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ABSTRACT
Objective: The objective of the article is to identify the groups of regions characterised by a similar level of
human capital determinants and investigate the relationship between cluster-based human capital determinants and economic development.
Research Design & Methods: We analyse key demographic, health, educational, labour, technological, and
cultural determinants of human capital and the level of regional economic development. The research covers
the period 2004-2019 for 14 Czech and 16 Polish regions. We apply k-means clustering improved by PCA using
data for human capital determinants. To verify significant differences between distinguished clusters, we apply the Kruskal-Wallis test. To assess the interdependence between human capital determinants and regional
economic development, we use Spearman rank correlation.
Findings: We distinguish three clusters for Czechia and four clusters for Poland that differ significantly in terms
of human capital determinants level. Moreover, we show that both Czech and Polish clusters significantly
differ in the median level of GDP per capita. It implies the existence of interdependence between human
capital determinants and economic development. We reveal a positive and significant relationship between
GDP per capita and life expectancy, higher education rate, economic activity rate, and Internet access, and a
negative and significant relationship between the number of library users and the regional economic development. The results are consistent for Czechia and Poland.
Implications & Recommendations: Our study could create a new perspective for discussing similarities and
differences in regional human capital development. The results could help decision-makers to identify the regions that need the most to stimulate the human capital determinants to reduce the differences in human
capital, and in the long-term perspective, it might contribute to the regional economic development growth.
Contribution & Value Added: Most studies analyse the relationship between human capital and economic
growth and development using data for given regions or countries separately. Our contribution is that we first
distinguish clusters representing regions with similar human capital levels. Then, based on cluster data, we assess
the relationship between the human capital determinants and economic development. To the best of our
knowledge, there have been no similar regional research studies conducted to daye, including Czechia and Poland.
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INTRODUCTION
Economic development is a topic broadly discussed by numerous economic scholars. Over the years,
it evolved into an individual economic discipline. However, according to scholars such as Hicks and
Streeten (1979) and Sen (1980), global development goals were connected mainly to economic indicators, including Gross National Product. But the effects of Sen and other thoughts contributed to an
update in the meaning of development. Since the 1980s, the development of humans and their capabilities is considered the main objective of development. Amartya Sen’s philosophy of human capabilities (Sen, 1980) was widely accepted by the international community and, in fact, contributed to the
official UN Human Development Index establishment. Nevertheless, as argued by others (Stewart, Ranis & Samman, 2018), improved human capital is essential for sustainable economic growth.
Although the implementation of human capital into development studies does not have a longlasting history, the idea of human capital is quite old. Sir William Petty (1623-1687) was the first one
who tried to define and measure human capital. He believed that labour as the “father of wealth”
should be measured and incorporated into national wealth estimation (Folloni & Vittadini, 2010). Human capital was introduced and popularised as a concept in economic literature by Mincer (1958),
Schultz (1961), and Becker (1964). According to them, human capital is created by people equipped
with scientific knowledge and skills that can be used to create and use innovations in the economy and
to improve practical activity. Others identify human capital as intellectual capital that originates in such
attributes as knowledge, skills, relationships, and attitudes (Kianto, Saenz & Aramburu, 2017; Wang &
Cuervo-Cazurra, 2017; Yusoff, Jantan & Ibrahim, 2004). Jabłoński (2021) claims that terminological inconsistencies accompanying human capital and appearing among representatives of various economic
schools result from different theoretical traditions on which these researchers base their discussions.
Diebolt’s and Hippe’s (2019) conclusions to a certain extent raise the question whether human
capital is the determinant of global growth or is it economic growth that determines human capital
development. The endogenous growth theories (Lucas, 1988; Romer, 1986) assume intangible assets
to be the fuel of economic growth. However, Mincer (1996) argues that human capital is both the
factor and effect of the growth, while Ahmad and French (2011) conclude that an increase in income
growth is followed by improved human capital (Ahmad & French, 2011).
Knight, Loayza, and Villanueva (1993) find that human capital positively affects economic growth.
Herbst (2009) claims that human capital significantly influences economic development, including by
increasing the capacity of regional economies to absorb and generate technological innovations and
improving the region’s attractiveness. Access to human capital fosters regional economic development
and growth (Lucas, 1988). Accumulation and quality of human capital are considered the key factors
of economic growth (Mincer, 1981; Lucas, 1988; Barro, 1991; Mankiw, Romer & Weil, 1992; De la
Fuente & Doménech, 2006; Erosa, Koreshkova & Restuccia, 2010; Gennaioli et al., 2013a; Manuelli &
Seshadri, 2014; Balcerzak, 2016, Grzeszczyk, 2020; Shachmurove & Zilberfarb, 2020).
In the European context, many studies evaluate European regions from the perspective of human
capital (Cuaresma et al., 2018; Laskowska & Dańska-Borsiak, 2017; Martín & Herranz, 2004; Pater &
Lewandowska, 2015). This article aims to identify the groups of regions characterised by similar human
capital indicators for Czechia and Poland separately. We analyse key demographic, health, educational,
labour, technological, and cultural determinants of human capital, including migration balance, life
expectancy, higher education, economic activity, Internet access, and library users. To our knowledge,
there are no other studies using such a broad set of human capital indicators. The literature review
presented in the next section confirms that the analysed human capital determinants were properly
selected. Based on principal component analysis (PCA) and k-means clustering, we identify the groups
of regions characterised by a similar human development status. Moreover, we apply the Kruskal-Wallis test to assess the existence of significant differences between clusters and analysed human capital
determinants. Furthermore, we add GDP per capita as a key factor differentiating clusters. Then, based
on distinguished clusters, we assess the relationship between analysed human capital determinants
and GDP per capita by applying Spearman’s rank correlation coefficient.

