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Abstract 

It is now widely accepted that innovation is a territorially embedded process, which cannot be fully understood 
independent of the social and institutional conditions of individual places. On the basis of these considerations, 
some authors identified criteria to define the geographic confines for the innovative process, introducing the 
concept of the local systems of innovation (LIS), defined as networks of technologically specialized and locally 
situated firms, institutions and research agencies. Nevertheless empirical evidences show that especially in high 
tech industry like life sciences, relatively few clusters are completely self-sufficient in terms of the knowledge 
base from which they draw suggesting that the knowledge flows that feed innovation in a cluster are often both 
local and global.  

According to these considerations and starting from the knowledge based theory of innovations systems the 
paper proposes a theoretical framework that classifies the innovation systems considering the place of 
knowledge sourcing and the place of knowledge development. The framework has then been used to classify the 
European life sciences clusters. The empirical analysis shows that Local Innovation System is only a possible 
configuration of technology clusters that can be assumes also the configurations of Imported Innovation Systems, 
Exported Innovation Systems and Global Innovation Systems. 
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1. Introduction 

Some authors underline as the phenomenon of the globalization of the world market have increased and not 
reduced the importance of the characteristics of local context as driver of the firms ‘competitive advantage. 
Actually the Regionalisation, defined as the dependence of economic activities on resources that are specific to 
individual places, is regarded as an aspect of economic globalisation because some innovative, regional clusters 
are key nodes in the increasingly globalised arena of production. The principal empirical sign of the trend 
towards regionalisation is the apparent growth in importance of regional clusters and innovation systems over the 
last decades. Since the 1970s different types of regional cluster have established a strong position in world 
markets for both traditional products (e.g. Third Italy) and high technology products (e.g. Silicon Valley).  

At the same time some authors have defined the generation of innovation as a local embedded process in which 
the firm collaborates with other actors, such as research agencies and government institutions, in both 
developmental and implementation phases (Fagerberg, 2004). This observation concerning institutions, and the 
consideration that geographic proximity permits role-players to interact more easily, quickly led to a realisation 
of the importance of the territorial variable in stimulating development of innovation (Lundvall & Johnson 1994; 
Etzkowitz & Leyedsdorff, 2000). On the basis of these considerations, some authors identified criteria to define 
the geographic confines for the innovative process, introducing the concept of the “national innovation system” 
(NIS) (Freeman, 1987),“regional innovation system” (RIS), (Doloreux, 2002) and of local systems of innovation 
(LIS)(Cooke 2001, 2004; Asheim & Coenen, 2005). 

Nevertheless empirical evidences show that especially in high tech industry like life sciences relatively few 
clusters are completely self-sufficient in terms of the knowledge base from which they draw. The development of 
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ever more complex technologies requires the support of sophisticated organizational networks that provide key 
elements or components of the overall technology (Kash & Rycroft, 2000). While some elements of these 
complex technologies may be co-located in an individual cluster, increasingly the components of these networks 
are situated across a wide array of locations. This suggests that the knowledge flows that feed innovation in a 
cluster are often both local and global (Bathelt et al., 2004). 

According to these considerations and starting from the knowledge based theory of innovations systems the 
paper aims at exploring the combination of local and global dimensions of innovations systems proposing a 
theoretical framework that classifies the innovation systems considering the place of knowledge sourcing and the 
place of knowledge development. 

The framework has then been used to classify the European life sciences clusters. 

The paper will be organised as follows: the section 2 presents a short review of the studies of the knowledge 
based theory of innovation systems summarising both the traditional approaches and the more recent studies on 
global knowledge flows; the section 3 presents the original framework; the section 4 shows the application of the 
framework to the European Life Sciences Clusters; the section 4 summarizes the papers’ conclusions. 

2. The Knowledge Based Theory of Innovation Systems: Theoretical Background 

2.1 The Importance of Local Dimension 

It is now widely accepted that innovation is a territorially embedded process, which cannot be fully understood 
independent of the social and institutional conditions of individual places (Lundvall, 1992; Asheim, 1999). The 
“territorially embedded” factors influencing the innovation process have thus become the focus for a number of 
theoretical perspectives: from that of the innovative milieu (Camagni, 1995) and industrial district (Becattini, 
1987) to those of the learning region (Morgan, 1997) and innovation system (Cooke et al., 1997; Cooke, 1998). 

