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This research was conducted at the Institute for Statistical Studies and Economics of Knowledge 

(ISSEK), National Research University Higher School of Economics. 

Motivation 

 Innovation is an important factor that predetermines the success of enterprise 

development. In the global dynamic economic environment, firms1 with high innovation potential 

are more competitive and sustainable in the marketplace (Humphrey, Schmitz, 2002; Porter, 1990). 

At the same time, knowledge generation and its practical implementation in innovation is 

a complex process associated with high risks due to uncertainty about the outcomes and requires 

investment, willingness for organizational change, and a broad set of competencies (Powell, 

Grodal, 2005). This is quite difficult for a single company to achieve: the ability to use multiple 

sources of information and to interact with different external organizations are crucial for 

strengthening innovation potential (Laursen, Salter, 2006; Tether, 2002). Inter-organizational 

interactions enable sharing and pooling of resources, access to specific assets, and facilitate mutual 

learning.  

Regular and systematic innovation activity of enterprises is the result of the organized 

interaction of various actors and is practically impossible without cooperation. Cooperative 

interactions between different actors form the core of modern models of innovation (Chesbrough, 

2012) and serve as the basis for a systematic approach to innovation development at the national 

level (Fagerberg et al., 2005).  

Among the wide range of partners with which enterprises can cooperate in innovation 

activities, research and development (R&D) organizations – R&D organizations and universities 

– play a special role (Kaufmann, Tödtling, 2001; Perkmann, Walsh, 2007). Through such 

collaboration, firms gain access to new research results, the ability to optimize R&D expenditures, 

and, as a result, have more resources to implement innovative projects (Caloghirou et al., 2004; 

Lee, 2000). Universities fill a specific niche in undertaking long-term basic research, ensuring 

access to international knowledge networks, while R&D organizations perform applied research 

and process more practical knowledge (Tether, Tajar, 2008; Teirlinck, Spithoven, 2012). 

Ultimately, industry-science cooperation contributes to the generation of new business ideas and 

innovation development (Belderbos et al., 2004; Mansfield, 1998; Siegel et al., 2003). 

The Russian economy, especially in recent years, has been developing under the impact of 

adverse external factors (including the decline in oil prices, economic sanctions, etc.), a drop in 

government revenues, and a long-term stagnation of innovation activity. The transition to 

sustainable economic growth can be achieved through the structural transformation of the 

 
1 Hereinafter, the terms “enterprise” and “firm” are used interchangeably. 
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economy as well as the modernization and diversification of production based on the 

implementation of technological innovation. Manufacturing industries play an important role in 

this process. They contribute significantly to GDP (14.4% in 2019) (Rosstat, 2021a) and 

employment (14.0% of total employment in the economy in 2019) (Rosstat, 2021b), demonstrate 

the greatest demand for advanced technologies, and concentrate the maximum number of 

enterprises implementing technological innovation (18.5% in 2018 (NRU HSE, 2020)). 

Understanding which mechanisms for the realization of innovation potential are used by 

Russian manufacturing enterprises and what role is played by industry-science cooperation is an 

urgent task. This is important for identifying the shortcomings of the national innovation system 

and “windows of opportunity” to transition to sustainable economic growth based on innovation 

and for developing effective state innovation policy for this purpose. 

Key Concepts 

The study uses the following key concepts. Innovation is a new or significantly improved 

product (good or service), or process that differs significantly from the firm's previous products or 

processes and has been introduced on the market or brought into use by the firm. All gradations of 

their novelty are economically significant: new to the firm only, new to the firm’s market, or new 

to the world (OECD, Eurostat, 2018). The study contemplates product and process innovations. 

Innovation potential is considered the ability of an enterprise, using all available resources, to 

create technological innovation. Industry-science cooperation is the formal institutional 

interaction of enterprises with R&D organizations and/or universities in innovation aimed at 

performing R&D (and the conversion of R&D results into commercial applications) or the 

acquisition of scientific and technological (S&T) services that do not directly imply R&D.  

Brief Literature Review 

The study is based on the key provisions of innovation research. Modern models of 

innovation – the non-linear (chain-linked) model of innovation presented in (Kline, Rosenberg, 

1986) and the “open innovation” model (Chesborough, 2003) – recognize the multiple sources of 

innovative ideas and the particular importance of the effective interaction of both internal and 

external partners (Carlsson et al., 2011; Chesbrough, 2012; Leydesdorff et al., 2013). The shift 

from the linear model (Godin, 2006), understanding that a significant share of important 

innovations can be developed and implemented without conducting formal R&D on the basis of 

knowledge gained from experience or outside of the enterprise (Dahlander, Gann, 2010), provided 

the key to explaining the technology diffusion and the catching-up phenomenon as well as the 

advanced development of particular industries and countries. 

Researchers have recognized the special role of cooperation as one of the key factors 
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determining the innovation potential of enterprises in the framework of basic concepts such as the 

resource-based view of a firm [Barney, 2001; Wernerfelt, 1984], firms’ absorptive capacity 

[Cohen, Levinthal, 1990], and dynamic capabilities (Teece et al., 1997; Teece, 2007). A systemic 

approach to analyzing countries’ innovation capabilities, which is reflected in the framework 

“national innovation systems” concept (Freeman, 1987; Lundvall, 1992; Nelson, 1993), implies a 

special role of cooperation. The strength of linkages between innovation systems’ specific 

components and actors is a decisive factor in the innovation performance (Fagerberg et al., 2005).  