Interdependence between human capital determinants and economic development…

| 175

Most studies analyse the relationship between human capital and economic growth and development using data for given regions or countries separately (Azam, 2019; Egert, Botev & Turner, 2020;
Gruzina, Firsova & Strielkowski, 2021; Xu & Li, 2020). Our contribution is that – contrary to those studies
– we first distinguish clusters representing regions with similar human capital levels, and then based on
cluster data, we assess the relationship between the human capital determinants and economic development, measured by GDP per capita. Tano (2014) claims that regional differences in economic growth
and welfare are rooted in the spatial distribution of human capital. To the best of our knowledge, there
have been no similar regional research studies conducted yet, including Czechia and Poland.
The article could help decision-makers identify the regions that most need to stimulate human
capital determinants.
The agenda of our article is as follows. The next section will present a review of the scientific literature on human capital determinants, research hypotheses. The posterior section will set out the
study’s aim and desribe the material and research methods used. The subsequent section will present
the empirical findings and discussion, and the final section will offer our conclusions.
LITERATURE REVIEW
Regions tend to differ due to the spatial unevenness of economies of scale and market forces, in which
agglomeration effects lead to a strong concentration of capital and labour in some regions (Biscaia et al.,
2017; Kijek & Matras-Bolibok, 2019). Mitigating economic differences between various regions is not
only the task of national and regional governments but also a common approach to regional convergence
in the European Union (Alcidi, 2019; Kijek & Matras-Bolibok, 2020). The European Union applies a complex set of measures to improve the European regions’ economic performance and limit existing regional
disparities. The cohesion (regional) policy targets business competitiveness, sustainable development,
job creation, economic growth, and citizen’s quality of life (UNESCO, 2017). The policy itself much attention to human capital development support, mainly by employing two main investment funds: European
Social Fund and European Regional Development Fund. Scholars continue a heated discussion about
whether the cohesion policy has statistically significant impacts on cohesion (Piętak, 2021).
In the first half of the twentieth century, neoclassical economists identified three factors related to
growth: land, capital, labour. In the 1950s, the Solow-Swan model identified those factors as insignificant
to technological progress (exogenous), which was a pulling factor of US economic growth (Piętak, 2014).
The narrow concept with the only important factor of technological advancement was extended by a list
of endogenous factors such as education, quality, and diversity of institutions, along with capital flow,
technology, ideas, investments, and human capital (Barro & Sala-i-Martin, 1992; Piętak, 2014; RoszkoWójtowicz et al., 2019). Since the 1980s, human capital has gained importance in neoclassical (Jorgenson
& Fraumeni, 1992) and endogenous growth models (Lucas, 1988; Romer, 1986).
The World Bank report (2010) identifies that 60-80% of total country wealth is created by intangible
capital, dominated by human capital over the quality of institutions and historical and geographical legacy. In countries that belong to the Organization for Economic Cooperation and Development (OECD),
the intangible capital is considered to be the only significant factor of production. Those findings lead to
recommendations that human capital investments are a crucial component of the development process.
Since Becker (1964), human capital use and measuring have developed. Currently, the human capital
concept is not only used for national growth (at the macro level) but also for corporate purposes (microlevel; Bryl & Truskolaski, 2017; Buzavaite & Korsakiene, 2019; Graczyk-Kucharska & Erickson, 2020). The
macro-level measuring methodologies and approaches are divided into two basic categories: direct and
indirect measurements. While the indirect approach assumes that current human capital value equals
the future discounted value of capital stocks benefits, the direct approach measures stock of human
capital based on information on various components via (i) cost-based method, (ii) lifetime income-based
method, and (iii) indicator-based method. Alternatively, Liu and Fraumeni (2020) divide human capital
measuring methods into monetary- and index-based. The indirect indicator/index-based approach is employed in this article as this approach employs a variety of proxy indicators (United Nations, 2016).

