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Abstract

:

The main objective of the research was to identify the synergistic effects in the area of commercialization of the networking of research institutes in Poland following a radical reform of the functioning of the national innovation system. This goal was pursued using the example of the Łukasiewicz Research Network, which brings together some of Poland’s existing research institutes under the four pillars of the modern economy: (1) smart and clean mobility, (2) digital transformation, (3) health, and (4) sustainable economy and energy. Thus, the article attempts to answer the following research questions: What were the circumstances behind the networking of Polish research institutes, how did this networking take place, and what results in the area of commercialization have been achieved so far? The research conducted in this article showed that the institutes affiliated with the “digital transformation” group achieved the following successes in the first integration phase: (1) an increase in the share of revenue from the commercialization of research results as a basis for assessing the effectiveness of the use of scientific and research potential for strengthening innovation (in five of the six institutes researched) and (2) an increase in sales revenue (in three of the six institutes).
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1. Introduction


Open innovation in business theory and practice is treated as a driving force of modern enterprises and economies. Its advantage over traditional innovations is due to the economies of scale of acquired knowledge and synergistic effects obtained through parallel cooperation of many organizations [1]. Thus, the transfer of new achievements, research results, and technologies takes place on a larger scale, and its pace is significantly accelerated. The beneficiaries of open innovation then become not only individual companies but also local and regional communities and entire economies [2].



Access to and development of open innovation is important not only from an economic and competitive point of view. It also makes it possible to significantly improve the quality of life, which, in the conditions of a growing population and depletion of natural resources, is crucial for the well-being of future generations. Indeed, open innovation promotes sustainable development, including the creation of pro-environmental and prosocial solutions [3,4,5,6].



The open innovation generated by the unrestricted exchange of knowledge and experience also provides valuable support in the fight against economic crises, as recent observations related to the COVID-19 pandemic confirm [7,8,9,10,11]. Indeed, countering epidemic threats of such magnitude would not be possible without close international cooperation between science and business.



Given the multiplicity and diversity of micro- and macrobenefits associated with the development of open innovation, theorists and practitioners are constantly looking for ways to improve the transfer and diffusion of knowledge and technology. In this context, both the efficiency and effectiveness of the individual actors responsible for creating open innovation and the quality of the relationships linking these actors are important. For these reasons, this article analyzed the motives, course, and synergistic effects of the networking of research institutes as organizations supporting knowledge and technology transfer in the economy.



Research conducted in the area of business–science ties for open innovation is most often conducted in relation to universities and the entities they set up, such as spin-offs or technology or business incubators [12]. Research institutes receive far less attention. Meanwhile, due to the purely research-based nature of their activities, they are organizations that can and should play an important role in strengthening open innovation. This is because the essence of their activities and mission is to conduct scientific research, disseminate the results of research and development work, and create new knowledge and technologies transferred to the socioeconomic environment.



The considerations and analysis in the article apply to the Polish economy. This geographical context of the article primarily justifies the need to expand the territorial scope of research on open innovation. According to the bibliometric analyses by Baierle et al. [13], these studies have so far referred mainly to China, the United States, and Spain. Far less attention has been paid to less-developed economies, for which access to and development of open innovation can become an opportunity for more dynamic technological progress and narrowing the competitive gap.



An additional rationale for the research undertaken in the article is the relatively low innovativeness of the Polish economy, which requires urgent action to improve it. In the 2021 European Innovation Scoreboard [14], Poland was ranked only 23rd among 27 European countries. It was followed only by Latvia, Bulgaria, and Romania, economies classified as emerging. Therefore, it is important to take a look at the functioning of the innovation support system in countries with far less resource potential and experience in knowledge and technology transfer [15].



In Poland, for many years, attempts have been made to efficiently transfer knowledge between science and the socioeconomic environment. However, they are not fully effective. The research conducted by the Supreme Audit Office showed that research institutes do not use their potential [16,17]. Few of them establish cooperation with business and conduct implementation activities, despite the fact that this is their primary goal [18]. Although the number of patents is growing, only 20% of them are used in practice. Whereas in developed economies, the number of implemented patents reaches 50%. Moreover, the financial audit showed that research institutes are not looking for external sources of funding and are increasingly dependent on funding from the public budget. This causes stagnation in knowledge transfer and limits innovation. It also raises the question of the legitimacy of the existence of publicly funded institutions that poorly support Polish innovation [19].



In the context of the presented circumstances, the assessment of changes in the functioning of research institutes is desirable and justified by practical and theoretical premises. Therefore, the main objective of the research was to identify the synergistic effects of the networking of research institutes in Poland following a radical reform of the functioning of the national innovation system. This reform targeted increasing the scope of dissemination and commercialization of scientific research results and making research institutes independent (independent of public funding). This goal was pursued using the example of the Łukasiewicz Research Network, which brings together some of Poland’s existing research institutes under the four pillars of the modern economy: (1) smart and clean mobility, (2) digital transformation, (3) health, and (4) sustainable economy and energy. Thus, the article attempts to answer the following research questions: What were the circumstances behind the networking of Polish research institutes, how did this networking take place, and what results in the area of commercialization have been achieved so far?



To achieve such a goal, the research presented, in turn, the characteristics of innovation in the Polish economy, rationale and genesis of the networking of research institutes in Poland, and results of this process to date.