Over the past decades, considerable empirical experience has been accumulated in studying 

various aspects of cooperation and its role in the development of firms’ innovation potential. The 

most comprehensive statistical effort to measure innovation capabilities in the business sector is 

the internationally harmonized innovation surveys based on the Oslo Manual framework. The Oslo 

Manual is the international reference guide for collecting and using data on innovation (initial 

dissemination in 1992, the latest (fourth) revision in 2018 (OECD/Eurostat, 2018)). It provides 

basic terms and definitions that reflect current thinking on the structure of innovation processes, 

institutional classifications, and approaches to measuring innovation, as well as links to other 

international standards. 

The results of the studies based on innovation survey data show differing levels of 

enterprises’ involvement in cooperation in innovation activities and a variety of cooperation 

network configurations (Belderbos et al., 2004; Laursen, Salter, 2006). At the same time, different 

forms of cooperation have varying, but significant statistical effects upon the development of 

firms’ innovation potential (Becker, Dietz, 2004; de Faria et al., 2010; Greco et al., 2016). 

The special role of industry-science cooperation has been confirmed. Despite the fact that, 

in quantitative terms, R&D results obtained by universities and R&D organizations make a smaller 

contribution to the firms’ innovation performance than market actors (clients, suppliers, 

competitors, etc.), industry-science cooperation allows enterprises to create innovations with a 

higher degree of novelty (Abramovsky et al., 2009; Tether, 2002). 

Harmonized international studies allow one to effectively identify specific national 

features. In fact, cooperation success essentially reflects the quality of the innovation system 

(Castellacci, 2008; Dachs et al., 2008). The contribution of cooperation partners varies depending 

upon the innovation strategies of enterprises, in-house and external environments, and, in 

particular, the maturity of innovation systems (Hagedoorn et al., 2000).  

The participation of the state as a moderator of network interactions is also essential. State 

support for innovation essentially serves to compensate both market and system failures through 

the enhancement of the innovation system and reinforcement of knowledge and technology 

exchanges between actors in the economy. Previous research results revealed that state support for 
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innovation has a stimulating (though often rather weak) effect on firm innovation performance 

(Almus, Czarnitzki, 2003; Czarnitzki, Licht, 2006) and the intensity of industry-science 

cooperation (Busom, Fernández-Ribas, 2008; Falk, 2007). 

The study of different aspects of cooperation using Russian data is not frequently 

undertaken. Firstly, there is a lack of studies presenting micro-level analysis of the cooperation 

strategies of enterprises, especially considering a wide range of cooperation partners. Second, only 

a few studies apply the harmonized approaches for the practical implementation of the Oslo 

Manual guidelines. Hence, it is impossible to compare and unambiguously interpret the identified 

patterns. 

In the Russian economy, the basic factor determining cooperation intensity is the overall 

low business innovation activity. The main barriers to scaling up innovation include the limited 

available resources, especially finances (Kuznetsova, Roud, 2013; Teplykh, 2015), unfavorable 

framework conditions (including government inefficiency in regulation, inadequate law 

enforcement, etc.), and the prevalence of monopolistic markets dominated by large state-owned 

enterprises in key economic activities (Gokhberg, Kuznetsova, 2015; Yakovlev, 2014). These 

factors have a negative impact both upon the firms’ susceptibility to innovation and on the 

performance of those which are already actively innovating. As a result, Russian enterprises rarely 

implement breakthrough innovation projects leading to the development of high-tech products that 

are competitive on foreign markets (Bessonova, Gonchar, 2019; Gokhberg, Roud, 2016b; 

Gonchar, 2009; Dezhina, Kiseleva, 2007). Regarding industry-science cooperation, fundamental 

differences in the norms and rules regulating business and scientific activities, incentives for 

cooperation and management culture should be also taken into account, because these factors 

inhibit science-based technology transfer and require state intervention (Barnes et al., 2002; 

Bruneel et al., 2010; Simachev et al., 2017). 

Objectives of the Research 

The aim of the research is to analyze the impact of industry-science cooperation upon the 

development of manufacturing enterprises’ innovation potential in Russia.   

In order to achieve the goal, the following objectives were set:  

1. To evaluate the typical configurations of cooperative networks in Russian manufacturing 

and determine their contribution to the development of firms’ innovation potential 

2. To investigate the role of industry-science cooperation in different configurations of 

cooperative networks of Russian manufacturing enterprises. 

3. To examine and systematize the determinants of firms’ decision to cooperate with 

universities and R&D organizations in the innovation process. 
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4. To identify the factors that affect the propensity of enterprises in Russian manufacturing 

to cooperate with R&D organizations and universities in the field of innovation and the mode of 

cooperation. 

5. To examine how enterprises involved in industry-science cooperation utilize state 

support measures for innovation and how it relates to their performance. 

Research Structure and Methodology 

The dissertation was carried out in three stages and comprises three research papers that 

correspond to the objectives considered. 

Stage 1. Configurations of the cooperative networks of Russian manufacturing enterprises 

(Objectives 1 and 2). This focuses on how the openness of innovation strategies is related to the 

enterprises’ innovation performance and considers the role of industry-science cooperation in the 

different configurations of cooperative networks. 

At the first stage, typical configurations of cooperation networks of Russian manufacturing 

enterprises were investigated. To identify them, three aspects of the cooperation strategy were 

analyzed: the choice of partners, the role of spatial distance, and the duration of cooperation. 

Cluster analysis (k-means algorithm, k=4) served as the main research method. Differences in 

variables’ average values across clusters considering the geographical and temporal aspects were 

analyzed to assess the “openness” of innovation strategies. The statistical significance of the 

differences between clusters was tested using the Kruskal-Wallis test. The revealed configurations 

of cooperative networks were examined in terms of enterprise size, age, ownership structure, and 

industry. 

