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Abstract: The article proves that despite a significant growth in the service sector in recent years,
industry remains the main engine of economic growth. Moreover, using the analysis of statistical data,
it is shown that the development of industrial complexes of countries of the world is accompanied
by corresponding structural changes, which in turn determines their economic development in
general. The study aims to solve the following issues: which structure of the national industry
can be considered progressive under modern conditions, i.e., can lead to progress and sustainable
socio-economic growth; whether there is a correlation between the progressive structure of the
country’s industry and its economic development and the quality of life of its population; how
the approach of the country’s industrial structure to its progressive state influences the country’s
economic development and quality of life of its population. The purpose of the study is to justify or
refute the hypothesis about influence of progressiveness of the industrial structure on sustainable
economic development and quality of life of the population. The main methods used in the study are
cluster analysis and integral assessment. The statistical basis of the study is the data on inter-branch
balances for 36 countries of the world for 2009, 2011 and 2014. The results obtained in the study
allowed confirming the hypothesis about the positive influence of approach of the industrial structure
of countries of the world to its progressive state on the sustainable economic development and quality
of life of their population. This conclusion can be considered as the basis for forming the state policy
of the world’s countries to develop their economies and improve the quality of life of their population.

Keywords: industrial structure; structural changes; sustainable economic development; quality
of life of the population; Gross Value Added; progressiveness; technological level; manufacturing
industry; engineering

1. Introduction

1.1. The Role of Industry in the Sustainable Economic Growth of Countries of the World

At present, scientists continue carrying out discussions about the role of industry in economic
growth of countries of the world. One group of scientists believes that the services sector provides the
greatest productivity growth in the modern economy, while others believe that industry is the basis
and engine of economic growth.
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For example, according to Jorgenson and Timmer (2011) [1], services currently account for about
three quarters of the total value added, and it is they that provide the productivity growth in the US
and Japan.

At the same time, Rodrik (2013) [2] demonstrates that there is convergence in labor productivity in
manufacturing—meaning that countries with a higher share of manufacturing exhibit higher growth
rates—and thus proves that industry itself is an engine of growth.

A thorough analysis and systematization of scientists” work on problems of economic growth
and industrialization, where the manufacturing sector plays an important role as a growth engine, is
presented in Rocha’s work (2018) [3]. According to the author, theoretical, historical and empirical
evidences have shown the importance of manufacturing to sustained economic growth.

According to Rocha, based on the hypothesis that industrial structure influences both the rate
and direction of economic development, the achievements of the structuralist literature prove the
importance of industrialization as a process of structural change, where the manufacturing sector plays
a central role. In this case, economic development is provided through redistribution of production
from low-productivity sectors to high-productivity ones.

As the world practice shows, the growing trend of industrial fragmentation in the world not
only reduced the share of production in many economies but also had a negative impact on these
countries due to the deterioration in so-called industrial associations, which resulted in the loss of high
value-added activities (e.g., R&D) and the ability to generate technological innovations [3]. This once
again emphasizes the important role of the manufacturing sector as a locus of technological change
since the first industrial revolution. Having studied various theories of economic growth, Rocha
proved that manufacturing has some special properties that are not found in other industries, and is
very important for sustainable development. Similar findings were also obtained in studies [4,5].

The importance of the manufacturing sector to ensure sustainable economic growth is emphasized
in a note by the UNCTAD secretariat, which states, “Economic diversification and structural
transformation, towards a greater reliance on manufacturing as a share in the total output and
employment of economies, have been synonymous with development” [6]. Development of
manufacturing provides productivity gains and, at the same time, employment and income
opportunities. Due to this unique characteristic of the sector, Governments promote economic
diversification and structural changes aimed at development of manufacturing through a number of
measures, in particular through implementation of various forms of industrial policy [6].

Thus, there are still valid arguments proving that despite a significant growth in the service sector
in recent years, industry remains the main engine of growth, accumulates achievements of the scientific
and technological progress and is a conductor of the innovation development of the national economy.

At the same time, as the statistics shows, development of industrial complexes of the world
countries goes on in cycles with periodical changes of the structure under the influence of actions of
many internal and external factors.

The analysis of the data of inter-branch balances for 36 countries of the world showed that the
Gross Value Added (GVA) of the industry in 2014 took 22.0% in the general volume of GVA of their
economies (see Table A1 Appendix A [7]).

As we can see from Table Al, the following countries had the largest volume of the GVA of
industry: China—USD 3,771,566.3 million, United States—USD 2,980,338.0 million, Japan—USD
922,796.7 million, Germany—USD 865,107.9 million and Russia—USD 441,091.9 million, while the
following ones had the smallest volume: Latvia—USD 4,310.7 million, Estonia—USD 4,723.8 million
and Lithuania—USD 8,832.4 million.

The following countries had the largest specific weights of the GVA of the industry in 2014:
China—36.7%, South Korea—33.7%, Czech Republic—30.8%, Russia—27.2% and Mexico—26.3%,
while the smallest ones: Greece—14.4%, France—12.8% and Great Britain—14.4%.

At the same time, the data of the studied countries testify to the fact that the total volume of the
GVA of the industry in these countries increased from USD 9,116,851.4 million in 2009 up to USD
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13,330,371.0 million in 2014, that is by 146.2%, which testifies to a significant increase in the contribution
of the industry into the added value of the countries.

Besides, the following countries had the biggest rates of growth of the GVA of the industry
from 2009 until 2014: South Korea—203.4%, China—200. 3%, Estonia—156.2%, Sweden—154.7%
and Russia—153.0%. Only three countries had a reduction of the rates of the industrial GVA growth:
Ukraine, Japan and Greece.

The complexity and ambiguity of the interrelations of these processes, their dependence on current
trends (the digitalization of the economy, spread of production automation, development of new
technologies, etc.) determine the unquenchable interest of scientists and practitioners in issues related
to structural changes and their impact on the economic growth of countries of the world.

1.2. The Connection Between Structural Changes in the Economy (Industry) of Countries and Their Sustainable
Economic Growth

Thus, as the conducted analysis shows, that the development of industry in countries of the world
is characterized by various trends that are reflected in changes in the economic (industrial) structure
and determine economic development of countries in general.

It is worth mentioning that economic theory pays considerable attention to the problems of
analyzing economic structure and structural changes.

The fact that economic growth cannot proceed without structural change was formulated by
Schumpeter in 1934 [8]. However, the beginning of fundamental research on economic structure dates
back to the first half of the 20th century and is associated with the works of Fischer (1935) [9], Clark
(1940) [10] and Foéurastié (1954) [11]. The scientists laid the theoretical principles of structural change in
the economy using a three-sector model (the hypothesis of three sectors), which describes the evolution
of the economy from agricultural and industrial economic structures to the sphere of services.

In the 1950s, in parallel with studying the three-sector hypothesis, interest in considering structural
changes as a factor of economic growth intensified. The development of this research area was preceded
by the works of Rosenstein-Rodan (1943) [12] and Nurkse (1953) [13], who justified the need to combine
differences of industries as a condition for balanced growth.

Further theoretical treatment of this problem is highlighted in the works of the Nobel laureate
Lewis (1954) [14] and later on Ranis and Fei (1961) [15]. Lewis’s study [14] was built upon the
assumption that most countries had economies based on the agricultural and industrial sectors.
At the same time, the agricultural sector was characterized by low productivity, low incomes and
savings, as well as significant underemployment. The industrial sector was defined by the scientist as
technologically advanced and with a high level of investment.

The structural transformations that take place in processes of countries” development are studied,
among others, in works of a number of authors: Chenery and Watanabe (1958) [16], Hirschman
(1958) [17], Hoffmann (1958) [18], Kuznets (1966) [19], Todaro (1969) [20,21], Chenery and Syrquin
(1975, 1979) [22,23], Ishikawa (1987) [24]. These studies highlight the structural characteristics of
growth, patterns of structural change, and phenomenology of economic development.

It should be pointed out that attention to structural transformations in the economy is not
diminished in modern scientific research. Presently, an increasing number of scholars consider the
relationship between structural change in countries of the world and their economic development in
their works.

An analysis of the impact of structural changes on national economies is carried out in the works
of Raiser, Schaffer and Schuchhardt (2003) [25], Thiefsen and Gregory (2005) [26], Kyzym and Milyutin
(2017) [27], Gryshova et al. (2019) [28].

Beg, Sertic and Druzic (2017) [29] analyze the differences in structural changes in the economies
of 26 EU member states in the process of deindustrialization for the period 1995-2012 and compare
factors of deindustrialization in post-communist economies and developed European countries.
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The research of Dudzeviciité et al. (2014) [30] deals with identifying features of structural changes
in the Lithuanian economy and their assessment in a global context. The research methodology is
based on the use of the classical three-sector model (agriculture, industry and the sphere of services)
and methods for assessment of structural changes and comparative analysis of statistical data on
economic structures.