176 |

M. Wielechowski, D. Cherevyk, K. Czech, P. Kotyza, Ł. Grzęda, L. Smutka

Statistics Poland identifies six groups of human capital indicators: (i) demography, (ii) health, (iii)
education, (iv) labour market, (v) culture, and (vi) science, technology, and innovation. Statistics Poland employs a combination of various related groups supported by the literature. Education and
health proxies are common and the most popular (Lim et al., 2018; UNDP, 2020; World Bank, 2021).
The Global Human Capital Index published by World Economic Forum also includes education (capacity), labour market (deployment), and science, technology (know-how; World Economic Forum,
2017). Demography, including immigration, is considered an important factor by the United Nations
(2016) as it defines newcomers as new human capital assets. According to Bucci and Segre (2011),
culture belongs to the endogenous drivers of economic growth, being complementary to human
capital. We decided to use six group categories (education, demography, culture, labour market,
health, science, and innovations) employing six relevant proxies to identify differences in human
capital formation and its effects on regional GDP formation.
Migration leads to the inflow of human capital assets, but also on the contrary, it could result in
capital outflow (United Nations, 2016). Migration theory by Sjastaad (1962) compares the utility between given locations. The propensity of migration is positively correlated with human capital performance (Faggian & McCann, 2006). The outcome of personal, household, and region of residence
characteristics are significant in modelling the decision to migrate (Ritsilä & Ovaskainen, 2001). In this
regard some groups of the population are more sensitive to the living and working environment. First
of all, it is typical for well-educated youth (Tvaronavičienė et al., 2021) whose perception of wellbeing should be measured with special attention to prevent the negative consequences in demographic sphere. Human capital migration is most often analysed in terms of push and pull factors
(Zikic, 2015). Abel and Deitz (2012) reveal only a minimal relationship between the production and
stock of human capital in a region. They argue that it is migration patterns that influence the regional
structure of human capital. Other studies’ results show that the relationship between internal migration and economic growth and development is ambiguous. Etzo (2008) and Bunea (2012) reveal the
significant and positive impact of migration on economic growth, while Kirdar and Saracoglu (2008)
and Hierro and Maza (2010) observe the opposite relationship, i.e. negative. Each 10% GDP increase
could cause a 0.6% decrease in net migration (Simionescu et al., 2016). Moreover, Wolszczak-Derlacz
(2009) finds no effect of internal migration on economic development in Poland. Borozan (2017),
based on Croatian counties’ data, shows that the migration flows do not significantly reduce regional
disparities in economic development. Based on the results of the above-presented studies, we formulate the following research hypothesis:
H1: Migration balance is positively correlated with the regional economic development level.
Life expectancy at birth is usually used as a proxy of health conditions (Weinberger, 2014). Sachs
(2001) proves that every improvement in the life expectancy of society increases economic growth.
Lorentzen, McMillan, and Wacziarg (2008) find that life expectancy improvements lead to faster economic growth. However, Acemoglu and Johnson (2007) show that longer life expectancy trigger more
rapid population growth but negatively affects income per capita. Based on the results of the abovepresented studies, we put forward the following research hypothesis:
H2: Life expectancy is positively correlated with the regional economic development level.
Many observe direct and indirect relationships between the state of education and economic development (Harbison & Myers, 1964; Wilson & Briscoe, 2004; Shafuda & De, 2020). Using evidence from
more than 1500 regions, Gennaioli et al. (2013b) conclude that regional education is the only critical
determinant of regional development. Bradley and Taylor (1996) show that the easier access to education and training redound to the regional human capital growth. The OECD data leads to conclusions that
one year of longer schooling increases GDP by 6% (Bassanini & Scarpetta, 2002). Faggian and McCann
(2008), prove on British regional data that higher education is a key factor favouring regional economic
development. However, Krueger and Lindahl (2001) illustrate that decreasing returns to education exist
in the latter stages of development. Universities and other high educational institutions affect regional
economic dynamics, contributing to new ventures and productivity improvements, but only if a region
can absorb high-skilled professionals. On the other hand, graduates could decide to migrate out of the
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region. Bennett, Glennerster, and Nevison (1995) claim that the inflow/outflow of graduates into/from
a given region indicates the extent to which a region is efficient in acquiring the new human capital. Based
on the results of the above-presented studies, we formulate the following research hypothesis:
H3: Higher education rate is positively correlated with the regional economic development level.
Indicators of employability or economic activity serve as a labour market proxy. Economic growth
and unemployment are interconnected (Soylu, Çakmak & Okur, 2018). Thus, the existence of Okun’s
law is broadly proved from a regional perspective (Freeman, 2000). Laureys (2014) notes that human
capital is eroded in times of high unemployment. Ngo et al. (2020) state that human capital and social
capital are individual-level important factors affecting employment transition status in rural areas.
Based on the results of the above-presented studies, we set the following research hypothesis:
H4: Economic activity is positively correlated with the regional economic development level.
Science, technology, and innovations are proxied by the indicator of Internet access. In particular, the United States of America promote Internet-related human capital, serving as an incubator
for new industries and a magnet to attract talents from around the globe (Manyika & Roxburgh,
2011). For developing countries, steep ICT development can enforce new impulses of economic progress (Bilan et al., 2019). Together with the latest available technologies available at schools, ICT
development can affect productivity growth (Máté et al., 2020). The World Bank and the OECD argue
that the increase of Internet access rate – as a human capital determinant – positively affects GDP
growth (Jiménez, Matus & Martinez, 2014). Based on OECD countries in 1996-2007, Czernich et al.
(2011) find that a 10 percentage point increase in broadband Internet penetration is linked to raised
annual per capita growth by 0.9-1.5 percentage points. On the contrary, Diebolt and Hippe (2019)
argue that technology is not increasing human capital. Still, human capital shall be understood as a
key factor explaining regional disparities in innovation. Based on the results of the above-presented
studies, we put forward the following research hypothesis:
H5: Internet access is positively correlated with the regional economic development level.
Sacco and Segre (2009) indicate the lack of research studies focusing on the culture’s impact on
economic growth. Bucci and Segre (2011) point out that culture may represent an important factor
in economic growth. Based on Statistics Poland publication, libraries and reading habits were used
as a proxy for the cultural dimension. Using contingent valuation methods, Stejskal, Hájek and Řehák
(2019) prove the benefits of public libraries in relation to costs to be fourfold and twelvefold in the
case of general libraries and libraries for kids, respectively. Moreover, public libraries often serve as
community centres enhancing human capital improvement by facilitating an individual’s lifelong
learning process (Lo & Stark, 2020). Libraries offer cheap or free of charge access to resources for
educational and recreational purposes (Balapanidou, 2015). According to Varheim (2009), Scott
(2011), and Ferguson (2012), public libraries develop social capital. Based on the results of the
above-presented studies, we set the following research hypothesis:
H6: Library usage is positively correlated with the regional economic development level.
RESEARCH METHODOLOGY
The study aimed to identify the groups of regions characterised by a similar level of human capital
determinants and investigate the relationship between cluster-based human capital determinants and
regional economic development. We conducted the study both for Czechia and Poland. These two
neighbour countries represent CEE post-soviet-satellite economies and are characterised by a similar
level of Human Development Index (CZ 0.9 and PL 0.88 in 2019; United Nations, 2021).
Our study could create a new perspective for discussing similarities and differences in human capital development from a regional perspective. The research problem was investigated based on data
presenting various areas of the studied phenomenon. The main areas were demographic, health, educational, labour, cultural, and technological determinants of human capital, i.e. the balance of migration, life expectancy, higher education rate, employment rate, number of library users, and Internet
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access in 14 regions in Czechia and 16 regions (voivodeships) in Poland. The primary initial list of candidate variables contained 15 determinants. Finally, six human capital determinants representing six
different categories were used in cluster analysis. They are presented in Table 1 below.
Table 1. Selected determinants of human capital and the categories they represent
Human capital determinant
Category
Migration balance
demography
Life expectancy
health
Higher education
education
Economic activity
labour
Internet access
technology
Library users
culture
Source: own elaboration based on Statistics Poland.

