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As is known, in a recession period or while confronting crisis 

phenomena, any country in the global world faces the problem of 

finding such sources and factors of its economic growth that will allow 

the country to benefit in the struggle for resources as well as will lead it 

to the path of stable development. The analysis of various scientific 

ideas about economic growth and development shows that the 

description of these multidimensional phenomena is not yet complete, 

while the discussions among scientists and practitioners grow to become 

rather heated, which leads to the formulation of new tasks. However, the 

results of research as well as modeling of factors, reasons and 
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mechanisms affecting the nature of economic growth make it possible to 

forecast it considering the practice of today and to develop effective 

tools for its regulation and management. According to the experience of 

different in terms of its economic development countries, at present-day 

the key factor of economic growth is the development of science and 

innovation, which defines the potential of the country‘s development 

and its competitiveness in the global world. 

The analysis of the evolution of theories of the interrelation of 

economic growth, science, innovation and applied research with the 

empirical testing of the effectiveness of these concepts in practice has a 

long history and is characterized by national specificities [1-3]. 

Depending on the chosen method of research – factor analysis, 

regression analysis, functional analysis, cluster analysis, practical 

knowledge function, nonlinear modeling, Bayesian approach, panel data 

models, spatial econometrics – the scholars have confirmed the direct 

connection between proxy variables representing the rate of economic 

growth and the country‘s development and the indicators reflecting the 

development of science, R & D, and innovation technologies in the 

country (Rodriguez-Pose & Crescenzi [4], Fagerberg &Schrolec [5], 

Jaffe [6], Audretsch & Feldman [7], Pakes &Griliches [8], Teplykh [9], 

Anselin &Varga &Acs [10]). 

As for Ukraine, which has come through a number of crises over the 

last 20 years, it was limited in possibilities to increase the scientific 

research expenditures, since it keeps on solving its permanent problems 

of anti-crisis recovery. However, the scientists bring up the challenging 

issues of Ukraine‘s innovation development in the context of the 

analysis of enterprises‘ innovation activities (Denisenko [11]), problems 

of the state institutional development (Vishnevsky [12]), the assessment 

of innovation activity impact on the country economic development 

(Pisarenko [13]) comparative characteristics of Ukraine with developing 

countries (Zhukovski & Gedranovich [14]). There were discussions 

about the need for innovative development of the country, proposed 

measures to strengthen the national innovation system. 

Theoretical background. The first stages of the formation of theory 

of economic growth in the 40-80s of the previous century were 

associated with the development of basic concepts of the post-

Keynesian and neoclassical approaches (Harrod [15], Domar [16], 

Solow [17]), which were later on supplemented by the ideas of the 

evolution theory. However, a significant number of issues that were not 

confirmed in practice, in particular regarding the countries‘ convergence 
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and the exogenous nature of the factor of scientific and technological 

progress, made scholars and practitioners search for the answers beyond 

the framework of basic theories. This led to the emergence of new 

theories of endogenous growth, which in general terms was viewed as 

the growth, conditioned by the person‘s economic activity. Models of 

exogenous growth could not explain the features of modern economic 

growth due to the assumption about the diminishing returns of its main 

production factors. The key idea of the theories of the ―second 

generation‖ was that the skills and technologies created in one industry 

are transferred to others, and thus the return on investment in innovation 

ceases to decrease for the economy as a whole [18].The impetus to the 

development of endogenous growth theory was given by the ideas of 

P.Romer. He found a solution to the question of how to make endogenous 

the main source of growth - technical progress (Romer [19, 20]). 

Today, a whole set of existing theories and models of endogenous 

economic growth are traditionally (Jovanovic [21], Sharaev [22]) united 

into 7 groups: 

1) models representing the production of innovations as a product 

put forward by a special sector of economy, i.e. directly in the process of 

research and development activities (Research & Development); 

2) models in which the human capital is the most important source of 

economic growth; 

3) models of learning by doing; 

4) models of the international trade and technology transfer and 

distribution; 

5) models of the technical progress and population; 

6) models of inequality and economic growth; 

7) models of the state policy and economic growth. 

