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Abstract. As a result of the conducted study, there has been solved an important scientific problem of development of theoretical and
methodological foundations of building international competitiveness in the conditions of globalization of innovation activity and creation
of organizational and economic tools for support of national innovation system safety in global scientific and technological space. It has
been established that innovation activity in Poland is characterized by structural deformation, institutional incompleteness, inconsistency
and imbalance of technological, economic, social and value aspects, as a result of which innovation processes in the country have not
gained sufficient scale and are not a significant factor of GDP growth. Problems of development of national innovation systems in Poland
are caused, first of all, by an unsatisfactory state of financing of the scientific sphere, as a result of which the country has lost the system
capable to effectively concentrate resources on priority strategic directions of innovation development. Based on a comparative economic
and mathematical analysis of the impact of variables that determine the degree of inclusion of the country in global value chains, as well
as diagnostics of the competitive environment of some countries, it has been stated that, except for IT, today Poland has no competitive
advantages and preconditions for inclusion in global value chains. Considering the importance of the human development index, the
Chinese model of innovation development is most acceptable for the country. Considering that in addition to the financial component,
one of the main reasons for slowing down innovation activity in Poland is the lack of effective links between government, business
and science, there has been justified the need to develop a government innovation policy based on a combination of direct and indirect
methods of innovation support. There has been stressed the importance of building a common information and scientific space with
Europe, which is possible in the conditions of creation of an open national innovation system.

Keywords: national security; national innovation system; global value chains; international competitiveness; regression statistics

Reference to this paper should be made as follows: Karpenko, L., Rachynskyi, A., Dmytrenko, H., Akhlamov, A., Oliinyk, N. 2020.
Innovation economy management as a factor of national security. Journal of Security and Sustainability Issues 10(1), 277-289.
https://doi.org/10.9770/jssi.2020.10.1(20)

JEL Classifications: E69; F17; H39

1. Introduction

Currently, the development of the world economy is characterized by the promotion of the processes of technol-
ogy and information exchange, the creation and spread of which is gaining a global nature and has a significant
impact on mainstreaming the processes of international competition and provision of national security. Under
these conditions, the creation of international competitive advantages based on innovation as the main factor in
the transformation of world economic development becomes especially important.

Continuous technological innovations in all spheres of management are the driving force of change of tech-
nological practices, which is accompanied by the formation of an integrated system of technologically related
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processes that go beyond national economies. The growth of interaction and interdependence of national econ-
omies has gained a special character in the field of creation and spread of innovations at the level of national
innovation systems (NIS) under the influence of the trend of globalization of scientific and technological space.

The creation of the national innovation system is a significant factor of the scientific and technological develop-
ment of the state and strengthening its international competitiveness, which requires a thorough methodological
study of these issues taking into account the globalization stage of the world economy.

2. Literature Survey

The corresponding processes create challenges for all participants of global innovation development, which
forces them to compete with high-quality imported products not only in foreign but also in domestic markets
(Rudskaia, I., & Rodionov, D. (2018)). The most important economic problem is the problem of competitive-
ness at the national, regional and international levels, the determining factors of which are the scientific, techni-
cal and educational potential of society, new technologies and innovations (Resele, L. (2015)).

The role of innovations in achieving competitiveness is that they give economic actors the opportunity to
achieve technological dominance in the market and thus ensure competitiveness at all levels. As evidenced in
practice (Suzuki, J., Tsukada, N., & Goto, A. (2015)), the most important condition for economic growth of
leading countries was to increase their competitiveness by ensuring a leading position in international markets
for science-intensive production, which they were able to achieve by transferring the economy to innovation
way of development and creating a national innovation system (NIS).

