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Abstract

This chapter reviews the importance of networks in the innovation process from

a spatial perspective. Such networks are part of different scale systems of

innovation and are essential to the creation of knowledge externalities. It is

well established in the extant literature that innovation does not occur in

isolation, and furthermore, interorganizational networks facilitate innovation

creation. Social networks, trust, and local embeddedness play key roles in the

formation of such networks. In addition, relational perspectives, such as non-

geographical proximities, are also vital factors for the creation of innovation

networks, the main objective of which is knowledge creation. Important enough,

the latter can be approached as crucial production factor in the frame of the

knowledge economy. Moreover, scale is an important attribute of such networks,

as both local and global links are important in the innovation process.
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26.1 Introduction

This chapter aims to review the importance of network formations in the innova-

tion process adopting a spatial perspective. The starting point for this journey is the

systemic understanding of the innovation process: innovation does not occur in

isolation but is the outcome of systemic interactions among various actors. The

spatiality of such systems of innovation (SI) and more specifically networks of

innovation is the main focus of this chapter. Unavoidably, such an analysis is

underpinned to some extent by evolutionary processes, which capture the change

of organizations, institutions, and their ties over time. Importantly, SI highlight the

role of interactions between actors in the innovation process and the related

feedback mechanisms. Thus, innovation activity is a collective process, which is

based on actors interacting together to transfer, exchange, and create knowledge

(Edquist 1997). Such knowledge is a necessary input for the innovation
production. It needs to be stressed here that despite the great interest from

academics and policy makers in understanding the mechanisms behind innovation

creation, there is still not a commonly accepted definition for innovation. For the

needs of this chapter, the following definition is adopted: “An innovation is the

implementation of a new or significantly improved product (good or service), or

process, a new marketing method, or a new organizational method inbusiness

practices, workplace organization or external relations” (OECD and Eurostat

2005, p. 46).

The systemic understanding of the innovation process was initiated by the

introduction of the concept of national innovation systems (NIS). Pioneers in this

conceptual formation were Christopher Freeman and Bengt-Åke Lundval, who

introduced the idea that different innovation actors are linked together forming

a knowledge exchange network structure. Such a systemic understanding of inno-

vation is based on three components: (a) the actors of the innovation system, which

are private (individuals and firms) and public organizations (universities or state

authorities), the affiliation of which with the SI defines the boundaries of the

system; (b) the relations and interactions among these actors for knowledge crea-

tion and diffusion; and (c) the attributes of the actors.

Soon after the systemic view on innovation was established, this approach was

then transferred to a regional scale known as the regional innovation system (RIS)

(Cooke 1992). This scalar change came as a response to empirical evidences that

innovative activity is neither uniformly nor randomly distributed across geograph-

ical space. The main explanation is that knowledge, especially tacit – that is, the

non-codified part of knowledge – can only be transferred via face-to-face interac-

tions and within an atmosphere of trust. Thus, geographical proximity can act as

a facilitator for the innovation production. However, as it will be highlighted later

in this chapter, geography is not the only proximity dimension useful in this

context. During 1990s, the RIS concept was developed as an analytical framework

for policy makers and academic researchers to understand the innovation process

in regional economies (Cooke 1992). RIS focuses on interactive networks of nodes
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and linkages on a regional scale to understand a city or region’s innovation

performance. Thus, the spatiality of interactions among innovation actors becomes

an important element of the innovation production.

The last point leads the discussion to the core of this chapter. Innovation is

a systemic process, which is facilitated by networks of actors. The latter is

a systemic representation of interactions among innovation actors. However,

such systems are anything but a-spatial as spatial and territorial dynamics facilitate

interactions and directly affect innovation actors. After analyzing the systemic

nature of innovation in the introduction section, this chapter then focuses on

further understanding innovation networks. Then, Sect. 26.3 highlights the impor-

tance of networks in knowledge creation and in the frame of the knowledge

economy. Sect. 26.4 focuses on the impact of different proximities in network

formations, and Sect. 26.5 reviews the main current methodological challenges

in modeling spatial innovation networks. Finally, the chapter ends with

a conclusion section.

