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ABSTRACT

The paper emphasises the fact that innovation is a driver for development and a leading factor in economic growth and
ensuring a high level of competitiveness. The impetus for further development is given to those countries that already have
a sufficient innovation level of the economy. The aim of the research is to determine the role of innovative development of a
country in its economic development and competitiveness of the national economy. The world’s leading countries now face
the challenge of building a competitive economy, so the dynamics of positioning countries in the Global Competitiveness
Index (GCI) and Global Innovation Index (GII) has been provided and the view that innovation plays an important role in
the country’s development and the formation of its competitiveness confirmed. The authors have distinguished groups of
countries by systematising the places they occupy. Furthermore, they have identified features of innovation strategies of
the countries in the proposed groups. The paper also suggests integrated assessment of innovation and economic deve-
lopment of countries, which allows to determine their level, trace the dynamics and determine the relationship between
innovation and economic development for every country. Additionally, the study has shown a relationship between the
level of innovation and economic development for all countries under analysis. However, there is a difference in the degree
of this relationship, which is higher for developing countries. Thus, it is expedient for these countries to pursue an active
innovation policy to increase the level of economic development. Despite the fact that developed countries have more
opportunities for active development of the innovative component in the national economy, their indicators in innovation
and high-tech industries are declining and developing countries come to the fore. .

Keywords: innovative activity, economic development, technology, technological and innovative development.

1. Introduction Baltserovych (2000), Stolyarchuk (2009) and
others. However, the issue of asymmetries of
global economic development in the context of
imbalances in innovative development of coun-
tries is still insufficiently studied.

There are a large number of factors and
determinants of economic growth, some of
which are relevant over a period of time. The
fundamental determinants of economic gro-
wth are: capital, technical and technological
determinants, socio-subjective determinants
and synergetic determinants. A new stage of
2. Literature review rethinking the qualitative and quantitative im-

. ) pact of these factors on the economic growth

The question Of. global economic de‘_’e' of individual countries and the world economy

lopment, its determinants and asymmetries .4 5 whole is currently taking place, based on

has occupied the attention of many scientists, the prevalence of a new post-industrial stage of
such as Filipenko (2002), Lukyanenko (2011),  world economic development. &

Economic development is formed due to the
influence of national and global factors, which
are multifaceted, diverse and sometimes con-
tradictory. This is largely due to the peculia-
rities of different aspects of the development
process. Defining the determinants of economic
growth in modern economics should provide
answers to the challenges facing society within
the formation of a new technological paradigm.
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The new economic order forms a new pa-
radigm of economic development of countries
and acquires signs of globality, which also leads
to the transformation of the concept of “de-
velopment”. This issue has been covered in a
large number of studies by domestic and fore-
ign experts. The analysis of scientific research
made it possible to identify two approaches to
determining the essence of development, i.e.
philosophical and economic.

Systemic transformations are changing the
traditional understanding of the term “deve-
lopment”, especially in the context of globality,
as the development of global economic proces-
ses no longer corresponds to the linear trend
and is difficult to predict (Zapukhliak, Herman,
2014). According to A. Filipenko (2002), cur-
rent approaches of economic development sho-
uld be grouped as follows:

1) scientists of the first current believe that
the result of economic development is to im-
prove the welfare of the population, improve
the quality of life and meet the needs of mem-
bers of society;

2) the representatives of the second current
consider the general laws of development and
express the opinion that it has a cyclical nature
and is associated with the processes of evolu-
tion and progress (Lukyanenko, 2011). At the
same time, world practice shows that develop-
ment is not always accompanied by progress,
so it can be regressive (Zapukhliak, Herman,
2014);

3) such scientists as R. Nureyev (2018), N.
Kuznetsova (1996) consider development as a
complex and multidimensional process;

4) representatives of the historical and
philosophical approach (B. Shavans, 1999), V.
Bryansky (1999) emphasise the fact that deve-
lopment is a natural and multifactorial process
of alternating order and chaos in the context of
social synergetics.