These approaches offer powerful insights that help improve our understanding of how and under what conditions 
the innovation process takes place. Some of the most relevant findings deriving from these approaches concern 
the significance of territorial proximity, local synergies, and interaction (Camagni, 1995, p. 317), and the 
importance of local inter-organisation networks, financial and legal institutions, technical agencies, research 
infrastructures, education and training systems, governance structures and innovation policies (Iammarino, 2005, 
p. 499) in shaping innovation. 

The central argument of these approaches is that the joint production and transmission of new knowledge occurs 
most effectively among economic actors located close to each other. . A fundamental determinant for 
innovationm generation is precisely geographic proximity. There are several researches that show how spillover 
knowledge is geographically focused and studies in favor of geographical proximity as possible determinant of 
collaborations (Feldman, 1994; Hong & Yu-Sung Su, 2012; Henderson, Jaffe, & Trajtenberg, 1998; Adams, 2002; 
Anselin, Varga, & Acs, 2000; Rodriguez-Pose & Crescenzi, 2008). Proximity to critical sources of knowledge, 
whether they are found in public or private research institutions or embeddedin the core competencies of lead or 
anchor firms, facilitates the process of acquiring new technical knowledge, especially when the relevant 
knowledge is located at the research frontier or involves a largely tacit dimension. 

Such interactions stimulate the transmission of knowledge in the form of knowledge spillovers (Jaffe, 1986; Acs 
et al., 1992) that are reaped by the same local actors. 

On the other hand the potential for knowledge spillovers to traverse national and regional borders depends on the 
nature of the knowledge concerned (Leamer and Storper, 2001) 

Geographic proximity is a key mechanism especially because it allows the transfer and diffusion of knowledge 
through face-to-face interactions or direct interactions between researchers (Bishop, D'este, and Neely, 2011). 
There are studies that support the importance of geographic proximity as an easy means to convey an important 
component of knowledge, namely, tacit knowledge (Howell, 2002, Storper and Venables, 2004). This theme is 
directly related to the subject of Morgan (2004) "person-embodied" knowledge, since direct interaction between 
individuals is needed to develop and disseminate knowledge (Abramovsky, Harrison, & Simpson, 2007). 
Explicit knowledge is coded and transmitted through formal and systematic language (Spender, 1996); While 
tacit knowledge is personal, context specific and, as such, difficult to formalize and communicate. It can only be 
shared through field experience (Bartezzaghi, 2010; Nonaka, Negata, & Toyama, 2000). A similar definition 
proposed by Maskell and Malmberg (1999, p. 172) is summarized as "tacit knowledge can only be producted in 
practice." 

In an attempt to elaborate further the role that knowledge plays in sustaining clusters, Maskell (2001) has 
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proposed a knowledge-based theory of the cluster. In particular Maskell states that geographic proximity 
facilitates the increase of knowledge through horizontal and vertical processes. Horizontally because system 
actors have easier access to sources of knowledge. Vertical because it stimulates a process of imitation from the 
bottom that increases the demand of knowledge. (Maskell 2001,  

In general, the importance and advantages of local collaboration (geographical proximity) are widely recognized 
in the literature (Abramovsky, Harrison, & Simpson, 2007; Storper & Venables, 2004) but Howell (2002) argues 
that geographic proximity acts indirectly (indirect role) and is neither a necessary condition nor a sufficient 
condition for a successful collaboration. The author argues that by playing an indirect role, proximity still 
positively influences university collaborations and the exchange of knowledge between the two organizations. 
Boshma (2005) also questions the importance of physical proximity "for itself", arguing that geographic 
proximity must always be examined in relation to other forms of proximity. It refers to social, organizational, 
institutional and cognitive proximity. In fact, according to Howell, (2002) the author argues: "In sum, the 
geographical proximity may facilitate inter-organizational learning, but it is neither a necessary nor a sufficient 
condition." (Pag71) 

Proximity not only understood from a geographic point of view, but understood as an organizational proximity. 

In other words, the degree to which firms can tap into a common knowledge base at the local level depends on 
more than just spatial proximity, cultural affinity or corporate culture. In this sense there is a strong 
interdependence between the economic structure and social institutions that comprise the cluster. (Gertler, 2003; 
2004; Breschi & Malerba, 2001).  