The results of the research tentatively confirm the effectiveness of the concentration and specialization measures carried out in the analyzed group, and indicate the positive synergistic effects of networking. Nevertheless, they also imply the need for comparative analyses with regard to both institutes operating outside the network and those operating in other geographic areas and industries. They should also be monitored on an ongoing basis over the long term, considering the sources of risk associated with their near and far environment.



The research carried out supplements the concept of open innovation with conclusions regarding



	
The role of research institutes in creating innovation;



	
Possible paths for the development of research institutes in the national innovation system;



	
Filling of the research gap in the field of financial effectiveness of reforming and networking of institutes in Poland;



	
Analysis of the impact of networking of research institutes on the intensity of their relations with the business environment;



	
Assessment of the legitimacy of creating research networks to strengthen knowledge transfer and innovation;



	
Directions for the development of open innovation in emerging and developing economies.







2. Literature Studies


2.1. The Essence and Determinants of Open Innovation in the Economy


The concept of open innovation emerged in response to the need to unleash additional creativity and entrepreneurship, and its development was and is linked to the fourth industrial revolution. In open innovation, new knowledge and technologies become widely available, and the intensive flow of knowledge from many external sources accelerates the process of creating innovation in an organization [20,21,22,23]. This is supported by the research of Chae et al. who noted that companies enjoying the benefits of open innovation are able to produce an above-average number of new, unique products and/or processes [24].



Previous research also showed that the development of open innovation is positively influenced by the lack of licensing requirements, which makes knowledge and technology widely available, and anyone can use it in their own creativity and entrepreneurship. A stimulant of open innovation is also the high mobility of capital. This is because innovation requires significant capital investment, which is not always available to a single company or institution. Quick and efficient access to cumulative sources of funding, therefore, facilitates and accelerates the emergence and implementation of open innovation [25].



Also important in the diffusion of innovations is the internationalization of industry and the economy, which is a source of knowledge and technology inputs at the national level, in addition to being a transfer channel for the results of local research, patents, or technologies [26,27,28]. Similarly, the development of open innovation is influenced by the sharing economy, in which ideas, knowledge, and goods and services are shared by many entities, which drives economies of scale and synergies.



The determinants of open innovation indicated above are in the nature of certain static resource or regulatory conditions. Furthermore, systemic network determinants are also important [29,30]. This is because the diffusion of innovation requires the existence of transfer channels and entities that are carriers of knowledge and technology. The density of this network and the intensity and quality of the interrelationships between the entities forming it will determine the scope and pace of development of open innovation [31,32,33,34,35,36,37]. Networking makes it possible to improve innovation capabilities, as confirmed by Almeida’s [38] research in the small- and medium-sized enterprise sector, despite the accompanying problems of knowledge integration and resource scarcity.



Network linkages for open innovation can take place in various dimensions in the following configurations:




	
Enterprise-to-enterprise, in the form of strategic alliances, joint ventures, or competitive partnerships [39,40,41];



	
Enterprise–science [42];



	
Enterprise and government [43];



	
Enterprise–local and regional community;



	
Enterprise–environmental organizations [44,45].








In addition, the above-mentioned links can form any interconnections, which lengthens the chain of cooperation and thickens the network in the thought of the idea of the fivefold helix, in which it is assumed that all economic stakeholders interact in the configuration business–science–government–society–environmentalists [46,47,48,49,50,51]. Such a relationship is not easy, but it allows optimal results to be achieved and guarantees the exchange of highly diverse knowledge and experience, fostering new ideas and creative solutions.



The following discussion focuses on the enterprise–science configuration. At the same time, this configuration is limited to research institutes, as entities less frequently analyzed in the context of open innovation, despite the fact that they are mainly established to strengthen it, as opposed to universities, which also perform an educational function.




2.2. The Role of Scientific and Research Institutions in Developing and Strengthening Open Innovation


As already mentioned, cooperation for open innovation in the enterprise–science configuration can take place through universities and research institutes. At the same time, an important aspect of cooperation between science and the socioeconomic environment is its coordination by the state generally responsible for the science and education sector of the economy. This is because past research showed that government action within the national innovation system makes knowledge and technology transfer more effective and strengthens open innovation [52,53,54,55].



Universities, due to the dichotomous nature of their activities mentioned in the introduction, often take steps to strengthen the diffusion of knowledge and technology by establishing intermediary entities between academia and business [56,57,58,59]. Technology incubators are an example of such an entity. A study by Rakthai et al. found that the activities of incubators at universities positively affect the innovative capacity and entrepreneurial performance of enterprises that benefited from their activities [60]. Incubators allow companies to systematically acquire knowledge and skills and transfer them further to the business community [61,62].



The participation of university academics in collaborative research projects with industry also contributes to the transfer and diffusion of knowledge and technology, as clearly confirmed by a study conducted in the Portuguese defense industry by Simões et al. [63]. They showed that cooperation in the configuration company–university–government not only is useful in the context of strengthening open innovation but also can have a beneficial effect on the structure and operation of the entire industry by balancing the influence of the various stakeholders on its functioning.



Alvarez-Meaza et al. [64] also emphasized that in creating open innovation on the line between science–business and other stakeholders, an important function is played by … them from universities is that they perform only a research function in the economy, and their main task is to conduct research on new knowledge and technologies. As a rule, their activities are financed by public funds and subsidized by the private sector as a result of the commercialization of R&D results.