It should be noted that analysis of the economic structure of different countries and its
transformations in the context of the three main sectors is widely used in modern research (e.g.,
Teigeiro and Solis (2007) [31]; Alba (2010) [32]; Jiang (2011) [33]; Mao Yao (2012) [34]; Zdrazil, Kraftova
and Mateja (2016) [35]). Also, a number of scientists study economic structure in the context of
individual sectors and economic activities (e.g., Tanuwidjaja and Thangavelu (2007) [36]; Matsuyama
(2009) [37]; Kokocinska and Puziak (2009) [38], Cho, Cho and Lee (2013) [39], Zdrazil, Kraftova and
Mateja (2016) [35], Gryshova et al. [40]).

Based on the calculations made, Dudzeviciate et al. (2014) [30] determined that, during the last
decade, the agricultural and industrial sectors of the Lithuanian economy were growing more slowly,
and the structure of the global economy changed to the economic structure based on services. The
authors also made an attempt to compare the structural shift in the Lithuanian industry with the
average indicators for Asia, Europe and the world. The scientists found out that it was close to the
North American and Oceania average by the contribution to the total value added. Over a period of
1990-1995, the Lithuanian industrial sector contribution to the total economy was growing, while it
was decreasing in Europe, Asia and other regions of the world. At the same period of time, the process
of tertiarization was apparent in the global economy and the Lithuanian service sector growth was
twice faster than the European and Asian countries” average [14].

Article Noguera-Méndez, Semitiel-Garcia and Lypez-Martinez (2016) [41] deals with analysis of
structural changes in the economies of countries taking into account the per capita income. In this study,
the authors study inter-branch structures at the national level by applying traditional input-output
measures as well as network analysis. However, the authors focus mainly on inter-branch structures
as a main explanatory factor of the observed international disparities in development. Based on the
results of the study, the authors conclude that there is a fundamental inter-branch structure, common
to all countries, and at the same time there exist structural differences that correspond to differences in
the levels of development, industrial specialization, structural position of some branches and course
uneven development of countries.

Kamaruddin and Masron’ work (2010) [42] deals with the structural changes and sources of
growth in the manufacturing sector in Malaysia. The authors conclude that export is becoming
an increasingly important factor in changes in the structure of industrial growth of the Malaysian
economy, and structural changes in the country’s economy are mainly caused by the reorientation of
industrialization strategies as well as changes in relation to the domestic demand.

Tanuwidjaja and Thangavelu (2007) [36] analyze the relationship between the structural changes
and productivity of the manufacturing sector of the Japanese economy. They classify manufacturing
industries into four sectors according to the technological degree. The paper reveals that the productivity
was most notably in the medium-high-technology sector, which resulted from the structural change
that occurred in the late 1990s.

Olczyk and Kordalska (2018) [43] examine the relationship between structural changes (changes
in Gross Value Added and employment) and economic growth.

Zdrazil, Kraftova and Mateja (2016) [35] draw attention to the correlation between innovation
capacity and industrial structure of economies. Their work is aimed at investigating whether selected
groups of European countries show similar trends in industrial structure development reflected in its
innovative capacity.

Thus, the interest of scientists in the problems of assessing structural changes in the economy
(industry) and their impact on the economic development of countries of the world is manifested in
intensification of research in this area. At the same time, noting the existence of a connection between
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these structural changes and economic growth, scientists use different approaches and methods for
their analysis, different statistical basis. At the same time, structural changes and the corresponding
structural policy are considered both as a consequence and a source of economic growth.

Noting the existence of a connection between structural changes and the country’s economic
growth, scientists use different approaches and methods of their analysis, different statistical basis.
When considering structural changes, industry is most often analyzed with the application of a 3-sector
model as well as by individual sectors and types of economic activity (TEA), the approaches being
used are input-output analyses, network analysis, etc.1.3. The key issues and the hypothesis of the
research Today, the problem of ensuring sustainable socio-economic development is a key one for
most countries of the world. At the same time, modern realities necessitate the provision of such
economic growth that would be sustainable in the broad sense (i.e., stable, progressive in the long run
and environmentally sustainable at the same time). This means that the process of growth should have
a well-thought-out basis and cover those economic sectors that can ensure it.

The above review allowed to reveal that the intensive processes of structural transformations of the
economies (and industrial systems) of countries, which are going on in the world, are accompanied by
an increase in the unevenness of their development and determine the sources and resources for their
economic growth. Under these conditions, the governments of countries of the world are forced to seek
modern effective directions of structural and industrial policy. This, on the one hand, would ensure
sustainable economic growth of the country and the corresponding quality of life of its population,
and, on the other hand, use the potential of digital technologies for economic diversification, positive
structural transformations and increase in the value added.

Thereby, in our opinion, a number of issues require further research, namely:

which structure of the national industry under current economic conditions can be considered
progressive, i.e., can lead to progress and sustainable socio-economic growth;

whether there is a correlation between the progressive structure of a country’s industry
and its economic development and the quality of life of its population (which is a complex
indicator of the national socio-economic development);

how the approach of the country’s industrial structure to its progressive state influences the
country’s economic development and the quality of life of its population.

An attempt to resolve these issues was made in this study, its main hypothesis being formulated as
follows: progressiveness of the industrial structure of the country influences the economic growth and
quality of life of its population.

The presented study is aimed at further development of knowledge about the influence of
structural and industrial policies on the socio-economic development of countries of the world.

2. Materials and Methods

The goal of this study is justification or refutation of the hypothesis about influence of the
progressiveness of the industrial structure on the sustainable economic development and quality of life
of the population of the world countries.

The following study tasks were specified in order to achieve the set goal:

Establishing the theoretical bases for analysis and evaluation of industrial structure.

Justifying criteria of progressiveness of the industrial structure and calculating averaged values
of the criteria of progressiveness on the basis of analysis of the industrial structures of the leading
countries of the world.

Studying how the approach of the country’s industrial structure to its progressive state influences
the country’s economic development and quality of life of its population (using cluster analysis).

Performing integral assessment of correspondence of the industrial structure of the world countries
with its progressive state (with the help of the integral indicator).
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Studying how the integral indicator of correspondence of the industrial structure with its
progressive state influences the quality of life of the population and the industrial GVA volume per
capita (using cluster analysis) and justify or refute the stated hypothesis of the study.

The data of inter-branch balances for 36 countries of the world were the base selection of the
study of the industrial structure of the world countries and its influence on the economic development
and quality of life of their population (WIOD base) [7]. Countries were selected on the basis of their
industrial GVA volumes. Besides, the list includes both developed countries and the most successful
developing countries.

The last 2016 release of World Input-Output Tables and underlying data cover 43 countries and a
model for the rest of the world for the period 2000-2014. There is a lag of about 2 years to develop an
input-output table (or supply and use table) by national statistics bureaus, and another 2 years are
needed to develop international input-output tables on the basis of the national statistical data of the
System of National Accounts (SNA) and international trade statistics (UNCTAD). Moreover, in some
countries, the national input-output tables are not developed annually but once every two years (in
Great Britain from 2010 till 2014) or even once every five years (Republic of Bulgaria).

Thereby, the most recent study period was the year 2014 due to periodicity and features of
formation of inter-branch balances of the world countries.

With regard to the tasks set in the study, the following methods were used:

For establishing the theoretical bases for analysis and evaluation of the industrial structure,
in particular: defining the essence of the basic concepts that have to do the industry structure;
identifying the existing approaches to the analysis of the economic (industrial) structure;
forming a classification of the country’s industrial sectors which would be used for studying
the industrial structure of the world’s countries; justifying the criteria of progressiveness of
the industrial structure—general scientific methods: analysis and synthesis, generalization,
content analysis of literary sources.

For calculating the averaged values of the criteria of progressivity on the basis of analysis of
the industrial structures of the leading countries of the world—methods of grouping and
classification, averaging.

For assessing the correspondence of the industrial structure of the world countries with its
progressive state—method for calculating the integral indicator.

For evaluating the influence of approach of the industrial structure of the country
to its progressive state on the economic development and quality of life of its
population—cluster analysis.

The general design of the research is presented in Table 1.

Thus, the research comprises four main parts.

The first part deals with the formation of the theoretical bases of the study. It involves analysis
of the scientific developments related to the studied problems and is aimed at justifying, based on
the results of the analysis, the criteria and approaches to assessing progressiveness of the industrial
structure of countries.

