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Abstract

The human factor has become one of the most important resources during the twenty-first
century. Knowledge that creates and operates technological development has gained
outstanding importance out of the other production factors. The expanding importance of the
human factor can be largely demonstrated by the fact that nowadays one unit of human
resource is able to move ever-growing amount of resource value in the production, and it is
able to create ever-increasing production value than before. Consequently, the development
level of human resources (DHR) is crucial regarding the performance of economic units,
settlements, regions and countries. The DHR strongly influences the size of the created value,
the level of development of a given area and its development potential. The first question of
this research is which criteria can be used to measure the level of development of human
capital. The second question is how the regions can be grouped based on the DHR.
Geographically the research covers the countries of Visegrad. This article aims to introduce a
new Human Development Index based on multivariate statistical methods. The regions of the
countries of Visegrad were chosen as subjects to analysis, because these countries have been
co-operating for centuries in the spheres of the economy, culture, politics and trade. The
common socio-political history, interlinked history and their simultaneous accession to the
European Union raise many questions. What kind of similar attributes of DHR can be
detected resulting from this multi-dimensional interlinkedness? Are there any similarities
reaching beyond borders, or differences contrary to the closeness of these countries?

Osszefoglalas

A XXI. szazadban az emberi tényezd valt az egyik legfontosabb erdforrassa. A technologia
fejlodésével, az azt Iétrehozd és miikodtetd tudas kiemelkedett a termelés tényezoi koziil. Az
emberi tényezd szerepének novekedése legfoképp abban mutatkozik meg, hogy egy egysége
napjainkban egyre nagyobb eréforras értéket képes a termelésben megmozgatni és egyre
nagyobb termelési értéket képes eldallitani, mint kordbban. Az emberi eréforras fejlettsége
tehat fontos szerepet jatszik egy gazdalkodd egység, egy telepiilés, egy régio, egy orszag
teljesitményében. Jelentosen befolydsolja a Iétrehozott érték nagysagat, a vizsgalt teriilet
fejlettségét és fejlodési lehetdségeit. A kutatas el0szor azt a kérdést vetette fel, hogy milyen
ismérvek mentén mérheté a humantdke fejlettsége. Tovabba azt is vizsgalta, hogy az emberi
er6forras fejlettsége alapjan, hogyan csoportosithatok a régiok. A tanulmany, melynek
vizsgalati terlilete a Visegradi orszag-csoport régioi, Kisérletet tesz egy Uj humanfejlettségi
index kidolgozasara, mely figyelembe veszi a vizsgalt terilet sajatossagait. Az index
kidolgozasa tobbvaltozos statisztikai modszereken alapul, tovabba 6tvozi az UNDP altal
szamitott HDI mutat6 és a KSH altal kidolgozott MHFM mutat6 elonyeit.

Introduction

In regional science, the recognition of knowledge as the key factor in regional development
started only at the beginning of the nineties. However, human resources appeared already in
the seventies as one of the endogenous factors defined by the endogenous development
theory. Later, Romer (1990) *, who is one of the most important representatives of the “new
(endogenous) growth theory”, highlighted in his growth theory the importance of creation of
knowledge. The argument of Romer was that knowledge is a determining form of capital and
economic growth depends primarily on the level of the accumulation of knowledge. One of
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the most important attributes of knowledge-based economies is that creation and employment
of knowledge constitute the essence of the value creation process. The concentration and
qualitative characteristics of human capital can largely determine the opportunities of a given
region. Both the attraction of highly qualified people (Zucker and Brewer, 1998) and the
general standard of human capital (Glaeser et al., 1992) are key elements among the external
effects of knowledge. These processes are especially true for urban regions (Jacobs, 1969),
where actors of the economic sector have broad opportunities to expand their relationships,
hence innovations and new ideas can be realized faster. Economic development can be
understood as a structural change with changing qualitative conditions. So development is a
qualitative transformation which generates better conditions for the operation of the economy
and improves economic competitiveness. Growth is based on four basic segments: population,
natural resources, capital stock (domestic and foreign) and technology. Growth is a
quantitative change, since its characteristics and level depend on its elements and it can be
measured by the quantitative changes of its elements. Each segment can be described by
different indicators. Human population can be described by the number of inhabitants in a
given region and its changes (natural increase and population growth rate) or the level of the
migration (emigration-immigration) (Lengyel-Rechnitzer, 2004). The analysis of human
resources cannot be limited to the examination of only one indicator like the change in the
number of inhabitants. This is only component which influences a region’s human resources.
Human resources, which can be featured by the population and its changes, by the different
components of the population, out of which the level of education and the quality of
knowledge ie. the qualification is the most important. Additionally, human factors can be
analyzed by the size of the labour force, the level of activity, the structure of employment and
its changes and realignment. Apart from human factors, quality of life can influence the
development of human resources in a region. Nowadays, it is obvious that the cultural level of
the population of a region or the activity level of the civil society or the attachment to the
region is a core element of development. Life circumstances and its territorial specifics, which
can be described by incomes, consumption and settlements’ institutional infrastructure, are
also relevant components of the human capital. Furthermore, the network of knowledge and
knowledge transfer, that is the different educational levels (elementary, secondary, higher)
and R&D (research and development) and the existence of their institutions and experts play a
remarkable role to develop the human resources of settlements and regions. Finally, the milieu
of innovation of a settlement as an environment and inspiration for renewal can be understood
as a so called “human resource shell” (aura), which is permanently present and influences the
life of settlements (Rechnitzer, 2008).