The national specifics of the innovation system are formed within the framework of the general model of NIS
and depend on the following factors:

the size of the country and the level of its development. Large and highly developed countries create markets
in order to save money at the expense of the scale of scientific research activity (Drobyazko, S., et al. (2019a),
Drobyazko, S., et al. (2019b)). Small, high-income countries-innovators tend to faster internationalize innova-
tion and focus on a narrower range of innovation areas to reap the corresponding benefits (for example, mobile
communication in Finland and Sweden) (Acs, Z. J., Audretsch, D. B., Lehmann, E. E., & Licht, G. (2017)).
They benefit most from free technological flows across borders, and their innovative systems are often based
on the benefits of technology absorption. At the same time, they have high expenses on the support of education
and science organizations, which disciplinary boundaries are wider than those in industry;

the role of the main participants of innovation processes (firms, public and private research organizations, gov-
ernment agencies), as well as the forms, quality and intensity of their interaction. These actors are influenced
by various factors that determine the specifics of the country (Hekkert, M. P., Janssen, M. J., Wesseling, J. H.,
& Negro, S. O. (2020)): financial system and corporate management, legal and regulatory framework, level of
education and skills, degree of staff mobility, workforce, prevailing management practices, etc. A defining char-
acteristic is the role of government in financing R&D. In “catching up” countries (Greece, Hungary, Mexico,
Poland, Portugal, Turkey), the government accounts for the largest share of R&D expenditures (Lundvall, B.
(2015)). These countries have inefficient innovation infrastructure and weak links between the public and busi-
ness sectors. The developed countries, where the business sector provides the bulk of R&D funding (Belgium,
Ireland, Japan, Switzerland, USA), also differ in the disciplinary focus of public R&D funding (Wonglimpi-
yarat, J. (2018));

the role of market and non-market institutions in the country, which influence the direction and speed of innova-
tion spread, which is also a defining characteristic of the national innovation system. There are global, regional
or local networks of firms and industries that are not limited to national borders, but national specifics always
play a certain role in their formation (Kwon, S., & Motohashi, K., 2017). This also applies to the internationali-
zation of innovation technologies, which largely reflects the perception of foreign investors about the strengths
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of NIS (for example, the existence of research centers of excellence or the availability of qualified scientists
(Fagerberg, J., Lundvall, B. A., & Srholec, M., 2018).

Given that innovation development and globalization occur in parallel and are interrelated processes, no NIS
can be effective without its integration into the regional innovation system (Nesterenko, S. et. al., 2019).

The purpose of the paper is to develop the theoretical and methodological foundations for the study of the
national innovation system at the stage of globalization and the development of scientific and practical recom-
mendations for ensuring the competitiveness of the national innovation system under the conditions of forma-
tion of global scientific and technological space.

3. Methods

The theoretical and methodological foundations of the study are the principles of modern economic theory, the
concept of competitiveness, the theory of innovation development, scientific works of leading scientists in the
field of competitiveness, globalization, international innovation, innovation systems.

To achieve the set goal there was used a dialectical method of scientific cognition, as well as a complex of
general and special research methods: the method of scientific generalization; analysis and synthesis (for the
analysis of methodological foundations of formation of the national innovation system); comparative analysis
(for the study of trends in the formation of the competitiveness of national innovation systems in the context
of globalization of scientific and technological space); methods of economic and mathematical analysis and
modeling (for the analysis of the relationship between the global competitiveness index and the global innova-
tion index, as well as for determining the leading areas of inclusion of the innovation system in global value
chains), etc.

To estimate the parameters of the linear regression, we use the method of least squares (LSXY). In accordance

with LSXY, the search for the best approximation of a set of observations by a linear function is reduced to
minimizing the functionality (Maloney, W. F. (2017)):

h:i(x,.—(z‘JJray,.))2 (1)
i=1

The verification of the significance of the regression equation is carried out on the basis of analysis of variance.
We represent by x = b+ ay (Gokhberg, L., & Roud, V. (2016)) the values theoretically calculated using the
formula, then (Fukugawa, N. (2017)):

X, —X=x,-X+X,—-X, =(x, —Xx,)+(x, — X) (2)

We transform the variance formula taking into account the above sum:

