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ABSTRACT

Introduction. Implementation of intellectual resources is necessary to form a new par-
adigm of economic development at the beginning of the XXI century.

Problem Statement. Intellectualization is becoming a major trend of globalization. As
developing countries are not competitive enough in these circumstances, it is extremely
important for them to increase the pace of intellectualization to ensure their competi-
tiveness.

The purpose of the article is to investigate and establish quantitative relations between
intellectual activity and GDP dynamics, as well as to forecast the countries” economic
growth on this basis.

Materials and Methods. Cluster analysis for 44 countries and 40 indicators is based on
a 10-year period.

Results. The modelling and forecasting of Ukraine's development in the conditions of
enhanced intellectualization are carried out. The influence of various factors of intellec-
tualization on the country's GDP is assessed, and the basic and optimistic scenarios and
the level of the impact on the country's economic development are calculated. Whereas
resource factors are more important for Ukraine and other developing countries, result-
ing factors are more important for the developed ones. The modelling is based on the
authors’ three-stage methodology for assessing intellectual leadership. It proves the
positive impact of such resulting factors as high-tech exports, patents, trademark appli-
cations, and research and development costs. For instance, if high-tech export grows
by 5%, Ukraine's GDP will increase quite significantly. However, almost any export
growth can have a similar effect.

Conclusions. Attracting foreign intellectual capital has a significant positive effect, which
is also confirmed by the modelling of the Ukrainian economy’s development. The in-
creasing existing level of research funding by 5% will result in Ukraine's GDP growth of
almost $500 per capita.

Keywords: intellectual leadership, intellectualization, factors of economic growth,
modelling

JEL Classification: 123, 125

INTRODUCTION

Studying driving forces and determinants of robust economic growth has been a topical
issue in economic science for many years. The whole evolution of economic science has
confirmed that there is a constant search for relations and interdependencies between
individual factors and economic development. Along with the rapid scientific and tech-
nological progress in the twenty-first century, the range of factors that have a decisive
influence on the country’s economic dynamics is growing. Recognizing the key role of
all resources related to human intellectual activity in the countries’ economic develop-
ment is a well-known postulate. The intense use of intellectual resources, accelerated
technologicalization, and digitization are at the heart of the breakthrough development
for all advanced countries in the world (Kaleniuk I., Kuklin V., 2012).
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The strengthening of competition at the current stage of civilizational development causes new factors and mechanisms
of market struggle to come to the fore. These include the growing importance of intellectual resources and creative
products as key factors in competitiveness. One of the important tasks of the economic activity of countries in the global
environment is the accumulation and implementation of intellectual resources, which can determine the pace of the coun-
try's development, in general, shape the global parameters of world economic development. In fact, the intellectualization
of society becomes one of the most important conditions for intensive development, expansion of spheres of influence,
and realization of national interests. The term “intellectualization of the economy” refers to this type of economic devel-
opment of the world economy, which is characterized by an increase in the role of knowledge and education as key factors
in its provision.

At the level of productive forces, the intellectualization of the global economic system is manifested in the predominance
of ensuring the growth of labour productivity of intellectual factors, the growth of their role in the process of technical and
economic combination of personal and material factors of production, as well as in the interaction of man with nature,
increasing the level of intellectualization of the human worker (Global economy..., 2008).

The strengthening of the intellectual component in all sectors of economic activity is due to the need to solve urgent
problems of society, to produce the latest development strategies. This happens both at the expense of own innovative
intellectually rich products and by borrowing existing ones from other countries. The question is that under modern con-
ditions, the existing concept of intellectualization of the economy takes on new features and forms. This is reflected in the
continuous production of key innovations and the improvement of existing products and processes. Constant attention to
increasing the intellectualization of the economy at all its levels enabled the USA, the EU, Japan, and China to occupy the
positions of world leaders in scientific, technological, and economic aspects (Lyakh V., Udovik S., 2006). Intellectualization
of the economy becomes the main trend of development under the condition of transition to a new type of society, which
changes the relations between market participants. Note that these processes are most pronounced in countries close to
post-industrial society. In the economies of countries with a rustic system, these processes are quite insignificant, which
is due to limited development opportunities.

Identifying the most effective factors of the countries’ economic success in modern conditions are the issues of particular
interest for economic science. An important task in the context of economic development research is to find out strong
relations between individual indicators. Moreover, studying the relations between intellectual activity (resources and out-
comes) and GDP growth indicators is of great interest.

A priority direction of development in the context of the Fourth Industrial Revolution and new technological framework
formation for modern Ukraine is to complete the economy’s industrial structure and to undertake gradual transformation
not only into the post-industrial stage but also into the knowledge economy. To ensure the economy’s competitiveness
today, awareness of the role of knowledge is essential.

LITERATURE REVIEW

The role of education in the economic development of the country is proved in the works of a large number of scientists
T. Schultz (Shultz T., 1975), G. Becker (Becker, 2003), R. Lucas (Lukas R. 1988), . Pomep (Romer P., 1990) 1a iH.). The
problem of studying the level of influence of education and higher education, in particular, on the level and rate of growth
of the national economy E. Denison (Denison E. 1962), W. Brockbank, D. Parson, and others, has long been relevant in
the scientific literature. Modern scientists define knowledge and science as the most influential factor in development (R.
Lucas, P. Romer, G. Mankiv, D. Romer, D. Weil, D. Scrim, 1992). The development of the theory of human capital as the
basis for the formation of the knowledge economy and post-industrial society continues in the XXI century in the works of
M. Castells (2006), P. Drucker, D. Bell (1973), E. Toffler, and others.