Global economic development is a nonlinear
process that unfolds in time and space, covering
countries, regardless of their level of economic
development and the degree of involvement in
global economic processes, formed under the
influence of both internal and external factors
and civilisational factors. It is the latter that are
beginning to have an increasing impact on glo-
bal economic development. A. Filipenko (2002)
identifies four groups of influencing factors: 1)
the initial level of development of countries, 2)
the state of human capital, 3) economic system
of the state, 4) exogenous conditions of deve-
lopment.

It should be noted that in developed coun-
tries, the growth rate is characterised by gre-

ater stability over the long term than in the po-
orer ones, which are characterised by sudden
unexpected changes in economic growth, main-
ly due to political instability or military action
(Zhylinska, Chernyak, Bazhenova, 2019).

When studying the asymmetries of global
economic development, it should be noted that
they are objective characteristics of world pro-
cesses that complement each other, because
development itself is a contradictory process in
terms of content and consequences. ]. Stolyar-
chuk (2009), a Ukrainian scientist, has thoro-
ughly studied the trends of global economic de-
velopment and supports the idea of forming a
global model of economic development, and at
the same time points to the existence of asym-
metries, which are manifested in the lack of
structural equilibrium of the global economic
system and existing contradictions between
them.

3. Methodology

The theoretical and methodological founda-
tions of the study are the provisions of econo-
mic theory, theories of international economic
relations, theory of economic development,
scientific works of domestic and foreign scien-
tists concerning the innovation development of
countries as a factor of their economic develop-
ment.

The aim of the research is to determine the
role of the innovative development of a coun-
try in its economic development and compe-
titiveness of the national economy. In order to
conduct the research, several methods have
been used, including: the method of system
generalisation - to generalise existing theories
and concepts of innovative development of co-
untries; the induction and deduction method
- to study the theoretical and methodological
foundations of the unevenness of global econo-
mic development; the method of comparative
analysis - to study the global economic deve-
lopment and countries’ innovation activity; the
graphic method - for visual demonstration of
the results if the study; the method of analysis
and synthesis - for distinguishing groups of co-
untries by systematising the places they occupy
in both GCI and GII; the economic and mathe-
matical modelling methods - for calculation of
integrated assessment of innovation and eco-
nomic development of countries and finding
connections between innovation activity and
economic development, as well as other me-
thods. Data from the leading international or-
ganizations - WIPO, World Bank, UNCTAD have
been used for the study.
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4., Results and Discussion

Global economic, socio-political and cultu-
ral development of society from the last quar-
ter of the 20th century to this day occurs under
the ever-increasing influence of globalisation.
Its economic component is primarily related
to the sources, factors and forms of economic
progress. We are talking here about investment
and technology, labour, intellectual and finan-
cial resources, management, marketing, etc.

The forms of manifestation of these proces-
ses are the following:

- increase in international trade and invest-
ment, liberalisation and deregulation of capital
movements;

- unprecedented diversification of global fi-
nancial and technology markets;

- a significant increase in the role of TNCs in
world economic processes;

- strengthening global competition;

- emergence of global, strategic management
systems;

- increase in the importance of information
and communication technologies in economic
development.

The modern period is characterised by pro-
found transformations, changes in the geoci-
vilisation space against the background of the
decline of industrial world civilisation in the
first quarter of the 21st century and the parallel
formation of the foundations of integrated civi-
lisation in avant-garde countries in the second
quarter. Industrial civilisation is accompanied
by local and global military conflicts, econo-
mic wars, redistribution of world domination
and destructive reforms. These processes lead
to uncertainty in world dynamics, exacerbate
intercivilisational, interstate and social contra-
dictions and create uneven global economic de-
velopment (Zapukhliak, Herman, 2014).

It is well known that the determining factor
of economic growth and ensuring a high level
of competitiveness of a country is its scientific
and technological development, which contri-
butes to structural transformations in almost
all spheres of human life. The whole history of
human development is inextricably linked to
the progress of technology, and each new level
of socio-economic development is based on the
formation of a new technological way of ma-
nagement. Schumpeter’s Theory of Economic
Development (Schumpeter, 1934) considered
technological innovations as the main driving
force of economic growth. Such logic has led to
the recognising of the crucial role of structural
economic policy and distinguishing the leading
innovation industries and traditional ones in
order to reach dynamic economic growth (Ba-
zhal, 2019).