According to these some scholar have focused their analysis on geograohical boundaries of innovation process 
distinguishing among national, regional and local innovation systesms. With specific regard to National 
Innovation Systems (NIS), scholars emphasise four main components (Freeman, 1987): (i)the role of policy, (ii) 
the role of corporate research and development (R&D) in accumulating knowledge and developing advantages 
from it; (iii) the role of human capital, the organization of work and the development of related capabilities, (iv) 
the role of industrial conglomerates in being able to profit from innovations emerging from developments along 
the entire industrial value chain, and three main “building blocks” (Lundvall, 1992): (i) Sources of Innovation 
(Learning and Search and exploration); (ii) Types of Innovation (Radical vs. Incremental); (iii) Non-market 
institutions (User-Producer Interactions and Institutions) and set-up of actors (especially universities conducting 
R&D) (Nelson, 1998). Finally, Soete et al (2010) emphasised the role of Social Capital (most importantly trust) 
in the interactive innovation processes. 

Scholars of geographic economy (Asheim et al., 2011; Edquist, 1997), starting from the assumption of the 
non-homogeneity within countries as many indicators can differ significantly in the areas of the same countries, 
developed a regionally based approach of innovation systems. Doloreux and Parto (2005), identify three main 
domensions that characterise the Regional Innovation Systems: (i) the interactions between the actors of the 
innovation system in relation to the exchange of knowledge; (ii) the set‐up and the role of institutions 
supporting knowledge exchange and innovation within a region; (iii) the role of RIS in regional innovation 
policy‐making.  

Nevertheless, in more recent years, several scholars began to question the advantages of considering regions as 
the fundamental geographic entity for describing the localised nature of innovation systems, As a consequence 
they applied the term Local Innovation System, to define a network of locally specialised and locally situated 
firms, institutions and research agencies that are involved in a process of collective learning, where this process 
is not limited to geographical borders (Cooke, 2001, 2004; Asheim & Coenen, 2005).  

A knowledge-based theory of the cluster must recognize that relatively few clusters are completely self-sufficient 
in terms of the knowledge base from which they draw. Territories also have capacities to attract and assimilate 
innovation that has been produced elsewhere. The origin of knowledge spillovers can be local, but they can also 
be generated outside the borders of the locality or region object of the analysis, as “there is no reason that 
knowledge should stop spilling over just because of borders, such as a city limit, state line or national boundary” 
(Audretsch & Feldman, 2004, p. 6).  

As consequence many authors have undelined the necessity to overcome the local dimension analysing the 
importance of glocal knowledge flows for innovation systems development. 

2.2 Overcoming the Local Dimension and the Importance of the Global Knowledge Flows 

The territorial dimension of knowledge relations and their multilevel character matter for learning and 
innovation in clusters. Whereas geographical and institutional proximities at the local and regional levels support 
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the exchange of tacit knowledge and interactive learning, selective knowledge links with firms and research 
organisations at the international and global levels contribute complementary and specialised, often codified, 
knowledge assets (Bathelt et al., 2004). Innovative cluster firms tend to be both well embedded in the regional 
innovation system and well connected to partners and networks of production, distribution, R&D, and 
knowledge exchange at international and global levels (Archibugi & Lundvall, 2001).  

Accordingly, recent studies have pointed to the multi-level and multi-scalar nature of knowledge relations in the 
innovation process and that it is it is rare that innovation dynamics unfold on one spatial scale (Kash & Rycroft 
2000; Asheim et al. 2011, Tödtling & Tripp, 2013).  