26.2 Networks and Associated Concepts

Owing to Cooke and Morgan’s (1993) seminal work on the network paradigm, the

importance of networks in regional economic growth is well established among

academics and practitioners. Although the starting point was limited to the micro-

scale, the spatiality of such links gained importance over time. Initially the focus

was on interfirm links, usually representing buyer–supplier relationships. The

dominant economic school of thought, grouped here for simplicity reasons under

the term mainstream economics, incorporated space as “transaction cost.” Thus,

proximity, mostly in terms of geographic proximity among actors of local produc-

tion systems, can result in transaction cost reduction. Such a proximity effect

decreases the locational disadvantage of peripheral, but still agglomerated regions

when compared with the core urban areas, which represent the nodal points of the

Fordist production system. A similar effect can be generated by the so-called

Marshallian externalities. According to Alfred Marshall’s argumentation on an

industrial atmosphere, small and agglomerated firms in industrial districts can

benefit by scale economies and the resulted cost decrease in human capital training,

information and knowledge sharing, and the collective use of infrastructure

(Marshall 1927).

However, the introduction of the innovative milieu concept by the French group

GREMI (Groupement de Recherche Europeen sur les Milieux Innovateurs) turned

the interest to more dynamic and territorially embedded conceptualizations of the

innovation production. Indeed, proximity is in the center of the discussion around

innovation production, not only because it decreases transaction costs, usually

expressed in the form of transportation cost, but mostly because it eases information

exchange usually through frequent face-to-face interactions and cultural similarity.
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In more detail, there are two main characteristics of an innovative milieu. Firstly,

a milieu, in order to enhance the innovation production, needs to be characterized

by a collective learning process. Such an attribute improves local creativity,

technological development, and adaptation and, in total, supports the innovation

production. Secondly and in the same spirit, a local milieu reduces uncertainty as it

enables a better understanding of firms’ decisions given the easiness it provides in

interpreting technological transformation (Camagni 1991).

At the same time, Porter (1990) introduced the notion of clusters and defined it

as a group of interconnected companies from more than one industry and the related

institutions, which are all located in geographic proximity. The notion of the

industrial district differs from the regional cluster as the latter mostly consists of

firms from the same or related industries as well as supporting institutions.

Although he did not explicitly focus on networks, the distinctive point of his

conceptual proposition was the interconnectedness of regional actors and how

such network-like structures can benefit firms. The mechanism behind this argu-

ment is summed up by the following: once a specialized industrial cluster is formed,

then demand for suppliers and other supporting services is generated. This demand

acts as an incentive for suppliers and service producer firms to locate within the

cluster to take advantage of the emerging economies of scale and the lower

transaction and transportation costs. Consequently, dense transaction linkages

should be expected within a cluster (Bathelt et al. 2004).

In total, various closely or less closely related concepts have been introduced in

the new regionalism tradition including, apart from the innovative milieu and

Porter’s cluster notion, concepts such as local knowledge communities and learning

regions. Even when the discussion moves to older conceptualizations such as

Marshallian industrial districts, an important element for the success both of the

firm and the district is the density of social networks among organizations. In both

conceptualizations of local and regional networks, economic and social relations

play a key role in innovation facilitation.

Therefore, given the wide acceptance of the above conceptualization, the spati-

ality of networks between actors came to the forefront of academic research, and in

addition, such a network framework was further expanded to include non-firm

actors. Examples include links between firms and other noncommercial organiza-

tions such as universities, research institutes, technology transfer agencies, and

regional and governance bodies. Despite the different conceptualizations found in

the literature, there are some common characteristics in respect to the mechanisms

related with spatial innovation network formation (Giuliani 2011):

• Market relationships or traded interdependencies using Storper’s (1997) termi-

nology. Such networks are formed utilizing market mechanisms, and examples

include user-producer links, spin-off companies, and highly skilled human

capital mobility. Spatial proximity is an important facilitator of knowledge and

most importantly tacit knowledge exchange.