Migration stands for the number of people changing their residence to or from a given area. In
our study, migration balance refers to the crude rate of net interregional migration plus a statistical
adjustment to the average population in that particular year. The value of migration balance is expressed per 1000 residents. Life expectancy refers to the average life expectancy at birth of all population members in the particular region. Higher education stands for the rate of tertiary education
among the population aged 15 and over. Economic activity equals the economic activity rate, i.e. the
percentage of active persons in relation to the total working-age population, both employed and
unemployed. Internet access refers to the rate of households with Internet access among all the
households in the particular region. Library users stand for the number of active library readers per
1000 residents. The above-mentioned human capital determinants were selected iteratively to effectively differentiate human capital status in all 14 Czech and 16 Polish regions. Moreover, they
belong to the most frequently used by Statistics Poland (GUS, 2019). Furthermore, economic development is measured by Gross Domestic Product per capita.
Data came from the Local Data Bank (LDB) and the public database of the Czech Statistical Office
(2021). The LDB by Statistics Poland is Poland’s largest database of the economy, households, innovation,
public finance, society, demography, and the environment. The LDB offers over 40,000 statistical data
and indicators that describe statistical towns, communes, counties, voivodeships, and entire Poland (Local Data Bank, 2020). The Czech Public Database is a unified and basic data source for the presentation
of statistical data. It collects all standard statistical outputs of the Czech Statistical Office, but it also stores
data from external sources, especially from ministries and other state statistical services.
We standardised the variables to make them comparable between regions of different size and
population. We used annual data which are taken from the Local Data Bank and Czech Public Database.
The research covered the period 2004-2019, which was as up-to-date as possible.
Clustering is the task of assigning a set of objects into groups (called clusters) so that objects in the
same cluster are more similar (in some sense or another) to each other than to those in other clusters (Bagirov, 2008). Interest in regional clusters and their role in economic development has grown substantially among academics, economic development professionals, and firm managers over the last several years. Cluster analysis allows us to draw useful conclusions in economic studies (MacQueen, 1967;
Imandoust & Bolandraftar, 2013). Clustering is an important part of data exploratory analysis, using for
identity-hidden knowledge from data by group. K-means nearest neighbour is a popular algorithm using
for unsupervised learning, based only on input vectors known labels or outcomes. The method is useful
in numerical segmentation of economic data and was introduced by MacQuenn (1967).
To cluster Czech and Polish regions according to the human capital performance, we applied kmeans clustering developed by Linde, Buzo, and Gray (1980). The number of clusters was identified
based on gap statistic (Tibshirani, Walther, & Hastie, 2001). The lowest gap statistic indicates the
optimal number of groups that should be distinguished. Then, we segmented regions considering
the selected human capital determinants. The goal of the k-means procedure was to find the closest
distance of points from the cluster’s centre (Ding & He, 2004).
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We used the principal component analysis PCA to more effective clusters distinction as Ding and
He (2004) and Honda, Notsu, and Ichihashi (2010) suggest. The solution helped mark the largest
variations and reduced noise from values for a better-performing k-means algorithm. Finally, clustering was used on the transformed dataset to PCA with dimensional reduction components. The
results were presented in the form of a hierarchical analysis dendrogram and PCA figure. The obtained estimations – subjected to a hierarchical analysis based on Ward Criterion’s method (Ward,
1963) – were linked threes measure of dissimilarity between two clusters and was defined as the
sum of the squared deviations within these clusters.
Moreover, by applying the Kruskal-Wallis test (Kruskal, 1952; Kruskal & Wallis, 1952), we assessed
the existence of significant human capital determinants’ differences between the distinguished clusters. Furthermore, we investigated whether the selected clusters significantly differ in terms of economic development measured by the GDP per capita.
Then, we applied Spearman’s rank correlation coefficients and corresponding significance test
to measure the relationship between the analysed human capital determinants and economic development level in each cluster separately.
The entire analysis was performed in the statistical computing environment R.
RESULTS AND DISCUSSION
The research was conducted separately for Czechia and Poland. We present the results in the alphabetical order of the analysed countries’ names.