Bathelt et al. (2004) affirm that successful clusters are those that are effective at building and managing a variety 
of channels for accessing relevant knowledge from around the globe mixing local and global knowledge flows, 
using the authors term mixing local buzz and global pipelines. Local buzz refers to knowledge and inspiration 
that circulate between the actors of a cluster. This buzz consists of specific information flows, knowledge 
transfers and continuous updates as well as opportunities for learning in organised and spontaneous meetings 
(see, particularly, Bathelt et al., 2004; Storper & Venables 2004). Buzz is the force that facilitates the circulation 
of information in a local economy or community and it is also the mechanism that supports the functioning of 
networks in the community. Pipelines, on the other hand, refer to channels of communication used in distant 
interaction, between firms in clusters and knowledge-producing centres located at a distance. As Bathelt et al. 
(2004) suggest both local buzz (the knowledge and communication ecology created by co-location of relevant 
actors) and global pipelines (channels used in accessing knowledge external to a region) offer advantages for 
organisations engaged in innovation and knowledge creation. They push their definition further by maintaining 
that ‘local buzz is beneficial to innovation processes because it generates opportunities for a variety of 
spontaneous and unanticipated situations, global pipelines are instead associated with the integration of multiple 
selection environments that open different potentialities and feed local interpretation and usage of knowledge 
hitherto residing elsewhere’ (Bathelt et al., 2004).There is increasing evidence to suggest that even in the most 
advanced clusters, a growing proportion of the knowledge base is not exclusively local but it is transferred form 
abroad trough a mechanism defined glocal pipeline.. Pipelines that are external channel that open the cluster to 
other territory and support the acquisition of external knowledge and the diffusion of information within the 
cluster (Owen-Smith & Powell, 2004). This stimulates additional buzz and serves as a basis for further product 
innovation and differentiation.Without the buzz, however, the pipelines are of little use because they predefine 
and, in part, restrict the way in which new knowledge is applied. Local buzz in a cluster enables firms to isolate 
those elements that are particularly important for the further development of technologies and to discard those 
with little prospect of success from the mass of external information available. This saves both time and money 
and speeds up innovation processes.  

The most dynamic of multinational corporations and a larger proportion of emerging small and medium-sized 
enterprises have strong linkages to a variety of specialized clusters around the globe. Both types of firms use 
their presence in these local clusters to access specialized bodies of knowledge created by the local research 
institutions, or to tap into a specialized skill set or knowledge base developed by cluster-based firms.(Gertler & 
Wolfe, 2006)  

Hence, local interaction and global pipelines can be perfectly complementary as sources of innovation (Bathelt et 
al., 2004; Maskell et al., 2006). On the one hand, local interaction both in its formal and in its more informal 
‘buzz’ dimension contributes 

to making individual firms more innovative, often through small incremental innovations and the generation of 
synthetic knowledge. On the other hand, global pipelines channel analytical and radical new knowledge which 
helps firms to introduce more radical innovations (Moodysson et al., 2008). These innovations are later diffused 
locally through interaction. As Maskell et al (2006, page 1007) indicate, “when one firm [in the cluster] is 
successful, the result, or parts of the applied knowledge, will sooner or later leak out to the firm's nearby 
competitors” (Sotarauta et al., 2011, 200).  

Coherently to what affirmed by the literature the concept of innovation system must be redefined to include also 
the global dimension. Coherently a new classification of innovation systems has been proposed in the following 
paragraph. 

3. A New Framework of Innovation Systems: Combining Local and International Knowledge 

Coherently to what affirmed in the previous section empirical evidences show how in many industry there are 
innovation systems that combine the local dimension with an international dimension. 
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Inside Outside 

In many countries indeed the creation of innovation systems requires an injection of foreign knowledge which 
successively has been exploited in a specific territory. On the other hand there are cases where the local produced 
knowledge must be exploited in the foreign markets.  

Coherently a new classification of innovation systems has been proposed that considers two dimensions: 

- Knowledge Sourcing: this dimension analyses where the knowledge is developed by firms or universities if 
inside or outside the innovation system’s geographical boundary. 

- Knowledge Development: this dimension analyses where knowledge is exploited by firms if inside or outside 
the innovation system’s geographical boundary. 

Combining these two dimensions we obtain four kinds of innovation systems: 

- Local Innovation Systems: it is the classical configuration described by the literature where the knowledge has 
origin and it is developed in a specific territory thanks to cooperation among local universities, firms and 
institutions: 

- Imported Innovation Systems: are systems that are developed in a specific territory thanks to the knowledge 
developed abroad and imported in the system. These systems are characterised by a strong collaboration with 
foreign firms and research organizations that are often encouraged to open a branch in the territory. 

- Exported Innovation Systems: are systems where the knowledge is create in a specific geographical location 
thanks to cooperation among local universities, firms and institutions but it is exploited abroad. It is the case for 
example of the creation of satellite clusters thanks to the internationalisation of large multinationals that need to 
go abroad because the local context it’s too small to obtain enough economic results.  

