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Abstract— The article discusses the regional aspects of the 

formation of cooperative ties between science and business. The 

level of cooperation of enterprises with scientific and educational 

organizations is presented as an important criterion for the 

organization of high-tech production. The relevance of the article 

lies in the need to solve the problems of managing joint 

innovative projects in Russian regions. The purpose of the article 

is to identify trends and factors that influence the development of 

cooperative ties in regional production systems of various levels 

of manufacturability. As the main research methods, the article 

used the description method to determine the level and trends of 

innovative development of Russian regions; the method of 

correlation analysis, which established the factors that have the 

greatest influence on the degree of cooperation of scientific 

organizations and industrial enterprises in the development of 

technological innovations. The article presents an analysis of the 

dynamics of innovative development of the industrial sector of 

the Russian regions; the interrelation of factors affecting the 

degree of cooperation between science and business in the 

development of technological innovations is determined. The 

materials of the article can be used in the development of 

organizational and managerial decisions aimed at enhancing the 

innovative development of territories, the organization of high-

tech industries, taking into account the cooperation of scientific 

organizations and business. 

Keywords: high-tech production, regional development, 

organization of production, technological innovation, cooperative 

ties, joint projects 

I.  INTRODUCTION 

The creation of a productive alliance of science and 
business is by far the most promising direction for the 
development of the Russian industry. An economy can be 
called innovative when industrial production is based on 
modern scientific research, and various innovations are used in 
business without losing relevance. The positive impact of 
industrial and scientific cooperation on the processes of 
innovative activity in the regions and industries is noted by 
most researchers. It is these networks that connect 
representatives of science and business that form the basis for 
the development of high-tech industries. The most important 
advantage in the formation of innovative systems is the 
stability of the links between science and business. In this 
regard, innovative networks are in the focus of attention of 
Russian and European theorists and practitioners. On the basis 
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of universities and enterprises, business incubators, science 
parks and regions of science are being created, which are one 
of the main forms of interaction between science and business. 

The changed conditions for the development of high-tech 
industries have led to the evolution of the main factors of 
production in the high-tech market, as well as to the adaptation 
of strategies for the development and production of innovative 
products. The development of the economy is undergoing 
qualitative changes that are associated with the transition from 
the level of industrial development to a new post-industrial 
level. A new level is characterized by an increase in the degree 
of intellectualization and informatization of all technological 
processes. The category “high technology” uses concepts such 
as high technology, innovative technology. These technologies 
are based on deep and advanced scientific knowledge that 
arises from the effective interaction of science and business. 
This concept includes highly efficient engineering activities. 

In a number of regions of the Central, North-Western, 
Volga, Ural, Siberian and Far Eastern federal districts, 25 
innovative territorial clusters are located. These clusters carry 
out activities in the following areas of technological 
specialization: “Nuclear and radiation technologies”, “Aircraft 
and spacecraft production, shipbuilding”, “Pharmaceuticals, 
biotechnologies and the medical industry”, “New materials”, 
“Chemistry and petro chemistry”, “Information technologies 
and electronics. Within the framework of innovation clusters, 
a close interaction of many economic agents (business, 
research organizations, universities) is carried out. At the same 
time, in terms of cooperation or participation in joint 
innovative projects among the countries of the European 
Union, Russia is only on the 14th place (36% of 
organizations), while in the Great Britain, Belgium, Cyprus, 
Slovenia this indicator is 50-70% (Federal State Statistics 
Service, from: http://www.gks.ru). 

II. LITERATURE REVIEW AND RESEARCH METHODS 

The problems of the development of high-tech industries 
are considered in the works of scientists in various fields, 
including the organization of international network structures 
in the high-tech industry [1], the study of problems of 
technological integration in the manufacturing industry [2], 
the management of development programs [3], and the 
improvement of energy efficiency in meso- and micro levels 
[4], the study of the impact of scientific developments on 
productivity [5], the organization of production of competitive 
products [6], the sustainable development of competitive 
enterprises through innovative development strategy [7]. 

There are developments by scientists in the field of 
innovative development at the regional level, namely the study 
of industry-specific innovative potential [8], a structured 
analysis of regional innovations [9], modeling of innovation 
management in a regional industrial complex [10], the study 
of regional sustainability [11], the identification of problems 
of a differentiated approach to the management of innovative 
development in the Russian regions [12]. 

The experience of cooperation between science and 
business is presented in the context of the following areas of 
knowledge: modeling the processes of knowledge generation 

in the digital economy [13], innovative and technological 
cooperation in the framework of flexible production [14], the 
development of incubators for the resource base of 
technological enterprises [15], the study of innovative 
ecosystems in science, technology and business [16], the 
formation of a network model of the value chain [17], the 
commercialization of high technology innovations [18]. 