In publications focused on the analysis of results of empirical studies 

verifying theoretical stipulations put forward within the framework of 

the theory of endogenous growth the scholars often draw attention to the 

interrelation of the chosen factors as well as emphasize the important 

role of the science and technology development. In particular, in the 

study of M. Kaneva and G.Untura concerning the evolution of theories 

and empirical models of the interconnection of economic growth, 

science and innovation (Kaneva & Untura [3]), the scholars confirm that 

the current trends of theoretical research evolve, permeating one 

another. Having looked at macroeconomic exogenous models, one 

should mention the model of Grossman & Helpman [23] and Aghion & 

Howitt [24], being among the first endogenous modes based on 
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Schumpeter‘s ―сreative destruction‖ ideas [25]. These models have 

acquired the status of well-known theoretical models presenting the 

endogenous growth, since they correlate economic growth, 

technological progress, innovative activities and innovations 

implementation. The empirical proof of these ideas effectiveness was 

obtained by the model by Barro and Sala-i-Martin [26] as well as by 

other models implemented in the format of the ―production function of 

knowledge‖ (Griliches [27]). 

One of the most important results of the development of the theory 

of endogenous growth since the first works of Romer was that 

innovations are now analyzed at the level of individual firms [18]. In the 

paper of Acemoglu and co-authors (Acemoglu et al., [28]), the next step 

was taken in the direction of detailing decision making - firms not only 

determine the level of costs, as in the Rohmer model, but also choose 

the level of employment and investment in various types of innovations, 

as well as decide on market entry and exit [Zamulin & Sonin [18]).  

At the same time, along with the models of endogenous and 

exogenous growths, based on macro- and microeconomic dependencies, 

in related sciences there appeared other theories, being rather 

descriptive, which proved the correlation between economic growth, the 

development of science, and innovations. Among them M. Kaneva and 

G. Untura (Kaneva & Untura [2]) distinguish the following most famous 

models: 

- a linear model of innovations, known as the ―traditional phase-gate 

model‖, with the priority given to the research and development. 

According to this model, it is the research activity that launches the 

innovation process (presented in two versions: ―technology push‖ and 

―demand pull‖) (Bush [29], McLaurin [30]); 

- the theory of innovation systems, named as an ―innovation system‖ 

(Lundvall B.-A. [31]), according to which the effectiveness of new 

technologies introduction and the speed of innovations spread-out 

depend on a combination of institutions and participants (enterprises, 

universities, research institutes) in innovation processes; 

- the theory of innovations diffusion and knowledge spillovers that 

includes two components: the theory of diffusion of innovations and the 

theory of knowledge spillovers (Rogers [32], Glaeser [33], Jacobs [34]). 

The active development of the method of econometric modeling 

allow one to use it as a tool for studying the interconnections between 

economic growth, research and innovations in the spatial dimension that 

has formed a new direction of economic science, namely spatial 
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econometrics of innovations (a kind of symbiosis of theoretical and 

empirical models) (Anselin [35]). Practical realization of the ideas 

presented in the theory and models of endogenous growth has made it 

possible to conduct a comparative cross-country analysis as well as 

prove the competitive advantages obtained by leaders as a result of the R 

& D expansion and innovations introduction. 

Ukraine competitiveness in the light of the global innovation 

index. Since 2007, the most comprehensive analysis of the situation in 

countries that effectively carry out their innovative activities by 

investing in education and research, and by turning R & D expenditures 

into high-quality developments has been annually presented in the report 

on the Global Innovation Index (GII), which is the result of the joint 

work of Cornell University, INSEAD Business School and the World 

Intellectual Property Organization (WIPO) being co-publishers. 

The GII is a detailed quantitative assessment method that allows the 

representatives of decision-making authorities around the world to better 

understand the mechanisms stimulating the innovation as a source for 

economic growth and human potential development. 

The Global Innovation Index, which was presented in 2018 for the 

eleventh time, consists of 80 different variables describing in detail the 

innovative development of 126 world countries being at different levels 

of their economic development [36]. The authors of the study believe 

that success of the country‘s economy is related to both the presence of 

the innovation potential and the conditions for its implementation. 

Therefore, the Index is calculated as a sum total of the assessments of 

two groups of indicators: Innovation Input, characterizing the available 

resources and conditions for innovations, and Innovation Output – the 

achieved practical results of implementing innovations. Thus, the final 

Index comprises the cost-effect ratio, which allows an objective 

assessment of the effectiveness of efforts put into innovations 

development in different countries. 

