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Formulation of the problem in general form. Trends in the economy in the era of globalization
formed the decline in the importance of material factors of production and transformation of intellectual
resources in the main resource of becoming a postindustrial society. The main features of the knowledge
economy is its focus on innovative development model, the materialization of knowledge into new
products, obtaining new scientific results and their manufacturing, the growing share of high technology
products in the created value.

The level of development of science, technology determines the position of countries in the global
economy determines the size of the gap between the levels of economic development and forms the
basis for sustainable economic growth. The innovative factor as productive characteristics of
intellectualization of social production largely determines the quantitative parameters of economic growth
creates the preconditions for modernization and improving the efficiency of the national economy.
Considerably influences innovation processes on economic mechanisms to study the relationship
actualizes determinants that determine the degree of innovation economic development, and the most
important macroeconomic indicators.

Analysis of recent research and publication. The problem of formation and use of innovative
capacity as a factor of economic growth has always actively considered by the scientific community.
Significant role of innovation in ensuring high economic growth and social development of virtually all
recognized scholars. The question of decisive influence scientific and technological progress and
innovation processes of reproduction and uneven development of countries' economies raised in the late
XIX - early XX century such scientists as J. Schumpeter [1], M. Tugan-Baranovsky [2], M. Kondratiev [3].
In modern theories of scientific knowledge is considered the main resource of the economy and social
sphere. This position is reflected in the works of many foreign scientists.
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The most profound findings were Massachusetts Institute of Technology Professor Robert Solow [4],
Nobel laureate. In the model of economic dynamics, it developed, technological advances recognized
significant factor in economic growth along with such factors as capital equipment and population
growth,

Study the impact of innovation on national economic growth to explain the differences in economic
dynamics between developed countries and developing countries on the work of T. Brenner [5], J. Nahe
[6], J. Jimenez [7] and others.

The value and role of innovation factor in ensuring high economic growth is a subject of intense
discussion among local scientists. Particularly, the question of the contribution of new technologies to
the economic development of the countries covered in the writings of V. Zakharchenko [8], with the
conviction of which level of dynamism and innovation sphere — science, high-tech industries and
companies worldwide markets technology — defines the boundaries between rich and poor countries
creates a basis for sustainable economic growth. Academician Y. Pakhomov argues that, other different
conditions greatest potential in increasing the quality of economic growth the country receives, among
other dominant significance for product innovation. [9]. This thesis is leading the research L. Antoniuk,
A. Poruchnik, V. Savchuk [10], which indicate that economic growth is ensured primarily technological
progress and intellectualization of the basic factors of production in all sectors of the economy.
According to their estimates, the proportion of new knowledge embodied in goods, technology,
education, production in developed countries is 70 to 85% of GDP. However, not many developments
covered in detail depending issue is economic development and innovation in some aspects of the
innovation process that requires deepening research.

The article aims to evaluate the impact of innovation on economic dynamics in the context of
individual factors in Europe in general and Ukraine in particular.

The basic material. Innovative processes are the driving force economic development of society,
are carried out in different countries with different intensity and characteristics that makes economic
power of each country and its perspectives on the global market. One of the main strategic documents
that define European policy, including innovation, is the economic development strategy “Europe 2020”
[11] adopted in 2010. This document defined three mutually reinforcing priorities of:

“smart growth™: growth based on knowledge and innovation;

“sustainable growth™ promoting a more efficient use of resources, the development of more
environmentally friendly and competitive economy;

“comprehensive growth™: to stimulate the economy with a high level of employment, promote
social and territorial cohesion.

Research and innovation proposed by the European Commission as one of the five main areas of
activity that have guided European countries to achieve their goals. It is assumed that an innovative step
will be a powerful catalyst for achieving high and stable economic growth, ensure the competitiveness of
national economies.