Aleksandra Skorupinska, and Joan Torrent-Sellens (2017) show that the rates of return on digital investment are relatively
much higher than those on investment in other physical components. The results of research by Hong, J.-P. (2017) showed
private ICT R&D investment had a stronger relationship with economic growth compared to public ICT R&D investment in
Korea. Kretschmer, T. (2012) proved that the assessment of the impact of ICT depends very much on the chosen meth-
odology. Nevertheless, over the last two decades, the increase of ICT by 10% has resulted in higher productivity growth
(from 0,5% to 0,6 %).

Choi, C., Hoon Yi, M. (2009) using cross-country panel data, found evidence that the Internet plays a positive and signifi-
cant role in economic growth after investment ratio, government consumption ratio, and inflation were used as control
variables in the growth equation. Meijers, H. (2014) finds a positive impact of the internet on economic growth and trade.
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Internet use does not explain economic growth directly. Openness to international trade variables seems to be highly
connected with internet use. Internet use has a higher impact on trade in non-high-income countries rather than in high-
income countries, whereas the impact of trade on economic growth is the same for both income groups. ICT capital
deepening accounts for 25 per cent of the growth of labour productivity over 1989-98 and 48 per cent over 1994-8,
Oulton, N. (2002).

The use of information and communication technology seems to have had a substantial impact on the performance of the
US economy, the evidence for other countries is much weaker, Pohjola, M. (2002). Stanley, T. D., Doucouliagos, H., Steel,
P. (2018) explore the differential impact of ICT on developed and developing countries and the differential impact of
different types of ICT: landlines, cell phones, computer technology and Internet access. ICT has contributed positively to
economic growth. However, developed countries have gained much more from computing than developing countries. In
contrast, we find little evidence that the Internet has had a positive impact on growth. The analysis by Vu K. (2011) shows
that, for the average country, the marginal effect of the penetration of internet users was larger than that of mobile
phones, which in turn is larger than that of personal computers.

In the middle of the twentieth century, Robert Solow substantiated the model of exogenous economic growth on the basis
of the production function of Cobb-Douglas and the Keynesian model of economic growth R. Harrod-E. Domar (Solow
R.M., 1956). Later the researchers began to study in more detail various aspects of the main factors (labour, capital, land)
as well as scientific and technological progress.

In the 1950s the Minser model explained the dependence of wages on education and professional experience (Mincer J.,
1974). In 1981, George Psacharopoulos supplemented Minser's model by measuring the costs and benefits of education
in Return on Education: Complemented by International Comparison.

Current research analyzes the factors and processes of economic growth due to deeper dependencies. Robert Tamura,
Gerald Dwyer, John Devereux and Scott Baier investigate the relationship between human capital accumulation and the
dynamics of long-term growth (Tamura R. and others, 2012; 2019). Based on research by Maddison A. (1991), they
proposed a simple model of human and physical capital accumulation within the standard Cobb-Douglas production func-
tion. The results of the model explain 70 to 80 percent of long-term economic growth by differences in employee charac-
teristics. New research (2019) shows that a change in an employee's baseline data can result in 46% of changes in long-
term growth. Thus, the accumulation of human capital over many generations can explain up to half of all long-term
changes in living standards.

The XXI century is marked by the emergence of radically new technologies and the latest trends, such as informatization,
digitalization, networking and others. In the new context, studying the determinants of economic growth is aimed at
identifying more segmented dependencies, and elucidating the impact of ICT on the dynamics and scale of economic
development. Jorgenson, D.W., Vu, K. (2005) described the impact of investment in information technology (IT) on the
resurgence of world economic growth, seven regions and 14 major economies during the period 1989-2003. The study
by Jorgenson, D.W., Vu, K. (2010) analysed the time period from 1989 to 2008. Oliner and Sichel (2000) proved that
productivity growth in the US since the 1990s is associated with an investment in information and communication tech-
nology (ICT), as ICT capital accounted for 1.1% of the 4.8% output growth rate during 1996-1999. Colecchia, A., Schreyer,
P. (2002) compares the impact of ICT capital on economic growth in nine OECD countries. They found significant differ-
ences in the countries’ ICT investments, although they grew rapidly in all countries.

AIMS AND OBJECTIVES

Ukraine looks as a consumer rather than a market with significant sales potential on the global map. At the same time,
there are practically no barriers to entering the Ukrainian market or they are extremely low. There is no serious competition
for the majority of products, while the position and development of own production are still weak. However, despite the
considerable potential for development, there are almost no effective instruments for its implementation in the Ukrainian
economy. Nevertheless, Ukraine's potential can be proved not only by using theoretical, but also mathematical instruments,
by applying a scenario forecast of the economic development based on econometric modelling.

The purpose of the article is to investigate and establish quantitative relations between intellectual activity and GDP dy-
namics, as well as to forecast the country’s economic growth on this basis.
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METHODS

In the scientific literature, one of the most pressing issues is the theoretical and methodological understanding of the
essence of the innovation process and its drivers, and the role of knowledge, education and technology in ensuring eco-
nomic growth.

An important area of research is the analysis of scientific activity and its impact on economic productivity (Solarin S.A.,
Yen Y.Y., 2016; Inglesi-Lotz R.&Pouris A., 2013). Research activity can be measured by a wide range of indicators: the
amount of funding for R&D (in general, per capita, researchers, industries, etc.), the number of researchers (in general
and by industry), publications, patents, etc. These general indicators can have their constituent, absolute and relative
dimensions, accompanied by a number of interrelated indicators (Kumar R., Stauvermann P., Patel A., 2016; Javed S., Liu
S., 2018; Inglesi-Lotz R., Balcilar M., Gupta R., 2014; Vinkler P., 2008). Accordingly, the general economic indicators may
have different values: GDP, GDP per capita, export volume, international competitiveness (a complex indicator based on
a set of different indicators), and so on.