During the development of scientific and
technological revolutions, the nature of human
life changes dramatically. The consequences of
their impact on the socio-ecological and econo-
mic development of the entire civilisation were
noticeable in the second half of the 20th centu-
ry. A new stage of the scientific and technologi-
cal revolution. The so-called information revo-
lution unfolded in the world, at the epicentre of
which were the United States, the Soviet Union,
Japan, France, Italy and some other Western
European countries, as well as Canada. And
much as the first scientific and technological
revolution, the scientific base of which was cre-
ated in the early twentieth century as a result
of scientific breakthroughs in science and the-
oretical physics by countries such as Germany,
France, the UK and the United States, led to qu-
alitatively new transformations in industry, the
modern information revolution revolutionised
almost all areas (not only material production
and services, but also intellectual labour). The
period of scientific and technological revolu-
tion of the second half of the twentieth century
was characterised by the formation of nuclear
energy, gradual automation of production and
constant growth of its energy consumption,
creation and rapid improvement of computer
technology, beginning of the development of
outer space, as well as the emergence of genetic
engineering (Lukianenko, Poruchnyk, Kolot,
2011).

Thus, if in the 1950s in most capitalist co-
untries there appeared quite favourable con-
ditions for economic growth, which was carried
out mainly through the extensive use of natural
and intellectual resources, then since the early
1960s, economic growth has slowed down si-
gnificantly, and there emerged a need to inten-
sify production. This need was satisfied by the
introduction of the latest achievements of STP
in all areas of the economy, in particular, new
resource, labour and energy-saving, environ-
mentally friendly and waste-free technologies
(Fig. 1).

The equalisation of economic growth in the
regions of the world among developed and de-
veloping countries indicates economic globa-
lisation, spread of industrial production to all
countries, reduced industrial capacity of deve-
loped countries and accelerating economic gro-
wth in developing countries.

According to OECD experts in the mid-20th
century, the rate of economic growth of the
world’s leading countries was determined by
the progress of new technologies by 38%, and
at the end of the century - by 65% (Shiryaey,
1990). So today it is becoming increasingly
clear that the economic power and progress of
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each country is due primarily to the intensity
of the introduction of new technologies and
achievements of scientific and technological
progress.

In modern conditions of development of
the global market environment the possibility

of introduction of the newest technologies and
access to other resources, is not uniform. For
example, more than 60% of the world’s popula-
tion cannot integrate into the digital economy
because they still do not have access to the In-
ternet (World Development Report, 2016).

—m—East Asia & Pacific
—+—Middle East & North Africa
e World

=European Union
—e—North America

Figure 1: GDP growth (annual %) by regions of the world, 1961-2018
Source: World development indicators (2020)

Unlike innovations in the past, the current
benefits of technological change are not equal-
ly distributed in all regions of the world. Real
income lags behind the growth rate of produc-
tivity, and regional socio-economic inequality
is deepening (Frey, Osborne, 2016, p. 7). So-
cio-economic and historical preconditions for
the development of economically developed
societies create more opportunities for the in-
troduction and use of new technologies. Howe-
ver, with the development of mechanisms for
coordination and control over geographically
dispersed production chains, the process of au-
tomation is slowing down even in socially deve-
loped countries (Mulyavka, 2016). After all, it is
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possible to hire cheap labour on the periphery
with a higher level of exploitation and lower
standards of labour protection. This decision is
explained by the simple logic of capitalist rela-
tions: minimising costs to maximise profits. It
is cheaper for owners of industrial enterprises
in the USA or Germany to transfer production
facilities to poor societies in Africa and Asia
than to technologically re-equip production
at home (Dyer-Witheford, Nick, 2015, p. 135).
These processes lead to redirection of trade
flows of industrial goods and establishment of
new industrial supply chains, formation of new
industrial centres (Fig. 2).
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Figure 2: Manufactures exports (% of merchandise exports), 1962-2018
Source: World development indicators (2020)
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Despite the fact that a number of non-We-
stern societies are successfully coping with the
process of industrialisation, income inequali-
ty between countries has deepened markedly
since the Industrial Revolution (second half of
the 18th century). In 1820, income in Western
societies was 1.9 times higher than in non-We-
stern countries. Over the next 180 years, the
West significantly distanced itself from the
rest of the world: in 2000, per capita income in
Western societies was 7.2 times higher than in
non-Western ones (Fig. 3).

