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Abstract. Human resources are the key factor in the development of countries and regions. They 
affect the prosperity and competitiveness of the countries and regions. The purpose of the study was 
to assess the human resource potential in the V4 countries and to identify the groups of regions that 
share similar socio-demographic characteristics. Changes in these characteristics were tracked in 
the years of 2000, 2008, 2016 at the NUTS II level. Hierarchical cluster analysis was utilised as the 
main research method in order to identify the groups of regions where measures need to be taken 
to maintain regional development. We found out that the best conditions for the potential of human 
resources are concentrated mainly in metropolitan areas. On the other hand, there are regions that 
do not make sufficient use of their potential in the area of human resources development, e.g. the 
region of Východné Slovensko. It is the region with future prospects of human resource potential 
In the future it is necessary to remove shortcomings and low human resources potential in low-
performing regions. 

Keywords: human resources, regional development, regional disparities, Visegrad Group, demo-
graphic indicators, social indicators, labour market.
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Introduction

Human resources and their potential are vital for economic and social development of econo-
mies and their regions as they can make a  considerable impact on their macroeconomic 
performance. Habánik et al. (2019) claim that there are several factors that affect economic 
growth of countries, such as trends in the development of demographic, political, legisla-
tive, cultural, commercial, and natural conditions. These general factors and trends drive 
the development in the V4 countries and their regions, too. The V4 countries exhibit fairly 
large disparities in economic and social development, and thus in their regional economic 

mailto:eva.koisova@tnuni.sk
https://orcid.org/0000-0003-1701-4217
https://orcid.org/0000-0001-9202-0735
https://orcid.org/0000-0002-5721-4662


Journal of Business Economics and Management, 2021, 22(4): 1026–1046 1027

performance. They, according to Mariš (2014), may also exist due to spatial relations among 
the regions as they affect the location of production factors. The data on regional develop-
ment serve to prompt development impulses to the lagging regions. There are several barriers 
to the development of the EU regions, such as imperfect mobility of factors of production, 
goods and information as well as barriers associated with demographic trends. 

In this regard, it is important to select the right indicators or the set of indicators to 
measure and evaluate regional and spatial structure, its changes and development (Hamada 
& Kasagranda, 2014). First, gross domestic product (GDP) is used to compare the regional 
competitive performance. It is also the key indicator when the decisions on the eligibility of 
drawing the EU financial resources for regional development are made. Regional develop-
ment, however, is not determined by economic indicators alone. GDP creation will not do 
without human resources that are critical for both social and economic development. Voj-
tovic and Krajnakova (2013), however, claim that it can be assumed that economic develop-
ment and labour market trends do not reflect directly the pace of economic development and 
do not show the causal relationship between the economic growth and unemployment rates 
in a comprehensive manner. Recently, many European countries, including the V4 countries, 
have been facing worrisome demographic and social trends, which will sooner or later trig-
ger an economic slowdown. The Visegrad Group is a grouping of four Central European 
countries engaged in non-institutionalized cross-border cooperation. Thus, the grouping has 
no institutionalized structures (Valuch et al., 2011). The V4 are the neighbouring countries 
linked due to geographic proximity (Klus, 2015). They, however, have not been character-
ized by historical, cultural and economic proximity (Kuźnar, 2018). Visegrad countries had 
to change from a system of planned economies to free-market economies at a similar time, 
and at the same time, they joined the European Union (Bieszk-Stolorz & Dmytrów, 2020).  
The V4 was not created as an alternative to the Pan-European integration efforts, nor does 
it try to compete with the existing European structures. On the contrary, the Group aims at 
encouraging cooperation with all countries and other regional groupings (Visegrad Group, 
2016). If counted as a single nation state, the V4 would be the fifth largest economy in Europe 
and twelfth globally (Hahn, 2013).

The purpose of the study was to assess the human resource potential in the V4 countries 
and to identify the groups of regions that share similar socio-demographic characteristics. In 
addition, the development of socio-demographic characteristics was tracked in 2000, 2008 
and 2016. Hierarchical cluster analysis was employed as the primary research method to 
identify the groups of regions in which similar measures can be implemented in order to 
sustain regional development. Based on the research results, several measures that could 
contribute to the development of human potential in the regions were put forward. 

