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1. INTRODUCTION

Although GDP does not include social, political, cultural and environmental aspects of development,
it is the most widely used indicator for measuring the state of economy, as Stiglitz, Sen and Fitoussi (2009)
or Van den Bergh (2009) claim. For this reason, many alternatives for measuring socio-economic conditions
have been developed, one of the best known and most often used one is an index called the Human
Development Index (Todaro & Smith, 2011). The United Nations has used this index since 1990 and the
measurement of human development using this index is an alternative to the GDP/GNI per capita as a
measure of human well-being. It brings a different perspective on development issues and better emphasizes
the effect of other factors than just economic ones. According to Majerova and Nevima (2016), the basis
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of the HDI index is a greater explanatory power, which is to follow economic development or sustainable
development in general.

The UN uses the HDIs primarily as nation level indicators, estimated for a country as a whole (Basu
& Basu, 2005) and their constructions do not express the differences in the regions of the countries.
However, regional disparities exist here, and they influence regional development, therefore, the formation
and analysis of human development at the regional level were a motivation for writing this article. The issue
of human development for a group of countries of the Visegrad Group Plus (hereafter V4+) at the NUTS
II level was studied. The V4+ includes the Visegrad Group countries (the Czech Republic, Hungary, Poland
and Slovakia), and Slovenia and Austria based on the Regional Partnership Agreement from 2001. There
are 46 regions on the NUTS II level — eight in the Czech Republic, seven in Hungary, sixteen in Poland,
nine in Austria, four in Slovakia and two in Slovenia. The research was done in the period from 2004, when
the membership of most V4+countries began, to 2013, when the last available data at the regional level for
all monitored indicators and economies were available. The approach of the United Nations in forming the
HDI was adopted in selection of indicators, yet the components of each dimension had to be modified. The
indicators of human development at the regional level are life expectancy at birth (dimension of health),
tertiary educated people and lifelong learning (dimension of education) and GDP per capita in PPS
(dimension of living standards). These components were used in a hierarchy cluster analysis in the Ward
method.

Using the approach of cluster analysis in the concept of HDI at the regional level is unique - most of
the studies deal with cluster analysis at the national level. Agufia and Kovacevic (2010) divided the economy
into four clusters according to the HDI categorization by the United Nations. Grimm et al. (2010) used a
hierarchical cluster analysis of 32 countries with respect to the inequality in the three components of HDI.
Ulengin et al. (2009) or Rende and Donduran (2011) used the Self-organizing Maps for the creation of
clusters. Hoeller et al. (2014) created a cluster analysis based on 12 core inequality indicators in OECD
countries. Similar patterns have been identified in five groups sharing labour inequality. Bakumenko et al.
(2015) created four clusters for 41 economies of the three groups of human development factors, formed
by 23 indicators — satisfaction of the population with social conditions, the level of education, and
demographic loads. Abad-Gonzales and Martinez (2016) found out that the number of clusters in the field
of HDI is not fixed and varied over time from three in 1990 to four in 2014, and that the countries within
each category differ from the United Nations proposal.

Although some authors analysed human development at a regional level, these measurements were
related to an old methodology, as in case of China between the years 1982 and 2003 (Yang & Hu, 2007), or
in Kasim, Fron and Yaqub (2011) regarding HDI of Iraq in 2006. They divided the regions of the
aforementioned economies into four clusters. The closest topic to our paper is the cluster analysis performed
by Akécsi, Bencze and To6th (2012). They analysed the Human Development Index of the Visegrad
countries on the ground of knowledge (human) resources in the period from 2002 to 2007. The authors
used 13 indicators for 35 regions according to the old methodology. A cluster analysis following the new
methodology has not been published by other authors yet.

Based on the Ward method, three clusters reflecting different stages of the development potential of
the monitored regions were created. These three clusters include a plurality of regions based on their inner
similarities that would not be otherwise appatrent at first glance. There are regions with different levels of
the development potential - an above average potential, an average potential, and an under-average potential
for human development. A research hypothesis about a dynamization of human development processes in
most regions was set, moving from a lower to a higher development potential. It was assumed that more
than a half of the monitored regions belonging to the lower group of potential to human development
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would shift to the higher group. It was found that the vast majority of regions have not changed their

positions in the cluster in the monitored period, so the aforementioned hypothesis was not confirmed.

2. THE HUMAN DEVELOPMENT INDEX AT THE REGIONAL LEVEL

In the 1990s, the UN Development Programme (UNDP) published the first Human Development
Report, which established the need for human development measurement, and from that time on, the
beginning of using the Human Development Index has been dated. As for the human development, the
formation of human capabilities in terms of improving health, increasing knowledge and skills to meet
human needs and their own skills and competences, free time, job security, cultural, social and political
events should be in balance. It is, therefore, necessary to examine not only the income but also other
variables that point out the potential of a country much better, as well as the options that currently appear
in human development (Majerova, 2012).

According to the UNDP (2015), the Human Development Index (HDI) is a summary measure of
achievements in key dimensions of human development: a long and healthy life, an access to knowledge
and a decent standard of living. These three dimensions have four parts - health has one part, education
has two parts, and the standard of living has one part, as it was mentioned in Table 1.

The calculation method of the two dimensions has changed over time when the health indicator index
is the only one that has remained unchanged due to the need to improve its explanatory power. The last
change was made in 2010, which was to switch from the original additive aggregation function — the
arithmetic mean of the three components, to a multiplicative function — their geometric mean (Ravallion,
2012), as shown in Equation (1).

HDI :%/lnLE-|nED-|n5L M

The HDI index calculation reached the values ranging from 0 (the lowest level of human development)
to 1 (the highest level of human development), and therefore they were determined for each dimension of
the minimum and maximum values based on historical evidence (more in Anand and Sen, 1994).

By taking assumptions in classifying the levels of human development in regions, we adopt a methology
used by Hardeman and Niikstra (2012), which constructed the EU-Regional HDI on the case of 272 EU
regions using the same methodology and similar indicators as the United Nations: for health dimension they
used the healthy life expectancy and infant mortality, for knowledge dimension the indicator NEET (Not
in Employment, Education or Training) plus general tertiary education index were used, and for the living
standard the index of net disposable household income and employment rate.