The second part implies calculating the progressive values of the industrial structure by various
criteria (various sectoral divisions of the industry) and assessing on this basis the progressiveness
of the industrial structure of the studied sample of the world countries. Since this part of the study
is aimed at determining the average values of the criteria of progressiveness using analysis of the
production structures of the world countries, its main methods used are: grouping and classification,
averaging. The input data for the analysis of production structures of the world countries are the data
of inter-branch balances for 36 countries (WIOD) [7], which, as was considered in Introduction, are
widely used in such studies.
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Stage

Basic Procedures

Materials and Methods

1. Generalization of the theoretical bases for analysis
and evaluation of industrial structure

1.1. Clarifying the interpretation of the concept “industrial structure of the country”

1.2. Classifying sectors of the country’s industry by the main features (by processing
depth—3-sector, by technological level, by types of economic activity) which characterize its
structure and are the basis for its further analysis

1.3. Justifying the interpretation of the concept “progressive industrial structure” as the one
most clearly reflecting the goals of industrial development

1.4. Analyzing the criteria of progressiveness of the industrial structure and approaches to
calculating their values

Methods: content analysis of literary sources; general scientific methods—analysis
and synthesis, generalization
Analytical basis: scientific publications on the issues under study

2. Calculation of the progressive values of the industrial
structure for different variants of its division into
sectors and assessment of the progressive industrial
structure of the world countries

2.1. Analyzing the industrial structure of the world countries in accordance with the 3-sector
division and calculating the progressive value in the case of 3-sector industrial division

2.2. Analyzing the industrial structure of the world countries in terms of technological level
and calculating the progressive value when dividing the industry into sectors by
technological level

2.3. Analyzing the industrial structure of the world countries in terms of types of economic
activity and calculating the progressive value when dividing the industry into sectors by TEA
2.4. Analyzing the progressiveness of the industrial structure of the world countries by
various sectoral divisions based on the progressive values obtained

Methods: grouping and classification, averaging.
Statistical basis: the data of inter-branch balances for 36 countries of the world
(WIOD base)

Methods: grouping and analysis
Statistical basis: the results of preliminary calculations (2.1-2.3)

3. Integral assessment of correspondence of the
industrial structure of the world countries with its
progressive state

3.1. Developing the integral indicator of correspondence of the industrial structure with its
progressive state

3.2. Calculating the integral indicator of correspondence of the industrial structure with its
progressive state for the studied sample of countries

Methods: method for calculating the integral indicator
Statistical basis: the data of inter-branch balances for 36 countries of the world
(WIOD base), the results of preliminary calculations (2.1-2.3)

4. Justification or refutation of the hypothesis about
influence of the progressiveness of the industrial
structure on sustainable economic development and
quality of life of the population of the world countries

4.1. Dividing the studied world countries by the GVA per capita (as the summarizing
indicator of economic development)

4.2. Dividing the studied world countries by the Human Development Index (HDI) (as the
summarizing indicator of quality of life of the population)

4.3. Analyzing the influence of correspondence of the industrial structure with its
progressive state on the sustainable economic development and quality of life of the
population in the world countries

Methods: analysis and synthesis, grouping and classification

Statistical basis: the data of inter-branch balances for 36 countries of the world
(WIOD base)

Methods: analysis and synthesis, grouping and classification

Statistical basis: the data of Human Development Reports on Human Development
Index

Methods: cluster analysis
Statistical basis: the results of preliminary calculations (3.2, 4.1 and 4.2)

Source: developed by the authors.
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The third part of the study involves an integral assessment of the correspondence of the industry
structure of the world countries with its progressive state based on the calculated in the previous part
values of the progressive structure of the industry of the world countries by various criteria.

In the general case, the integral indicator is a convolution of a set of particular indicators (as such,
in our study, the values of the criteria for the progressiveness of the industrial structure across the
world countries are used) The application of integral assessment in economic research is usually caused
by the need to obtain a comprehensive picture of the state of the process (object) under study. Thus,
the use of the integral indicator in this study is due to the need to obtain a comprehensive assessment
of the correspondence of the industry structure of the world countries with its progressive state by
convoluting the values of the calculated criteria of progressiveness.

Currently, there are many ways to calculate the integral indicator, which differ from each other in
factors that are analyzed and the mathematical expression of the indicator. The most used of them
are the method for constructing the integral indicator by summarizing individual indicators (linear
model), the method for constructing it by summarizing the weighted arithmetic average of individual
indicators, the method of geometric aggregation (which implies multiplying the weighted geometric
average of individual indicators), the distance method. In this study, based on its objectives and the
specifics of the preliminary calculated criteria of progressiveness, it is proposed to use the method of
constructing the integral indicator based on the sum of arithmetically weighted indicators.

The fourth part of the study deals with the justification or refutation of the hypothesis about the
influence of the industrial structure on the economic development and quality of life of the population
in the countries of the world. The main research method used for this purpose is one of the methods of
multidimensional classification—cluster analysis.

As is known, cluster analysis is a multidimensional statistical procedure that involves collecting
data on a sample of objects with a subsequent division of these objects into relatively homogeneous
groups. In the general case, cluster analysis solves the problem of constructing a classification model,
i.e., breaking down the input set of objects and features into homogeneous groups (clusters).

Different directions of application of cluster analysis can be reduced to four main tasks: developing
a typology or classification; studying conceptual schemes for grouping objects; developing hypotheses
based on data research; testing research hypotheses by determining whether groups of objects similar
in a number of features can really be singled out in the data analyzed. The focus of the last task is fully
consistent with the purpose of our study, according to which we plan to prove or refute the relationship
between progressiveness of the industrial structure, economic development and quality of life of the
population of the world countries by determining whether the countries under study can be correctly
grouped by the analyzed characteristics: 1—integral indicator of correspondence of the industrial
structure with its progressive state; 2—GVA per capita (as the summarizing indicator of economic
development of the countries); 3—Human Development Index (HDI) (as the summarizing indicator of
quality of life of their population).

The value of the first indicator for the countries of the world is calculated in the third part of
the study, the value of the second indicator is formed based on the data of inter-branch balances [7],
the value of the third one is obtained using the data of Human Development Reports [44].

It should be noted that in modern studies the indicator of quality of life is considered as the
most generalized complex criterion describing a certain final result of socio-economic development.
Quality of life is a complex characteristic that includes both the objectively existing degree of and
conditions for satisfaction of a wide range of tangible and intangible needs expressed in quantitative
and qualitative consumption of material and spiritual goods, as well as the subjective perception of
the degree of satisfaction of the whole spectrum of needs, including the need for self-realization and
individual freedoms (Kyzym et.al. (2004) [45]). The main indicator officially used by UN experts
to assess quality of life of the population is Human Development Index (HDI). It is a composite
indicator characterizing human development in countries and regions of the world and is annually
calculated by experts of the United Nations Development Program (UNDP) together with the group of
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independent international experts who use, along with analytical developments, statistics of national
institutions and international organizations. The indicator is an integral estimate of three components
that characterize life expectancy, level of education and income of the world population (Kyzym et.al.
(2004) [45]). It has been widely used in scientific research in the field of socio-economic development
of countries and territories (lacobuta et. al. (2019) [46], Jednak et. al. (2018) [47] and other) to assess,
analyze and compare the achieved quality of life in 189 countries of the world since 1990, so it is
proposed to use it for our study as well.

It is known that the methods of cluster analysis are divided into two groups: hierarchical
and non-hierarchical.

The essence of hierarchical clustering is a sequential grouping of small clusters into larger ones
(agglomerative methods—Agglomerative Nesting, AGNES) or division of large clusters into smaller
ones (divisive methods—Divisive Analysis, DIANA). In this regard, it should be noted that hierarchical
clustering is mainly used for small amounts of data.

With a large number of observations, hierarchical methods of cluster analysis are inappropriate.
In such cases, non-hierarchical methods, which imply breaking down the input data set into a certain
number of individual clusters, are used. There are various algorithms for performing this division.
The most common among them is the k-means algorithm, the general idea of which is that objects are
broken down into clusters in the way that the means in the clusters (for all variables) differ from each
other as much as possible, which corresponds to the objectives of our study.

Thus, taking into consideration the selection of input data, research tasks, and the specifics of the
existing cluster analysis algorithms, in our study, we will apply non-hierarchical cluster analysis based
on the k-means algorithm, to implement these algorithms, the STATISTICA 7.0 software package will
be used.

Therefore, the analysis of the clustering of the world countries, obtained as a result of the study,
will allow us to prove or refute the hypothesis about influence of the progressiveness of the industrial
structure on economic development and quality of life of the population of the world countries.

3. Results

Let’s consider the essence of the following concepts: ‘structure’, ‘economic structure’” and
‘industrial structure’.

The ‘structure” concept (from Latin ‘structura’—building, location, order, etc.) is considered in
the philosophical literature as “a set of stable links of the system which ensure preservation of its
properties under different external and internal changes; the base characteristic of the system is its
invariant aspect” [48]. The modern economic dictionary interprets the ‘structure’ concept as a division
into parts by certain properties, establishment of mutual links between these components, composition
and construction of an economic object [49]. So, the above interpretations speak about integrity, form
of construction of the object/system and a nature of interaction of its elements. Such an understanding
of the idea of the ‘structure’ concept is the basis of definition of the ‘economic structure” concept.

At the same time, the analysis of the studies in this subject shows that researchers differently
interpret the ‘economic structure’ concept and its study is one of the complex problems in the modern
economic theory. One group of economists defines the ‘economic structure” concept as the plural of
elements of the economy, which is considered together with the links and correlations between them,
including formation of different combinations with their generalized links and relations. The other
group considers the ‘economic structure’ concept from the point of view of construction of the
production in the technical, cost and organic forms.