Measure of development of Human Capital in practice

It can be seen that defining the level of development of human resources is very complex.
Several analyses pursued to measure it. Human Development Index (HDI) is one of the
definitions and it comes from the United Nations Development Programme (UNDP), and it
takes into account some key components to measure the development level of human
resources of the countries of the World. One of the components of the HDI is the Gross
Domestic Product (GDP) per capita, which indicates the life circumstances and level of
economic development. (Nagy-Kaposzta, 2006) The other component of the HDI is life
expectancy at birth which indicates the health conditions of the population. The third
component of the HDI demonstrates the quality of education. The latter component integrates
two indicators: adult literacy rate and schooling rate (rate of enrolment of pupils at school).
The Hungarian Central Statistical Office (HCSO) developed the Modified Human
Development Index. The component indices of the MHDI are: the taxable income per capita,



the percentage of the graduates among people aged 25 years and over and the life expectancy
at birth. All three components have the same weight in the composite indicator. The MHDI is
suitable for monitoring and evaluating the development of countries, regions, counties and
micro-regions in the long run. In the case of developed, primarily European countries, the
MHDI is more relevant to provide a method for quantitative measurement of the quality of
life as compared to the UNDP’s index applied for all countries of the world which adopts the
characteristics of the less developed countries as well.

The MHDI uses the taxable income (TI) per capita instead of the GDP per capita, because this
data is available at micro-regional and even on settlement level every year. GDP as an
indicator is calculated only at county and regional level. Nevertheless, strong correlation can
be found between the GDP per capita and the TI per capita at regional and county level. The
percentage of the graduates among people aged 25 years and over is applied as educational
indicator, since the adult literacy index is probably almost 100% in the developed or European
countries. Life expectancy at birth is the most reliable and precise indirect indicator to
describe the public health conditions (J6zan, 2008).

Data and methods

Following the model of Janos Rechnitzer (2008) the data has been collected from the database
of the EuroStat®. Since principal component analysis requires that there should be five times
more cases than the number of variables, we could use only limited number of indicators. As
a starting point, we used 13 indicators for the 35 regions (Table 1.). All the indicators are
relative indicators, whereby the different sizes of the regions do not influence the results. The
indicators were processed only after standardization, in order to avoid the mistakes coming
from the different units and sizes. Five indicators characterize the human factors, two
indicators describe the quality of life and two-two indicators describe the standard of life, the
network of knowledge and the innovation milieu respectively.