The paper is organized into several sections. The first section addresses the theoretical 
background related to the issue of human resources and their potential. The second section 
provides information on the research methods, research design and data sources. In the third 
section, the conditions for the human capital development in the V4 regions in 2000, 2008 
and 2016 are evaluated. The concluding section summarizes the key findings and provides 
suggestions for decision makers. 
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1. Theoretical framework

Economic development is closely linked to human resources (Diebolt & Hippe, 2019; 
Novikov et al., 2020). The quality and development of human resources depend not only on 
the organizations they work for but also on the state as the creator of conditions for sustain-
able economic development (Mihalčová et al., 2007). Zurn et al. (2004) maintain that eco-
nomic, sociodemographic, cultural and geographical factors contribute directly or indirectly 
to shaping and transforming the entire society and hence the workforce. The economic and 
social development of economic units goes hand in hand with the development of regions 
and human potential. Economic growth is a multidimensional process, and a part of a clear 
connection between the size of population, capital resources, investment or technical prog-
ress (Bolińska et al., 2019).

Majerová (2019) maintains that differences in the level of the socio-economic indicators 
should be maintained within sustainable limits for the sake of the welfare of the country as 
a whole. The analysis of these indicators may serve as the basis for development policy on 
the regional level. Regional development is a holistic process aimed at achieving progress in 
economic, social, cultural and environmental areas. In terms of social and economic condi-
tions, regional development relies on the potential of regions in the areas of human resources 
and employment, research and innovation capability, business sphere and institutional ar-
rangements, competencies and resource allocation, infrastructure, etc. The quality of hu-
man resources is affected by the development of the human capital which depends on such 
directions of a state policy as improvement of education systems, increases in the income 
of the population, optimization of migration policy, improvement of social and economic 
infrastructure, development of social partnership and initiatives of the enterprise, support of 
development of civil society (Tchanturia et al., 2015). Human capital raises the standard and 
quality of life of people. It is especially true when investment is made in intellectual activi-
ties promoting education (Sahadev & Demirbag, 2011; Karamessini, 2008), health, research-
related knowledge acquisition and dissemination (Blažej, 2004), ICT, citizens’ safety, busi-
ness and economic freedom as well as culture, art and other components of economic and 
social life (Tchanturia et al., 2015). The development of human capital is also promoted by 
the development of digital technologies, which are already transforming the essential social 
services, such as education and health care and how people interact with their governments 
(Chaaben & Mansouri, 2017). In the modern information society, people play an increas-
ingly important role (Novikov et al., 2020). Promotion and use of digital technologies cre-
ates previously inaccessible opportunities for improving the organization of work processes, 
increasing productivity rates and labour efficiency, which naturally leads to the fact that 
human capital in all its dimensions starts to act as the most important value of the society 
(Ivanova & Zaretsky, 2019). Digitalisation of the economy has both positive (creation of new 
jobs and occupations, development of human resources) and negative effects on the labour 
market (shortage of highly qualified personnel with digital skills, job cuts) (Astafurova et al., 
2019). Digital technologies as well as digital services change the rules of employment and 
the requirements of competences, knowledge, skills and attitudes of employees (Chinoracký 
& Čorejová, 2019). Digitalisation accelerates the transformations of the labour market and 
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accentuates the flexibility in the form of individually tailored temporary work and service 
contracts, freelance work and multiple jobs (Vasilescu et al., 2020). The impact of digitalisa-
tion on the labour market is addressed by several authors (e.g. Larsson & Teigland, 2020; 
Martinák, 2020; Mayerová & Hyžová, 2019 and others).

Regional development experts agree that human resources are the key to the develop-
ment of countries and regions (Gennaioli et al., 2013; Liptáková, 2007). Human resources 
set the production resources in motion, determine their use and impact the resulting output 
(Naydenov, 2019). Thus, human resources are the key player in the further development and 
economic growth. Moreover, they affect the prosperity and competitiveness of the countries, 
regions and enterprises (Akócsi et al., 2012; Diebolt & Hippe, 2019; Lelek, 2014). Likewise, 
Vilinová and Repaská (2018) claim that human resources are an irreplaceable part of the so-
cio-economic potential of regional development. In the region, human resources are applied 
as a carrier of socioeconomic activities, which are performed in the area, and they influence 
and transform it, but at the same time, the area relationships and connections influence the 
effectivity of the economic activity.