To operationalize innovative performance, a typology covering two key measures was 

used: the degree of innovation novelty (in accordance with Oslo Manual: new to the firm, new to 

the market) and enterprises’ integration into global value chains through export activities (non-

zero volume of products shipped to foreign markets). The constructed types of enterprises 

according to the level of innovation potential were included as dependent variables in multinomial 

logistic regressions in order to determine how various cooperation strategies are related to the 

firms’ innovation potential. 

The results are presented in the article: Vlasova, V., & Roud, V. (2020). Cooperative 

Strategies in the Age of Open Innovation: Choice of Partners, Geography and Duration. Foresight 

and STI Governance, 14(4), 80-94. 

The author was directly involved in all stages of the research, including identifying the 

problem, developing the research design, performing statistical analysis and interpretation of its 

results. 
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Stage 2. Determinants of industry-science cooperation and its contribution to the firms’ 

innovation performance (Objectives 3 and 4). This focuses on the identification of key 

determinants of cooperation with universities and R&D organizations based on the systematization 

of previous research results as well as an empirical investigation of what determines the propensity 

of Russian manufacturing enterprises to cooperate and the mode of industry-science cooperation. 

To recognize the determinants that impact the very fact of cooperation, a bivariate probit 

model was estimated, treating the relationships with universities and R&D organizations as 

independent but complementary choices. Then, using а multinomial logit model, factors 

determining the mode of interaction were identified. Four modes of industry-science cooperation 

are explored: no cooperation (base level), acquisition of S&T services, and acquisitions of R&D 

results that led to new to firm or new to market innovation. The marginal effects allowed for 

identifying the significance and magnitude of the relationship between the determinants and the 

resulting mode of interaction. 

The results are presented in the article: Roud, V., & Vlasova, V. (2020). Strategies of 

industry-science cooperation in the Russian manufacturing sector. The Journal of Technology 

Transfer, 45(3), 870-907. 

The author was responsible for the analytical literature review, data analysis (including data 

processing, econometric analysis, synthesizing the obtained results), interpretation, and discussion 

of its results. 

Stage 3. Differences in the utilization of state support measures for innovation by 

enterprises including those involved and those not involved in industry-science cooperation 

(Objective 5). This section focuses upon the examination of how enterprises interacting with 

universities and R&D organizations utilize state support measures for innovation and how it relates 

to their innovation performance. 

The analysis of the role of state support in the development of the innovation potential of 

enterprises was based on the propensity score matching methodology. Two models were estimated. 

The first model analyzed the links between state support utilization (regardless of the number of 

policy instruments used) and the firms’ performance for a whole sample of Russian high-tech and 

high-medium-tech innovation-active enterprises. The second model also performed PSM 

estimation, but only for enterprises involved in industry-science cooperation. 

At the first stage, a bivariate probit model was estimated in order to identify the 

characteristics related to the propensity of enterprises to use state support measures for innovation, 

and to calculate a propensity score. Based on it, a control group of enterprises that did not receive 

state support was formed. The t-tests were used to check the balance of independent variables by 
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groups – the observed and control enterprises. The second stage of the approach consists in 

estimating the average treatment effect on the treated firms (ATT) using the nearest neighbor 

matching (k=5). 

According to the reviewed literature, the list of possible firm-level effects of public support 

for innovation were formed. The effects reflect changes in the following aspects of enterprise’s 

activities: competitive edge, markets, cooperation, and innovation. A total of 16 different effects 

were considered. 

The results are presented in the article: Vlasova, V. (2021). Industry-science cooperation 

and public policy instruments utilization in the private sector. Journal of Business Research, 124, 

519-528. 

Empirical setting. This study is based on firm-level data about the innovation activities of 

enterprises. It originates from a specialized survey of the Russian manufacturing enterprises 

conducted in 2015 and 2018 by the HSE Institute for Statistical Studies and Economics of 

Knowledge. Its main feature (e.g., in comparison to the data obtained in the Business Environment 

and Enterprise Performance Survey (BEEPS) or the Russian Firms in the Global Economy 

(RuFIGE) projects) lies in the fact that it is based on the Oslo Manual framework. This ensures the 

international comparability of the results obtained in this study. 

The sample is stratified and representative by size (more than 15 employees) and industry. 

The survey covers enterprises located in over 40 regions of Russia. Data collection was done 

remotely through a series of questionnaire-based interviews with the enterprises’ executive 

management responsible for the strategic decision-making. 

In 2015, the survey covered enterprises in all industrial sectors. The final sample included 

1,206 manufacturing enterprises, of which 805 (66.7%) were innovation-active: these firms 

indicated successfully completed or ongoing innovation activities in 2011-2013. In 2018, the 

object of the survey was only high-tech and medium high-tech manufacturing enterprises 

(Eurostat/OECD classification2) – a total of 545 firms, 422 of which (77.4%) are innovation-active 

(survey period: 2016-2018). Data was weighted by population characteristics (industry and size 

group) derived from the Federal State Statistics Service (Rosstat) in 2015 and from the Ruslana 

Bureau van Dijk database in 2018.  

 

 
2 https://ec.europa.eu/eurostat/statistics-explained/pdfscache/6384.pdf According to the Russian Classification of 
Types of Economic Activity (OKVED) (ОК 029-2014 (harmonized with NACE Rev. 2)) the following OKVED 2 
codes are included 20, 21, 26, 27, 28, 29, 30. 

https://ec.europa.eu/eurostat/statistics-explained/pdfscache/6384.pdf
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Research Limitations  

The results and conclusions of this dissertation research should be interpreted taking into 

account the limitations due to the nature of the available empirical base and the implemented 

strategy of data analysis. 