Comparative analysis of innovation is based on the use of the composite index, which currently has
more than a hundred. One of the most informative assessment tools of innovation in Europe is the
European Innovation Scoreboard, or European scale innovation (European Innovation Scoreboard) [12].
The composite index of Innovation (SIl-Summary Innovation Index), calculated on the basis of statistical
data obtained from national statistical agencies or international organizations, based on 27 indicators of
systematic ten blocks, “Human resources”, “Attractive research systems’, “Innovation-friendly
environment”, “Finance and support”, “Firm investments”, “Innovators” “Linkages”, “Intellectual assets”,
“Employment impacts”, “Economic effects”.

The composite index is calculated innovation as the average for these groups. The comparison
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between the 36 countries of Europe is based on the results of the EU's activities in 2010, thus monitoring
changes in time.

The rating, which is based on comparative analysis of composite index, allows determining the status
of each country in terms of innovation and identifying its position in the respective group — “Innovation

Leader”, “Strong Innovator”, “Moderate Innovator” or “Modest Innovator” (Fig. 1).
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Figure 1 — Consolidated index of innovation of the countries of Europe, 2016 in comparison with
the corresponding indicator of the EU in 2010 (in percent) (built according to the authors [12])

The leading countries for innovative activity and performance (Switzerland, Sweden, Denmark,
Finland, Germany, the Netherlands) have a much more important indicator of innovation than the
average for the sample. Ukraine occupies the lowest relative position in the above ranking and belongs
to the group of countries with the status of “innovators emerging”. The value of the index of growth of
innovations for our country (28,9) is 5,7 times lower than for the leaders of the countries, and 3,5 times —
than the average in the EU (102,0).

The study of the dynamics of innovation activity in European countries for the period from 2006 to
2010, according to the European Commission, shows the greatest progress, mainly in those countries,
belonging to a group of moderate innovators (Lithuania, Serbia, Malta, Turkey, Latvia, Slovakia) (Fig. 2).

Some countries in the highest values of the indicator of innovation productivity in 2016 (Germany,
Denmark, Finland) have worsened their positions over the last six years compared to 2010, with an
average growth of 2,0 percentage points across the EU.

Ranking countries on the basis of the indicator allows you to define how national economic growth
based on innovation. The interdependence between economic phenomena can be detected by using
different statistical methods. Widespread way to determine the closeness of connection is the calculation
of Spearman'’s rank correlation coefficient — a measure of nonparametric statistical relationship between
two variables using monotonic function.

MapkeTuHr i MeHeXMeHT iHHOBaUn, 2018, Ne 1 249
http://mmi.fem.sumdu.edu.ua/



J1.B. Cmoniti, A.O. Pesyybka, I.M. Hosak. Bnnue iHHOBaUiiHOTrO YMHHMKA Ha eKOHOMIYHY AUHaMiKy B KpaiHax €Bponu

Method for determining factor rating provides for the studied parameters to determine the density of
communication between them. The algorithm of this analysis periodically examined by scientists [13-15],
so details stop them consider inappropriate.
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Figure 2 — Changing the relative innovation performance of European countries in 2016 compared
with 2010 (percentage points) (built according to the authors [12])

To assess the relationship of innovation and economic development of individual countries we
selected indicators such as the aforementioned composite index of innovation and GDP per capita at
purchasing power parity (PPP) (in constant prices in 2011, expressed in US dollars) (Table 1).

The value index calculated Spearman's rank correlation is 0,899, which confirms the high level of
dependence between two variables analyzed (in 89,9 cases out of 100 GDP per capita PPP factor
determined innovation economy). The test statistically significant correlation between the indicators
found that the coefficient calculated rank correlation exceeds a critical value to its materiality level of
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0,01 and sample size 36 (0,43). Consequently, the essentiality of communication with probability 0,99

proved.
Table 1 - Initial data for the calculation of rank correlation, 2016
(developed by the authors according to [12, 16])