,"Z!(xi _-f) = i[(fl _'f)+(xi _fi)]z = i(-fz _-f)z +i(xi _;Ci)z + zi(-f; _f)(xj _;Cj) 3)

Farther on:

S -0, -5) = S -5 )b ay-xap) =3 IOTIED),

+aZ(xi_'§i)(xi _f):aZ(xi —b-ay)y, _ayZ(xi —b-ay)=0

4)
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As there is equality (b— X +ay =0,

Then with LSXY we have the proportion:

(x,~b-ay,)y, =0
>

2 (x,~b-ay,)=0

Accordingly,
206 =% =D (% -0+ 2 (%, -0’ + ) (x, - X)) )
i=1 i1 i-1 i-1

m

Z( X, — f)z — TSS (total sum of squares) — total variance: the sum of squares of deviations from the mean.
i=1

m

Z( X, — f)z — RSS (regression sum of squares) — explained part of the total variance (due to regression).

i=l

i

Z( x, —x,)> — ESS (error sum of squares) — residual sum or residual variance.

i=l

The estimation of the quality of the built model can be determined through the coefficient (index) of determina-
tion, as well as using the average approximation error.

The average approximation error is the average deviation of the estimated values from the actual ones as a

percentage:

B= -100% (6)

3 | =

X

The limit of values of B <0,08—0,1 (8-10%) is acceptable when building a model.

The average coefficient of elasticity shows by how many % on average per totality the result y will change from
its average value when the factor y changes by 1% of its average value:

E-f(E=E5=1(0)7 ™

" — characterizes the relationship between the growth of the result and the factor for the corresponding form
of communication.

The information base of the study is regulatory and statistical materials, reports, presentations, information ma-
terials, analytical reviews and expert assessments of international organizations: OECD, UN commissions, etc.

4. Results

Today, the issues of functioning and extension of global value chains are becoming increasingly important.
The advantages due to the country participation in global value chains (GVCs) are improving the quality of
products, expanding sales markets as a result of gaining access to global markets, technology modernization,
stimulating foreign direct investment, increasing employment while increasing real wages, etc.
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Two main approaches have traditionally been implemented to include the country in GVCs:

concentration of production and exports on a certain range of components within the framework of GVCs using
the available advantages;

implementation of an industrial growth strategy aimed at creating national production facilities at all stages of
production for the development of vertically integrated industries.

To identify the specifics of the inclusion of countries in GVCs and opportunities to implement foreign experi-
ence regarding the inclusion of the national economy in GVCs, as well as to identify priority areas of busi-
ness cooperation with transnational organizations, taking into account the innovation component, we analyze
countries that have successfully joined GVCs using such advantages as geographic location, specialization of
production, availability of highly developed NIS and competitive advantages in the global market: USA, Saudi
Arabia, China, Switzerland, Japan. The above countries represent different regions of the world and have a
degree of inclusion in GVCs due to their global competitive advantages, so they are representative.

With the help of building the regression equation — formulas 1-7 — we determine the form of the relationship
between the phenomena under study.

The model has a theoretical specification for each country selected for analysis (USA, Poland, Saudi Arabia,
Japan, China, Switzerland):

(Hi—TechExp)X =d x Ind)Y, x(MAN)Y, x(Ser)Y, x

(R& D)Y, x(IT)Y, x (Pan)Y, x (Edu)Y, ®)

where: X — the volume of high-tech exports for the country m, % of GDP; Y1 — the volume of value added in
industry, % of GDP; Y2 — the volume of value added in the manufacturing industry, % of GDP; Y3 — the volume
of value added in services, % of GDP; Y4 — R&D expenditures, % of GDP; Y5 — exports of IT products, % of

GDP; Y6 — the volume of patents in the national economy; Y7 — education expenditures, % of GDP; d — the
constant.

As a result of econometric analysis using the selected parameters, the regression model for the United States
will have the indicators presented in Table 1.