Table 1.
Dimensions of the human Indicators
resource

- Unemployment rate (15 years and over) %

- Employment rates (15 years and over) %

- Population aged 15 and over tertiary education %

- Students in tertiary education (ISCED 5-6) - as % of the
population aged 20-24 years

- Pupils and Students in all levels of education (ISCED 0-
6) - as % of total population

Human factors

- Internal regional migration, excluding intra-regional

Quality of life migration per 1000 inhabitant

- Net regional migration, excluding intra-regional
migration per 1000 inhabitants

Standards of life - Life expectancy at given at birth
- Gross domestic product (GDP) Euro per inhabitant

2 http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database



- Employment in technology and knowledge-intensive

Network of knowledge sectors %

- Lifelong learning - participation of adults aged 25-64 in
education and training

- Human Resources in Science and Technology percentage

Innovation milieu of total population

- Total R&D personnel and researchers percentage of total
employment

Source: own editing

Beyond descriptive statistical tools the methods of principal component analysis and cluster
analysis were used in the research. The principal component analysis is used for compacting
the information stored in the variables into few uncorrelated factors without losing too much
content (Kovacs — Lukovics, 2006). This method is excellent to carry out statistical analysis in
a transformed smaller dimension without wasting useful data. This method can be used
efficiently if there are numerous stochastically strongly correlated variables which contain
redundant information (Ketskeméty, 2005). Cluster analysis is a multivariate statistical and
data segmentation method which is suitable for grouping data into homogenous groups. The
aim of cluster analysis is to class the examined cases in homogenized groups based on chosen
variables. These examined cases have to be similar in one group and have to differ from the
other groups (Szelényi, 2009).

Results

Only nine indicators met the criteria related to multiple normality, homoscedasticity, linearity
and multicollinearity necessary for conducting principal component analysis. The primary
goal of the observation is to compact the information stored in the nine indicators used in the
analysis into less, uncorrelated variables. Having fewer variables is useful when
demonstrating the findings of the analysis, hence it improves perspicuity and interpretation.
After running principal component analysis, the variables of all the six years were grouped
and integrated into three factors in a way that on the one hand the greatest proportion of the
common variance of the variables is explained, and on the other hand the eigenvalues of all
the three factors is higher than 1. The explained common variance is more than 90% in all the
six years, which means that the three factors could well preserve the information stored in the
nine variables chosen by the analysis.

The communality of all the nine indicators in all the six years is more than 0.9 except for a
few cases. Communality is a coefficient of multiple determination from which the multiple
correlation coefficient can be calculated. This coefficient shows the strength of connection
between the factors as explaining variables and the original variables as criterion dependent
variables. It confirms that the three factors compacted the information stored by the nine
indicators well.

If we examine which indicators determine the value of the factors, we will know which
attribute or characteristic of the region is described by a given factor. The variable content of
the three factors is similar in all the observed six years, and the variables that determine the
value of the factors with the highest loadings are identical in all the six years. There is a
discrepancy however, that the first two factors which defines the common variance of the
variables in roughly identical proportion, change places in the second three years of the
analysis. We paid attention to this during the analysis. The variable “Internal regional



migration” has the highest loading in determining the value of the third factor in all the six
years. The value of the factor increases if the number of emigrants increases in a region. This
factor is called “Migration factor”. The first two factors explain more than 75% of the
common variance of the original variables in all the observed years. In the first three observed
years, the value of the first component is explained by the indicators of “Population aged 15
and over tertiary education” and “Student in tertiary education as % of the population aged
20-24” with almost identical loadings. Besides, also the indicators of “Total R&D personnel
and researchers percentage of total employment” and “Human Resources in Science and
Technology percentage of total population” have factor loadings higher than 0.7 in the value
of the factor. Consequently, the first factor can be called the “Qualification factor” of
human resource. In the second observed three years, the value of the principal factor is
determined mainly by the indicators of “Employment rates” and “Employment in technology
and knowledge-intensive sectors” (both indicators having factor loadings higher than 0.95).
Hence, this factor can be considered the “Employment factor” of human resource. (Table 2)

Table 2.
Rotated Component Matrix, 2002.