Concerning this, it is important to track the existing circumstances and their changes 
or to monitor inequalities in the distribution of population and its demographic and social 
characteristics being the major constraints of regional development. This view also supported 
by Kasanická and Czaková (2009) who hold that population dynamics is one of the most 
important factors affecting the long-term regional sustainability. Therefore, it is necessary 
to track its components (natality, mortality, immigration, emigration) since all of them re-
flect certain trends in the development of regions. Grmanová et  al. (2018) maintain that 
a balanced demography and population structure are essential for any economy to thrive. 
In terms of the research of demographic factors in human resources, the following indi-
cators are mainly examined: population, migration, population age structure, educational 
structure of population, employment, social structure and social integration, etc. (Hübelová, 
2014; Vilinová & Repaská, 2018). With regard to reproductive behaviour, fertility, mortality 
and abortion rate are looked at. Currently, the trends of aging population and its serious 
socio-economic implications are closely watched and analysed. Population aging alters the 
structure of population and its age composition with an increasing share of elderly people 
aged 85 and above. For the purposes of measuring the quality of human resources, the in-
dicator of educational attainment is used. Lelek (2014) notes that the share of people having 
completed tertiary education is of particular significance for the development of countries 
and regions. The data on educational attainment are often used as the indicator of human 
capital and individual level of competence. They describe the levels of skills associated with 
particular levels of education, which are available in both the population and the labour 
market (Bobáková, 2018). Qualified people are expected to contribute with their activities 
and knowledge to sustainable development. Ulewicz and Blašková (2018) argue that sustain-
able development requires knowledge management be approached as the element of creating 
regional competitive advantages. 

Demographic changes affect the labour market, too. Tuleja et al. (2006) argue that the 
demographic structure of population and the labour market rank among the most accurate 
indicators of the socio- economic situation of populations. Employment rate is a standard 
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and widespread indicator of the labour use and labour market functionality. It is expressed 
as the proportion of employed people in the working age population. Economic policies 
of all countries attempt to increase employment rate and decrease unemployment rate. 
High long-term unemployment has also negative implications for labour markets. The 
situation in labour markets can impact the factors such as income, standard of living of 
citizens and employers of regions, and can also boost the overall performance of regions. 
That is why the issue of regional disparities in labour markets has been attractive for many 
authors, such as Rajčáková and Divinský (1995), Havierniková and Janský (2014). The issue 
of labour market disparities is addressed by Székely (2001) and Bezák (2001). The labour 
market situation in the V4 countries was examined by Potužáková (2012), Kotýnková and 
Kubelková (2012), Klimko (2015), Bakó and Lakatos (2016), Fazekas and Köllõ (2017), 
Kostrová (2018), Lewandowski and Magda (2018), Duszczyk and Matuszczyk (2018) and 
many other authors.

In order to evaluate similarities or differences in the human resource potential of the 
V4 regions, the method of cluster analysis was used. Cluster analysis has been widely used 
by many researchers. Shubat et al. (2017) used cluster analysis to assess the demographic 
potential of Russian regions. Zhang and Li (2014) used cluster analysis to identify Chinese 
provinces and to investigate the qualitative characteristics of the given populations. Lv 
et al. (2011) examined the clustering of multiple lifestyle risk factors and their association 
with socio-demographic characteristics. Havierniková et al. (2018) examined the issues of 
clustering in various fields of industry in Slovakia and Poland. There are big disparities 
among the regions of the European Union, which widened after the 2004 enlargement. 
This fact was pointed to by Del Campo et  al. (2008) in their research study titled The 
Socioeconomic Diversity of European Regions. The study aimed to analyse this diversity 
and to propose a classification of European regions that is adjusted to the different axes of 
socio-economic development and, simultaneously, is useful for the purposes of European 
regional policy. Multivariate cluster analysis was also used by Laboutková et  al. (2016) 
who identified relations between the degree of decentralization and economic imbalance. 
Palevičienė and Dumčiuvienė (2015) claim that an increasing share of EU budget devoted 
to Regional Policy draws big attention of economists who are analysing the impact of the 
structural support on economic growth. Some research states, that increasing the size of 
the structural funds allows the poorer regions to catch up faster with the richer regions 
(Arcalean et al., 2012). 

2. Methodology

To assess the human resources potential in the Visegrad Four regions, the following socio-
demographic indicators were used: fertility rate, infant mortality rate, median age of popula-
tion, proportion of population aged 85 years and more, age dependency ratio (population 
aged 0‒14 and 65 and more to population aged 15‒64), tertiary education, employment rate, 
long-term unemployment rate, income. The data available from 2000 to 2016 for all 35 re-
gions of the Visegrad Four at NUTS 2 level were used in the research. The factor data were 
taken from the Eurostat database and their sources are listed in Table 1.
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Table 1. Sources of used databases and data

Factor Unit Source (Eurostat)

1. Median age of population Year [demo_r_pjanind2]
2. Proportion of population aged 85 years and more Percentage [demo_r_pjanind2]
3. Age dependency ratio Percentage [demo_r_pjanind2]
4. Fertility rate Number [demo_r_frate2]
5. Infant mortality rate Rate [demo_r_minfind]