In this paper, the components of each dimension had to be modified, firstly, because we wanted to be
as close as possible to the methodology of the HDI and so we excluded infant mortality and employment
rate, and secondly, because of the lack of the data at the regional NUTS 1I level NEET was replaced by
lifelong learning). In case of net disposable income of households, which was replaced by GDP per capita,
we believe, that incomes of households do not express incomes of other economic subjects that are
important in making welfare of the regions.

The data used were from the regional database of Eurostat and they were converted to the number of
inhabitants representing the given group.

As it was mentioned above, three components were used for the construction of the HDI of V4+
regions (thereafter Regions NUTS Human Development Index, RNHDI):

— health component,
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— knowledge component,

— the standard of living.

The health component includes the value of life expectancy at birth, which is represented by the mean
number of years that a newborn child is expected to live, in relation to the current mortality conditions (age-
specific probabilities of dying).

The knowledge component includes two components: firstly, tertiary educated people between 25 and
64 years of age, where the indicator is defined as the percentage of population aged 25-64 who have
successfully completed tertiary studies (e.g. university, higher technical institution, etc.). This educational
attainment refers to the ISCED (International Standard Classification of Education) 1997 level 5-6, which
includes the first stage of tertiary education (bachelor and master, or equivalent), and the second stage of
tertiary education (doctoral or equivalent). Secondly, lifelong learning in the form of a participation rate in
education and training covers participation in formal and non-formal education and training. The reference
period for the participation in education and training is at least four weeks. The participation rates in
education and training for the age group between 25 and 64 years are presented. The data are calculated as
annual averages of the quarterly EU Labour Force Survey data (EU-LFS).

The standard of living, measured through GDP per capita in PPS — Purchasing Power Standards (PPS),
is a common currency that eliminates the differences in price levels between countries and regions allowing
meaningful volume comparisons of GDP between them.

Apart from what was mentioned above, the reason for the selection of these indicators was the greatest
explanatory power in relation to human development. The life expectancy at birth correlates positively with
human development — the higher the healthy life expectancy of a region, the more developed it is. It reflects
the level of health and the quality of life, and it measures the qualitative aspects of living a healthy life. The
share of tertiary educated people in the productive age in the population of this age group is connected with
the ability of people to reflect the needs of the knowledge of economy and to contribute to this knowledge
and human development as well. Lifelong learning, in the form of participation in education and training,
encompasses all learning activities undertaken throughout life (after finishing the initial education) with the
aim of improving knowledge, skills and competences, within personal, civic, social or employment-related
perspectives as Eurostat (2016) demonstrates. People extend their possibilities for increasing their incomes
due to lifelong learning. As a dimension of health, both indicators of education are positively correlated with
human development.

The implementation of GDP per capita was influenced by the opinion of Sen (1999), who considered
the income (product) as a primarily mean to achieve human development. The GDP per capita reflects the
economic level better than its absolute value. The indicator is measured by an artificial European currency
unit, the purchasing power standard (PPS) is better than USD in PPP for our purpose.

It was also necessary to define the minimum and maximum values for each indicator in the monitored
years. To determine the minima, the worst results of individual indexes from all regions of the European
Union have been chosen, while for the maxima we have chosen the best ones. One exception was made
regarding the GDP per capita, where the second highest value was chosen. The reason for this was obvious
— the highest values of the GDP per capita are presented in the regions of Luxembourg or Inner London,
and these values are extremely high — they exceed the second highest value (Hamburg) by more than 50,000
PPS. The values of the region of Hamburg were determined as maxima. The data from 2013 shown in Table
1 are examples of creation and comparison of the UNs” Human Development Index and the EU NUTS 11

Human Development Index.
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Table 1
The Comparison of HDI and RNHDI Components in 2013
HDI RNHDI
component calenlation Min. | Max. component calculation Min. Max.
Life expectancy Life expectancy
Health (LE) at birth 20 83.6 | Health (HE) at birth (LEB) 74.1 84.8
Expected years Tertiary 0 0
of schooling 0 180 education (TE) 114% 1 49.5%
Mean years of Lifelong 0 o
schooling 0 13.3 learning (1) 0.9% 30.7%
Standard ~ of | G Per capita Standard of | GDP per
lwving (SL) (in [;%I?{)PPP 100 87,478 living (SL) capita (in PPS) 7,700 54,500

Source: authors” own processing according to UNDP (2013) and Eurostat (2010)

To determine the sub-indexes, two types of calculations were used: a standardized index of life
expectancy and two education indexes (2) and natural logarithmic calculation for the standard of living index
(3). The value of education index Ik is calculated as the arithmetic mean of the value of lifelong education
index Iry. and the value of tertiary education index Ity (4)

H _ (Hs_Hmin)
end _(Hmax_Hmin) )
~ (nH,-InH,;)
n—
(In Hmax -In |-lmin) ?3)
I, = ly + e
2 “)

whete Hgund 1s standardized value, Hia is natural logarithm, Hy is real value, Humin is minimum value and
Hinax is maximum value.

The calculation of the total index corresponds to the new HDI approach and is calculated as the
geometric mean of all the above sub-indexes, as shown in (5). The values of index and its sub-indexes in
every NUTS II region of V4+ in the years 2004 and 2013 are shown in Appendix 1, the development of
the index in the mentioned period is in Appendix 2.

NRHDI =%/HE - KL - SL )

For the measurement of various levels of human development in the monitored regions, we accepted
the values of HDI that range in the interval of 0-1 and formed the categories of NHDI as follows:

— very high regional human development, with the value of 0.800 and above

— high regional human development, in the interval of 0.700-0.799
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— medium regional human development, in the interval of 0.550-0.699

— low regional human development, below 0.550.

The levels of human development are astonishing (see Appendix 1): in terms of the categorization, no
region reached the very high and high level in 2013. Only six regions reached the medium level of the
RNHDI: one in the Czech Republic (Prague), three in Austria (Wien, Salzburg and Vorarlberg) and one in
Slovenia (Zahodna Slovenia). Two of them are capital cities, one of them is a region with a capital city. The
rest of the regions (40) reached only the low regional level.

When comparing the development of RNHDI in the years 2004 and 2013 listed in Appendix 2, we can
see that the regions with the best position (except Slovenian region) recorded an improvement over the
years. In the Czech Republic, as the only economy, the situation in all NUTS 1I regions has improved, on
the other hand, the situation in human development has deteriorated in all Hungarian regions. Poland
recorded a 50% improvement in the region's position regarding human development, while in Austria the
results worsened in five regions out of nine, which is 56 %.

