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Abstract: The category of human capital has increased in importance with the emergence of human
capital theory in the 1960s. The interest in innovativeness is a result of successive waves of industrial
revolutions and technical progress. The article aims to estimate human capital and innovation
in Polish voivodeships 2004–2018 as an essential determinant of socio-economic development in
emerging economies. The regional dimension related to human capital and innovativeness is rarely
studied in a socio-economic context. Additionally, the main contribution of the paper is that we
propose an extraordinary set of variables capturing quantitative and qualitative aspects of regional
research. To measure these factors, we propose a set of sub-indices describing the state of human
capital and innovation. The delimitation of regions was carried out using the method of Czekanowski.
The study results confirmed the polarization of voivodeships in Poland, generally according to
Eastern and Western Poland. Unfortunately, it turns out that despite the economic growth in the
country in recent years, disparities within the human capital of voivodeships are increasing. This
makes it challenging to unleash innovation and enter a faster and more sustainable path of growth.

Keywords: regional innovativeness; human capital; seriation of Czekanowski’s diagram

1. Introduction

Human capital theory’s birth answered the question raised by inequality in individual
national economies, which, despite similar geographic locations and access to natural
resources, developed at different rates. Progressive globalization and European integration
have reevaluated thinking about socio-economic development in the direction of regional
economies. The challenge is to study the causal relationships between growth, develop-
ment, human capital, and innovation in a new and different way, i.e., taking the spatial
differentiation of national economies into account. A region’s pro-innovative character en-
ables effective creation, absorption, and diffusion of innovation. This process would not be
possible without the appropriate quality of human capital resources. One should remember
that the potential contained in the region’s human capital alone is not sufficient to build the
region’s innovative capacity. Therefore, it becomes necessary to identify the critical barriers
to innovation diffusion and propose human capital development strategies to increase
regions’ capacity for pro-innovative and knowledge-intensive structural transformations.
This translates into the belonging of regions and entire national economies to the high and
low segments. The former includes regions where the economy’s structure is based on
advanced information and communication solutions and knowledge-intensive and mod-
ern industries, the new economy’s sectors. They are also characterized by a high level of
income, employment, and export of innovative products, responding to the growing global
demand for innovative goods and services. The second group of regions specializes in
producing goods and services of low technological advancement, part of the global supply
chain. It is associated with low labor costs and a “backward” economic structure based on
labor-intensive sectors, i.e., low productivity sectors or agriculture. Such a strategy based
on low unit-production costs may not be sufficient to maintain stable growth level in the

Sustainability 2021, 13, 12620. https://doi.org/10.3390/su132212620 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-1743-9848
https://doi.org/10.3390/su132212620
https://doi.org/10.3390/su132212620
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su132212620
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su132212620?type=check_update&version=2


Sustainability 2021, 13, 12620 2 of 20

long run. It may even deepen disparities between poor and rich regions. For example, a
competence mismatch may increase economic inequalities and push Poland’s regions to the
world’s economic periphery. As a result, since the Lisbon Strategy, the European Union has
emphasized innovation and sustainable socially-inclusive growth. These changes are not
possible without raising the quality of human capital and social, economic, environmental,
and spatial cohesion in the European Union.

Undoubtedly, the pace of development of the world economy accelerates industrial
revolutions’ successive waves. Increasing the quality of human capital can increase the
number of innovative enterprises and products and indirectly stimulate growth and its
development. Nevertheless, the long-term impact of human capital on innovation and
economic prosperity is still an open field of research. The study of the functional rela-
tionship between human capital and innovation is a highly complex process due to the
multifaceted nature of the economic categories under analysis. The literature indirectly
indicates the mechanisms of mutual interaction of human capital and innovation and their
role in building global income. The conclusions vary depending on the methodology used,
the research sample, and the space–time setting. In particular, there is no consistent way of
analyzing both the state of human capital and the level of innovation and interactions. The
set of factors determining them is not fully defined. Unfortunately, studies in this area are
carried out almost exclusively from entire national economies and not individual regions.
However, regional differentiation of human capital and innovativeness is equally essential
for sustainable development [1]. Our research provides new light to human capital and
innovativeness research from the regional perspective.

2. Literature Review

The genesis of neoclassical human capital theories is the discovery that physical
capital growth could not explain a significant part of the United States’ income. Economists
drawing on development theories encountered difficulties in interpreting the so-called
residual. This resulted from an explanation that the increase in national income was not
due solely to the growth of physical capital and the labor force employed since income
grew faster than resources. Therefore, this growth must be due to other factors, such as
technological progress, which, according to Allen, came “like manna from heaven.” These
considerations gave rise to a new theory of growth based on human capital. The main
precursors of the human capital theory of the 1960s are considered to be three authors:
Mincer [2], Schultz [3], and G. Becker [4]. Their theoretical considerations and empirical
research became the basis of human capital theory, which is still developed in the social
sciences today. Human capital is a complex economic category that explains why technical
progress through innovation is possible in some countries and not in others.

One can discuss human capital in narrower and broader terms. On the one hand,
human capital is knowledge, skills, and experience. On the other hand, it is everything
embodied in society that allows it to achieve its socio-economic welfare.

According to Domański, human capital is a resource of knowledge, skills, health,
and vital energy in society. This resource is not given by the genetic characteristics of
a given population once and for all. However, it can be increased through investments
related to human beings: in people, in human life. The distinguishing feature of human
capital is that it is, as it were, part of man. One cannot separate oneself from one’s
human capital—or in other words: human capital always accompanies a person. From a
macroeconomic perspective, the value of human capital is infinite because if an individual
dies, the remaining members of the species are alive. The capital is reproduced in the
current population and new generations, which are subject to constant outlays. Human
capital will be more remarkable the more significant the sum of global outlays and the
outlay on average allocated to individuals in a given community [5].

The OECD’s definition of human capital captures the essence of the issue. Human
capital consists of knowledge, competencies, skills, and other attributes that enable an
individual to build personal, social, and economic well-being [6].
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The human individual in socio-economic life competes based on intellectual, moti-
vational, and symbolic resources, such as prestige. These resources can be measured by
selected indicators such as work experience, education, migration, abilities (often defined
by intelligence tests) [7,8], wellness [9], and even psychological well-being [10].

