a&he
normality of the random component distribution can be made using the
Jarque-Bera test. In this test, the similarity of thedthind fourth moments

of the disturbance distribution to the known values of these mornmetits
normal distribution is verified.
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The Jarque-Ber (JB) test presents the following statistical hygexhe

Ho: the distribution of a random term is a normal distribution
Hi: the distribution of the random term is not a normal distribution

The test of the JB test is the statistics:
1 1
JB=n [531 += (B, - 3)2] (29)

A= Bl BZZK

1
_n el
A= : (30)
n = l
1
K = EZ?=1 e/
- 4 31
< 2 ?131'2) Y
n =

The JB statistic has an asymptotic chi-square distributidm twid degrees
of freedom. The area of rejection of the null hypothesis ist-Sgled.
This means that for a predetermined significance levély is rejected if
JB> chi-square alpha (the random term has no normal distributiotdse
if JB < chi-square alpha, then there is no reason to reject H

3.3. Models of the synthetic measure in relation
to the component variables for the determinant
of Economics and Finance

In the next part of the book, nonlinear models were applied, nametpad
degree polynomial. The estimated parameters of the models willitrEdssible
to examine the impact of individual indicators used in the book osyifibetic
measure of socio-economic development. In the next stage of tlgesisynstatic
panel models were estimated regarding the relationship bete@eoneic growth
and the level of socio-economic development and its determinants.
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Economic growth stimulates entrepreneurship and fosters thli®orebnew
jobs, which at the same time translates into an improveimetite material
situation of the population. The pace of changes in GDP waspaktively
influenced by the pace of changes in the synthetic variatdéedeto housing
conditions.

Table 3 presents the values of Pearson's linear atorel coefficients
between the economic indicators and the synthetic measureiofesmnomic
development of European Union countries. The following economicatwis
were used in the research: total general government reugmeraployment rate,
GDP per capita.

Table 3. Correlation coefficients between econandicators and synthetic measure
of socio-economic development in European Uniomtiaes

Correlations (marked correlations are significant with p < ,05000)
Synthetic
Total general GDP per measure
M Unemploy . of socio-
ean s government capita .
ment rate : economic
. revenue in PPS
Variable develop-
ment
Total general | 45 56 | 6 39 1,00 -0,11 0,28 0,52
government revenue
Unemployment rate| 9,15 | 4,60 -0,11 1,00 -0,31 -0,50
GDP per capita | g9 gg | 42,21 0,28 0,31 1,00 0,70
in PPS
Synthetic measure
of socio-economic | 0,61 | 0,10 0,52 -0,50 0,70 1,00
development

(Source: author’s calculations based on Eurostattlase}

The analysis shows that GDP per capita in PPS has a stroiggicsily
significant effect on the synthetic measure of socio-ecandewvelopment. This
is demonstrated by the value of the Pearson’s linear ciorelaoefficient
(r = 0.7). Total general government revenue has a moderateypas#tistically
significant effect on the synthetic measure of socio-econateielopment
(r=0.52). In the case of unemployment rate it was obtainechibatariable had
the moderate, negative impact on the synthetic measure of sociomgic
development (r = -0.5).

Models of regression functions (presented in figures 9-11) atlavtaining
estimated parameters for each of the economic measuresusesl analysis.
Their interpretation will allow stating if the synthetic raaee increases or
decreases, if each variable increases by 1. This will alletimating which
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determinant has the greatest impact on the socio-economic deveatopnteJ
countries.

The models of regression functions (presented in figures 9-hijdpr
estimates of marginal effects for each of the padicetonomic indicator, as well
as the model fit statistics. The marginal effects rethreaéxpected magnitudes of
change in the synthetic measure associated with one unitsasreethe value of
each variable used. The model fit statistics allows asgpsgshich of the
economic indicators has the greatest individual ability to preitiie socio-
economic development of EU countries. It can be observed that tbatordsDP
per capita (r = 0.7) has the greatest impact on socio-economic development

The estimated marginal effects reveal that a one unitdeer® measurement
of the determinant is expected to decrease in the syntheticmdgs0.01 if the
unemployment rate is a determinant. The estimated margieatefeveal that
a one unit growth in measurement of the determinant is expectecr¢ase in
the synthetic measure by 0.002 if GDP per capita is the determiline estimated
marginal effects reveal that a one unit increase in maasutef the determinant
is expected to increase in the synthetic measure by 0.009 ibtdlegeneral
government revenue is the determinant. The estimated maeffeeks reveal that
a one unit increase in measurement of the determinant is expecdkecrease in
the synthetic measure by 0.01 if the people at risk of poeeetya determinant.
All the parameters are statistically significant.

The implementation of the objective required the use of geseristatistical
methods, in particular regression method (Least Squares Method — LSM).

y =0,2477 + 0,0085x; r=0,5212; p = 0.0000
Synthetic measure = 1,0636-0,0305x+0,0005x?

Synthetic measure
(=
[o2}
o

20 25 30 35 40 45 50 55 60

Total general government revenue

Fig. 9 Regression function parameters — synthetic meédsueems
of the total general government revenue
(Source: author’s calculations
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y =0,7102 - 0,0111x; r = -0,5003; p = 0.0000
Synthetic measure = 0,7589-0,0208x+0,0004x?

0,80

0,75

0,70

0,65

0,60

0,55

0,50

0,45

0,40

0,35

12 14

16

18 20

22 24 26 28 30

Unemployment rate

Fig. 10. Regression function parameters — syntimegiasure
in terms of unemployment rate
(Source: author’s calculations

y=0,4386 +0,0017x; r=0,7002; p = 0.0000
Synthetic measure = 0,1789+0,0061x-0,00001523x 2
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Fig. 11 Regression function parameters — synthetic measure
in terms of GDP per capita
(Source: author’s calculations
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3.4. Models of the synthetic measure in relation
to the component variables for the determinant
of Science and Technology

Table 4 presents the values of Pearson's linear aborel coefficients
between the component variables for the determinant of Science and Technology
and the synthetic measure of socio-economic development of EUiesuifitne
following indicators were used in the research: research andlogevent
expenditure, human resources in Science and Technology and emplogment

high- and medium-high technology manufacturing sectors and knowledge-
intensive service sectors.

Table 4. Correlations between the synthetic meamutehe component variables
for the determinant of Science and Technology

Correlations (marked correlations are significant with p < ,05000)
Employment in high-
Human and medium-high Synthetic
Research anc Resources in technology measure
Mean s | development Sci manufacturing of socio-
expenditure cience and sectors and knowledgel -economic
Variable Technology intensive service development
sectors
Research and
development | 1,56 |0,88 1,00 0,58 0,31 0,79
expenditures
Human
Resources in | 4339 1ggo| 0,58 1,00 -0,20 0,83
Science and
Technology
Employment
in high- and
medium-high
technology
manufacturing | 4,81 |2,69 0,31 -0,20 1,00 0,20
sectors and
knowledge-
intensive
service sectorg
Synthetic
measure of | a1 1910/ 0,79 0,83 0,20 1,00
SOCio-economig
development

(Source: author’s calculations
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In figures 12-14, estimated linear regression functions aseipied, in which
research and development expenditures, human resources in science and
technology, employment in high- and medium-high technology manufacturing
sectors and knowledge-intensive service seet@sndependent variables of the
model, while the created synthetic measure has become a deperdssie. In
this way, we obtain information on how the increase of thepmadgent variable
by 1 affects the dependent variable of the model.

For the models created for the Science and Technology determireng w
the explained variable is a synthetical measure of socioesgic development, it
was obtained that the number of scientists per 1000 inhabitantsr(naswaurces
in Science and Technology) had the greatest impact on socio-economic
development in the EU countries. This is evidenced by the correlatidiciayef
at the level of 0.83. Next, research and development expenditeresreelated
with the measure of socio-economic development (correlabefficient at the
level of r = 0.79).

y =0,4639 + 0,0925x; r=0,7911; p = 0.0000
Synthetic measure = 0,4211+0,1541x-0,0167x%
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0,55

Synthetic measure

0,50

0,45

0,40

0,35
0,0 0,5 1,0 i3 2,0 2A5) 3,0 3,5 4,0

Research and development expenditures

Fig. 12 Regression function parameters - synthetic measuszms
of research and development expenditures
(Source: author’s calculations
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y =0,5725 + 0,0074x; r=0,1950; p = 0,0006
Synthetic measure = 0,5459+0,0196x-0,0011x?
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0,75

0,70

0,65

0,60

0,55

Synthetic measure

0,50

0,45
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0,35
0 2 4 6 8 10 12

Employment in high- and medium-high technology manufacturing sectors and knowledge-
intensive service sectors

Fig. 13 Regression function parameters employment in hagl-medium-
technologymanufacturing sectors and knowledge-gitenservice sectors
(Source: author’s calculations

y=0,1948 + 0,0095x;, r=0,8292; p =0.0000
Synthetic measure = 0,241+0,0073x+2,617E-5x 2
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0,75
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0,55
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Human Resources in Science and Technology

Fig. 14 Regression function parameters — synthetic measure
in terms of human resources in Science and Techwolo
(Source: author’s calculations

The estimated marginal effects reveal that a one unitaser@ measurement
of the determinant is expected to increase in the synthetisureeby 0.09 if the
research and development expenditures are the independent vafiable.
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estimated marginal effects reveal that a one unit growtheasurement of the
determinant is expected to increase in the synthetic measur@.0By if
employment in high- and medium- technology manufacturing sectails an
knowledge-intensive service sectors is the independent varighé estimated
marginal effects reveal that a one unit increase in maasutef the determinant

is expected to increase in the synthetic measure by 0.0095ifiitien resources
in Science and Technology are the independent variable.

3.5. Models of the synthetic measure
in relation to the component variables
for the determinant of Health

Table 5 presents the values of Pearson's linear aborel coefficients
between the component variables for the determinant of healttharsynthetic
measure of socio-economic development of EU countries. The fotlow

indicators were used in the research: life expectancy, eqsdited unmet needs
for medical examinationa and self-perceived health.

Table 5. Correlations between the synthetic meamutlehe component variables
for the determinant of Health

Correlations (marked correlations are significant with p < ,05000)

Life Self-reported | g Synthetic measure
unmet needs . . .
Mean S expec- . perceived| of socio-economic
for medical
. tancy o health development
Variable examination
Life expectancy] 79,42 | 2,92 1,00 -0,16 0,45 0,60
Self-reported
unmetneeds | g4 | 157 016 1,00 0,10 0,53
for medical
examination
Self-perceived| 53 38 | 11,17| 0,45 0,10 1,00 0,30
health
Synthetic
measure
of socio- 0,61 | 0,10 0,60 -0,53 0,30 1,00
economic
development

(Source: author’s calculations

In figures 15-17, estimated linear regression functions aseipted, in which
life expectancy, self-reported unmet needs for medical exéonnaself-
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perceived health are independent variables of the model, telecreated
synthetic measure has become a dependent variable. In thighevéyformation
is obtained how the increase of the independent variablefigcisghe dependent
variable of the model.

For the models created for the Health determinant, wherelépendent
variable is the synthetical measure of socio-economic devetdpritewas
obtained that the life expectancy influences the most socio-ecoderelopment
in the European Union countries. This is evidenced by the caoretadefficient
at the level of 0.60. Next, the variable self-reported urmeetds for medical
examination (correlation coefficient r = -0.54) is correlateith whe measure of
socio-economic development. For the self-reported unmet needs thcaine
examination variable, a negative, moderate correlation withyttieetic measure
of socio-economic development was obtained. For the self-peccdiealth
variable, a positive, low correlation was obtained with slgnthetic measure of
socio-economic development (r = 0.3).

The estimated marginal effects reveal that a one unitaser@ measurement
of the determinant is expected to increase in the synthetisureby 0.02 if the
life expectancy is the independent variable. The estimategimabeffects reveal
that a one unit growth in measurement of the determinant is expected to decrease
in the synthetic measure by 0.04 if self-reported unmet needs ddicah
examination due to being too expensive are the independent variddde. T
estimated marginal effects reveal that a one unit inereameasurement of the

y =-1,0606 + 0,021x; r=0,5997; p = 0.0000
Synthetic measure = -21,1296+0,5343x-0,0033x?
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0,70
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0,55

Synthetic measure

0,50

0,45
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0,35

0,30

70 72 74 76 78 80 82 84

Life expectancy

Fig. 15. Regression function parameters — syntimegiasure
in terms of life expectancy
(Source: author’s calculations
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y =0,6491 - 0,0429x; r = -0,5293; p = 0.0000
Synthetic measure = 0,6619-0,0692x+0,0048x>
0,80

0,75

0,70

0,65

0,60

0,55

Synthetic measure

0,50

0,45

0,40

0,35
Self-reported unmet needs for medical examination

Fig. 16. Regression function parameters — syntime¢iasure in terms
of self-reported unmet needs for medical examinatige to being too expensive
(Source: author’s calculations

y=0,5446 + 0,0027x, r = 0,2984; p = 0,00000

Synthetic measure = 0,3849+0,0174x-0,0003x 2
0,80 . . .

0,75

0,70 |

0,65 |

0,60 |

0,55 |

Synthetic measure

0,50 |

0,45 |

0,40 |

0,35

Self-perceived health

Fig. 17. Regression function parameters — syntime¢iasure in terms
of self-perceived long-standing limitations in ulsaetivities due to health problems
(Source: author’s calculations

determinant is expected to increase in the synthetic melg@®03 if the self-
perceived long-standing limitations in usual activities due titthpeoblems are
the independent variable.
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3.6. Models of the synthetic measure
in relation to the component variables
for the determinant of Education

Table 6 presents the values of Pearson's linear aborel coefficients
between the component variables for the determinant of educatthrtha
synthetic measure of socio-economic development of EU countfies
following indicators were used in the research: the peagendf people gaining
or with higher education aged 15-64, participation rate in educatidrraining,
early leavers from education and training.