3. THEORETICAL APPROACH TO CLUSTER ANALYSIS

According to Blashfield and Aldenderfer (1988), the cluster analysis method has a long history — the
earliest known procedures were suggested by anthropologists, and later, these ideas were applied in
psychology.

Cluster analysis is primarily focused on searching for similarities or differences among the examined
objects. Cluster analysis provides one, empirically based, means for explicit classifying objects (Punjand
Stewart, 1983). According to Everitt et al. (2011), cluster analysis techniques are concerned with exploring
data sets to assess whether they can be summarized meaningfully in terms of a relatively small number of
groups or clusters of objects or individuals which resemble each other and which are different in some
respects from individuals in other clusters.

If the research object is a region, as in this case, it is clear that we can confirm our assumption about
the most or the least developed regions in the area of human development and its modifications only by
applications of cluster analyses.

Clustering analysis became one of the qualifying methods in the 20th century, the usefulness of which
immediately had an impact on particularly all fields of science. The first comprehensive work dealing with
cluster analysis was created by Tryon (Tryon, 1939). The main motivation for the use of clustering is
uncovering hidden similarities or differences. For this reason, cluster analysis is now widely used by all
scientific disciplines (for us, its most interesting use is in the field of economy, e.g. Vazquez and Sumner,
2012, Brauksa, 2013, Halaskova & Halaskova, 2015, Liptak et al., 2015).

If we want to formulate the principle of cluster analysis mathematically, it can be stated that it is a
decomposition of a set S by the objects to £ certain groups of clusters C, see Equation (6):

st :{Cl,C2,C3,...,Ck}, (©6)

where Ci %0

The main essence of cluster analysis is to classify individual objects (in this paper they are territorial
units - NUTS II) and uncover their spatial structures. Similarly to factor analysis, cluster analysis can also be
regarded as a form of data reduction. However, it does not serve to a reduction of the number of variables;
its primary purpose is to divide a file of units into several mutually exclusive, relatively homogeneous subsets,
called clusters. The aim of the classification is, with the knowledge of cluster analysis, to reduce the
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dimensionality of the data file using the similarities/differences among objects. This is a very important trait
for the analysis of regional disparities, which was proved by the results of this paper. Clusters are results of
cluster analysis, the units of which are similar in the monitored characteristics as much as possible, while
units incorporated into various clusters in ideal contrast represent the highest degree of difference (Meloun,
1994). In simple terms, they are about minimizing their differences among objects within the same cluster
and vice versa, about maximizing these differences among objects of different clusters. The analysis of
clusters of objects is not the nature of statistical testing, but it is a method of quantification of structural
properties of a set of objects.

The basis of cluster analysis is sorting, of which we appoint two basic approaches — hierarchy cluster
method and non-hierarchy cluster approach. The first one is based on using once formed clusters. Thus
formed clusters are then used to create other clusters from the rest of the data file. This manner is proceeded
until all elements of the data file are a part of the cluster. This type of procedure is mostly chosen for the
regional analysis.

The non-hierarchy cluster approach is based on cluster search, namely on the principle of the smallest
difference from the average. The procedure is advantageous only if the number of clusters that we want to
achieve is determined beforehand. This may become a significant limitation in a further research, as only
such number of clusters that we determined beforehand is finally formed, and for example, some extreme
values may merge with the average ones.

There are seven methods in the clustering process (Calinski & Harabasza, 1974). The first two methods
are based on linkages: between-groups linkage or within-groups linkage. Their application depends on good
knowledge of the data file and information about the number of clusters that we want to achieve. If we
ignore the total number of clusters we want to achieve, both methods are limitations in further researches.
The Nearest Neighbour, the third method, is based on the shortest distance between clusters. The fourth
method, the Furthest Neighbour method, searches the values in the data file that are separated by the
furthest distance. The fifth method, called the Centroid Clustering method, may seem as the most ideal at
first glance. It is based on the Euclidean distance between the centroids of clusters — those clusters that have
the smallest distance between them are the closest. Unfortunately, it does not deal with the differences that
may occur due to different weights for equally large clusters. Median Clustering as the sixth method solves
the problem of weights variance that the previous method gives to differently large clusters.

The last method, the Ward method, named after its creator, focuses on the allocation of profiles to
groups equally. Ward (1963) mentioned that grouping in this manner makes it easier to consider and
understand relations in large collections. The principle of the method is not optimization, but minimization
of heterogeneity - the purpose is to find the greatest similarity. When measuring human development and
its modifications, it is necessary to look for similarities among 46 regions using this method.

One of the fundamental problems of cluster analysis is the concept of mutual similarity of objects and
quantitative expression of this similarity. One of the most common ways of expressing relationships among
objects is the metrics. The metric squared Euclidean distance (SED) was used for the Ward method (7),

similar as :
2 c 2
de (Xi'Xj):Z(Xik_Xjk) ™)
k=1

where &?is SED, xi is the value of k-symbol for the 7 observation of the variable, xj is the minimum

value of the variable xx and 7 is the total number of objects.
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4. THE REGIONS OF THE VISEGRAD GROUP PLUS IN CLUSTER ANALYSIS

Cluster analysis will be practically applied on the regions at NUTS 1I level of the Visegrad Group Plus
countries, based on the methodology described in the previous section of this paper. The V4+ regions will
be divided to clusters according to their development potential in terms of human development. The
hierarchy cluster approach by means of the Ward method was used for the classification of the monitored
regions, and all performed calculations were done by using SPSS software. The Ward method is not based
on optimization of distances between clusters, but on optimization of the clusters” homogeneity according
to some criterion, which is the minimizing of increase in the error sums of squares of deviations from the
points of the cluster centroid. The sum of squares is calculated for each possible pair of connection
aggregates at each stage of this analysis. Those clusters are combined where there is a minimal increase in
the error sum of squares.

The motivation and the advantage of using this method is the tendency to remove small clusters and
thus forming clusters of about the same size, which is a welcome feature. This is because this method
requires an expression of objects” distance by the squared Euclidean distance. As the Ward method leads
to minimization of intra-cluster dispersion, which makes the research of examined objects more accurate,
its choice was the best option for our purposes.