The World Bank and other international organizations have been studying the main features of the knowledge economy
and factors that influence economic growth for a long time. The 1998/1999 World Bank report “Knowledge for Develop-
ment” focuses on components of the knowledge economy, such as innovation, information infrastructure, institutions and
education. Experts of the World Bank emphasize, that countries can significantly accelerate economic growth by raising
the level of education, ensuring openness in international trade and building telecommunications infrastructure. Thus, the
educational level determines the ability of people to apply knowledge, replenish and increase it; openness to trade, related
to the transfer of technological knowledge, and the opportunity to access world technology through goods and services.
According to the report, a high level of education, an open economy and a developed information infrastructure provide
an increase in GDP per capita (per year) by almost 4%. However, it is obvious that education without innovation capacity
and dissemination of knowledge does not lead to economic growth. It is becoming clear that the post-industrial society is
a knowledge society, where the means of improving the welfare of the population of any country is knowledge, gained
through unimpeded access to information and the ability to work with it. In this regard, the system of training highly
qualified people is gaining strategic importance and becoming a tool to ensure the high international competitiveness of
the country. A proper qualification can be provided by such an education system that takes into account the processes of
globalization, and new forms of learning that have emerged from the use of information technology.

Modern competitive strategies of developed and developing countries and the formation of competitive advantages of
innovative nature are reflected in modern views on global competitiveness in the Report “Crossing the Chasm and Building
the Future Economy” by the Global Federation of Competitiveness Councils (2020), which emphasizes the priority of learn-
ing as a “cornerstone of any future economic strategies”. The main factors of inclusive economic growth are connected
with the competencies of the future, new knowledge and lifelong learning. The Report highlights such key drivers of
countries’ competitiveness, as an investment in research and development; education and training for all citizens; strong
intellectual property rights; a stable, transparent, and efficient environment that encourages business investment, for-
mation, and growth; open trade; and enabling infrastructure. The basic principles of countries’ competitiveness, based on
the analysis of global trends and challenges that open new opportunities and pose threats and for the countries are also
formulated: building coalitions and multistakeholder public-private platforms based on shared values to address the COVID-
19 crisis; building resiliency and the future economy, putting innovation at the centre of crisis response and future building
strategies and initiatives, leveraging the potential of novel frameworks developed and implemented during the crisis;
focusing on inclusive skills and competencies to retain and enhance critical capabilities across sectors and enable the future
economy; empowering local and regional initiatives and capabilities to accelerate response, building resiliency and transi-
tion the economy; implementing and promoting the global deployment of functional, forward-looking and technology-
enabled Intellectual Property (IP) regimes and institutions capable of supporting economic resiliency and enabling fast-
paced innovation; addressing physical and digital infrastructure gaps by setting a clear strategic direction and putting in
place sustainable and resilient assets needed for future economies to function and include all demographics; enhancing
the response to global challenges and economic transformation via cross border partnerships based on shared values,
connection platforms and institutional solutions to accelerate the flows of goods, talent, capital and ideas across nations;
re-imagining economic systems and leveraging innovation to build a resilient and sustainable future economy, decoupling
growth from environmental impact, transforming the industrial footprint, and fighting climate change; constantly collecting,
analysing, and applying lessons learned, and benchmarking strategy, regulation, policy, and business performance and
solutions.
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The National Science Foundation (NSF) estimates that the U.S. federal government contributed over $122 billion for R&D
in 2016, much of that being conducted at U.S. universities and institutions. Because of this research funding, U.S. univer-
sities and institutions have generated over 25 000 invention disclosures and have filed over 16 000 U.S. patent applications
for the intellectual property (IP) developed by these R&D funds. The number of PhD and doctoral students has increased
dramatically as well.

Annual Report “European Innovation Scoreboard 2020” by the European Commission provides benchmarking of research
and innovation results in Europe and other countries - key innovators. With the help of this report, governments have the
opportunity to develop roadmaps for the development of national innovation systems and implement programs and strat-
egies for innovation. The main indicator of innovative development of the EU is the Innovation index, which includes such
indicators, as intellectual assets, economic effects, human resources (highly skilled labour force, people, aged 20-24 with
a university degree), financial investment for research, projects, entrepreneurship (innovative small and medium enter-
prises) (European..., 2020).

According to this report, countries are divided into the following groups: innovation leaders, countries with the highest
innovation index, namely: Switzerland, Sweden, Finland, Denmark, the Netherlands, Luxembourg; innovation followers,
countries with innovation activity, which is slightly lower than the first cluster of countries and higher than the EU average
(Belgium, Great Britain, Norway, Germany, Austria, Ireland, Iceland, Israel, France, Estonia, Portugal); moderate innova-
tors, where the innovation index is lower than the EU average (Czech Republic, Croatia, Cyprus, Spain, Czech Republic,
Malta, Slovenia, Italy, Lithuania, Greece, Slovakia, Hungary, Latvia, Turkey, Serbia, Poland, Croatia) and modest innova-
tors, countries where the level of innovation is much less than 50%. This group includes countries such as Bulgaria,
Macedonia, Montenegro, Ukraine and Romania.

According to the report, Switzerland, Sweden, Finland and Denmark have confirmed their innovative leadership in the
region. Compared to other EU countries, Ukraine falls behind Switzerland, the leader of the first group, more than 5 times,
Belgium, the leader of the group of “strong innovators” -3,7 times, Cyprus, the leader of the group of “moderate innova-
tors” — 2,7 times, and Bulgaria, the leader of the group of "modest innovators -1,4 times”. At the same time, it is ahead
of Romania 1,1 times. It is worth mentioning, that the number of people involved in research, in Ukraine is slowly declining.
Whereas in 2016 it accounted for 97 912 people, in 2019 it dropped by 19% to 79 262 people. The number of doctors of
science in this period accounted for 7-8%, and candidates of science - 20 to 21% of the total number of people with
degrees. In 2019 there was a sharp decrease in the number of doctors of sciences from 7 043 to 6 526 and candidates
of science — from 18 806 to 16 929. The trend in terms of research and development costs was the opposite. The research
expenditures increased by almost 50% from UAH 11 530,7 million in 2016 to UAH 17 254,6 million in 2019. The most
significant increase took place from 2017 to 2018, and the level of rising was 1,25 times.