Table 6. Correlations between the synthetic meamutlehe component variables
for the determinant of Education

Correlations (marked correlations are significant with p < ,05000)
The percentage Early | Synthetic
of people Participation leavers | measure
Mean S gaining rate in from of socio-
or with higher | education and | education| economic
Variable education aged  training and develop-
15-64 training ment
The percentage
of people gaining
or with higher 25,61 | 7,47 1,00 0,48 -0,26 0,58
education aged
15-64
The participation
rate in education| 16,64 | 7,23 0,48 1,00 -0,21 0,76
and training
Early leavers
from education | 10,84 | 5,52 -0,26 -0,21 1,00 -0,35
and training
Synthetic
measure of Socio 551 | g 10 0,58 0,76 -0,35 1,00
economic
development

(Source: author’s calculations

In figures 18-20, estimated linear regression functions aseipted, in which
the percentage of people gaining or with higher education aged 154, t
participation rate in education and training, early leavers fedoncation and
training are independent variables of the model, while thetedresynthetic
measure has become a dependent variable. In this way, we oltamatidn on
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how the increase of the independent variable by 1 affects tieadiept variable
of the model.

y =0,4055 + 0,0079x; r=0,5775; p = 0.0000
Synthetic measure = 0,3891+0,0093*x-0,000028065x>
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The percentage of people gaining or with higher education aged 15-64

Fig. 18. Regression function parameters — syntimegiasure in terms
of the percentage of people gaining or with higtghrcation aged from 15 to 64
(Source: author’s calculations

y =0,4282 +0,0108x; r =0,7636; p = 0.0000
Synthetic measure = 0,2821+0,0276x-0,0004x?
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5 10 15 20 25 30 35 40

Participation rate in education and training

Fig. 19 Regression function parameters — synthetic measure
in terms of participation rate in education andéhirey
(Source: author’s calculations
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y=0,6792 -0,0065x; r = -0,3527; p = 0.0000
Synthetic measure = 0,6664-0,0043x-0,000074429x 2

0,80

0,75

0,70

0,65

0,60

0,55

Synthetic measure

0,50

0,45

0,40

0,35
0 5 10 15 20 25 30 35 40

Early leavers from education and training

Fig. 20. Regression function parameters — syntimegiasure
in terms of early leavers from education and trajn
(Source: author’s calculations

For the models created for the Education determinant, whedegendent
variable is a synthetical measure of socio-economic developinesas obtained
that the greatest extent to socio-economic development in EUriesunias
participation rate in education and training. This is evidencettidoygorrelation
coefficient at the level of 0.76. Next, the percentage of peggil@ng or with
higher education aged from 15 to 64 (correlation coefficient58)0s correlated
with the measure of socio-economic development. For the vaaoly leavers
from education and training, a negative, low correlation wadrdatavith the
synthetic measure of socio-economic development.

The estimated marginal effects reveal that a one unitdeer® measurement
of the determinant is expected to increase in the synthetisuneehy 0.008 if the
percentage of people gaining or with higher education agediffotn 64 is the
independent variable. The estimated marginal effects rthatad one unit growth
in measurement of the determinant is expected to decreatbe igynthetic
measure by 0.01 if the participation rate in education and traiisinthe
independent variable. The estimated marginal effects réta@ala one unit
increase in measurement of the determinant is expected teadecin the
synthetic measure by 0.0065 if the early leavers from educatid training are
the independent variable.



3.7. Models of the synthetic measure
in relation to the component variables
for the determinant of Living conditions
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Table 7 presents the values of Pearson's linear aborel coefficients
between the component variables for the determinant of educaitbrtha
synthetic measure of socio-economic development of EU countfies
following indicators were used in the research: share ofl@diepng in under-
occupied dwellings, inability to make ends meet, people at risk of poverty.

Table 7. Correlations between the synthetic meamutiehe component variables
for the determinant of living conditions

Correlations (marked correlations are significant with p < ,05000)

development

Share of Synthetic
people living | Inability People at | measure of
Mean S in under- to make risk of socio-
Variable occupied | ends meet| poverty economic
dwellings development
Share of people
living in under- 3444 |22,04 1,00 -0,34 -0,39 0,62
occupied
dwellings
Inability o make | 4511 | gog| 034 1,00 0,70 0,81
ends meet
People atrisk | 5,05 | 680| -0,39 0,70 1,00 0,76
of poverty
Synthetic
measure of Sociol 5 59 | g 19 0,62 -0,81 -0,76 1,00
economic

(Source: author’s calculations

In figures 21-23, estimated linear regression functions asepied, in which
share of people living in under-occupied dwellings, inability t&kemends meet,
people at risk of poverty are independent variables of the nvaliés, the created
synthetic measure has become a dependent variable. In this wahtawe
information on how the increase of the independent variable Hfedtsathe
dependent variable of the model.
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y =0,5093 + 0,0029x; r =0,6197; p = 0.0000
Synthetic measure = 0,3936+0,0124x-0,0001x?
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Share of people living in under-occupied dwellings

Fig. 21. Regression function parameters — syntimegiasure
in terms of share of people living in under-ocagpdwellings
(Source: author’s calculations

y=0,721 - 0,0093x; r=-0,8077; p = 0.0000
Synthetic measure = 0,7712-0,0187x+0,0003x?
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Fig. 22. Regression function parameters — syntime¢iasure in terms
of the percentage of people who are unable to reslds meet’
(Source: author’s calculations
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y=0,8833- 0,0114x, r = -0,7571; p = 0.0000
Synthetic measure = 0,9399-0,016x+0,000083494x 2

0,80
0,75 F
0,70 p
0,65
0,60 |
0,55

0,50

Synthetic measure

045 |

0,40 |

035 |

0,30 L L L L L L L L
10 15 20 25 30 35 40 45 50 55
People at risk of poverty

Fig. 23. Regression function parameters — syntimegiasure
in terms of the rate of people at risk of poverty
(Source: author’s calculations

For the models created for the Living Conditions determinantyevtie
dependent variable is a synthetical measure of socio-ecordmwelopment, it
was obtained that the greatest extent to socio-economic develbjmeU
countries is the percentage of people who are unable to makerieertsThis is
evidenced by the correlation coefficient at the level of -0.8kt,Nke rate of
people at risk of poverty (correlation coefficient r = -0.i&¢orrelated with the
measure of socio-economic development. For the variable shpeegt living
in under-occupied dwellings, a positive, moderate relationship aviéinthetic
measure of socio-economic development was obtained (r = 0.62).

The estimated marginal effects reveal that a one unitaser@ measurement
of the determinant is expected to increase in the synthetisuneehy 0.003 if the
share of people living in under-occupied dwellings is the indepenaeiatle.
The estimated marginal effects reveal that a one unit growineasurement of
the determinant is expected to decrease in the synthetic mdnsQrO09 if the
percentage of people who are unable to make ‘ends meet’ indépendent
variable. The estimated marginal effects reveal thatna unit increase in
measurement of the determinant is expected to increase iynthetic measure
by 0.01 if the rate of people at risk of poverty is the independent variable






Chapter 4. Spatial-time analysis of EU countries
for 2008-2018

4.1. Rankings of European Union countries according
to the synthetic measure of socio-economic development
in the selected years 2008, 2013 and 2018

Subsection 4.1 presents the ranking of European Union countri28G8y
2013 and 2018. In order to perform the research, the linear ordering method wa
used.

T. Grabiski (1984) states that MCA (Multidimensional comparative
analysis) deals with methods and techniques of comparing matitireobjects.
MCA considers the issue of linear hierarchization (lineaemnd) of a set of
objects in multidimensional feature spaces from the pointes wf a certain
characteristic that cannot be measured directly. It isr#aion of measures based
mainly on the determination of a taxonomic development patterra gpecific
object ideal for a given field, and then the determination ofdis&ance of
individual objects from the established multi-characterispgmum. The next
step on this path is the construction of the synthetic gauge (Markowska, 2012).

In linear ordering, when constructing a synthetic measure of develapm
sometimes there is a need to standardize the nature of thblesrin order to
ensure a uniform preference of the variables. Variable ddsims and nominants
are transformed into stimulants using linear and non-lineatifunsc(\Walesiak,
2011).

The figure 24 shows the relationship between the values ofytithesic
indicator for years 2008 and 2018. Minimal differences in the changee
position of the analysed countries during the period considerédth&iexception
of Greece, can be observed. The results of the obtained ranlengesented in
tables 8-13.
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Synthetic measure 2018 in terms of
Synthetic measure 2008
Synthetic measure 2018: y= 0,1494 + 0,8396*x;
r = 0,9378; p = 0.0000; r? = 0,8794
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Fig. 24. Synthetic measure 2018 in terms of Syitheeasure 2008
(Source: author’s calculations)

The next subchapter presents the tables and figures with the oditiee
synthetic measure for the selected years 2008, 2013 and 2018l as Vo
individual determinants of socio-economic development. When anglyhe
socio-economic development in the European Union countries with tlod thee
modified HDI measure, it should be stated that the fitelin the ranking for
2018 was taken by Sweden. The next two positions were takemlaydriand
Denmark. The last three positions in the ranking were takenlggBa, Romania
and Greece (table 8).

The highest increase for the measure analyzed was redordéahgary and
Portugal. Hungary position increased by 6 places (from position 23)t for
Portugal we can observe increase from position 27 to 22. Polandt®rpos
increased by 2 places in the ranking in 2018 compared to 2008 (from therposit
21 to 19). The largest decrease was observed for Greece (from positia?2820 to
Croatia (from position 19 to 23) and Belgium (from position 5 io §)e analyzed
years. The obtained values for synthetic measure and positieredde between
years 2018 and 2008 are presented in the figure 25.
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Table 8. The comparison of the synthetic measureegdor years 2008, 2013 and 2018

. . . Position
County | oot Ranking | ) Rankg | ST anking | iference
2008 2008 2013 2013 2018 2018 2018
and 2008
Sweden 0,73 3 0,76 2 0,78 1 2
Finland 0,74 1 0,75 3 0,76 2 -1
Denmark 0,74 2 0,76 1 0,75 3 -1
Austria 0,66 8 0,70 8 0,74 4 4
Ireland 0,66 9 0,65 12 0,74 5 4
Netr;;hrllaands 0,70 4 0,70 6 0,73 6 -2
Luxembourg 0,68 6 0,73 4 0,73 7 -1
Germany 0,66 10 0,70 7 0,72 8 2
Belgium 0,68 5 0,70 5 0,72 9 -4
T!?i?] ;dr;trﬁd 0,66 7 0,68 10 0,71 10 3
France 0,65 11 0,68 9 0,70 11 0
Slovenia 0,64 12 0,67 11 0,70 12
Czechia 0,61 14 0,64 13 0,69 13 1
Malta 0,56 16 0,57 16 0,64 14
Cyprus 0,63 13 0,58 15 0,64 15 -2
Estonia 0,57 15 0,61 14 0,63 16 -1
Hungary 0,53 23 0,52 21 0,62 17 6
Slovakia 0,55 18 0,56 17 0,61 18 0
Poland 0,53 21 0,54 18 0,61 19 2
Spain 0,56 17 0,54 19 0,61 20 -3
Lithuania 0,53 22 0,54 20 0,59 21 1
Portugal 0,45 27 0,48 23 0,57 22
Croatia 0,55 19 0,47 24 0,56 23 -4
Italy 0,52 24 0,51 22 0,55 24 0
Latvia 0,46 25 0,44 25 0,50 25 0
Bulgaria 0,41 28 0,41 28 0,49 26 2
Romania 0,46 26 0,43 27 0,48 27 -1
Greece 0,54 20 0,44 26 0,47 28 -8

(Source: author’s calculations
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Table 9. The comparison of the Economy and Finameasure values
for years 2008, 2013 and 2018

Economy Economy Economy Position
Country _nad Ranking _and Ranking _and Ranking| difference
Finance 2008 Finance | 2013 | Finance | 2018 | 2018 and
2008 2013 2018 2008
Luxembourg 0,88 1 0,87 1 0,88 1 0
Denmark 0,79 2 0,75 3 0,76 2 0
Austria 0,75 3 0,75 2 0,74 3 0
Germany 0,67 12 0,71 6 0,74 4 8
Belgium 0,71 7 0,71 5 0,73 5 2
The
Netherlands 0,74 5 0,69 8 0,73 6 -1
Sweden 0,75 4 0,71 7 0,73 7 -3
Finland 0,74 6 0,72 4 0,71 8 -2
Czechia 0,64 15 0,62 12 0,69 9 6
France 0,69 8 0,68 9 0,69 10 -2
Ireland 0,65 14 0,55 17 0,67 11 3
T}E‘i‘:‘;ﬂrgtﬁﬁd 0,66 13 0,63 10 | o067 | 12 1
Slovenia 0,67 10 0,6 14 0,66 13 -3
Hungary 0,6 19 0,59 15 0,66 14 5
Malta 0,61 17 0,62 11 0,66 15 2
Poland 0,58 22 0,54 18 0,64 16 6
Estonia 0,59 20 0,57 16 0,62 17 3
Portugal 0,61 18 0,51 20 0,62 18 0
Italy 0,67 11 0,61 13 0,62 19 -8
Slovakia 0,53 28 0,5 21 0,61 20 8
Croatia 0,58 21 0,46 26 0,6 21 0
Cyprus 0,68 9 0,48 24 0,6 22 -13
Lithuania 0,57 23 0,49 23 0,58 23 0
Bulgaria 0,57 24 0,47 25 0,58 24 0
Latvia 0,54 27 0,5 22 0,58 25 2
Romania 0,54 26 0,53 19 0,58 26 0
Spain 0,56 25 0,36 28 0,5 27 -2
Greece 0,62 16 0,38 27 0,48 28 -12

(Source: author’s calculations
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Fig. 25. Values of the synthetic measure for Euappédnion countries
for the years 2008 and 2018 and position diffeedretween years 2018 and 2008
(Source: author’s calculations

When analyzing the Economy and Finance determinant, it can be edbserv
that Luxembourg was the leader in 2018 in the European Union. The next two
positions were taken by Denmark and Austria. The last thre¢igmssin the
ranking were taken by Romania, Spain and Greece (table 9).

The highest increase for the analyzed determinant was esgtfdSlovakia.
Slovakia position increased by 8 places (from position 28 to 20). Palahd
Czechia are the countries with the highest increase in fusitions after
Slovakia. Poland's position increased by 6 places in the ramk#@iilB compared
to 2008 (from the position 22 to 16). For Czechia it can be observeddscfrom
position 15 to 9. The largest decrease was observed for Cyposgérsition 9
to 22) and Greece (from position 16 to 28) in the analyzed yEhesobtained
values for Economy and finance determinant and position differesivecen
years 2018 and 2008 are presented in the figure 26.
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Fig. 27. Values of the Science and technology deteant for European Union countries
for the years 2008 and 2018 and position differdreteveen years 2018 and 2008
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Table 10. The comparison of the Science and Teolggoheasure values
for years 2008, 2013 and 2018

Science Science Science Position
Country and Ranking and |Ranking and Ranking| difference
techno- 2008 techno- | 2013 |technology| 2018 | 2018 and
logy 2008 logy 2013 2018 2008

Germany 0,75 1 0,77 1 0,82 1 0
Sweden 0,73 3 0,70 3 0,73 2 1
Austria 0,57 8 0,65 7 0,73 3 5
Slovenia 0,62 5 0,69 4 0,71 4 1
Denmark 0,66 4 0,69 5 0,71 5 -1
Czechia 0,60 6 0,67 6 0,71 6 0
Finland 0,75 2 0,72 2 0,69 7 -5
Belgium 0,59 7 0,60 8 0,67 8 -1
Hungary 0,51 10 0,56 11 0,62 9 1
Slovakia 0,50 12 0,53 13 0,59 10 2
France 0,56 9 0,58 9 0,59 11 -2
NethTe hr‘fan 4 | 048 14 0,52 15 0,57 12 2
he ;dr:)'tmed 051 11 053 | 12 0,55 13 2
Poland 0,38 19 0,42 19 0,51 14 5
Estonia 0,46 16 0,52 14 0,51 15 1
Ireland 0,49 13 0,56 10 0,51 16 -3
Italy 0,46 15 0,47 16 0,49 17 -2
Spain 0,44 17 0,44 18 0,46 18 -1
Luxembourg 0,41 18 0,46 17 0,44 19 -1
Portugal 0,33 23 0,35 23 0,42 20 3
Lithuania 0,35 21 0,37 21 0,41 21 0
Croatia 0,34 22 0,36 22 0,39 22 0
Malta 0,35 20 0,38 20 0,38 23 -3
Romania 0,32 25 0,30 27 0,37 24 1
Bulgaria 0,32 24 0,35 24 0,37 25 -1
Greece 0,27 28 0,29 28 0,35 26 2
Cyprus 0,28 27 0,32 25 0,34 27 0
Latvia 0,31 26 0,32 26 0,33 28 -2

(Source: author’s calculations
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In 2018, the countries that achieved the highest positions inrkimgafor
the Science and Technology determinant were Germany, Swedenuatith A
The last three positions in the ranking were taken by Grésgeus and Latvia
(table 10).