The attributes of human capital capture its complexity and multidimensionality. How-
ever, it is possible to indicate the characteristics distinguished from other types of capi-
tal [11] due to the presence of positive externalities caused by learning by doing [12] and
cooperation [13,14]. Human capital cannot be separated from human beings, which means
that it cannot be traded on the market. The value of human capital as a result of physical
exploitation does not decrease as in physical capital but increases. However, there is a
decline in human capital value when it is not used [15]. Characteristics of human capital
are presented in Table 1.

Table 1. Characteristics of human capital.

Analysis Criterion Human Capital Physical Capital

Form It is embodied in man. It cannot be
subject to market exchange.

It takes a tangible form that
can be traded on the market at

any time.

Measurability Measurement is challenging due to
intangible aspects of human capital.

Market value in monetary
units is relatively easy

to estimate.

Funding It is limited, primarily subsidized in the
form of academic/social scholarships.

Relatively easy, which is due
to a large number of market

transactions for this
manufacturing factor.

Significance for
development In the digital age, it is growing

Prominent in the era of
industrialization.

It is decreasing under
GOW conditions.

Marginal
productivity

It grows as it is used, which is related to
gaining experience. It decreases with use.

Accumulation

It is more time and labor-intensive
because of the social aspect of human

capital. It can take different forms:
formal and informal learning. Not

always dependent on the capital owner.

It depends on the decisions of
the holders (owners)

of capital.

Treatment Because it is embodied in a person, it
should be treated as a subject. Objective approach.

Source: own elaboration based on the cited literature.

According to Korenik, the term capital refers to people and entire communities and
their skills and abilities. It is created by every phenomenon and thing capable of generating
added value [16].

According to Statistics Poland (SP), innovation resulting from human capital is enter-
prises’ ability to create and implement innovations and the actual ability to introduce new
and modernized products, modified or new technological or organizational and technical
processes. This definition was proposed by the Oslo Manual [17], an international method-
ological standard called the Oslo Manual. It provides guidance to OECD countries on a list
of comparable innovation indicators. On the other hand, the economy’s innovativeness is
economic entities’ ability to constantly seek and use new scientific research and research
and development works, new ideas, concepts, and inventions. Developing countries
should use developed countries’ previous innovative achievements for the diffusion and
absorption of innovations. Thus, countries that can create, absorb, and adopt new products
and services that can be considered innovative. A characteristic feature is, therefore, the
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ability to constantly adapt to changes occurring in the environment. Adaptation is, in a way,
forced by the need to join the global development process and the expanding economic
globalization [18].

Innovation processes develop in a particular set of actors and conditions such as
capital availability, competition intensity, legal and social system quality, infrastructure
level, and market size. Links between innovative companies and the environment can be
presented using the triple helix model. This describes the relations and feedbacks between
the main actors of innovation processes: institutions from the science sector, industry and
services, and the state. Many problems in innovation growth are attributed to the lack of
cooperation between actors on the innovation scene. The exchange of information and
integration of partners is often raised in the European Union documents, indicating the
need to change or modify individual actors’ tasks and roles. The aim is for universities
to be more open to the economy, for patents to ensure the transfer and circulation of
knowledge in the infrastructure, and for accumulated practical knowledge to be a premise
for innovation initiation. The SME sector, especially in local markets, can effectively create
new jobs. As far as the competition between regions is concerned, an E.U. cohesion policy
with a budget adequate to balance development opportunities is necessary. The triple helix
model based on the knowledge-based economy’s transformations and the fourth industrial
revolution has been enriched with the evolutionary approach. A unique role is played
by research, markets, and public policies [19]. The role of human and social capital in the
development of regions is significant. Without them, there can be no innovation, especially
active innovation (innovation generation).

What characterizes innovation is novelty, invention, and change, which does not
always have to be created through R&D and patenting. Different types of innovations often
complement each other or form the basis for development, e.g., organizational innovations
form the basis for implementing technological changes [20]. Innovation is the Holy Grail
of economic growth and sustainability programs worldwide [21,22].

Economies’ innovation depends mainly on human capital, which is responsible for
creativity, generation, and the absorption of new technologies. Innovation is also not
possible without access to capital, which in this context is used to finance innovative
activities, including R&D.

Previous research on the relationship between human capital and innovation has been
conducted mainly in developed countries due to a more developed and stable institutional
environment. Slightly different results can be obtained for developing countries with more
significant uncertainty [23,24].

Human capital is significant in creating technological innovation in the economy [25]
especially concerning emerging economies, to adopt foreign know-how and technology.
Confirmation of the importance of human capital in increasing productivity has been found
in theories of endogenous development primarily through the generation of innovation, its
absorption, and diffusion [26,27].

The integrated development of human capital leads to the productive use of the
economy and its modernization through cultural and social innovations, contributing to
socio-economic development. Investment in human capital allows the creation of favorable
conditions for development, mainly in the area of motivation, creativity, and potential
in the labor market of individual regions. It is also about forming an innovative type of
thinking in all sectors of the economy. Appropriate public policies help stimulate and
develop human capital towards innovation [28].

In this paper, the categories of human capital and innovation are related to regional
systems. Human capital is measured at the state, region, and enterprise level, while the
regional approach is the least frequently used. Today it depends on regions whether the
country as a whole will compete effectively in the global market.

The development of human capital theory and cross-sectional research on the role
of human capital in economic development has inspired economists to address regional
issues. The application of growth regressions at the regional level has resulted from the
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decentralization of economic policy in many countries. In democratic countries, developed
regions are left with considerable autonomy to program and stimulate development. The
argument for undertaking economic growth research in the regions is that economies within
nation-states are highly differentiated. Economic development is currently concentrated in
large agglomerations that have emerged from the process of metropolization. Metropolises
depend on their immediate surroundings and appear on the world market separately
from national economies. Simultaneously, they are engines of growth for these economies
by stimulating other regions’ development [29]. The intensification of metropolization
processes is primarily a consequence of the growing importance of human capital in the
economy. Human capital accumulation is much more intensive in large cities with a
network of schools and universities, research and development units, and health and
cultural institutions. In agglomerations, as a result of migration, human capital is absorbed
from other regions, which manifests itself mainly in more significant resources in the labor
market. The research results on human capital and economic growth’s interdependence
indicate that this relationship is most substantial in regional arrangements [30]. However,
attention must be paid to whether or not metropolization processes that support overall
development entail inclusive growth. Economic growth, based on megatrends such as
globalization and metropolization, is value-added when it is integrated. The emergence
of interregional disparities reduces the chances of a long-term path of socio-economic
development [31].