6. Tertiary education (levels 5‒8)  
(Population aged 25‒64) Percentage [edat_lfse_04]

7. Employment rate Percentage [lfst_r_lfe2emprt]
8. Long-term unemployment rate Percentage [lfst_r_lfu2ltu]
9. Income (Income of households) Euro per inhabitant [nama_10r_2hhinc]

A cluster analysis was employed to assess differences or similarities in the V4 regions. 
Cluster analysis belongs to multi-dimensional exploration techniques, by which subjects are 
grouped into groups – clusters – based on their similarities and differences. The clusters are 
formed in a way to achieve the greatest possible similarity among subjects within a cluster 
and at the same time to achieve the greatest difference between subjects in different clusters. 
The method is based on the classification of statistical sample variables into clusters in such 
a way that the variables belonging to one cluster are very similar from the viewpoint of the 
characteristics monitored, and the variables belonging to different clusters are significantly 
different (Stankovičová & Vojtková, 2007; Řezanková et al., 2007). The distance between the 
objects is expressed by various ways. One of them is the Euclidean distance (Minařík et al., 
2013). The individual countries were classified into clusters on the basis of the standardized 
squared Euclidian distance:
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Euclidean distance or geometric metric is one of the most used distance metrics. It is 
probably the most frequently used metric that represents the length of the hypotenuse of 
a rectangle and its calculation is based on the Pythagorean theorem. It is expressed by the 
formula 
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and represents the standard type of distance. In the research study, the metric of Euclidean 
distance is employed as the methods of hierarchic clustering are appropriate for this type of 
research. 

Cluster analysis allows us to use a great number of input data with the only limits being 
their accessibility and consistency. The output from hierarchical clustering is a dendogram 
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that shows the identified clusters of regions (Kožiak et al., 2014). Since the clusters of regions 
so identified share similarities, it can be deduced they also face similar difficulties and prob-
lems that need to be tackled in order to improve their social and demographic characteristics 
to catch up with better performing regions. 

Furthermore, differences in the level of selected indicators in the Visegrad Four regions 
were looked at. Statistical indicators to monitor the observed phenomenon variability by 
means of setting the minimum, maximum, average, variation range and variation coefficient 
were used. To find out how the values in statistics file are similar or different, we determined 
the variability degree by means of a variation range: 

 v max minR x x= − . (3)

The variation coefficient is used to compare the variability of files with different diameters 
and is set as:
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A simple arithmetic mean is described by following relationship: 
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where n – the number of observations; i = 1,2,3 ... n.

3. Results and discussion

In the paper, similarities and differences of the Visegrad Four regions have been examined 
and assessed. First, a cluster analysis has been applied to assess similarities of the regions. 
Next, variability indicators have been used to assess regional differences in the V4 countries.

3.1. Assessment of similarities across the V4 regions using a cluster analysis

Cluster analysis allows us to identify the groups of regions that have the best or worst condi-
tions to develop their demographic potential (Shubat et al., 2017). Three years from the time 
series from 2000 to 2016 were chosen to be analysed. 

For the time series was long, three years were selected to monitor changes in the regions 
and their clustering with changing input factors. The first year analysed was 2000. The first 
year in the 2000–2016 time series gives a picture of the initial situation in the regions. Before 



Journal of Business Economics and Management, 2021, 22(4): 1026–1046 1033

2000, Visegrad countries went through difficult times and had to take measures to stabilize 
economy. In 2000, several effects of the measures adopted could be seen. V4 economies 
began to stabilize and reached macroeconomic balance. The world economy of 2008 faced 
a severe global economic downturn which also affected Central Europe and V4 economies, 
which struggled with its effects. As a result, changes in the market of goods and services as 
well as socio-demographic changes in the labour market occurred. The last analysed year was 
2016. It was the year of growing economic performances in V4 countries which were slowly 
approaching the performances of the developed countries EU.

First, correlating factors were excluded. Then, the following nine factors were selected 
and used to perform the cluster analysis: median age of population, proportion of popu-
lation aged 85 years and more, age dependency ratio (population aged 0‒14 and 65 and 
more to pop. aged 15‒64); fertility rate; infant mortality rate; tertiary education; long-term 
unemployment rate; income; employment. Next, the cluster analysis was performed using 
the STATISTICA software and regional similarities or differences in clusters were identified. 
Then, the trends and regrouping of regions into other clusters in the years under analysis 
were established. 

To make the data on the factor development more comprehensible and precise, the de-
velopment of the maximum and minimum values, variation range, and variation coefficients 
of the indicators were examined for 2000‒2016. The data obtained were used to evaluate the 
development of regional disparities in the V4 regions. Moreover, similarly developed regions 
in terms of human resource potential in selected socio-demographic factors were identified. 
In the concluding section, several measures to decision-makers were proposed. 

