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The Innovation Linkages in Europe 

 

In this article we investigate the determinants of the Innovation Linkages in Europe. We use data 

from the European Innovation Scoreboard of the European Commission in the period 2000-2019 for 

36 countries. Data are analyzed using Panel Data with Fixed Effects, Random Effects, Dynamic Panel 

at 1 Stage, Dynamic Panel at 2 Stage, Pooled OLS, WLS. Results show that the Innovation Linkages 

in Europe is positively associated with “Buyer Sophistication”, “Government Procurement of 

Advanced Technology Products”, “Finance and Support”, “Firm Investments”, “Human Resources”, 

and negatively associated with “Population Density”, “Employment Share Services”.  

 

JEL Codes: O30; O31, O32; O33; O36  

Keywords: Innovation, Innovation and Invention: Processes and Incentives; Management of 

Technological Innovation and R&D; Diffusion Processes; Open Innovation.  

 

1. Introduction 
 

In this article we investigate the role of linkages among SMES and the ability of public and private 

organizations to cooperate to innovate and generate economic values through investments in Research and 

Development. We try to question if innovation can benefit from the cooperation among firms and between the 

private and the public sector. Innovation is an essential tool to promote economic growth in the long run 

through the increasing in the efficiency of labor [1] and technological change in the context of endogenous 

growth theory [2]. Innovation is relevant also in the Schumpeterian economics either as a driving force in the 

creative-destruction process either as a tool to promote economic development [3].  

Industrial districts. The theory of industrial districts has emphasized the connections among SMEs in the 

context of local development with attention to the productive vocation of regional, territorial and either rural 

areas. Industrial districts have been introduced in the scientific work of Alfred Marshall [4] and have been 

developed in the economic theory of the Italian economist Giacomo Becattini [5]. Industrial districts can 
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promote deeper connection among SMEs and in the sense of the public-private partnership. Specifically, 

industrial districts consent to create productive specialization through a common scientific and professional 

knowledge that is shared among firms and workers. The presence of deeper connections among firm can also 

promote an orientation toward innovation in the specific sector of the industrial district. Globalization has 

reduced the ability of districts to compete due to de-localization of industrial activity in low-income countries. 

But the Fourth Industrial Revolution based on Artificial Intelligence-AI, Machine Learning-ML and Big Data-

BD, have crated new opportunities for industrial districts as a methodology to promote the relationships among 

makers, inventors, digital entrepreneurs, startups, newcos and high-tech SMEs. The Fourth Industrial 

Revolution has re-created the economic and productive characteristics to sustain a new form of industrial 

districts that in the general context of knowledge economy are more oriented to produce technological 

innovation either in the Business to Business-B2B either in the Business to Customer-B2C markets. 

Specifically, industrial district are relevant for the fact to create, promote and defend codified and tacit  

knowledge that [6] constitutes the basis for innovative products and services. Since industrial district consent 

the accumulation of the tacit knowledge [7] and since tacit knowledge is an essential component of learning 

by doing [8] that is productive factor in the innovation function then the construction of industrial districts can 

be considered as an active political economy to promote the linkages-innovation nexus among SMEs.  

Social Capital, Human Capital, and Networks of Knowledge. The role of social capital, human capital, and 

networks of knowledge in promoting economic growth has been analyzed by the Chilean physicist Cesar 

Hidalgo [9]. Specifically, the idea of linkages must be considered in connection with the question of proximity 

in the context of knowledge diffusion. Innovative systems are based on cooperation and collaboration among 

SMEs and these positive outcomes in terms of relationships are feasible due to the proximities of firms. These 

considerations among the relevance of proximities to promote collaboration in the sense of innovation and 

knowledge also hold for countries  [10]. The fact that firms are related can effectively predict the ability of a 

certain local area to produce effectively. There is a relationship among skills, technology, knowledge in respect 

to a certain space or territory. Economic activities develop connections and the principle of relatedness [11] 

can also explain the ability of certain geographical area to be extremely productive in the sense of innovation, 

Research and Development and high-level technologies. The principle of relatedness among economic 

activities, with a particular attention for the question of innovation, can suggest to policy makers to promote 

incentives among firms to create deeper linkages with the objective of create new products and services. 

Economic activities have the tendency of concentration i.e. the presence of a certain typologies of firm creates 

incentives for the installation of other similar firms. This is an argument in favor of the idea of the industrial 

district even in the context of the Fourth Industrial Revolution. In effect the concentration of firms, in a physical 

space, continues notwithstanding the development of internet and ubiquitous communication systems. [12] 

shows how firms tend to concentrate controlling for some factors such as technologies, scientific publications, 

industries, and occupations. Furthermore, the concentration of economic activities in a certain physical space 

increases with the complexity of firms on an organizational and productive perspectives. The consequences is 

that there are clusters, social and spatial conglomerate of firms that tend to share innovation, to create jobs and 
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to participate of a similar scientific, professional and productive knowledge. This means that effectively not 

only linkages are a tool to promote innovation among SMEs, but that SMEs need to relate with other firms to 

cooperate, collaborate, and even to compete, in the context of the production of new products and services.  