Component
1 2 3
Zscore: Population aged 15 and over tertiary education - levels 5-6| 0,953( 0,240| 0,041

Zscore: Students in tertiary education (ISCED 5-6) - as % of the | 0,923(-0,200|-0,239|
population aged 20-24 years

Zscore: Total R&D personnel and researchers percentage of total | 0,870( 0,411| 0,131
employment

Zscore: Human Resources in Science and Technology percentage | 0,754( 0,611| 0,004
of total population

Zscore: Gross domestic product (GDP) Euro per inhabitant 0,740( 0,586| 0,152
Zscore: Employment rates (15 years and over) % 0,146( 0,974(-0,042
Zscore: Employment in technology and knowledge-intensive 0,179 0,955| 0,004
sectors

Zscore(migr) Internal regional migration, excluding intra-regional | 0,158( 0,186| 0,934
migration per 1000 inhabitant

Zscore: Life expectancy at given at birth 0,273 0,499|-0,753

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 4 iterations.
Source: own calculation and editing based on EUROSTAT, 2002-2007

One of the aims of the research was to group the observed regions by the development level
of human resource. On the basis of the hierarchical clustering, four distinctive groups can be
formulated.(Table 3)



Table 3
Cluster member ship of the regions, 2002-2007.

Country | Region Cluster | Country | Region Cluster
SK Bratislavsky kraj 1|PL Dolnoslaskie 4
HU K&zép-Magyarorszag 1|PL Kujawsko-Pomorskie 4
CZ Praha 1|PL Lodzkie 4
Cz Jihovychod 2|PL Lubelskie 4
Cz Jihozépad 2|PL Lubuskie 4
CZ Moravskoslezsko 2|PL Malopolskie 4
CZ Severovychod 2|PL Mazowieckie 4
Cz Severozapad 2|PL Opolskie 4
Cz Stredni Cechy 2|PL Podkarpackie 4
Cz Stredni Morava 2|PL Podlaskie 4
SK Z&padné Slovensko 2|PL Pomorskie 4
HU Dél-Alfold 3|PL Slaskie 4
HU Dél-Dunantul 3|SK Stredne Slovensko 4
HU Eszak-Alfold 3|PL Swietokrzyskie 4
HU Eszak-Magyarorszag 3|SK Vychodné Slovensko 4
HU K6zép-Dunantul 3|PL Warminsko-Mazurskie 4
HU Nyugat-Dunantul 3|PL Wielkopolskie 4

PL Zachodniopomorskie 4

Source: own calculation and editing based on EUROSTAT, 2002-2007

The first cluster is a knowledge creator cluster. The regions belonging to this cluster have
highly qualified human resource and outstanding scientific culture. These regions are
characterized by high employment level, high living standards and high number of emigrants.
This cluster involves the Czech, the Hungarian and the Slovakian capitals with the
surrounding regions. The reason for the fact that the region of Mazowieckie around the Polish
capital is not the member of this cluster is that due to its huge territory it is not capital-centred
contrary to the other three countries. Besides Warsaw there are other big cities also with
similar attributes, e.g. Gdansk, Krakow, Poznan. Despite the high emigration, the net
migration rate is positive. GDP per capita in the cluster is twice that of the second cluster, and
three times higher than the average value of the third and fourth clusters’. According to
Martin’s grouping (2005) this cluster can be called knowledge-centre cluster, where the
“production of knowledge” prevails robustly. Furthermore, the central social, economic and
public administrative processes are also concentrated in these regions, which phenomenon is
probably further strengthened by the disproportionate usage of EU funds by these regions.

The members of the second cluster are efficient regions that adopt and apply knowledge.
In these clusters it is not knowledge creation that constitutes the main source of
competitiveness, but the efficient application of adopted knowledge. In the regions belonging
to this group the rate of emigration is low, the net migration is positive and life expectancy at
birth is high. High life expectancy at birth and low rate of students indicate the problem of
aging population. Furthermore, this is the cluster where the share of graduates and the rate of
students in tertiary education are the lowest. In the regions of this cluster, the average level of
employment can be considered good, it almost reaches the value of the first cluster’s, and the
GDP per capita is 1.5 times higher than the average value of the third and fourth clusters’.
However, the level of unemployment is double the first cluster’s average level, i.e. 8.11% of



the economically active population is unemployed. Seven Czech regions and the Zapadne
Slovensko region belong to this cluster.