When analyzing the Science and Technology determinant, the highest
increases were observed for Austria (from position 8 ton8) Roland (from
position 19 to 14) in the analyzed period. The largest decremselgerved for
Finland (from the position 2 to 7) (fig. 27).

In 2018, the countries that achieved the highest positions in thiagaok
the determinant of Health were Ireland, Cyprus and Austria. |[a$tethree
positions in the ranking were taken by Portugal, Lithuania and Latbie (14).

When analyzing the above determinant, the highest increasebsas/ed
for Croatia (from position 26 to 7) and Bulgaria (from position 281pin the
analyzed period. The largest decreases were recordeddecdés(from position
1 to 24) and Belgium (from position 9 to 18) (fig. 28).
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Fig. 28. Values of the Health determinant for Ewap Union countries
for the years 2008 and 2018 and position differdreteveen years 2018 and 2008
(Source: author’s calculations
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Table 11. The comparison of the Health measureegdior years 2008, 2013 and 2018

Position
Country Health | Ranking | Health | Ranking | Health |[Ranking| difference
2008 2008 2013 2013 2018 | 2018 2018
and 2008
Ireland 0,89 3 0,81 7 0,90 1 2
Cyprus 0,93 2 0,89 1 0,89 2 0
Austria 0,85 5 0,84 3 0,85 3 2
The United 0
Kingdom 0,89 4 0,87 2 0,84 4
Sweden 0,84 8 0,84 4 0,83 5 3
Malta 0,84 7 0,74 18 0,81 6 1
Croatia 0,64 26 0,72 20 0,80 7 19
Denmark 0,84 6 0,81 6 0,80 8 -2
Spain 0,76 13 0,78 12 0,80 9 4
The Netherlands | 0,79 11 0,78 10 0,80 10 1
Luxembourg 0,80 10 0,78 11 0,79 11 -1
Slovenia 0,75 16 0,79 8 0,78 12 4
France 0,75 15 0,73 19 0,77 13 2
Finland 0,79 12 0,75 14 0,77 14 -2
Czechia 0,75 14 0,74 16 0,76 15 -1
Germany 0,70 20 0,75 13 0,76 16 4
Slovakia 0,75 18 0,75 15 0,76 17 1
Belgium 0,81 9 0,79 9 0,76 18 -9
Hungary 0,69 22 0,70 22 0,72 19 3
Romania 0,75 17 0,74 17 0,71 20 -3
Bulgaria 0,43 28 0,63 27 0,70 21 7
Italy 0,66 24 0,69 23 0,70 22 2
Poland 0,70 19 0,71 21 0,70 23 -4
Greece 0,94 1 0,82 5 0,68 24 -23
Estonia 0,66 23 0,69 24 0,67 25 -2
Portugal 0,70 21 0,67 26 0,67 26 -5
Lithuania 0,65 25 0,68 25 0,66 27 -2
Latvia 0,58 27 0,50 28 0,53 28 -1

(Source: author’s calculations
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Table 12. The comparison of the Education measaitees for years 2008, 2013 and 2018

Position

Country ci?il:)n Rf;r(l)lggg ci?ilcj)n Rz;rgl;igg ci(tjich)n Rf;r(l)kligg (ggigegﬁg
2008 2013 2018 2008
Sweden 0,74 3 0,84 2 0,90 1 2
Finland 0,76 1 0,80 3 0,87 2 -1
Luxembourg 0,56 14 0,78 4 0,82 3 11
Ireland 0,61 8 0,69 10 0,81 4 4
Nethonge | 067 4 0,73 5 0,79 5 1
Denmark 0,75 2 0,84 1 0,78 6 -4
France 0,56 13 0,71 7 0,75 7 6

Estonia 0,60 9 0,70 9 0,75

he ;dr:)'tmed 0,64 6 0,71 6 0,74 9 3
Lithuania 0,62 7 0,67 11 0,73 10 -3
Austria 0,54 16 0,60 16 0,71 11 5
Belgium 0,59 10 0,63 13 0,71 12 -2
Slovenia 0,66 5 0,70 8 0,71 13 -8
Cyprus 0,59 11 0,66 12 0,70 14 -3
Poland 0,57 12 0,60 17 0,64 15 -3
Greece 0,46 22 0,54 20 0,64 16 6
Latvia 0,50 20 0,60 14 0,63 17 3
Czechia 0,54 17 0,60 15 0,60 18 -1
Spain 0,39 24 0,52 22 0,60 19 5
Germany 0,55 15 0,60 18 0,59 20 -5
Croatia 0,51 18 0,54 19 0,59 21 -3
Portugal 0,20 28 0,45 25 0,57 22 6
Slovakia 0,50 19 0,54 21 0,54 23 -4
Malta 0,28 27 0,41 26 0,52 24 3
Hungary 0,47 21 0,49 23 0,51 25 -4
Bulgaria 0,43 23 0,49 24 0,51 26 -3
Italy 0,36 26 0,41 27 0,47 27 -1
Romania 0,37 25 0,37 28 0,38 28 -3

(Source: author’s calculations
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In 2018, the countries that achieved the highest positions in thegaiok
the determinant Education were Sweden, Finland and Luxembourg st Heée
positions in the ranking were taken by Bulgaria, Italy and Romania (table 12)

The country that grew the most for this determinant is Luxembourg. T
position of this country increased by 11 places in the ranking(d®8 compared
to 2008 and this is the largest increase for this determirram (he position 14
to 3).BeyondLuxembourg, the largest increases were recorded for France (from
the position 13 to 7), Greece (from the position 22 to 16)Pamtugal (from the
position 28 to 22). The largest decreases were recordeddeer (from the
position 5 to 13), Slovakia (from the position 19 to 23) and Hungary (frem
position 21 to 25) (fig. 29).
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Table 13. The comparison of the Living Conditionasiere values for years 2008, 2013 and 2018

Living Ran- | Living | Ran- Living Ran- I_Dosition
Country conditions | king |[conditio| king |conditions| king (ggigegrclg
2008 2008 |ns 2013 2013 2018 2018 2008
Malta 0,72 4 0,7 7 0,84 1 3
Ireland 0,67 6 0,66 11 0,8 2 4
The Netherlands 0,79 1 0,78 2 0,78 3 -2
Finland 0,68 5 0,76 4 0,75 4 1
Belgium 0,73 3 0,78 1 0,74 5 -2
Té‘fr"] ;dr(‘)':ﬁd 0,63 13 | o066 10 0,73 6 7
Luxembourg 0,74 2 0,78 3 0,73 7 -5
France 0,67 9 0,71 5 0,72 8 1
Denmark 0,66 10 0,7 6 0,71 9 1
Sweden 0,62 14 0,69 8 0,69 10 4
Germany 0,64 12 0,67 9 0,69 11 1
Czechia 0,53 16 0,59 14 0,67 12 4
Spain 0,65 11 0,59 13 0,67 13 -2
Cyprus 0,67 7 0,54 17 0,66 14 -7
Austria 0,6 15 0,64 12 0,66 15 0
Slovenia 0,49 19 0,56 15 0,64 16 3
Estonia 0,52 17 0,55 16 0,59 17 0
Portugal 0,42 23 0,45 20 0,57 18 5
Hungary 0,35 26 0,25 25 0,56 19 7
Slovakia 0,49 18 0,48 18 0,56 20 -2
Poland 0,42 22 0,45 21 0,56 21 1
Lithuania 0,46 20 0,47 19 0,54 22 -2
Italy 0,44 21 0,39 22 0,47 23 -2
Croatia 0,67 8 0,28 24 0,43 24 -16
Latvia 0,37 25 0,28 23 0,42 25
Romania 0,32 27 0,22 26 0,38 26
Bulgaria 0,27 28 0,12 28 0,28 27
Greece 0,39 24 0,15 27 0,19 28 -4

(Source: author’s calculations
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When analyzing the Living Conditions determinant, it was olesethat
Malta was the leader in 2018 in the European Union, which gye8vpositions
compared to 2008. Ireland and the Netherlands followed. The lowest vadtees
obtained by Romania, Bulgaria and Greece (table 13).

The greatest increase in the value for this determinastaghieved by the
United Kingdom (from position 13 to 6) and Hungary (from position@®69).
Croatia was characterized by the greatest decline in {fatra position 8 to 24)
(fig. 30).
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Table 14. Descriptive statistics of the synthet&asure for years 2008-2018

Descriptive Statistics

(synthetic measure 2008-2018)

Country . . Lower | Upper | Standard Coefficient Skew-
Mean | Median | Min | Max - : L of
quartile | quartile | deviation L ness
variation
Belgium 0.70 | 0.70 | 0.68 | 0.72 | 0.70 0.71 0.01 1.58 -0.36
Bulgaria | 0.43 | 0.44 | 0.39 | 049 | 0.40 0.46 0.03 7.56 0.39
Czechia | 065 | 064 | 061 | 0.69 | 0.62 0.66 0.03 3.88 -0.03
Denmark | 0.75| 0.76 | 0.73 | 0.77 | 0.74 0.76 0.01 1.60 -0.88
Germany | 0.70 | 0.70 | 0.66 | 0.72 | 0.68 0.71 0.02 2.73 -0.59
Estonia 0.60| 060 | 055 | 0.63 | 0.57 0.61 0.03 4.47 -0.75
Ireland 0.67| 066 | 064 | 0.74 | 0.65 0.70 0.03 4.70 0.95
Greece 047 | 045 | 042 | 054 | 0.44 0.51 0.04 8.39 0.61
Spain 056 | 055 | 054 | 061 | 0.54 0.56 0.02 3.98 1.40
France 0.67| 068 | 0.64| 0.70 | 0.65 0.70 0.03 3.98 -0.12
Croatia 051 | 051 | 047 | 0.56 | 0.48 0.54 0.03 6.50 0.20
Italy 052 | 052 | 051 | 055 | 0.51 0.52 0.01 2.50 1.54
Cyprus 061 | 060 | 0.58 | 0.64 | 0.60 0.62 0.02 3.08 0.21
Latvia 045 | 0.46 | 0.38 | 0.50 | 0.42 0.49 0.04 8.52 -0.55
Lithuania | 0.54 | 054 | 048 | 0.59 | 0.51 0.57 0.03 5.97 -0.21
Luxembourg| 0.73 0.73 0.68 | 0.75 0.73 0.74 0.02 2.64 -2.26
Hungary | 0.54 | 053 | 051 | 0.62 | 0.51 0.57 0.04 6.53 0.90
Malta 058 | 057 | 054 | 0.64 | 0.56 0.60 0.03 5.95 0.78
The 071| 071 | 069 | 0.73 | 0.70 0.71 0.01 1.58 1.18
Netherlands
Austria 0.70 | 0.70 | 0.66 | 0.74 | 0.68 0.73 0.03 3.86 -0.26
Poland 056 | 054 | 053 | 0.61 | 0.53 0.58 0.03 5.19 0.80
Portugal | 0.50 | 0.50 | 0.45| 0.57 | 0.46 0.54 0.04 7.88 0.34
Romania | 045 | 045 | 0.42| 048 | 0.43 0.46 0.02 4.43 0.15
Slovenia | 0.67 | 0.67 | 0.64 | 0.70 | 0.65 0.68 0.02 3.09 -0.05
Slovakia | 0.57 | 056 | 0.55| 0.61 | 0.55 0.59 0.02 3.78 0.76
Finland 0.75| 075 | 0.74| 0.76 | 0.75 0.75 0.01 0.76 -1.00
Sweden | 0.75 | 0.75 | 0.73 | 0.78 | 0.74 0.77 0.02 2.04 0.07
T}E‘;;dr;ﬁd 068 | 068 | 0.65| 071 | 067 | 069 | 0.02 266 | 0.21

(Source: author’s calculations
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The table 14 presents the average values of the synthedigsune of socio-
economic development in the European Union countries, the values lofiter
and upper quartiles, minimum, maximum, and the values of the ceeffiaf
variation and asymmetry.

The minimum values of the synthetic measure of socio-economic
development were achieved by the European Union countries in 2010201
the economic crisis has finished. The highest values of élasune were obtained
in years 2017-2018.

Latvia and Greece are the countries characterized bydhéegt coefficient
of variation in the value of the synthetic measure of secamomic development.

The chart 31 shows a tendency that the average values oyritiet
measure of socio-economic development for the first threes yearain at the
same level of 0.59. They start to rise from 2011, although for thisamrd the
next two years they remain at the same level of 0.6. Since 201dcrease in the
average value of the synthetic measure of socio-economéogenent in the
European Union countries has been observed. The highest value of 8.64 wa
achieved in 2018.
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Fig. 31. Boxplot of the synthetic measure of sa@ionomic
development values for European Union countrieshfe years 2008-2018
(Source: author’s calculations

The EU countries achieved the minimum values of the synthetasure of
socio-economic development in 2009-2010, which means that the neggiad i
of the financial crisis on the obtained values of the syiatim¢asure of socio-
economic development is visible.
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The chart 32 shows the mean values and median values for the Ecandm
Finance determinant for the EU countries for 2008-2018. The impaittteof
financial crisis on the determinant analyzed can be observed. IntB8G8erage
value dropped to the level of 0.61, in the years 2010-2011 the avetagevas
0.6, and in the years 2012-2013 it reached the minimum value of 0.59.iQy s
2014, an increase in the mean value for the determinant atha@lgude observed
from the level of 0.6 to the level of 0.65. In 2018, the averaggevViar the
Economics and Finance determinant reached the maximum level of 0.65.
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0,54

Fig. 32. Boxplot for the Economy and Finance debeamt
for European Union countries in 2008-2018
(Source: author’s calculations

The chart 33 shows that for the Science and Technology determinant
a development trend can be observed in the period analyzed. Zihte an
increase in the mean values for the Science and Technolagynd®int can be
observed. For the first three years, the average valoesmed at the same level
and amounted to 0.48. A similar situation could be observed foretrs 2015-
-2017 for which the average values were also the same and amduB® tfor
each of the periods mentioned. For 2018, the average value rehehsdghest
level of 0.54. The chart shows the average values as well as the mediarofalue
the determinant analyzed.