First, it is necessary to recognize the limited coverage of the range of interactions between 

enterprises and R&D organizations. Due to the design of empirical research, industry-science 

cooperation and its role in the development of innovation potential are analyzed only from the 

perspective of enterprises. At the same time, only institutionalized interactions of enterprises with 

universities and R&D organizations is considered. The survey tools do not allow for analyzing the 

informal forms of industry-science cooperation. At present, the best strategies for studying weakly 

formalized interactions are based on the methods of big data analysis of network relations, which 

is beyond the scope of this paper. 

Second, the ability to analyze causal relationships is extremely limited. Only cross-

sectional data on the cooperative strategies of companies are available, which makes it impossible 

to account for the delayed effects of cooperation.  

 The third class of limitations is related to the method of information collection - a 

formalized survey of the top-managers or their deputies. The traditional problem for such an 

analysis is the subjectivity of this data (due to the high interpretative burden on the respondents, 

their independent completion of questionnaires and limited control over the discipline of answers), 

censorship (most of the information is filled out only by the enterprises conducting innovation 

activities), and the limited availability of variables, mainly reflecting qualitative assessments. The 

omission of significant but unobservable variables, self-selection, and simultaneity complement 

other, semantic sources of endogeneity. The complex nature of the relationships between different 

aspects of innovation processes makes it difficult to use classical methods of dealing with 

endogeneity (see, e.g., Honore, Hu, 2004). The effects presented in the study show not a causal 

relationship, but statistically significant stylized facts characterizing different aspects of 

innovation strategies of enterprises. It is worth noting that the approaches to endogeneity 

accounting used in the thesis are in line with the accepted practices in the subject area (Mairesse 

and Mohnen, 2010). 

Main Findings  

1. Almost all innovation-active enterprises in the Russian manufacturing sector cooperate 

with external partners in the innovation process, but only a few firms are integrated into extensive 

networks. The most common cooperative strategy is one-time contracts with regional and national 

supply chain members (more than 40% of the surveyed enterprises follow this model), while 
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integration into international and long-term networking is weak (less than 5%). At the same time, 

the results show a positive relationship between the openness of innovation strategies and 

enterprises’ innovation potential. 

To identify patterns in the configuration of cooperative networks, a new approach was 

found within the “open innovation” model and three aspects of network interaction considered and 

tested using Russian data: the choice of partners, the role of spatial distance, and the duration of 

joint projects. 

The classification of cooperative strategies of innovation-active enterprises in the Russian 

manufacturing by partners’ geographical location and length of cooperation with them allowed for 

identifying four cooperation models based on the geographical aspect – value chain: within region; 

value chain: beyond region; value chain: global and science: within region; and value chain: global 

and science: global as well as four models based on the temporal aspect – value chain: one-time, 

value chain: regular, science: long-term, and networking: long-term.  

The analysis revealed that in Russian manufacturing, the absolute majority of companies 

prefer one-time contracts with participants in regional and national value chains (direct consumers 

of their products and suppliers of materials and services), while the integration into international 

networks is weak. A small number of enterprises that engage in international cooperation tend to 

rely on long-term linkages with universities and R&D organizations. 

Table 1. Cooperation network configurations (share of those who chose the corresponding model 

in the total number of innovation-active manufacturing enterprises, %) 

 

2. A distinctive feature of Russian innovation-active manufacturing enterprises having a 

broad network of cooperation partners and high innovation potential is cooperation with 

universities and R&D organizations. Industry-science cooperation turns out to be an important 

attribute of manufacturing firms creating highly innovative products that are competitive on 

foreign markets. 

The results confirmed the widespread, but not unambiguously proven, hypothesis that the 

Value chain: one-time Value chain: regular Science: long-term Networking: long-term Total
Value chain: within 
region 21.5 14.2 2.9 1.3 39.9

Value chain: beyond 
region 20.9 13.8 7.0 0.8 42.6

Value chain: global, 
Science: within region 1.1 7.2 2.5 2.0 12.7

Value chain: global, 
Science: beyond region 0.3 0.3 3.0 1.3 4.9

Total 43.8 35.4 15.4 5.4 100.0

Duration

G
eo

gr
ap

hy
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“openness” of innovation strategy contributes to the better innovation performance of enterprises. 

A distinctive feature of advanced innovators that create products that are competitive on global 

markets, is the joint implementation of innovation projects with counterparts from different sectors 

of the economy (Table 2). They abandon the rigid vertical cooperation model (limited by the value 

chain) and strengthen cooperation with universities and R&D organizations. At the same time, 

industry-science cooperation is the most important strategic vector and attribute of innovative 

international-level enterprises.  

Table 2. Components of cooperation networks that determine the types of enterprises – 

technological innovators in Russian manufacturing 

 
Note: The results of three multinomial logit-models estimation by cooperation components (marginal effects). 

Additional control variables: size, age, state ownership, and sector. Statistical significance: *** p < 0.001, ** p < 0.01, 

* p < 0.05. Statistically significant coefficients are presented in bold characters. Standard errors in parentheses. 

3. The key factors determining the propensity of Russian manufacturing enterprises to 

cooperate with universities and R&D organizations are the specificity of economic activity, firm 

size and maturity, high levels of absorptive capacity, and the effective management of 

intellectual property. 