Since the values of each variable were in different units (years, population, monetary unit), it was
necessary to standardize the data. The same approach was used by Zelazny (2015), in which the level of
information society in one Polish region was determined. This standardization was carried out in two steps:

Z S
1. the medium value 2% and standard deviation ~ K wete calculated according to Equation (8) and (9)
_ 1
Ly =— Z L ®)
Nia

L S
Sk Z{H;(ij_zk] } ©)

2. afterwards the standardization through normalization of each object in the z-score was made (the
standardization z-function) by the following Equation (10)

Xy =———— (10)

The results/data of statistical desctiption are shown in Table 2. The spread varies widely for some
indicators. The greatest deviation among the regions of the V4+ group corresponds to the indicator of the
GDP per capita; the second one is the indicator of the tertiary education. These two components are the
most heterogeneous ones. The population is more heterogeneous for the component of life expectancy and
lifelong learning.
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Table 2
Descriptive Statistics for Components of RNHDI
N Minimum Maccimum Mean SD

GDP/capita 460 7800 49000 19048.70 9346.99
Life_expentancy 460 71.5 82.5 76.93 2.47
Tertiary_educated 460 19.16 1059.24 172.06 149.60
Lifelong_learning 460 10.11 240.88 54.59 39.48

Valid N (listwise) 460

Note: N — number of observations, SD — Standard Deviation

Source: authors own processing according to the program SPSS.

The subjects of cluster analysis — all NUTS 1I regions — have been evaluated by the metrics that was
created in the program SPSS. According to the results of the Ward method and dendrogram, which is not
displayed in the paper due to its size, the following three clusters were identified and shown in Table 3:

— Cluster 1 is the group of regions with an above-average potential for development in terms of human
development and its input parameters.

— Cluster 2 indicates the group of regions with an average development potential in terms of human
development and its input parameters.

— Cluster 3 indicates the group of regions with a below-average development potential in terms of

human development indicators and its input.

Table 3
Results of the Ward method: un/changed clusters of V4 + NUTS II regions in the petriod between 2004
and 2013
Cluster 1 Cluster 2 Cluster 3 Change
(period and cluster)
Bratislavsky kraj Zapadné Slovensko Lédzkie Stfedni Cvechy
Praha Stredné Slovensko Malopolskie 2004-2010 cluster 2
Mazowieckie Vychodné Slovensko Slaskie 2011-2013 cluster 1
Wielkopolskie Severozapad Lubelskie Jihozapad
Ko6zép-Magyarorszag Stftedni Morava Dolnoslaskie 200 4_2130 10 5
cluster
Burgenland (AT) Moravskoslezsko 2011-2013 cluster 1
Niederosterreich Podkarpackie
Wien Swietokrzyskie Severovychod
Kirnten Podlaskie 2004-2010 cluster 2
Steiermark Zachodniopomorskie 2011-2013 cluster 1
Oberosterreich Lubuskie
Salzburg Opolskie Jihovychod
Tirol Kujawsko-Pomorskie 2004-2007 cluster 2
Voratlberg Warminsko-Mazurskie 2008-2013 cluster 1
Zahodna Slovenija Kozép-Dunantul
Nyugat-Dunantal Pomorskie
Dél-Dunantil 2004-2009 cluster 2
Eszak—Magyarorszég 2010-2013 cluster 3
Eszak-Alfold
Dél-Alfold Vzhodna Slovenija
2004-2007 cluster 2
2008-2013 cluster 1

Note: The change in the development of the regions in the period from 2004 to 2013 is indicated.

Source: authors” own according to the program SPSS.
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The changes of various inputs that influence the final value of human development during the reporting
period are shown in Table 3 as well. Most of the clusters remained unchanged throughout the monitored
period, only six of them evolved over time. From this table, we derive whether developments in the regions
when analysing the input variables are rather constant, or whether the processes lead to dynamization in the
regions.

Other methods of cluster analysis were tested in the article, too. It means that in addition to the Ward
method, the input data were subjected to testing in other six methods that were theoretically described. The
aim of the testing was to find a similarity to the results obtained by the Ward method, and it was found that
within other methods only two clusters were developed, which inadequately testify about the nature of the
sample dataset. Although these methods lead to a homogenization of the practical data file, the result of
homogenization is the impossibility to divide the NUTS 1II regions into three clusters - with an above-
average, an average or a below-average development potential, as it was in case of the Ward method
application.

It may happen in case of methods other than the method of Ward that the changes in the development
of the regions are suppressed. This means that it is not possible to capture whether the region has moved
from one cluster to another over the monitored period. The other methods described, unlike the Ward
method, regard the regions as static units that are not subject to structural changes, which does not allow us
to analyse them deeper during the monitored period. For this reason, their implementation for this type of
data is inefficient. The results of this test, using one of the methods, namely within-groups linkage, are
shown in Appendix 3.

Comparative analysis of the selected methods of cluster analysis verified that the best way of
categorization of our data inputs of the Human Development Index in the NUTS II regions is the
categorization into three clusters. Otherwise, we would not be able to use the potential of 46 regions in
terms of their next direction. This has resulted in the fact that only the Ward method is the best for the
evaluation of the selected regions. It is due to the fact that this method eliminates smaller clusters and
conversely produces clusters of a comparable size corresponding with a homogenization subset of the
selected data file.

5. CONCLUSIONS

The Human Development Index has been used since 1990 and it is one of the indicators that measure
socioeconomic development at the national level and thus compare the differences between economies.
However, there are not only differences between the economies, but also within them. For this reason, we
decided to construct the index of human development at the regional level. The modified Human
Development Index (RNHDI) was created for 46 regions of the Visegrad Group Plus countries at the
NUTS 1I level. For the purpose of this paper, the data had to be modified, but the methodology of the
RNHDI remained the same as for the HDI. Three components were used — the health dimension (life
expectancy at birth), the knowledge dimension (tertiary educated people and participation rate in education
and training) and the dimension of the living standard (GDP per capita in PPS).

From the perspective of the RNHDI standard, only six regions reached the medium level of the
RNHDI: one in the Czech Republic (Prague), three in Austria (Wien, Salzburg and Vorarlberg) and one in
Slovenia (Zahodna Slovenia). The rest of the regions reached only the low regional level. When comparing
the development of RNHDI in the years 2004 and 2013, we can say that the regions with the best position
(except Slovenian region) recorded an improvement over the years. In the Czech Republic, as the only
economy, the situation in all NUTS II regions has improved, while the situation in human development has
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deteriorated in all Hungarian regions. Poland recorded an improvement in the half of its regions, while in
Austria there was a worsening of the results in five regions out of nine.