The chart 34 shows that a constant tendency can be observedaftr He
determinant in the period analyzed. For the three years of 2015, 20D A8,
the determinant obtained the value of 0.76. For the remaining, yearsalue
was 0.75.
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Fig. 34. Boxplot for the Health determinant
for European Union countries in 2008-2018
(Source: author’s calculations

The charts show the average values as well as the medises \a& the
determinant analyzed. The chart 35 shows that for the Educatiermi®ant
a development tendency can be observed in the period analyzed2@&ean
increase in average values was visible, starting fravalue of the indicator of
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0.54 to the value of 0.66 for 2018. For 2018, the average value reachéghtimst
level of 0.66. For this determinant, the financial crisis did ffechits value in
any way.
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Fig. 35 Boxplot for the Education determinant
for European Union countries in 2008-2018
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For the determinant, the living conditions the values obtainedlabsc
around 0.6. In the initial period, the values decreased from 20881 from
0.56 to 0.53. Then, an increase in these values is visible until 2018. For 2018, the
average value reached the highest level of 0.6 (fig. 36).

4.2. Beta, Sigma and Gamma convergences study
for the European Union countries

4.2.1. Beta convergence and methods of its measurement

This section analyses the convergence of the synthetic meafssogio-
economic development and its determinant for the countries dEudhgpean
Union. The analysis of the social convergence process fdeuhmpean Union
countries in the years 2008-2018 has been started with a stuldg oocurrence
of beta-convergence.

Beta convergence arises from the fundamental assumptions of the
neoclassical growth theory, where the physical capital fastonaracterized by
diminishing marginal returns. Hence, the accumulation of tludymtion factor
brings greater benefits in the form of per capita incoraertrto poorer countries
as compared to richer countries. Sigma convergence occurs when the
disproportions measured, for example, by the standard deviatioa logarithms
of per capita income between countries decrease over time (Prochniak, 2004).

Beta convergence, with poor countries having higher rates oftlyritnan
rich countries, is a necessary but not sufficient condition for sigma igance.

The hypothesis about the presence of beta convergence isdverifithe
basis of a simple regression model in which the dependent eaisathle growth
rate of the analyzed feature:

gi=a+ blog(yl-,o) +e  (i=1,..n (32)

where:
yio — value of the analyzed variable in the i-th object in the base year,
a, b — structural parameters of the model,
€ —random component,
g — the rate of change of the variable analyzed calculated as:

gi =2log (i_) (i=1,...n) (33)
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where:
T — number of observations,
yi.7— value of the variable analyzed in the i-th object in the Vear

On the basis of the value of the b estimate, it is postlfetermine theg
convergence coefficient significant from the point of viewtlt# convergence
analyzes:

p=-0tD (34

where:
T — length of the period analyzed.

The presence of beta convergence is evidenced by the faittelrameter
b in the equation is negative and statistically significant. On tiex band, if the
parameter b in the equation is positive and statisticallyf&gnt, it means the
occurrence of the divergence phenomenon. On the other hand, the akatistic
insignificance of parameter b means that there is neithereogence nor
divergence of the analyzed phenomenon. In such a situation the follsetiof
hypotheses are tested:

Ho: b = 0 — no beta convergence or divergence
Hi: b+# 0 — beta convergence or divergence occurs

0,01

y = -0,0134x + 9E-05 0,808
R2 = 0,1304 0,006

0,004
0,002

0

-0,45 -0,4 0,35 0,3 0,25 -0,2 -0,15 0,1 -0,0_50’002 0
-0,004
-0,006
-0,008
Fig. 37. Simple regression model in which the dependent

variable is the growth rate of the analyzed measure
(Source: author’s calculations

In figure 37 is presented simple regression model, in whigrerdéent
variable is the growth of the analyzed synthetic measuren@b-economic
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development. It was obtained that the slope is negative, Isisitbe evidence of
beta-convergence in this case.

Table 15. Beta convergence of socio-economic stiotheasure and its determinats
in European Union countries in the years 2008-2018

Regression summary of the dependent variable: Stintmeasure R=,36112731 R"R=
,13041294 Corrected R"2=,09696728 F(1,26)=3,8992

. Std. Er. Std. Er.
b 7 b b 2 b t(26) p
"C‘L%rt' 0,000086 | 0,001640 | 0,05236 | 0,958639
Slope | -0,361127| 0,182882 -0,013431 0,006802 | -1,97465 0,059017
Regression summary of the dependent variable: Eogramd Finance R=,30722764
RA2=,09438882 Corrected R"2=,05955762 F(1,26 3997

"C‘L%rt' -0,003117 | 0,002194 | -1,42032 | 0,167395
Slope | -0,307228| 0,186631 -0,018168 0,011036 | -1,64618 0,111764

Regression summary of the dependent variable: &iand Technology R=,467760P3

R"2=,21879963 Corrected R"2=,18875346 F(1,26821,2

"C‘L%rt' 0,001043 | 0,001535 | 0,67928 | 0,502966
Slope | -0,467760| 0,173338 -0,011368 0,004213 | -2,69854 0,012072

Regression summary of the dependent variable: M&ait,73131698 R"2=,534824%3

Corrected R"2=,51693316 F(1,26)=29,893
"C‘L%rt' -0,006369 | 0,001396 | -4,56391 | 0,000106
Slope | -0,731317| 0,133759 -0,052842 0,009665 -5,46744 0,000010
Regression summary of the dependent variable: Edada= ,73355449 R"2=
,53810219
Corrected R"2=,52033689 F(1,26)=30,290

'ggt' -0,004234 | 0,002655 | -1,59469 | 0,122866
Slope | -0,733554| 0,133287 -0,046561 0,008460 -5,50359 0,000009

Regression summary of the dependent variable: gi@anditions R=,14593053 R"2=

,02129572 F(1,26)=,56574

'ggt' 0,000337 | 0,004025 | 0,083844 | 0,933823
Slope | -0,145931| 0,194017 -0,010232 0,013603 | -0,752155| 0,458714

(Source: author’s calculations
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Beta convergence models of socio-economic synthetic measur@sand
determinats in European Union countries in the years 2008-2018 are presented in
Table 15.

In figure 38 are presented simple regression models, in wigpandent
variable is the growth of the analyzed determinants of satnesmic
development: Economy and Finance, Science and Technology, Healthti&duca
and Living Conditions. It was obtained that the slopes of all the Ima@de
negative, so there is the evidence of beta-convergenceip ef the analyzed
cases.

Economy and Finance Science and Technology
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Fig. 38. Simple regression models in which the depat variable
is the growth rate of the analyzed determinants
(Source: author’s calculations

Parameter b at the variable logjy(slope) is negative for all obtained
regression functions (Table 15), which means the occurrence afdmtargence
both in the case of determinants of Economics and Finance, as well asasehe c
of other determinants distinguished in the study: Science aihdlegy, Health,
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Education and Living Conditions. The occurrence of beta convergence is
a prerequisite for the sigma convergence study.

4.2.2. Sigma convergence and methods of its measurement

This section examines the existence of social convergdentfied with the
reduction of disparities in the standard of living of the populatidghetountries
of the European Union. For this purpose, sigma convergence analysis was used.

Sigma convergence occurs when the disproportions measured, for exampl
by the standard deviation of the logarithms of income per dagiveeen countries
decrease over time (Prochniak, 2004).

The sigma convergence study is possible on the basis oflliwifig trend
model:

Sy

c=ao+at+e (t=1,...,n) (35)
where:

St — standard deviation of the logarithm of the analyzed variable,

oo, 01— Structural parameters,

t — time variable,

&— random component of the equation.

The negative and statistically significant parametendicates the presence
of sigma convergence. The positive and statistically sigmfigparameter,
indicates the presence of sigma divergence. In order to invedtingaoccurrence
of the sigma-convergence process, the following set of hypothesesiedver

Hy: o = o# (there is no convergence or divergence)
Hy: 02 > 0% (There is convergence)
or Hy: 0? < 0% (there is divergence)

where:
o?,0% — variance of the feature examined in the first and lagbge
of the study

The statistical insignificance of the parametedoes not allow to conclude
on the existence of sigma-convergence or sigma-divergénseworth noting
that the parameter; has an economic interpretation, and its value allows us to
state how much the difference between the analyzed objectadesr(; < 0)
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or increasest < 0). Therefore, it can be concluded that sigma-convergence i
used to study changes in the distribution of a feature over time.

In table 16 the results of sigma convergence of EU countriéisei years
2008-2018 were presented.

Table 16. Sigma convergence of European Union cesnin the years 2008-2018

Year| 2008 | 2009| 2010 2011 2012 2013 2014 2015 2p16 201018

o

2 | 0,069 0,072 0,084 0,081 0,0éFl 0,081 0,078 0,07D720, 0,069 0,064

a2 | 0,005| 0,005 0,007 0,007 0,04)7 0,007 O,(POG 0,005050,00,005| 0,004

(Source: author’s calculations

In figure 39 is presented the trend model for sigma converdenEeropean
Union countries. It was obtained that the parameter negative. Table 17 shows
the obtained sigma values. For the synthetic indicator, the ilitgguas obtained
0? > g2, so it indicates the presence of sigma convergence in this study.

0,09
0,08
0,07
0,06

0,05 y =-0,0009x + 0,08

0,04 R?=0,1975
0,03
0,02
0,01

0
2006 2008 2010 2012 2014 2016 2018 2020

Fig. 39. Trend model for sigma convergence for paem Union countries
(Source: author’s calculations

Confirmation of the occurrence of sigma convergence processes i
a prerequisite for confirming the occurrence of beta conwemgrocesses.
As already mentionedp convergence is a necessary factor, although not
sufficient, to achieve convergence. Table 17 presents the results of estimation
of parameters that make it possible to determine whether thesesigma
convergence of socio-economic synthetic measure and its dsesnin
European Union countries.
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Table 17. Sigma convergence of socio-economic s§ictineasure and its determinats
in European Union countries in the years 2008-2018

Regression summary of the dependent variable: 8tintmeasure
R=,44442539 R"2=,19751393 Popraw. R2=,10834§8P=2,2151

Bt. std. Bt. std.
b* 7 b b 7b t(26) p
'gg{ 0,079964 | 0,003977 | 20,10650 | 0,000000
Slope | -0,444425| 0,298605 -0,000873 0,000586 -1,48834 0,170840
Regression summary of the dependent variable: n&og and Finance R=,26027142
R"2=,06774121 Popraw. R2= ----- F(1,9)=,65397
'gg{ 0,080145 | 0,008506 | 9,421801 | 0,000006
Slope | -0,260271| 0,321845 -0,001014 0,001254 | -0,808685| 0,439549
Regression summary of the dependent variable: &siand Technology R=,904136
R"N2=,81746308 Popraw. R2=,79718120 F(1,9)=40,305
'gg{ 0,137218 | 0,001884 | 72,82889 | 0,000000
Slope | -0,904137| 0,142414 -0,001764 0,000278 | -6,34863 0,000133
Regression summary of the dependent variable: M&ait,78027246 R"2=,60882512
Popraw. R2=,56536124 F(1,9)=14,008
'ggt' 0,062023 | 0,003559 | 17,42776 | 0,000000
Slope | -0,780272| 0,208480 -0,001964 0,000525 | -3,74267 0,004606
Regression summary of the dependent variable: Eoadd= ,90752082 R"2=
,82359403
Popraw. R2=,80399337 F(1,9)=42,019
'L‘gt' 0,121877 | 0,003783 | 32,21508 | 0,000000
Slope | -0,907521| 0,140002 -0,003616 0,000558 | -6,48218 0,000114
Regression summary of the dependent variable: gi@onditions R=,25159786 R"Z
,06330148 Popraw. R2= ----- F(1,9)=,60821
'L‘gt' 0,186836 | 0,019133 | 9,765356 | 0,000004
Slope | -0,251598| 0,322611 -0,002200 0,002821 | -0,779881 | 0,455480

(Source: author’s calculations
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Table 18. Sigma convergence of socio-economic devetnt determinants
in European Union countries in the years 2008-2018

. Science and . Living
Vear Economy and Finance Technology Health Education conditions
g 0'2 g 0'2 g 0'2 g O'2 g 0'2

2008 0,054 0,00294 | 0,129 0,016
2009 0,073 0,00534| 0,134 0,018(

0,068 0,00460 12716@D| 0,122| 0,01482

1181384)| 0,186| 0,03464

0,0p4 0,00292

2010 0,084 0,00707 | 0,135 0,0182 0,0p9 0,00851 113128[)| 0,185| 0,03427

2011 0,083 0,00682| 0,138 0,0174 0,067 0,00820 100090/)| 0,210| 0,04422

2012 0,088 0,00777| 0,132 0,0174 0,046 0,00209 095090D| 0,217 0,04703

2014 0,084 0,00710| 0,125 0,0154 0,044 0,00194 094088®)| 0,178 0,03160

2015 0,074 0,00554 | 0,122 0,0144 0,040 0,00156 093086D| 0,175| 0,03061

2016 0,068 0,00459 | 0,120 0,0144 0,043 0,00182 09208@M| 0,166 0,02755

2017 0,062 0,00380 | 0,119 0,014( 0,048 0,00231 089070| 0,142 0,02030

4 0
9 0
6 0
8 0
1 0
2013 0,090 0,00802 | 0,12f 0,01623 0,049 0,00235 0j095080/| 0,187| 0,03492
1 0
9 0
0 0
6 0
9 0

2018 0,055 0,00301| 0,117y 0,0134 0,046 0,00216 087076D| 0,142 0,02030

(Source: author’s calculations

On the basis of the calculation it was obtained (table 18jHbet is a sigma
divergence in Economy and Finance determinafit< 62). On the basis of the
calculation it was obtained that there is a sigma convergen&eience and
Technology determinantof? > ¢g2). On the basis of the calculation it was
obtained that there is a sigma convergence in Health determinant 67). On
the basis of the calculation it was obtained that there ign@asconvergence in
Education determinanto? > ¢2). On the basis of the calculation it was obtained
that there is a sigma divergence in Living Conditions determinght{ o7).