Content analysis of interpretations of the ‘economic structure” concept in the studies [27,50-52]
showed that the majority of researchers focus their attention on the fact that the ‘economic structure’
concept is a certain construction of the system of national economy which consists of a number of its
elements, mutual links and correlations between them. Thus, due to this, it is recommended to understand
the “industrial structure’ concept as a combination and correlation between mutually connected types of economic
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activity, which are parts of the industry and reflect national economic proportions and social division of labour,
which is inherent in the country.

The scientific literature and practice offer, when analyzing the industrial (economic) structure, to
specify its certain structural parts: types of economic activity (TEA), production of capital goods (A
group) and production of consumer goods (B group), sectors by the technological level, mining and
manufacturing industry and so on.

Based on the indicators of economic security, which are stated in the scientific literature, it is
proposed to consider the country’s industrial structure by the following classification of sectors for
assessing the real sector of economy: by TEA, by the technological level and by the processing depth
(3—sector structure) (see Figure 1).

| Industrial structure |

T
[ | |

By the processing depth By the technological By Types of Economic
d 123—sector)g e d level ; Y chtivity (TEA)
Manufacturing | High-gerzfcikgnology _' Engineering |
Mining I Medium- —[ Chemical industry I
technology TEA
Power supply = —
ow-technolo — Light industr
TEA &Y & Y
Extraction of Food industry
mineral resources
Manufacture of coke Wood-manufacturing
and oil products industry
Metallurgy Other non-metal
production production

Production and distribution
of electric power, natural
gas and water

Figure 1. Classification of sectors of the country industry by different features. Source: developed by
the authors

There are different definitions in the scientific literature with respect to the industrial structure:
progressive’, ‘rational’, ‘effective” and ‘optimal’. The essence of the above concepts is represented in
Table 2.

7

Table 2. Essence of the concepts that characterize the industrial structure.

Concept Essence

Progressive Advanced and gradually growing
Rational Reasonably justified and expedient
Effective Efficient
Optimal The most favourable

Source: [53].

As we can see from Table 2, the above concepts are close in meaning. The current study will use
the “progressive industrial structure’ term for characterizing the industrial structure as a term which
reflects the goals of industrial development most clearly.

Researchers offer different recommended values of progressiveness of the industrial structure.
Thus, for example, Pirog (2011) [54] offered the following requirements to the post-industrial society
from the industrial structure point of view:
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For the branch structure of the national economy: 20% have to fall on the processing branches of
industry; 25%—financial sphere; 22%—sphere of services; and 33%—other branches.

2 For the technological structure of the national economy: 20% have to fall on the high-technology
productions; 30%—medium-high-technology productions; 20%—medium-low-technology
productions and 30%—low-technology productions.

3.

For the technological structure of the branches of the manufacturing industry (within 20% of
the national economy structure): 50% have to fall on the total part of the high-technology
and medium-high-technology productions (out of which 20%—high-technology productions
and 30%—medium-high-technology productions) and 50%—medium-low-technology and
low-technology productions [54].

Akayeva and Sokolov (2016) [55] identified the optimal technological structure for economies
of the developed countries, in which the manufacturing industry consists of 20% of high-technology
productions, 28%—medium-high-technology productions, 27%—medium-low-technology productions
and 25%—low-technology productions.

The above recommended progressive (optimal) industrial structures were obtained by researchers
through calculation and generalization of the data by the most efficient developed world countries.

Thus, scientists consider the manufacturing sector and high-tech TEA (which, first of all, refers to
engineering) most progressive.

Respective calculations in accordance with the 3-sector industrial division were carried out within
this study for identifying the progressive industrial structure (see Figure 1) by 36 world countries and
their average values for 3 years (2009, 2011 and 2014).

The conducted calculations showed that the average value of the specific weight of the GVA of
the manufacturing industry (SWM) in the countries” industry for 2009-2014 was 76.12% (Table A2
Appendix B). This value is accepted in the current article as the progressive one for the 3-sector division
of the industrial structure.

The diagram of the division of the studied world countries looked as follows in 2014 by the value
of the specific weight of GVA of the manufacturing industry in the general volume of the industrial
GVA (Figure 2).

Rank Country

1 Korea 91.09
2 Japan 90.55
3 Ireland 88.06
4 Germany 87.53

5 Hungary 87.29

6 Austria 84.26

7 Slovenia 83.43

8 Belgium 83.06

9 Finland 82.19

10 Slovakia 82.04

33 Ukraine 58.01

34 Russia 51.59

35 Canada 49.64

36 Australia : 4197 SW?,U %

1 1 1

0 20 40 60 80 100

Figure 2. Diagram of the division of the world countries by the specific weight of the manufacturing
industry GVA (SWy) in the general volume of the industrial GVA in 2014. Source: developed by the
authors on the basis of the data [7].

It can be seen from Figure 2 that the following world countries had the biggest specific weights of
the manufacturing industry GVA in the general volume of the industrial GVA in 2014: Korea—91.09%,
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Japan—90.55%, Ireland—88.06%, Germany—=87.53% and Hungary—~84.26%, while the smallest ones:
Australia—41.97%, Canada—49.64%, Russia—51.59% and Ukraine—58.01%.

The conducted calculations with respect to the industrial structure of the studied world countries
for the period of 2009-2014 by the technological level of production (see Figure 1) allowed to identify
the industrial structure of the studied countries by the technological level (Table 3). The industries
were classified into relevant sectors by technological level in accordance with [56].

Table 3. The industrial structure of the world countries by the technology level.

High-Technology Sector (HTS) Medium-Technology Sector (MTS) Low-Technology Sector (LTS)

No. Country 2009 2011 2014 2009 2011 2014 2009 2011 2014
1* 2% 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
1 Australia 1143 36 976 36 1341 35 2195 32 1941 33 2353 28 66.62 1 70.83 1 63.06 1
2 Austria 39.09 10 4016 7 4390 10 3043 14 3143 14 2909 16 3048 28 2841 28 2701 28
3 Belgium 36.60 13 3752 13 4430 9 3188 12 3512 3 2909 17 3152 26 2735 31 2662 29
4 Bulgaria 1782 31 1782 32 2251 28 3455 4 3455 7 3037 12 4763 11 4763 11 4713 10
5 Brazil 2787 21 2642 23 3042 21 3283 9 3112 15 1666 34 3930 20 4246 18 5293 5
6 United Kingdom 3126 17 31.63 17 3541 18 2476 26 2572 26 2742 20 4398 15 4265 17 3717 20
7 Greece 1274 35 1274 35 1270 36 3654 2 36.54 2 4590 1 50.71 7 50.71 7 4140 18
8 Denmark 3813 11 3353 16 4635 7 18.40 34 1842 34 1838 33 4347 17 4805 10 3527 22
9 Estonia 2146 28 2146 30 2238 29 3253 11 3253 12 3402 3 4601 13 4601 14 4360 13
10  India 2985 20 29.84 21 30.09 22 2900 20 2928 19 27.05 21 4115 18  40.88 20 4286 16
11 Ireland 5747 1 56.69 2 4227 12 9.68 36 8.77 36 1311 36 3284 24 3454 22 4462 12
12 Spain 3001 19 2999 20 3330 20 3358 7 3457 6 3258 6 3642 21 3544 21 3412 23
13 TItaly 3490 16 3534 15 3843 15 2918 19 31.03 16 2971 13 3592 22 3363 25 3185 25
14  Canada 1956 30 27.02 22 2020 31 2052 33 2175 30 2470 24 5991 3 5123 6 5510 3
15  China 3537 15 3537 14 3708 17 2352 29 2352 28 1976 32 4111 19 4111 19 4316 14
16 Korea 5714 2 5818 1 60.71 1 2443 28 2581 25 2427 25 1843 36 1601 36 1502 36
17 Latvia 1471 33 1471 33 1684 32 3492 3 3492 4 327 5 5037 9 5037 9 5040 8
18  Lithuania 21.63 26 2163 28 2482 26 3266 10 3266 11 2650 23 4571 14 4571 15 4868 9
19  Mexico 21.60 27 2167 27 2810 24 1528 35 1485 35 1638 35 6312 2 6347 2 5552 2
20  Nether-lands 2560 24 3105 18 3489 19 2467 27 2175 31 2211 30 4973 10 4720 13 4300 15
21 Germany 5347 3 5583 3 5877 2 2766 22 2733 21 2405 26 1883 35 16.84 35 1718 35
22 Poland 2633 22 2184 26 2901 23 2975 17 3458 5 3277 4 4392 16 4358 16 3822 19
23 Portugal 2283 25 2283 25 2193 30 2978 16 2978 18 31.03 11 4740 12 4740 12 4704 11
24  Russia 1470 34 1468 34 1522 34 3346 8 3279 10 3203 7 5183 6 5253 5 5275 6
25  Romania 2627 23 2627 24 2591 25 2314 30 2314 29 3159 8 5059 8 5059 8 4250 17
26 Slovakia 3027 18 3027 19 4187 13 4106 1 4106 1 3446 2 2867 30 2867 27 2367 31
27  Slovenia 4124 6 4124 6 46.51 6 3085 13 308 17 3150 10 2792 31 2792 30 2198 32
28  USA 3782 12 3866 11 3939 14 2718 24 2689 23 2348 29 3499 23 3446 23 3712 21
29 Turkey 2095 29 2146 29 2375 27 2272 31 2146 32 2126 31 5633 4 5708 3 5499 4
30  Hungary 4854 4 5490 4 56.05 3 2849 21 2694 22 2394 27 2297 34 1816 34 2001 34
31 Ukraine 1714 32 21.07 31 1640 33 2753 23 2428 27 3156 9 5534 5 5464 4 5205 7
32 Finland 4073 7 3950 10 4260 11 2675 25 2660 24 2759 19 3252 25 3390 24 2980 26
33 France 3928 9 3772 12 3753 16 2969 18 3351 8 2932 14 31.03 27 2878 26 3315 24
34  Czech Republic 3575 14 4013 8 4893 4 3393 5 3178 13 2921 15 3032 29 2809 29 2186 33
35  Sweden 4250 5 4406 5 4863 5 3023 15 2910 20 2762 18 2727 32 2684 33 2375 30
36  Japan 3948 8 3955 9 45.61 8 33.61 6 3350 9 2705 22 2691 33 2695 32 2734 27