3.1.1. Year 2000

In 2000, the V4 were not the members of the European Union. All four countries aspired 
to become the members of the European Union, perceiving their integration in the EU as 
a step forward in the process of their integration, and political and economic orientation 
towards the values of the European Union. It was not easy for the countries to meet the pre-
accession criteria as they were the economies which were changing from a centrally planned 
economy to a market economy. All these facts were reflected in their social and demographic 
development. 

A dendrogram for 2000 (see Figure 1) shows two basic clusters. 
The first cluster contains the Polish region of Opolskie and two Hungarian regions of 

Dél-Alföld and Dél-Dunántúl. Compared to other regions, they are primarily similar in lower 
employment rates (from 53.1% to 55.9%) and lower incomes. They also share similarities in 
fertility rate and median age.

Other regions are located in the second big cluster. The second cluster contains four 
sub-clusters – there are all the metropolitan regions in the right cluster: the Polish region of 
Mazowieckie, the Czech region of Praha, the Slovak region of Bratislava and the Hungarian 
region of Közép-Magyarország. They share high employment rate, high salaries (from € 8,900 
to € 11,200) and the high percentage of population with completed tertiary education. On the 
other hand, these regions show less favourable values in fertility rate, age dependency ratio 
and high proportion of population aged 85 years and more. 
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Next to this cluster, there is a cluster containing as many as 21 Visegrad Four regions. 
The average age of the population in these regions ranges from 33 (Warminsko-Mazurskie) 
to 38.7 (Nyugat-Dunántúl) and their fertility rates have average values. High infant mortality 
also poses a problem (e.g. Slaskie 10.1; Nyugat-Dunántúl 10; Dolnoslaskie 9.5).

The third cluster is the stand-alone region of Východné Slovensko with the highest long-
term unemployment rate (14.1%), the lowest share of population with tertiary education, the 
highest infant mortality rate, and the lowest values of average age. 

The fourth cluster contains four Polish regions of Lubelskie, Podkarpackie, Swietokrzyskie, 
Podlaskie and two Hungarian regions of Észak-Magyarország and Észak-Alföld. These re-
gions are characterized by low incomes, higher values of long-term unemployment rate, high 
values of age dependency ratio, and higher values of fertility rate.

3.1.2. Year 2008

As a part of the European Union, the Visegrad Group achieved a relatively high economic 
growth, which was influenced by the positive development of foreign investment. In the 
second half of 2008, the economic recession began to be felt in the V4, which caused an 
economic downturn due to their strong connection to Western European countries, in which 
the crisis caused a significant decline in aggregate demand. Poland was not that negatively 
affected by the global crisis as the remaining V4 countries (the slowdown in growth only) 
for its large domestic market and less open economy. The crisis hit Hungary hardest which 
was also due to high government debt. This situation led to a decline in the employment rate 
and a rise in the unemployment rate. With regard to socio-demographic factors, the situation 
was different compared to 2000. The differences are listed in Figure 2.

Figure 1. Dendrogram – year 2000 
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The dendrogram shows two basic clusters. Two metropolitan regions of Praha and 
Bratislava are no longer included in the second big cluster as they formed a separate cluster. 
Income increased significantly to € 17, 000 in region of Praha and € 19,300 in the region of 
Bratislava. On the other hand, these regions are also similar in the low level of the fertility 
rate, although there was a slight improvement in this indicator compare to year 2000. There 
was also similar development in the age dependency ratio and the proportion of population 
aged 85 years and more. These indicators were almost not changed. All these facts contrib-
uted to the cluster creation in which they are two regions with the similar results of the 
mentioned indicators.

The second cluster contains four sub-clusters with the remaining regions. The first cluster 
is made up of the Polish region of Mazowieckie and the Hungarian region of Közép-Mag-
yarország. These are the metropolitan regions, which were incorporated in the cluster along 
with the regions of Praha and Bratislava in the previous dendrogram. Compared to other V4 
regions, they share higher incomes, higher percentage of population with tertiary education 
and better (lower) average ages than the regions of Praha and Bratislava. Age dependency 
ratio shows higher values even though decreased ones compared to 2000. Both regions re-
corded identical values in infant mortality despite a marked improvement compared to 2000. 

The region of Východné Slovensko formed a separate cluster again. The region has the 
lowest average age, the lowest proportion of population aged 85 years and more (0.8%), and a 
high fertility rate which can be considered to be the potential for its development. The region 
also recorded the highest infant mortality rate (9.5%), high long-term unemployment rate 
and low incomes. These findings show that this region needs more effective instruments of 
regional policy when compared to other V4 regions.