The article continues as follows: the second paragraph presents the literature review, the third paragraph 

contains the econometric model and discusses the main results, the fourth paragraph concludes.  

 

2. Literature Review 

 

[13] afford the question of the financing of research and development in Poland economy.  The 

authors consider the long-term ambition of the Poland economy that is that to evolve in a knowledge 

economy. In the period 2004-2017 Poland has received 149,5 billion of euros from the European 

Union to boost innovation, research and development, human capital, and the level of intangibles in 

the real economy. The authors analyze three main elements of the Poland Research and Development 

expenditures and investments that are:  

 Sources: are defined as business, government, or higher education sectors; 

 Types:  European Union or Statal Aid; 

 Areas of support: infrastructure, education, and innovation. 

[14] affords the question of the relationship between the academia and the private sector as a mean to 

promote a knowledge economy in the European Union. The business sector and the academia have 

mutual interests in investing in knowledge, research and development and human capital. The author 

concludes that:  

 in many member states such as Denmark, Sweden, and Finland there are high quality 

relationships between science and business;  

 large companies are more oriented to engage in collaboration with universities and research 

institutes.  

Open Innovation. [15] afford the question of open innovation in SMEs. SMEs can use open 

innovation to promote technological and organizational change. But the authors find that the impact 

of Open Innovation on SMEs performance is controversial, especially in developing countries. 

Results show that SMEs are more able to promote open innovation if policy makers and public 

institutions: 

 create incentives to boost the relationships between SMEs and universities; 

 promote the networking ability of SMEs through innovation hub; 

 offer services to boost the ability of SMEs in managing intellectual property rights.  
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[16] analyzes the relationship among open innovation, firm’s value chain and product and process 

innovation. The author considers 293 SMEs in USA and found a wide usage of open innovation 

practices. Findings suggest that at least 50 percent of the firms perform open innovation during the 

phases of product development and commercialization, while only 33% of the firms use open 

innovation in manufacturing.  

[17] introduce a new methodology to analyze the ability of firms to promote Open Innovation in 

Europe. Specifically, the authors consider the efficacy of the European Union in publicly financing 

SMEs in their efforts to innovate in the digital sector. Results show that firms that obtain public grants 

are less oriented to perform Open Innovation in respect to firms that did not receive financial support. 

The results are counterfactual and in contradiction with the inspiration of European political 

economies oriented to financially sustain open innovation among SMEs.  

[18] afford the question of the role of public financial support in improving collaboration among 

firms, entrepreneurs, research organizations and institutions in the sense of innovation and Research 

and Development for SMEs. The authors suggest a local strategy i.e. the “Local Open Innovation”-

LOI to create regional incentive to promote technological innovation and Research and Development. 

The local approach to open innovation-LOI- offers some alternative solutions to solve the question 

of the presence of scarcity in the access to cognitive resources. The authors suggest that the local 

approach to Open Innovation- LOI- can improve the efficiency of SMEs in creating new products 

and services overcoming the limitations of cognitive resources and intangibles.  

[19] afford the question of the relationships among social capital, higher education institutions and 

spin offs in transferring knowledge towards Small and Medium Enterprises in the context of the open 

innovation. The aim of the study is to evaluate the ability of the firm to translate scientific and 

professional knowledge developed in universities and research institutes in products and services 

produced in Small and Medium Enterprises. Data are collected through interviews in the Spanish 

region of Andalucía. Results shows that to promote a deep transfer of knowledge from universities 

and research institutes to the industrial systems it is necessary to recognize the role of: 

 intellectual property contracts; 

 boost formal and informal relationships among stakeholders at a regional and local level;  

 create a culture of cooperation in the context of open innovation.  

[20] consider the question of the relationship between SMEs and open innovation. The authors have 

a threefold objective: 

1. to investigate the obstacles that reduce the ability of SMEs to participate in open innovation;  

2. to analyze if there are differences among SMEs in their relationship with open innovation;  
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3. to find empirical evidence of the characteristics that help SMEs to successfully implement an 

open innovation strategy.  

Data are collected from 157 Italian SMEs. The authors classify the SMEs in respect to open 

innovation based on the sequent elements: 

 the presence of barriers to open innovations that are knowledge, collaboration, organization 

and finance and strategy;  

 different typology of firms in respect to innovation that are knowledge intensive, medium-

innovative, and less innovative. 

[21] analyze the role of Living Labs in the context of open innovation.  The authors try to find the 

presence of best practices that can be used to promote deeper innovation the productive process of 

firms. Living Labs are considered as an essential tool to promote research and development in the 

scenario of open innovation. Living Labs are relevant for their ability to relate utilizers and users. The 

main stakeholders of a Living Lab are citizens as potential users, local private companies as potential 

utilizers and local organizations as potential providers. Living Labs also operate as instrument for 

community building among different stakeholders in the urban context of the city. Results show that 

Living Labs are the solution to solve the question of a low orientation of SMEs toward the open 

innovation process.  