A 31.55 32.04 34.85 28.28 28.37 27.15 40.17 39.58 38.00
wverage value
32.82 27.93 39.25

*—indicator value, %; **—country rank. Source: developed by the authors on the basis of the data [7].

It is seen from Table 3 that the average values of the industrial structure by 36 world countries for
the period of 2009-2014 are: high-technology sector—32.82%, medium-technology sector—27.93% and
low-technology sector—39.25%. This value for the high-technology sector is considered in this study as
the progressive value for technological division of the industry into sectors. The diagram of division of Ukraine
and world countries looks as follows by the specific weight indicator of the GVA high-technology
sector (SWyrs) in the industrial GVA (Figure 3).

It can be seen from Figure 3 that the following world countries had the largest specific weights of
the GVA high-technology sector in the general volume of the industrial GVA in 2014: Korea—60.71%,
Germany—>58.77%, Hungary—56.05%, Czech Republic—48.93% and Sweden—48.63%, while the
smallest ones: Greece—12.7 %, Australia—14.7 %, Russia—15.22% and Ukraine—16.4%.

Calculations, which have been carried out with respect to the industrial structure of the studied
world countries for the period of 2009-2014 by types of economic activity (TEA) (see Figure 1), showed
that the average value of the industrial structure by them for the period of 2009-2014 by Engineering
TEA (one of the most high-technological industry) was 22.81% (see Table A3 Appendix C). This value
is considered to be progressive in this study for the division of the industry by TEA sectors.
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Rank Country
1 Korea

2 Germany

3 Hungary

4 Czech
Republic
5 Sweden

6 Slovenia
7 Denmark
8 Japan

9 Belgium

10 Austria

33 Ukraine
34 Russia
35 Australia
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Figure 3. Diagram of the division of the studied world countries by the specific weight of the GVA
high-technology sector (SWyTs) in the general industrial GVA volume in 2014. Source: developed by
the authors on the basis of the data [7].

The diagram of the division of Ukraine and world countries by the indicator of the specific weight
of the Engineering TEA in the industrial GVA is shown in Figure 4.

Rank Country
1 Korea

2 Germany

3 Hungary

4 Czech Republic
5 Sweden

6 Japan

7 Austria

8 Slovakia

9 Finland

10 Italy

33 Lithuania
34 Latvia
35 Australia
36 Greece

9.71
9.51
7.81 SW,, %
6.18‘ |
0 10 20 40 50

Figure 4. Diagram of division of the studied world countries by the specific weight of the Engineering
TEA GVA (SWg) in the general volume of the industrial GVA in 2014. Source: developed by the authors
on the basis of the data [6].

It is seen from Figure 4 that the following countries had the largest specific weight of
the Engineering TEA in the general volume of the industrial GVA in 2014: Korea—47.40%,
Germany—44.48%, Hungary—40.35%, Czech Republic—37.97% and Sweden—35.37%, while the
smallest one: Greece—6.18%, Australia—7.81% and Latvia—9.51%.
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Table A4 Appendix D contains indicators of progressiveness of the world countries industrial
structure by various sectoral divisions in 2014. Table A4 shows that the world countries have different
levels of achievements by the given indicators. Thus, on the basis of their analysis it is impossible to
get an unambiguous conclusion about the correspondence of the structure of their industry with its
progressive state. In this case, it is necessary to carry out an integral assessment, which will allow to
obtain the composite indicator of progressiveness of the industrial structure of the world countries.

In this regard, for the integral assessment of the correspondence of the industrial structure of the
world countries with its progressive state, it is proposed to use the following integral indicator:
Koai Ksi

i +an + a3
KlT[ K27t K37t

Ips, = a1 1)
where Ipsi—integral indicator of correspondence of the industrial structure with the industrial structure
of the i world country with its progressive state;

Kji and K;—indicators of the specific weight of the manufacturing industry GVA in the general
volume of the industrial GVA of the i world country and its progressive value respectively;

Ky and Ky—indicators of the specific weight of the GVA high-technology sector in the general
industrial GVA volume of the i world country and its progressive level respectively;

K3 and Ksr—indicator of the Engineering GVA in the general industrial GVA of the i world
country and its progressive level respectively;

a1, ap, az—significance of partial indicators of the integral assessment of correspondence of the
industrial structure of the world countries with its progressive state.

It is recommended to use average values of the actual level of indicators of assessment of the
industrial structure (K1, Ko 1a K351) as their progressive values by 36 studied world countries, which
were calculated above.

Significance of partial indicators of the integral assessment of correspondence of the industrial
structure of the world countries with their progressive state (a1, a2, a3) is identified on the basis of
their aggregation (more aggregated are of less significance) in accordance with the ‘golden section’
scale [57] and equals, respectively: @ = 0.15, ap = 0.35, a3 = 0.5.

Calculations of the integral indicator of correspondence of the industrial structure of the world
countries with its progressive state (see Table A5 Appendix E) allowed to form their following division
(Figure 5).

As we can see from Figure 5, a number of countries have such an industrial structure which
is better than its progressive state and these countries are: Korea—1.7175, Germany—1.6249,
Hungary—1.5153, Czech Republic—1.4332, while the worst ones are in: Australia—0.4987,
Russia—0.6246, Ukraine—0.6705 and Canada—0.6720.

In accordance with the goal of this study let’s prove or refute the hypothesis about the influence
of the industrial structure on the GVA value per capita and quality of life of the population in the
world countries.

To do it we will use the cluster analysis and data with respect to the volumes of the industrial
GVA per capita and the Human Development Index (HDI) which is formed by the UN [44].

The diagram of the division of the studied world countries by the GVA per capita indicator looks
as follows (Figure 6).

In can be seen from Figure 6 that the largest values of the GVA per capita indicator in 2014
belonged to the following world countries: Denmark—USD 62,549.0 per capita, Australia—USD
62,403.1 per capita, Sweden—USD 59,241.6 per capita, Ireland—55,628.2 per capita and the US—USD
55,033.0 per capita, while the smallest ones: India—USD 1,576.0 per capita, Ukraine—3,104.7 per capita,
China—USD 7,683.5 per capita and Bulgaria—USD 7,864.8 per capita.

The diagram of the division of the studied world countries by the Human Development Index
(HDI), which is formed by the UN, looks as follows (Figure 7).
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Figure 5. Diagram of division of the world countries by the integral indicator of correspondence of the

industrial structure (Ips) with its progressive state in 2014. Source: developed by the authors on the

basis of own calculations.

Rank Country
1 Denmark

2 Australia

3 Sweden

4 TIreland
5USA

6 Netherlands
7 Austria

8 Canada

9 Finland

10 Germany

33 Bulgaria
34 China
35 Ukraine
36India

62549.0
62403.1
59241.6
55628.2
55033.0
52830.2
51715.5
50633.2
49914.6
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Figure 6. The diagram of the division of the world countries by GVA per capita (GVA/p) in 2014.
Source: developed by the authors on the basis of the data [7].
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Rank Country

1 Australia 0.935

2 Denmark 0.923

3 Netherlands 0.922

4-5 Germany 0.916

4-5 Ireland 0.916

6 USA 0.915

7 Canada 0.913

8-9 United Kingdom 0.907

89 Sweden 0.907

10 Korea 0.898

33 Brazil 0.755

34 Ukraine 0.747

35 China 0.727

36 India : i 0.609 HDIL, colef.
0 0.2 0.4 0.6 0.8 1

Figure 7. The diagram of the division of the world countries by HDI in 2014. Source: developed by the
authors on the basis of the data [44]

It can be seen from Figure 7 that the largest HDI levels belonged to the following countries:
Australia—0.935, Denmark—0.923, Netherlands—0.922, Germany—0.916 and Ireland—0.916, while
the smallest ones: India—~0.609, China—0.727, Ukraine—0.747 and Brazil—0.755.