5 The composite index of innovation GDP per capita PPP
o <

§ @ Name of country coefficient rank USD USA rank
1 Austria 0,599 9 50078 7
2 Belgium 0,597 11 46383 11
3 Bulgaria 0,234 33 19199 33
4 Croatia 0,270 31 23596 32
5 Cyprus 0,369 24 32580 21
6 Czech Republic 0,416 17 34711 19
7 Denmark 0,675 3 49696 8
8 Estonia 0,393 19 29365 25
9 Finland 0,646 4 43053 12
10 Macedonia 0,539 15 41466 14
11 France 0,609 7 48730 10
12 Germany 0,337 26 26783 27
13 Greece 0,332 27 26681 28
14 Hungary 0,600 8 51399 5
15 Iceland 0,571 12 68883 2
16 Ireland 0,548 14 37901 16
17 Israel 0,371 23 38161 15
18 Italy 0,287 30 26031 29
19 Latvia 0,391 20 29966 24
20 Lithuania 0,599 10 105882 1
21 Luxembourg 0,218 34 15121 34
22 Malta 0,378 22 37899 17
23 Netherlands 0,639 5 50898 6
24 Norway 0,571 13 59302 4
25 Poland 0,270 32 27811 26
26 Portugal 0,409 18 30624 23
27 Romania 0,167 35 23626 31
28 Serhia 0,317 28 14512 35
29 Slovakia 0,345 25 30632 22
30 Slovenia 0,482 16 32885 20
31 Spain 0,386 21 36310 18
32 Sweden 0,708 2 49175 9
33 Switzerland 0,812 1 62881 3
34 Turkey 0,294 29 24244 30
35 Ukraine 0,142 36 8272 36
36 United Kingdom 0,618 6 42609 13

The implementation of a similar statistical study according to the data for 2010-2016 also showed the

existence of a high degree of tightness of communication between the analyzed indicators (Table 2).
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Table 2 - Results of the assessment of the correlation between innovation and economic
development in Europe, 2010-2016 (developed by the authors according to [12, 16])

Indicator 2010 2011 2012 2013 | 2014 | 2015 | 2016
Spirman's rank correlation coefficient 0,905 | 0,910 | 0,902 | 0,909 | 0,900 | 0,908 | 0,899
The crlt!cal value of_thg_coefflment o_f rank 0.43 0.43 0.43 0.43 0.43 0.43 0.43
correlation for the significance level is 0.01
Probabﬂyty o_f the S|gn_|f|_cance of 0.99 0.99 0.99 0.99 0.99 0.99 0.99
communication, coefficient
Sample size (countries), units 36 36 36 36 36 36 36

To confirm valid results findings about the relationship between the degree of innovation and GDP
per capita feasibility of grouping, which traced the said dependence (Table 3).

Table 3 - Interrelation between indicators of innovation and economic development of European

countries, in 2016 (according to the authors developed [12, 16])

Gro_uped The number of Average Average GDP
sign o composite h
. countries in ' . per capita (PPP),
(composite Countries index
. the group, . . thousand Dollars
index of . innovation
. , unity. - USA
innovation) coefficient
Poland, Croatia, Bulgaria, Former
0,142-0,276 6 Yugoslav Republic of Macedonia, 0,217 19,6
Romania, Ukraine
Portugal, Greece, Spain, Hungary,
0,277-0,410 13 Slovakia, Serbia, Italy, Cyprus, Estonia, 0,355 29,5
Malta, Latvia, Lithuania, Turkey,
0,411-0,544 3 Slovenia, Czech Republic, France 0,479 36,4
United Kingdom, Germany, Iceland,
0,545-0,618 9 Austria, Luxembourg, Belgium, Ireland, 0,590 56,8
Israel, Norway
Switzerland, Sweden, Denmark,
0,619-0812 5 Finland, Netherlands 0,696 511
Together 36 X 0,448 38,3

The results of analytical grouping show that growth in the economy of innovation positively affects
the volume of GDP per capita PPP. This confirms the earlier conclusion about the existence of a close
link between innovation and economic development. However, the trend of positive GDP per capita
dynamics in the first four groups of countries is not fulfilled for the group of countries with the highest
values of the consolidated index of innovations.