This, in turn, leads to the re-equipment of
industrial facilities in developing countries and
indirectly affects the overall level of economic
development of a country and its socio-econo-
mic status. This is especially true in the coun-
tries of the Asia-Pacific region.

Despite the fact that developing countries
have the opportunity to implement modern
technologies, the rate of technology spread is
still lower than in developed economies, which

50000

leads to uneven distribution of resources and
imbalances in regional development (Frey,
Osborne, 2016, p. 16). To overcome existing im-
balances in both economic and innovative de-
velopment, developing countries need to make
qualitative changes in their national develop-
ment strategies, providing more attention and
resources to the development of the innovation
sector of the national economy.

Innovation is considered a guarantee of
sustainable and long-term economic deve-
lopment for a country. However, innovative
development involves not only technological
restructuring of industry, but also requires ad-
ditional investment in human resource deve-
lopment, i.e. knowledge, skills and creativity.
Countries that invest in industrial innovations,
education and human development, spend si-
gnificant resources on R&D and have a national
strategy for the innovation potential develop-
ment, could increase their competitiveness and
gain an advantage on the world stage.
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Figure 3: Adjusted net national income per capita (constant 2010 US dollars) 1970-2018
Source: World development indicators (2020)

The positioning of countries in the global
economic and innovation space confirms the
statement that there is a direct relationship be-
tween the key indicators of these sectors.

The global distribution of innovation rema-
ins significant and quite diversified, as high-in-
come economies lead in shaping the innovation
landscape, while there are large gaps in all in-
novation performance between these leaders
and other less developed countries, and this
gap is gradually widening. In this case, deve-
loping countries can achieve better results in
the development of national economies only if
effective implementation of innovation policies
takes place.

The innovative dimension of development
of countries is provided by numerous ratings

and indices, which are developed and published
by recognised international institutions. The-
se are, first of all, the Global Innovation Index
(GII), the Global Competitiveness Index (GCI),
the Bloomberg Index of Innovative Economies,
the European Innovation Scoreboard, the OECD
Scoreboard on Science, Technology and Indu-
stry, and others.

According to the methodology of the World
Economic Forum to assess the level of com-
petitiveness, one of the elements of the GCI is
the technological potential for innovation. In-
novation is especially important for emerging
economies. And although less developed coun-
tries can still increase productivity by adopting
existing technologies or gradually improving
other areas, this approach is no longer enough
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to increase productivity in those countries that
have reached the innovative stage of develop-
ment (Schwab, 2019)

The degree of economic development and
the economy’s competitiveness are inextrica-
bly linked with the process of increasing the
innovation component in the structure of the
economy and the corresponding innovation
strategy. Thus, effective innovation strategies
in a country lead to increased competitiveness
of the economy, which is why the authors have
decided to analyse the positioning of countries

on the GCI on the one hand, and the leading in-
dices that characterise the degree of innovation
in the country - on the other.

The criterion for the selection of coun-
tries was the place they occupied in the Global
Competitiveness Index in 2019. It should be
noted that over the past three years, the list of
countries in the top 10 has not changed; there
are only changes in the ranking for this period.
Additionally, in 2018 the methodology for asses-
sing the level of global competitiveness changed.