To investigate the factors that affect the propensity of Russian manufacturing enterprises 

to cooperate with universities and R&D organizations in innovation and the mode of interaction, 

New to firm, 
Non-exporters

New to firm, 
Exporters

New to market, 
Non-exporters

New to market,
Exporters

0.035 0.025 -0.027 -0.033
(0.071) (0.049) (0.054) (0.037)

-0.141*** 0.131*** -0.006 0.016
(0.039) (0.028) (0.029) (0.018)
0.081 0.012 -0.056 -0.037
(0.051) (0.036) (0.040) (0.029)

-0.108** 0.085** 0.004 0.019
(0.043) (0.034) (0.031) (0.018)

-0.171*** 0.071* 0.062 0.038
(0.054) (0.040) (0.043) (0.024)

-0.153*** 0.107*** 0.009 0.038*
(0.046) (0.037) (0.033) (0.021)
-0.003 -0.0465* 0.024 0.026
(0.037) (0.027) (0.026) (0.016)
-0.026 -0.037 0.024 0.039*
(0.043) (0.028) (0.032) (0.021)
-(0.028) -0.0505* (0.047) 0.031*
(0.039) (0.028) (0.029) (0.018)
0.024 -0.020 -0.039 0.035

(0.046) (0.032) (0.031) (0.022)
0.125** -0.037 -0.0994*** 0.011
(0.061) (0.041) (0.032) (0.026)
0.049 -0.042 -0.028 0.021

(0.049) (0.033) (0.034) (0.022)

Public authorities Cooperation=Yes

Geography: out of region

Duration: more than 1 year

R&D organizations 
and/or universities

Cooperation=Yes

Geography: out of region

Duration: more than 1 year

Other market actors Cooperation=Yes

Geography: out of region

Duration: more than 1 year

Partners Components 
of cooperation networks

Firms by innovation status and export activity

Value-chain 
members

Cooperation=Yes

Geography: out of region

Duration: more than 1 year
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an original system of determinants has been developed. They could be grouped into six 

categories: general firm specificity, level of competition, technological opportunities, absorptive 

capacity, appropriability conditions, and public support. These factors allow for capturing the 

complexity of collaborative innovation processes and the efficiency of national innovation 

systems.  

Firm-level metrics of the occurrence of the industry-science cooperation have been 

provided using a set of explanatory variables constructed for each of six groups of determinants 

(see Appendix A). The results have shown that the propensity of Russian manufacturing 

enterprises to cooperate with universities and R&D organizations is higher for the following 

types of firms: large firms from high- and medium–high technology manufacturing sectors; 

those with high levels of absorptive capacity and a developed innovation management culture; 

and organizations that possess effective informal intellectual property protection mechanisms 

(e.g., secrecy, lead-time, and complexity). Universities as innovation partners seem more open 

to state-owned enterprises with developed formal methods of intellectual property protection 

(e.g., patents, trademarks, copyright), and in which cooperation with external partners is 

encouraged and supported by the company management. Meanwhile, R&D organizations are 

associated with maturity (i.e. the firm has been on the market for over five years) and the 

acquisition of relevant knowledge to enter global markets. 

Following the results, the availability of public support and general characteristics of 

innovation strategies of firms per se is not a significant motivation for science-industry 

cooperation. 

4. The motivation of Russian manufacturing enterprises to cooperate with universities 

and R&D organizations goes well beyond mere outsourcing of R&D processes. The acquisition 

of S&T services (that do not directly imply R&D) is a common practice for enterprises, 

especially in high- and medium high-technology industries. The characteristics of enterprises 

differ significantly depending upon the chosen mode of industry-science cooperation.  

The distinction and analysis of four modes of enterprises’ interactions with universities and 

R&D organizations revealed that the context of industry-science cooperation could not be 

restricted to joint R&D because the acquisition of S&T services that do not directly imply R&D 

(e.g., engineering services, technical testing, quality control or standardization) is a common 

practice for enterprises. Less than 10% of the surveyed innovation-active enterprises in the Russian 

manufacturing sector engage in R&D-oriented cooperation aimed at the acquisition of R&D results 

that lead to innovation (new to firm or new to market). 

Following the results, the enterprises interested in the acquisition of R&D results differ 

significantly from those oriented towards consulting activities and purchasing S&T services (see 
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Appendix A). Enterprises interested in acquiring S&T services mainly operate in a competitive 

environment on medium- and high-tech markets and consider industry-science cooperation a tool 

to gain and/or maintain a competitive advantage on the national and global markets. The 

participation of foreign stakeholders in the decision-making processes hampers this mode of 

cooperative activity. 

The propensity of enterprises to engage in industry-science cooperation oriented toward 

the acquisition of R&D results that lead to innovation is significantly higher for enterprises in the 

high- and medium–high technology manufacturing sectors, with an “open” organizational culture 

(top-management encourages the involvement of external partners in the innovation process). 

Enterprises carrying out continuous in-house R&D and having effective intellectual property 

protection mechanisms are more prone to establishing R&D-oriented interactions and to 

developing radical innovations (products or services new to the market). At the same time, the 

results have suggested that general public support design (such as indirect or direct financial 

assistance for innovation activities) is ineffective for triggering R&D-intensive partnerships. 

5. High-tech and medium high-tech innovation-active manufacturing firms in Russia 

involved in industry-science cooperation not only more often use measures of state support for 

innovation, but also more highly assess their role in the development of innovative potential. At 

the same time, the reported firm-level effects of state support for innovation are negligible and not 

associated with direct changes in the intermediate indicators of innovative activity. At the same 

time, there is a risk of substituting one’s own investments with public funding (crowding-out effect), 

when, for example, enterprises expand cooperative ties with universities and R&D organizations 

only for the purpose of receiving state support. 

The experience of public policy instruments utilization by innovation-active high-tech and 

medium high-tech manufacturing enterprises in Russia has been examined considering the fact of 

cooperation with universities and R&D organizations. This allowed, for the first time in the 

literature, for identifying the relationship between industry-science cooperation and the firm’s 

propensity to receive state support for innovation and assessing the effectiveness of a general state 

support strategy on triggering innovation. 