Dim 2 (17.47%)

Czechia
We analysed 14 Czech regions. Based on the estimated gap statistics for a different number of clusters,
we indicated three as the optimal number of clusters. We performed a cluster analysis based on the
k-means algorithm. To check the robustness of the cluster analysis results, we applied a principal component analysis (PCA). The analysis aimed to classify the Czech regions into one of three groups, considering six selected human capital determinants, including migration balance, life expectancy, higher
education, economic activity, Internet access, and library users.
Figure 1 below presents the results of the principal component analysis (PCA), which proved the
existence of significant differences in the regional clustering of human capital in Czechia. In terms of
PCA, some regions appeared closer to each other. Prague region was the farthest from other the 13
regions, i.e. the least similar to others. Moreover, Karlovy Vary region, the smallest and the weakest in
GDP, had a certain distance from the others.
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Figure 1. Regional clustering of human capital in Czechia based on PCA
Source: own elaboration.
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K-means regional clustering (Figure 2, Figure 3) and principal component analysis (PCA; Figure 1)
indicated the existence of significant differences in human capital between the distinguished clusters (groups) composed of Czech regions. The dendrogram revealed clusters in which regions were
combined according to their similarity. For example, Olomouc and Liberec Regions were closest to
each other, which meant they are also the most similar, while the Prague region was the farthest
from other regions, i.e. it was the most different.
Olomouc
Liberec
Moravian-Silesian
Usti nad Labem
Karlovy Vary
Plzen
South Moravian
Central Bohemian
Zlínsky
Vysocina
Hradec Kralove
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Figure 2. K-means regional clustering of human capital in Czechia
Source: own elaboration.
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Figure 3. Cluster plot based on k-means clustering for Czechia
Source: own elaboration.
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Cluster I represented five Czech regions characterised by the lowest values of all six analysed
human capital determinants (see Table 2). Those were considered to be lagging regions, have the
weakest economic performance, and many internal problems. Their situation was either related to
the transformation phase – as many industries did not succeed – industrial orientation (such as mining), or their geographical location (being in the periphery). Those clusters were expected to be still
eligible for EU regional policy funding. Cluster II referred to eight Czech regions with the average
values of human capital determinants, apart from migration balance. The positive migration balance
resulted from the substantial inflow of people to Central Bohemian region due to its geographical
location close to Prague and lower real estate prices, among other things.
Those regions were expected to be phased out of the regional policy funding and moved from less
developed to transition ones. In general, those eight regions were not suffering from high unemployment. They were able to attract foreign direct investments (e.g. in manufacturing like Hradec Kralove,
Plzen, Zlin, or in services like the South Moravian Region) or are closely linked to the capital city as
the Central Bohemian Region. Cluster III includes only Prague, the capital city, and it characterises the
largest values of analysed human capital determinants (apart from migration balance). The Prague Region is considered one of the most developed regions in the EU measured by GDP per capita to regional
EU average. Prague is characterised by a negative interregional migration balance, but on the contrary,
a positive migration balance from abroad. It is the administrative centre with the highest number of public universities, public libraries, medical institutions, and a high demand for qualified labour.
Table 2. Mean values of human capital determinants and GDP per capita in distinguished Czech clusters
Human capital determinants
Cluster I
Cluster II
Cluster III
Czechia
Migration balance
-1.94
0.432
-0.59
-0.49
GDP
9963.08
11422.37
29570.95
12197.52
Life expectancy
77.46
78.76
79.93
78.38
Higher education
12.70
15.30
34.10
15.74
Economic activity
0.74
0.76
0.80
0.75
Internet access
67.23
71.17
76.07
70.11
Library users
122.81
138.33
173.46
135.30
Source: own study.