4.2.3. Gamma convergence study

In the case of gamma convergence, there is a situatiohiahthe objects
with an initially lower level of the variable analyzed develop so quittidy they
eventually overtake objects with an initially high value offéure analyzed. In
order to study the presence of gamma convergence, first of all, tloesatipeuld
be linearly ordered according to the value of the variabteeconcept of gamma
convergence consists in examining changes in the ranking oftobjecstudy
gamma convergence, any measure that counts the change in thefotiuer
examined objects is used - it can be the Kendall rank ctorelzoefficient or the
Spearman rank correlation coefficient. It should be remembered thiat
consistency of order can be tested only for extreme peridas all subsequent
years within the analyzed period. A sufficient condition for dloseurrence of
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gamma convergence is the assumption of non-positive values byartke
correlation coefficient. On the other hand, the positive vabfigbe coefficient
require the verification of the following hypotheses:

HO: T = 0 there is gamma-convergence
H1:t> 0 there is no gamma-convergence

The statistical insignificance of the rank correlation dorfifit proves that
the initial ordering is random in relation to the final ordering h&we is gamma-
convergence.

The study showed that for the synthetic measure of socio-economic
development, the value of the Kendall rank correlation coefficieas 0.8,
therefore it was obtained that there was no gamma-convergenthe EU
countries in the period under the analysis.

The obtained positive result of the Kendall's tau rank coroelaibefficient
indicates that gamma-convergence does not occur in the casesyfthetic
measure of socio-economic development for the European Union ceuntiie
analyzed period. Table 19 shows the correlation coefficientsrafddés tau ranks
for all determinants and it was obtained that the valueswinga-convergence
does not occur in the case of other determinants of socio-ecoderelopment
in the European Union countries.

Table 19. Kendall's tau rank correlation coeffitgen

Kendall's tau rank correlation coefficient
Synthetic measure of socio-economic 0.80
development 2008 and 2018 )
Economy and Finance 2008 and 2018 0.65
Science and Technology2008 and 2018 0.84
Health 2008 and 2018 0.57
Education 2008 and 2018 0.66
Living Conditions 2008 and 2018 0.68

(Source: author’s calculations

4.3. Spatial autocorrelation indices for the designated
sythetic measure of socio-economic development
in the European Union countries

4.3.1. Movan’s spatial autocorrelation indices

In 1970, Tobler formulated the first geographic law, also known as the
Tobler’'s First Law and Spatial Analysis, which readsveiiything is related to
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each other, but closer objects are more dependent on eachhatihéne distant
ones" (Tobler, 1970).

The spatial autocorrelation coefficient determines the dexjrestationship
between the value of a variable for a given spatial unitledalue of the same
variable in a different unit (location). The consequence of tretemde of such
the relationship is the spatial grouping of similar valuge tlusters. Positive
autocorrelation is the spatial accumulation of high or low vatdigise variables
observed, and negative autocorrelation can be understood as the akajproc
positive autocorrelation, i.e. low values appear next to hagineg of the variables
observed. Most often, the study of spatial autocorrelation useMaonan’s
correlation index (Ord, Getis, 1995).

Stages of calculating the Moran’s spatial autocorrelation index

1. The values of the measured feature for objegt§z(xare standarized,;

2. The spatial similarity matrix (e.g. adjacency, higheteoradjacency,
common border length, reciprocal distance, etc.) of objecfk dve
defined;

3. The W matrix is normalized by rows (so that the weightaah eow add
up to 1);

4. The values of the Moran’s spatial autocorrelation indicesletermined
from the formula:

1
I:; =17 E?=1Wijzj (36)

5. The | value is interpreted similarly to the Pearstin&ar correlation
coefficient, except that it does not assume extreme values@1) for
all data.

The basic definition of adjacency can be defined as follbmsspatial units
can be considered adjacent if they have a common border. Forrpgusem of
statistical calculations, adjacency is determined accortinghe following
scheme:

wi = 1, when the i-th object is adjacent to the j-th object,
W= w; = 0, when the i-th object is adjacent to the j-th object,
wi =0, wheni=].

where:w; — is an element of the adjacency matrix.
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In the case when two objects (spatial units) are adjacemicto other in the
adjacency matrix, it is marked as 1, and in the case wheabjbets are not
adjacent we assign the value 0. We put zeros on the diagotha afljacency
matrix since the given object cannot be its “neighbor” (Pietrzykpw§11). On
the following figures there are presented spatial distributadnall analyzed
determinants of socioeconomic development of European Union countries. It can
be observed that there is division between North and South Ewspegially
concerning living conditions and synthetic measure. According ecoromy
finance, as well as science and technology it is visiblethee is a division
between Northern and Southern countries as well as WesterrEastdrn
countries especially Baltic states. The least variation recéor the health
determinant (fig. 40-42).

The calculated Moran’s spatial autocorrelation indices itelisamoderate
spatial relationship. A greater dependence can be observétefopuntries of
Western and Northern Europe, and less for the countries of Southeastern Europe

Spatial autocorrelations for all synthetic measures, exwgith, are quite
strong (IM > 0.5). But also for the population health indicator, dpatia
autocorrelations are statistically significant — excep2@f)8 and 2016 — although
they are much less powerful. Generally, it means that coumtitiesiigh values
of a given measure are adjacent to countries with high vafues measure and
similarly for low values. So there are clear "geographioddfions of decreases
and increases in quality of life measures — based on the chbromps, it is
possible to speak of an increase in the quality of life to thih raod west, and
a decrease to the south and east.

Economy and finance (2018) Science and technology (2018)
A AR o OPTT

Fig. 40. Spatial distributions of the Economy armbRce, Science and Technology for 2018
(Source: author’s own research
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Fig. 41. Spatial distribution of the Health and Eation for 2018
(Source: author’s own research

Living conditions (2018) Synthetic measure (2018)
o (T @

Fig. 42. Spatial distribution of the Living Conditis for 2018
(Source: author’s own research

There are interesting results for the living conditions, foictv quite clearly
lower autocorrelation occurred in 2008 and 2009 (crisis), and a fudtutine
started in 2016 (this can be considered as symptoms of anotligr\isible in
the level of living conditions) (table 20).
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Table 20. The Moran'’s spatial autocorrelation iedic

Vear Science & Ecpnomy & Health Education L|V|_n_g Synthetic
technology finance conditions measure

Im p Im p Im o] Im o] Im o] Im P

2008 | 0.57 | 0.000 0.47 | 0.003 0.17 | 0.095 0.54 | 0.000 0.41 | 0.004 0.64 | 0.00(Q
2009 | 0.57 | 0.000 0.53 | 0.000 0.31| 0.025 0.54 | 0.000 0.45 | 0.001 0.66 | 0.00(Q
2010| 0.54 | 0.00) 0.56 | 0.000 0.37 | 0.004 0.51 | 0.000 0.61 | 0.000 0.65 | 0.00(Q
2011 | 0.48 | 0.000 0.57 | 0.00q 0.37 | 0.004 0.51 | 0.000 0.56 | 0.000 0.62 | 0.000
2012 | 0.49 | 0.00d 0.57 | 0.000 0.34 | 0.009 0.55 | 0.000 0.58 | 0.000 0.63 | 0.00(Q
2013| 0.51 | 0.00d 0.58 | 0.000 0.31| 0.011 0.56 | 0.000 0.60 | 0.000 0.64 | 0.00(Q
2014 | 0.52 | 0.00d 0.54 | 0.000 0.34 | 0.008 0.53 | 0.000 0.60 | 0.001 0.64 | 0.00(Q
2015| 0.50 | 0.000 0.54 | 0.00q 0.30 | 0.010 0.52 | 0.000 0.59 | 0.000 0.62 | 0.000
2016 | 0.53 | 0.00d 0.58 | 0.000 0.02 | 0.347 0.54 | 0.000 0.57 | 0.000 0.63 | 0.00(Q
2017| 0.52 | 0.00d 0.56 | 0.000 0.29 | 0.021 0.55 | 0.000 0.51 | 0.002 0.63 | 0.00(Q
2018 | 0.50 | 0.00¢0 0.53 | 0.001 0.30 | 0.015 0.53 | 0.00Q0 0.42 | 0.005 0.60 | 0.000

(Source: author's own research

4.3.2. The Gini index

Important measures for describing income inequality are meEmsofr
volatility (including standard deviation or half the coaffitt of variation),
variance of the income logarithm, the Gini index, Schutz inequaésure, Eleto
and Frigyes inequality measures, Thiel coefficient. Thisiaedbcuses on the
Gini index. This inex is a correct and commonly used measure of iftgqual
because it meets all the axioms postulated in this regykctson, 1983). In order
to be able to assess whether the level of inequality detedrbjntinis measure for
a given country is low, medium or high, a relative scale shoulddx: ue. a given
value of the ratio should be compared for different counttesompared for
a given country to the past values (Kurowska, 2011). The Giakiiglthe ratio
of half of the average absolute difference between the imcoima pair of
randomly selected individuals to the average income. In ternmeafne, it can
be considered in two perspectives — before and after taxation anidrsosters.
The Gini index before taxation and social transfers ranges [©.1], although in
the economic reality it usually ranges from 0.2 to 0.6. A valosedo 0 shows an
even (egalitarian) distribution of income, and a value closk-touneven. The
increase in the index value therefore indicates an increaseoiménioequality.
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The values of the Gini coefficient are calculated from tlewing formula:

Gyo) = Ziz1@i-n-Dyju (37)

m2yj;

G — the value of the Gini coefficient for the synthetic vagatl the j-th
group in year t,
yjt — the value of the synthetic variable of the j-th group for theauntry in
year t
yi— the average value of the synthetic variable in the j-th group irt year
m— number of countries.

Gini coefficient values for synthetic development measure aedndi@ants
of socioeconomic development are presented in table 21.

Table 21. Gini coefficient values for synthetic dlpment measure and determinants
of socioeconomic development

2008 | 2009 | 2010 2011 | 2012 | 2013 | 2014 | 2015| 2016 | 2017 | 2018

Synthetic
measure

Economy
and Finance

Science and
Technology

Health 0,549| 0,552| 0,544/ 0,546| 0,548| 0,544| 0,547| 0,562| 0,548| 0,556| 0,552
Education |0,277|0,295| 0,311|0,330| 0,344| 0,364/ 0,381|0,388| 0,399| 0,410| 0,424
Living
Conditions

0,341 0,336| 0,333| 0,343| 0,344/ 0,346| 0,357| 0,369| 0,373| 0,387| 0,399

0,406| 0,361 0,343| 0,344 0,339 0,338| 0,35 | 0,365 0,375| 0,393| 0,413

0,219| 0,218 0,219| 0,235| 0,242| 0,246| 0,251| 0,258| 0,259| 0,265| 0,276

0,300/ 0,289| 0,295| 0,285 0,274/ 0,288 0,305| 0,315 0,339| 0,356| 0,356

(Source: author's own research

The values of the Gini coefficient did not exceed 0.6, thereforannot be
concluded that there was a strong variation in the leveleobfithe population in
the European Union countries in the years 2008-2018. However, tles wline
Gini coefficient for the synthetic indicator have been indnggsince 2010, which
means that there are disparities in social and economicogeveht in the
European Union countries.

The highest values were obtained for health, followed by educatidn
economics. This means that in these aspects there is thesgiaersity in the
countries of the European Union. The lowest gini values were oBitéonghe
Determinant Science and Technology.
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4.4. The classification of European Union countries
with the use of cluster analysis

In this subchapter the classification of European Union cognivié be
presented for two analyzed years 2008 and 2018. The cluster anadysozl will
be used.

Classification and taxonomic procedures are used in many afeas
contemporary research. Wherever there is a systematidodivid objects
or phenomena into classes, subclasses, divisions and subdivistondirag to
a specific principle, data classification methods are uS&ksification in the
sense of set theory is a complete division (the sum of setsthe@gole space)
of a given set into a number of disjoint subsets. The objetasdification is sets
of observations of any nature.

Each object of such a set is usually described by many quiaetitatd
qualitative features. A set of features (attributes ooperties) is called
a classification space. Often in modern research, the datatedllfor an analysis
depends on the units of time. The so-called a data cube is marfeauget of
objects, a set of features and a set of time units. The objedé&s analysis are
called operational taxonomic units (OTUS).

One of the many methods for classifying objects is a clusédysis. It makes
it possible to distinguish subgroups of a given set that amaaiiyhomogeneous
with respect to a certain measure of similarity of disiedn application of this
method requires some basic research decisions. The bagisdping objects is
the correct selection of diagnostic variables. Their tygkraumber depend on the
purpose of the analysis.

Cluster analysis is a method that allows one to divide afsabservations
into subsets (so-called clusters) in such a way that thetslijethe same cluster
are similar. It is a data mining method. Object similaityations are determined
primarily on the basis of the measure of the distance betweenspbjesefore it
is postulated that the classification space should be a rapate. It is even better
when the similarity measure has the property of a metric. S8stance measures
should be used with caution and their limitations in mind. The bodepte the
results of the effectiveness of the proposed test using ohe afdst commonly
used distance measures — the square of the Euclidean distance.

The selected grouping goals are as follows:

» Obtaining homogeneous groups of tested objects, facilitatingdtegion

of their essential features or obtaining the classificatiaypm€al objects,

» Discovery of the unknown structure of the data analyzed and,

consequently, the classification of typical objects,
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* Reduction of a large amount of primary data to a few baskgesdes that

can be treated as subjects for further analysis,

» Comparison of multi-feature objects.

The division of countries into groups characterized by a losderate and
high level of socio-economic development were prepared and skstus the
following subchapter. Results of grouping the EU contries are piegeint
figure 43 (for the 2018).

Belgium
Denmark
Austria
Slovenia
Czechia
Germany
Ireland
France

The United Kingdom
The Netherlands
Luxembourg
Finland
Sweden
Bulgaria
Romania
Greece
Latvia
Estonia
Poland
Lithuania
Croatia

Italy
Portugal
Hungary
Slovakia
Spain
Cyprus
Malta

Ll N S

0,5 1,0 1,5 2,0

o

Fig. 43. Results of grouping the EU countries in&0
(Source: author’s own researgh

The table 22 presents the results of cluster analysis gsjugre of the
Euclidean distance and the Ward's method for the year 201& winee groups
of countries were selected. In the table 23 there weregfiveps of countries
selected: very good, good, medium, weak and very weak.

It was obtained from the conducted research, that group A includes the
following countries: Belgium, Danmark, Austria, Slovenia, CzacBermany,
Ireland, France, The United Kingdom, The Netherlands, Luxembourg, Finland,
Sweden. Group B countries include: Estonia, Poland, Lithuania,igrdaty,
Portugal, Hungary, Slovakia, Spain, Cyprus, Malta. Group C countriksléc
Bulgaria, Romania, Greece, Latvia.
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Table 22. Quotients of the means of individual goto the total mean for the synthetic
measure and its determinants for the year 2018

Synthetic Science and| Economics Livin

Group measure hnol dFi Health | Education di 9
2018 Technology | and Finance Conditions
1.13 1.21 1.10 1.06 1.14 1.18
B 0.94 0.73 0.95 1.15 0.94 0.91
0.75 0.56 0.86 1.02 0.83 0.49

(Source: author’s own research

Group A countries obtained the quotient of the mean to the deneem
above 1 for all determinants analyzed, as well as for the\@flthe synthetic
measure of socio-economic development. For countries from group B, only the
quotient value for the determinant Health exceeds 1, i.e. toesgries have the
best conditions for health. The remaining quotients obtained vaklew H,
oscillating in the range from 0.91 to 0.95, except for Science and Tleghintor
this determinant the result of the quotient is 0.73.