Public and private founding of Research and Development and innovation. [22] consider the role 

of institutionalized clusters in their ability to produce connection among firms of different regions 

and sectors. These connections can boost policies oriented to promote deeper relationships among 

firms and industries. The authors analyze the role of private and public funding on the propensity of 

firms and managers of different clusters to cooperative and enter in productive relationships. Data are 

collected from 82 clusters in Germany. Results show that:  

 private founded clusters tend to create fewer partnerships in respect to public founded clusters; 

 managers of private founded clusters have a deeper ability to cooperative in respect to private 

founded managers, at least at an informal level. 

[23] analyze the impact of two grant schemes in promoting private investment in Research and 

Development in Chile. The authors try to estimate the impact of Chilean policies in promoting firms 

productivity through the incentives in innovation.  The two public programs analyzed are:  

 the National productivity and Technological Development Fund-FONTEC- that subsidizes 

intramural R&D;  

 the Science and Technology Development Fund-FONDEF that finance extramural R&D in 

collaboration to other research institutes.  

The results show that: 



6 

 

 the FONDEF program has produced positive spillovers on firm’s productivity;  

 exists an inverted U-relationship between the intensity of public support and the presence of 

spillover effects on productivity;  

 if firms and research institutes are in a technological and geographical proximity then the 

spillover effect growths.  

[24] afford the question of the methodology to finance research in public universities through the 

methodology of project-based management. The authors analyze two large universities in Estonia to 

evaluate the impact of project-based founding on the performance of the academic institutions. 

Results shows that the project-based founding in Estonian universities is associated to the sequent 

economic consequences:  

 fluctuating revenues;  

 fragmented revenues sources; 

 high transaction costs; 

 coordination problems;  

 high complexity in managing the finances;  

 difficulties in securing cash flows; 

 problems in covering indirect costs.  

Finally, the authors show that the more the Estonian universities are oriented to project based 

financing the more austere the budget constraint become.  

[25] analyze the role of private and public funding on firms’ performance with attention to investment 

in R&D in Europe. The results show that: 

 either national funding either European funding are relevant in boosting firm’s product and 

process innovation; 

 EU funding has a deeper correlation to firms’ correlation in respect to national funding; 

 there is a positive correlation between public funding of private R&D and product innovation;  

 there is a positive association between public support to private investment and process 

innovation; 

 there is not a positive relationship between public support to private investment and product 

innovation; 

 SMEs that receive national public financial support increment employment, sales and value 

added;  

 EU funds do not improve marginally employment, sales and value added in the presence of 

national funding of private investments. 
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SMEs collaboration. [26] analyze the methodology through which SMEs cooperate in the sense of 

Research and Development and innovation. The authors specifically consider the role of interfirm co-

operation. Results show that co-operation among SMEs is a strategy to promote firm performance 

and improve the ability to create successful alliances in the future. 

[27] afford the question of the relationship among innovation, firms’ collaboration, and organizational 

learning processes. The authors consider the inter-organizational collaborations and the 

organizational learning because of the SMEs innovative culture. Data are collected from 500 Spanish 

SMEs. Results show that: 

 SMEs’ innovative culture promote either inter-organizational collaboration; 

 SMEs’ innovative culture improve organizational learning;  

 Employees can perform product and process innovations through a management of the 

external knowledge. 

SMEs can growth in their ability to innovate create a deeper connection between external 

collaboration with other firms and a better usage of internal knowledge management.  

Linkages among countries to promote innovation and Research and Development. [28] affords 

the relationship among external linkages and intellectual assets in promoting innovation. Specifically, 

the author considers the relationship between Czech and Poland firms in the sense of innovation and 

Research and Development. Data are collected from the European Innovation Scoreboard in the 

period 2008-2015 to investigate private co-funding of public R&D expenditures, innovative SMEs 

collaborating with others, PCT patent applications and trademark applications.  The results show the 

presence of a positive impact of external linkages and intellectual assets on the ability of Czech and 

Polish firms to innovate.  

University-firm collaboration. [29] afford the question of the relationship between universities and 

firms in Thailand. The authors analyze the output through the analysis of an indicator able to represent 

the level of co-patents and co-publications.  Data are collected from Thailand’s patent database. The 

results show that:  

 A large portion of co-patents and co-publishing has been realized in a collaboration between 

universities and low and medium tech sectors;  

 The collaboration between universities and the high-tech sector is policy-invariant;  

 The relationship between universities and the high-tech sectors includes incumbent and 

exclude newcos.  

[30] analyze the role of the relationship between the private and the public research sector to promote 

economic growth and innovation at a regional and local level with positive impact on the industrial 
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productivity. The authors use a bibliometric approach to evaluate the presence co-authorship 

publication as the result of the co-operation between public research institutions and the private 

sector. Data are analyzed with a new algorithm able to discern among publications to find the 

appropriate identification. The methodology used can offer a metric tool to evaluate the ability of the 

university-firm linkages in promoting industrial spillovers at a regional ed extra-regional level. The 

authors promote their methodology as a tool for policy making.  