Our next task was to verify whether the differences between the distinguished clusters are statistically significant. For this purpose, we applied the Kruskal-Wallis test.
The results presented in Table 3 implied significant differences in median values of all six analysed
human capital determinants between two out of three distinguished clusters. A significant difference
between the analysed groups of Czech regions applied to life expectancy at 1% significance level, Internet access at 5% significance level, along with migration balance, higher education, economic activity, and library users at 10% significance level. Moreover, the results of the Kruskal-Wallis test indicated
that the distinguished clusters differed in median GDP per capita level at the 5% significance level. It
implied that the level of GDP per capita and human capital determinants are linked to each other.
Table 3. Results of Kruskal-Wallis test for Czechia
Human capital determinants
Migration balance
Life expectancy
Higher education
Economic activity
Internet access
Library users
GDP per capita

Chi Sq

p-value

4.85
10.03
5.74
5.27
7.35
5.74
7.97

Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% significance level, respectively.
Source: own elaboration of the public database of the Czech Statistical Office (2021).

*
***
*
*
**
*

**
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Table 4 contains the estimated Spearman Rank correlation coefficients with corresponding significance tests between human capital determinants and economic development measured by GDP per
capita. Our study revealed significant relationships between GDP per capita and five out of six analysed
determinants. Surprisingly, we did observe a significant relationship between migration balance and
economic development. In the case of life expectancy, higher education, Internet access, and economic activity, the relationship with GDP per capita was positive. Unexpectedly, the cultural human
capital determinant (library users) was at the same time negatively correlated with economic development. The results agreed with H2, H3, H4, H5, while contradicted H6. Moreover, we did not find a
statistically significant relationship between migration balance and GDP (H1).
Table 4. The relationship between human capital determinants and GDP per capita in Czechia: Spearman
rank correlation
Migration bal- Life expectancy Higher educaEconomic ac- Internet access Library users
Cluster
ance and GDP
and GDP
tion and GDP
tivity and GDP
and GDP
and GDP
I
0.533
0.588*
0.564*
0.588*
0.600*
-0.600*
II
-0.567
0.721**
0.709**
0.721**
0.721**
-0.855***
III
-0.167
0.661**
0.648**
0.636*
0.661**
-0.709**
Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% significance level, respectively.
Source: own study.

Poland
We analysed 16 Polish regions (voivodeships). Based on the estimated gap statistics for a different number
of clusters, we indicated four as the optimal number of clusters. As in the case of the analysis of Czech
regions, we performed clustering analysis based on the k-means algorithm and apply a principal component analysis (PCA) to check the robustness of the clustering analysis results. The analysis sought to classify
the voivodeships into one of the four groups while considering six selected human capital determinants,
including migration balance, life expectancy, higher education, economic activity, Internet access, and library users. The k-means regional clustering analysis grouped Polish voivodeships into four clusters. The
results showed significant differentiation of voivodeships based on the determinants included.
Figure 4, presenting the results of the principal component analysis (PCA), proved the existence of
significant differences in the regional clustering of human capital in Poland. In terms of PCA, some
regions were closer to each other. Masovian voivodeship, including Warsaw, was the farthest from the
other 15 regions, i.e. the least similar to others. This result is similar to Czechia, in which the Prague
Region with the capital city greatly differs from other regions.
K-means regional clustering (Figure 5, Figure 6) and PCA (Figure 4) indicated the existence of significant differences in human capital between the distinguished clusters (groups) composed of Polish
voivodeships. The dendrogram below reveals clusters in which regions were combined according to
their similarity. According to our study Lublin and Holly Cross were closest to each other, which means
they also were the most similar, while the Masovian voivodeship was the furthest from other Polish
regions, i.e. the latter region differed the most from others and belonged to a homogenous group. The
most numerous cluster consisted of seven voivodeships.
Cluster A – the most numerous group – contains the regions characterised by most human capital
determinants’ mean values that remained below the Polish average and the lowest GDP per capita (see
Table 5). Cluster A contains the regions located in the eastern part of Poland. A relatively high level of
economic activity could have been explained by the vast majority of this cluster is one of Poland’s most
agricultural regions, with high hidden unemployment. Cluster B – representing four voivodeships with
the most important economic centres (regional capital cities), namely Krakow, Wroclaw, Poznan, and
Gdansk – was characterised by positive migration balance and the level of other five human capital determinants over the Polish average. Cluster C – containing four voivodeships – was characterised by the
lowest mean levels of life expectancy, higher education, and economic activity among the four distin-
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Dim 2 (24.33%)

guished groups, along with a negative migration balance. Cluster D – containing only Masovian voivodeship with Poland’s capital of Warsaw – was characterised by the largest values of all analysed human
capital determinants and highest GDP per capita among the distinguished clusters.
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Figure 4. Regional human capital clustering in Poland based on PCA
Source: own elaboration.
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Figure 5. K-means regional clustering of human capital in Poland: a dendrogram based on PCA transforming
Source: own elaboration.
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Table 5. Mean values of human capital determinants and GDP per capita in Polish clusters
Human capital determinants
Cluster A
Cluster B
Cluster C
Cluster D
Migration balance
-1.47
0.70
-1.21
2.43
Life expectancy
77.16
77.34
76.42
77.46
Higher education
18.17
20.15
17.62
28.15
Economic activity
73.49
73.31
70.01
77.88
Internet access
60.13
65.91
67.37
67.68
Library users
150.42
169.19
161.60
176.62
GDP per capita
6588.09
8576.49
7331.02
13456.29

Poland
-0.62
77.04
19.15
72.85
63.86
159.54
7700.19

Source: own study.