The above-mentioned components were used in a hierarchy cluster analysis in the Ward method in the
period from 2004 to 2013. Based on a comparison with other hierarchical methods, this method is presented
as the most appropriate one. Three clusters were created that included a plurality of regions based on their
inner similarities that would not otherwise be apparent at first glance. At the beginning of the monitored
period, the situation in various regions was as follows: the regions of Austria were very homogeneous and
were placed in a group with an above-average potential for development (group 1). The Czech, Slovak and
Slovenian regions were placed in the first two groups (1 and 2). The Hungarian regions (except the region
with a capital city) were in the second group — with an average development potential. The Polish regions
showed the lowest homogeneity and were placed in all groups (mostly group 2).

Initially, a research hypothesis was set suggesting that more than a half of the monitored regions in the
lower group with a potential to human development (2 or 3) would shift to the higher group (1 or 2). Finally,
only in some regions the time offset between the individual clusters is obvious. Usually, it was a situation
where regions have shifted from an average to an above-average potential towards development, i.c. from
cluster 2 to cluster 1. It was the case of the regions in the Czech Republic — Sttedni Cechy, Jihozapad,
Severovychod, Jihovychod and one region in Slovenia —Vzhodna Slovenia. A reverse process, which led to
a slowdown in the development potential of the region, was noticed, too. The shift from the group of an
average potential to a below average potential was recorded only in one region, namely in the region of
Poland — Pomorskie. The vast majority (i.e. forty out of forty-six) of the monitored regions did not change
their positions in the cluster during the monitored period. Our hypothesis about the dynamization of most
of the regions was not confirmed.

It should be emphasized that the resulting allocation of the regions into individual clusters was
dependent on the number of input variables. If we reduced or added the number of input variables
correlating with a modified human development, the resulting allocations of the regions would change. This
challenge will be the subject of our further research — we would like to focus on a comparison of cluster
analysis results with the results of development of the regional Human Development Index with extended
indexes of life quality — infant mortality, health personnel, road and rail networks and number of tourist
establishments.
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APPENDIX 1
Components of index RNHDI and the values of RNHDI in 2004

Stat. name | Region LEB HE | TE LL KL GDP/c | SL RNHDI
Cz01 Praha 77.3 0.568 | 26.6 | 11.2 | 0.432 | 37,200 | 0.896 | 0.603
CZz02 Stfedni Cechy 75.5 0.405 | 9.9 4.2 0.102 | 17,000 | 0.546 | 0.282
CZz03 Jihozapad 76 0.450 | 11.2 | 4.5 0.124 | 16,400 | 0.530 | 0.309
Cz04 Severozapad 74.2 0.2838 | 6.8 4.8 0.069 | 14,300 | 0.469 | 0.211
CZ05 Severovychod 76.1 0.459 | 94 5.0 0.107 | 14,800 | 0.484 | 0.288
CZ06 Jihovychod 76.7 0.514 | 13.6 | 6.4 0.185 | 15,400 | 0.502 | 0.362
Cz07 Sttedni Morava 76.2 0.468 | 11.0 | 49 0.127 | 13,800 | 0.453 | 0.300
CZ08 Moravskoslezsko 74.8 0.342 | 9.9 4.7 0.109 | 14,200 | 0.466 | 0.259
HU10 Koézép-Magyarorszag 74.5 0.315 | 25.8 | 6.0 0.342 | 22,100 | 0.663 | 0.415
HU21 Ko6zép-Dunéntal 72.8 0.162 | 13.3 | 3.8 0.141 | 13,000 | 0.426 | 0.214
HU22 Nyugat-Dunantil 73.7 0.243 | 143 | 3.1 0.144 | 14,300 | 0.469 | 0.254
HU23 Dél-Dunantdl 72.6 0.144 | 13.2 | 3.6 0.137 | 9,700 | 0.296 | 0.180
HU31 Eszak—Magyarorszég 71.5 0.045 | 125 | 34 0.124 | 9.000 0.262 | 0.114
HU32 Eszak-Alfold 72.3 0.117 | 126 | 2.8 0.117 | 9.000 | 0.262 | 0.153
HU33 Dél-Alfold 72.9 0.171 | 129 | 29 0.122 | 9.700 | 0.296 | 0.184
PL11 Lodzkie 73.8 0.252 | 12.6 | 5.1 0.151 | 10,100 | 0.314 | 0.229
PL12 Mazowieckie 75.4 0.396 | 17.3 | 5.7 0.224 | 16,600 | 0.536 | 0.362
PL21 Malopolskie 76.2 0.468 | 242 | 43 0.295 | 9,700 | 0.296 | 0.344
PL22 Slaskie 74.4 0.306 | 16.7 | 5.1 0.206 | 12,300 | 0.402 | 0.294
PL31 Lubelskie 74.6 0.324 | 159 | 6.2 0.212 | 7,800 | 0.198 | 0.239
PL32 Podkarpackie 75.8 0.432 | 155 | 34 0.165 | 8,000 | 0.210 | 0.246
PL33 Swietoktzyskie 75.3 0.387 | 19.3 | 41 0.226 | 8,700 | 0.247 | 0.279
PL34 Podlaskie 75.3 0.387 | 16.0 | 5.1 0.197 | 8,100 | 0.215 | 0.254
PL41 Wielkopolskie 74.8 0.342 | 16.2 | 4.5 0.191 | 11,800 | 0.383 | 0.292
PLA42 Zachodniopomorskie 74.5 0.315 | 16.1 5.4 0.074 | 9,900 0.305 | 0.193
PL43 Lubuskie 74.5 0.315 | 14.8 | 4.9 0.178 | 9,800 | 0.300 | 0.256
PL51 Dolnoslaskie 74.4 0.306 | 21.1 | 6.1 0.281 | 11,100 | 0.356 | 0.313
PL52 Opolskie 75.8 0.432 | 16.1 | 4.8 0.194 | 9,400 | 0.282 | 0.287
PLo61 Kujawsko-Pomorskie 74.6 0.324 | 146 | 5.2 0.180 | 9,700 | 0.296 | 0.258
PLG62 Warminsko-Mazurskie 74.4 0.306 | 16.0 | 3.2 0.168 | 8,300 | 0.226 | 0.227
PL63 Pomortskie 75.4 0.396 | 134 | 4.8 0.158 | 10,800 | 0.344 | 0.278
AT11 Butgenland (AT) 79.2 0.739 | 15.6 | 8.6 0.245 | 19,400 | 0.605 | 0.478
ATI12 Niederosterreich 78.7 0.694 | 13.8 | 11.2 | 0.260 | 23,400 | 0.689 | 0.499
AT13 Wien 78.6 0.685 | 15.6 | 129 | 0.310 | 38,200 | 0.907 | 0.577
AT21 Kirnten 79.9 0.802 | 142 | 103 | 0.252 | 23,800 | 0.696 | 0.520
AT22 Steiermark 79.6 0.775 | 15.8 | 11.5 | 0.291 | 24,900 | 0.716 | 0.545
AT31 Oberosterreich 79.5 0.766 | 13.1 | 11.4 | 0.254 | 27,700 | 0.764 | 0.529