[31] consider the strategic role of innovation in the creation of a competitive advantage for SMEs in 

Hong Kong. The authors investigate the role of open innovation in generating new perspective for 

firms, especially deepening the relationship between SMEs and universities to promote the 

implementation of external knowledge in the productive process. The government of Hong Kong has 

promoted a political economy based on open innovation to generate a deeper connection between 

universities and SMEs. To improve the relationship between academic institutions and firms, the 

government has introduced new Research and Development program based with a focus on 

Innovation and Technology applied to environment and energy. The authors have analyzed 145 of 

2345 funded projects in the period 2009-2010 with a qualitative and quantitative approach. The results 

show that local industries are interested in a collaborative partnership with universities in the culture 

of open innovation. But some institutional constraints limit the ability of local SMEs to enter in a 

profitable relationship with universities. The authors suggest promoting political economies based on 

innovation to create the condition of a more collaborative environment between universities and 

SMEs.  

[32] analyze the role political economies that incentivize R&D in Norway. Specifically, the authors 

consider either R&D tax credits either direct R&D subsidies with a focus on patents. Direct subsidies 

remunerate projects with high social returns that are characterized by a low profitability. Tax credits 

incentivize either technologies either projects. The authors find that either direct subsidies either tax 

credits have an impact on patenting. Specifically, the incentive operates better for firms that before 

the political intervention do not have registered any patent.  Finally, results show that incentives can 

promote innovation that can benefit the society.  

 

 

3. The econometric model to estimate the degree of innovation linkages among European 

countries in the period 2000-2019  

 

We estimate the sequent model:  
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𝑳𝒊𝒏𝒌𝒂𝒈𝒆𝒔𝒊𝒕 = 𝒂𝟏 + 𝒃𝟏(𝑩𝒖𝒚𝒆𝒓𝑺𝒐𝒑𝒉𝒊𝒔𝒕𝒊𝒄𝒂𝒕𝒊𝒐𝒏)𝒊𝒕 + 𝒃𝟐(𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏𝑫𝒆𝒏𝒔𝒊𝒕𝒚)𝒊𝒕+ 𝒃𝟑(𝑮𝒐𝒗𝒆𝒓𝒏𝒎𝒆𝒏𝒕𝑷𝒓𝒐𝒄𝒖𝒓𝒆𝒎𝒆𝒏𝒕𝑶𝒇𝑨𝒅𝒗𝒂𝒏𝒄𝒆𝒅𝑻𝒆𝒄𝒉𝒏𝒐𝒍𝒐𝒈𝒚𝑷𝒓𝒐𝒅𝒖𝒄𝒕𝒔)𝒊𝒕+ 𝒃𝟒(𝑬𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝑺𝒉𝒂𝒓𝒆𝑺𝒆𝒓𝒗𝒊𝒄𝒆𝒔)𝒊𝒕 + 𝒃𝟓(𝑭𝒊𝒏𝒂𝒏𝒄𝒆𝑨𝒏𝒅𝑺𝒖𝒑𝒑𝒐𝒓𝒕)𝒊𝒕+ 𝒃𝟔(𝑭𝒊𝒓𝒎𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕𝒔)𝒊𝒕 + 𝒃𝟕(𝑯𝒖𝒎𝒂𝒏𝑹𝒆𝒔𝒐𝒖𝒓𝒄𝒆𝒔)𝒊𝒕 
With 𝒊 = 𝟑𝟔 and 𝒕 = [𝟐𝟎𝟎𝟎; 𝟐𝟎𝟏𝟗]. 
Since: 𝑳𝒊𝒏𝒌𝒂𝒈𝒆𝒔𝒊𝒕 = 𝒃𝟏(𝑰𝒏𝒏𝒐𝒗𝒂𝒕𝒊𝒗𝒆𝑺𝑴𝑬𝒔𝑪𝒐𝒍𝒍𝒂𝒃𝒐𝒓𝒂𝒕𝒊𝒏𝒈𝑾𝒊𝒕𝒉𝑶𝒕𝒉𝒆𝒓𝒔)𝒊𝒕+ 𝒃𝟐(𝑷𝒖𝒃𝒍𝒊𝒄𝑷𝒓𝒊𝒗𝒂𝒕𝒆𝑪𝒐𝑷𝒖𝒃𝒍𝒊𝒄𝒂𝒕𝒊𝒐𝒏𝒔)𝒊𝒕+ 𝒃𝟑(𝑷𝒓𝒊𝒗𝒂𝒕𝒆𝑪𝒐𝑭𝒐𝒖𝒏𝒅𝒊𝒏𝒈𝑶𝒇𝑷𝒖𝒃𝒍𝒊𝒄𝑹&𝑫𝑬𝒙𝒑𝒆𝒏𝒅𝒊𝒕𝒖𝒓𝒆𝒔)𝒊𝒕 
With 𝒊 = 𝟑𝟔 and 𝒕 = [𝟐𝟎𝟎𝟎; 𝟐𝟎𝟏𝟗], then 𝑰𝒏𝒏𝒐𝒗𝒂𝒕𝒊𝒗𝒆𝑺𝑴𝑬𝒔𝑪𝒐𝒍𝒍𝒂𝒃𝒐𝒓𝒂𝒕𝒊𝒏𝒈𝑾𝒊𝒕𝒉𝑶𝒕𝒉𝒆𝒓𝒔𝒊𝒕 +𝑷𝒖𝒃𝒍𝒊𝒄𝑷𝒓𝒊𝒗𝒂𝒕𝒆𝑪𝒐𝑷𝒖𝒃𝒍𝒊𝒄𝒂𝒕𝒊𝒐𝒏𝒔𝒊𝒕+𝑷𝒓𝒊𝒗𝒂𝒕𝒆𝑪𝒐𝑭𝒐𝒖𝒏𝒅𝒊𝒏𝒈𝑶𝒇𝑷𝒖𝒃𝒍𝒊𝒄𝑹&𝑫𝑬𝒙𝒑𝒆𝒏𝒅𝒊𝒕𝒖𝒓𝒆𝒔𝒊𝒕= 𝒂𝟏 + 𝒃𝟏(𝑩𝒖𝒚𝒆𝒓𝑺𝒐𝒑𝒉𝒊𝒔𝒕𝒊𝒄𝒂𝒕𝒊𝒐𝒏)𝒊𝒕 + 𝒃𝟐(𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏𝑫𝒆𝒏𝒔𝒊𝒕𝒚)𝒊𝒕+ 𝒃𝟑(𝑮𝒐𝒗𝒆𝒓𝒏𝒎𝒆𝒏𝒕𝑷𝒓𝒐𝒄𝒖𝒓𝒆𝒎𝒆𝒏𝒕𝑶𝒇𝑨𝒅𝒗𝒂𝒏𝒄𝒆𝒅𝑻𝒆𝒄𝒉𝒏𝒐𝒍𝒐𝒈𝒚𝑷𝒓𝒐𝒅𝒖𝒄𝒕𝒔)𝒊𝒕+ 𝒃𝟒(𝑬𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝑺𝒉𝒂𝒓𝒆𝑺𝒆𝒓𝒗𝒊𝒄𝒆𝒔)𝒊𝒕 + 𝒃𝟓(𝑭𝒊𝒏𝒂𝒏𝒄𝒆𝑨𝒏𝒅𝑺𝒖𝒑𝒑𝒐𝒓𝒕)𝒊𝒕+ 𝒃𝟔(𝑭𝒊𝒓𝒎𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕𝒔)𝒊𝒕 + 𝒃𝟕(𝑯𝒖𝒎𝒂𝒏𝑹𝒆𝒔𝒐𝒖𝒓𝒄𝒆𝒔)𝒊𝒕 
With 𝒊 = 𝟑𝟔 and 𝒕 = [𝟐𝟎𝟎𝟎; 𝟐𝟎𝟏𝟗].  
 