The methodological approach in regional studies does not differ much from interna-
tional studies, and the primary instrument remains growth regression. In the regression
medley, individual human capital measures such as average length of education, health
status, or innovation achievements are taken as explanatory variables for regional growth
rates. Data of this type are made available by national statistical offices in aggregate form
and for smaller units, making it possible to undertake studies at lower aggregation levels.
In regional arrangements, the existence of a convergence between different territories is
more often investigated. The impact of human capital on economic growth is not the
primary objective but part of the analysis aimed at defining convergence conditions [30].

Research on the impact of human capital on regional growth processes has been
conducted by, among others, Liberto [32], Badinger and Tondl [33], and Engelbrecht [34].
Diebolt and Hippe [32] showed that human capital is a critical historical factor influencing
the current level of indicators such as the number of patents per capita and GDP per
capita. It demonstrates the need for long-term capital formation, the high quality of which
provides further incentives for development and investment in this production factor.

It turns out that human capital, expressed mainly by the percentage of people with
higher education, has a significant impact on the regional growth rate [35]. Capital regions
are growing faster than others, and human capital is a strong determinant of economic
growth [36]. This confirms Florida’s creative class theory. High-quality human capi-
tal concentration occurs in larger cities, which account for the vast majority of regional
growth [37].

The impact of human capital and innovation on economic growth in European regions
has been demonstrated by many other authors [38–41].

Theory and practice prove that human capital is the effect of long duration and its
regional distribution is the result of historical and geographical accumulation [42–46].

3. Materials and Methods

Human capital is a heterogonous concept, which makes it very difficult to measure.
It is also difficult to assign a monetary value to human capital’s components, such as
valuing health or psychological factors. The sum of its parts cannot estimate the value
of human capital. This limitation is caused by the interaction of all the components of
human capital. The total value of an individual’s human capital is greater than the sum of
the components [47]. Human capital cannot be measured directly, but certain phenomena
and symptoms which prove their existence can be. The empirical measurement of human
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capital poses problems related to the availability and comparability of data. The problem
is also the definition criterion, which many actors understand differently. Therefore, it is
necessary to indicate the range of indicators that explain the examined variable’s occurrence
in the best possible way. Over the years, especially after the popularization of human
capital theory, economists have proposed ever newer measures applicable to measurements
based on this theory.

There are three main methods of measuring human capital [48]:

1. the educational stock-based approach;
2. the cost-based approach, otherwise known as the retrospective method;
3. the income-based approach, otherwise known as the prospective method.

This paper uses the human capital index approach to capture as many attributes
of this development factor as possible. Each sub-measure is fraught with weaknesses.
Hence synthetic measures also represent a certain simplification. It should be remembered
that the assumptions made in individual sub-measures do not fully correspond to reality.
Therefore, the researcher’s role is to select the sub-measures to maximize the synthetic
indicator’s analytical usefulness. Measures of economic categories such as human capital
or innovativeness are often based on the synthetic index mechanism (European Innovation
Scorecard, KAM). The study covered a fifteen-year time horizon (2004–2018), and the
reference years were set as the main periods of analysis: 2004, 2008, 2014, and 2018. The
choice of these years is not accidental.

The first year was 2004, Poland’s accession to the European Union, assuming that
data from this period will present the initial human capital and Polish voivodeships’
innovation. Subsequent reference periods cover the years 2008 and 2014, i.e., the initial
stages of implementing programs from the E.U. aid funds under the following financial
perspectives (respectively, 2007–2013 and 2014–2020). Due to data availability, the last
reference period is 2018. A separate range of data availability characterizes each of the
diagnostic variables adopted in this chapter. Hybrid imputation was used to fill data
gaps. Gaps for years in the early tail were filled with the earliest known value. They were
projected using an exponential smoothing algorithm for years in the final tail if not already
available from official statistics. For the characteristic describing wages by province and
education, data for 2018 were determined using average wage growth in the national
economy. Gaps in the data between the two periods were filled by the linear interpolation
method. Several indicators were proposed as components of the synthetic human capital
index to assess human capital development in Polish voivodeships. The data sources
included the Local Data Bank (LDB) of Statistics Poland SP (Polish abb. GUS), Eurostat,
UNESCO, Polish Business and Innovation Centers Association (Polish abb. SOOIIP),
Educational Information Centre of the Ministry of Education (Polish abb. CIO MEN),
Central Examination Board (Polish abb. CKE), Regional Examinations Boards (Polish abb.
OKE), the Patent Office of the Republic of Poland PORP (Polish abb. PARP), the European
Patent Office (Patstat), the National Electoral Commission (Polish abb. PKW), and Regional
Innovation Scorecard (RIS)

A set of 120 characteristics representing Polish voivodeships’ human capital status
was created based on the human life cycle (7 characteristics for childhood, 33 for schooling,
76 for adulthood, and 4 for post-working age). The 76 variables within the Adulthood area
were divided into smaller areas depicting essential aspects of human capital formation in
adulthood, i.e., four variables—education, 5—demographic potential, 36—professional
work, 5—R&D and Knowledge Economy, 5—entrepreneurship, 2—social capital, 4—leisure
time, 2—social exclusion, 11—health. The typological characteristics of the phase of human
capital formation are presented in Appendix A.

To determine the similarity of provinces in human capital potential and innovation,
we used J. Czekanowski’s serialized taxonomic method of differences [49].