For the C countries, only one quotient obtained a value above theor
determinant which is Health. The remaining values of the quoteatiess than
1. For Living Conditions, the quotient value reached the lowest valid9, and
the quotient for the Science and Technology determinant haslar $ow value
of 0.56.

The following results were obtained when divided into 5 groupsuiG|
includes the following countries: Ireland, France, The Unitedgdom, The
Netherlands, Luxembourg, Finland, Sweden. Group Il countries include:
Belgium, Danmark, Austria, Slovenia, Czechia, Germany. Groupollintries
include: Estonia, Poland, Lithuania, Croatia, Italy, Portugal, Hynglovakia.
Group IV countries include Spain, Cyprus, Malta. Group V countries irnclude
Bulgaria, Romania, Greece, Latvia (table 23).

Table 23. Quotients of the means of individual goto the total mean for the synthetic
measure and its determinants for the year 2018

Group | mestr | SIS | Eeonon® | ity | esucaion | (L1
| 1.14 1.09 1.11 1.07 1.22 1.22
1] 1.12 1.35 1.10 1.04 1.03 1.13
1l 0.98 0.74 0.90 1.10 0.92 1.19
v 0.92 0.92 0.95 0.94 0.91 0.88
\Y 0.75 0.67 0.85 0.86 0.81 0.52

(Source: author’s own research
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When analyzing the results obtained, it should be stated thgudtients for
all determinants, as well as for the synthetic measureoofo-®conomic
development for groups | and Il, have values above 1, but the cowftgesup
Il are better in terms of Science and Technology. The lowastvare obtained
by the V group countries for all determinants, as well athfosynthetic measure
of socio-economic development. Results of grouping the EU cosindrie
presenting in figure 44 (for the 2008).
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Ireland

The United Kingdom
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Czechia
Slovenia
Germany
Denmark
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Finland
Bulgaria
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Hungary
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Slovakia
Greece
Portugal
Romania
Spain
Malta
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0 0,5 1,0 15 2,0 2,5 3,0

Fig. 44. The results of grouping the EU countrie2008
(Source: author’s own research

The table 24 presents the results of cluster analysis ssjngre of the
Euclidean distance and the Ward’'s method for the year 2008, whereritups g
of countries were selected: very good, medium and very weak. lialhe 25
there were four groups of countries selected: very good, good, anehkery
weak.

Group A includes the following countries: Belgium, France, Aastr
Luxembourg, The Netherlands, Ireland, The United Kingdom, Cyprus, Czechia
Slovenia, Germany, Danmark, Finland, Sweden. Group B includes tbeifail
countries: Bulgaria, Latvia, Estonia, Poland, Lithuania, Croaady, IHungary,
Slovakia. Group C includes the following countries: Portugal, Rama&sieece,
Spain, Malta (table 24).
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The following results were obtained when divided into four groups. Group
includes the following countries: Belgium, France, Austria, Luxembadiney,
Netherlands, Ireland, the United Kingdom and Cyprus. Group Il countriesiecl
Czechia, Slovenia, Germany, Denmark, Sweden, Finland. Group Il asintri
include: Bulgaria, Latvia, Estonia, Lithuania, Croatia, Italy, HarggPoland and
Slovakia. Group IV countries include: Greece, Portugal, Rom&pain and
Malta (table 25).

Table 24. Quotients of the means of individual g®to the total mean for the synthetic
measure and its determinants for the year 2008

Synthetic Science and Economics Livin
Group measure | L oo and Health | Education Conditi%ns
2008 9y Finance
A 1.32 1.16 1.17 1.24 1.18 1.20
B 0.76 0.84 0.68 0.90 0.78 0.79
C 0.55 0.84 1.10 0.50 0.90 0.81

(Source: author's own research

Table 25. Quotients of the means of individual goto the total mean for the synthetic
measure and its determinants for the year 2008

Synthetic Science and| Economics Livin
Group measure . Health Education ng
2008 Technology | and Finance Conditions
| 1.19 1.07 1.16 1.24 1.17 1.25
1] 0.79 0.76 0.84 0.68 0.90 0.78
Il 1.23 1.65 1.16 1.09 1.34 1.08
v 0.81 0.55 0.84 1.10 0.50 0.90

(Source: author's own research

In the analysis of the research results, the methods istisatmultivariate
analysis (allowing to determine the correlation between vasalil specific
configurations) and the taxonometric methods, especially the syntiaeiable
procedure, enabling the hierarchization of objects according levidleof a given
feature, turned out to be extremely useful from the point of view of intetipeeta
possibilities.
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4.5. Nonlinear models of socio-economic development
for individual countries of the European Union

In subchapter 4.5 nonlinear models of socio-economic development for
individual coutries of European Union will be created.

The following charts present models of socio-economic developreated
on the basis of the synthetic measure for all European Union iesuftr 2008-
2018 presented in the book.

Sweden (fig. 45) is the leader of the European Union for the synthetic
measure of socio-economic development in 2018. For Sweden, a continuous
increase in the value of the measure of socio-economic develomaerite
observed in the period analyzed. The values of the measurasfaotintry are
high, however, this growth is not as dynamic as it was in treeafabe countries
that joined the European Union, inter alia, in 2004.

Sy nthetic measure = 195,833-0,1984x+5,0416E-5x?
Sy nthetic measure: y =-8,4593 + 0,0046x;
r =0,9880; p = 0,00000

0,79
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0,76 F
0,75}
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0,73 2 L L L L L
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measure

Fig. 45. Values of the synthetic measure for Swddethe years 2008-2018
(Source: author’s calculations

Sy nthetic measure = -632,0224+0,6276x-0,0002x?
Sy nthetic measure: y =-1,3943 + 0,0011x;
r=0,6213; p = 0,0413
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0,752 F °
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Fig. 46. Values of the synthetic measure for Fidl&or the years 2008-2018
(Source: author’s calculations
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For Finland (fig. 46), the values of the socio-economic developmesdume
decreased after the crisis in 2008 and then increased until 201126tdnthey
decreased again until 2015. Since 2015, Finland has achieved a continuous
increase in the value of the development measure.

For Denmark (fig. 47), in recent years, starting from 2015, #hgevof the
socio-economic development measure has been reduced. Howeecatisgry
that, according to the ranking, ranks third in 2018 among the counfribée
Economic Community.

Synthetic measure = -3103,429+3,0816x-0,0008x %
Synthetic measure: 'y = -4,3146 + 0,0025x;
r=0,6928; p = 0,0181
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Fig. 47. Values of the synthetic measure for Detfarthe years 2008-2018
(Source: author’s calculations

Austria (fig. 48) belongs to the group of countries with a high levebcio-
economic development. In this country, the impact of the financis of 2008
has not been observed. The pace of economic growth washigh afntioé tine
period of 2008-2018. Among the countries of the European Union, Austria ranks
4th in the ranking created for 2018.

Synthetic measure = -1345,2675+1,3293x-0,0003x 2
Synthetic measure: y= -15,4258 + 0,008,
r = 0,9782; p = 0,00000
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Fig. 48. Values of the synthetic measure for Aadior the years 2008-2018
(Source: author’s calculations
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For Ireland (fig. 49), only two years saw a decline in thesmeaof socio-
economic development. The first was in 2009, when the world wasnarecial
crisis. On the other hand, since 2012, a continuous increase inltleeofdahe
synthetic measure can be observed. The pace of economic fpottis country
remains high.

Synthetic measure = 6706,7866-6,6709%x+0,0017x 2
Synthetic measure: y=-15,6702 + 0,0081x;
r = 0,8500; p = 0,0009
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Fig. 49. Values of the synthetic measure for Iréléor the years 2008-2018
(Source: author’s calculations

In the case of the Netherlands (fig. 50), an increase iratbe of the measure
of socio-economic development can be noticed in the period analyzed, except for
2009 and 2013.

Synthetic measure = 1493,9219-1,4865x+0,0004x 2
Synthetic measure: y=-5,1022 + 0,0029x;
r = 0,8540; p = 0,0008
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Fig. 50. Values of the synthetic measure for théhBidands for the years 2008-2018
(Source: author’s calculations

In the development model for Luxembourg (fig. 51), the maximum \aflue
0.75 reached in 2014 can be observed. Since then, the values of ithe soc
economic development measure have shown a rather downwarad tneni20f14.
There were no lower values for this country due to the 2008 crisis.
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Synthetic measure = -5566,4768+5,5293x-0,0014x 2
Synthetic measure: y=-3,2968 + 0,002 r = 0,3453; p = 0,2983

0,76

074}
073}
072}
071}
070}
0,69 |
068 |
0,67 . . . . .

2006 2008 2010 2012 2014 2016 2018 2020
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Fig. 51. Values of the synthetic measure for Luxeung for the years 2008-2018
(Source: author’s calculations

Germany (fig. 52), similarly to other Western European countridseees
high values of the synthetic measure of socio-economic developmiith
oscillate around 0.72. The dynamics of economic growth for this coisrarfigh
index of socio-economic development for the entire Economic Community.

Synthetic measure = -1468,9254+1,4546x-0,0004x 2
Synthetic measure: y=-10,4777 + 0,0056x;
r = 0,9696; p = 0,00000
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Fig. 52. Values of the synthetic measure for Gegnfanthe years 2008-2018
(Source: author’s calculations

As in the case of Germany, the situation of Belgium (fig. $3)rie of the
higher values of the measure of socio-economic developmerthdéoentire
Economic Community. The pace of economic growth for Belgium igdasirto
the pace of economic development in Germany and oscillates around 0.72.
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Synthetic measure = -639,3047+0,633x-0,0002x 2
Synthetic measure: y=-4,9911 + 0,0028x;
r = 0,8466; p = 0,0010

Synthetic measure
o
S
o

2006 2008 2010 2012 2014 2016 2018 2020
YEAR

Fig. 53. Values of the synthetic measure for Betgfor the years 2008-2018
(Source: author’s calculations

The values of the measure of socio-economic development obtairted by
United Kingdom (fig. 54) are lower than those obtained by Belgidawever,
when analyzing the slope of the obtained linear model, the dynanmecsmdmic
growth for this country is higher.

Synthetic measure = 665,2562-0,6655x+0,0002x 2
Synthetic measure: y=-9,8428 + 0,0052x;
r = 0,9564; p = 0,00000
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Fig. 54. Values of the synthetic measure for théedinKingdom for the years 2008-2018
(Source: author’s calculations

The values of the measure of socio-economic development thateFra
(fig. 55) obtained in 2018 indicate that development in this counsiigasstarting
to slow down compared to the countries by which the Union enlargec in th
following years. Problems with strikes that occur in this cquaute indicated and
are associated with high costs of living, to which the French do not agree.
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Synthetic measure = 49,4281-0,0561x+1,5848E-5x
Synthetic measure: y=-14,7915 + 0,0077x
r = 0,9527; p = 0,00001
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Fig. 55. Values of the synthetic measure for Frdacéhe years 2008-2018
(Source: author’s calculations

The following chart presents the values of the socio-economéaaimuent
measure for Slovenia (fig. 56). The values that Slovenia abiamticate the
country's continued development with minimal decreases in the-soammic
development measure in 2009, 2012 and 2014.

Sy nthetic measure = -101,8539+0,0958x-2,2309E-5x?
Sy nthetic measure: y =-11,4534 + 0,006x;
r =0,9681; p = 0,00000
0,71

0,69 F
0,67 F
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Fig. 56. Values of the synthetic measure for Slavéor the years 2008-2018
(Source: author’s calculations

For the Czech Republic (fig. 57), a continuous increase in the ghline
measure of socio-economic development can be observed. Together with
Slovenia, it is a country that is gaining a very high paezohomic development.

It is similar to that obtained by the countries of Westamopge. The values of the
measure decreased only for 2009. Starting from 2010, their systentagase
can be observed (except for 2013, when they minimally decreased).
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Sy nthetic measure = -5,986-0,0009x+2,081E-6x?
Synthetic measure: y =-14,4186 + 0,0075x;
r =0,9886; p = 0,00000
0,70
0,68
0,66
0,64
0,62

0,60 : : : - : :
2006 2008 2010 2012 2014 2016 2018 2020
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Fig. 57. Values of the synthetic measure for thediZRepublic for the years 2008-2018
(Source: author’s calculations

The following chart shows the economic development model for Malta
(fig. 58). For this country, an increase in the value of the wneasf socio-
-economic development can be noticed starting from 2010. The followarg ye
confirm its further economic growth in Malta.

Sy nthetic measure = 4619,7742-4,599x+0,0011x?
Synthetic measure: y =-18,8746 + 0,0097x;
r = 0,9254; p = 0,00004
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Fig. 58. Values of the synthetic measure for Midtahe years 2008-2018
(Source: author’s calculations
Synthetic measure = 7550,5324-7,502x+0,0019x 2
Synthetic measure: y=-1,0937 + 0,0008x
r =0,1497; p = 0,6604
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Fig. 59. Values of the synthetic measure for Cyfoushe years 2008-2018
(Source: author’s calculations
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In the case of Cyprus (fig. 59), a decrease in the value @oitio-economic
development measure for 2008-2010 and 2011-2013 can be noticed. Only starting
from 2014, this country obtains a growing tendency in the caieeofalues of
the socio-economic development measure.

From the Baltic states, Estonia (fig. 60) obtains the highasies of the
synthetic measure of socio-economic development. All threicRBaluntries are
characterized by an increase in the value of the measure iofesmmiomic
development. This increase is higher than in the countri&wthern Europe.

So one can see the horizontal division of Europe into the rich nortiharmbor
south.

Sy nthetic measure = -1571,9608+1,5551x-0,0004x?
Sy nthetic measure: 'y =-14,0839 + 0,0073x;
r=0,9069; p = 0,0001
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Fig. 60. Values of the synthetic measure for Estdmi the years 2008-2018
(Source: author’s calculations

For Hungary (fig. 61.), a decrease in the value of the socio-economi
development measure can be noticed from 2008 to 2012. Only starting from 2013,
this country achieved a growing trend in the values of theosmmnomic
development measure.

Synthetic measure = 6715,5429-6,681x+0,0017x?
Synthetic measure: y=-18,1811 + 0,0093x;
r=0,8706; p = 0,0005
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Fig. 61. Values of the synthetic measure for Hupdar the years 2008-2018
(Source: author’s calculations
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As far as the model of social and economic development in Stovak
(fig. 62) is concerned, a decrease in the value of the meeaused by the crisis
in 2008 can be observed, while from 2010, a growth in the value of theuraea
of socio-economic development for this country can be observed.