An analysis of the work of scientists in the cooperation of 
science and business with the aim of organizing high-tech 
industries has shown that the mechanisms and tools used to 
manage innovative development do not currently fully take 
into account the possibilities of using the potential of network 
integration of scientific organizations and the business 
community in the regions. In some cases, this does not make it 
possible to give scientifically sound recommendations for 
enhancing innovation and reduces the level of 
manufacturability and production efficiency. In this regard, the 
task of developing an organizational mechanism and priority 
areas for the interaction of science and business in the 
framework of innovative projects is essential for developing 
the theoretical foundations for the development of high-tech 
industries. 

As a research tool, the work used a functional analysis, 
systematization and generalization of facts and concepts, a 
method of graphic images, a method of expert assessments. To 
identify and systematize the factors affecting the degree of 
cooperation between science and business in the development 
of technological innovations in the Russian regions, we used 
the method of correlation analysis, which allows us to 
determine the factors that have the greatest influence on the 
degree of cooperation of scientific organizations and industrial 
enterprises in the development of technological innovations. 

Correlation analysis allows you to determine the presence 
(absence) of the statistical relationship of variables, where 
each specific value of the variable X corresponds to a certain 
value of Y. The correlation of the two quantities may indicate 
the existence of a common cause, although the phenomena 
themselves do not directly interact. A quantitative assessment 
of the direction and tightness of linear communication is 
carried out by calculating the linear correlation coefficient. In 
this study, the square method (Pearson) was used. The formula 
for calculating the correlation coefficient is as follows: 

 
2 2

dx dy
Rxy ,

dx dy

•
=

•



 
  

where Rxy – correlation coefficient between the statistical 
series X and Y; dx – the deviation of each of the numbers of 
the statistical series X from the arithmetic mean; dy – the 
deviation of each of the numbers of the statistical series Y 
from the arithmetic mean. 

Depending on the strength of the bond and its direction, 
the correlation coefficient can range from 0 to 1 (-1). The 
closer the level of the correlation coefficient to 1 or (-1), the 
closer the measured direct or feedback. A qualitative 
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assessment of the correlation coefficient is based on the 
Cheddock scale. 

The purpose of the proposed methodology is to provide 
analysts and managers at various levels with effective tools for 
identifying and classifying the factors of cooperation between 
science and business in the development of technological 
innovations and the organization of highly efficient industries 
in the Russian regions. The proposed methodology will 
complement existing methods for assessing the effectiveness 
of network interactions, which together will provide the 
necessary mechanism for a comprehensive analysis of the 
effectiveness of innovative projects. 

III. RESULTS AND DISCUSSION 

The analysis of data on the cooperation of industrial 
enterprises with scientific and educational organizations in the 
development of technological innovations shows a close 
relationship between the participation of industries in joint 
innovative projects and their level of manufacturability. As 
can be seen from table 1, the largest number of enterprises 
participating in cooperation with science and education is 
observed among medium-tech low-level industries - 50.5% 
and 40.5%, respectively. This is the production of rubber and 
plastic products, metallurgical production, production of 
building materials and so on. 

High-tech manufactures and medium-tech manufactures of 
a high level have somewhat lower values, which is probably 
due to the presence of a number of enterprises with their own 
scientific and educational base, as well as already acquired 
developments and technologies that are at the stage of 
commercialization. 

Among low-tech industries, only 14.3% of enterprises 
participate in joint projects with scientific organizations and 
10.7% - with educational institutions. This group includes 
food production, textile production, publishing, furniture 
manufacturing (table I). 

TABLE I.  COOPERATION OF INDUSTRIAL ENTERPRISES OF THE RUSSIAN 

FEDERATION WITH SCIENTIFIC AND EDUCATIONAL ORGANIZATIONS IN THE 

DEVELOPMENT OF TECHNOLOGICAL INNOVATIONS  

The level of 

manufacturability 

The share of 

enterprises 

participating in joint 

projects with scientific 

organizations,% 

The share of 

enterprises 

participating in joint 

projects with 

educational 

organizations,% 

High-tech 

productiona 
45.1 29.7 

High-tech mid-

level 

manufacturing 

38.4 21.5 

Low-tech mid-
level 

manufacturing 

50.5 40.2 

Low-tech 
production 

14.3 10.7 

Compiled by the authors according to Federal State Statistics Service, from: 

http://www.gks.ru 

 

The differentiation of innovative development by regions 
and districts of the Russian Federation is significantly 

expressed. For the total level of innovation activity, the 
maximum values are observed in the Volga (12.3%), Central 
(11.9%), Ural (10.9%) federal districts. The middle group 
includes the North-Western, Far Eastern and Siberian districts 
with the level of innovative activity, respectively, 9.0%, 9.0% 
and 8.2%. A similar indicator in the North Caucasus Federal 
District is 3.2%. 