The similarity matrix for voivodeships in terms of the level of innovation and the level
of human capital can be constructed by considering the nature of the variables adopted
for analysis, only indirectly, from vectors of measures or characteristics describing each
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voivodeship. If sij denotes the similarity between object i and object j, then the measure of
dissimilarity can be expressed as dij:

dij = 1− sij or dij =
√

2
(
1− sij

)
(1)

For n provinces, for each instant of time t and available p measurements with actual
values, one for each object, one can define the vector of observations for the i-th province at
instant t as xt(i) =

(
x1t(i), x2t(i), . . . , xpt(i)

)
. The Euclidean distance between the i-th and

j-th objects is then defined as:

dE(i, j) =

√
n

∑
k=1

(xkt(i)− xkt(j))2, (2)

After determining the distance matrix D between the studied voivodeships concerning
the level of the composite phenomenon (i.e., the state of human capital and the level of
innovation), individual distances are divided into classes constituting intervals of object
similarity. The minor differences are included in one class interval containing the most
similar voivodeships in the composite phenomenon level. The similar minor units are, in
turn, grouped in the last class interval. After determining the similarity scale, appropriate
graphic symbols representing distances between voivodeships are assigned to particular
classes. The result of these operations is an unordered Czekanowski diagram. Next, the
columns and rows of the distance matrix D are rearranged. Along the diagonal, some
objects are most similar to each other. As one moves away from the main diagonal, the
differences within voivodships become larger. The typological group created in this way
includes the least diversified units in terms of the value of the features that describe them.
Territorial units showing the most remarkable similarities are concentrated around the
main diagonal. The result of applying this algorithm is an ordered Czekanowski diagram.

A fundamental shortcoming in plotting a Czekanowski diagram is the difficulty
of objectively ordering close objects. The paper proposes the use of combinatorial data
analysis methods, in particular, the techniques of seriation, i.e., linear ordering of objects
due to a particular multidimensional set of features and a reward or loss function, in order
to discover the internal structure of a set of objects concerning the available information [50].
The basis of combinatorial data analysis is so-called discrete optimization problems, which
in the most general case involve evaluating all possible solutions. Due to their combinatorial
nature, the number of possible solutions grows with the size of the problem (number of
objects, n) by order O (n!). It analyzes all possible options to solve the problem feasible
only when the number of features characterizing the phenomenon is relatively small.
With a more significant number of variables, dynamic programming can be used [51] or a
branching strategy [52].

The technique of seriation as a formal method derives from [53] who, in order to
determine the chronological order of graves discovered around the Nile, based on objects
found there, presented a contingency table of gravesites and objects using permutations of
rows and columns so that all large values, i.e., graves with similar objects, were close to
the diagonal. Initially, the regrouping of rows and columns in the contingency table was
done manually. Its adequacy was subject to the researcher’s subjective judgment. Modern
seriation techniques rely on measures of consistency between rows as a combinatorial
criterion for the optimality of the resulting distance matrix [54–56]. The series of a set
of n objects{x_t (1),x_t (2), . . . ,x_t (n)} starts with an n×n dimensional distance matrix
D = dij, where dij for i,j ∈ [1,n] illustrates the disparity between pairs of objects xt(i) i xt(j).
For this distance matrix, a permutation function Ψ is defined as a function that reorders the
elements of the distance matrix D by permuting the rows and columns simultaneously. The
main problem of the series is to determine such a permutation function Ψ* that minimizes
a loss function L of the form:

Ψ∗ = argminL(Ψ(D)), (3)
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The distance matrix D can be represented as a finite weighted graph G(Ω, E), for
which objects (provinces) are vertices of the graph, while each edge eij ∈ E between two
objects xt(i) and xt(j) corresponds to a certain weight, which represents the distance d(i,j)
between objects. The ordering Ψ of individual objects is conceived as a Hamiltonian path
on a graph, i.e., a path that passes through each vertex exactly once. By minimizing the
Hamiltonian path’s length, one obtains an optimal ordering of objects that considers their
similarities [57,58]. The loss function L (D) can then be expressed as follows:

L(D) =
n−1

∑
i=1

di,i+1, (4)

The optimization problem described above can be referred to as the plane of hierar-
chical clustering with optimal leaf ordering. In classical clustering methods, one usually
creates an undirected acyclic graph called a dendrogram, i.e., one where from any vertex
of the tree one can reach every other vertex (consistency), but only in one way. A dendro-
gram for n objects has 2n−1 vertices, which means that there are 2(n−1) ways to determine
individual objects’ order. To optimally order leaves, an algorithm is used that adjusts the
dendrogram to minimize the Hamiltonian path through all vertices [59]. The process of
optimal linear vertex sorting in hierarchical clustering for a dendrogram T with n vertices
can be written in a formalized way, where k1, . . . , kn are specific objects, and v1, . . . , vn−1
the internal vertices of the graph T. A linear ordering for T will be a determination of the
order of objects by changing the order of internal vertices within the dendrogram T, i.e.,
changing the order between two subgroups of objects vi for each vi ∈ T. It is possible to
move two subtrees rooted at the node marked with a red circle, resulting in a different
hierarchy within the same tree structure. Because there are n–1 internal nodes, it is possible
to number 2n−1 potential orderings of tree leaves.

Linear ordering is used to find such a sequence of vertices Ψ at which there is the most
significant sum of similarities of two neighboring vertices. Formally, the number 2n−1 of
edges ordering can be described as:

L(D(T)) = argmax
Ψ

DΨ(T) = argmax
Ψ

n−1

∑
i=1

S(kΨ, kΨ+1) , (5)

where kΨ is the vertex of the graph T, and S is the similarity matrix.
The ordering starts with an internal node i and a graph fragment v located at this

internal node. In the case of a subtree v, | v | are the number of edges in vertex v. The
operation of the algorithm consists of finding the cost M(v) the optimal ordering of the
subtree starting at node v, for each internal node v. Additionally, when vl , vr are two
internal nodes for which v is the parent node, then for each pair u ∈ vl , w ∈ vr is estimated
M(v,u,w), which is the optimal linear ordering for node v, assuming that the leftmost
sub-node is u and the rightmost sub-node is v. The next step after determining the optimal
ordering for the innermost parts of the graph, i.e., the lowest level of grouping of the
dendrogram, is to compute M values for higher levels of grouping. Determining the cost
M (v,u,w) precedes trying all pairs u,w, calculating the cost of sorting for each of them, and
finally choosing the pair for which the value is the largest

M(v, u, w ) = max
m∈vl,r,k∈vr,l

M(vl , u, m) + M(vr, w, k) + S(m, k), (6)

where vlr is the right subtree vl and vr,l is the left subtree vr. Since for any linear ordering
of leaves v, there must be a vertex to the left of v as well as to the right of v, after estimating
M (v,u,w) for all possible pairs u, w, find M (v) with the highest score. When vt is the core of
the input tree T, then:

D (T) = M (vt), (7)
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Once M(vt) obtained the path that was chosen to reach M(vt) is determined. It allows
for the actual ordering of the T leaves.