In general, receiving support from the state is a fairly widespread practice for Russian 

manufacturing enterprises. A total of 57.1% innovation-active enterprises in high-tech industries 

received state support over the last three years (2016-2018). Enterprises that cooperate with R&D 

performing organizations are not only more inclined to apply for state support (68.5%), but also 

prefer to use several policy instruments simultaneously (55.2%). 

The results confirm the hypothesis generally accepted in the scientific literature that 

governments, in general, follow a ‘picking the winner’ strategy, when the state is inclined towards 
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supporting more experienced and capable firms (see, for example, Antonelli, Crespi, 2013; 

Cantner, Kösters, 2012). The firms’ size and technological opportunities (i.e., the R&D intensity 

and the specifics of innovation strategies) positively affect their propensity to receive state support. 

Also, interactions with national universities have a significant impact upon the likelihood of 

Russian high-tech and medium high-tech enterprises receiving public support. 

Table 3. Effects of state support for innovation at the enterprises that received support  

Effects 

High-tech and medium high-tech innovation-active 
manufacturing firms 

Total Involved in industry-
science cooperation 

Competitiveness:         
1 – Strengthening competitive positions 0.939   0.118   
2 – Attracting additional funding sources 0.914   0.143 * 
3 – Improving financial and economic performance 0.262 *** 0.254 *** 
4 – Upgrading facilities and equipment 0.142 * 0.197 ** 
5 – Applying new production technologies 0.166 *** 0.154 ** 
6 – Implementing new management -0.064   -0.035   
     and organizational solutions for manufacturing         
Markets:         
7 – Extending product range 0.049   0.134 * 
8 – Entering new markets 0.151 ** 0.115   
Cooperation:         
9 – Expansion of cooperation links with other firms 0.040   0.025   
10 – Expansion of cooperation links 0.121 * 0.134   
       with universities and/or R&D organizations          
Innovation:         
11 – Reducing risks associated with innovation 0.188 ** 0.236 *** 
12 – Launching new innovation projects -0.005   0.049   
13 – Intensifying internal innovation expenditures  -0.071   -0.050   
14 – Stepping up in-house R&D 0.068   0.105   
15 – Commercialization of R&D results -0.012   -0.001   
16 – Participation in the complex innovation projects 0.066   0.051   

Note: The average treatment effect on the treated (ATT) estimators. The values of the coefficients range between -1 

and 1. A zero value means that the probability of achieving a corresponding effect for the firms that received state 

support and the firms that did not is the same. Statistical significance: *** p < 0.001, ** p < 0.01, * p < 0.05. 

The analysis of the effects of state support on the enterprises’ innovation performance has 

revealed that enterprises that use state support measures for innovation indicate a more developed 

innovation potential, especially if they interact with universities or R&D organizations (Table 3). 

The firm-level effects of receiving state support are mainly associated with the upgrading technical 

facilities, intensifying new technology acquisition and application, improving financial 

performance, and the overall mitigation of innovation risks, but without direct changes in 

innovation activities. For example, there is no significant influence over the propensity of 

enterprises to develop internal technological capabilities, launch new innovation projects, 

participate in complex joint projects, or commercialize the R&D results. 

The results obtained may additionally indicate the possible presence of the crowding-out 

effect: enterprises tend to meet the criteria for receiving state support, but further there is a 
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replacement of state financing with their own investments. This is evidenced by the two 

concurrently statistically significant variables, indicating the firm-level effects of using state 

support measures for innovation: the “expansion of cooperation links with universities and/or 

R&D organizations” for the whole sample of surveyed enterprises and “attracting additional 

funding sources” for the subsample of those involved in industry-science cooperation. 

Contribution 

1. A new approach to the analysis of cooperative innovation strategies of enterprises within 

the “open innovation” model and considering three aspects of network interaction: the choice of 

partners, the role of spatial distance, and the duration of joint projects has been offered and tested. 

2. For the first time using Russian data, the typical configurations of cooperative networks 

in Russian manufacturing have been revealed. It is shown that, firstly, integration into extensive 

cooperation networks is a clear sign of the high innovation performance of enterprises, and 

secondly, cooperation with universities and R&D organizations is significantly distinctive for 

advanced innovators.  

3. An original comprehensive system of factors determining the process of industry-science 

cooperation in innovation has been developed and the characteristics of Russian manufacturing 

enterprises cooperating with universities and R&D organizations in innovation have been 

identified.  

4. For the first time, using the evidence from the Russian manufacturing sector, various 

modes of industry-science cooperation have been investigated, a quantitative assessment of their 

prevalence has been given and revealed that the acquisition of S&T services that do not directly 

imply R&D (as opposed to the cooperation aimed at the acquisition of R&D results that lead to 

innovation) is a common practice for enterprises. 

5. For the first time the relationship between industry-science cooperation and the use of 

state support measures for innovation by enterprises has been empirically investigated. High-tech 

and high medium-tech manufacturing enterprises in Russia interacting with R&D organizations 

and universities are more likely to be publicly supported and consider that such provided support 

has a more significant effect on their performance.  

Scientific and Practical Significance  

The results contribute to expanding the conceptual boundaries of innovation research. New 

methodological and empirical approaches to the analysis of cooperative strategies of enterprises 

and modeling industry-science cooperation within the open innovation model and the concept of 

national innovation systems have been offered and tested. Empirical evidence has been obtained 

showing that against the background of the increasing complexity and diversity of enterprises’ 
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innovation processes, the role of networking among the actors and institutions in the innovation 

system and sustainable industry-science linkages have been increasing.  

Also, an approach that allows for confirming the heterogeneity of the state support 

recipients and quantifying the effects of state support measures for innovation on the development 

of firms’ innovation potential has been proposed. Its approbation using Russian data confirmed 

that industry-science cooperation affects the propensity of enterprises to receive state support 

measures for innovation and achieve better innovative performance. 