A study by Ko et al. showed that the strength and extent of technology transfer in state research institutes (which are subjectively complementary to the science sector in the economy) is largely dependent on their main strategic goals that are synthetically reflected in their mission [65]. Thus, in institutes with a very general mission operating within basic science and focused on the development of publications and patent applications, technology transfer is most strongly dependent on the number of employees. In institutes with an infrastructure development focus, the extent and strength of technology transfer is most strongly influenced by the number of patents held and the number of employees working in the technology licensing office. The latter determinant also positively affects technology transfer and commercialization revenues in Korean industrialization-oriented institutes. The results of this research indicate the great importance of specialized human resources in the process of technology diffusion and commercialization of research results. It also appears that the specialization of institutes reflected in the adopted mission is conducive to strengthening innovation directly reflected in the scope and scale of technology transfer.



The above conclusion is also supported by the findings of Zhang and Wang, who looked for a stimulant of network innovation. The results of their analysis show that technological proximity has the greatest impact on the diffusion of innovation in the network, allowing better communication and understanding of partners and allowing closer matching of needs, competencies, and skills. Organizational and temporal proximities are also important determinants of open innovation but are far less important compared with technological proximity [66].



Networking of research institutions increases the density and frequency of the links between cooperating organizations. This, in turn, enables knowledge and technology transfer on a bigger scale, which fosters creativity and entrepreneurship that are inevitable in the process of innovation creation. However, Pan et al. paid attention to the proper choice of the thematic structure of the network, so that the exchanged knowledge and experiences are not substitutable and therefore conducive to new, unfamiliar solutions [67]. The positive impact of networks on innovation potential and the effects in the form of more technological innovation were also emphasized by Liu. Moreover, his research showed that the learning process is faster and more effective in network structures [68]. In turn, Beck et al. concluded that there is a faster and wider dissemination of research results in a network, which serves the development of open innovation, as knowledge becomes widely available and can contribute to subsequent innovation activities [69].



Being part of a research network can also reduce the risk involved in innovation, which is a significant benefit of cooperation. As we know, innovation as a new venture is associated with a higher level of risk than ordinary investment [70,71,72,73,74,75,76,77]. Distribution of risks and their potential effects among partners operating in a network reduces risk aversion and allows individuals to reduce the scale of losses when risks are materialized. This is a significant determinant for both open innovations and the innovation of economy.




2.3. Innovativeness in the Research of Polish Researchers


In Poland research on innovativeness is mainly focused on enterprises and economy. In this context, the determinants of innovation, including the influence of human resources on the ability to create innovative products and services, are studied in particular [78,79,80,81]. In recent years, much attention has been paid to ecological innovations as a prerequisite for the Polish energy transition [82,83,84,85].



Research by Polish researchers, to date, shows that large manufacturing enterprises are the most innovative in Poland [86]. Small and medium enterprises are characterized by an average innovation potential and low ability to create innovation. It is also worth noting that in light of the research by Kraśnicka, those companies do not recognize major barriers to implementing innovation. This proves that they are not motivated or interested in implementing them [87].



Interesting and rare research on this subject was carried out inter alia by Okoń-Horodyńska et al. The authors identified the influence of sex on the process of innovation creation. The results obtained show that women find the ability to take decisions to be the most important determinant of innovativeness. In turn, what men appreciate most is the ability to learn and build on existing knowledge. Both groups give the same significance to the need to focus on tasks [88].



The literature and research also pay a lot of attention to the innovativeness of the Polish economy mainly due to its already mentioned low level. Therefore, the research by Gajda showed that only 18% of Polish manufacturing enterprises and 12% of service providers take up innovative activities. Small and medium enterprises are hardly interested in innovation at all. Additionally, the structure of Polish economy is dominated by a traditional sector manufacturing low-processed products. In the above context, the author pointed out the need to increase the involvement of researchers in practical research activities and to bring the science and business sectors closer together [89].



However, it must be mentioned that the effects of increasing R&D investments are not satisfactory. The research by Kansy showed that they do not translate into better ratings for the innovativeness of the Polish economy against the European Union. The reason for this is the low level of utilization of research in practice and undemanding labor market not conducive to the development of advanced professional skills [90].



Similar conclusions were drawn by Kowalik. Among the reasons for the low innovativeness of the Polish economy, he identified



	
Underdeveloped commercialization of research results;



	
Low interest of research institutions in cooperation with business;



	
Lack of information about new technologies [91].






The above circumstances indicate poor effectiveness of scientific and research institutions in Poland and an urgent need to effectively reform them.



Ciborowski and Grabowiecki pointed to the need for institutional changes in the Polish scientific and research system. According to the authors, it is inefficient and unsuited to a market economy, which is one of the main reasons for low innovativeness of Polish economy [92].



Despite the above weaknesses, the literature gives little attention to the relationship between the science sector and business. Moreover, significant part of these publications was created before 2015 [93,94,95]. One of the more recent and comprehensive works in this area is the monograph by Gryzik, which is entirely devoted to the role of research institutes in the modern economy. The author highlighted the need to prepare mechanisms to promote knowledge and technology transfer in order to increase the scope of commercialization or research results. Without measures in this area, the institutes will not effectively support innovation in the Polish economy [96].