 

 

Figure 1. Estimation of the Innovation Linkages in European Countries in the Period 2000-2019 with Dynamic Panel at 1 Stage, Panel 

Data with Fixed Effects, Panel Data with Random Effects, Weighted Least Squares-WLS. Source: European Innovation Scoreboard.  

We found that Linkages is positively associated to: 
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 Buyer sophistication: is defined by the European Innovation Scoreboard define as the « 

Average response to the following question: “In your country, on what basis do buyers make 

purchasing decisions? [1 = based solely on the lowest price; 7 = based on sophisticated 

performance attributes]” » [33]. There is a positive relationship between buyer sophistication 

and private-public innovation linkages. The more consumers are sophisticated in their buying 

behavior the greater the incentive for firms to develop public-private partnership in the sense 

of innovation and to promote cooperation among SMEs to improve the technologies. The 

orientation that firms have towards cooperation with other firms, or in creating partnerships 

with the public sector, depends, on a certain extent, on the sensibility that consumers have in 

respect to the technological characteristics of products. But effectively the buyer 

sophistication depends from sociological, cultural and anthropological features and 

specifically on the level of human capital since extracting consumer surplus from 

technological complex products and services require some scientific and professional 

knowledge at least in the act of consumption and as an orientation towards the benefit that 

high tech product and services can generate not only in the material sense but also in the sense 

of intangibles and self-perception.  

 Government procurement of advanced technology products: as indicated in the European 

Innovation Scoreboard «The indicator measures the extent to which government procurement 

decisions in a country foster technological innovation by providing the average response to 

the following question: “Government purchase decisions for the procurement of advanced 

technology products are (1 = based solely on price, 7 = based on technical performance and 

innovativeness)” » [33]. There is a positive relationship between the “Government 

procurement of advanced technology and GDP” and innovation linkages. This means that if 

government can demand high tech products and services to the industrial system then firms 

are more incentivized to cooperate and to promote a deeper public-private partnership. In 

effect to create high-tech products and services SMEs need to cooperative and to have a 

complex portfolio based either on public and on private funding. The demand of government 

for advanced technology create in the market an incentive to cooperation and collaboration, 

since innovative SMEs, startups and newcos, can better satisfy the need for high-tech products 

and services through the development of corporate linkages.  