The third cluster contains the Hungarian regions of Dél-Alföld, Észak-Alföld, and Észak-
Magyarország that share low average age, high proportion of population aged 85 years and 

Figure 2. Dendrogram – year 2008
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more, the highest age dependency ratio (from 46.2 to 48.4%), lower percentage of people 
with tertiary education, the lowest employment rate and low incomes.

The fourth cluster is made up of the remaining 26 regions. The average age ranges from 
35.4 years (Podkarpackie) to 40.5 years (Dél-Dunántúl) while fertility rate has average values. 
Compared to 2000, positive values were achieved in tertiary education, long-term unemploy-
ment and household incomes in almost all the regions. In this period, the Euclidean distance 
decreases and so do the disparities among regions. 

3.1.3. Year 2016

In the post-crisis years, the V4 countries achieved favourable economic development, al-
though their economic growth was slower than before the crisis. There was only a  slight 
rise in the level of prices, and there was even a decline in prices in Slovakia and Poland (de-
flation). Favourable economic developments led to significant improvements in the labour 
markets. Employment rates went up, unemployment and long-term unemployment rates 
decreased (the regions of Stredné a Východné Slovensko showed the highest long-term un-
employment rates). In addition, the income level of population went up with a particularly 
high increase in the region of Bratislava. 

There are two main clusters with a reduced distance between each other in the dendro-
gram for 2016 (Figure 3). The first cluster is comprised of the three metropolitan regions 
(Czech, Slovak and Polish). The regions share high incomes (mainly the region of Bratislava: 
€ 24,000; region of Praha: € 19,500 and the region of Mazowieckie: € 17,800). Other similar 
interregional features include average age, fertility rate, high employment, low long-term 
unemployment rate and the high share of the population with tertiary education.

Figure 3. Dendrogram – year 2016 
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The second main cluster contains two sub-clusters. The first contains the Hungarian re-
gions only: Dél-Dunántúl, Észak-Magyarország, Észak-Alföld and Dél-Alföld. These regions 
share a relatively high average age (41 to 43.8 years), the lowest incomes, lower proportion of 
the population with tertiary education, lower employment rates and higher level long-term 
unemployment rates (from 2.5% to 4.00%). 

The remaining 28 regions are placed in the second cluster. Thus, improvements were 
recorded mainly in the factors of household income, employment, tertiary education, and 
infant mortality. The positive development of almost all factors was reflected in the increase 
of fertility rate (primarily in the Czech regions of Strední Čechy, Severovýchod, Severozápad, 
Jihovýchod, Jihozápad, but also in the Slovak region of Východné Slovensko, and the Polish 
region of Pomorskie). The Euclidean distance between the clusters was slightly larger.

The cluster analysis results are summarized in Figure 4.

Figure 4. Summary (comparison) of the cluster analysis results

The results of cluster analysis for the years 2000, 2008 and 2016 and their comparison 
suggest that the Slovak region of Bratislava and the Czech region of Praha achieved the best 
results in all the years under analysis. The worst situation was found to be in the region of 
Východné Slovensko. In 2008, however, there were as many as 26 regions in the big group of 
regions compared to 28 regions in 2016 (seven more regions than in 2000).

3.2. Assessment of differences in the indicators under examination in the V4 regions

The variability of each factor examined was also looked at in a detail: minimum and maxi-
mum values, variation range (Figure 5) and variation coefficient (Figure 6).

The graphs in Figure 5 show that the biggest differences in 2000 between the maximum 
and minimum value were recorded in long-term unemployment and infant mortality rate, 
which, however, decreased slightly by 2016. In all three years under examination, the low 
differences between the maximum and minimum value were in median age and age depen-
dency ratio. The tertiary education and income went up in all three years under examination, 
and so increased the differences between the maximum and minimum value in 2016 due to 
the income growth in the region of Bratislava.
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The development of the coefficient of variation shows that the differences are getting 
smaller in most of the indicators, except for two important demographic factors – infant 
mortality (a significant gap of the region of Východné Slovensko and the other regions) 
and  fertility (lower values are reached in the Polish regions whereas the remaining re-
gions experienced an increase in fertility), and age dependency ratio is almost left un-
changed.