Let’s study influence of the integral indicator of correspondence of the industrial structure with
its progressive state on the indicators of the industrial GVA volume per capita and quality of life of the
population with the help of the cluster analysis.

Figure 8 shows the graph of average values of the integral indicator of correspondence of the
industrial structure with its progressive state, industrial GVA volume per capita and quality of life of
the population by the clusters of the world countries in 2014.

So, the calculations allocated two clusters of the world countries by the integral indicator of
correspondence of the industrial structure, quality of life of the population and GVA volume per capita
in 2014 (see Table 4).

Table 5 shows indicators that characterize the world countries which belong to the first cluster.

Table 5 shows that the first cluster mainly includes those world countries which have a low GVA
volume per capita, low quality of life of the population and such an industrial structure, which is worse
than its progressive value both by the integral indicator and various approaches to its structurization.

Table 6 shows indicators that characterize the world countries which belong to the second cluster.

Table 4. Division of the world countries by clusters depending on the integral indicator of
correspondence of the industrial structure, indicators of the life quality of the population and industrial
GVA volume per capita in 2014.

1st Cluster 2nd Cluster

Australia; Austria; Belgium; United Kingdom; Denmark;
Ireland; Spain; Italy; Canada; Korea; Netherlands;
Germany; Slovakia; Slovenia; USA; Hungary; Finland;
France; Czech Republic; Sweden; Japan

Bulgaria; Brazil; Estonia; India; China; Latvia;
Lithuania; Mexico; Poland; Portugal; Russia;
Romania; Turkey; Ukraine; Greece

Source: developed by the authors on the basis of own calculations.
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Graph of average values for each cluster
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Figure 8. The graph of average values of the integral indicator of correspondence of the industrial
structure with its progressive state (Ips), quality of life of the population (HDI), industrial GVA volume
per capita (GVA/p) by the clusters of the world countries in 2014. Source: developed by the authors on
the basis of own calculations.

Table 6 shows that the second cluster mainly includes the world countries which have a high GVA
volume per capita, high quality of life and the industrial structure that is better than its progressive
value both by the integral indicator and by various approaches to its structurization.

Thus, the above clusterization and analysis confirmed the hypothesis according to which the
approach of the industrial structure of the world countries to its progressive state positively influences
the country’s economic development and quality of life of its population.

Table 5. Indicators that characterize the world countries which belong to the first cluster.

HDI GVA/p IPS SWM SWHTS SWE

No. Country
1* 2% 1 2 1 2 1 2 1 2 1 2
1 Bulgaria 0.782 30 7,864.8 33 0.7541 28 65.47 31 22.51 28 13.09 28
2 Brazil 0.755 33 12,026.6 30 0.8095 24 65.56 30 30.42 21 18.81 21
3 Estonia 0.861 21 20,247.2 21 0.8482 23 71.06 28 22.38 29 16.75 25
4 India 0.609 36 1,576.0 36 0.8869 22 78.20 18 30.09 22 17.30 23
5 China 0.727 35 7,683.5 34 1.0358 15 78.82 17 37.08 17 26.45 11
6 Latvia 0.819 27 15,716.4 25 0.6706 32 71.86 25 16.84 32 9.51 34
7 Lithuania 0.839 24 16,545.1 24 0.7250 30 81.39 13 24.82 26 9.71 33
8 Mexico 0.756 32 10,582.4 31 0.7980 25 65.05 32 28.10 24 19.56 19
9 Poland 0.843 23 14,345.2 26 0.9193 19 73.82 23 29.01 23 17.63 22
10 Portugal 0.830 25 22,077.5 19 0.7675 27 76.67 21 21.93 30 12.54 29
11 Russia 0.798 28 14,125.9 28 0.6246 35 51.59 34 15.22 34 9.81 32
12 Romania 0.793 29 10,027.0 32 0.9181 20 77.72 19 25.91 25 19.58 18
13 Turkey 0.761 31 12,127.5 29 0.7441 29 80.43 15 23.75 27 14.21 26
14 Ukraine 0.747 34 3,104.7 35 0.6705 34 58.01 33 16.40 33 11.54 30
15 Greece 0.865 20 21,761.0 20 0.6916 31 71.67 26 12.70 36 6.18 36

Total 0,848 30,541.6 1.0 75.76 34.85 22.16

*—indicator value; **—country rank by the indicator value. Source: developed by the authors on the basis of own
calculations using the data [7,44].
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Table 6. Indicators that characterize the world countries which belong to the second cluster.

HDI GVA/p IPS SWM SWHTS SWE
No. Country
1* 2% 1 2 1 2 1 2 1 2 1 2
1 Australia 0.935 1 62,403.1 2 0.4987 36 4197 36 13.41 35 7.81 35
2 Austria 0885 14 51,7175 7 1.2999 8 84.26 6 43.90 10 33.11 7
3 Belgium 0.890 12 473553 11 1.0526 12 83.06 8 44.30 9 16.86 24
4 U'ruted 0907 89 469676 12 0.9934 18 71.43 27 35.41 18 21.63 15
Kingdom
5 Denmark 0.923 2 62,549.0 1 1.0309 16 73.37 24 46.35 7 21.80 14
6 Ireland 0916 4-5 556282 4 0.7978 26 88.06 3 4227 12 10.05 31
7 Spain 0876 17 29,6232 16 0.9984 17 76.84 20 33.30 20 19.74 17
8 Italy 0873 18  3539.7 15 1.1442 11 82.00 11 38.43 15 26.80 10
9 Canada 0.913 7 50,633.2 8 0.6760 33 49.64 35 20.20 31 13.82 27
10 Korea 0.898 10 27,811.4 17 1.7115 1 91.09 1 60.71 1 47.40 1
11 Netherlands 0.922 3 52,830.2 6 0.9082 21 70.50 29 34.89 19 19.32 20
12 Germany 0916 45 481428 10 1.6249 2 87.53 4 58.77 2 44.48 2
13 Slovakia 0.844 22 18,6298 23 1.3070 7 82.04 10 41.87 13 31.68 8
14 Slovenia 0.880 16 24,2024 18 1.2255 10 83.43 7 46.51 6 24.46 13
15 USA 0.915 6 55,033.0 5 1.0526 13 73.91 22 39.39 14 24.79 12
16  Hungary 0818 26 141978 27 1.5153 3 87.29 5 56.05 3 40.35 3
17 Finland 0.883 15 499146 9 1.2347 9 82.19 9 42.60 11 31.05 9
18  France 0.888 13 43,0087 13 1.0436 14 79.95 16 37.53 16 21.35 16
19 Czech . 0870 19 19,7446 22 1.4332 4 81.21 14 48.93 4 37.97 4
Republic
20  Japan 0.891 11 38,1094 14 1.3361 6 90.55 2 45.61 8 24.73 6
Total 0.893 42,530.5 1.1551 78.20 41.86 26.41

*—indicator value; **—country rank by the indicator value. Source: developed by the authors on the basis of own
calculations using the data [7,44].

4. Conclusions and Discussion

Thus, the study allowed us to formulate the following main conclusions:

1. Sustainable development is and will be a key issue to be addressed by the present and future
generations. It is obvious that sustainability issues will greatly influence all aspects of human life
in economic, social, environmental and political terms in the coming decades. At the same time,
production processes in all countries of the world will also be greatly affected by sustainability problems.
This is due to the fact that the modern sustainable development paradigm involves the elaboration of
new solutions to ensure sustainable development of the manufacturing sector, creation and adoption
of technological innovations, and application of new business process models.

2. Currently, scientists continue discussions about which sector plays the leading role in sustainable
economic growth of countries of the world, the service sector or industrial one. In our opinion, there
are more valid arguments in favor of the fact that despite the significant growth in the service sector in
recent years industry remains the main engine of growth, accumulates achievements of scientific and
technological progress and is the driver of innovative development of the national economy

3. As the analysis of statistical data shows, the development of the industry in countries of the
world is characterized by various trends, which are reflected in changes in its structure and determine
the socio-economic situation of countries as a whole. The processes of structural transformations of the
economies (and industrial systems) of countries, which are going on in the world, are accompanied by
an increase in the unevenness of their development and determined by the influence of tendencies and
technologies of the new industrial revolution. Under these conditions, the governments of countries of
the world are forced to search for modern effective directions of structural and industrial policy that, on
the one hand, would ensure sustainable economic growth of the country and the corresponding quality
of life of its population, and, on the other hand, would use the potential of digital technologies to
promote economic diversification, positive structural transformations and increase in the value added.