Table 1: Top 10 countries according to the Global Competitiveness Index in 2019 and the positions of these countries in

1999, 2009, 2017

Country 2019 2017 2009 1999
Place [141] Mark [100] Place [137] Mark[7] Place[137] Mark][7] Place [58]
Singapore 1 84.8 3 5.71 5.53 12
USA 2 83.7 2 5.85 1 5.74 1
Hong Kong 3 83.1 6 5.53 11 5.33 21
Netherlands 4 82.4 4 5.66 8 5.41 3
Switzerland 5 82.3 1 5.86 2 5.61 5
Japan 6 82.3 9 5.49 9 5.38 14
Germany 7 81.8 5 5.65 7 5.46 3
Sweden 8 81.2 7 5.52 4 5.53

United Kingdom 9 81.2 8 5.51 12 5.30 10
Denmark 10 81.2 12 5.39 3 5.58 7

Source: based on the Global Competitiveness Report (Porter, Cornelius, 2000; Porter, Schwab, 2009; Schwab, 2019).

The dynamics presented in Table 1 show that
most of the leading countries in the Global Com-
petitiveness Index have held leading positions
for the last 20 years. However, the general trend
indicates a gradual increase in the position of
countries in the Asia-Pacific region, in particu-
lar, Singapore, Japan and Hong Kong, while some
developed Western countries are losing their
positions (Denmark, Sweden), or even fall out of
the top 10 (Canada, Finland).

The leading countries now face the challenge
of building a competitive economy. The fact that
among the leaders of innovative development
are developed countries with high income con-
firms the view that innovation plays an impor-
tantrole in the development of a country and the
formation of its competitiveness. That is why the
Global Competitiveness Index is also used for as-
sessing the innovative dimension of the develop-
ment of countries.

High productivity of the economy is the most
important factor determining long-term growth
and income. The Global Competitiveness Index
4.0 report (Schwab, 2019) outlines a new set of
factors important to the productivity and com-
petitiveness of the country’s economy in the Fo-
urth Industrial Revolution (4IR) (Fedak, 2018,
Syhyda, 2018). The inextricable link between

the innovative development of a country and the
formation of its competitiveness is obvious - the
countries that occupy the first positions in the
Global Competitiveness Index are also leaders in
the Global Innovation Index.

The Global Centre for Innovation can be
considered the most objective means of asses-
sing the country's innovation activity. It is well
known that the list of leaders in the global inno-
vation environment usually includes developed
countries. However, since 2016, the top 25 Glo-
bal Innovation Index (in 2020 - 14th place) inc-

Table 2: Ranking of countries by GII, 2020, 2018 and 2007

Country 2020 2018 2007
Switzerland 1 1 6
Sweden 2 3 12
USA 3 6 1
United Kingdom 4 4
Netherlands 5 2
Denmark 6 8 11
Finland 7 7 13
Singapore 8 5
Germany 9 9 2
Rep. of Korea 10 12 19

Source: based on Dutta, 2007; Dutta, Lanvin, 2020; Dutta, Lanvin, 2018.
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ludes China - a country with a middle income
(upper-middle). Apart from China, the only co-
untry with an above-average income level that
is close to the top 25 is Malaysia (33rd place in
2020). Following the results of 2020, Vietnam,
India and the Philippines are the economies
with the most significant progress in their ran-
kings. These countries are now in the top 50.
Switzerland, Sweden and the United States top
the innovation rankings, followed by the United
Kingdom and the Netherlands. This year, for
the first time, the second Asian economy - the
Republic of Korea - entered the top 10 along
with Singapore.

As aresult of the countries’ comparative de-
scription on the GII and GCI, the following conc-
lusions can be drawn.

It is possible to distinguish groups of coun-
tries by systematising the places they occupy.
Thus, there are countries whose places in the
GCI are higher than in the GII: Singapore, Hong
Kong and Japan - the countries of the Asia-Paci-
fic region. This may indicate that the innovation
system in these countries is not a key factor de-
termining the level of competitiveness of the
country’s economy. The positioning of the co-
untries on the world stage is actively influenced
by other factors, such as human potential, indu-
strial production or imported innovations. This
assumption is logical because of Japan’s expe-
rience in building its own innovation system.
In the period after World War I, Japan actively
involved foreign technologies and that became
the base for developing their own technologies
and industries, which led to the fact that in the
1980s Japan became one of the most technolo-
gically advanced countries in the world. Thus,
these countries can be called importers of in-
novation.