Figure 5. Development of absolute differences in the indicators examined (%)

Figure 6. Development of the coefficient of variation in the indicators under examination (%)
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3.3. Summary of results and suggestions

Based upon cluster analysis we could identify group of regions in the V4 countries from 
the perspective of the nine selected indicators determining human resources potential. In 
order to better compare and identify differences, we performed analysis in three selected 
years what enabled us to observe development of the changes within the clusters for a more 
years and to place the particular region (regions) into the particular cluster respectively to 
change and move particular regions among particular clusters. This approach enables to take 
into consideration, when analysing interregional differences, also specificity of more regions 
which belong to the particular group and it is possible to expect similar causes and problems 
in human resources potential development lagging. Therefore, based upon the results of the 
cluster analysis evaluation we can recommend the group of measures which could be the 
most relevant for the use of particular groups of the regions and which could contribute to 
its sustainable development and decrease regional disparities.

In the context of the research study, it can be concluded that education is given much 
more attention.  In addition, there have also been provided optimum conditions for inclusive 
growth in the V4 countries. In the process of creating favourable conditions for inclusive 
growth, it is necessary to focus mainly on policies promoting equal access to education 
for persons with disabilities and marginalized groups. This is the area in which the Slovak 
regions (except for the region of Bratislava) and the Polish regions are not performing that 
well. The problem is mainly the little interest of citizens in education and training. Under the 
discussion, we suggest that the decision makers identify and differentiate entry conditions for 
learners’ progress and determine the process adaptation and procedures for creating condi-
tions for marginalized groups of students more precisely. In addition, the V4 policies should 
focus on the qualifications of those involved in teaching processes at all levels of education 
and create a more favourable climate and conditions for education, including the provision 
of teaching and learning equipment. It is also important to make the teaching profession 
more attractive and promising for the young generation. It does not only refer to higher 
educational attainments, but also to improved teaching and learning quality. 

The quality of education has a strong link to the labour market through the indicators 
of unemployment rate, employment rate, labour cost, or household income. In this context, 
the decision makers should help the business environment as much as possible to attract the 
right people for jobs, i.e. to attract well qualified people in sufficient numbers. The findings 
related to the employment variability measurements in the V4 regions indicate that the rela-
tive differences in employment rates grew smaller: the differences were the biggest in 2002 
and the smallest in 2016. From the regional perspective, the highest employment rates from 
2000 to 2016 were found to be in the regions around the Czech (the region of Praha) and 
Slovak (the region of Bratislava) capital cities. The employment rates in the Polish region of 
Mazowieckie and the Hungarian regions of Közép-Magyarország and Nyugat-Dunántúl were 
fairly high. Much lower employment rates were found in most Hungarian, Polish and Slovak 
(primarily the region of Východné Slovensko) regions. When creating the conditions for 
well-functioning labour markets, decision-makers should realize that entrepreneurs cannot 
change the legislation and policies related to their business environment. Decision makers 
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are not able to solve the labour market problems without considering the interests of entre-
preneurs. Thus, it is necessary to strengthen for instance the power of local business cham-
bers and entrepreneurial associations, and also to increase their engagement in tackling the 
problems and meeting the needs of local entrepreneurs. Business environment does not have 
a big impact on political decisions, yet there is room for a dialogue between entrepreneurs 
and decision makers or public sector in general. As the rate of economic growth is going up 
in the V4 countries, some sectors are facing labour shortages that put upward pressure on 
wages. Therefore, household income was looked at in the research study. The results indicate 
that there are profound differences in household incomes in the regions of the V4 countries. 
Generally, the highest household incomes are in the Czech Republic and Slovak Republic. 
From the regional perspective, the highest incomes per capita were in the region of Praha 
in 2000‒2006. Subsequently, the highest incomes were in the region of Bratislava reaching € 
24,000 per year in 2016 (€ 19,500 in the region of Praha in 2016). Far behind are the regions 
of Mazowieckie and Střední Čechy. The lowest income regions are the regions of Východné 
Slovensko, Podkarpackie from 2003, Észak-Alföld in 2011 and Észak-Magyarország in the 
following years. In 2000, the household incomes in the V4 regions ranged from € 4,400 
(Észak-Alföld) to € 11,200 (Praha), in 2016 from € 8,300 (Észak-Magyarország) to € 24,000 
per year (the region of Bratislava). Decision makers should be careful when it comes to 
income increase. Moreover, they should also encourage employers to give priority to hiring 
domestic labour. Foreign labour can contribute to economic growth now and in the years 
to come, but they should only help to fill job where there are shortages of workers. Other-
wise, foreign labour may increase competition for existing jobs and employers may have an 
opportunity to suppress wage growth. Therefore, decision makers and active labour market 
measures should, in the first place, focus on identifying and addressing additional barriers 
that job seekers face. 

It is not an easy task to examine the impact of social and demographic factors on regional 
development in terms of human resources due to nonconsolidated database and the choice 
of factors to be examined. The limitations of the study lie in the missing data, so the scope 
of factors under examination was constrained. Nevertheless, follow-up research activities can 
deepen and broaden the analysis of existing indicators by further relevant factors, and thus 
to deepen the existing knowledge on how the human resources potential contributes to the 
effective regional growth.