• Social ties or untraded interdependencies (Storper 1997). More often than not,

interpersonal networks provide the necessary basis to build market linkages.

Examples include the importance of social relationships in the formation of
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Italian industrial districts as well as their role in the success of Silicon Valley

(Saxenian 1994).

• Policy-driven ties, which are the outcome of specifically designed (usually

regional) policies, the main objective of which is to enhance the density of

local interorganizational ties. The policy-related discussion around RIS tends to

include such measures.

Despite the growing interest on networks, the relevant literature is still missing

a universally accepted definition. As a summary of the above discussion, Tijssen’s

(1998, p. 792) definition is adopted here. According to him, a network is

an evolving mutual dependency system based on resource relationships in which their

systemic character is the outcome of interactions, processes, procedures and institutional-

ization. Activities within such a network involve the creation, combination, exchange,

transformation, absorption and exploitation of resources within a wide range of formal and

informal relationships.

The discussion around networks is usually relatedwith interfirm interactions. Firms

benefit by participating in such regional innovation networks. Firstly, firms profit from

the informal exchange of resources including knowledge and know-how, which is

difficult to be facilitated by formalmarketmechanisms. Secondly, owing to an already

adopted network perspective from a firm, the creation of new links is easier to take

place, indicating a cumulative advantage. And thirdly, such networks carry trust and

reciprocity – qualities that were usually excluded frommainstream economics, which

enable the preservation of ties over long periods of time (Giuliani 2011).

Different typologies can be built for such networks. From a managerial perspec-

tive, innovation networks can be identified as the summation of interfirm linkages.

Fischer (2006) distinguishes five different network types. Supplier networks, apart
from intermediate goods purchase, reflect mostly subcontracting relationships

between firms. The latter differs from the former as subcontracting relationships

are ruled by formal contracts which define the order specifications, instead of

simply obtaining final products from an upstream supplier. Customer networks
represent the effort spent by companies to gain feedback from their customers to

better customize their products and services. At the same time, the opposite

direction of such a relationship is also important as customers – in this case

firms – need to obtain information for new products from their suppliers. Techno-
logical cooperations is the third type of interfirm networks. The main objective of

such networks is to share scientific knowledge and the outcome of R&D processes

as well as to facilitate joint technology production and process development. R&D
cooperation networks represent a well-established framework for interaction

between firms and other actors such as universities and research centers, the main

characteristics of which are fundamental or applied research. What used to be

depicted as informal networks between firms and universities, nowadays, is mostly

reflected in formal agreements between such actors. Finally, production networks
and strategic alliances represent interfirm collaboration agreements for joint pro-

duction. The main motivation for such agreements is the achievement of economies

of scale and also surplus or scarcity in production capacity. While the first two types
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of interfirm networks can be characterized as vertical networks, the last three

represent horizontal collaborations (Fischer 2006).

From a functional point of view, interfirm networks can fulfill three different

corporative needs: (a) problem solving by assistance networks; (b) lack of infor-

mation such as whom to contact for specific reasons through information networks;

and (c) entrepreneurship and product development (Mønsted 1993). The above

networks are vastly based on interpersonal relationships and trust found in local

communities. Although these networks are mostly interfirm networks, the driving

force for such structures is interpersonal relations. In general, such regional inno-

vation networks are always based on preexisting personal social networks which

carry the necessary trust (Lechner and Dowling 1999). Thus, to the extent that such

networks are related with regional innovation production as a necessary condition

for firms to innovate and thrive, then trust, which is a necessary condition for the

creation and maintenance of such interpersonal links, can be approached as an

important mechanism for regional innovation processes. However, trust is

a complex notion and can be approached as a socially embedded notion which is

based on friendship, kinship, and repeated interaction (Boschma and Frenken

2010). Although such relationships are primarily social, they also carry information

about potential partners, and because of this attribute, they increase the ability of

organizations to get involved with innovation networks.