This is explained that, according to many researchers, greater orientation of the innovative type of
development contains, along with undeniable advantages, also a threat on the prospects of sustainability
of such development. The most powerful economies, which focus on innovative type of development
inherent in the phenomenon of financial “oubbles” speculative capital flows in high-tech areas, the
emergence of semi-legal businesses [17]. Constant heightened threat of such manifestations, despite
powerful resource potential consequences for the repayment of these phenomena gradually depletes the

economy.
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An objective assessment trends in the development of national innovation systems to evaluate their
strengths and weaknesses and to develop ways of improvement of organizational and economic
mechanism of innovation. The approach to the assessment of the position on indicators of the European
Innovation Scoreboard provides display all stages and phases of innovation and scientific and
technological activities, as well as its effectiveness. This allows to detail the impact of certain factors on
GDP per capita and single out the most significant ones.

One of the main means of research relationships between socio-economic variables is correlation
and regression analysis, the use of which is caused by a large number of operating factors.
The peculiarity of this analysis is that the change effective signs of predetermined factors influence not
as a whole and in part, because it is possible influence of other factors. Assessment indicators distress
communications between innovation and economic development in Europe was conducted on the basis
of empirical data for 2010-2016. A different sample size for each of the ten indicator blocks is due to the
inaccessibility of data for specific indicators in the context of individual countries. Multiple correlation and
regression models constructed for each of these blocks. A productive variable has been selected GDP
per capita (for PPP), factor factors - the relative indexes included in the system of indicators of the
European innovation scoreboard are grouped according to directions. Effective selected variable GDP
per capita (PPP), factor variable - relative indices that form part of the European Innovation Scoreboard
indicators grouped by directions. Multiple correlation and regression models constructed for each of the
eight blocks of parameters (Table 4).

Table 4 — Results of the analysis of density connection between GDP per capita (PPP) and
innovation performance of European countries, 2010-2016 (developed by the authors based on [12])

Number Coefficient
Distress Groups of Countries . . )
o I~ X Correlation The regression equation
communications indicators in the R
sample
: y =29671,2 + 969,2x1 + 91,6x2 -
Moderate Linkages 34 0,458 174205.0%5
Firm investments 31 0,571 y =29506,9 + 3899,9x: ~ 15017 5%z +
+754,9x3
Finance and 34 0,677 y = 17709,8 - 7691, 7x: + 4239,3%
Support
Human resources 33 0,552 y =7376,9 — 957,3x1 + 520, 7x2 + 981,0x3
y =20729,4 + 1518,5x; + 158,1x2 +
Considerable Intellectual assets 35 0,561 +2564,4%
Attractive research _
systems 33 0,606 y =20942,8 + 3,4x1 + 507,5x2+505,1x3
Employment 29 0,573 y = -5882,81 + 2950,3: + 588,5%.
impacts
Economic effect 36 0,621 y =6900,7 - 10,4x1 + 618, 7x2 — 298,1x3
Innovators 35 0,523 y =8241,8 + 77,0x1 — 67,9%2 + 1038,6x3
High Innovation-friendly | 4 0772 y = 21175,3 - 202,3% + 5904, 2%,
environment

A high correlation coefficient for the factors that make up the block “Innovation-friendly environment”
shows the close connection between the study variables, as evidenced by the correlation coefficient
(0,772). This group includes such indicators as the share of enterprises with access to fast broadband
Internet access (%); the prevalence of entrepreneurial activity focused on the use of innovative products
(coefficient). Evaluation of reliability models made by the coefficient of determination (R2), whose value
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is obtained for these factors is 0.596. This means that 59.6% of the variation in GDP per capita included
in the conditional correlation and regression model factors and others determined the effective rate
fluctuations others.