Table 1. Regression statistics for the USA

Dependent Variable: D (HIGH TECHNOLOGY EXPORTS)
Method: Least Squares
Variable Coefficient Std. Error t-Statistic Prob.
D(SERVICES VALUE ADDED) 0.523213 0.141904 0.328919 0.2239
D(RESEARCH AND DEVELOPMENT) 1.751451 0.75008 0.789544 0.0167
D(PATENT APPLICATIONS BY R) -1.591858 2.910337 -0.546967 0.5953
DfMANUFacturing value adde) 0.122097 0.062383 0.564212 0.0001
D (Informatk) N (technology e) 0.521893 0.236512 0.254126 0.8041
D(INDUSTRY VALUE ADDED) 0.124953 0.329787 0.647645 0.1015
D(EDUCAtK)N SPENDING GD) 1.215278 0.325919 0.018749 0.0002
d 12.02035 410.3938 4.347130 0.0012
R-squared 0.856412 Durbin-Watson stat 2.17
Adjusted R-squared 0.790121
F-statistic 1.165504
Prob(F-Statistic) 0.000016
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The obtained results allow to provide such interpretation of the model coefficients:

- indicators that have the largest statistical significance as regards the impact on high-tech exports of the USA
are the value added generated in industry, and the level of R&D and education expenditures;

- with an increase in value added in industry by 1, high-tech exports increase by 1.54 under other constant
conditions. With an increase in R&D expenditures by 1, high-tech exports increase significantly by 1.38 under
other constant conditions.

Saudi Arabia is another country for modeling being one of the world leaders in oil production and refining: the
country occupies a leading position in the ranking of oil exports (Ali, A. (2020)), (Alkhathlan, K.A., Alkhateeb,
T.T.Y., Mahmood, H., Bindabel, W.A. (2020)).

When carrying out the analysis the parameter “innovation index” turned out to be unrepresentative. The results
of regression modeling are presented in Table 2. The model for Saudi Arabia proved to be a working one with
a high degree of statistical significance.

Table 2. Regression statistics for Saudi Arabia

Dependent Variable: D (HIGH TECHNOLOGY EXPORTS)
Method: Least Squares
Variable Coefficient Std. Error t-Statistic Prob.
D(SERVICES VALUE ADDED) 8.290458 14.12064 0.587866 0.5667
D(RESEARCH AND DEVELOPMENT) -0.219799 0.304906 -0.720876 0.4837
D(PATENT APPLICATIONS BY R) 0.89182 0.02451 0.769312 0.1003
DfMANUFacturing value adde) 0.26025 5.644559 2.526371 0.0253
D(Informatk)N technology e) -0.766796 0.329251 -2.328908 0.0366
D(INDUSTRY VALUE ADDED) 551.0625 1561.499 0.352906 0.7298
d -68.84599 95.73827 -0.719106 0.4848
R-squared 0.621231 Durbin-Watson stat 2.956141

Adjusted R-squared 0.591234

F-statistic 0.301695

Prob(F-Statistic) 0.097891

The economic interpretation of the results is as follows:

- the model indicators point to extremely low level of positive statistical impact of GVC factors on high-tech
exports in Saudi Arabia;

- the value added in the structure of high-tech exports of Saudi Arabia is formed in industry.

The next country selected for modeling is Switzerland. This country is not only a world financial center, but
also a country-innovator in the pharmaceutical and medical fields. Switzerland holds a leading position among
European countries in the field of innovative banking services and IT technologies. The results of regression
modeling are presented in Table 3.