- Global Innovation Systems: are systems where the knowledge has origin and it is developed in a global context 
thanks to cooperation among universities, firms and institutions located in different territories. In this case the 
system is not linked to the local dimension and the actors are connected by global knowledge flows. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The described model is then used to classify the EU life sciences clusters. Life sciences industry indeed is 
characterized by a high pressure toward innovation that requires high investments in R&D and constant 
relationships among firms and research institutions. These latter aspects and the explicit nature of the knowledge 
developed create an increasing tension toward globalization of local systems. 

4. Empirical Analysis: Classification of EU Life-Sciences Innovation Systems 

Life science industry includes biotechnology, pharmaceutical and medical instruments sectors and it is one of the 
most important industry considering both the rate of innovation and the financial performance. (Deloitte report, 
2016).  
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Today the dimension of the EU life science industry are comparable with the dimension of the US one. European 
policy makers indeed have long been actively promoting the growth and expansion of Life Science industries, 
driven by factors such as the increasing life expectancy of the aging European population and the general aim to 
improve living standards of the population. Growth has been further spurred by technological progress in related 
sectors, which has allowed new research and development opportunities. 

The total number of Life Science companies is 10,737, across 14 European countries and Israel. The greatest 
concentration is in Germany at 1,876, closely followed by the UK at 1,610 and France at 1,112. For Biotech 
companies it is the same pattern with Germany at 1,042, the UK at 979 and France at 720, while at the other end 
of the spectrum, Austria (94), Ireland and Finland (82 each) and Ireland (65) have the fewest. 

For Medtech, Germany again leads the way with 572 companies, then Sweden (301), while those with the fewest 
are Norway (32), Finland (37) and Ireland (39). 

The Pharma industry is largest in the UK with 110 companies being based there, next is Germany with 103 and 
France with 94. The country with the most employees in LS is Germany (247,000), followed by the UK 
(174,000) then France (146,000).  

The largest focus area of products is oncology, especially in the leaders countries as Germany, the UK, 
Switzerland and France, where oncology predominates. 

There are some interesting exceptions such as Austria’s focus in early development on infectious diseases, while 
Belgium focuses more on diseases of the musculoskeletal system and connective tissue. Other product area 
Products are concentrated in late in Ireland center on cardiovascular diseases and in Spain, Finland and the 
Netherlands on the central nervous system. 

Coherently with what is happened in other territories also EU life-sciences industry is showing important 
changes, from one hand the activities are often territorially based and concentrated in a number of local 
innovation systems, on the other hand we observe a high level of openness of actors of the existing cluster to 
global market. 

In particular Germany and the UK have the highest number of global Headquartes (HQs) of domestic LS 
companies, followed by France and Switzerland. (KPMG report, 2016). 

Differences among European regions do not are related only to the specialization and to the dimension of the 
clusters located in the different regions Clusters can be formed at a variety of levels: they can be concentrated in 
a city, they can spread across borders, they can be the result of a national strategy to boost innovation. It is also 
the case that depending on their audience, clusters may like to present themselves as independent clusters in their 
own right, or on other occasions to be seen as part of a larger entity. In the UK, for example, Cambridge is 
promoted both as the area around the city and also as part of the ‘Golden Triangle’ of Cambridge, Oxford and 
London.  

France is a champion in multiplying its innovation nodes. Areas covered by umbrella organizations such as 
Lyonbiopole or Medicen, which are defined as clusters, contain within them multiple sub-groups, labelled as 
“clusters” by the French state. The city of Oslo counts no less than 11 life sciences clusters. 

Moreover clusters present also different capacity to attract foreign companies. According to KPMG report, there 
are three types of European countries: countries with strong clusters of life science companies and an attractive 
tax and business environment; countries that have significant clusters of life science companies in their 
jurisdictions, but lack the benefits of an attractive business environment; countries which have attractive business 
and tax regimes without the support of a strong domestic biopharmaceutical industry. 

Accordingly we start from the Sanofi report of the EU leading life science clusters to classify them accordingly 
to the framework presented in the paper (Kelly et al, 2016). 