Quite high density connection between the analyzed variables observed on a group of factors
“research system”, including data on international scientific publications prepared by the representatives
of science and business sector (database Science-Metrix (Scopus)); the percentage of publications of
individual countries among the top 10% most cited publications in the international database Science-
Metrix (Scopus) in total scientific publications; and the share of doctorates and graduate students are not
from the EU in the total number of doctoral and graduate. The powerful influence of these aspects of
innovation in GDP per capita is confirmed by the correlation coefficient (0,606) in the model.

A considerable degree of distress communications found on a group of factors “Finance and
support” ,which includes indicators of expenditure on research and development work in the public
sector (% of GDP) and venture capital (% of GDP), and also block “Economic effect”, which includes the
number of employed in knowledge-intensive areas of production and services (% of total employment in
the economy); The share of medium- and high-tech products in the total volume of goods exports (%);
knowledge-intensive services exports (% of total exports of services); the volume of sales of new to
market and new products for companies (the share of innovative products,% of turnover); Licensed and
patent revenues from abroad (% of GDP).

The value of the correlation coefficient between the productive and factor indicators is 0,677 and
0,621, respectively. The results of the analysis showed a moderate degree of dependence between the
productive variable and the innovative activity of firms in the part of the formation of communications,
namely: the share of innovative small and medium enterprises cooperating with other economic entities;
Public-private co-financing of R&D expenditures (as a percentage of GDP); The number of public-private
joint publications per 1 million population. The dynamics of these indicators in terms of countries
determined 21% of the variation of GDP per capita.

Positioning of Ukraine as a country with the lowest level of innovation among the 36 European
countries that were included in the ranking, encourages the implementation of a separate analysis.
In order to identify priority areas and ways of stimulating innovation processes built correlation and
regression models similar to those developed above for Europe. Indicators of density and effective
communication between the factor variable are shown in Table 5.

Calculations showed that a slight degree of impact on GDP per capita in Ukraine observed indicators
for groups “Innovators”, “Linkages”. The ability to effectively use these factors may cause an increase in
economic growth as pan illustrates an example. According to the World Economic Forum, Ukraine ranks
26 among 130 countries on the index of human capital, which is classified as a high level of
development [18]. According to an index level of education of the population, our country exceeds even
the average in Eastern Europe [19]. Obtained results are suggest the conclusion that the use of these
and other factors which determine the innovation potential of the economy, associated with certain
problems.

Significant influence on the resultant trait is observed in the part of the cost of research, development
and innovation, as well as the costs of innovation, not related to research and development, that were
made in the business sector (group of indicators “Investment Companies”).

In addition to the above, this block includes the indicator of the share of enterprises, which carry out
training of personnel in the field of information and communication technologies. However, it should be
borne in mind that the characteristic feature of innovation activity is the presence of negative cash flows
at the initial stages of the life cycle of innovation, and between expenditure on research and
development and obtain the effect of the impact of this factor on economic development there is a gap
in time.
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Table 5 — Results of the analysis of density connection between GDP per capita PPP and
innovation indicators Ukraine's economy, 2010-2016, (developed by the authors based on [12])

Distress Group indicators Coeficient The regression equation
communications Correlation R
Weak Innovators 0,055 y =990,6 — 42,33
Linkages 0,282 y =8520,5 + 389,9x1 — 759,5x%2
Considerable Firm investments 0,581 y =11462,6 - 7677,9x1 + 180,4x2

Attractive research 0,720 Y= 90432 + 21,1%: - 662,1x;

systems
High F'”Si”;;()ft”d 0,786 y = 13002,32 — 13668, 1x:
Intellectual assets 0,879 y =56896,2 + 3127,3x1 - 27268,4x2-6603,3x3
Economic effect 0,854 y =19375,3 - 1,72x1 — 184,1x2 — 484,8x3