 Finance and support: the variable is defined by the European Innovation Scoreboard as the 

sum of « […] two indicators and measures the availability of finance for innovation projects 

by Venture capital expenditures, and the support of governments for research and innovation 

activities by R&D expenditures in universities and government research organisations.» [33] 
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There is a positive relationship between “Finance and Support” and “Innovation Linkages”. 

The greater the private and public financial investment in innovation and Research and 

Development, the greater the ability of firms [34] to cooperate actively in the promotion of 

high-tech products and services. The finance-innovation nexus creates the condition for firms 

to promote deeper collaborations among SMEs designing a new scenario to develop strategic 

alliances able to sustain technological innovation based on Research and Development.   

 Firm investments: is defined by the European Innovation Scoreboard as a variable that «[…]  

includes three indicators of both R&D and non-R&D investments that firms make to generate 

innovations, and the efforts enterprises make to upgrade the ICT skills of their personnel. » 

[33]. The greater the investment that firms realize in innovation, the greater the level of 

collaboration among SMEs to promote new technological products and services based on 

Research and Development. Generally, the ability of firm to invest depend not only on the 

individual condition of a certain SME in which the CEO has a positive expectation about the 

future of the company but, at the contrary, depends also from the social, cultural and pollical 

environment. Certainly, the presence of well-established relationships of cooperation and 

collaboration among firms in a context of public-private partnership can improve the trust of 

innovative entrepreneurs in the future improving the level of investments.  

 Human resources:  is defined by the European Innovation Scoreboard as the « […] dimension 

includes three indicators and measures the availability of a high-skilled and educated 

workforce. Human resources capture New doctorate graduates, Population aged 25-34 with 

completed tertiary education, and Population aged 25-64 involved in education and training. 

» [33]. The greater the level of human resources the deeper the level of cooperation that SMEs 

realize to promote new products and services. Human resources are also able to promote a 

public and private partnership able to generate innovation based on Research and 

Development. The linkages among SMEs and between private and public organizations are 

deepened by the presence of high skilled human resources. Human resources in the context of 

innovative SMEs tend to operate has connectors able to create networks based on skills and 

competences creating relationships among different newcos and startups and with the 

involvement of public institutions.  

We found that Linkages is negatively associated to: 

 Population density: is defined by the European Innovation Scoreboard as the « […] people 

per sq. km of land area» [33]. There is negative relationship between the “Population Density” 

and the “Innovation Linkages”. This negative relationship can be since generally SMEs are 

not present in high urbanized places such as city centers. Effectively, high tech industries tend 
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to be located far from urban centers, in small communities or in the peripheries or in city with 

low population density. In effect the high skilled human capital tend to prefer small towns that 

are more quietly in respect to city centers either for motivations that are connected to the 

necessity of creativity in the development of new technologies and inventions, either for 

questions related to the costs of assets that are lower in centers with low population density. 

The increase in the population density reduces the level of innovation linkages.  

 Employment share Services: is defined by the European Innovation Scoreboard as the « 

Average percentage share of Employment in Services for the years 2015-2017» [33].  There 

is a negative relationship between the presence of employment in the service sector and the 

presence of innovation linkages among SMEs and in the context of public-private 

partnerships. Specifically, the negative relationship can be better understood considering that 

process innovations are more connected to services. Even if in the context of the Fourth 

Industrial Revolution is not possible to distinguish between products and services, since both 

can be considered in the general classification of products, then product innovation tends to 

have a greater impact on employment, exportation, and economic growth [35] . On the other 

sides process innovation is associated to lower level of employment in respect to product 

innovation. Due to these differences, it is possible that SMEs that operate in service sectors 

are more interested in process innovation and develop a deeper competitive behavior less 

oriented to cooperation and collaboration in respect to SMEs that promote product 

innovations.  

The estimated model offers some insides of the economic, financial, and cultural determinants of the 

Linkages among SMEs to promote innovation and either on the relevance of the public-private 

partnership. The degree of innovation that is present in a certain country requires the participation 

and the cooperation of multiple organizations and institutions. In this sense countries that are more 

able to develop linkages and cooperation among SMEs and that are capable to promote deeper 

private-public partnerships also have greatest probabilities to generate innovation.  

 

4. Conclusion 

 

In this article we have investigate the determinants of the Innovation Linkages in Europe. We consider 

the relevance of cooperation, collaboration, and the development of relationships at firm level. These 

considerations are ancient in the history of economic though and can be reconnected to the scientific 

work of Alfred Marshall with the idea of industrial districts. Also, we consider the role of the Italian 

economist Becattini in giving a new light to the Marshallian’s idea of industrial districts and the new 
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relevance that these organizations and institutions have acquired in the context of the Fourth Industrial 

Revolution since artificial intelligence, machine learning and big data have strengthened the 

relationships among SMEs, startups and newcos in the creating of innovation through the sharing of 

knowledge. Finally, we consider the question of the networks of knowledge, the question of the 

proximity of firms and countries as an essential condition to promote innovation, and the tendencies 

of firms to be concentrated in a certain physical space. 