Another group of countries are those who-
se places in the GCI are lower than in the GII:
Sweden, Denmark and Finland. In this group,
the country’s innovation potential is a more de-
cisive factor in positioning the country on the
world stage, but significant innovation poten-
tial is not fully used for achieving a significant
level of competitiveness. Perhaps, in this case,
the results of the country's innovation acti-
vities are more exported, so the country acts as
a producer and exporter of innovations.

China should be added to this group (14th
place in GII and 28th place in GCI). China is not
in the top 10 of the indexes we observe, but its
role at the global arena is huge and the features
of its innovation strategy should be noted.

The next group of countries are those who
cannot be unanimously assigned to the first or
second group of countries: their places on the
proposed indices are almost the same (Nether-

lands, Germany, USA, UK). The level of innova-
tion and competitiveness of these countries is
about the same, so they are effective innovators
because their innovation systems are able to
produce the amount of innovation that is ne-
cessary for economic development and incre-
asing the country's competitiveness.

Table 3: Grouping of countries by positioning according to
the GCI and GII, 2019-2020

Importers of Producers of Effective
innovation, innovations, innovators,
GCI>GII GCI<GII GCI~GII

Netherlands,
Germany, USA, UK

Singapore, Hong Sweden, Denmark,
Kong, Japan Finland, China

Source: the authors’ own analysis.

It should be noted that the countries sugge-
sted for grouping have common features in the
implementation of innovation policy measures.
In order to develop and provide innovations,
most countries successfully create and use ne-
tworks of technology parks and science cities
(USA, Germany, UK, Sweden, Denmark, China),
free trade and investment zones (China), ven-
ture funds and public-private partnerships
(China, USA, UK), as well as business incuba-
tors (Japan, Denmark, USA, Germany).

The group of countries that we suggested as
Producers of innovations has common features
of the innovation strategy. The existing over-
-concentration of innovative developments
around large multinational companies leads to
an increase in the export potential of the know-
ledge and technology transfer. Significant state
financial support for research and projects bor-
ders on delegating the innovation management
process to the regional and municipal levels. The
countries in this group are innovators in imple-
menting e-government. Universities and rese-
arch institutions are independent agents with
significant government and external funding
and have the ability to commercialise projects.

A group of Effective innovators demonstra-
te common goals of innovation strategy - to
achieve leadership in science and technology
(USA), to seize world leadership in high-tech
development, production and export of high-
-tech goods and services and to become an in-
novative state (Germany), which will increase
the national level of welfare of the nation. The
countries of this group are characterised by the
active participation of the public sector in sti-
mulating research and their implementation in
production processes, availability of a signifi-
cant number of high-tech industries and servi-
ces, the significant role of higher education and
its close relationship with industry.
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According to provided research, the authors
see that the leading countries in the GCl are also
leaders in the GII, which confirms the strong
connection between the innovative develop-
ment level and the overall level of economic
development. These countries conduct certain
measures to stimulate innovative development
and occupy leading positions in the indicators
of innovation performance.

To obtain mathematical confirmation of the
analytical conclusions, the authors propose to
conduct economic and mathematical model-
ling of the interaction of innovation activity and
economic development of countries. As none
of the existing indicators of economic develop-
ment or indicators of the innovation sphere can
fully characterise the effectiveness and efficien-
cy of the policy implemented by a country, we
propose to calculate the integrated indicators
of innovative development and economic deve-
lopment.

To perform this task, a mathematical appa-
ratus has been used, namely - calculating the
multidimensional average for each of the indi-
cators.

The multidimensional average is an integral
estimate of an object in a multidimensional fe-
ature space; such an estimate is geometrically
interpreted as a point in multidimensional spa-
ce, the coordinates of which indicate the scale
or position of the j-th unit or j-th object. The
algebraic value of the feature of the j-th unit of
the population is represented by a vector

X, = {xl,xz,...xm}
and their aggregation means the translation of
vectors into a scalar.