Table 3. Regression statistics for Switzerland

Dependent Variable: D (HIGH TECHNOLOGY EXPORTS)
Method: Least Squares
Variable Coefficient Std. Error t-Statistic Prob.
D(SERVICES VALUE ADDED) 0.523213 0.141904 0.328919 0.2239
D(RESEARCH AND DEVELOPMENT) 1.751451 0.75008 0.789544 0.0167
D(PATENT APPLICATIONS BY R) -1.591858 2.910337 -0.546967 0.5953
DfMANUFacturing value adde) 0.122097 0.062383 0.564212 0.0001
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D(Informatk)N technology e) 0.521893 0.236512 0.254126 0.8041
D(INDUSTRY VALUE ADDED) 0.124953 0.329787 0.647645 0.1015
D(EDUCAtK)N SPENDING GD) 1.215278 0.325919 0.018749 0.0002

d 12.02035 410.3938 4.347130 0.0012
R-squared 0.856412 Durbin-Watson stat 1.998260
Adjusted R-squared 0.790121
F-statistic 1.165504
Prob(F-Statistic) 0.000016

The results of regression modeling allow to make the following conclusions:

- Switzerland is a country that is highly integrated in GVCs and creates the significant value added;

- with the growth of R&D funding by 1, the volume of high-tech exports increases by 1.75 under other con-
stant conditions;

- Switzerland has the largest increase in high-tech exports (by 1.21) due to an increase by 1 of education fund-
ing under other constant conditions;

- the positive statistical impact of such factors as value added in the manufacturing industry and the level of
innovation was also revealed.

Currently, the experience of a rapid increase in scientific and technological potential of China, which only in
the last five years has increased its position in the corresponding world rankings by several positions, is the
most relevant in the system of global innovation development. Therefore, it is logical to analyze the inclusion
of this country in the GVCs for the selected parameters, which represent the following indicators in the results
of modeling presented in Table 4.

Table 4. Regression statistics for PRC

Dependent Variable: D (HIGH TECHNOLOGY EXPORTYS)
Method: Least Squares
Variable Coefficient Std. Error t-Statistic Prob.
D(SERVICES VALUE ADDED) 1.02129 2.215110 0.009170 0.0611
D(RESEARCH AND DEVELOPMENT) 0.21828 0.326560 -0.772410 0.4561
D(PATENT APPLICATIONS BY R) 0.093416 0.142018 0.657773 0.5242
D(MANUFACTURING VALUE ADDE) 1.29557 0.128286 1.578750 0.1027
D(InfORMATK)N TECHNOLOGY E) 3.12676 1.322109 0.812156 0.4339
D(INDUSTRY VALUE ADDED) 4.77948 3.10356 -0.10565 0.0090
D(EDUCAtK)N SPENDING GD) -25581.42 26274.43 -0.65481 0.3512
d 14384.77 18061.80 0.796420 0.4426
R-squared 0.585451 Durbin-Watson stat 2.575438
Adjusted R-squared 0.512322
F-statistic 1.259966
Prob(F-statistic) 0.052266

The economic interpretation of the model for PRC is somewhat contradictory. On the one hand, the significant
level of integration of China in GVCs is understandable, but on the other hand, the results of the model show
the statistical significance for China of the factor of the creation of value added only in industry. No statistical
impact on the integration of China in GVCs was found for either education or R&D. In our opinion, this can be
explained by the fact that the economy of China has significant potential, and the technological stage in China —
when it is the “assembly shop” of the world economy — is not yet over.

The next country selected for modeling is Japan as a leading country in the field of high-tech production. The
results of regression modeling for Japan are presented in Table 5.
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Table 5. Regression statistics for Japan

Dependent Variable: D (HIGH TECHNOLOGY EXPORTS)
Method: Least Squares
Variable Coefficient Std. Error t-Statistic Prob.
DfSERVICES VALUE ADDED) 9.080314 16.50093 -0.550291 0.0931
DfRESEARCH AND DEVELOPMENT) 1.789865 0.321057 0.261391 0.0086
D(PATENT APPLICATIONS BY R) 0.206372 0.180795 1.141472 0.2779
d(manufActuring value adde) 1.210743 0.225467 2.644952 0.0228
DfINFORMATION TECHNOLOGY E) 9.123396 1.453582 1.010243 0.0115
DfINDUSTRY VALUE ADDED) -0.012341 0.12337 -0.123673 0.4142
DfEDUCATION SPENDING GD) -0.213753 3.156407 -0.273158 0.7898
d 2.121276 2.23545 0.875612 0.4000
R-squared 0.814654 Durbin-Watson stat 2.9875
Adjusted R-squared 0.715456
F-statistic 0.474233
Prob(F-statistic) 0.001675