The final result of Czekanowski’s serialized method is a visualization of differences
and similarities between Polish voivodeships’ human capital and innovation potential in
the examined reference years.

4. Results

According to Czekanowski’s diagram in 2004 (see Figure 1), there is a significant differ-
ence in Mazowsze and other regions’ human capital status. In second place is Małopolska,
which also diverges from other regions. Voivodeships with relatively close similarities
are: Łódzkie, Podlaskie, Lubelskie. Świętokrzyskie, Podkarpackie, and Opolskie, which
are voivodeships far from the other objects that do not show many similarities among
themselves. On the other hand, the following voivodeships are close to each other in terms
of the examined complex phenomenon: Kujawsko-Pomorskie, Wielkopolskie, Pomorskie.
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Figure 1. Czekanowski diagram for human capital in 2004. Own elaboration based on Statistics
Poland (SP).

Observing the distance matrix, one may state that another group of voivodships with
similar human capital potential is Zachodniopomorskie and Dolnośląskie, and just after
them Lubuskie and Warmińsko-Mazurskie. The list closes with Dolnośląskie and Śląskie.
Based on a preliminary analysis of data for 2008 in the context of human capital, one can
see that the gap between voivodeships has been maintained (Figure 2).

In 2014, the Silesian Voivodeship joined the group of leaders. However, a further es-
cape of the most developed regions in the studied phenomenon area is observed concerning
the other voivodeships. The worst results in terms of human capital were recorded in four
voivodeships from the eastern wall: Lubelskie, Warmińsko-Mazurskie, Świętokrzyskie,
Kujawsko-Pomorskie and Podlaskie. (see Figure 3).
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In 2018, in the context of the level of human capital, five leaders can be distinguished:
starting from Mazowieckie, Małopolskie, Dolnośląskie, Śląskie and Pomorskie Voivode-
ships. These provinces show weak similarities to each other. The process of their distancing
from the other regions is noticeable. In 2014, the worst results were observed in four
provinces from the eastern wall (see Figure 4).
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Similar innovativeness in Polish voivodeships is presented in Figures 5–8 (for the
years: 2004, 2008, 2014, and 2018, respectively).

In the initial year of analysis (2004), three clusters of voivodeships with a similar state
of innovation can be distinguished. Mazowssze leads and does not belong to any of them.
Dolnośląskie, Śląskie, and Małopolskie can be included in the first group of provinces
similar to each other and performing better than the others. The second group includes
Lubelskie, Podlaskie, and Opolskie Voivodeships. The cluster of voivodeships with the
weakest innovation potential are Łódzkie, Zachodniopomorskie, Warmińsko-Mazurskie,
and Świętokrzyskie—see Figure 5.

In 2008 there was a more intense race between the regions with the best innovation
performance. Podkarpackie province significantly improved its position, taking fourth
place (Figure 6).

In 2014, unfortunately, one can observe the process of the formation of a larger cluster
of provinces with weak innovation potential. It includes Podlaskie, Kujawsko-Pomorskie,
Świętokrzyskie, and Warmińsko-Mazurskie. The following voivodeships are slightly higher
in the hierarchy concerning the level of innovation: Zachodniopomorskie, Wielkopolskie,
and Łódzkie (Figure 7).

Among the leaders in 2018, five provinces increased their distance to the others and
themselves. The regions at the top of the ranking are Mazowieckie and Małopolska. The
next place was occupied by Pomorskie, Zachodnio-Pomorskie, and Dolnośląskie provinces.
At the lowest positions are the Lubelskie, Podkarpackie, and Opolskie regions (Figure 8).



Sustainability 2021, 13, 12620 12 of 20

Sustainability 2021, 13, x FOR PEER REVIEW 12 of 21 
 

 
Figure 5. Czekanowski diagram for innovativeness in 2004. Own elaboration based on Statistics 
Poland (SP). 

In 2008 there was a more intense race between the regions with the best innovation 
performance. Podkarpackie province significantly improved its position, taking fourth 
place (Figure 6). 

 
Figure 6. Czekanowski diagram for innovativeness in 2008. Own elaboration based on Statistics 
Poland (SP). 

In 2014, unfortunately, one can observe the process of the formation of a larger cluster 
of provinces with weak innovation potential. It includes Podlaskie, Kujawsko-Pomorskie, 
Świętokrzyskie, and Warmińsko-Mazurskie. The following voivodeships are slightly 

Figure 5. Czekanowski diagram for innovativeness in 2004. Own elaboration based on Statistics
Poland (SP).

Sustainability 2021, 13, x FOR PEER REVIEW 12 of 21 
 

 
Figure 5. Czekanowski diagram for innovativeness in 2004. Own elaboration based on Statistics 
Poland (SP). 

In 2008 there was a more intense race between the regions with the best innovation 
performance. Podkarpackie province significantly improved its position, taking fourth 
place (Figure 6). 

 
Figure 6. Czekanowski diagram for innovativeness in 2008. Own elaboration based on Statistics 
Poland (SP). 

In 2014, unfortunately, one can observe the process of the formation of a larger cluster 
of provinces with weak innovation potential. It includes Podlaskie, Kujawsko-Pomorskie, 
Świętokrzyskie, and Warmińsko-Mazurskie. The following voivodeships are slightly 

Figure 6. Czekanowski diagram for innovativeness in 2008. Own elaboration based on Statistics
Poland (SP).