Intellectual factors by their nature are not a permanent phenomenon; they are rapidly evolving, acquiring new forms of
manifestation and varieties. ICTs are emerging that are transforming and developing all other intellectual resources, con-
tributing to the emergence of smart technologies. Not only the number of scientists and the cost of R&D become important
for the assessment of the country's intellectual resources, but also such indicators as the use of ICT, the number of
publications in scientometric publications, the number of patents, etc. That is why it is important for scientific analysis not
only to assess the overall impact of intellectual factors on economic growth (although this is also interesting). Of great
interest is the assessment of the impact of various intellectual factors on the economic success of the country. As a result
of the analysis, the authors determined, that the whole set of intellectual factors is divided into 2 groups: resource (accu-
mulated intellectual resources) and resulting indicators (reflect the results of intellectual activity). The level of resources is
characterized by the availability of basic intellectual resources, availability and potential of which generally characterizes
the country’s (or any other entity’s) ability to pursue intellectual activities. At the same time, the availability of intellectual
resources is an important condition for leadership, but it does not mean that it is actually achieved. More realistically, it
can manifest itself at the next level by characterizing the results obtained by an intellectual activities participant. The level
of the intellectual activity’s results involves a comprehensive evaluation of specific results: patents, licenses, know-hows,
publications, etc. The whole set of indicators for assessing intellectual leadership concerns either the intellectual resources’
potential or the intellectual activities’ results.

The analytical evaluation of the performance of the countries selected for the analysis indicates that all levels of intellectual
leadership are important, but for each country, the set of the most influential factors varies considerably. Thus, for the
developing countries, the first resource level factors are most important, whereas for the developed countries the second
level factors (intermediate results) are more important, which ensures these countries’ presence and their unconditional
leadership on the third level indicators (overall progress). In accordance with the tasks set, it is necessary to prove math-
ematically the importance and influence of individual factors on the national economies’ functioning.
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The econometric study database includes annual data for 44 countries from 2005 to 2015, according to the data analysis,
this period was defined as the period with the largest number of statistics. The countries with developed economies were
selected for the analysis: all 35 OECD member states and 9 OECD accession countries were invited for negotiations for the
Action Plan of OECD (Organisation..., 2022). The statistical information published on the World Bank's official website was
used for the Research Base of this research (World..., 2022). In general, research and modelling are based on more than
20 thousand indicators that have been selected as important for the formation and provision of intellectual leadership. A
limitation of our study is the availability of statistics, especially for highly developed countries, in particular the innovative
activity of enterprises.

The estimation of econometric models was made both based on a sample from all 44 countries and based on individual
groups of countries formed by the degree of the countries’ similarity among themselves. This is explained by the fact that
the sample under study contains countries that may differ significantly in socio-economic and geopolitical terms of devel-
opment. Cluster analysis methods were used to divide countries into groups. These methods are related to the multidi-
mensional data classification methods and allow you to divide the subjects into multiple homogeneous groups (clusters,
classes) (Everitt B., 2011). The calculations were performed using software MS Excel 2016 (preliminary data analysis),
Statistica 10 (cluster analysis), and Stata 11.2 (building of econometric models). This is done by mathematical analysis
and modelling based on data from 40 indicators, 44 countries (OECD+), over 10 years. The most important questions are:
what factors are most influential in the modern world? What determines the country's leadership? How to identify and
rank the most influential factors?

Scientific literature review and modelling methods suggested a quantitative empirical study to be performed in finding
actual evidence for solutions to defined scientific problems. Descriptive statistical analysis and visualization methods were
applied to organize the research results. Methods of economic and mathematical modelling were also used, in particular:
cluster analysis, regression analysis, correlation analysis, and forecasting.

RESULTS

The forecast of Ukraine’s economic development for the period 2016-2022 is based on the analysis of trends in GDP,
resource groups, and resulting indicators during the reported period of 2005-2015. In the first stage, one-factor linear
regressions of each independent variable’s impact on the GDP value were constructed. The data was previously logarith-
mised in order to reduce the dimension and simplify the model coefficients’ interpretation (Baltagi B., 2005; Greene W.,
2011; Hsiao C., 2003). Here we consider the selected indicators in more detail (table 1, 2).

Table 1. The group of resource indicators include.

Indicators Explanation
total_mobil total number of students enrolled abroad, per 1 million inhabitants
inbound_mobil_s total number of students who came from other countries, per 1 million inhabitants
gov_tertiary Public Expenditure on Higher Education, USD per capita
gov_educ public education expenditure, USD per capita;
tertiary_gov_exp higher education expenditure as a percentage of total public expenditure, %
educ_gov_exp education expenditure as a percentage of total government expenditure, %
gov_tertiary_GDP government expenditure on higher education as a percentage of GDP, %
gov_educ_DGP government expenditure on education as a percentage of GDP, %
enrol_tert number of students enrolled in higher education institutions, per 1 million inhabitants
enrol_PhD number of students enrolled in graduate school, per 1 million inhabitants
enrol_short number of students enrolled in higher education institutions (short-term courses), per 1 million inhabitants
RD_ per thousand total number of scientific and technical staff, per 1,000 employees
RD_per million total number of scientific and technical staff, per 1 million employees
RD pers total number of R&D staff, per 1 million inhabitants

Second group of indicators includes results and performance of intellectual activity (table 2).
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Table 2. The group of performance indicators include.