Our next task was to verify whether the differences between the distinguished clusters are statistically significant. For this purpose, we applied the Kruskal-Wallis test.
The results presented in Table 6 indicated that there are significant differences in median values
of four out of six analysed human capital determinants between at least two out of four distinguished
clusters. A significant difference between analysed groups of Polish voivodeships applied to migration
balance at 1% significance level, economic activity at 5% significance level, along with life expectancy
and higher education at 10% significance level. However, we did not reveal the significant differences
in median values of technological and cultural determinants among distinguished clusters. Moreover,
the results of the Kruskal-Wallis test showed that the distinguished clusters differed in the median
level of GDP per capita at 5% significance level. Similarly to Czechia, the results implied that the GDP
per capita and human capital determinants remain in the relationship. The Kruskal-Wallis test results
indicated that migration balance, life expectancy, higher education, and economic activity significantly
impacted the regional differentiation of human capital in Poland.
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Table 6. Results of one-factor analysis of variance: the Kruskal-Wallis test for Poland
Human capital determinants
Chi Sq

p-value

11.40
7.32
7.57
11.03
6.19
2.59
11.19

Migration balance
Life expectancy
Higher education
Economic activity
Internet access
Library users
GDP
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***
*
*
**
-

**

Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% significance level, respectively.
Source: own study.

Table 7 presents the estimated Spearman rank correlation coefficients with corresponding significance tests between human capital determinants and economic development measured by GDP per
capita. Our study revealed significant relationships between GDP per capita and five out of six analysed
determinants. However, we did not observe a significant relationship between the migration balance
and economic development apart from cluster B. In the case of life expectancy, higher education, Internet access, and economic activity, the relationship with GDP per capita was strongly positive, i.e.
above 0.7. Surprisingly, the number of public library users negatively correlated with economic development. Table 7 results indicated the similarities between Poland and Czechia. The results agreed with
H2, H3, H4, H5, while contradicted H6. Moreover, apart from cluster B, we did not find a statistically
significant relationship between migration balance and GDP (H1).
Table 7. The relationship between human capital determinants and GDP per capita in Poland: Spearman rank
correlation
Clus- Migration bal- Life expectancy Higher educa- Economic ac- Internet access Library users
ter ance and GDP
and GDP
tion and GDP tivity and GDP
and GDP
and GDP
A 0.143
0.654**
0.753***
0.736***
0.736***
-0.753***
B 0.580**
0.797***
0.863***
0.846***
0.857***
-0.796***
C 0.061
0.659**
0.742***
0.742***
0.736***
-0.740***
D 0.122
0.809***
0.852***
0.843***
0.819***
-0.423
Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% significance level, respectively.
Source: own study.