Sustainability 2021, 13, 12620 13 of 20

Sustainability 2021, 13, x FOR PEER REVIEW 13 of 21 
 

higher in the hierarchy concerning the level of innovation: Zachodniopomorskie, Wielko-
polskie, and Łódzkie (Figure 7). 

 
Figure 7. Czekanowski diagram for innovativeness in 2014. Own elaboration based on Statistics 
Poland (SP). 

Among the leaders in 2018, five provinces increased their distance to the others and 
themselves. The regions at the top of the ranking are Mazowieckie and Małopolska. The 
next place was occupied by Pomorskie, Zachodnio-Pomorskie, and Dolnośląskie prov-
inces. At the lowest positions are the Lubelskie, Podkarpackie, and Opolskie regions (Fig-
ure 8). 

 

Figure 7. Czekanowski diagram for innovativeness in 2014. Own elaboration based on Statistics
Poland (SP).

Sustainability 2021, 13, x FOR PEER REVIEW 13 of 21 
 

higher in the hierarchy concerning the level of innovation: Zachodniopomorskie, Wielko-
polskie, and Łódzkie (Figure 7). 

 
Figure 7. Czekanowski diagram for innovativeness in 2014. Own elaboration based on Statistics 
Poland (SP). 

Among the leaders in 2018, five provinces increased their distance to the others and 
themselves. The regions at the top of the ranking are Mazowieckie and Małopolska. The 
next place was occupied by Pomorskie, Zachodnio-Pomorskie, and Dolnośląskie prov-
inces. At the lowest positions are the Lubelskie, Podkarpackie, and Opolskie regions (Fig-
ure 8). 

 
Figure 8. Czekanowski diagram for innovativeness in 2018. Source: Own elaboration based on
Statistics Poland (SP).



Sustainability 2021, 13, 12620 14 of 20

5. Discussion

The results we obtained confirm previous theoretical and empirical studies. It turns out
that the distribution of human capital largely coincides with the geographical and historical
accumulation described in the literature for the idea of unsustainable development [41–45].

Higher quality human capital is found in regions with better infrastructure and large
urban centers. There are also more innovative firms and better access to financial capital.
We can relate to Florida’s creative class or the triple helix theory described [37].

According to the research results, we can see a clear division into less and better-
developed voivodeships, which to a large extent corresponds to the borders of the partitions.
The 123 years of Poland’s absence from the map of Europe as part of three different
economic organisms have left a heavy mark that is still visible today. It could also be the
effect of the communist period, i.e., the years after WWII to the 90s. The weakest in terms of
human capital were the provinces of the former Russian partition, i.e., Podlaskie, Lubelskie,
and Świętokrzyskie, but also Łódzkie.

Additionally, the approach to the law was characterized by institutional weakness. A
contrast to these provinces is Mazowieckie, which was also part of the Russian partition.
Today it achieves the best results of the Polish regions. However, it should be remembered
that this result is mainly influenced by Warsaw, which benefits from its physical and finan-
cial capital. Human capital, in turn, is primarily created by the immigrant population, i.e.,
well-educated representatives and skilled workers from all Polish regions. However, not
the best results are observed in the Podkarpackie voivodeship, especially in human capital
(the level of innovation in this voivodeship is above average). This region was located in
the Austrian partition, on the Austro-Hungarian Empire’s fringes, where often significant
infrastructural investments did not reach, and the population suffered from shortages
(“Galician poverty”). Podkarapcie is also less urban with few universities. Małopolska,
in terms of human capital and innovation, is one of the leading Polish regions, despite
its membership in the former Austrian partition. It is due to the tremendous historical
significance of Kraków (the former capital of Poland), an academic center (Jagiellonian
University, as one of the oldest universities in the world), and a cultural center. Even
in the times of the Austrian annexation, the city’s cultural life did not die out (limited
independence during the Republic of Cracow or the period of Galician autonomy after the
annexation of Cracow by Austria-Hungary).

These historical human capital accumulation factors partly explain the provinces’
regional development differences, but they do not determine future development. The
advantage of the Mazowieckie voivodeship is the presence of the capital city, which benefits
from its rights, i.e., many companies, government institutions, universities, professional
opportunities, and rich cultural offerings. The growth centers are also big urban centers
like Cracow, Poznan, Gdansk, the Silesian agglomeration, and Wroclaw. In regions where
there is a higher level of human capital, a higher degree of innovation and socio-economic
development is also observed, which confirms the assumptions of the theory of endogenous
development [12,25,27] or innovation [20–24].

We have taken into account the Czekanowski [49] method used in the delimitation of
regions but we have improved it based on the serialization method [50–59]. Additionally
we have presented the measurement of human capital, combining different advantages of
measures described earlier in the literature [48].

Our findings will bring additional value to the question of whether human capital
is being developed and used effectively. For public authorities, it will also be essential to
determine which component of human capital influences the development of innovation
and how regional disparities can be compensated. Further regional research is needed
on the differences between the regions, especially on the spatial and temporal factors.
Differences in human capital development can explain the dispersion within innovation
and the level of socio-economic development of regions.
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6. Conclusions

The main conclusion from the analysis of human capital and invention in Polish
voivodeships is that there is considerable regional variation. There is a significant disso-
nance between the Mazowieckie voivodship and the remaining voivodships. In 15 years of
the studied period, the disproportion did not decrease but increased. It is challenging to
distinguish clusters of voivodeships with a similar structure during the entire period. Such
an uneven distribution of human capital and innovation can be a problem for the balanced
development of Polish regions. Although from the country’s point of view, a higher level
of economic growth was achieved and human capital itself also increased, this did not
translate into a reduction of regional disproportions.

Based on Czekanowski’s serialized method, it can be concluded that the level of the
human capital of this resource is higher in regions where in the past there were better
institutions, understood as an efficient state and an approach to the common good. In this
study, we constructed a measure to define human capital consisting of an extensive set of
characteristics incorporating cost, income, learning indicators, and qualitative methods.
Additionally, the measure of innovation included few variables defining invention, learning
potential, sales of innovative products, etc. The next research stage must consider whether
there is a long-term relationship between human capital and innovation at the regional
level, and, if there is, whether human capital is fully utilized in creating innovation. For
this type of research, it is necessary to apply methods from the scope of multidimensional
data analysis.
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Appendix A

The symbol X_ijz, i stands for human life stages (childhood, school, adulthood, old
age). Additionally, j is the number of the sub-area of research variables, z specifies the
two-digit number of the variable in the associated group.