Indicators

Explanation

mobile_sub

mobile cellular subscriptions for 100 people

intern_users

part of people using the Internet, %

hi-tech_exp_share

share of high-tech exports in the total structure of industrial exports, %;

hi-tech_exp high tech exports, USD per capita

ICT_exp share of ICT goods exports in the total structure of goods exports, %;

ICT_imp share of ICT goods imports in the total structure of goods imports, %;
design_nres industrial design of applications by non-residents, units per 1 million inhabitants
design_res industrial application design by residents, units per 1 million inhabitants;

patent_nres

patent applications from non-residents, unit per 1 million inhabitants;

patent_res

patent applications from residents, unit per 1 million inhabitants

trademark_nres

trademark applications from non-residents, units per 1 million inhabitants

trademark_res

trademark applications from residents, units per 1 million inhabitants

research_exp

research and development costs, USD per capita

research_RD

researchers in research and development, persons per 1 million inhabitants

articles

scientific and technical journal articles, ed. per 1 million inhabitants

Innov_quart2, Innov_quart3, Innov_quart4 — the dummy variables that reflect the enterprises’ innovation activity level in
the country. The lack of reliable statistics on the innovative enterprises’ share for some years makes it impossible to use
the innovation activity indicator as a quantitative variable.

In general, the built model for calculating the forecast of the economic development of the country was studied in the
previous works of the authors (Kalenyuk I, Tsymbal L., 2020; 2021). The modelling results are presented in Table 3
(Resource Indicators) and Table 4 (Resulting Indicators).

Table 3. Resource Indicators influencing GDP - One-Factor Econometric Models for Ukraine. (Source: Calculated by the author on the base
(Organisation..., 2022; World..., 2022).

Indicators ai ao R? F-criterion Equation with one-factor econometric models
total_mobil 0.0719 7.503%** 0.008 0.07 GDP = 7.503 + 0.072total_mobil
inbound_mobil_s 0.262 6.220*** 0.109 1.1 GDP = 6.220 + 0.0262inbound_mobil
gov_tertiary 0.529** 5.775%** 0.414 6.37** GDP = 5.775 4+ 0.529gov_tertiary
gov_educ 0.591** 4.835%** 0.422 6.56** GDP = 4.835 + 0.591gov_educ
tertiary_gov_exp 0.121 7.451%%* 0.016 0.14 GDP = 7.451 4+ 0.121tertiary_gov_exp
educ_gov_exp -0.108 9.480%** 0.042 0.39 GDP = 9.480 — 0.108educ_gov_exp
gov_tertiary_GDP 0.28 7.404%%* 0.047 0.45 GDP = 7.404 + 0.28gov_tertiary_GDP
gov_educ_GDP 0.0496 7.662%** 0.008 0.07 GDP = 7.662 + 0.496gov_educ_GDP
Enrol_tert 0.286 4.87 0.017 0.15 GDP = 4.87 + 0.286Enrol_tert
Enrol_PhD 2,595%** -9.153* 0.623 14.84%*x GDP = —9.153 + 2.595Enrol_PhD
Enrol_short -0.353 11.23*%* 0.064 0.62 GDP = 11.23 — 0.353Enrol_short
RD_ per_thous -0.51 8.873%** 0.082 0.8 GDP = 8.873 — 0.51RD _per_thous
RD_per_mil -0.405 11,15%* 0.059 0.57 GDP = 11.15 — 0.405RD _per_mil
RD_persons -0.436 11.39%* 0.064 0.61 GDP = 11.39 — 0.436RD_persons

It has been determined that the three most important indicators influencing GDP at the resource level are the following:
government expenditures on higher education (gov_tertiary), government expenditures on education (gov_educ), and the
enroliment fees for PhD degrees (Enrol_PhD). No statistically significant effect on GDP for other resource group indicators
was found. Macroeconomic indicators are also significantly influenced by the resulting indicators based on the econometric
modelling. The models influencing individual factors are summarized in Table 4.
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Table 4. Resulting Indicators, Influencing GDP - One-Factor Econometric Models for Ukraine.

Indicators ai ao R? F-criterion Equation with one-factor econometric models
mobile_sub 0.701* 4.640** 0.352 4.88* GDP = 4.640 + 0.701mobile_sub
intern_users 0.00467 7.871%%* 0.088 0.87 GDP = 7.871 + 0.005e rn_users
hi-tech_exp_share 0.0118 7.926*** 0.004 0.04 GDP =7.926 + 0.012hi — tech_s hare
hi-tech_exp 0.625%** 5.792*** 0.651 16.82%** GDP = 5.792 + 0.625hi — tech_exp
ICT_exp 0.856** 7.190%*** 0.399 5.98** GDP = 7.190 + 0.856ITC_exp
ICT_imp -0.11 8.330%** 0.103 1.04 GDP = 8.330 — 0.11ITC_imp
design_nres 0.559* 5.694*** 0.323 4.29* GDP = 5.694 + 0.559design_nres
design_res 0.0275 7.922%%* 0.107 1.08 GDP = 7.922 + 0.028design_res
patent_nres 2,153*** -0.622 0.607 13.90%** GDP = —0.622 + 2.153patent_nres
patent_res -0.57 10.33%** 0.087 0.85 GDP = 10.33 — 0.57patent_res
trademark_nres 2.304*** -4.810%** 0.893 75.44*** GDP = —4.810 + 2.304trademark_nres
trademark_res 0.638 4.197 0.138 1.41 GDP = 4.197 + 0.638trademark_res
research_exp 0.849%** 5.304%** 0.694 20.39%** GDP = 5.304 + 0.849research_exp
tech_RD -0.267 9.897* 0.02 0.18 GDP =9.897 — 0.267tech_RD
articles 0.399 6.020* 0.052 0.49 GDP = 6.020 + 0.399articles

Among the resulting indicators such as mobile_sub, hi-tech_exp, ICT_exp, ICT_exp, design_nres, patent_res, the trade-
mark_nres and research_exp have an important and statistically significant influence on GDP. However, in the second
stage of forecasting, we didn't use the variables such as mobile_sub, ICT_exp, and design_nres because of the low values
for the data approximation reliability (R? for these models does not exceed 40%).