252



The measurement of human development using the Ward

Ingrid Majerova, Jan Nevima method of cluster analysis
AT32 Salzburg 80.1 0.820 | 12.5 | 12,5 | 0.262 | 31,800 | 0.826 | 0.562
AT33 Tirol 80.6 0.865 | 13.4 | 11.4 | 0.258 | 29,200 | 0.788 | 0.560
AT34 Vorarlberg 80.2 0.829 | 15.8 | 122 | 0.302 | 29,400 | 0.791 | 0.583
SKO01 Bratislavsky kraj 75.5 0.405 | 27.5 | 123 | 0.460 | 28,500 | 0.777 | 0.525
SKO02 Zapadné Slovensko 74.5 0.315 | 10.0 | 3.0 0.085 | 11,900 | 0.387 | 0.218
SK03 Stredné Slovensko 73.8 0.252 | 12.1 5.0 0.143 | 10,300 | 0.323 | 0.227
SK04 Vychodné Slovensko 73.8 0.252 | 10.7 | 1.9 0.078 | 9,300 0.277 | 0.176
SI101 Vzhodna Slovenija 76.1 0.459 | 16.1 14.5 | 0.341 | 15,700 | 0.511 | 0.431
S102 Zahodna Slovenija 78.2 0.649 | 225 | 18.2 | 0.483 | 23,000 | 0.681 | 0.597

Note: LE in the years, TE and LL in the thousands of inhabitants, GDP/c in PPS.

Source: authors” own according to Eurostat (2016)

Components of index RNHDI and the values of RNHDI in 2013

Stat. name | Region LEB | HE | TE II. | K. | GDP/c | SI. | RNHDI
CZ01 Praha 80.1 | 0561 | 384 |87 0.487 | 46,000 | 0.913 | 0.630
CZ02 Stfedni Cechy 782 | 0383 [ 199 | 9.1 0.250 | 19,500 | 0.475 | 0.357
CZ03 Jihozapad 784 | 0402 | 18.0 | 10.5 | 0.248 | 19,400 | 0.472 | 0.361
CZ04 Severozapad 764 | 0215 [ 125 | 8.0 0.134 | 16,500 | 0.389 | 0.224
CZ05 Severovychod 78.6 | 0421 | 168 | 132 | 0278 | 18,000 | 0.434 | 0.370
CZ06 Jihovychod 791 | 0467 | 226 | 9.2 0.287 | 20,600 | 0.503 | 0.407
CZ07 Stfedni Morava 781 | 0374 | 162 | 7.8 0.179 | 17,700 | 0.425 | 0.305
CZ08 Moravskoslezsko 771 | 0.280 | 17.6 | 10.7 | 0.246 | 18,400 | 0.445 | 0.313
HU10 Kozép-Magyarorszag 77 0271 | 332 | 4.2 0.343 | 28,700 | 0.672 | 0.397
HU21 K6zép-Dunantdl 755 | 0131 [ 19.0 | 2.0 0.119 | 15,600 | 0.361 | 0.178
HU22 Nyugat-Dunantil 761 | 0.187 | 17.8 | 1.8 0.100 | 17,900 | 0.431 | 0.200
HU23 Dél-Dunéntil 752 | 0103 | 183 | 2.6 0.120 | 11,900 | 0.222 | 0.140
HU31 Eiszak-Magyarorszag 74.2 0.009 | 16.7 2.1 0.090 | 10,500 | 0.158 | 0.051
HU32 Eszak-Alfold 754 | 0121 [ 178 | 3.4 0.126 | 11,300 | 0.196 | 0.144
HU33 Dél-Alfold 75.6 | 0140 | 182 | 2.5 0.117 | 11,900 | 0.222 | 0.154
PL11 Lodzkie 754 | 0121 | 235 |31 0.197 | 16,700 | 0.396 | 0.211
PL12 Mazowieckie 777 | 0336 | 354 | 6.7 0.414 | 28,500 | 0.669 | 0.453
PL.21 Malopolskie 785 | 0411 | 266 | 4.7 0.264 | 15,800 | 0.367 | 0.342
P1.22 Slaskie 76.3 | 0.206 | 244 | 4.5 0.232 | 18,600 | 0.451 | 0.278
PL31 Lubelskie 771 | 0.280 | 255 | 4.9 0.253 | 12,600 | 0.252 | 0.261
PL32 Podkarpackie 78.6 | 0421 | 231 |26 0.183 | 12,700 | 0.256 | 0.270
PL33 Swietokrzyskie 771 | 0.280 | 260 | 3.1 0.230 | 13,100 | 0.272 | 0.259
PL34 Podlaskie 771 10280 | 26.1 | 3.7 0.291 | 13,000 | 0.268 | 0.279
PL41 Wielkopolskie 77210290 | 23.4 | 3.7 0.205 | 19,300 | 0.470 | 0.303
PL42 Zachodniopomorskie 767 | 0.243 | 239 |32 0.203 | 15,100 | 0.344 | 0.257
PL.43 Lubuskie 76.3 | 0206 | 20.6 | 2.8 0.153 | 15,000 | 0.341 | 0.221
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PL51 Dolnoslaskie 76.9 0.262 | 25.1 41 0.234 | 20,100 | 0.490 | 0.311
PL52 Opolskie 77.2 0.290 | 20.9 3.1 0.162 | 14,500 | 0.323 | 0.248
PL61 Kujawsko-Pomorskie 76.9 0.262 | 20.7 3.9 0.173 | 14,800 | 0.334 | 0.247
PL62 Warminsko-Mazurskie 76.3 0.206 | 20.7 2.8 0.155 | 12,900 | 0.264 | 0.203
PL63 Pomorskie 77.9 0.355 | 26.7 5.8 0.284 | 17,300 | 0.414 | 0.347
AT11 Burgenland (AT) 81.1 0.654 | 15.8 10.1 0.212 | 23,300 | 0.566 | 0.428
AT12 Niederosterreich 81 0.645 | 17.6 12.0 0.268 | 27,900 | 0.658 | 0.484
AT13 Wien 80.1 0.561 | 30.6 19.0 0.557 | 42,300 | 0.870 | 0.648
AT21 Kirnten 81.7 0.710 | 17.3 13.0 0.281 | 28,400 | 0.667 | 0.510
AT22 Steiermark 81.8 0.720 | 17.5 13.1 0.285 | 30,700 | 0.707 | 0.525
AT31 Oberosterreich 81.4 0.682 | 17.2 12.7 0.275 | 34,500 | 0.766 | 0.524
AT32 Salzburg 82.2 0.757 | 21.8 13.0 0.340 | 40,200 | 0.844 | 0.601
AT33 Tirol 82.4 0.776 | 191 13.4 0.311 | 35,800 | 0.785 | 0.575
AT34 Vorarlberg 82.3 0.766 | 19.0 14.5 0.328 | 35,600 | 0.782 | 0.582
SKO1 Bratislavsky kraj 78.1 0.374 | 37.5 7.1 0.448 | 49,000 | 0.946 | 0.541
SKO02 Zapadné Slovensko 76.8 0.252 | 16.6 2.6 0.097 | 18,800 | 0.456 | 0.224
SKO03 Stredné Slovensko 76.2 0.196 | 18.8 2.5 0.124 | 15,900 | 0.371 | 0.208
SKO04 Vychodné Slovensko 76.2 0.196 | 17.5 1.9 0.097 | 13,800 | 0.298 | 0.179
SI01 Vzhodna Slovenija 79.5 0.505 | 23.5 10.9 0.168 | 18,100 | 0.437 | 0.333
S102 Zahodna Slovenija 81.7 0.710 | 32.9 14.0 0.379 | 25,900 | 0.620 | 0.551