Conclusions

The perception of human resources in terms of regional development is one of the basic pri-
orities not only in the Regional Development Strategy of the Czech Republic (Ministerstvo 
pro místní rozvoj ČR, 2013), but also in the other three V4 countries. The importance of 
individual factors for regional development stems from the nature of human resources, which 
are an active player in further development and this makes them distinct from other factors 
of a passive nature. Human resources are able to transform other resources or are essential 
for their functioning (Národná stratégia regionálneho rozvoja Slovenskej republiky, 2010). 
Human resources and their potential for development are determined by social and demo-
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graphic factors. Therefore, demographic trends currently affect by a large number of qualified 
policy decisions in the areas of economics, social affairs, employment and education. The 
demographic profile of countries and regions is influenced by the past population trends, 
yet it is also one determining the future development and further development potential of 
territorial units and societies 

The aim of this research was to evaluate human resources potential with which V4 coun-
tries dispose and to identify group of regions which are the most similar from the social-de-
mographic perspective. In order to identify the group of regions, we used hierarchical cluster 
analysis which enabled us to identify the regions with the comparable results of the selected 
indicators, which are connected with the potential of the human resources. We performed 
analysis in three selected years (2000, 2008, 2016) which enabled us to observe changes in the 
development of the clusters in the particular regions. The regions were grouped based upon 
nine selected indicators connected with social and demographic human resources potential: 
median age of population, proportion of population aged 85 years and more, age dependency 
ratio, fertility rate, infant mortality rate, tertiary education, long-term unemployment rate, 
income and employment. 

The results of cluster analysis confirm that the best conditions for the potential of human 
resources are concentrated mainly in metropolitan areas (the Slovak region of Bratislava, the 
Czech region of Praha, the Hungarian region of Közép-Magyarország and the Polish region 
of Mazowieckie). The distribution of human resources in these regions is given by the long-
time process of their economic development. Their economic development is attractive for 
highly-qualified workforce that can make use of their potential in high-paying jobs. How-
ever, these regions are at risk of depleting available human resources and their potential. In 
addition, these regions are threatened by low fertility rate, especially in the region of Praha, 
high age dependency ratio and population aging (proportion of population aged 85 years 
and more). Metropolitan regions are the natural drivers of the economy of a given state due 
to their massive urbanization, and consequently the great concentration of human resources. 

On the other hand, there are regions that do not make sufficient use of their potential in 
the area of human resources development. The lowest values were recorded in the region of 
Východné Slovensko, Czech regions of Moravskoslezský, Severozápad, the Hungarian regions 
of Észak-Alföld, Észak-Magyarország, Dél-Alföld and the Polish regions of Swietokrzyskie, 
Podkarpackie and Opolskie. These regions have to overcome economic and structural prob-
lems. The most critical situation is in the region of Východné Slovensko, which is struggling 
with long-term unemployment, high infant mortality and low incomes. As already men-
tioned, this is a problematic region that really needs effective regional policy instruments. 
The region, however, has a strong potential in terms of fertility rate, average age and tertiary 
education. These are the factors creating conditions for the human resources development 
in the region. From the geographical point of view, it is known that poor regions are much 
more likely to escape the poverty trap if they are surrounded by rich regions. 

In order to stop adverse processes in the lagging regions, there must be more job op-
portunities. Regarding human resources, the quality of education plays an important role. 
Highly skilled and educated people are more adaptable to changes and better paid in the la-
bour market. Removing shortcomings and low human resources potential in low-performing 
regions is the mission of public administration and decision makers. 
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Even though the research was done early 2019, the research findings can be of use for 
researchers investigating the issue of regional development and regional disparities. In the 
research, relevant information and results are provided on which further work, not only in 
terms of demographic and social changes, can be build.  

Limitations and future research

The work has some limitations which are mainly connected to the data drawn from Eurostat 
databases. Some indicator data were not available for certain years, and thus the most recent 
data could not be worked with. With regard to national statistical data, they are not compat-
ible and difficult to obtain. This makes the use of national statistical data complicated.  

Social, demographic and economic profile of countries and regions provide ample op-
portunities to research additional issues related to human resources development. In the 
future, it is intended to extend the existing research to other EU countries and to monitor the 
changes brought about by digitalisation. Additionally, the need for further education which 
would be instrumental in regional development and reduction of disparities is also intended 
to be examined. Last but not least, the effects of the aforementioned on the development 
potential of the regions in the EU should be investigated. 
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