For the indicators that have a significant impact on the economic development level, a one-factor model series of this type
was made:

. Linear regression: y = ay + a;x,

= Exponential regression: y = age®t,

= Logarithmic regression: y = a, + a;In(x),

. Power regression: y = agx®1,

where y is a dependent variable value, x is an independent variable value, ag, and a; are the model coefficients to be
estimated.

Using several types of models allows us to choose the specification that reflects the real data in the best way.

Forecasting was made according to baseline and optimistic scenarios. In the baseline scenario, the independent variables’
values for the forecast are taken as a continuation of the current trend in 2005-2015, while in the optimistic scenario the
independent variables’ values are assumed to be by 5% higher than the baseline values.

Figure 1 presents the correlation field of points, linear, exponential, logarithmic, and power trend lines, the corresponding
regression equations and the data approximation reliability for this trend (R?) for the selected resource indicators.
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y= 0-59_14x +4.8352 y = 5.3597€0.0748x y = 3.1084In(x) + 2.7902 y = 4.1376x0.3931
84 R? =0.4218 R2 = 0.4233 R2 = 0.4326 R2 = 0.4347
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Figure 1. Government spending on education, USD US per capita.

For the resource indicators that have the greatest impact on GDP, the one-factor econometric model equations can be
provided, in particular, the indicator of government expenditure on education:

= Linear regression: GDP = 4.835 + 0.591gov_educ,

= Exponential regression: GDP = 5.360e007590veduc,

= Logarithmic regression: GDP = 2.790 + 3.108 In In ( gov_educ),

=  Power regression: GDP = 4.137gov_educ?3%,

y = 0.529x + 5.7745 y = 6.034820.0669x y = 2.161In(x) + 4.9012 y = 5.4025x0.2734
R? = 0.4143 R? = 0.4162 R? = 0.4294 R2 = 0.4319
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Figure 2. Government spending on tertiary education, USD US per capita.

We can define one-factor econometric model equation for such indicator as “public expenditure on higher education” as
follows:

. Linear regression: GDP=5.775+0.529gov_tertiary,

= Exponential regression: GDP=6.035e~{0.070gov_tertiary},

= Logarithmic regression: GDP=4.901+2.161{In}In\ (\ gov_tertiary),

= Power regression: GDP=5.403gov_tertiary”{0.273}.
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Number of postgraduate students enrolled, pers. per 1 million inhabitants
y =2.5951x - 9.1531 y = 0.9084€0.3291x y = 17.081In(x) - 24.257 y = 0.1338x2.166
R? = 0.6225 R2 = 0.6288 R2 = 0.6235 R2 = 0.6298
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Figure 3. The resource indicators influencing GDP - one-factor econometric models of different specifications.

Taking into consideration the number of people enrolled in post-graduate degrees relative to the total population and, in
particular, the conversion per 1 million population, we can determine the one-factor econometric model equation as fol-
lows:

= Linear regression: GDP=-9.153+2.595Enrol_PhD,

= Exponential regression: GDP=0.908e”{0.329Enrol_PhD},

= Logarithmic regression: GDP=-24.257+17.081{In}In\ (\ Enrol_PhD),

= Power regression: GDP=0.134Enrol_PhD"{2.166}.

As we can see, for all three models the magnitude of the data approximation reliability in different trend types is not

significantly different, but the best specification here is power regression. Therefore, we used the power regression to
build the forecast for 2016-2022. The forecasted results are shown below:

(A) (B)
6000 5000 4379
4861 4012 4132 4254
4538 4697
000 4146 #3830 P 4000 4137 4000 3491 3504 3700 gy 3803y 18
4000 3540 3738 3133
3000

3000
2000 2000
1000 1000

0 0

2016 2017 2018 2019 2022 2016 2017 2018 2019 2022
H Basic scenario  ® Optimistic scenario H Basic scenario  ® Optimistic scenario
©)
15000
9532 9871
10000 8891 9205
6850
5000 2825 3572 3685 3803 3924
. ] ] [] [ ]
2016 2017 2018 2019 2022
H Basic scenario  ® Optimistic scenario

Figure 4. Forecasting GDP dynamics based on one-factor econometric models (resource factors influencing GDP) (basic and optimistic
scenario). Government spending on education, USD per capita (A); Public expenditure on higher education, USD US per capita (B); Number of postgrad-
uate students enrolled, pers. per 1 million inhabitants (C).
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The most influential determinants of the country's GDP growth were identified: government expenditure on education,
government expenditure on higher education, and the number of students enrolled in post-graduate degrees (PhD stu-
dents) [30]. Thus, an increase in government expenditure on education by 5% of the baseline can lead to an increase in
the macroeconomic index to USD 4.861 per capita. Forecasting the impact of public expenditure on higher education
indicates that GDP may rise to USD 4.379 per capita (in case expenditure on higher education grows by 5%). An increase
in the number of PhD students in the optimistic scenario may lead to a GDP growth of USD 9.871 per capita (Figure 2).

As we can see, the resource indicators have a significant positive impact on the economic development of Ukraine, which
is confirmed by the corresponding forecasts. In this case, the optimistic scenario shows high GDP growth rates in response
to resource growth by just 5%.

In terms of resulting indicators, the growth is rather moderate.