The results of this thesis study not only contribute to the field of innovation studies but also 

strengthen the information-analytical base for informed decision-making in the field of state 

innovation policy. Based on the findings, the following practical recommendations for stimulating 

innovation activity in Russian manufacturing can be formulated: 

— Creating favorable conditions for the expansion of cooperation links with universities 

and R&D organizations should become a higher priority on the innovation and development 

agenda given the confirmed positive relationship between the openness of innovation strategies 

and enterprises’ innovation potential, as well as the more significant effects of state support 

measures for innovation on enterprises involved in industry-science cooperation.  

— When developing and implementing state support measures for innovation, it is 

important to take into account the fact that the motivation of Russian manufacturing enterprises to 

cooperate with universities and R&D organizations goes well beyond mere outsourcing of R&D 

processes and relates to the acquisition of S&T services.   

— Innovation policy aimed at supporting “open innovation” corporate strategies will 

stimulate industry-science cooperation given that enterprises in which cooperation with external 

partners is encouraged and supported by the company management demonstrate a higher 

propensity to cooperate with universities and R&D organizations with the aim of creating 

innovation.  

— It is necessary to pay attention to issues of industry-science cooperation amid the 

implementation of state support measures for high-tech exports given that cooperation with 

universities and R&D organizations is a distinctive feature of enterprises capable of creating highly 

innovative products that are competitive on the international market.  

Approbation of Research Results 
The results of the thesis research were presented by the author and discussed at nine 

international conferences in Russia and abroad: 

• 21-25.12.2020. 4th Russian Economic Congress, Moscow, Russia. Topic: Use of state 

support measures for innovation: role of industry-science cooperation 
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• 9-13.11.2020. 10th Annual International Academic Conference ‘Foresight and STI Policy’, 

Moscow, Russia. Topic: Cooperation in the Age of Open Innovation: Composition of 

Innovation Networks (together with Roud V.). 

• 23.09.2020. Analytics for Management and Economics Conference, St. Petersburg, Russia. 

Topic: Cooperative strategy in the age of open innovation: selection of partners, geography 

and duration (together with Roud V.). 

• 20-22.11.2019. 9th Annual International Academic Conference ‘Foresight and STI Policy’, 

Moscow, Russia. Topic: Firms’ Perspectives on Innovation Policy Measures. 

• 25-26.09.2019. Analytics for Management and Economics Conference, St. Petersburg, 

Russia. Topic: Effects of innovation policy measures on industry-science interactions.  

• 15-16.11.2018. 8th Annual International Academic Conference ‘Foresight and STI Policy’, 

Moscow, Russia. Topic:  Heterogeneity of barriers to industry-PRO interactions. 

• 17-19.10.2018. Technology Transfer Society Conference, Valencia, Spain. Topic: 

Geographical configuration of cooperative innovation networks: empirical evidence from 

Russian manufacturing (together with Roud V.). 

• 10-13.04.2018. XIX April International Academic Conference on Economic and Social 

Development, Moscow, Russia. Topic: Determinants of innovation networking strategy: 

Choice of channels, geographical proximity and duration (together with Roud V.). 

• 11-13.10.2017. 15th International Globelics Conference, Athens, Greece. Topic: Empirical 

Study of Industry-Science Linkages in the Russian Manufacturing Sector (together with 

Roud V.). 

The thesis research results were discussed during a research internship at the Organisation 

for Economic Co-operation and Development (Paris, France) in June-July 2019. 

The main results were included in the ISSEK reports on research projects funded by the 

HSE Program of Fundamental Studies: “Measuring and modeling innovation in the context of 

evidence-based policymaking” (2020); “Measuring and modeling patterns of innovation activities: 

heterogeneity of actors” (2019); “Measuring and modeling patterns of innovation activities” 

(2018). 

The thesis research results were used for educational purposes during the courses 

“Measurement of Science, Technology and Innovation” and “Economics of Innovation” (Master’s 

Program “Governance of Science, Technology and Innovation”, ISSEK, NRU HSE), as well as by 

other teachers of the program. 

Some results were also published as information and analytical materials, for example, in 

the weekly information and statistical bulletins of ISSEK. 
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Appendix A. Determinants of industry-science cooperation in innovation 
    A. Bivariate probit model: fact of cooperation B. Multinomial logit model (marginal effects): mode of interaction 

  Universities R&D organizations No cooperation S&T services New-to-firm 
innovation 

New-to-market 
innovation 

G
en

er
al

 c
ha

ra
ct

er
is

tic
s 

Size 0.101** 0.096** -0.035*** 0.016 0.016*** 0.002 
(0.044) (0.045) (0.013) (0.011) (0.006) (0.002) 

Newly established -0.495 -1.031*** 0.133** -0.073 -0.048*** -0.012 
(0.305) (0.395) (0.053) (0.049) (0.017) (0.008) 

Foreign stakeholders 
participation 

-0.241 -0.171 0.116*** -0.088** -0.027 -0.001 
(0.227) (0.231) (0.045) (0.036) (0.018) (0.009) 

State ownership 0.300* 0.166 -0.061 0.065 -0.005 0.001 
(0.167) (0.166) (0.060) (0.054) (0.019) (0.008) 

Low return on sales 0.160 -0.0739 -0.019 -0.026 0.043 0.003 
(0.158) (0.160) (0.048) (0.039) (0.028) (0.009) 

High return on sales 0.127 0.0515 -0.049 0.055 -0.002 -0.004 
(0.147) (0.147) (0.044) (0.037) (0.021) (0.008) 

Base level: Negative returns             
Sector:                                                                                                                                                                                                        