The economic interpretation of the results is as follows:

- the integration of the economy of Japan in GVCs is taking place through the services and the manufacturing
industry;

- R&D and innovation are of particular importance for the development of the high-tech sector of the economy
of Japan. The has been found the statistical influence of R&D volume. As it increases by 1, the volume of high-
tech exports increases by 1,789.

As for increasing export opportunities of Poland, one of the most pressing issues today is focusing its economy
on the export of high-tech goods, goods with high value added and a high degree of processing.

After studying foreign experience in the integration of countries in GVCs, it is important to identify those areas
that would allow Poland to be integrated in GVCs. As in the case of the above countries, for Poland we will
carry out the analysis by the selected parameters and estimate the model using the method of least squares. The
results of regression modeling estimation are presented in Table 6.

Table 6. Regression statistics for Poland

284

Dependent Variable: D (HIGH TECHNOLOGY EXPORTS)
Method: Least Squares
Variable Coeflicient Std. Error t-Statistic Prob.
DfSERVICES VALUE ADDED) 3.116263 13.64034 0.228459 0.8235
DfRESEARCH AND DEVELOPMENT) -1.032507 1.123616 -0.434048 0.6726
DfPATENT APPLICATIONS BY R) -0.086732 0.053163 -1.631435 0.1311
DfMANUFACTURING VALUE ADDE) 0.35312 0.035341 0.679358 0.5120
INFORMATION TECHNOLOGY E 1.10208 3.2314256 0.251598 0.0017
DfINDUSTRY VALUE ADDED) -9.588577 47.03605 -0.203856 0.8422
DfEDUCATION SPENDING GD) -24.12134 27.01384 -0.231900 0.8209
d -1079.898 364.9125 -2.959333 0.0130
R-squared 0.620617 Durbin-Watson stat 2.214634

Adjusted R-squared 0.522315

F-statistic 1.031513

Prob(F-statistic) 0.002318
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The economic interpretation of the results of the estimation of regression model for Poland is as follows:

- mnone of the factors that indicate the importance of the economy for GVCs turned out to be statistically sig-
nificant;

- the export of information technologies is the only statistically significant factor that has a positive impact on
the growth of high-tech exports, which confirms the position of Poland as one of the world’s centers for IT out-
sourcing. However, it should be noted that in Poland outsourcing projects are placed mainly by US companies,
which thus save money due to cheap labor, and therefore, the value added value in GVCs is received just by the
USA.

So, it can be argued that the NIS of Poland has the features of a scientific and technological platform aimed
at the creation of new promising technologies, innovative products and services, attraction of additional re-
sources for joint R&D, facilitation of the transfer of technology and information through international transfer
networks.

Considering that the volume of funding for scientific and scientific-technical activities in Poland (from all
sources of funding) remains insignificant (12.2 billion hryvnias in 2016, including 4.25 billion hryvnias from
the state budget), you should mention the need for a differentiated approach to the choice of sectoral develop-

ment priorities.

The results of modeling for the above countries can be presented in the aggregate (Table 7).