Figures 5-9 present the correlation field of points, linear, exponential, logarithmic, and power trend lines, the corresponding
regression equations, and the data approximation reliability for this trend (R?) for the selected resulting indicators.

y = 0.6247x + 5.7917 y = 6.0518€0.0788x y = 2.1667In(x) + 5.2735 y = 5.6678x0.2735

g4 R2 = 0.6515 R2 = 0.6514 R2 = 0.6585 R2 = 0.6591

8,3
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8
7,9
7.8
7.7
7,6
7,5 *
7,4
2,5 2,7 2,9 3.1 3,3 3,5 3,7 3,9 4,1 43

Figure 5. Resource factors influencing GDP value — one-factor econometric models of different specifications. High-tech exports, USD US
per capita.

Equation with one-factor econometric models:

. Linear regression: GDP = 5.792 + 0.625hi — tech_exp,

= Exponential regression: GDP = 6.052¢%-07%hi-techexp

. Logarithmic regression: GDP = 5.274 + 2.167 Inln ( hi — tech_exp exp ) ,
. Power regression: GDP = 5.668hi — tech_.

y = 2.1529x - 0.6223 y = 2.6731€0.2736x y = 8.5238In(x) - 3.8249 y = 1.779x1.0833
R2 = 0.607 R2 = 0.6159 R2 = 0.6089 R2 = 0.6179

8,4
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Figure 6. Resource factors influencing GDP value — one-factor econometric models of different specifications. Non-resident patent applica-
tions, unit. per 1 million inhabitants.

Equation with one-factor econometric models:
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= Linear regression: GDP = —0.622 + 2.153patent_nres,

=  Exponential regression: GDP = 2.673¢0274patent.nres

= Logarithmic regression: GDP = —3.825 + 8.524 In In ( patent_nres),
= Power regression: GDP = 1.779patent_nres-83,

y = 2.3036x - 4.8105 y = 1.5935€0.2901x y = 12.769In(x) - 13.906 y = 0.5068x1.6079
64 Rz = 0.8934 R2 = 0.8899 R2 = 0.8933 R2 = 0.8902
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Figure 7. Resource factors influencing GDP value — one-factor econometric models of different specifications.Trademark applications from
non-residents, units per 1 million inhabitants.

Equation with one-factor econometric models:

= Linear regression: GDP = —4.811 + 2.04trademark_nres,

= Exponential regression: GDP = 1.594¢029trademark nres

= Logarithmic regression: GDP = —13.906 + 12.769 In In ( trademark_nres),
= Power regression: GDP = 0.507trademark_nres'6%8,

y = 0.8493x + 5.3043 y = 5.6951€0.1069x y = 2.5246In(x) + 5.0914 y = 5.5439x0.3179
R2 = 0.6937 R2 = 0.6906 R2 = 0.6683 R2 = 0.6657
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Figure 8. Resource factors influencing GDP value — one-factor econometric models of different specifications. Research and Development
Costs. USD per capita.

Equation with one-factor econometric models:

= Linear regression: GDP = 5.304 + 0.849research_exp.

=  Exponential regression: GDP = 5.695¢%107research_exp

. Logarithmic regression: GDP = 5.091 + 2.525 In In ( research_exp exp ) .

. Power regression: GDP = 5.544research_.

Among the resulting indicators are the number of users of mobile phones, high-tech exports, ICT exports, industrial design

and trademark applications from non-residents and their patent activity, as well as research and development costs, which
have a considerable and statistically significant impact on GDP. For each of the resulting indicators, a field of scatter points
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was developed in order to determine the best method for modelling and forecasting. It is found that for the first two
variables the best specification is a power regression, while for the last two the best specification is linear regression. The
estimated GDP values using the selected regressions are given below.

(A) (B)
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Figure 9. Forecasting GDP dynamics based on one-factor econometric models (Resulting Factors influencing GDP) (basic and optimistic
scenario). High-tech exports. USD per capita (A); Non-resident patent applications. per 1 million inhabitants (B); Trademark applications from non-resi-
dents. per 1 million inhabitants (C); Research and Development Costs. USD per capita (D).

DISCUSSION

The modelling results proved the positive impact of such resulting factors as high-tech exports, patents, trademark appli-
cations, research and development costs. For instance, as high-tech exports grow by 5%. Ukraine's GDP grows quite
significantly; however, almost any export growth can have a similar effect. Involving foreign intellectual capital has a
significant positive effect, which is also confirmed by the modelling of the Ukrainian economy’s development (Laverde-
Rojas H., Correa J., Jaffe K., Caicedo. M., 2019; Mincer J., 1958). Increasing research funding by 5% to its existing level
will increase Ukraine's GDP by about $500 per capita. Since the forecast period includes the period in that real indicators
already exist, we can check whether these models are real and how they are implemented. The indicators that are most
closely approximated to real ones are reflected in the model that describes how expenditure on science and research
influences the GDP size and growth in Ukraine, while the forecasted indicators’ deviation in the baseline scenario fluctuates
around $50 (Figure 9).

The modelling and forecasting confirmed that to implement the increased focus on such factors as financing of education,
higher education, and science, support of R&D activities, and stimulation of high-tech exports is very important for the
country’s development. The obtained calculations proved the necessity of intensifying the state's participation in the pro-
cesses of intellectualization, changing the development strategy, making its own model of breakthrough development
based on the latest scientific achievements and implementing them in economic activity.

Therefore, the resources are the key to ensuring the successful development of the economy of Ukraine. Whereas most
of them have been gradually declining since 2010, government involvement remains either partial or offset by negative
factors. The analysis of the impact of individual factors on developing countries’ economic development shows that it is
more efficient to accumulate quality resources capable of being transformed into capital or productive resources that
become a source of further development. It is worth paying special attention to the number of scientific staff, participation
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in scientific projects, financing of science, stimulation of business participation (tax. administrative, etc.) in R&D, stimula-
tion of foreign business involvement in scientific projects (Crossing the Chasm.... 2020).