In the light of the above conclusions, there is a repeatedly stressed need to monitor the activities of research institutes in Poland in the context of not only patents or publications (in which the number is increasing but are used in practice to a very little extent) but also cooperation with business. The tangible result of such cooperation is revenue, especially commercialization revenue, to which the considerations presented later in this article are devoted.





3. Materials and Methods


3.1. Problems, Objectives, and Research Steps


As shown in the literature review, the need to analyze the effectiveness of functioning of networked research institutes in the context of research results commercialization stems from



	
Small number of publications describing the effects of research institutes networks;



	
Focus by researchers on the innovativeness of enterprises and economy;



	
The need to reduce the innovation gap between developing and developed economies;



	
Unsatisfactory level of cooperation between Polish science and business;



	
The need to improve the effectiveness of Polish publicly funded scientific and research system.






As the most serious obstacle to the development of innovation in Poland is the lack of tangible effects of cooperation with business, the paper mainly focused on the financial dimension of this cooperation, which is reflected in the total and commercialization revenues. The number of contracts, publications, and patents was not studied and analyzed because previous research clearly showed that they are evidentiary in nature and do not contribute to improving the innovativeness of the Polish economy.



Moreover, the main aim of networking research institutes is to make them financially independent and to relieve the public budget and improve public efficiency. Thus, the main focus of the paper was the financial dimension of the analyzed data. Such a context is addressed far less frequently in the literature on the subject, and, as such, the research findings fill a research gap that exists in this area.



In the course of the research, the following question was asked: What were the circumstances behind the networking of Polish research institutes, how did this networking take place, and what results in the area of commercialization have been achieved so far? The main objective of the research was to identify the synergistic effects of the networking of research institutes in Poland following a radical reform of the functioning of the national innovation system.



To achieve such a goal, the first stage of the research presented the circumstances and rationale for the establishment of the Łukasiewicz Research Network, with particular emphasis on the recent assessment of the innovativeness of the Polish economy.



In the second research stage, one of the groups of research institutes forming the Łukasiewicz Research Network was selected for analysis. In the end, the research sample included six units engaged in digital transformation. In assessing the effects of their networking, their financial results obtained in 2019 (before integration) and 2020 (just after integration) were used.




3.2. Information Sources and Research Methods


In the process of evaluating the synergistic effects of the networking of research institutes in Poland, a multiple case study involving six research institutes operating within the established network in one subject group was used. This method allows for a detailed look at a given unit and a more in-depth causal analysis than statistical quantitative studies. However, its disadvantage is the lack of representativeness of the sample and the possibility of generalizing the results to the population.



The assessment used data included in the European Innovation Scoreboard [14] on assessing the innovativeness of the Polish economy, source materials describing the functioning of the Łukasiewicz Research Network, and financial statements of the analyzed research institutes made available by the Polish Ministry of Finance [97]. The studied research institutes publish their financial data in annual financial statements. The data on revenue come from the profit-and-loss account. Data on the assets are represented in the balance sheet. All the above sources are publicly available and can be used to conduct a financial analysis to assess the effectiveness of cooperation of the studied institutes with the social and economic environment.



When evaluating the effects of cross-linking, we used the following:




	
Change in the volume of total revenues reflecting the scale of improvement or deterioration in the ability to attract economic partners and the level of effectiveness in providing sources to cover the institute’s costs;



	
Change in the share of commercialization revenues in total revenues documenting the real interest of the business environment in the institute’s research offerings and illustrating its level of financial independence;



	
Change in the net income showing the impact of integration on the absolute result of operations;



	
Return on net assets (ROA), calculated as the ratio of the financial result to the institute’s assets, illustrating the efficiency of the use of material resources held by the surveyed units.








The aforementioned changes were calculated for the period 2019–2020. The 2019 results still reflected the individual strategies of the surveyed institutes. The 2020 results were already fully worked out in the Łukasiewicz Research Network. The comparison allowed a preliminary estimate of the benefits of networking in the immediate post-integration phase.





4. Results


4.1. Causes and Circumstances of Networking of Research Institutes in Poland


As already mentioned in the introduction, in the latest European innovation ranking, Poland was ranked among moderate innovators at the end of the published European Innovation Scoreboard 2021 [14]. In the assessment of innovativeness proposed by the European Union, four assessment groups are considered with the following indicators:




	
Framework conditions (human resources: new doctorate graduates (STEM) (% share) and population with tertiary education (% share); attractive research systems: international scientific copublications per million population, top 10% most cited publications (% share), foreign doctorate students (% share); digitalization: broadband penetration (% share), individuals who have above basic overall digital skills (% share));



	
Investments (finance and support: R&D expenditures public sector (% of GDP), venture capital expenditures (% of GDP), direct government funding and government tax support for business R&D; firm investments: R&D expenditures business sector (% of GDP), non-R&D innovation expenditures (% of turnover), innovation expenditure per person employed; use of information technologies: enterprises providing training to develop or upgrade ICT skills of their personnel (% share), employed ICT specialists (% of total employment));



	
Innovation activities (innovators: SMEs with product innovations (% share), SMEs with business process innovations (% share); linkages: innovative SMEs collaborating with others (% share), public–private copublications per million population, job-to-job mobility of human resources in science and technology (% share); intellectual assets: PCT patent applications per billion GDP (in PPS), trademark applications per billion GDP (in PPS), design applications per billion GDP (in PPS));



	
Impacts (employment impacts: employment in knowledge-intensive activities (% share), employment in innovative enterprises (% share); sales impacts: medium- and high-tech product exports (% share), knowledge-intensive services exports (% share), sales of new or improved products ("product innovations") (% of turnover); environmental sustainability: resource productivity (measured as domestic material consumption (DMC) in relation to GDP), air emissions by fine particulate matter (PM2.5) in industry development of environment-related technologies).