According to the GII-2018 rating, the global leaders are the 

following [36]: Switzerland, Netherland, Sweden, United Kingdom, and 

Singapore. Ukraine has increased its rank to 43, rising by 7 positions as 

compared with the previous year. Among 39 European countries 

Ukraine ranks is at the 30
th

 position, while it ranks 1st among the 30 

lower-middle-income countries. Figure 1.2 demonstrates the dynamics 

of Ukraine‘s rating within the period of 2009–2018, which signals about 

the improvement in the situation over the past four years. Among the 

main reasons for such an increase in ranking is the improved Innovation 
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Efficiency Ratio (a much higher ranking in innovation outputs (35th) 

compared to inputs (75th)). The Innovation Efficiency Ratio is the most 

important GII strength for Ukraine (it takes the 5th position globally). 
 

 
Figure 1.2 Dynamics of GII Ukraine’s ranks and Innovation 

Efficiency Ratio within 2009-2018 
 

A more detailed analysis of the constituent elements of GII is 

presented in Table 1.8, which makes it possible to see the strengths and 

weaknesses of Ukraine.  

Table 1.8  

The 7 GII areas of Ukraine’s rank within 2012-2018 
(1 is the highest possible rank in each column) 

 2012 2013 2014 2015 2016 2017 2018 

Institutions  103 105 103 98 101 101 107 

Human Capital & 
Research  

40 44 45 36 40 41 43 

Infrastructure 101 91 107 112 99 90 89 

Market 
Sophistication  

64 82 90 89 75 81 89 

Business 
Sophistication  

45 79 87 78 73 51 46 

Knowledge & 
Technology 
Outputs 

40 45 32 34 33 32 27 

Creative Outputs  70 81 77 75 58 49 45 

The total 
number of 
countries 

141 142 143 141 128 127 126 
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The ―Ukraine‘s innovation profile‖ presented in the Report GII-2018 

contains the values (score and rank) of indicators that form seven 

groups, which in their turn constitute two sub-indices (Input / Output). 

The developers of GII-2018 emphasize that the strengths of Ukraine are 

concentrated on the innovation output side of the GII [36]: two out of 

three GII strengths are found in Human Capital & Research (43rd), 

where Ukraine demonstrates a strong performance in the indicators 

Tertiary enrolment (12th) and Pupil-teacher ratio, which positions 3rd 

in the world. The third strength is in Business Sophistication (46th) in the 

indicator Females employed with advanced degrees, in which Ukraine 

is the third in the world. 

Ukraine‘s relative weaknesses are mainly accrued in innovation 

inputs, across all 5 GII input areas but mostly in Institutions [36]: 

Institutions (107th), being the lowest ranked GII area for Ukraine, is 

itself signaled as a GII weakness. Here the country shows a relatively 

weak performance in one of its three components, Political environment 

(122nd), as well as in the indicators Political stability & safety (123rd), 
Rule of law (107th), and Ease of resolving insolvency (118th). In 

Human Capital & Research (43rd), one relative weakness lies in the 

indicator Global R&D companies‘ expenditure (40th). In Infrastructure 

(89th), the area Ecological sustainability (115th) and the indicator GDP 

per unit of energy use (113th) also present a relatively weak 

performance. In Market Sophistication (89th), Ukraine exhibits 

weaknesses in one of its three components, namely Investment (115th), 

and in two indicators: Microfinance gross loans (79th) and Venture 

capital deals (79th). In Business Sophistication (46th), one of GII 

weaknesses is in the Indicator State of cluster development (98st). On 

the innovation output side, only two indicators are signaled as weak: 

ICTs & business model creation (106th) and National feature films 

(101st), both in Creative Outputs (45th). 

Since innovations play an important role in increasing the level of 

the countries competitiveness, stimulating changes in the society and 

laying the foundations for the country‘s future development, the 

presence of weak points in the innovative development of Ukraine and 

its relatively low ranking in terms of the global dimension signal not 

only about the lost opportunities, but also about the need to revitalize the 

innovation policy in order to ensure the economic growth of Ukraine. 

R&D and innovations as determinants of economic development: 

the empirical results. Two hypotheses are put forward to test 

empirically the theoretical concept of the importance of R & D and 
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innovations for the economic development of different countries:  

Hypothesis 1: R & D is a factor of economic development; 

Hypothesis 2: Innovations have a positive effect on the country‘s 

economic development.  

For the analysis, we selected a group of countries of different 

economic development and geographic location such as USA, China, 

Japan, Israel, Great Britain, France, Germany, Poland, Czech Republic, 

Lithuania, Latvia, Ukraine, Russian Federation, Kazakhstan, and 

Moldova. For Ukraine, such a selection of countries is interesting, since 

it includes not only world leaders, but also the states of the former CIS 

and Europe (that is, it describes the Ukrainian past and the desired 

future). 