The aggregation of features is based on the
so-called theory of “additive value”, according
to which the value of the whole is equal to the
sum of the values of its constituent elements.

If the features of the information set {X} are
represented by different units of measurement,
then additive aggregation requires bringing
them to one basis, i.e., pre-standardisation (ra-
tioning). The vector of initial features

X, = {xl,xz,...xm}
is replaced by the vector of standardised values

Z, = {zl,zz,...zm}

Integral estimation is defined as a multidi-
mensional mean, i.e., the arithmetic mean of
standardised values of the features - for the
j-th unit of the population:

— 1
P :;;ZU‘ (1)

The authors suggest calculation of integra-
ted assessments of innovation and economic
development of chosen countries. Based on a
previous study of global innovation trends, the
leading countries were identified as leaders in
the GII and GCI, which allowed to divide coun-
tries into groups of exporters of innovations,
importers of innovations or effective innova-
tors. The countries were chosen to calculate
the integrated indicators of innovation and
economic development. Integrated estimates
are calculated for the following countries (in
the dynamics for 2010-2019): China, Denmark,
Finland, Germany, Hong Kong, Japan, Singapo-
re, Sweden, Netherlands, UK, USA.

Among the indicators of innovative deve-
lopment there are: Computer, communication
and other services (% of exports of commer-
cial services) (X1); Computer, communication
and other services (% of imports of commer-
cial services) (X2); High-tech exports (% of
exports) (X3); R&D expenditures (% of GDP)
(X4); Number of researchers in the R&D (per
1 million people) (X5); Exports of ICT goods
(% of total exports of goods) (X6); Imports of
ICT goods (% of total imports of goods) (X7);
Patent applications, pcs. (X8) - stimulator. In-
tegral assessments of innovative development
provided in figure 4.

Analysing the dynamics of integrated as-
sessment of innovation development, we can
say that for the period of 2010-2019 the most
significant development was shown by China
(with an average annual growth rate of integra-
ted indicator amounting to 12.5%), Germany
(+11%) and Hong Kong (+10%). The average
rate of development is observed in Singapore
(+7.3%), Denmark (+6.1%), USA (+5.6%). Sli-
ght growth in innovation development in the
UK (+1.7%). Netherlands, Japan, Sweden and
Finland showed a negative result in innovati-
ve development for the period of 2010-2019
(-0.1%, -0.1%, -2.5%, -9.8%, respectively).

The indicators of economic development
include: Adjusted net national income per capi-
ta (thousands of US dollars) (X1); GDP per ca-
pita (thousand US dollars) (X2); Employment
in industry (% of total employment) (X3); Em-
ployment in services (% of total employment)
(X4); Machinery and transport equipment (%
of value added in production) (X5); Exports of
industrial goods (% of exports of goods) (X6);
Exports of commercial services (billion USD)
(X7).

Regarding the integrated assessment of eco-
nomic development, the leader among the re-
presented countries in 2010-2019 was China,
where the average integrated indicator grew by
29.5% annually. High economic development
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is also demonstrated in Germany (+16.1% on

average annually) and the UK (+14.6%). Favo-
urable development is observed in Singapo-
re (+8.8%), Netherlands (8.7%), USA (+8%).

Slight development was shown by Denmark
(+5.1%), Hong Kong (+4.7%), Sweden (+3.6%),
Japan (+1.2%) and Finland (+0.6%).
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0,0000
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
=/+=China ——Denmark —#4—Finland Germany
=®—Japan ={=Netherlands =>=Singapore =>=Sweden
-a-UK —e—USA =¥=Hong Kong
Figure 4: Integral assessments of innovative development, 2010-2019
Source: calculated by the authors
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Figure 5: Integrated assessments of economic development, 2010-2019
Source: calculated by the authors

To assess the correlation between the inte-
grated indicators of innovation and economic
development, linear pairwise correlation co-
efficients were calculated using the CORREL
function in MS Excel. The even correlation co-
efficient indicates the direction and closeness
of the relationship between the indicators and
varies within [-1; +1]. The sign before the co-
efficient indicates the direction of dependence
(direct or inverse), the closeness of the rela-
tionship is determined by the Chaddock scale
(Table 4).