Note: LE in the years, TE and LL in the thousands of inhabitants, GDP/c in PPS.

Source: authors” own according to Eurostat (2016)
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APPENDIX 2
The development of NRHDI in period 2004 -2013

Zf; Region 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
CZ01 | Praha 0.603 | 0.602 | 0.596 | 0.610 | 0.630 | 0.633 | 0.620 | 0.639 | 0.599 | 0.630
CZ02 | Stéednf Cechy 0.282 | 0.281 | 0.279 | 0.294 | 0.331 | 0.321 | 0.318 | 0.354 | 0.350 | 0.357
CZ03 | Jihozdpad 0.309 | 0.304 | 0.297 | 0.319 | 0.325 | 0.325 | 0.308 | 0.348 | 0.355 | 0.361
CZ04 | Severozpad 0211 | 0.204 | 0.195 | 0.196 | 0.224 | 0.219 | 0.224 | 0.245 | 0.237 | 0.224
CZ05 | Severovichod 0.288 | 0.313 | 0.299 | 0.303 | 0.315 | 0.311 | 0.312 | 0.337 | 0.347 | 0.370
CZ06 | Jihovjchod 0.362 | 0.368 | 0.350 | 0.359 | 0.371 | 0.368 | 0.349 | 0.367 | 0.377 | 0.407
CZ07 | Stiedni Morava 0.300 | 0.310 | 0.307 | 0.309 | 0.324 | 0.285 | 0.312 | 0.322 | 0.314 | 0.305
C7Z08 | Moravskoslezsko 0.259 | 0.272 | 0.256 | 0.266 | 0.264 | 0.277 | 0.271 | 0.302 | 0.309 | 0.313
HU10 | Kozép-Magyarorszag | 0-415 | 0.420 [ 0391 [ 0.391 | 0.393 | 0.404 | 0.386 | 0.363 | 0359 | 0.397
HU21 | Kézép-Dunantdl 0.214 [ 0.212 | 0.178 | 0.175 | 0.181 | 0.156 | 0.178 | 0.160 | 0.164 | 0.178
HU22 | Nyugat-Dundntdl 0.254 | 0.241 | 0.220 | 0.208 | 0.214 | 0.220 | 0.204 | 0.201 | 0.188 | 0.200
HU23 | Dél-Dunantal 0.180 | 0.191 | 0.146 | 0.130 | 0.146 | 0.140 | 0.149 | 0.145 | 0.136 | 0.140
HU3L | Eszak-Magyarorszag | 0-114 | 0.132 [ 0.076 | 0.026 | 0.066 | 0.026 | 0.095 | 0.022 | 0.043 | 0.051
HU32 | Bszak-Alfold 0.153 | 0.152 | 0.134 | 0.109 | 0.115 | 0.125 | 0.134 | 0.121 | 0.125 | 0.144
HU33 | DelAIfod 0.184 | 0.184 | 0.168 | 0.149 | 0.157 | 0.151 | 0.160 | 0.132 | 0.138 | 0.154
PL11 | Lodzkic 0.229 | 0.241 | 0.190 | 0.169 | 0.169 | 0.175 | 0.198 | 0.169 | 0.150 | 0.211
PL12 | Mazowicckic 0.362 | 0.410 | 0.328 | 0.348 | 0.338 | 0.349 | 0.357 | 0.328 | 0.322 | 0.453
PL21 | Malopolskic 0.344 | 0.299 | 0.324 | 0.312 | 0.304 | 0.337 | 0.340 | 0.317 | 0.318 | 0.342
PL22 | Slaskic 0.294 | 0.287 | 0.258 | 0.254 | 0.239 | 0.250 | 0.263 | 0.230 | 0.227 | 0.278
P31 | Lubelskic 0.239 | 0.241 | 0.209 | 0.209 | 0.183 | 0.205 | 0.212 | 0.201 | 0.214 | 0.261
PL32 | Podkarpackic 0.246 | 0.234 | 0.229 | 0.236 | 0.213 | 0.229 | 0.236 | 0.218 | 0.213 | 0.270
PI33 | Swictokrzyskic 0.279 | 0.250 | 0.232 | 0.239 | 0.228 | 0.257 | 0.242 | 0.222 | 0.224 | 0.259
PL34 | Podlaskic 0.254 | 0.258 | 0.216 | 0.232 | 0.224 | 0.235 | 0.248 | 0.243 | 0.235 | 0.279
PL4l | Wielkopolskic 0.292 | 0.290 | 0.265 | 0.268 | 0.259 | 0.268 | 0.268 | 0.252 | 0.254 | 0.303
PL42 | Zachodniopomorskic | 0193 | 0271 [ 0175 [ 0179 | 0.169 | 0.168 | 0177 | 0.156 | 0.150 | 0.257
PL43 | Lubuskic 0.256 | 0.256 | 0.238 | 0.237 | 0.225 | 0.236 | 0.264 | 0.226 | 0.237 | 0.221
PL51 | Dolnoslaskic 0.313 | 0.306 | 0.318 | 0.315 | 0.291 | 0.325 | 0.357 | 0.338 | 0.332 | 0.311
PL52 | Opolskic 0.287 | 0.255 | 0.268 | 0.279 | 0.264 | 0.300 | 0.292 | 0.282 | 0.265 | 0.248