The study, commissioned by Sanofi, covers 17 geographical areas that fit a common preliminary criterion: they 
form a coherent structure where universities, research labs, science parks, incubators, hospitals, start-ups, large 
companies and government agencies cooperate, with the joint aim of generating innovation. They also respond to 
a national, regional or local strategy to join forces with the objective of strengthening the area’s competitiveness 
and economic growth. 
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Stockolm-Uppsala in Sweden and the Manchester cluster (North-West England) in UK. Large part of EU clusters 
present an increasing tension toward globalisation, the knowledge is developed in a specific territory thanks to 
cooperation of one or few local universities and public research centres but it is exploited also abroad trough the 
internationalisation of local companies and the links with clusters situated in other countries. It is for example 
the case of the UK Golden Triangle (London- Cambridge- Oxford) where the local companies have constant 
collaborations with US pharmaceutical MNEs. It is also the case of the Zurich clusters where are located many 
biotech and pharmaceutical companies that concentrate their R&D activities in Zurich but need to go abroad or 
create foreign alliances to exploit their knowledge and to obtain enough economic returns also for the limited 
geographical dimensions of the original areas. 

In EU there are also some Imported Innovation Systems like the Scotland, Ireland and Vienna clusters. These 
systems are often young and are created trough the specific initiatives of local governments. Usually in these 
territories there is a lack of a strong knowledge tradition in life sciences industry that the government tries to 
overcome creating fiscal and economic incentives for foreign life-sciences companies that want to open R&D 
branches in the territory or encourage cooperation with foreign universities. It is the case for example of the 
Vienna cluster the youngest and the smallest of the EU life sciences systems. 

Finally in EU there are present two Global Innovation Systems: the Medicon Valley and the Bio Valley. 

These two clusters are born linked universities and firms of different EU states and present a strong global 
tension. In particular the Bio Valley consists of 14 technology research parks situate in the middle of Europe in a 
region at the centre of Switzerland, Germany and France. Bio Valley is the home of 40 per cent of the world’s 
leading pharmaceutical companies like Novartis and Roche. These companies have their home in the Valley but 
have their branches in biotech clusters all over the world. The global tension regards also the universities indeed 
there is a plan to create a European university campus in the border region of Germany, France and Switzerland. 

Medicon Valley instead is localised in the North Europe and include some 11 universities and many firms of 
Sweden and Denmark. The cluster is created as a global system and manifests also today a strong global tension 
especially thanks to their large companies like Novo Nordisk. 

5. Conclusions 

It is now widely accepted that innovation is a territorially embedded process, which cannot be fully understood 
independent of the social and institutional conditions of individual places (Lundvall, 1992; Asheim, 1999). On 
the basis of these considerations, some authors identified criteria to define the geographic confines for the 
innovative process, introducing the concept of the local systems of innovation (LIS), defined as networks of 
technologically specialized and locally situated firms, institutions and research agencies (Cooke 2001, 2004; 
Asheim and Coenen 2005). Nevertheless empirical evidences show that especially in high tech industry like life 
sciences, relatively few clusters are completely self-sufficient in terms of the knowledge base from which they 
draw suggesting that the knowledge flows that feed innovation in a cluster are often both local and global. 
Bathelt et al. (2004). 

According to these considerations and starting from the knowledge based theory of innovations systems the 
paper proposes a theoretical framework that classifies the innovation systems considering the place of 
knowledge sourcing and the place of knowledge development. Our paper shows that local innovation systems is 
only one of the possible configuration of technology clusters that can be assumes also the configurations of 
Imported Innovation Systems, Exported Innovation Systems and Global Innovation Systems. 

The application of the framework to the European life-sciences clusters shows that in Europe are present all the 
configurations of the systems. 

The paper has interesting theoretical and practical implications. From the theoretical point of view the paper 
suggests an original framework that enlarges the concept of innovation systems proposed by the literature 
introducing new configuration more adapt to represents the reality. The proposed framework could be applied by 
other scholars to analyse the innovation systems in other geographical regions or in other industries. From the 
practical point of view the paper encourages the policy makers to rethink their strategies too locally centred 
emphasizing also the opportunities stemming by a global view of the phenomenon and by collaboration with 
other nations. 

Despite these strengths the paper is a first approach to the topic and the theoretical framework could benefit by 
further improvements and applications. 
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