The overall score for Polish innovation was 58.5, whereas the EU average was 65.9. The results obtained in each evaluation category are shown in Figure 1.



Poland scored the highest in the following categories:




	
Intellectual assets (patent applications, trademark applications, and design applications);



	
Digitalization (broadband penetration and people with above basic overall digital skills);



	
Use of information technologies (enterprises providing ICT training and employed ICT specialists).








However, it should be added that only in the case of the first criterion mentioned above did Poland manage to surpass the EU average. It is also worth referring to the information already given in the literature review that, despite the increasing number of patents, they are not being implemented and used in practice. Moreover, they are rarely of international nature. In all other categories, Poland’s rating was lower than the average for EU countries, and in the case of digitalization, mentioned above as the second, Poland’s distance from the EU average was the largest, amounting to more than 38% (Figure 2).



In addition to the aforementioned digitalization, Poland also has a lot of catching up to do in the innovators category relating to product and process innovations created in the SME sector, as well as in linkages covering the cooperation between innovative SMEs and the business environment, public–private publishing, and labor mobility.



As highlighted in the introduction, the scientific and research sector, which is made up of universities and other research units, is responsible for knowledge and technology transfer in the economy. Given the far lower number of publications devoted to other institutions in this sector, the remainder of this article undertakes a study of research institutes in Poland, including the authorities’ efforts to reform them aimed at strengthening innovation in Poland.



The activities of research institutes in Poland are regulated by the Act of 30 April 2010 on research institutes [98]. According to the provisions contained therein, a research institute is a state organizational unit, legally, organizationally, economically, and financially separate, which conducts scientific research and development work aimed at their implementation and application in practice. The basic activities of the institute include



	(1)

	
Conducting scientific R&D;




	(2)

	
Adapting the R&D results to the needs of practice;




	(3)

	
Implementing the R&D results.







According to the above, the idea behind the existence of research institutes is to conduct research and transfer knowledge and technology to the socioeconomic environment, so they should be entities working to strengthen innovation, including that of an open nature.



Currently, in Poland, research institutes can function in the following groups:




	
Units subordinate to ministries (the type of ministry depends on the profile of the institute);



	
Units operating within the Polish Academy of Sciences (the so-called institutes of the Polish Academy of Sciences);



	
Units operating as part of the Łukasiewicz Research Network, which was established in April 2019.








This article focused its considerations on the last of the above-mentioned groups. The main objective of the Łukasiewicz Research Network is to conduct research work that is crucial to the country and to commercialize its results. Furthermore, the goal of the network is to support the economic policy of the country, particularly by making forecasts of trends and effects of technological changes that can have a strong impact on society and its development, as well as analyses of the current state of technology for the purposes of public policies [99]. We should also add that the creation of the Łukasiewicz Research Network is a response to the need to support public administration with highly specialized expertise, especially in areas related to modern technologies.



Beside their core activities, institutes can also produce unique research apparatus and unique materials; conduct metrology, standardization, and certification activities; develop prototypes of new technological solutions; conduct courses and personnel training for the economy; and, if necessary, conduct other activities related to their nature. An important aspect of the functioning of the institutes is their activity for the benefit of society, so among the tasks of the institutes is also the popularization of science and knowledge of new technologies [100].



Accordingly, the Łukasiewicz Research Network is designed to integrate the innovation potential inherent in individual institutes and thereby strengthen the Polish economy. The economies of scale (synergies) resulting from such integration include



	
Joint use of knowledge and resources;



	
Increased power to influence the environment and attract business partners;



	
Joint marketing campaign with increased scale and unified media coverage;



	
Exchange and transfer of knowledge and experience within the network;



	
Joint dissemination of technology and popularization of science;



	
Enhanced resilience against operational risks and external threats.






In the context of the desired effects of integration defined in this way, the networking of research institutes in Poland should also contribute to the development of open innovation by taking advantage of the internal exchange of knowledge and technology in the network and the popularization and dissemination of its achievements in the socioeconomic environment.



Currently, the network includes 26 research institutes located in 12 different cities in Poland offering solutions in the areas of automation, chemistry, biomedicine, ICT, materials, and advanced manufacturing. The Łukasiewicz Research Network is the third largest group of research institutes in Europe after Germany’s Fraunhofer Sieve and France’s CARNOT network.



These institutes have been divided into four thematic groups applicable to the following key areas of development of the Polish economy:




	
Smart and clean mobility (technologies related to the design, manufacture, production, characterization, and use of logistics infrastructure and vehicles);



	
Digital transformation (technologies for automation and robotics, artificial intelligence and data science, as well as in the area of smart cities and sensor networks);



	
Health (technologies for diagnostics and therapeutics, the manufacture of medicinal products and medical apparatus and technology);



	
Sustainable economy and energy (technologies for raw material extraction, waste and wastewater treatment, eco-design of processes and products in the pulp and paper and packaging industries, and production of composite and biodegradable materials) [101,102].