According to the note by the UNCTAD secretariat [6], the rapid spread of digital technologies
across the world results in a shift of the traditional boundaries between individual industries, between
industry and the service sector, changes the nature of production processes and business models,
having a serious impact on economic diversification and structural transformation in different countries.
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All this poses serious challenges to the economic development of countries. The document [6] also
emphasizes that success will depend on the policies to be pursued. Thus, at present, it is important
to make a reasonable choice of priorities and directions of the structural and industrial policies of
countries, which should be based on a clear idea of the key industrial sectors and types of activities to
support in them, taking into account the whole range of development conditions that have developed
in the countries and resources available.

4. The choice of the structural and industrial policy of the country should be based on the
understanding of what structure of the country’s industry is progressive under the current economic
conditions, i.e., can lead to progress and sustainable socio-economic growth. This justifies the relevance
of studies aimed at pursuing answers to the questions of whether the progressive structure of the
country’s industry generally influences its economic development and quality of life of its population,
and what the general characteristics of the progressive industrial structure are.

5. An attempt to resolve these issues was carried out in the presented research. The results
obtained made it possible to confirm the hypothesis about a positive influence of the approach of
the industrial structure of the world countries to the progressive state on the sustainable economic
development and quality of life of their population. To assess the progressiveness of the structure, it is
proposed to use a number of criteria reflecting the share of the manufacturing industry, high-tech TEA,
and engineering that are characteristic for the progressive state.

The obtained as a result of the study division of the countries of the world by the indicators of
progressiveness of the industrial structure, GVA per capita (as an indicator of the level of economic
development), Human Development Index (as an indicator of quality of life of the population) allowed
to determine that countries with a progressive structure of industry have a higher quality of life of
their population and a higher level of their economic development.

Thus, despite the fact that modern studies suggest that the service sector is an important growth
driver for advanced countries, while the manufacturing sector is that for emerging ones, in our opinion,
a developed manufacturing sector is an important component of economic growth for the both groups
of countries (as confirmed by the results of this study).We believe that the country’s ability to develop
the service sector depends on the structure and technological level of its industrial sector. Moreover,
at present, there is a whole range of high-tech services that are co-products of the manufacturing
industry since the industrial sector itself is a key source for generating and adopting new knowledge
and technologies. Thus, in our opinion, the growth of the service sector is closely connected with the
development of the country’s manufacturing industry since the weakening of the production base
ultimately leads to a decrease in the quality of services. Furthermore, a developed manufacturing
sector has a corresponding effect on the social situation in countries since, firstly, a decrease in the
significance of manufacturing in the economies “may lock economies into lower productivity activities
and provide well-paid employment only for a select few” [6]; and, secondly, the development of the
manufacturing sector, ensuring productivity growth, expands employment and income opportunities,
provides a higher level of employment and reduces unemployment in the country. It is clear that for
countries with developing economies the problem of ensuring sustainable economic growth is more
acute. This is explained by the fact that they usually have only a small number of sectors that have
become (or can become) competitive in international markets, which significantly limits prospects for
their embarking on the path of growth. Under these conditions, maintaining stable development puts
forward even more stringent requirements for the selection and / or formation of new competitive
sectors with the aim of further moving up the chain of improving quality and creating value. And yet,
the experience of countries which have successfully dealt with problems of economic lag indicates that
the manufacturing sector played a significant role in this.

The results of the study can be considered as the basis for the formation of structural and industrial
policies in countries of the world. A further research direction is the elaboration of methodological
support for assessing progressiveness of structural transformations in the industry of countries of the
world. Solving this problem will provide the opportunity for quality monitoring of the behavior of
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progressive or destructive processes occurring in the industry of world countries, which in turn will
allow making timely decisions aimed at preventing a decline in economic growth of countries and
deterioration in the quality of life of their people.
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Appendix A

Table Al. Indicators of the industrial development of the world countries in 2014 *.

Specific Weight of the GVA of the

No. Country GVA Volume of the Economy GVA Volume of the Industry Industry in the GVA of the Economy
USD Million Rank USD Million Rank % Rank
1 Australia 1,357,150.5 12 230,938.4 14 17.0 26
2 Austria 389,663.9 21 79,345.5 20 20.4 18
3 Belgium 476,145.6 20 76,122.1 21 16.0 31
4 Bulgaria 49,340.7 32 10,740.5 33 21.8 14
5 Brazil 2,071,925.5 7 340,508.1 9 16.4 27
6 United Kingdom 2,666,095.6 5 384,888.4 7 144 34
7 Greece 208,343.7 25 25,612.4 30 12.3 36
8 Denmark 299,877.7 22 53,451.3 24 17.8 23
9 Estonia 23,393.7 36 4,723.8 35 20.2 19-20
10 India 1,994,314.2 8 321,966.1 13 16.1 30
11 Ireland 227,662.4 24 56,684.8 23 24.9 9
12 Spain 1,259,828.5 14 204,140.9 15 16.2 28-29
13 Italy 1,925,309.5 9 334,547.7 10 174 24
14 Canada 1,675,520.8 10 359,619.6 8 21.5 15
15 China 10,283,983.0 2 3,771,566.3 1 36.7 1
16 Korea 1,287,093.4 13 433,464.6 6 33.7 2
17 Latvia 27,753.6 35 4,310.7 36 15.5 33
18 Lithuania 43,718.6 33 8,832.4 34 20.2 19-20
19 Mexico 1,227,744.3 15 323,269.6 12 26.3 5
20 Netherlands 792,656.2 16 123,947.7 17 15.6 32
21 Germany 3,484,775.1 4 865,107.9 4 24.8 10
22 Poland 484,755.6 19 119,042.9 18 24.6 11
23 Portugal 201,499.9 26 32,693.5 27 16.2 28-29
24 Russia 1,623,896.2 11 441,091.9 5 27.2 4
25 Romania 180,202.4 28 46,922.9 26 26.0 6-7
26 Slovakia 91,105.6 31 22,023.9 31 242 12
27 Slovenia 42,816.1 34 11,064.2 32 25.8 8
28 USA 17,348,070.0 1 2,980,338.0 2 17.2 25
29 Turkey 710,919.2 17 152,438.2 16 214 16
30 Hungary 116,649.4 29 30,363.5 28 26.0 6,7
31 Finland 234,731.3 23 47,047.5 25 20.0 21-22
32 France 2,537,743.2 6 325,636.6 11 12.8 35
33 Czech Republic 186,073.4 27 57,399.5 22 30.8 3
34 Sweden 507,219.3 18 101,438.3 19 20.0 21-22
35 Japan 4,437,887.1 3 922,796.7 3 20.8 17
36 Ukraine 116,324.9 30 26,284.6 29 22.6 13
Total 60,592,193.0 13,330,371.0 22.0

*—taking into account periodicity of formation of inter-branch balances of the world countries, the most recent
period of study was 2014. Source: formed by the authors on the basis of the data [7].
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Table A2. Calculation of the optimal industry structure for the manufacturing industry sector.

21 of 25

Specific Weight of the Manufacturing Industry GVA (SWyy) in the General Volume of the Industrial GVA