The data have been collected from World Economic Outlook (WEO) 

database of IMF, Eurostat, OECD, U.S. government data, and State 

statistics service of Ukraine [37-40]. All observations are annual (within 

the period of 2005-2017) and processed on the basis of the required 

procedures. Among the variable models we distinguish: GDP_PC_PPP 

– Gross domestic product per capita, constant prices (Purchasing power 

parity; 2011 international dollar); RD – R&D – % of Gross domestic 

product; PATENT_R – amount of patents.; RESEARCHER – amount of 

researches per 1 million of population. 

The result of Hausman Test statistics suggests that the Fixed Effect 

Model (FEM) is the appropriate panel data estimator for this study. The 

tests for heteroscedasticity, autocorrelation and multicollinearity helped 

define specification and estimation. 

The model (1.1) empirically confirms the correctness of the 

Hypothesis 1, i.e. R&D, a factor of economic development having a 

high statistical significance, affects the countries‘ development level 

(Prob.(t-Statistic)<0.03; Adjusted R-squared=0.991287; F-

statistic=733.4057; Prob.(F-statistic)= 0.000000). An interesting point to 

pay attention to is the R & D indicator significance impact with a delay 

of 5 lags. This points to the long-term effect of the R & D impact and 

highlights the importance of the system-based long-term policy in 

science and technology. 

   

GDP_PC_PPP = 15959.65 + 2614.26*RD + 4352.89*RD (-5) + [CX=F]

     (1.1) 

 

Figure 1.3 shows the calculated values of fixed effects of the Gross 

domestic product per capita for the panel data model by countries. The 
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presence of a rather significant negative value of fixed effects for 

Ukraine means the presence of country-specific factors that negatively 

affect R & D as a factor of economic development. These factors will 

vary for different developing countries (China, Japan, Israel, Ukraine, 

Moldova), which requires additional research. 
 

 
 

Figure 1.3 Fixed effects of the Gross domestic product per capita for 

the panel data model (1.1) by countries 
 

The model (1.2) empirically confirms the correctness of the 

Hypothesis 2 – innovative activities have a positive effect on the 

country‘s economic development. (Adjusted R-squared=0.996196; F-

statistic= 2280.714; Prob. (F-statistic) = 0.000000; Durbin-Watson 

stat.=1.780223).  Proxy-variables representing the factor of innovation 

in the model (2) are the selected indicators characterizing the number of 

researchers and patents by the residents of the country. The impact of 

both variables on the dynamics of economic development is positive and 

statistically significant. 
 

GDP_PC_PPP = 0.01*PATENT_R + 1.95*RESEARCHER + 21754.13 

+ [CX=F] + [AR (1) = 0.757271907553]                                           (1.2) 
 

Figure 1.4 shows the calculated values of fixed effects of the Gross 

domestic product per capita for the panel data model (2) by countries. 

As we can see, the values of the fixed effects vary greatly from 

country to country. This means that we have to conduct a more 

comprehensive analysis with the division of the countries into 

subgroups. 
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Figure 1.4 Fixed effects of the Gross domestic product per capita for 

the panel data model (1.2) by countries 
  

Defining inter-country peculiarities can be useful for Ukraine, 

especially given the different experience of implementing the innovation 

policy of boosting economic growth. 

Conclusions. Endogenous theories development of economic growth 

already has a long history which underlines that among determining 

factors of different countries growth and development level the R&D 

and innovations are very important. Statistical analysis and empirical 

testing of R&D and innovations influence on economic development 

indicator dynamics for small group of countries with different 

development level and geographical location confirm its importance 

through panel data models. Ukraine as well as other developing 

countries should focus on scientific and technological progress 

achievements and innovative development in order to improve society 

living conditions country competitiveness in global world. 
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Taking into account the fact that Ukraine has significant scientific 

and production potential of development, the introduction of new 

management technologies at the level of formation and implementation 

of economic and industrial policy of the state and at the level of a certain 

enterprise, in developing strategies for its development and improving 

the efficiency of functioning, will facilitate the return of the national 

economy to world economic leaders. Modern theories of catching up 

development are based on the innovation paradigm, therefore, the 

activation of the economic entities of innovative processes becomes the 