The symbol Y_ij, i stands for a certain innovativeness area (innovativeness of en-
trepreneurs, export/sales of innovative products, foreign direct investments, potential of
science, inventiveness, and economic growth). Additionally, j is the two-digit number
specifying the variable in the associated group.

Table A1. Variables for regional human capital.

Area Sub S/D Variable Name Unit Source

Childhood

D X1001 Infant mortality rate % Eurostat
S X1002 Life expectancy at birth year Eurostat
S X1003 Number of midwives per 10,000 inhabitants person LDB
S X1004 Fertility rate % LDB
S X1005 Children in nursery % LDB

S X1006
Children in pre-school education establishments per 1 thousand

children aged 3–5 person LDB

S X1007 Average monthly disposable income per person PLN LDB



Sustainability 2021, 13, 12620 16 of 20

Table A1. Cont.

Area Sub S/D Variable Name Unit Source

Schooling
time/education

S X2001 Gross enrolment ratio—primary schools % LDB
S X2002 Gross enrolment ratio—lower secondary schools % LDB
S X2003 Gross enrolment ratio—general secondary schools % LDB
S X2004 Gross enrolment ratio—vocational schools % LDB
S X2005 Gross enrolment ratio—technical secondary schools % LDB
S X2006 Gross enrollment ratio in higher education % LDB
S X2007 Mean years of schooling year UNDP
D X2008 Early leavers from education and training % Eurostat
S X2009 Students per 10,000 inhabitants person LDB
S X2010 Percentage of students majoring in technical and natural sciences % LDB
S X2011 Graduates per 10,000 population person LDB
S X2012 Postgraduate students per 10 thousand inhabitants person LDB
S X2013 Doctoral students per 10 thousand inhabitants person LDB
S X2014 Number of academic teachers per 10 thousand inhabitants person LDB

S X2015
Number of academic teachers with professorial title per

10 thousand inhabitants person LDB

D X2016 Number of students per academic teacher person LDB
D X2017 Number of pupils per section in primary schools person LDB
D X2018 Number of pupils per section in lower secondary schools person LDB
D X2019 Number of pupils per section in general secondary schools person LDB
D X2020 Number of pupils per teacher in primary school person LDB
D X2021 Number of pupils per teacher in lower secondary schools person LDB
D X2022 Number of pupils per teacher in general secondary schools person LDB
D X2023 Number of pupils per teacher in technical secondary schools person LDB
D X2024 Number of pupils per teacher in vocational schools person LDB

S X2025
Percentage of students additionally learning a foreign language in

primary schools % LDB

S X2026

Percentage of students additionally learning a foreign language in
lower secondary schoolsStudents following additional foreign

language instruction
% LDB

S X2027
Gymnasium exams—the average performance of students (in the

mathematics and natural sciences part) % LDB/
OKE

S X2028
Gymnasium exams—the average performance of students (in the

humanities part) % LDB/
OKE

S X2029
Passing the exam maturity examination in relation to the

national average % LDB

S X2030 Average monthly per capita household expenditure on education PLN LDB

S X2031
Expenditure on education as a proportion of total

household expenditure % LDB

S X2032
Expenditures of territorial self-government units on education

per student PLN LDB/
CIO

S X2033 Expenditure on higher education per student PLN GUS

Adulthood

Education

D X3101 Percentage of people participating in lifelong learning aged 25–64 % Euro
S X3102 Percentage of people aged 25–64 with primary education % Eurostat
S X3103 Percentage of people aged 25–64 with secondary education % Eurostat
S X3104 Percentage of people aged 25–64 with tertiary education % Eurostat

Demographic
potential

S X3201 Population density
person
/km2 LDB

S X3202 The net change in population, adjusted for migration person LDB
S X3203 The working-age population to the total population % LDB
D X3204 Demographic dependency ratio for the population in post-working age % LDB
D X3205 The median age of the population year Eurostat

Job

D X3301 Percentage of registered unemployed with tertiary education % LDB

D X3302
Percentage of unemployed with post-secondary and secondary

technical education % LDB

D X3303 Percentage of unemployed registered with general secondary education % LDB
D X3304 Percentage of unemployed with vocational education LDB
D X3305 Percentage of unemployed with primary education LDB

D X3306
Share of the long-term unemployed in the total population of

the unemployed % Eurostat

D X3307 Youth unemployment rate (population aged 15–24) % Eurostat
D X3308 Economically inactive per 10 thousand economically active % GUS
D X3309 Percentage of job vacancies % GUS
D X3310 Percentage of people not in work or education aged 15–24 % Eurostat
D X3311 Duration of job search month LDB
S X3312 Young people neither in employment nor in education and training % Eurostat
S X3313 The employment rate for people with primary education % Eurostat
S X3314 The employment rate of people with secondary education % Eurostat
S X3315 The employment rate for people with tertiary education % Eurostat
S X3316 Employment rates by age 15–24 % Eurostat
S X1317 Employment rates by age 25–34 % Eurostat
S X1318 Employment rates by age 35–44 % Eurostat
S X1319 Employment rates by age 45–54 % Eurostat
S X1320 Employment rates by age 55–64 % Eurostat
S X3321 Economic activity rates by primary education % Eurostat
S X3322 Economic activity rates by secondary education % Eurostat
S X3323 Economic activity rates by tertiary education % Eurostat
S X3324 The employment rate of disabled people aged 16–64 % LDB
S X3325

Average number of usual weekly hours of work in the main job by
age 15–24 hour Eurostat

S X3326
Average number of usual weekly hours of work in the main job by

age 25–64 hour Eurostat

S X3327
Average number of usual weekly hours of work in the main job by

age 65–74 hour Eurostat
S X3328 Gross value added per employee PLN LDB
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Table A1. Cont.