PL61 | Kujawsko-Pomorskic | 0258 | 0.249 | 0.238 | 0.221 | 0.226 [ 0.243 | 0.251 | 0.247 | 0.242 | 0.247
PL62 | Warminsko-Mazurskic | 0227 | 0.221 | 0.211 | 0.209 | 0.204 | 0.223 | 0.238 | 0.219 | 0.219 | 0.203
PL63 | Pomorskic 0.278 | 0.311 | 0.276 | 0.272 [ 0.269 | 0.313 | 0.319 | 0.295 | 0.295 | 0.347
AT11 | Burgenland (AT) 0.478 | 0.448 | 0.483 | 0.494 | 0.479 | 0.513 | 0.482 | 0.477 | 0.461 | 0.428
AT12 | Niederosterreich 0.499 | 0.542 | 0.514 | 0.516 | 0.513 | 0.509 | 0.506 | 0.494 | 0.497 | 0.484
AT13 | Wien 0.577 | 0.653 | 0.600 | 0.615 | 0.615 | 0.615 | 0.584 | 0.570 | 0.578 | 0.648
AT21 | Kirnten 0.520 | 0.541 | 0.508 | 0.533 | 0.520 | 0.512 | 0.501 | 0.492 | 0.488 | 0.510
AT22 | Steiermark 0.545 | 0.558 | 0.554 | 0.569 | 0.541 | 0.563 | 0.539 | 0.543 | 0.555 | 0.525
AT31 | Oberdsterreich 0.529 | 0.570 | 0.548 | 0.555 | 0.573 | 0.551 | 0.538 | 0.518 | 0.533 | 0.524
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AT32 | Salzburg 0.562 | 0.604 | 0.555 | 0.564 | 0.590 | 0.585 | 0.563 | 0.556 | 0.565 | 0.601
AT33 | Tirol 0.560 | 0.579 | 0.572 | 0.578 | 0.576 | 0.604 | 0.564 | 0.540 | 0.541 | 0.575
AT34 | Vorarlberg 0.583 | 0.598 | 0.592 | 0.605 | 0.604 | 0.628 | 0.591 | 0.590 | 0.597 | 0.582
SKO1 | Bratislavsk{ kraj 0.525 | 0.557 | 0.530 | 0.553 | 0.527 | 0.449 | 0.496 | 0.516 | 0.507 | 0.541
SK02 | Zapadné Slovensko | 0-218 | 0231 [ 0210 [ 0.214 | 0.206 | 0202 | 0.209 | 0.215 | 0.206 | 0.224
SK03 | Stredné Slovensko 0.227 | 0.238 | 0.204 | 0.190 | 0.196 | 0.196 | 0.213 | 0.203 | 0.190 | 0.208
SK04 | Vichodné Slovensko | 0176 | 0.177 [ 0.159 [ 0.161 | 0.170 [ 0.165 | 0175 | 0.178 | 0.161 | 0.179
SI01 | Vzhodna Slovenija 0.431 | 0.374 | 0.424 | 0.433 | 0.428 | 0.431 | 0.427 | 0.407 | 0.402 | 0.333
SI02 | Zahodna Slovenija 0.597 | 0.579 | 0.620 | 0.622 | 0.616 | 0.622 | 0.599 | 0.591 | 0.573 | 0.551

Source: authors” own
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The measurement of human development using the Ward

Ingrid Majerova, Jan Nevima method of cluster analysis
APPENDIX 3
Created clusters of V4 + regions taking into account the four inputs between the years 2004-2013 (by method
Within groups linkage)
NUTS IT Cluster (period) NUTS IT Cluster (period)
SKO01 cluster 1 PL51 cluster 1
SKo02 cluster 1 PL52 cluster 1
SKO03 cluster 1 PL61 cluster 1
SK04 cluster 1 PL62 cluster 1
Cz01 cluster 1 PL63 cluster 1
CZ02 cluster 1 HU10 cluster 1
CZ03 cluster 1 HU21 cluster 1
CZ04 cluster 1 HU22 cluster 1
CZ05 cluster 1 HU23 cluster 1
CZ06 cluster 1 HU31 cluster 1
CZ07 cluster 1 HU32 cluster 1
CZ08 cluster 1 HU33 cluster 1
PL11 cluster 1 AT11 cluster 2
PL12 cluster 2 AT12 cluster 2
PL21 cluster 1 AT13 cluster 2
PL22 cluster 1 AT21 cluster 2
PL31 cluster 1 AT22 cluster 2
PL32 cluster 1 AT31 cluster 2
PL33 cluster 1 AT32 cluster 2
PL34 cluster 1 AT33 cluster 2
PL41 cluster 1 AT34 cluster 2
PL42 cluster 1 SI01 cluster 2
PL43 cluster 1 S102 cluster 2

Source: authors” own
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