To investigate the determinant of the innovation linkages in Europe we use data from the European 

Innovation Scoreboard of the European Commission in the period 2000-2019 for 36 countries. We u 

Data are analyzed using Panel Data with Fixed Effects, Random Effects, Dynamic Panel at 1 Stage, 

Dynamic Panel at 2 Stage, Pooled OLS, WLS. Results show that the Innovation Linkages in Europe 

is positively associated with “Buyer Sophistication”, “Government Procurement of Advanced 

Technology Products”, “Finance and Support”, “Firm Investments”, “Human Resources”, and 

negatively associated with “Population Density”, “Employment Share Services”. Our results shows 

that if policy makers are interested in promoting a deeper cooperation among SMEs then they should 

invest in creating a cultural and economic environment that is positively oriented to high-technology 

products and services.  
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6. Appendix  
 

Modello 44: Effetti fissi, usando 360 osservazioni 
Incluse 36 unità cross section 
Lunghezza serie storiche = 10 

Variabile dipendente: A33 
 

  Coefficiente Errore Std. rapporto t p-value  
const 1,15890 1,36585 0,8485 0,3968  
A6 4,79164 1,47950 3,239 0,0013 *** 
A41 −0,0255292 0,00667307 −3,826 0,0002 *** 
A22 0,337664 0,0613680 5,502 <0,0001 *** 
A13 −0,471459 0,128891 −3,658 0,0003 *** 
A17 0,166666 0,0419972 3,969 <0,0001 *** 
A18 0,328286 0,0329114 9,975 <0,0001 *** 
A23 0,425911 0,0368302 11,56 <0,0001 *** 

 
Media var. dipendente  78,41445  SQM var. dipendente  58,61431 
Somma quadr. residui  48858,83  E.S. della regressione  12,41486 
R-quadro LSDV  0,960387  R-quadro intra-gruppi  0,930836 
LSDV F(42, 317)  182,9847  P-value(F)  3,8e-197 
Log-verosimiglianza −1394,723  Criterio di Akaike  2875,447 
Criterio di Schwarz  3042,549  Hannan-Quinn  2941,890 
rho  0,487215  Durbin-Watson  0,816564 

 
Test congiunto sui regressori - 
 Statistica test: F(7, 317) = 609,472 
 con p-value = P(F(7, 317) > 609,472) = 1,0819e-179 
 
Test per la differenza delle intercette di gruppo - 
 Ipotesi nulla: i gruppi hanno un'intercetta comune 
 Statistica test: F(35, 317) = 18,0732 
 con p-value = P(F(35, 317) > 18,0732) = 2,20063e-056 
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Modello 45: Panel dinamico a un passo, usando 288 osservazioni 

Incluse 36 unità cross section 
Matrice H conforme ad Ox/DPD 

Variabile dipendente: A33 
 

  Coefficiente Errore Std. z p-value  
A33(-1) 0,0401531 0,0294380 1,364 0,1726  
const −1,70536 0,735841 −2,318 0,0205 ** 
A6 5,20949 2,02767 2,569 0,0102 ** 
A41 −0,0169845 0,00645693 −2,630 0,0085 *** 
A22 0,253023 0,0364753 6,937 <0,0001 *** 
A13 −0,399081 0,170760 −2,337 0,0194 ** 
A17 0,175027 0,0464883 3,765 0,0002 *** 
A18 0,309887 0,0563635 5,498 <0,0001 *** 
A23 0,465070 0,0547345 8,497 <0,0001 *** 

 
Somma quadr. residui  35535,73  E.S. della regressione  11,28575 

 
Numero di strumenti = 36 

Test per errori AR(1): z = -2,2508 [0,0244] 
Test per errori AR(2): z = -1,55546 [0,1198] 

Test di sovra-identificazione di Sargan: Chi-quadro(27) = 55,687 [0,0009] 
Test (congiunto) di Wald: Chi-quadro(8) = 3251,8 [0,0000] 
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Modello 47: Effetti casuali (GLS), usando 360 osservazioni 

Incluse 36 unitÃ  cross section 
Lunghezza serie storiche = 10 

Variabile dipendente: A33 
 

  Coefficiente Errore Std. z p-value  
const 1,20061 3,26021 0,3683 0,7127  
A6 4,93290 1,40535 3,510 0,0004 *** 
A41 âˆ’0,0261317 0,00657284 âˆ’3,976 <0,0001 *** 
A22 0,336446 0,0562265 5,984 <0,0001 *** 
A13 âˆ’0,482220 0,121501 âˆ’3,969 <0,0001 *** 
A17 0,171383 0,0403074 4,252 <0,0001 *** 
A18 0,329370 0,0308016 10,69 <0,0001 *** 
A23 0,421236 0,0347922 12,11 <0,0001 *** 