Area Sub S/D Variable Name Unit Source

S X3329
Average gross salary of persons with higher education (M.A.

and higher) % GUS

S X3330
Average gross salary of persons with higher bachelor’s and engineer’s

degrees in comparison to the national average % GUS

S X3331
Average gross salary of persons with post-secondary education in

comparison to the national average % GUS

S X3332
Average gross salary of persons with technical education in comparison

to the national average % GUS

S X3333
Average gross salary of persons with general secondary education in

comparison to the national average % GUS

S X3334
Average gross salary of persons with general vocational education in

comparison to the national average % GUS

S X3335
Average gross salary of persons with lower secondary education in

comparison to the national average % GUS

S X3336
Average gross salary of persons with primary and incomplete primary

education in comparison to the national average % GUS

R&D and KBE

S X3401
Expenditures on innovation activity in enterprises per economically

active person PLN LDB
S X3402 R&D expenditure per capita PLN LDB

S X3403
Employment in technology and knowledge-intensive sectors to the

total number of employees % Eurostat

S X3404
Human resources in science and technology (HRST) as % of the

active population % Eurostat

S X3405 Employment in high-tech sectors as % of the active population % Eurostat

Entrepreneurship

S X3501 Entities entered in the REGON register per 10 thousand population object LDB

S X3502
Natural persons conducting economic activity per 100 persons of

working age person LDB

S X3503
Number of business environment institutions per

100 thousand inhabitants IOB

S X3504 Funds from E.U. to finance programs and projects E.U. per capita PLN LDB

S X3505
Households furnished with a personal computer and a broadband

connection to the Internet % LDB

Social capital
S X3601 Voter turnout in parliamentary elections % LDB

S X3602
Foundations, associations, and social organizations

per 10,000 population object LDB

Leisure

S X3701 Library loans per borrower in volumes book LDB
D X3702 Number of population per one seat in fixed cinemas person LDB
S X3703 Museum/branch visitors per 10,000 population person LDB
S X3704 Sports clubs including religious and UKS clubs per 10,000 inhabitants object LDB

Social exclusion
D X3801 Social assistance benefits—beneficiaries per 10,000 population PLN/person LDB

D X3802
Poverty rates—in % of persons in households with expenditures below

the extreme poverty threshold % LDB

Health

S X3901 Nurses and midwives per 10 thous. population person LDB
S X3902 Doctors per 10 thous. population person LDB
S X3903 Beds in general hospitals per 10 thous. population object LDB

D X3904
Deaths of people due to cardiovascular disease per

100 thous. population person LDB

D X3905 Deaths due to cancer per 100 thous. population person LDB

D X3906
Deaths of people due to mental and behavioral disorders per

10 thous. population person LDB

D X3907 Suicide per 10 thous. population person LDB
D X3908 Occupational diseases per 10 thous. economically active persons person LDB
S X3909 Average monthly gross pension due to an inability to work PLN LDB
S X3910

Private households—average monthly expenditures on health
per capita PLN LDB

S X3911 Local government expenditures on health care per capita LDB

Postproductiveage

S X4001 Average monthly gross retirement from a non-agricultural social
security system PLN LDB

S X4002 Average monthly gross retirement for farmers PLN LDB
S X4003 Economic activity rates after 65 years old % Eurostat
S X4004 Residents of social welfare home per 10 thous. inhabitants person LDB

Source: own elaboration based on public sources.

Table A2. Variables describing regional innovativeness.

Area Variable Name Unit Source

Innovativeness of
enterprises

Y101 The average share of innovative enterprises in the total number of enterprises % LDB
Y102 Innovative service sectors enterprises by new or improved products % LDB
Y103 Innovative service sectors enterprises by new or improved products to the market % LDB
Y104 Innovative service sectors enterprises by new or improved business processes % LDB
Y105 Innovative industrial enterprises by new or improved products % LDB
Y106 Innovative industrial enterprises by new or improved products to the market % LDB
Y107 Industrial enterprises by new or improved business processes % LDB

Y108
Innovative industrial enterprises that cooperated in terms of innovation activity in %

of total enterprises % LDB

Y109
Innovative enterprises in the service sector that cooperated in terms of innovation

activity in % of total enterprises % LDB

Y110
Industrial enterprises that participated in innovation activities cluster or other formal

types of cooperation in % of the innovation active enterprises % LDB



Sustainability 2021, 13, 12620 18 of 20

Table A2. Cont.

Area Variable Name Unit Source

Sales/export of innovative
products

Y201
Share of net revenues from sales of exported innovative products to the market in

total net revenues from sales (industrial enterprises) % LDB

Y202
Share of net revenues from sales of exported innovative products in total net revenues

from sales (industrial enterprises) % LDB

Y203
Share of net revenues from sales of innovative to the market products in total net

revenues from sales (industrial enterprises) % LDB

Y204
Share of sold production of new or significantly improved industry goods in

industrial enterprises in the total amount of sold goods % LDB

Y205
Share of net income from the sale of products in entities classified to high

and medium- % LDB

FDI foreign direct
investment

Y301
New entities of the national economy recorded per 10,000 of population at

working age object LDB

Y302 Investment outlays in the companies with foreign capital to total investment outlays % LDB
Y303 Foreign capital per inhabitant of working age PLN LDB
Y304 Number of units with foreign capital per 100 thousand inhabitants unit LDB

Y305
Number of employees in companies with foreign capital participation per 1 thousand

total employees unit LDB

inventiveness

Y401
Patents granted by the Patent Office of the Republic of Poland (PORP) per

100 thous. population unit PORP

Y402
Rights of protection granted by the Patent Office of the Republic of Poland per

100 thous. population unit PORP

Y403
Patent applications filed in the Patent Office of the Republic of Poland per

100 thous. population unit PORP

Y404
Rights of protection filed in the Patent Office of the Republic of Poland per

100 thous. population unit PORP

Y405 Patents-applications filed with EPO (Patstat) per 100 thous. inhabitants unit Patstat

Potential of science

Y501
Scientific publications per 1 million inhabitants with at least one foreign author

in English unit RIS

Y502

Number of scientific publications with the highest citations (10% of the most citations
worldwide) to the total number of publications in the region as a relation to

the E.U. average
unit RIS

Economic Growth Y601 Gross domestic product per capita PLN LDB

Source: own elaboration based on public sources.
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