Sy nthetic measure = 2876,6648-2,8636x+0,0007x?
Synthetic measure: y =-11,6104 + 0,0061x;
r =0,9284; p = 0,00004

Synthetic measure

2006 2008 2010 2012 2014 2016 2018 2020
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Fig. 62. Values of the synthetic measure for Slavédr the years 2008-2018
(Source: author’s calculations

Poland (fig. 63) belongs to the group of countries that have achieved
a satisfactory level of growth in socio-economic developmenpeaoged to other
European Union countries. There is a continuous increase inathe of the
measure of socio-economic development for this country. Irelandnebtai
a similar slope for the linear function. The 500+ program, wbosiered families
with children, certainly contributed to the improvement of the Poles' lives.

Synthetic measure = 3970,5507-3,9526x+0,001x 2
Synthetic measure: y=-16,0058 + 0,0082x,
r = 0,9451; p = 0,00001
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Fig. 63. Values of the synthetic measure for Pofandhe years 2008-2018
(Source: author’s calculations
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In the case of the model of socio-economic development in Spaib4ig
a decrease in the value of the measure caused by thé 2838 can be observed,
while from 2009 on, an increase in the value of the measure @-soanomic
development for this country can be noticed. In the years 2012-201&|tes
of the measure decreased again. Since 2014, a new incrébeevaiue of the
synthetic measure can be observed.

Sy nthetic measure = 6183,434-6,1475x+0,0015x2
Synthetic measure: y =-8,6658 + 0,0046x;
r =0,6850; p = 0,0200
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Fig. 64. Values of the synthetic measure for Sfaiithe years 2008-2018
(Source: author’s calculations

In terms of the Lithuanian (fig. 65) socio-economic development model
a decrease in the value of the measure caused by thec2B88 can be observed,
while from 2010 on, a growth in the value of the socio-economiclaj@vent
measure for this country can be observed.

Sy nthetic measure = 3036,608-3,025x+0,0008x?
Synthetic measure: y =-16,697 + 0,0086x;
r =0,8824; p = 0,0003
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Fig. 65. Values of the synthetic measure for Lithiador the years 2008-2018
(Source: author’s calculations
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For Portugal (fig. 66), the values of the socio-economic devedopm
measure are not high (the country ranks 22nd in the 2018 rankinggviegwt is
worth noting that the pace of economic growth in this country is impressive.

Sy nthetic measure = 2218,6039-2,2153x+0,0006x?
Synthetic measure: y =-22,5933 + 0,0115x;
r = 0,9640; p = 0,00000
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Fig. 66. Values of the synthetic measure for Pattény the years 2008-2018
(Source: author’s calculations

The measure values obtained for Croatia (fig. 67) are asindd those
obtained for Portugal. These values are not high compared to Edhepean
countries, but when analyzing the values achieved by the countri&suthern
Europe, Croatia performs well on this scale. It should also be tidé starting
from 2013, they have been systematically increasing.

Sy nthetic measure = 13101,2232-13,0189x+0,0032x?

Sy nthetic measure: y =-5,0698 + 0,0028x;
r=0,2760; p = 0,4113
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Fig. 67. Values of the synthetic measure for Ceofati the years 2008-2018
(Source: author’s calculations
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Italy (fig. 68) belongs to the group of countries characterizedngyof the
lowest values of the synthetic measure of socio-economidagewent. This is
due to the public debt that slows down the country's economic fgrdvais
country achieved low values until 2016, and from 2017 an increase in #tess v
can be noticed.

Sy nthetic measure = 3443,1509-3,4232x+0,0009x?
Synthetic measure: y =-5,1326 + 0,0028x;
r=0,7138; p = 0,0136
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Fig. 68. Values of the synthetic measure for Ifalythe years 2008-2018
(Source: author’s calculations

The figure 69 presents the values of the measure of socio-economic
development obtained by Latvia. Latvia is also one of the EU deantith the
lowest values of the measure of socio-economic development. dtaal the
crisis of 2009 was reflected in the decline in the valu&e socio-economic
development measure. In subsequent years, their re-growth is visible.

Synthetic measure = 4203,5174-4,1848x+0,001x ?
Synthetic measure: y=-17,3287 + 0,0088x;
r = 0,7569; p = 0,0070
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Fig. 69. Values of the synthetic measure for Latorethe years 2008-2018
(Source: author’s calculations
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Bulgaria (fig. 70) obtains one of the lowest values of thehgjitt measure
of socio-economic development in the European Union. However, itean
observed that since 2011 there has been an increase inubeof/éthe synthetic
measure.

Synthetic measure = 5984,0954-5,9532x+0,0015x 2
Synthetic measure: y=-15,9706 + 0,0081x
r = 0,8260; p = 0,0017
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Fig. 70. Values of the synthetic measure for Budgfor the years 2008-2018
(Source: author’s calculations

Romania (fig. 71) is one of the countries with the lowest valltiee synthetic
measure of socio-economic development. However, in the period analgaed it
be noticed that despite the fact that it obtains low valueseo$dcio-economic
development measure, since 2012 the values of the measure hairetessing
for this country.

Synthetic measure = 6218,6002-6,1815x+0,0015x 2

Synthetic measure: y= -6,5635 + 0,0035x
r = 0,5810; p = 0,0609
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Fig. 71. Values of the synthetic measure for Rom#mi the years 2008-2018
(Source: author’s calculations
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Greece (fig. 72) is a country whose main problem is the influefofees.
The Greeks expect more help from the European Union in thisdte§yaother
aspect of the bad economic situation is the fact that the Greeks credit. It is
a country that lives off tourism, but it is seen as a cheaptry, and therefore the
income from this source is not high enough. In addition, the extensizaumacy
in this country means that some of the initiatives that couldureched in this
country are not implemented.

Synthetic measure = 9946,9619-9,8733x+0,0025x 2
Synthetic measure: y= 18,6273 - 0,009x,
r =-0,7623; p = 0,0064
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Fig. 72. Values of the synthetic measure for Grdecéhe years 2008-2018
(Source: author’s calculations

Most of the European Union countries felt the effects of the ecenoisis
of 2008. This can be seen in the individual charts presentediaubsection of
the book. Some EU countries coped faster with the crisis, athmesk longer.
It can also be observed that some of the richer countries outlbpdan Union,
namely Denmark and Luxembourg, achieved a minimal decrease valtieeof
the measure of socio-economic development in the last yeatise gberiod
analyzed.

4.6. Poland against other European Union countries
in the context of socio-economic development

Poland was admitted to the European Union in 2004 and it can be seen that
since then a lot has changed in this country. The graphs showehefl®oland's
socio-economic development compared to other European Union counitrées
individual variables and the value achieved by Poland in thizataperiod
compared to other EU countries are presented.
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For the variable expenditure on R&D, an increase can be noticBoHand,
although this value still does not even reach the median ohitaéned for all
European Union countries.

For the human resources in science variable, a definite gecresn be
observed for Poland. For 2018, however, the value of this vadablet exceed
the value of the second quartile, i.e. the median of the wddtaéned for all EU
countries (fig. 73).
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Fig. 73. Research and development expenditurg, (left
human resources in Science and Technology (right)
(Source: author’s calculations

For the variable employment in the high- and medium-high technology
sector, manufacturing sectors and knowledge-intensive serdtesedhe value
for Poland oscillates around the third quartile. Since 2008, thie Yaas slightly
decreased, which was most certainly caused by the finamisiess in 2008, but
since 2010, an increase in this value can be observed. The gomtsniotl
revenues for Poland oscillate around the second quartile. After 2@08athe
decreased, but only until 2009. Starting from 2009, the value of thibleavias
increasing (fig. 74).

At that time, the unemployment rate dropped significantly for Poland,
although an increase in the value of this variable can be ddtioce 2008 to
2013. This fact can be explained by the crisis that took pla2@0d8 and had
a negative impact on the situation on the labor market througheEuropean
Union.

The value of GDP per capita for Poland increased in thatdydrawever,
it can be seen in the chart that it is a value oscillatimghe border of the first
quartile. For this variable, Poland is in the group of thekestacountries of the
European Union (fig. 75).



117

-8~ Poland -9~ Poland
12 60
Max
£ 85
)
e85 10 Max [ Max Max
T 6 3
151 €
590 9 50
gl v
HE :
S0 g a5l
c2 £
80, £ o
' 04
.E,E [ s %40 [
EE o 25
ct’ Cs0 =
£3 | I e g%
cOg 4 | Csp e X
g9 I} Min
E£0° 5 [ o
3 3"
38¢ 3
E_,_!,Z F
w 5 25
Min Min
0 20
® ® © ¥ N ©®© ¢ v O N ® ® © = N ® ¥ v © N ©
6 06 ¥ T ¥ © ¥ ¥ © ¥ v © 0 ¥ ¥ © ¥ ¥ © ¥ ¥ v
e © © © o o o © o o o © © © 9 © © o o o o o
§ § § § & &8 & 8 & N W § 8§ & 8§ 8§ & § N & & «q

Fig. 74. Employment in high- and medium-high tedbgg manufacturing sectors
and knowledge-intensive service sectors (leftpltgéneral government revenue (right)
(Source: author’s calculations
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Fig. 75. Unemployment rate (left), GDP per capit®PS (right)
(Source: author’s calculations

The value of the life expectancy variable for Poland was d@sang since
2008, however, it was at the level of the first quartiletierdntire analyzed period
of 2008-2018 for Poland. Self-reported unmet needs for medical examimsati
an indicator for which Poland achieved values at the levi#leothird quartile in
the entire period from 2008 to 2018 (fig. 76).
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Fig. 76. Life expectancy (left), self-reported urimeeds for medical examination (right)
(Source: author’s calculations

The value of self-perceived health for Poland reached the ol first
quartile throughout the analyzed period from 2008 to 2018. The valueefor th
percentage of people gaining or with higher education aged 15-6zatiodi
continued to grow in the period analyzed, starting from 2008 (fig. 77).
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As for the next indicator related to participation rateegtucation and
training, one can observe a decrease in the value of thiaiodior Poland, which
may be due to the lack of interest in acquiring another educatorth& early
leavers from education and training variable, the values &tmnB oscillate
around the minimum value, which proves this indicator positivetan also be
seen in the figure that the maximum value obtained for the Eurdpei@an has
decreased significantly (fig. 78).
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Fig. 78. Participation rate in education and trainfleft),
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For the Share of people living in under-occupied dwellings vari&uadkand
reaches the value of the first quartile, which means that the Paés tvowded
apartments compared to other EU countries. The values forrthblea- Inability
to make ends meet decrease from 2008 (from almost the thirdlgjuertthe
level of the second quartile. This means that the lifasttno of Poles is improving
(fig. 79).

The value of variable people at risk of poverty variahl009 decreased
compared to 2008, then increased in 2010, while from 2010 its valuesskztre
until 2018. For Poland, the values fluctuate around the second quartileredmpa
to other EU countries (fig. 80).
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inability to make ends meet (right)
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Measures designated for determinants of socio-economic development

The figures below present the values for the determin&stsm-economic
development in the European Union countries.

For a determinant Science and Technology values increasadRolaently
oscillates at the level of the second quartile in termsiehsfic and technological
development. The values for the determinant Economy and finaicmeisase
in the period analyzed from the first quartile to the median value (fig. 81).
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Fig. 81. Science and Technology (left), Economy Bménce (right)
(Source: author’s calculations

In terms of Health, Poland does not achieve the best resultsthisor
determinant, it reached the level of the first quartile througti@uentire period
under examination. It definitely requires some changes andtaligeaore funds
to improve health among the Poles. In the case of education, asgeardhe
position of the indicator for Poland below the value of the seqaadile can be
observed (fig. 82).
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For the Living Conditions determinant, the value increased, wjthat
remained at the level of the first quartile throughout theeeptiriod under study.
The next figure shows an increase in the value of the symtheasure for Poland
in the analyzed period. In 2018, the values obtained are in the ramgeebehe
first and the second quatrtile. In 2008, the value was exactly oemetleof the first

quartile (fig. 83).



Chapter 5. Comparison of the results
of research approaches in the analysis
of socio-economic development — conclusions

5.1. The comparison of the results of research approaches
in the analysis of the socio-economic development

The Human Development Index (HDI) was created in 1990, as an
acknowledgment that income levels are not enough to captureotieept of
human development. Under that premise, the HDI operationalized thd broa
concept of human development by combining health, education and income int
a composite index (Aguiia&Kovacevic, 2011).

According to the literature review, the set of dimensiom&l dhe
mathematical approach used by UNDP are not solid enough to geadistic
view related to development of countries.

Booysen (2002) also affirms that composite indices are in geoéral
a cardinal nature, but remains ordinal in so far asreéiffees in index values
cannot be interpreted meaningfully. The author also affirms that
multidimensionality of these indices represents one of tinain advantages,
however the comparative application of indices of developmest space and
time remains problematic (Monteiro, Pereira&Costa, 2018).

Further, human development index as it is being presently constructed is not
compre hensive as it does not include the two important indécatich as poverty
and unemployment since reduction in them are important indscabdr
development. However, UNDP which constructs human development index
separately calculates ‘human poverty index’ (HPI) which has now tegdaced
by ‘multi-dimensioned poverty index’. But the existence of unempémtnwhich
is an important aspect of human development, still remains excluded. Thus in the
view of researchers, the chief drawback of human developmes {iHDI) is
that it obscures many dimensions of the concept of developmentombept of
development is so much wider, deeper and richer that a single caenpesisure
like HDI cannot adequately measure it. Therefore, it is beitprdge and assess
the development performance of different countries by a number oatods that
reflect different aspects of development rather to judgg & single composite
index of HDI.

As regards the evaluation of the methodology for calculating the HDI index,
it should be noted that it is certainly adequate to the studpldigdevelopment,
while for the study of the socio-economic development of the Earopmion
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countries, this measure does not show an appropriate differentiation ofuég va
of individual countries, and therefore it is proposed to use tesuone based on
more determinants.

Regarding the high development countries, the main driver is incenie,
for the medium development group the main driver is education bt ineal the
highest interaction effects, what seems natural given tisdiltick has the highest
differentiation in life expectancy of all groups. Concerning tve dlevelopment
group, the interaction of life expectancy plays a major role.

According to the research conducted in the book, the following dietenta
have the greatest impact on the socio-economic developmeime iBuropean
Union countries: living conditions, economics and finance, as walti@nce and
technology. Two of the determinants specified that have théegtémpact on
socio-economic development, i.e. science and technology, as wellirag |
conditions, have been added in the methodology of constructing the meéasur
socio-economic development, and this definitely constitutes the aspett of
the book. Health has the least impact on the socio-econongtogeent in the
European Union countries.