The proportion of organizations participating in joint 
innovation projects in federal districts varies from 1.5% in the 
North Caucasus District to 4.3% in the Urals District (table II). 

TABLE II.  TRENDS IN THE INNOVATIVE DEVELOPMENT OF ENTERPRISES 

OF THE FEDERAL DISTRICTS OF THE RUSSIAN FEDERATION  

Federal 

districts of 

Russia 

The total level of 

innovative 

activity of 

organizations,% 

The proportion 

of innovative 

organizations 

acquiring 

equipment,% 

The proportion 

of organizations 

participating in 

joint projects,% 

Central 11.9 53.7 3.5 

North-

Western 
9.0 43.6 3.2 

South 10.0 51.0 2.0 

North 
Caucasian 

3.2 40.0 1.5 

Volga 12.3 66.7 3.9 

Ural 10.9 50.0 4.3 

Siberian 8.2 33.3 3.0 

Far Eastern 9.0 53.3 2.0 

Compiled by the authors according to Federal State Statistics Service, from: 
http://www.gks.ru 

 

The creation of an effective interaction between science 
and business is by far the most promising direction for the 
development of an innovative economy in Russia. The 
positive impact of industrial and scientific cooperation on the 
processes of innovative activity in the regions is noted by most 
researchers [19]. This area has the institutional and legislative 
foundations in the framework of the Decree of the 
Government of the Russian Federation No. 218 of 04/09/2010, 
aimed at the development of cooperation between science and 
business. Promoting the transfer of scientific results and new 
technologies is a prerequisite for socio-economic progress, 
and the development of cooperative ties is a factor in 
increasing the efficiency of spending on science in general, 
including state investments. 

The level of development of cooperative ties in the 
Russian regions varies and has certain specificity. To identify 
factors affecting the degree of cooperation between science 
and business in the development of technological innovations, 
we use the method of correlation analysis. As variables, in our 
opinion, to a certain extent, have an impact on the level of 
cooperation of enterprises, we will take the following 
parameters: 

y - the proportion of organizations participating in joint 
projects to carry out research and development,% (effective 
attribute); 

x1 - the number of personnel engaged in research and 
development per research organization, person; 
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x2 - the cost of research and development per research 
organization, million rubles; 

x3 - the cost of technological innovation in the total 
volume of goods shipped, work performed, services,%; 

x4 - coefficient of inventive activity (the number of patent 
applications filed by domestic applicants to the Patent Office 
per 100 researchers), units. 

The study is based on relevant data for the regions of the 
Russian Federation (85 entities). Using the correlation analysis 
procedure in the Statistica package, we will select the factors 
that have the most significant effect on the effective attribute, 
based on measuring the degree of connectivity between the 
phenomena (table III). 

TABLE III.  MATRIX OF PAIR CORRELATIONS. CHEDDOCK SCALE 

 

y - the proportion of 

organizations involved 

in joint projects to 

carry out research and 

development,% 

(effective sign) 

x1 x2 x3 x4 

y 1     

x1 0,6249 

average direct 

relationship 
1    

x2 0,7078 
high direct 
relationship 

0,3214 1   

x3 
0,5137 

average direct 

relationship 
0,2092 

-

0,0874 
1  

x4 0,3044 
weak direct 
relationship 

0,2425 0,6208 
-
0,0856 

1 

 

The matrix of paired correlations and the assessment of the 
tightness of the relationship between the productive trait and 
the factors selected by us are presented in Table 3. As can be 
seen, the highest impact on the level of development of 
cooperation between science and business (correlation 
coefficient 0.71) is shown by the specific costs of research and 
development of research organizations. A less close influence 
is exerted by the number of personnel engaged in research and 
development on one research and development organization 
(correlation coefficient 0.62). Financing technological 
innovations in industrial companies also plays a significant 
role in the implementation of joint science and business 
projects (correlation coefficient 0.51). 

The coefficient of inventive activity, defined as the number 
of patent applications filed by domestic applicants with the 
patent office per 100 researchers, has only a weak effect on 
the level of cooperation (correlation coefficient 0.30). At the 
same time, this factor in the countries of the European Union 
plays a more significant role in innovative development, in 
particular in the implementation of joint industrial and 
scientific projects, commercialization of developments 
(figures 1, 2).  