High-tech 0.742*** 0.892*** -0.320*** 0.155** 0.087* 0.077* 
(0.186) (0.186) (0.074) (0.069) (0.047) (0.044) 

Medium high-tech 0.518*** 0.438*** -0.203*** 0.149*** 0.019 0.036 
(0.157) (0.158) (0.057) (0.051) (0.027) (0.023) 

Medium low-tech 0.357** 0.0390 -0.0905 0.009 0.015 0.066* 
(0.160) (0.168) (0.056) (0.043) (0.026) (0.035) 

  Base level: Low-tech             

Le
ve

l o
f c

om
pe

tit
io

n 

Market structure:                                                                                                                                                                                            

Monopoly 0.0649 -0.128 0.032 -0.062* 0.008 0.023 
(0.149) (0.156) (0.044) (0.032) (0.022) (0.015) 

Oligopoly 0.0547 0.129 -0.017 0.007 -0.003 0.013 
(0.126) (0.128) (0.038) (0.032) (0.017) (0.010) 

Base level: Competitive market   
Priority markets:                                                                                                                                                                  

Base level: Local   

Regional 0.0167 0.341 -0.073 0.096 -0.021 -0.002 
(0.261) (0.313) (0.093) (0.089) (0.032) (0.020) 

National 0.322 0.769*** -0.182** 0.131* 0.025 0.026 
(0.243) (0.295) (0.078) (0.071) (0.037) (0.025) 

International 0.415 0.684** -0.238** 0.192* 0.017 0.029 
(0.266) (0.315) (0.109) (0.110) (0.046) (0.042) 

Te
ch

no
lo

gi
ca

l o
pp

or
tu

ni
tie

s 

Innovation expenditure intensity (share in total turnover):                                                                                                                                                                                                                                                                                                                                                    

High   0.110 0.0760 0.028 -0.046 -0.010 0.028 
(0.192) (0.200) (0.056) (0.043) (0.024) (0.021) 

Medium 0.0468 0.291* -0.081 0.051 0.033 -0.003 
(0.153) (0.156) (0.049) (0.042) (0.025) (0.008) 

Low  -0.0008 0.0154 -0.013 0.019 -0.002 -0.005 
(0.155) (0.162) (0.048) (0.042) (0.021) (0.008) 

Base level: no costs             

Continuous R&D -0.0022 -0.0784 0.035 -0.062** 0.002 0.024** 
(0.123) (0.127) (0.037) (0.031) (0.017) (0.011) 

Recognized as important:  

Product innovation -0.159 -0.161 0.062 -0.063 0.009 -0.008 
(0.156) (0.160) (0.052) (0.047) (0.020) (0.011) 

Process innovation -0.0306 -0.0818 0.0005 0.003 -0.006 0.004 
(0.158) (0.158) (0.047) (0.039) (0.023) (0.009) 

Longer innovation horizon:  

Product innovation 0.0968 -0.114 0.014 -0.019 0.003 0.003 
(0.151) (0.159) (0.046) (0.037) (0.020) (0.008) 

Process innovation 0.154 0.208 -0.042 0.045 0.005 -0.008 
(0.160) (0.162) (0.053) (0.046) (0.022) (0.007) 

A
bs

or
pt

iv
e 

ca
pa

ci
ty

 Highly qualified staff 0.003 0.002 -0.0005 0.0007 -0.0002 0.0001 
-0.0024 -0.0024 (0.001) (0.0006) (0.0003) (0.0001) 

Innovation culture for external 
cooperation 

0.288** 0.191 -0.084** 0.035 0.033* 0.016* 
(0.121) (0.125) (0.039) (0.033) (0.019) (0.009) 

Standard procedures for 
external cooperation  

0.170 -0.191 -0.007 0.011 -0.002 -0.002 
(0.122) (0.129) (0.038) (0.033) (0.016) (0.007) 

Innovation culture for internal 
cooperation 

-0.026 -0.023 0.016 0.011 -0.025 -0.002 
(0.115) (0.117) (0.035) (0.030) (0.015) (0.006) 

Recognition of own effort 
during cooperation 

-0.663*** -0.358*** 0.156*** -0.067** -0.064*** -0.024** 
(0.111) (0.114) (0.038) (0.031) (0.021) (0.011) 

A
pp

ro
pr

ia
bi

lit
y 

co
nd

iti
on

s Methods of intellectual property protection: 

Formal 0.365*** 0.153 -0.056 0.034 0.007 0.015* 
(0.128) (0.130) (0.037) (0.031) (0.017) (0.008) 

Informal 0.301** 0.431*** -0.129*** 0.105*** 0.012 0.012* 
(0.124) (0.129) (0.037) (0.030) (0.015) (0.007) 

Pu
bl

ic
 su

pp
or

t Public support measures: 

Horizontal 0.213 0.0945 -0.0901** 0.060 0.024 0.006 
(0.135) (0.138) (0.047) (0.039) (0.021) (0.008) 

Targeted -0.098 0.080 0.021 -0.036 0.009 0.005 
(0.136) (0.137) (0.040) (0.033) (0.019) (0.008) 

Networking 0.277 0.308 -0.094 0.011 0.089* -0.007 
(0.190) (0.189) (0.071) (0.052) (0.047) (0.006) 

  Constant -2.294*** -2.457***         

    (0.356) (0.399)         
Number of observations 805 805 
LogL -650.123 -591.773 
Likelihood-ratio test chi2(1) = 82.188      Prob >chi2 = 0.000 chi2(150) = 415.98      Prob >chi2 = 0.000 
Cross-equation error correlation (ρ) 0.722*** (0.0867) - 
Pseudo R2 - 0.2601 

* significant at 10%; ** significant at 5%; *** significant at 1% 
Standard errors in parentheses 
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