No. Country 2009 p. 2011 p. 2014 p.
% Rank % Rank %o Rank
1 Australia 42.52 36 36.32 36 4197 36
2 Austria 84.27 10 84.38 10 84.26 6
3 Belgium 84.96 6 84.89 9 83.06 8
4 Bulgaria 72.00 27 72.00 24 65.47 31
5 Brazil 75.61 21 71.68 25 65.56 30
6 United Kingdom 69.65 29 69.60 29 71.43 27
7 Greece 75.84 20 75.84 22 71.67 26
8 Denmark 73.91 25 63.65 32 73.37 24
9 Estonia 71.45 28 71.45 26 71.06 28
10 India 77.28 18 76.68 20 78.20 18
11 Ireland 91.88 2 92.40 2 88.06 3
12 Spain 81.23 14 81.05 14 76.84 20
13 Italy 84.68 8 85.77 6 82.00 11
14 Canada 53.37 35 63.93 31 49.64 35
15 China 81.24 13 81.24 13 78.82 17
16 Korea 92.39 1 93.01 1 91.09 1
17 Latvia 68.92 30 68.92 30 71.86 25
18 Lithuania 76.94 19 76.94 19 81.39 13
19 Mexico 64.36 33 59.49 33 65.05 32
20 Netherlands 67.82 31 70.35 28 70.50 29
21 Germany 85.23 5 87.83 3 87.53 4
22 Poland 73.74 26 71.26 27 73.82 23
23 Portugal 78.84 16 78.84 16 76.67 21
24 Russia 53.97 34 52.63 35 51.59 34
25 Romania 85.75 4 85.75 7 77.72 19
26 Slovakia 74.24 23 74.24 23 82.04 10
27 Slovenia 82.66 12 82.66 12 83.43 7
28 USA 74.70 22 76.16 21 7391 22
29 Turkey 78.48 17 80.40 15 80.43 15
30 Hungary 83.61 11 86.84 5 87.29 5
31 Ukraine 65.45 32 54.91 34 58.01 33
32 Finland 84.91 7 85.26 8 82.19 9
33 France 84.35 9 84.06 11 79.95 16
34 Czech Republic 74.24 24 78.53 17 81.21 14
35 Sweden 78.87 15 77.97 18 81.98 12
36 Japan 87.24 3 87.40 4 90.55 2
76.32 76.27 75.76
Average value
76.12
Source: developed by the authors based on [7]
Appendix C
Table A3. Calculation of the optimal industry structure for the Engineering TEA.
Specific Weight of the Engineering TEA GVA (SWg) in the General Volume of the Industrial GVA
No. Country 2009 p. 2011 p. 2014 p.
% Rank % Rank % Rank
1 Australia 7.93 36 6.77 36 7.81 35
2 Austria 31.67 6 32.93 6 33.11 7
3 Belgium 18.53 22 18.24 21 16.86 24
4 Bulgaria 12.85 30 12.85 31 13.09 28
5 Brazil 18.07 23 17.13 25 18.81 21
6 United Kingdom 2242 17 24.23 15 21.63 15
7 Greece 7.99 35 7.99 35 6.18 36
8 Denmark 27.93 10 23.38 16 21.80 14
9 Estonia 17.39 25 17.39 24 16.75 25
10 India 19.73 20 20.68 19 17.30 23
11 Ireland 19.66 21 17.98 22 10.05 31
12 Spain 20.06 19 19.28 20 19.74 17
13 Ttaly 27.82 11 28.54 11 26.80 10
14 Canada 14.94 27 21.43 18 13.82 27
15 China 26.55 15 26.55 14 26.45 11
16 Korea 48.45 1 49.59 1 47.40 1
17 Latvia 9.87 34 9.87 34 9.51 34
18 Lithuania 12.16 32 12.16 32 9.71 33
19 Mexico 15.26 26 16.42 28 19.56 19
20 Netherlands 14.87 28 16.85 26 19.32 20
21 Germany 43.76 2 46.31 3 4448 2
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Table A3. Cont.

22 of 25

No.

Country

Specific Weight of the Engineering TEA GVA (SWg) in the General Volume of the Industrial GVA

2009 p. 2011 p. 2014 p.
% Rank % Rank % Rank
22 Poland 20.36 18 15.95 29 17.63 22
23 Portugal 17.71 24 17.71 23 12.54 29
24 Russia 10.59 33 10.23 33 9.81 32
25 Romania 22.45 16 2245 17 19.58 18
26 Slovakia 27.11 13 27.11 12 31.68 8
27 Slovenia 26.99 14 26.99 13 24.46 13
28 USA 27.72 12 28.58 10 24.79 12
29 Turkey 14.42 29 14.77 30 14.21 26
30 Hungary 40.63 3 46.93 2 40.35 3
31 Ukraine 12.76 31 16.64 27 11.54 30
32 Finland 33.07 4 30.34 8 31.05 9
33 France 29.04 9 28.88 9 21.35 16
34 Czech Republic 32.11 5 35.81 4 37.97 4
35 Sweden 30.51 8 34.00 5 35.37 5
36 Japan 31.09 7 31.14 7 34.73 6
A 2291 23.36 22.16
verage value
22.81
Source: developed by the authors based on [7].
Appendix D

Table A4. Indicators of progressiveness of the world countries industrial structure by various sectoral

divisions in 2014.

Specific Weight of the Specific Weight of the
Manufacturing Industry GVA High-Technology Sector GVA
(SWy) in the General Volume of (SWyrs) in the General Volume of

Specific Weight of the

ENGINEERING TEA GVA (SWg)
in the General Volume of the

No. Country the Industrial GVA the Industrial GVA Industrial GVA
% Rank % Rank % Rank
1 Australia 41.97 36 13.41 35 7.81 35
2 Austria 84.26 6 43.90 10 33.11 7
3 Belgium 83.06 8 4430 9 16.86 24
4 Bulgaria 65.47 31 2251 28 13.09 28
5 Brazil 65.56 30 30.42 21 18.81 21
6 United Kingdom 7143 27 35.41 18 21.63 15
7 Greece 71.67 26 12.70 36 6.18 36
8 Denmark 73.37 24 46.35 7 21.80 14
9 Estonia 71.06 28 22.38 29 16.75 25
10 India 78.20 18 30.09 22 17.30 23
11 Ireland 88.06 3 42.27 12 10.05 31
12 Spain 76.84 20 33.30 20 19.74 17
13 Ttaly 82.00 11 38.43 15 26.80 10
14 Canada 49.64 35 20.20 31 13.82 27
15 China 78.82 17 37.08 17 26.45 11
16 Korea 91.09 1 60.71 1 47.40 1
17 Latvia 71.86 25 16.84 32 9.51 34
18 Lithuania 81.39 13 24.82 26 9.71 33
19 Mexico 65.05 32 28.10 24 19.56 19
20 Netherlands 70.50 29 34.89 19 19.32 20
21 Germany 87.53 4 58.77 2 44 .48 2
22 Poland 73.82 23 29.01 23 17.63 22
23 Portugal 76.67 21 21.93 30 12.54 29
24 Russia 51.59 34 15.22 34 9.81 32
25 Romania 77.72 19 2591 25 19.58 18
26 Slovakia 82.04 10 41.87 13 31.68 8
27 Slovenia 83.43 7 46.51 6 24.46 13
28 USA 73.91 22 39.39 14 24.79 12
29 Turkey 80.43 15 23.75 27 14.21 26
30 Hungary 87.29 5 56.05 3 40.35 3
31 Ukraine 58.01 33 16.40 33 11.54 30
32 Finland 82.19 9 42.60 11 31.05 9
33 France 79.95 16 37.53 16 21.35 16
34 Czech Republic 81.21 14 48.93 4 37.97 4
35 Sweden 81.98 12 48.63 5 35.37 5
36 Japan 90.55 2 45.61 8 24.73 6
Average value 75.76 34.85 22.16

Source: developed by the authors based on [7].
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Appendix E

Table A5. Input data for calculation and value of the indicator of correspondence of the industrial
structure of the world countries with its progressive state in 2014.

GVA per Capita, USD Human Development

(at Current Prices) Index (HDI) Ips
No. Country
Value Rank Value Rank Value Rank
1 Australia 62,403.1 2 0.935 1 0.4987 36
2 Austria 51,717.5 7 0.885 14 1.2999 8
3 Belgium 47,355.3 11 0.890 12 1.0526 12
4 Bulgaria 7,864.8 33 0.782 30 0.7541 28
5 Brazil 12,026.6 30 0.755 33 0.8095 24
6 United Kingdom 46,967.7 12 0.907 89 0.9934 18
7 Greece 21,761.0 20 0.865 20 0.6916 31
8 Denmark 62,549.0 1 0.923 2 1.0309 16
9 Estonia 20,247.2 21 0.861 21 0.8482 23
10 India 576.0 36 0.609 36 0.8869 22
11 Ireland 55,628.2 4 0916 4-5 0.7978 26
12 Spain 29,6232 16 0.876 17 0.9984 17
13 Ttaly 35,396.7 15 0.873 18 1.1442 11
14 Canada 50,633.2 8 0913 7 0.6720 33
15 China 7,683.5 34 0.674 5 0.727 35
16 Korea 27,8114 17 0.898 10 1.7115 1
17 Latvia 15,716.4 25 0.819 27 0.6796 32
18 Lithuania 16,545.1 24 0.839 24 0.7250 30
19 Mexico 10,582.4 31 0.756 32 0.7980 25
20 Netherlands 52,830 6 0.922 3 0.9082 21
21 Germany 48,142.8 10 0.916 4-5 1.6249 2
22 Poland 14,345.2 26 0.843 23 0.9193 19
23 Portugal 22,077.5 19 0.830 25 0.7675 27
24 Russia 14,1259 28 0.798 28 0.6246 35
25 Romania 10,027.0 32 0.793 29 0.5181 20
26 Slovakia 18,629.8 23 0.844 22 1.3070 7
27 Slovenia 24,2024 18 0.880 16 1.2255 10
28 USA 55,033.0 5 0.915 5 1.0526 13
29 Turkey 12,127.5 29 0.761 31 0.7441 29
30 Hungary 14,197.8 27 0.828 26 1.5153 3
31 Ukraine 3,104.7 35 0.747 34 0.6705 34
32 Finland 49914.6 9 0.883 15 1.2347 9
33 France 43,008.7 13 0.888 13 1.0436 14
34 Czech Republic 19,744.6 22 0.870 19 1.4332 4
35 Sweden 59,241.6 3 0.907 89 1.3718 5
36 Japan 38,109.4 14 0.891 11 1.3361 6
Average value 30,541.6 0.848 0.9838

Source: developed by the authors based on [7,44].
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