Table 7. The results of modeling the integration of the innovation systems of countries in global value chains

Indicator USA | Poland :?;llfi; Switzerland PRC | Japan
Y1 - volume of value added in industry, % of GDP 1.5958 X 0.2602 0.1220 4.7794 X
Y2 - volume of value added in the manufacturing industry, % of GDP X X X 0.1249 1.2955 | 1.2107
Y3 - volume of value added in the service sector, % of GDP X X X X 1.0212 | 9.0803
Y4 - R&D expenditures, % of GDP 1.3864 X X 1.7514 X 1.7898
Y5 - exports of IT products, % of GDP X 1.1028 | 0.8918 0.521 X 9.1233
Y6 - volume of patents in the national economy X X -0.766 X X X
Y7 - education expenditures, % of GDP 1.546 X X 1.215 X X
R-squared 0.80 0.62 0.62 0.85 0.58 0.81
Prob (F-statistic) 0.0020 | 0.00023 | 0.097 0.00006 0.0522 | 0.001
DW 2.17 2.21 2.95 1.99 2.57 2.98

The data in Table 7 show that in the USA a fairly high level of value added is created in industry, as the US
industry has a high level of production and territorial concentration and includes all branches that manufacture
both mass and serial products. The USA is the undisputed world leader in the chemical, light, mining industries,
and in military-industrial complex, which causes a fairly high level of R&D spending in this country, and the
service sector in the USA generates 74.9% of GDP.

Saudi Arabia is distinguished by a high level of exports of IT services, which is explained by the intensification
of the development of this sector in the country over the past 7 years, and the development of the manufactur-
ing industry, as the economy of Saudi Arabia is based on the oil industry, which accounts for 45% of GDP and
75% of budget revenues; oil products account for 90% of the country exports.

Switzerland is characterized by a high level of innovation, which is confirmed by high expenditures for educa-
tion and R&D, and high innovation index.

Switzerland has a high level of value added in industry (until 1981 it became one of the most industrialized
countries in the world): the main branches of industry are machine-building, textile, chemical, food and phar-
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maceutical industries. Switzerland is also a world leader in gold refining processing two-thirds of its world
production.

China is included in GVCs through manufacturing industry and service sector. The industrial potential of China
provides about 46.6% of GDP (Attia, A. M. (2015)). China ranks first in the world by the number of industrial
enterprises. Currently, the industry of China is presented by 360 branches. Along with the traditionally devel-
oped industries (textile, coal industries and ferrous metallurgy), there are new industries — such as oil extrac-
tion, oil refining, chemical, pharmaceutical, automotive, aviation, space, electronic industries. In 2013, the
percentage of service sector in GDP of China for the first time exceeded the percentage of industrial production
and has been growing recently. Such economic sectors as real estate, retail and finance account for 41% of GDP.

Japan has a high degree of integration in GVCs due to the intensive development of innovations. In accord-
ance with the government program of development of the Japanese NIS, the transition was made from the
import of technical achievements to the development of its own R&D system. Radical measures have been
taken to improve personnel training and further develop international scientific cooperation. The main struc-
tural factor is science and education, so they are paid special attention, which is confirmed by the high level of
R&D expenditures, and high innovation index. In 2017 in Japan the exports of high-tech products amounted
to 17% (93 trillion dollars) of total merchandise exports, and exports of innovative services amounted to 1.74
trillion dollars.

As for Poland, today the country has no competitive advantages and preconditions for integration in GVCs,
except for IT technologies. Therefore, a purposeful transition to an innovative model should be the main prior-
ity of economic development for Poland, which requires, as noted above, understanding and use of foreign ex-
perience. Successful implementation and adaptation of foreign models of innovative development significantly
intensify the reform of the national economy on the path of innovative development. In our opinion, the most
suitable model of innovative development for Poland today is the Chinese one, as it allows balancing the finan-
cial and scientific-personnel systems of ensuring the functioning of NIS and its integration in GVCs.

5. Discussion

In this context, the issue of improving the system of commercialization of R&D with the purpose of creating
capacity for technology transfer, which is also within the competence of the government, is relevant. Transfer
and commercialization are considered key activities in the active search for opportunities and maintaining
relationships with third parties that bring potential benefits (Lovio, R., & Vilikangas, L. (2015)). Funding for
technology transfer and commercialization should be provided by government or other external resources tak-
ing into account extremely limited R&D budgets, especially in the case of academic institutions. In the long
run, the transfer may also be financed from funds received from the commercialization of knowledge, including
capital gains through participation in the share capital of subsidiaries, part of royalties for licensed technologies
or additional funds under cooperation agreements.