 

Fig. 1. Scatter chart: dependence of the level of cooperation of organizations 

(Y) on the costs of research and development of research organizations (X2) 

 

Fig. 2. Scatter chart: dependence of the level of cooperation of organizations 

(Y) on the availability of personnel engaged in research and development (X1) 

The scattering diagrams show the dependence of the 
specific gravity of the organizations participating in joint 
projects on research and development on the most influential 
factors - the cost of research and development of research 
organizations and the availability of personnel engaged in 
research and development. As can be seen, according to the 
parameters X2 and X1 relative to the resulting attribute Y, a 
pattern of a combination of non-stationary random processes 
is observed. Variables develop in one direction and many 
points corresponding to the observed values of indicators are 
concentrated, with some exceptions, near the line of best fit 
with a certain amount of displacement. At the same time, the 
presence of bias, or in other words, the absence of a close 
linear relationship across the totality of the studied regions, 
can partly be explained by random errors associated with the 
difficulties of adequately measuring certain processes and 
phenomena. 

IV. CONCLUSION 

Thus, the most significant factors in the interaction of 
business and science are intellectual and financial resources. 
The accumulated human capital of research organizations is 
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the basis and starting point for subsequent scientific and 
practical achievements. The effective use of human capital 
requires a coordination mechanism between science and the 
real sector of the economy. The financial resources of 
scientific and innovative activities are of various origins, and 
their volume and structure are determined by both corporate 
priorities and the consequence of the innovation policy of the 
region. 

However, despite the active efforts of the state, stable 
schemes for the interaction of science and business in Russia 
have not yet been established. The development of the practice 
of multilateral network contacts is hindered by a number of 
internal restrictions and problems of an economic, 
technological and institutional nature: 

• low innovation activity of organizations; 

• insufficient demand for scientific results in the 
economy; 

• unbalanced institutional structure of the scientific 
network with the dominance of independent research 
institutes; 

• functional isolation and inconsistency of research 
strategies of universities, scientific organizations and 
business; 

• fragmentation and inconsistency of the legislative 
framework, institutional infrastructure; 

• industry and regional imbalances and more. 

An analysis of the influence of various factors on the level 
of cooperation between Russian industrial enterprises and 
knowledge producers showed that the propensity of a business 
to partner with research centers and universities is directly 
dependent on the accumulated intellectual and human capital 
and the technological level of production. Financially stable 
organizations that invest resources in scientific development 
and technological innovation and link development prospects 
with access to the Russian and world markets more often 
establish cooperative ties with scientific organizations. 

V. RECOMMENDATIONS 

In order to strengthen cooperative ties between scientific 
organizations and business, the following areas of impact at 
the state and corporate levels are recommended: 

• At the level of state regulation, a management system 
in the field of science and technology, including 
horizontal, target (vertical) and network tools, needs to 
be reoriented to expand cooperative processes and the 
emergence of new partnerships. Promoting existing 
contracts also requires attention, but primary 
cooperation should be a priority. 

• The company's decision to commercialize scientific 
results and technologies must be linked to government 
support measures. This also includes network support 
measures, namely the creation and development of 
technology platforms, support for territorial innovation 
clusters, information networks. 

• It is necessary to develop a mechanism for providing 
advisory assistance in developing corporate strategies 
and cooperation models for innovatively active 
industrial enterprises. The likelihood of cooperation 
with scientific organizations and the implementation of 
scientific results in practical activities are higher for 
large and technologically advanced companies, 
effective mechanisms for managing intellectual 
property. 

• Regulation of innovative business should be based on a 
comprehensive policy with the inclusion of additional 
regulators [20]. However, it should be borne in mind 
that coordination and management of too many 
instruments can lead to high administrative costs for 
management bodies, creates risks and uncertainty, and 
complicates the functioning of universities and 
research organizations. 

• In the context of a limited budget, the implementation 
of a set of measures to support cooperation between 
business and science should have clear goals, target 
indicators, and trajectories for their achievement. At 
the same time, it is important to strike a balance 
between instruments for stimulating demand from the 
business side for scientific results and their proposals 
from science, with a view to their practical use in 
production. 

The contribution of the authors to the development of the 
problem of enhancing the interaction between science and 
business is to identify trends and factors influencing the 
development of cooperative ties in the regional production 
systems of the Russian Federation at various levels of 
manufacturability and financial stability. 

The novelty of the author’s proposals consists in revealing 
the direct correlation dependence of partnership between 
business and research centers on the accumulated intellectual 
capital and technological level of production, as well as 
generalizing the directions for strengthening cooperative ties 
between science and entrepreneurship at the state and 
corporate level. 

The results of the study can be used by the international 
scientific community and entrepreneurs in solving 
organizational and managerial tasks to enhance the innovative 
development of the industrial sector of the territories with an 
emphasis on enhancing cooperation between science and 
business in terms of implementing joint innovative projects. 
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