In addition, it is a substantive conclusion - HDI is characterized by very low
sensitivity for changes in conditions of life. Partial iredars included in the HDI:
GDP, life expectancy and indicators related to the lefzedacation show high
stability over time. This is confirmed by the fact that theasure of socio-
economic development should be enriched with additional determinants,
especially in the aspect of researching socio-economic devefdpim the
European Union countries.

In successive treaties of the European Union, it is possibléite maore and
more emphasis on maintaining the balance between economic antl socia
development, while maintaining the values of the natural environmermigtural
heritage. In 1992, "improving the quality of life of residents” was listeohasof
the many objectives of the Mastricht Treaty, and the Lisbaaty of 2007
identifies the increase in "quality of life” as one of thaimlines of EU action.
Increasing the quality of life and social cohesion was alscobiiee important
goals of the EU's Europe 2020 strategy. Improving the qualitieasfiEuropeans
by ensuring stable and high economic growth is one of the objectives of the 2030
Agenda for Sustainable Development.

Sustainable Development Goals Agenda 2030:

Goal 1. End poverty in all its forms worldwide

Goal 2. End hunger, achieve food security and better nutrition, anedtgom
sustainable agriculture

Goal 3. Ensure healthy life for all people of all ages and promote well-being

Goal 4. Provide quality education for all and promote lifelong learning

Goal 5. Achieve gender equality and empower women and girls

Goal 6. Provide all people with access to water and sanitidtiongh the
sustainable management of water resources
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Goal 7. Ensure access for all to stable, sustainable and medlergy at
affordable prices

Goal 8. Prmote stable, sustainable and inclusive economidhgriwdt and
productive employment and decent work for all people

Objective 9. Build resilient infrastructure, promote sustamabl
industrialization and foster innovation

Goal 10. Reduce inequalities within and between countries

Goal 11. Make cities and human settlements inclusive, saféemesind
sustainable

Goal 12. Ensure patterns of sustainable consumption and production

Objective 13. Take urgent action to combat climate change and its
consequences

Goal 14. Protect the oceans, seas and marine resources dhdmda a
sustainable manner

Goal 15. Protect, restore and promote the sustainable useredtrial
ecosystems, sustainable forest management, combat dedientifidzalt and
reverse soil degradation, and halt biodiversity loss

Goal 16. Promote peaceful and inclusive societies, ensure docdestice
for all, and build effective, responsible and inclusive institutiond &\adls

Goal 17. Strengthen the means of implementation and revitaézgldbal
partnership for sustainable development

Regarding the proposal of new dimensions to calculate the indicatdes-
Bourgoin (2014) developed a study proposing two new dimensions to the HD
Employment Index (including employment-to-population ratio) and Democracy
Index (as a way of gauging freedom). The author concludes thabtfied HDI
reveals that the weaknesses in countries with high ovefall ddores relate
mainly to employment, while developing countries lag behind imgtiadity of
employment.

Martinez (2013) proposes an alternative index, the Human Wellbeing
Composite Index (WCI) to rank 42 countries in Europe, North Afrité the
Middle East. The following dimensions compose the index: income gpstac
environmental burden of disease, income inequality, gender gap, edugtgion, |
expectancy at birth and government effectiveness. Accorditigetauthor, the
results highlight the distance still separates the Southern Madiéan countries
from the benchmark levels established by some European countries.

5.2. Conclusions

The main goal of the work was to examine the socio-economic development
in the European Union countries in the years 2008-2018 in individualtaspec
regarding the standard of living of the inhabitants of the Eamopion, namely
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Economy and Finance, Science and Technology, Health, Education and Living
Conditions.

The analysis of the spatial diversity of socio-economic devedopimegan
with the presentation of ways of defining socio-economic developamad the
indication and description of factors determining socio-econonvieloement in
the European Union countries.

In the empirical part of the work, the countries were organsael grouped
in accordance with the level of socio-economic developmenteopdpulation
living in the European Union. In the next part of the study, the o=ece of social
convergence was tested and development modelling for each Butbpean
Union countries separately using a nonlinear model — a second-degree
polynomial.

Analyzing the values obtained by means of linear ordering, it ahoail
concluded that there is still a division into old European Union ciesrdand new
ones that joined the Economic Community at a later time. Mexyvéhe division
of Europe into a richer north and a poorer south is visible (thieeamspecially
to the determinants of living conditions). When it comes to debténg the
Economy and Finance, there is a division into the north-west and-eastérn
European Union.

The synthetic variable turned out to be a good tool for quamgifyocial and
economic development and building on this basis rankings and groupsilaf si
objects due to the level of life achieved. On this basis, wekserve the changes
that have taken place in the EU countries after the finawcisis in 2008.
Summing up the above considerations, it should be stated that\eives for
the synthetic standard of living standard were obtained by thetrsumf
Southern and Eastern Europe, higher ones in Northern and Western Eugope (th
exception is Spain and Portugal).

However, it should be stressed that a greater variatiowinglstandards in
EU countries is evident when a synthetic measure of liviagdsirds is used
compared to Human Development Index. This means that this indicaterfully
describes the real situation of the standard of living of thabitdnts of the
European Union countries.

The paper conducted an analysis of convergence at the levehtbtisy
group measures. The results of the sigma social convergame allowed to
conclude that in the case of determinants of Economy and Finanee)l as
Living Conditions, there is a divergence in the countriehefEuropean Union.
For the other determinants distinguished in the study, sigmaegence was
obtained, which means that for the above-mentioned determinants jeswuritin
an initially lower value of the synthetic measure of socioremic development
developed faster than countries with an initially higher valuthe$e measures,
which thus led to a decrease in diversity in the studied areas.

However, in the case of determinants Economy and Finance amd) Liv
Conditions, a large variation in these areas in European Unionriesucan still
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be observed. Therefore, it is precisely these areas thata¢agigreatest funding
from the authorities of the Economic Community in order to comperisate
disparities in the living conditions of its inhabitants, which is aiethe
sustainable development goals.

The calculated Moran’s spatial autocorrelation indices iteliaamoderate
spatial relationship. A greater dependence can be observétefoountries of
Western and Northern Europe, and less for the countries of Southeastern Europe

The table 26 presents the values of of Pearson's linealatiomeoefficients
between individual determinants and the synthetic measure. The study found that
the following determinants: Economy and Finance, Science and technatapy,
Living conditions are most correlated with the synthetic meadti should be
noted that the determinants which the measure of socio-economiopiaeat
was supplemented with, in comparison with the Human Development @ex,
among the most correlated with the synthetic measure. Theite$essmns justified
to construct the measure of socio-economic development on theobadmrger
number of indices.

Table 26. Correlation coefficients between deteamis and the synthetic measure
of socio-economic development in the European Unmmtries

Synthetic
measure NEg,\j); SCIENCE
of socio- EDU- LIVING
AND AND
economic FINANCE TECHNO- | HEALTH | CA- CON-
development LOGY TION DITIONS
Synthetic
measure 1.00 0.81 0.80 0.61 0.77 0.88
of socioeconomic
development
ECONOMY
AND EINANCE 0.81 1.00 0.61 0.39 0.49 0.69
SCIENCE
AND 0.80 0.61 1.00 0.31 0.54 0.57
TECHNOLOGY
HEALTH 0.61 0.39 0.31 1.00 0.38 0.54
EDUCATION 0.77 0.49 0.54 0.38 1.00 0.56
LIVING
CONDITIONS 0.88 0.69 0.57 0.54 0.56 1.00

(Source: author’s calculations based on Eurostatlase}
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The analysis shows that GDP per capita has a strong, statisticallycsighifi
effect on the synthetic measure of socio-economic developmédms. i$
demonstrated by the value of the Pearson linear correlationcoestf(r = 0.7).
To a positive, moderate degree (r = 0.52) the indicator of w@mtnomic
development is affected by the indicator of total general govent revenue. In
the case of unemployment rate it was noticed that thisblariead a moderate,
negative impact on the synthetic measure of socio-economic ogavent
(r=-0.5).

The inability to make ends meet and the synthetic indicattiegié¢rcentage
of people at risk of poverty have the greatest negative ingathe synthetic
measure of socio-economic development. In the case of thefaisized variable
the Pearson's linear correlation coefficient was obtainétedevel of r = -0.81,
for the second variable the Pearson's linear correlation ceeffivas obtained at
the level of r = -0.76. Only the indicator of share of peopladivin under-
occupied dwellings has a positive, moderate influence on the sgmiedsure
of socio-economic development (r = 0.62).

The highest value of the Pearson linear correlation coefficient (13F @ass
obtained in the case of human resources in science and technoldgyahlig of
the Pearson linear correlation coefficient (r = 0.79) wesived for the variable
connected with the research and development expenditures. It imatine tmost
important for the socio-economic development are variables diegrrthe
Economy and Finance, Science and Technology and Living Conditions.

The relative importance of the determinants on the dependent indexbeould
calculated with a multiple regression, i.e., where all deteans are included as
independent variables in the standardized form (so that thegllaneasured on
the same scale).

By comparing the results, which confirm that of the growthtoizc
considered that characterise human resources in science anddgyherad
educational attainment, the former plays a greater rolegipiisg the convergence
processes for the European Union.

It is a variable that is characterized by higher fldiihiwhich means that an
increase in the logarithm value of the variable human ressuncscience and
technology by 1 percentage point is associated with a relatiigher increase in
the logarithm of GDP than the corresponding increase in theitlugaof the
variable level of education. In addition, among the models thatitéd account
human capital, a faster rate of convergence suggests modeskthatto account
the size of human resources in science and technology [Bali3&e&@009].

Theory of beta convergence shows that the poorest countries of European
Union are achieving faster economic development that the dedetopmtries.
However according to the research results it can be obs@atdtidre is currently
a division in the European Union due to socio-economic developmentdmetwe
the rich North and the poorer South. Based on the available dateuld be
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stated that membership of the Euro area had a positive impdhe qrace of
convergence.

When analyzing the socio-economic development in the European Union
countries with the use of the synthetic measure of socio-atordevelopment,
it should be stated that the first place in the ranking@@B2vas taken by Sweden.
The next two positions were taken by Finland and Denmark. dstettree
positions in the ranking were taken by Bulgaria, Romania andc&rddis is
confirmed by the division of Europe into North and South, and not as before i
a rich West and a less developed East.

When analyzing the Economy and Finance determinant, it can be etbserv
that Luxembourg was the leader in 2018 in the European Union. The next two
positions were taken by Denmark and Austria. The last thre¢igmssin the
ranking were taken by Romania, Spain and Greece. In 2018, the cotimities
achieved the highest positions in the ranking for the Sciemdelachnology
determinant were Germany, Sweden and Austria. The last thrigiempom the
ranking were taken by Greece, Cyprus and Latvia. In 2018, the @sutitat
achieved the highest positions in the ranking for the determihaifgalth were
Ireland, Cyprus and Austria. The last three positions in the ramléng taken by
Portugal, Lithuania and Latvia. In 2018, the countries that adhithnes highest
positions in the ranking for the determinant Education were Swedeané&iahd
Luxembourg. The last three positions in the ranking were taken lggaray Italy
and Romania. When analyzing the Living Conditions determinant, it was
observed that Malta was the leader in 2018 in the European .Uretand and
the Netherlands followed. The lowest values were obtained maRia, Bulgaria
and Greece.
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MODELING OF SOCIO-ECONOMIC DEVELOPMENT
IN EUROPEAN UNION COUNTRIES

Summary

The main goal of the work was to examine the seciornomic development in the
European Union countries in the years 2008-2018dividual aspects regarding the
standard of living of the inhabitants of the EurapeJnion, namely Economics and
Finance, Science and Technology, Health, Educa#ind Living Conditions. The
synthetic measure of socio-economic developmentoneeted using data obtained from
the European Statistical Office — Eurostat.

The synthetic measure turned out to be a good farohjuantifying social and
economic development and building on this basikireys and groups of similar objects
due to the level of life achieved. On this basie,can observe the changes that have taken
place in the European Union countries after tharfaial crisis in 2008. Summing up the
above considerations, it should be stated thatraabkies for the synthetic measure of
living standard were obtained by the countries @fitSern and Eastern Europe, higher
ones in Northern and Western Europe (the excefgi®pain and Portugal).

The following research methods were used in thé&kboo

1.

The linear ordering in order to create rankingsEofopean Union countries
according to the synthetic measure of socio-ecoooddvelopment in the
selected years 2008, 2013 and 2018,

The Moran's spatial autocorrelation indices,

The convergence methods to explore the converg@fceocio-economic
development in European Union countries,

The cluster analysis to receive the classificatibRuropean Union countries,
The nonlinear models of socio-economic developrfa@rindividual countries of
the European Union to study the pace of development






MODELOWANIE ROZWO]JU SPOLECZNO-GOSPODARCZEGO
W KRAJACH UNII EUROPEJSKIE]

Streszczenie

Gléwnym celem pracy byta analiza rozwoju spotecgnepodarczego w krajach
Unii Europejskiej w latach 2008-2018 w poszczegomgspektach dotygeych poziomu
zycia mieszkacow Unii Europejskiej, tj. Ekonomii i Finansow, Nau Technologii,
Zdrowia, Edukacji i WarunkowZycia. Syntetyczny miernik rozwoju spoteczno-
-gospodarczego zostat utworzony na podstawie damygtiskanych z Europejskiego
Urzedu Statystycznego — Eurostatu.
Miara syntetyczna okazatae¢sidobrym nargdziem do kwantyfikacji rozwoju
spoteczno-gospodarczego i budowania na tej podstaavikingdw i grup podobnych
obiektow ze wzgldu na osjgnicty poziomzycia. Na tej podstawie memy obserwowa
zmiany, jakie zaszly w krajach Unii Europejskiej knyzysie finansowym w 2008 roku.
Podsumowujc powyzsze rozwaania, naley stwierdzeé, ze nizsze wartéci syntetycz-
nego miernika rozwoju spoteczno-gospodarczego atyskraje Europy Potudniowej
i Wschodniej, wysze zanotowano dla krajow Europy Pétnocnej i Zaoedwyjatkiem
jest Hiszpania i Portugalia).
W pracy wykorzystano nagiujace metody badawcze:
1. Porzdkowanie liniowe w celu utworzenia rankingdw kraj@mii Europejskiej
wedtug syntetycznej miary rozwoju spoteczno-gospcriEgo w wybranych
latach 2008, 2013 i 2018,

2. Wskazniki autokorelacji przestrzennej Morana,

3. Metody konwergencji w celu zbadania zhiesci rozwoju spoteczno-
-gospodarczego w krajach Unii Europejskiej,

4. Analize skupigi w celu otrzymania klasyfikacji krajow Unii Eurogéjej,

5. Nieliniowe modele rozwoju spoteczno-gospodarczeda poszczegdélnych

krajéw Unii Europejskiej do badania tempa rozwoju.