The research included institutes in the group representing digital transformation. This group is most strongly associated with innovation, including mainly IT and ICT technologies. The characteristics of the researched entities are shown in Table 1.



From the characteristics presented in Table 1, it is clear that the research institutes in the digital transformation group are united by their use of information and ICT technologies. However, they are used for very different purposes, and their recipients are very diverse economic sectors, from traditional ones such as natural resource exploration to more modern ones such as medicine, energy, and Industry 4.0.




4.2. Effects of Networking of Research Institutes in Poland in the Area of Commercialization


As already mentioned, the effects of networking of the surveyed institutes were evaluated in detail in terms of the sales revenue achieved, the share of revenue from commercialization, and holistically in terms of the financial result achieved and the profitability of the assets used.



The results of the first research perspective are shown in Figure 3 and Figure 4.



As shown in Figure 3, three of the six institutes researched saw their sales revenues increase overall in 2019–2020, which should be positively viewed, as 2020 is the year the COVID-19 pandemic begins, an extremely difficult year for the institutes themselves and their principals. Despite the very unfavorable economic climate, half of the institutes managed to improve the efficiency of their operational activities compared with 2019. However, the scale of the growth achieved greatly varied, ranging from 1.66% to over 31%. The leaders of the list were undoubtedly the Institute of Medical Technology and Equipment ITAM and the Institute of Innovative Technologies EMAG, i.e., units located in rapidly growing sectors of the economy, such as medicine, IT, and energy. In the case of the ITAM, the COVID-19 pandemic and the associated increase in the demand for medical devices and telemedicine services certainly became the stimulants of the observed, very favorable changes in revenues.



The Institute of Microelectronics and Photonics fared worst in assessing changes in sales revenue, with a more than fourfold reduction in revenue from core activities. Revenues also declined at the Institute of Exploration Technology (by more than 6%) and the Tele and Radio Research Institute (less than 1%). These are the more traditional units directly related to manufacturing companies, which, in turn, were very adversely affected by the pandemic and the subsequent lockdowns and reduced associated market demand.



Interestingly, both the EMAG and ITAM significantly increased the share of commercialization revenues in total revenues (Figure 4) after joining the Łukasiewicz Research Network. At the ITAM, the change was 21.30%, and at the EMAG, it was 8.15%. In the next three researched units, the share of revenue from commercialization of research results also increased, which gives a positive view of the effects of their networking. The increase in this share in the Industrial Research Institute for Automation and Measurements PIAP, Tele and Radio Research Institute, and Institute of Exploration Technology was admittedly only 1–2%, but we must emphasize that these units were already characterized by significant financial independence in 2019, manifested in the high value of revenues generated from cooperation with the socioeconomic environment. The record holder in this regard in both analyzed periods was the Industrial Research Institute for Automation and Measurements PIAP, where the share of revenues from commercialization ranged from 42% to over 48%.



The Institute of Microelectronics and Photonics had the lowest share of commercialization revenue in total revenue. This unit—as the only one among the respondents—also recorded a decrease in the mentioned share of total revenue, which may have also contributed to the decrease in the total revenue identified in the first part of this analysis.



The above observations allow us to conclude that the increase in the share of commercialization revenues in total revenues had a positive effect on the growth of total revenues, thus strengthening the financial independence of the institutes researched.



The results obtained in the second research perspective relating to changes in net income and return on assets are shown in Figure 5 and Figure 6, respectively.



According to the results obtained (Figure 5), the increase in sales revenue and the dynamically increasing share of commercialization revenue in total revenue positively influenced the improvement of the financial result at the ITAM, EMAG, as well as PIAP. These institutes significantly improved their financial result compared with 2020. Despite the decrease in sales revenue, the net financial result also managed to improve at the Tele and Radio Research Institute. The most difficult situation occurred at the Institute of Microelectronics and Photonics and Institute of Exploration Technology, where production stoppages prevented the maximization of revenues and contacts with the industrial environment. Nevertheless, in the former institute, the deterioration of the financial result should be considered significant, more than seven times. Importantly, however, all of the institutes researched earned a net profit during the period under review, and therefore effectively operated, despite the economic crisis.



This is reflected in the positive profitability shown in Figure 6. In this comparison, the ITAM again led the way with a return on assets of more than 2%. A result above 1% was also achieved by the Tele and Radio Institute. The PIAP and EMAG could also boast ROA results better than in 2019. Return on assets most sharply declined at the Institute of Microelectronics and Photonics and Institute of Exploration Technology, which is in line with the results of previous analyses of changes in income and financial result of these units, and is due to their strong exposure to the economic consequences of the COVID-19 pandemic. However, it is worth adding once again that all the researched units effectively functioned and did not make losses, which means that they managed to both resist the crisis and at least partially realize the synergistic effects of operating in the Łukasiewicz Research Network. The findings obtained allow us to conclude that the networking of research institutes has safeguarded them—at least in part—from the risks associated with the economic crisis, confirming the beneficial impact of cooperation on risk reduction.





5. Discussion


Innovation and its openness require the inflow and transfer of knowledge from multiple sources [20,21,22,23]. In this context, the networking of scientific and research units promotes the multiplication of intellectual resources held and exchanged, and can therefore be a stimulant of innovation. The number of contacts between units and their business partners also creates favorable conditions for the popularization of scientific and research achievements, which, in turn, is a prerequisite for strengthening open innovation [24].