In the third cluster there are knowledge adopter, depressive regions. In the regions
belonging to this cluster either there are no efforts made to improve human resources, either
the return on investments is low. This cluster is characterised by poor qualified human
resource and underdeveloped scientific culture. The number of graduates, the number of
students in tertiary education and the rate of students are only higher than the second cluster’s
relevant figures. In these regions, the level of employment is low as compared to the other
regions in question. Six Hungarian regions belong to this cluster. In these regions migration
propensity is high and life expectancy at birth is low. The attractiveness of these regions is
low and the negative migration balance is the highest compared to the other regions.

The members of the fourth cluster are knowledge adopter, steady regions. The cluster is
featured by applying the adopted knowledge with medium efficiency. In the cluster, the
human resource is highly qualified with developed scientific culture, but the employment rate
and the living standards are low. All the Polish regions and two Slovakian regions are situated
in this cluster. The rate of emigrants is low and life expectancy at birth is high in the regions
belonging to this cluster. The attractiveness of these regions is nonetheless low, which is
demonstrated by the negative migration balance, contrary to the low level of emigration.

We concluded that cluster membership did not change in the examined six years. It does not
mean that the development level of these regions’ human resources did not change, not even
that the differences between development levels were locked. One may only draw the
conclusion that the regions belonging to a given cluster went through similar development
paths concerning their human resources in the examined years. In the spheres of regional
science it can be deemed unusual that the formulated cluster margins hardly cross country
borders, but in this case it can be rationally explained. The research has employed the factors
of human resource as determinants of spatial organization, which are strongly influenced by
national traditions, religion, historical traditions, the political system and other attributes that
are strongly associated to the national demarcations. (Table 4)

Table 4
Final Cluster Centers, 2007.
Cluster
1 2 3 4
Employment and living conditions 1,37949| 1,14053| -0,95512| -0,41844
Qualification and scholarship 2,32874| -0,92291| -0,27020( 0,11213
Negative quality of life, depression 1,03746| -0,06603| 1,65251| -0,69440

Source: own calculation and editing based on EUROSTAT, 2002-2007

Analysing and illustrating the dynamics of the factor values of the clusters it can be seen that
the values of the clusters are reflections of each other. Since the membership of the clusters
did not change in the examined period, the fact above proves that the relative position of the
clusters changed.

The level of qualification of human resources and the application of the accumulated
knowledge in innovations and R&D are the highest in the three capitals making up the first
cluster. The latter ability of the cluster was constantly improving during the examined period.



The decreasing value of the “Qualification factor” shows that in this aspect the advantages of
capital regions slightly decreased as compared to the other regions. In this cluster (except for
the Central Hungary Region) the employment rate and GDP per capita was the highest and
they improved in all the six years analysed. However, its position started to deteriorate from
2006 as compared to the other clusters. Despite outstanding level of qualification and
employment circumstances, human resource is characterized by the second highest emigration
rate. Depicting the factor, one can see that emigration increases from 2004.

One can see on the graphs that the factor values of the fourth cluster are almost the reflections
of the first cluster’s. The value of the “Qualification factor” of the fourth cluster — which
involves the Polish and the Middle and Eastern Slovakian regions — is the second highest
among the clusters, and it increased during the first five years, and then slightly decreased by
2007. The employment rate of the cluster increased and it changed the cluster’s ranking from
the last to the third place concerning this indicator. Migration is low and decreasing in the
fourth cluster, which is explained by the improving employment and living conditions.

In the regions of the second cluster the value of the “Qualification factor” is the lowest out of
the four clusters and it decreased slowly in the first five years, then in 2007 the value started
to increase. In the regions of the second cluster high, but smoothly declining employment rate
can be observed. The low migration propensity started to rise rapidly from 2004 in the cluster.
In the third cluster (the Hungarian regions) the value of the “Qualification factor” is low and
decreasing, and the value of the “Employment factor” is low and drops sharply from 2003,
which is due to the fact that foreign capital employing low-qualified labour force is gradually
leaving the regions. Consequently, in these regions the rate of emigration is the highest, which
nevertheless improves slightly from 2005 as compared to the other clusters. (Graph 1.)
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Graph 2.
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Three factors in regions

In the three factors produced by the principal component analysis, the variables have different
loadings, so the factors describe different attributes of the human resource of the regions in
question. If we observe the ranking of the regions on the basis of the three factors, one can see
that there is a very weak correlation between the ranking positions. Just to mention some
examples, in the Middle Czech Region (Stredni Cechy) the level of employment is high, the
qualification level of the human resource is low and the rate of emigrants is high. In the
region (Mazowieckie), surrounding the Polish capital, the human resource is highly qualified,
the level of employment can be deemed average as compared to the other regions, but low
level of emigration can be observed. In the Central Hungary Region, the human resource is
well qualified with average employment rates, and the rate of emigrants is high.