 
Media var. dipendente  78,41445  SQM var. dipendente  58,61431 
Somma quadr. residui  147423,1  E.S. della regressione  20,43597 
Log-verosimiglianza âˆ’1593,510  Criterio di Akaike  3203,020 
Criterio di Schwarz  3234,109  Hannan-Quinn  3215,382 
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rho  0,487215  Durbin-Watson  0,816564 
 
 

 Varianza 'between' = 323,265 
 Varianza 'within' = 154,129 
 Theta usato per la trasformazione = 0,786672 
Test congiunto sui regressori - 
 Statistica test asintotica: Chi-quadro(7) = 4467,22 
 con p-value = 0 
 
Test Breusch-Pagan - 
 Ipotesi nulla: varianza dell'errore specifico all'unità = 0 
 Statistica test asintotica: Chi-quadro(1) = 630,219 
 con p-value = 4,47934e-139 
 
Test di Hausman - 
 Ipotesi nulla: le stime GLS sono consistenti 
 Statistica test asintotica: Chi-quadro(7) = 1,18269 
 con p-value = 0,99132 
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Modello 48: WLS, usando 360 osservazioni 

Incluse 36 unità cross section 
Variabile dipendente: A33 

Pesi basati sulle varianze degli errori per unità 
  Coefficiente Errore Std. rapporto t p-value  

const 0,954676 0,898819 1,062 0,2889  
A6 5,79709 0,680660 8,517 <0,0001 *** 
A41 −0,0415474 0,0105697 −3,931 0,0001 *** 
A22 0,346828 0,0163092 21,27 <0,0001 *** 
A13 −0,514017 0,0487076 −10,55 <0,0001 *** 
A17 0,165653 0,0272538 6,078 <0,0001 *** 
A18 0,317464 0,0147726 21,49 <0,0001 *** 
A23 0,423136 0,0189583 22,32 <0,0001 *** 

 
Statistiche basate sui dati ponderati: 

Somma quadr. residui  346,3809  E.S. della regressione  0,991986 
R-quadro  0,976443  R-quadro corretto  0,975975 
F(7, 352)  2084,361  P-value(F)  3,7e-282 
Log-verosimiglianza −503,8762  Criterio di Akaike  1023,752 
Criterio di Schwarz  1054,841  Hannan-Quinn  1036,114 

 
Statistiche basate sui dati originali: 

Media var. dipendente  78,41445  SQM var. dipendente  58,61431 
Somma quadr. residui  148397,2  E.S. della regressione  20,53248 
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Modello 49: Pooled OLS, usando 360 osservazioni 

Incluse 36 unità cross section 
Lunghezza serie storiche = 10 

Variabile dipendente: A33 
 

  Coefficiente Errore Std. rapporto t p-value  
const 1,73882 1,91362 0,9087 0,3642  
A6 6,27389 1,52934 4,102 <0,0001 *** 
A41 −0,0361799 0,00975747 −3,708 0,0002 *** 
A22 0,322852 0,0465438 6,937 <0,0001 *** 
A13 −0,566196 0,116675 −4,853 <0,0001 *** 
A17 0,213118 0,0440398 4,839 <0,0001 *** 
A18 0,334113 0,0288091 11,60 <0,0001 *** 
A23 0,382468 0,0345399 11,07 <0,0001 *** 

 
Media var. dipendente  78,41445  SQM var. dipendente  58,61431 
Somma quadr. residui  146354,8  E.S. della regressione  20,39070 
R-quadro  0,881340  R-quadro corretto  0,878980 
F(7, 352)  373,4932  P-value(F)  1,1e-158 
Log-verosimiglianza −1592,201  Criterio di Akaike  3200,402 
Criterio di Schwarz  3231,491  Hannan-Quinn  3212,764 
rho  0,928388  Durbin-Watson  0,283533 
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Modello 51: Panel dinamico a due passi, usando 288 osservazioni 
Incluse 36 unità cross section 

Matrice H conforme ad Ox/DPD 
Variabile dipendente: A33 

 
  Coefficiente Errore Std. z p-value  

A33(-1) 0,0343827 0,0289630 1,187 0,2352  
const −1,21131 0,622385 −1,946 0,0516 * 
A6 3,41030 0,958607 3,558 0,0004 *** 
A41 −0,0166638 0,00742004 −2,246 0,0247 ** 
A22 0,267080 0,0360626 7,406 <0,0001 *** 
A13 −0,275094 0,0830494 −3,312 0,0009 *** 
A17 0,143190 0,0521354 2,746 0,0060 *** 
A18 0,257081 0,0530819 4,843 <0,0001 *** 
A23 0,525157 0,0578033 9,085 <0,0001 *** 

 
Somma quadr. residui  35732,08  E.S. della regressione  11,31689 

 
Numero di strumenti = 36 

Test per errori AR(1): z = -2,34233 [0,0192] 
Test per errori AR(2): z = -1,50346 [0,1327] 

Test di sovra-identificazione di Sargan: Chi-quadro(27) = 18,0623 [0,9016] 
Test (congiunto) di Wald: Chi-quadro(8) = 2417,53 [0,0000] 
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