The high degree of interconnection is determined by such factors of factors as “Research system”,
"Economic effect" components are listed above and “Finance and Support’, which combines indicators
of expenditure on research and development in the public sector (% of GDP) and the amount of venture
capital in total investment in GDP). In developed countries, public spending on research and
development ranges from 2,5% to 3% of GDP, while that for the implementation of its functions science
funding should not be lower than 1,7% of GDP. In our country science funding in 2016 were carried out
at the level of 0,17% of GDP [20], while the critical level below which we cannot expect to receive
economic benefit of science — is 0,9% [21, p. 64]. Invocation of unused capacity in the proof of funding
required to create the conditions for modernization of the national economy and its growth.

The greatest influence on the productive value amounted unit values of “Intellectual assets” —
a variation of GDP per capita at 72,9% determined variation factors included in this block. According to
the factors included in this block of indicators, a positive dynamics is observed in our country (except for
the number of applications for a trademark in the amount of 1 billion GDP (for PPP)), which provided that
the trends allows to express optimism for improving Ukraine's position in the rankings innovation and
economic development (Fig. 3)

, . 18 1,83 1,83 1,83 1,83 1,83 175
. * * * * —
15 -
1 0,59 06
041 ! 0'47 ! 0,53 0,54
05| 028 ’ ——
01 041
01 0,01 0,02 0,02 0,03
0 - Pe——=s : 5 - - .
2010 2011 2012 2013 2014 2015 2016

==¢==Trademark applications per billion GDP (in PPS)
=== PCT patent applications per billion GDP (in PPS)
=g Design applications per billion GDP (in PPS)

Figure 3 — The evolution of the innovation development of Ukraine, members of the group
“Intellectual assets” on the methodology developed by the European Commission, 2010-2016,
(authors constructed according to [12])
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Now Ukraine faces the task more fully realize their potential with the aim of entering one of the
developed countries. According to the World Economic Forum [22], formed on the basis of ranking
countries in terms of economic development, Ukraine belongs to the group factor (“Primary”) stage,
when the sources are either raw materials or cheap unskilled labor (higher degree occupied countries
included groups “effective” and “innovative” development). Features Ukrainian national innovation
systems require the use of specific methods and means of influence to ensure higher rates of economic
growth by enhancing innovative use of available capacity and efficiency.

Conclusions and recommendations for further research. The evaluation of the relationship
indicators of innovation and economic development in Europe confirmed the hypothesis of the high
dependence of these parameters. Detected trends show that the foundation to improve the economy
and create conditions for ensuring competitive advantage is the implementation model innovation.
Assessment for of communication between GDP per capita, economic growth and indicators of the
European scale innovation in Europe by the value of the coefficient of rank correlation and grouping
analytical results lead to the conclusion of a direct relationship between them. Detailing the impact of
individual groups of factors on GDP per capita using correlation and regression analysis allowed single
out the most significant of them, which further contribute to the development directions of improvement
of organizational and economic mechanism of innovation. Found that the most significant factors
influence the level of economic development of the innovation analyzed for a set of European countries
is the dynamics of belonging to the group “Innovation-friendly environment”. In contrast to Europe, where
factors were found with low connection of performance indicators (GDP per capita in PPP terms) in
Ukraine low density of such a connection was established groups of indicators blocs “Innovators” and
“Linkages” and the most significant correlation between economic and innovative development observed
in the group of indicators “Intellectual assets”.

Research of quantitative parameters of influence the innovation factor in the level of economic
development of Europe in general and Ukraine in particular, makes it possible to identify the strengths
and weaknesses of the implementation of innovative processes in the region, identify untapped reserves
of economic growth by improving the efficiency of innovative potential that create conditions for the
reduction of the uneven development of states and formation of economy based on knowledge.
Implementation of the model of economic growth by stimulating innovative changes requires the
development and use of mechanisms of transformation of innovation driving force for the effective
functioning of the economic system that is the subject of further deepening research problems raised.
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