Human Index

On the basis of the afore-mentioned findings, we concluded that there is a need for an
indicator that takes into account all the three dimensions of human resource. Factor analysis is
usually the first step of a strategy of an analysis. Three methods developed in practice with
regards to the employment of the findings. One of these methods is the method of factor
value, which directly uses the factor values produced by the analysis. The second method is
the method of aggravated scale, which integrates the original variables into one variable based
on the factors given by the analysis. Finally there is the substitution method, which substitutes
given factors with the variables that correlates with them the most. (Sajtos — Mitev, 2007) By
reason of the afore-mentioned, we have chosen the variables that have factor loadings higher
than 0.9 in the factor value. Since there is only one variable that has factor loading higher than
0.9 in the case of the third factor, we substituted this factor with the standardized value of that
variable. The developed three factors measure the employment rate, the qualification and the
migration of the human resource of a given region. Taking the average of the three new
factors we obtain such an integrated indicator that describes all the three attributes. To
compute the index the results of the analysis of variance can be used as loadings. The
development level of human resource is determined by the computed factors with a loading
equal to the percentage of the total variance of the examined variables explained by the factor
value. On the strength of this, the calculation of the index is based on the following formula:

FAC, -VAR, + FAC, -VAR, + FAC, -VAR,
VAR, +VAR, +VAR,

where: FAC;: value of the first factor
FAC,: value of the second factor
FAC; value of the third factor
VAR; the fraction which is determined by the first factor from all of the variances
VAR; the fraction which is determined by the second factor from all of the variances
VAR3 a the fraction which is determined by the third factor from all of the variances

HI =

The established ranking based on this index shows that the capitals and the regions
surrounding them have the most developed human resource. In this ranking the region around
the Polish capital is already situated next the other three capitals on the 4™ and 5" place. The
sequence produced by the above illustrated human index and the relative changes in the
regions’ placements call for further analysis, which exceeds the scope of this research.



Graph 4
Regions in order of Human Index 2002-2007
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Summary

During the research we first tried to define the attributes along which development level of
human resource of a region can be described. We found that only few dimensions are not
sufficient to describe the development level of the human capital, since it is a complex
production factor with numerous features influencing the ability of value creation. Beyond the
level of knowledge and the adaptation ability, it is crucial to take into account the human
resource’s capability of income generation, the general heath conditions, the quality of life
and the standards of living. By the means of principal component analysis, we have chosen
those indicators that we considered the most representative and then we created three factors
out of them. The factors describe the ,,Qualification”, the ,,Employment” and the ,,Migration”
aspects of human resource. We carried out the analysis using the data of the years from 2002
on for six years, and we received the same three factors for all the six years. By the means of
cluster analysis, the thirty-five regions were grouped into four clusters along the three factors.
The demarcation between the groups is based on the similarities and differences of human
resources, and not primarily on the development level of human resources. We differentiated
the knowledge creator, the efficient knowledge adopter, the depressive knowledge adopter
and the steady knowledge adopter clusters on the basis of the characteristics of human
resource. Cluster margins are almost identical with the country borders in all the six years,
which is due to the fact that the characteristics of human resource are strongly linked to the
historic, political and national attributes.

The final aim of the research was to create a new Human Development Index which is based
on the results of the principal component analysis. Based on this new index, we compiled the
human development ranking of the regions of the countries of Visegrad. Though our analysis
is suitable to conduct temporal comparison with the findings in the given six years and for the
given regions, the research is only valid to type and rank the regions of the Visegrad countries
on the basis of the development level of their human resource. We plan to compare the above-
described ranking with the regions’ competitiveness ranking and to explore the connections.
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