DISCUSSION
The regional cluster analysis and Kruskal-Wallis test results for Czechia and Poland show that distinguished clusters differ significantly not only in terms of the level of analysed human capital determinants but also in the level of economic development. This implies the existence of an interdependence
between the above-mentioned variables, which agrees with broad literature base (Mincer, 1981; Lucas, 1988; Barro, 1991; Mankiw et al., 1992; De la Fuente & Doménech, 2006; Erosa et al., 2010; Gennaioli et al., 2013a; Manuelli & Seshadri, 2014; Balcerzak, 2016).
Based on the distinguished clusters, we revealed a significant relationship between GDP per capita
and analysed human capital determinants, i.e. life expectancy, higher education, economic activity,
Internet access, and library users. Naturally, we are conscious that human capital is only a partial determinant of economic growth. Ogbeifun and Shobande (2021) show that, apart from human capital,
other important economic development determinants are savings rate and trade openness.
We prove the positive relationship between life expectancy as a proxy of health services and economic growth. Our results are in line with Sachs (2001) and Lorentzen et al. (2008). In general, health
is understood to have a positive relationship to GDP growth. However, Ogbeifun and Shobande (2021)
present that life expectancy has adverse effects on growth. Our sample is rather balanced, and we do
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not observe large differences in life expectancy values. This leads us to the assumption that life expectancy is rather a national-wide issue related to the central health system.
Together with health, education is seen as the second most important factor of human capital
(Biscaia et al., 2017; Czapiewski & Janc, 2019; Ogbeifun & Shobande, 2021; Ogundari & Awokuse,
2018), which has a positive effect on economic growth. As expected, our results confirm other researchers’ findings on the positive and significant relationship between higher education rate and economic development level. Acquired tertiary education differs among regions. It is not only about the
availability of tertiary education institutions; the frequent factor for interregional migration towards
capital cities is the lack of opportunities. Thus, graduates’ inflow or their capturing indicates a regional
potential for human capital formation (Bennett et al., 1995).
Migration is the only variable that has a statistically insignificant correlation. Even though it is migration insignificant, we still observe high differences among selected regions. Some are more attractive for national migration flows. Our insignificant results are consistent with other studies, including
Derlacz-Wolszczak (2009) and Borozan (2017). However, it is important to note that the immigration
of university-educated labour significantly impacts the economic development and competitiveness of
territories (Oliinyk et al., 2021) and vice versa high intensity of skilled emigration can cause disastrous
effect on country’s intellectual potential restoring (Mishchuk et al., 2019). Our statistical insignificance
could be affected by several issues, and it could result from data selection: our selected indicator is
interregional migration, which does not take into consideration international labour movements.
Economic activity positively affects GDP. Our results agree with our expectations. The more people
are economically active, the higher the expected GDP. This assumption is confirmed by Soylu et al.
(2018). The rate of economically active population differs among selected regions, and it is affected by
transition phase, location, or economic focus. Local governments use the opportunities and possibilities they have to improve the values. However, local policy-makers may not have the competencies to
start a demographic boom. Nevertheless, they certainly acquire indirect possibilities.
In selected countries, Internet access is a national-wide aspect, although we observed differences
among regions. However, the high-speed Internet availability is already sufficient in both studied countries, as both countries are covered by 4G mobile networks. Thus, differences in the Internet penetration are related to other factors than the Internet availability. Although we observe that the rate of
Internet access is positively related to the level of GDP per capita – and similar results are confirmed
by Jiménez et al. (2014) or Czernich et al. (2011) – we are sceptical of the view that further increase in
the Internet penetration will be massively reflected in GDP per capita growth.
Finally, our results surprisingly indicate that the number of library users is negatively correlated
with GDP per capita. The observed relationship contrasts to Stejskal, Hájek and Řehák (2019). The explanation for our results might be rooted in the level of country development level. Both, Czechia and
Poland belong to economically developed European Union members, where people purchase books,
both in physical and electronic form, instead of borrowing. Wojciechowska (2021) adds that public
libraries today provide many services connected to social capital creation apart from access to information. Moreover, public libraries encourage social inclusion, civic engagement, community involvement and promote economic vitality (Scott, 2011). Although the literature supports the role of public
libraries in regional development, we do not observe this in our study.
CONCLUSIONS
Our analysis is based on the 2004-2019 annual regional data on key demographic, health, educational,
labour, technological, and cultural determinants of human capital in Czechia and Poland. The broad literature review confirmed the validity of using the following human capital determinants in the analysis:
migration balance, life expectancy, higher education, economic activity, Internet access, and library users.
When considering analysed human capital determinants, the K-means clustering allowed us to distinguish three clusters for Czechia and four clusters that grouped Polish voivodeships with significant
differences. The principal component analysis proved the validity of the conducted clustering. Using
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the Kruskal-Wallis test, we observed significant differences in median values of human capital determinants between distinguished clusters for both Czechia and Poland.
Moreover, the results of the Kruskal-Wallis test showed that distinguished clusters significantly
differed in the median level of GDP per capita. It implies the existence of economic development and
level of human capital determinants interdependence.
Our study revealed a positive and significant relationship between GDP per capita level and the
four analysed human capital determinants, i.e. life expectancy, higher education rate, economic activity rate, and Internet access. However, we surprisingly found that the number of library users is negatively related to the regional economic development level. We found that the relationship between
the migration balance and GDP per capita level is insignificant. The results are consistent for Czechia
and Poland and correspond to the results of other studies.
Our research may create a new perspective for discussing similarities and differences in human
capital development from a regional perspective. The results could help decision-makers – local and
national governments – to identify the regions that most require to stimulate their human capital determinants so as to reduce differences in human capital level among Czech and Polish regions, which
in the long term, will contribute to regional economic development growth. This is indicated by our
results that confirm the positive correlation between the level of GDP per capita and the four analysed
determinants of human capital, i.e. life expectancy, higher education rate, economic activity, and Internet access. Our study shows that to ensure a more sustainable development of individual regions
and eliminate interregional differences, authorities should pay more attention to and invest in health
care, education system, new technologies, and the stabilisation of labour markets.
We are aware that our study has drawbacks. Firstly, the number of analysed human capital determinants and the length of the research period is limited due to data availability. Secondly, the selection
of determinants might be viewed as subjective. Thirdly, our clustering regional analysis is based on a
limited number of regions, i.e. 14 Czech and 16 Polish regions. Fourthly, the analysed data come from
regional databases, and there might be differences between local data collection methodologies.
A challenge for future research is to conduct regional clustering analysis based on all European
Union countries and, secondly, investigate the economic and social impact of the Covid-19 pandemic
on the regional clustering of human capital in Czechia and Poland.
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