In network structures, it is also easier to access more capital resources and business contacts, which is one of the key determinants of open innovation [25]. The results of the research conducted in the article confirm this observation, as most of the researched units managed to increase commercialization revenues, and in half of them the level of total revenues increased. Nevertheless, it is worth adding that this process is more intensive in the case of institutes representing the most modern sectors of the economy.



Operating in a group also allows increasing international recognition [26,27,28], which in the case of the Łukasiewicz Research Network—the third largest in Europe—is important for the internationalization of knowledge and technology necessary in the process of improving innovation, so important for the Polish economy.



The research conducted also proved that operating in a network has allowed research institutes to reduce the risks associated with the economic crisis caused by the COVID-19 pandemic. The majority of the entities studied have, in fact, maintained profitability and even improved their previous financial performance. This confirms the positive influence of cooperation in a network on the reduction of risks associated with innovative activities [70].



It is also worth mentioning that the institutes under research—unlike universities—do not need to establish special additional intermediary entities for knowledge and technology transfer such as incubators or technology parks [60,61,62]. Their contacts with the socioeconomic environment are direct [104]. In addition, they are not engaged in educational activities, which allows them to focus their efforts on the commercialization of research results. This is an additional advantage in conducting innovation activities.



Focus on commercialization is an important dimension of the effectiveness of the studied network because, as shown by previous research, this is the weakest area of innovativeness of the Polish economy [89,90,91]. In the recent years, institutes have increased the number of patents and publications, but this is not reflected in new ideas and implementations. In the case of commercialization, we deal with real interest of business in solutions offered by research institutes because enterprises pay for specific knowledge or technology and therefore want to put it into practice. The results obtained from the assessment of the extent of commercialization in the network under study allow for a cautious, yet positive prognosis for the future cooperation of the network between science and the socioeconomic environment.



In light of the circumstances described above, the decision to establish the Łukasiewicz Research Network in Poland is fully justified and motivated not only by the practical considerations described but also by previous considerations and scientific research [29,30].



However, in the process of integration—which is important for the further development of the studied network—problems may arise related to the integration of knowledge and compatibility of the resources held [42]. For the studied group of units, this finding may be relevant because despite the common name of the group and their combined use of IT and ICT, they offer services and products to very different audiences, which may hinder the desired effects of networking. Meanwhile, studies by Ko et al. [65] and Zhang and Wang [66] unequivocally showed that the most significant determinant of innovation in a network of research institutes is technological proximity, which allows for better communication and understanding of partners and enables closer matching of needs, competencies, and skills.



The different degree of development of institutes associated with traditional and modern industries may also be a problem. This is already evident at the current stage of integration and manifests itself in different rates of revenue growth and resilience to economic crises. Meanwhile, as emphasized in the literature [31,32,33,34,35,36,37], the intensity and scale of contacts of networked units determine the rate of improvement of innovation and the degree of their openness.



In the context of the establishment and operation of the Łukasiewicz Research Network, it is also worth emphasizing the extension of the chain of relations, which is no longer mainly limited to institute–business contact [42] but has been strengthened with an additional link, which is the state, and directly acting for the development of the Polish economy [43]. Given previous research results, such an extension of cooperation is beneficial and desirable for the development of open innovation and takes place in accordance with the triple economic helix within the national innovation system [52,53,54,55].



In the future, it would certainly be worthwhile to expand it to include other links, i.e., society and environmental organizations in accordance with the concept of the fivefold helix [46,47,48,49,50,51]. According to research, such cooperation not only allows strengthening innovation but also contributes to balancing the influence of the various stakeholders on the development of the given industries in the economy [63].



As part of the development recommendations for the Network of Łukasiewicz Institutes and improvement of the above-mentioned cooperation with stakeholders, it would be worth pointing out the need to intensify activities related to the dissemination of knowledge, including, in particular, through modern communication channels available on the Internet. According to Sánchez-Teba et al., this is an attractive new medium for the diffusion of knowledge and technology [105].




6. Conclusions


The research conducted in this article showed that the institutes affiliated with the “digital transformation” group achieved the following successes in the first integration phase:




	
An increase in the share of revenue from the commercialization of research results as a basis for assessing the effectiveness of the use of scientific and research potential for strengthening innovation (in five of the six institutes researched);



	
An increase in sales revenue (in three of the six institutes);








Therefore, our conclusion may be that the networking of the institutes under research has had the desired effect of increasing their financial and research independence and reducing their exposure to external risks.



Observations on the performance of the group as a whole, in turn, allow us to formulate the following conclusions:




	
Networking effects are more pronounced in units operating in modern economic sectors such as medicine or energy than in sectors perceived as traditional (e.g., resource extraction, heavy industry);



	
Networking effects are determined by external factors of a conjunctural nature with the direction of their impact being either positive (e.g., ITAM—medical development in a pandemic) or negative (e.g., institutes related to industrial production in a pandemic);



	
Taking into account the increase or the lack of changes in revenues, it can be indirectly concluded that the network allowed to minimize the risk related to the economic crisis caused by COVID-19.