In general, further intellectualization of economic development is aimed at expanding opportunities and competitive ad-
vantages of the country, primarily through opportunities to increase productivity, reduce the energy intensity of GDP,
increase economic security, reduce dependence on other countries and participants in economic processes, reduce envi-
ronmental burden, increase technologicalization of the economy.

Ensuring Ukraine’s successful economic development is determined by the necessary and sufficient prerequisites, and
significant intellectual potential. At the same time, it is possible to implement them only if a well-reasoned state policy on
activation of the country’s intellectual potential is provided with consideration of the best international practices aimed to
increase the intellectual capital assets. Stimulating innovation activity of both residents and non-residents at maximum
extent. Intellectual activity and forming an institutional environment to support the intellectual capital assets’ growth and
successful, economically effective implementation are of particular importance.

CONCLUSIONS

The econometric modelling made it possible to confirm that the factors related to intellectual activity are very important
for GDP growth of the economy of Ukraine. The most important factors are those related to direct financing of education,
higher education, and science. The high dependence of GDP growth on the increase in the number of postgraduate
students, the number of patent applications, trademark applications, and high-tech exports was also revealed in this work.

A methodological approach to assess a number of intellectual factors influencing GDP growth can be applied in more in-
depth research. Thus, an unconditional scientific interest is identifying the main dependencies between such factors as the
ICT spread and networking (which can be measured by a variety of indicators), virtual business forms’ development, the
number of start-ups, etc. It is clear that for each country, both the key factors set and their impact on GDP growth can
differ significantly. That is why validated modelling and forecasting must be at the heart of any country's policy that is
aimed at successful development in the context of knowledge economy, rapid digitization, virtualization, and networking
of all economic relations.
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Kanerrok 1., AHTOHIOK /1., Kykiin O., Liumban /1., Linpkyr O.

MOJEJIFOBAHHS BMNJIUBY IHTENEKTYANI3ALIILI HA EKOHOMIYHE 3POCTAHHS B YKPAIHI

Bctyn. Peanizauisi iHTenekTyanbHMX pecypciB HeobxigHa ans ¢opMyBaHHS HOBOI NMapaaMrMyM eKOHOMIYHOIO PO3BUTKY Ha
noyvaTtky XXI cToniTTs.

MocTtaHoBka npobnemu. IHTeNneKkTyanisauis CTa€ OCHOBHOK TeHAeHUieo rnobanizadii. OcKinbku KpaiHK, WO po3BUBAOTHLCS,
HeOoCTaTHbO KOHKYPEHTOCTIPOMOXKHi 3a LMX 06CTaBWH, ANSt HAX Haf3BMYalHO BaXMBO 36iMbLUMTM TEMMM iHTENEKTYali-
3auii, Wob 3a6e3rneunT CBOK KOHKYPEHTOCMPOMOXHICTb.

MeTa cTaTTi — 4OCNIAMT Ta BCTAHOBUTY KiNbKIiCHI 3B'A3KN MK iHTENEKTyaNbHO AISNbHICTIO Ta AMHaMikolo BBI, a Takox
Ha Ui OCHOBI CNPOrHO3yBaTV EKOHOMIYHE 3POCTaHHS KpPaiH.

MaTepianv Ta MeToau. KnactepHuit aHanis ans 44 kpaiH i 40 iHankaTopiB 6a3yeTbca Ha 10-piyHoMy nepioai.

Pe3ynbTaTy. 3ailiCHEHO MOAENIOBAHHSA Ta MPOrHO3YBaHHS PO3BUTKY YKpaiHW B YMOBaX MOCUNIEHHS iHTeNneKTyanisauii. Oui-
HEHO BNMB pi3HUX (akTopiB iHTenekTyanisauii BB kpaiHu, po3paxoBaHo 6a30BuMiA Ta ONTUMICTUYHMIA CLieHapii Ta piBeHb
BM/IMBY Ha €KOHOMIYHWI PO3BUTOK KpaiHW. Y TOM yac sik Ans YKpaiHW Ta iHWKX KpaiH, WO pPO3BMBAKTLCS, BaXK/MBILLI
pecypcHi akTopu, Ans PO3BUHYTUX — pe3ynbTaTuBHI. B OCHOBI MoaentoBaHHS NexuTb po3pobneHa aBTopaMy TpueTanHa
METOAMKA OUiHKW IHTeneKkTyanbHoro nifgepcrsa. Lle A0BOAWTb MO3UTUBHUIA BNAUB TakUX pe3ynbTytounx (akTopis, siK BU-
COKOTEXHOJOrYHUIA eKCMOPT, NaTEHTU, 3asiBKM Ha TOProsi Mapky, BUTPATU Ha AOC/IMKEHHs Ta po3pobku. Hanpuknag,
AKLLO EKCMOPT BUCOKMX TEXHOSIONiN 36inblunTbCs Ha 5 %, BBI YkpaiHu 3pocTe AocuTb cyTTeBO. MpoTe Malixe byab-sike
3POCTaHHs eKCropTy MOXe MaTu NoAibHuit edekT.

BMCHOBKM. 3HauHUIA NO3UTUBHUI eheKT Ma€E 3ayyeHHsl IHO3EMHOrO IHTENEeKTYanbHOro Kanitany, Wo TakoX NiagTBepXy-
€TbCS MOAESIOBAHHAM PO3BUTKY €KOHOMiKM YKpaiHW. 36inblUeHHs iCHYIOHOro piBHSA (iHaHCyBaHHS AOCnimkeHb Ha 5 %
npusBeae Ao 3poctaHHs BBIM YkpaiHn Maike Ha 500 AonapiB Ha AyLly HAaCENEHHS.

KnrouoBi cnoBa: iHTenekTyanbHe NigepcTBo, iHTenekTyanisadis, gakropy eKOHOMIYHOrO 3pOCTaHHs, MOAESIOBaHHS

JEL Knacudpikauin: 123, 125
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