Thus, we obtain the following results: China
Iy 0.708, Denmark ry,= -0.341, Finland ry, =
0.145, Germany I'yy= 0.634, Japan I'yy= -0.420,

Singapore ry,= 0.631, Hong Kong ry, = 0.898,
Sweden Iyy= -0.627, Netherlands Iyy= -0.045,
UK ry,= 0.053, USA ry,= 0.705.

The closest direct link between innovation
and economic development is demonstrated
in Hong Kong (0.898) and China (0.708). This
means that innovation has a positive and very
strong connection to the economic develop-
ment of a country. There is also a strong positi-
ve relationship in Germany, Singapore and the
United States. A weak link has been observed
between innovation and economic develop-
ment in Finland, the United Kingdom and the
Netherlands. There is a moderate inverse rela-
tionship between innovation and economic de-
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velopment in Denmark and Japan. Significant
inverse feedback is typical of Sweden.

Using the method of proportional distribu-
tion, the calculation of integrated assessment
of innovation and economic development of co-
untries allowed to determine their level, trace
the dynamics and determine the relationship
between innovation and economic develop-
ment for every country. Furthermore, the stu-
dy showed a relationship between the level of
innovation and economic development for all
countries studied, but there is a difference in
the degree of this relationship: for developing
countries (China, Singapore, Hong Kong) it is
higher. Thus, it is expedient for these countries
to pursue an active innovation policy to incre-
ase the level of economic development. And as
we see following the conducted research, these
countries are already stepping up their innova-
tion activities.

Table 4: Chaddock scale to characterise the closeness of
the relationship between indicators

Quantitative measure of  Qualitative measure of

correlation (modulo) correlation
0,0 No connection
<0,3 Weak connection

0,3-0,5 Moderate connection
0,5-0,7 Noticeable connection
0,7-0,9 High connection
0,9-1,0 Very high connection

1,0 Functional communication

5. Conclusions

The level of innovative development of a
country and technological equipment of indu-
stry creates opportunities to improve the li-
ving standards of mankind and determine the
level of economic development of the country.
However, these processes take place in the
conditions of the formed global inequality and
only deepen technological and economic gaps
between the regions of the world.

Economically developed countries are more
ready to adopt the latest technologies, as it is
advisable to replace expensive labour with au-

tomated processes. In these regions, the ICT
industry is traditionally more developed, and
developed social guarantees for employees
provide mechanisms to reduce the negative in-
fluence of automation on unemployment.

Based on the analysis of global innovation
development trends, the leading countries that
are leaders in the Global Innovation Index, the
Global Competitiveness Index have been identi-
fied. The authors have distinguished groups of
countries by systematising the places they oc-
cupy in both GCI and GII: Importers of innova-
tions (Singapore, Hong Kong, Japan), Producers
of innovations (Sweden, Denmark, Finland,
China) and Effective innovators (Netherlands,
Germany, USA, UK). Furthermore, they have
identified features of innovation strategies of
the countries in the proposed groups.

Using the method of proportional distribu-
tion, the calculation of integrated assessment
of innovation and economic development of
countries has been suggested. That allowed for
determining their level, tracing the dynamics
and determining the relationship between in-
novation and economic development for every
country. Also, the study showed a relationship
between the level of innovation and economic
development for all countries studied, but the-
re is a difference in the degree of this relation-
ship: for developing countries it is higher. Thus,
it is expedient for these countries to pursue an
active innovation policy to increase the level of
economic development.

Despite the fact that developed countries
have more opportunities for active develop-
ment of the innovative component in the na-
tional economy, their indicators in innovation
and high-tech industries are declining and de-
veloping countries come to the fore, with China
deserving special attention. It is substantiated
that innovation activity in China has intensified
in recent decades, which leads to the improve-
ment of both the country’s innovation indica-
tors and general economic indicators. Other
countries in the Asia-Pacific region (Japan, Sin-
gapore and Hong Kong) are also improving the-
ir performance on these indicators, in contrast
to European countries and the USA.
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