The networking of Polish research institutes and the establishment of the Łukasiewicz Research Network were intended to strengthen the innovativeness of the Polish economy by taking advantage of economies of scale. Its establishment may also contribute to the development of open innovation both in the exchange of knowledge, technology, and experience within the network itself and their popularization in the socioeconomic environment. Undoubtedly, the establishment of a large research center with many in-house units increases the visibility of Polish science and research at home and abroad, thus increasing the power of research institutes to influence the scientific and business community.



However, it is worth adding that the fulfillment of the above expectations set for the newly established network requires the creation and monitoring of specific conditions. The vision of an ideal research network should involve the key circumstances resulting from the current research on networking of research institutions and the need to eliminate Poland’s innovation weakness. Among these, first and foremost, we need to mention the intensification of the network’s relations with the business environment, finding a reflection in the commercialization and practical use of patents and results of scientific publications. The achievement of such an objective should also positively influence the financial and organizational independence of the research institutes and relieve the public sector and improve its efficiency. Without meeting the above conditions, it will not be possible to make the transfer of knowledge and the results of scientific research effective, which will make it impossible to improve the innovativeness of the Polish economy.



An ideal, meaning dense and complementary, research network can also support the open innovativeness through popularization of research results, successful implementations, and cooperation between science and business. It is also worth noting that joint science and industry ventures are a starting point for further research, publications, and more advanced inventions. Triggering a multiple feedback mechanism in a network is easier and can happen on a larger scale, which accelerates further ideas and actions and spreads knowledge and encourages learning.



It should be also added that a significant task for the newly created Polish research network is reaching the sector of small and medium enterprises, which—as found in previous research—show very little interest in innovations. The strength of the network’s impact and its internal diversity can be an important factor in encouraging SMEs to collaborate and motivating innovative activities.



The research did not analyze the ability of the institutes to develop patents. Nevertheless, due to the shortcomings of the Polish innovation system highlighted in the introduction, the newly created network should also pay attention to this aspect not only in the context of increasing their number but also, above all, in the context of their practical use and internationalization.



The network of institutes should gain more and more recognition in Polish business and in the international scientific community in the coming years. This is a necessary condition for its effectiveness and positive impact on Polish innovation.



Considering the low interest in innovations and the low motivation of enterprises to undertake them, it would also be worth carrying out educational activities increasing awareness of the importance of innovation for civilization, social, and, above all, economic development.



The results obtained are an original research contribution on the effects of networking of research units in the immediate post-integration phase in developing economies facing low or average innovation. In the case of the Polish economy, these results are promising for the further development of the Łukasiewicz Research Network and allow for a positive assessment of its potential to strengthen innovation, including intranetwork knowledge transfer and its dissemination in the socioeconomic environment.



The main research limitation in this case is the multiple case study and the short period of monitoring of the results of networking, which does not allow generalizing the research results. Furthermore, the analyzed integration effects are affected by a wide variety of factors (e.g., the COVID-19 pandemic), which makes it difficult to separate post-integration effects from those caused by external determinants. Nonetheless, the results obtained make it possible to partially fill the research gap related to the evaluation of post-integration results of the networking of scientific and research units.



Further research should target a comparative analysis of the effects of networking conducted in terms of time (for successive periods) and entity (in relation to other groups of units at home and abroad).
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Figure 1. Poland’s ranking as compared with EU’s average using particular innovativeness assessment criteria in European Innovation Scoreboard, 2021. 
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Figure 2. Poland’s gap to EU’s average using particular innovativeness assessment criteria in European Innovation Scoreboard, 2021. 
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Figure 3. Change in sales revenue at researched institutes over the period 2019–2020 [in %]. Source: [97]. 
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Figure 4. Share of commercialization revenue in total revenue of researched institutes between 2019 and 2020 [in %]. Source: [97]. 
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Figure 5. Change in net profit at researched institutes over the period 2019–2020 [in %]. Source: [97]. 
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Figure 6. Return on assets (ROA) of researched institutes in 2019–2020 [in %]. Source: [97]. 
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Table 1. Characteristics of researched institutes in digital transformation group.
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	Name
	Business Description





	Institute of Microelectronics and Photonics
	R&D in nanoelectronics; optoelectronics; materials engineering; photonics (including nanophotonics); microwave electronics; power electronics; and printed, transparent, and flexible electronics.



	Institute of Innovative Technologies EMAG
	Information systems: security for monitoring and assessing natural hazards and technological processes; dispatching for managing large organizations; information; decision support, analysis and processing of large data sets; power supply and control of electrical equipment with particular emphasis on its energy efficiency and safety; measurement in the field of mineral quality; energy management.



	Institute of Medical Technology and Equipment ITAM
	Medical technology used in diagnosis and therapy of cardiovascular diseases; intensive patient monitoring; medical resuscitation; medical rehabilitation; biomedical engineering; telemedicine; application of computer techniques in medicine; operational safety of medical apparatus; testing, attestation, and certification of medical apparatus.



	Institute of Exploration Technology
	Innovative solutions in the areas of machinery construction and operation, technical safety and environmental protection, as well as the development of model solutions for programs of continuing education and personnel improvement for an innovative economy and the transfer of advanced technologies to industrial applications.



	Tele and Radio Research Institute
	ICT systems, electronics, electronic assembly, and solutions for Industry 4.0.



	Industrial Research Institute for Automation and Measurements PIAP
	Technologies in robotics, automation, measurement techniques, and 3D printing, including space technologies; automation and robotization of production lines and factories; 3D printing solutions for industry.







Compilation basis: [103].
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