The commercialization of scientific research involves costs that are not usually available in academic organiza-
tions (Casadella, V., & Uzunidis, D. (2017)). Considering the uncertainty of expected revenues from commer-
cialization, there becomes important the issue of providing state support through:

- providing subsidies for the commercialization of scientific research activities, in the form of grants or a small
share of the total research budget;

- subsidizing the cost of obtaining patents and other forms of intellectual property protection or enabling re-
cipients to use research funds to cover the costs associated with the protection of intellectual property (IB);

- training of technology transfer agency personnel, in particular on various issues related to intellectual prop-
erty, including patent applications, copyright and registration of samples, licensing negotiations with compa-
nies;

- simplification of access to legal and patent services when outsourcing them.
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Public sector participation in innovation will help coordinate private initiatives and strengthen links between
industry and researchers. Balancing relationships between the science and business sectors is possible under
the following conditions:

- active promotion of cooperation between different innovative companies by the authorities in order to con-
stantly change their behavior. The range of government interventions may include different resource commit-
ments and be focused on different areas, including strategic cooperation between different organizations, which
is funded through a partnership of science and industry stakeholders. This type of intervention can be focused
on the creation and promotion of key technologies or centers of excellence that support the development of
partnership structures in the field of research and innovation;

- support for industry clusters aimed at strengthening links between startups, companies and research organi-
zations in a particular industry or region. Specific activities may include funding joint projects or improving
framework conditions, including physical infrastructure, human capital and internationalization platforms;

- the presence of intermediary structures;

- availability of platforms for interaction between research organizations and business, which provide infor-
mation services, organization of exhibitions and innovation fairs.

International cooperation in science can be encouraged by strengthening the mechanisms of coordination and
distribution (Watkins, A., Papaioannou, T., Mugwagwa, J., & Kale, D. (2015)). Participation in it requires spe-
cial skills that can be developed through appropriate training. Taking into account the measures already taken
in this area, efforts need to be made as regards:

- the development of Internet platforms for improving the skills of scientists and engineers in the field of inter-
national scientific and technological cooperation, including its management and administrative aspects related
to the submission of applications for research grants and commercialization of research projects;

- the improvement of access of scientists to international scientific publications, as well as provision of trans-
lation into foreign languages, and other organizational support for articles of scientists who apply for their
publication in international journals.

Conclusions

According to the results of the conducted study, it has been found that, except for IT sector, today Poland has
no competitive advantages and preconditions for its integration in GVCs. Considering the significance of the
human development index in the country and the lack of funding for scientific and scientific-technical activities
(from all sources of funding), the Chinese model of innovation development is most acceptable for it, the use
of which will allow to balance the financial and scientific-personnel systems of ensuring the functioning of NIS
and its integration in GVCs.

Considering that apart from the financial component (funding for science and scientific-technical sphere in
Poland is at a critically low level, in the absence of measures to indirectly stimulate innovation), one of the
main reasons for slowing down innovation in Poland is the lack of effective relationship between government,
business and science (fundamental knowledge about IV-VII technological modes are still accumulated, but the
preconditions for their commercialization in the economy are practically absent), there was substantiated the
need to develop a government innovation policy based on combining direct and indirect methods of innovation
support in these areas: support for innovation infrastructure; development of the venture capital industry; man-
agement of change processes in social capital; transformation of universities into powerful business academic
centers; improving the system of commercialization of R&D with the purpose of creating capacity for technol-
ogy transfer, etc.

There was underlined the importance of building a common information and scientific space with Europe,
which is possible under conditions of an open NIS based on the interaction of institutions of national innovation
systems through: social and communication cooperation; technological trajectories; scientific and technical
policy; common R&D markets, technology integration policy; intellectual property; international investment
and trade agreements.
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