What also needs to be highlighted here is the interrelation between regional

networks and regions per se. Regions do not only contain and shape network

formation, but at the same time social interaction among actors in regional networks

also affect its geography (Storper and Walker 1989). The above interrelation can be

further intensified by the evolutionary nature of regional networks. For instance, the

existence of large firms in the development stage of a region might prevent the

development of extensive regional innovation networks or even an industrial

district (Lechner and Dowling 1999). The explanation behind this influential role

of large companies on regional networks is the power that large firms hold in terms

of bargaining power against their supplies (Porter 1980). The utilization of such

power has negative effects in developing interpersonal to innovation networks.

A well-known example is the comparative discussion between Silicon Valley

and Route 128. While in the former, the existence of one large firm, that is,

Fairchild, supported the establishment of innovation networks, and the presence

of multiple large firms in Route 128 prevented the creation of innovation links

(Saxenian 1994).

26.3 Knowledge Networks in a Knowledge-Based Economy

Knowledge exchange is the main incentive behind the formation of networks.

Knowledge production does not solely depend on isolated for-profit firms and

nonprofit institutions. Knowledge comes as the outcome of unconstraint exchange

of information between a plethora of actors organized formally or informally in

systemic ways creating networks at different scales. Such networks tend to be more
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and more inter-sectoral, interorganizational spanning over a variety of actors from

firms to universities and also international (Autant-Bernard et al. 2007).

The importance of knowledge in the current economic framework is depicted in

the discussion around the knowledge economy. Knowledge is directly linked to

information because “knowledge is more than information as information is more

than simply data” (Malecki and Moriset 2008, p. 29). The relation between these

notions is hierarchical as one step higher in the hierarchy reveals a higher level of

sophistication, codification, and consequently value. Leydesdorff (2006, 17;

original emphasis) further explains the notion of knowledge and distinguishes it

from information:

Knowledge enables us to codify the meaning of information. Information can be more or

less meaningful given a perspective. However, meaning is provided from a system’s

perspective and with hindsight. Providing meaning to an uncertainty [. . .] can be consid-

ered as a first codification. Knowledge enables us to discard some meanings and retain

some others in a second layer of codifications. In other words, knowledge can be considered

as a meaning which makes a difference. Knowledge itself can also be codified, and codified

knowledge can, for example, be commercialized.

This last point is the key characteristic of the knowledge economy: knowledge,

as a commercialized entity, has become a production factor, in advance of capital

and labor (Drucker 1998). According to the OECD’s (1996, p. 7) definition,

knowledge-based economies are economies “which are directly based on the

production, distribution and use of knowledge and information.”

The notion of knowledge is tied with the notion of learning. The latter, as

a collective ability of a society or a locale, appears to be central in the development

process (Lundvall 1992). Advances in information and communication technolo-

gies (ICTs) resulted in the acceleration of codification and digitization of

“codifiable” knowledge and thus in improvements in knowledge accessibility.

These drastic changes in knowledge codification process resulted in the transfor-

mation of knowledge into a market commodity. The part of knowledge which is not

codifiable is identified as tacit knowledge and is embodied in practices, people, and

networks (Maignan et al. 2003).

Given the current knowledge economy framework, the importance of innovation

and knowledge networks becomes more evident both at the micro- (firm) and meso-

(city) level (for a city-level discussion around the knowledge economy, see

Geenhuizen and Nijkamp 2012). Knowledge spillovers, which are defined as the

positive externalities that a firm benefits from in terms of knowledge as a result of

the environment it operates within (for a discussion, see Capello and Faggian 2005),

are essential elements for knowledge generation and most importantly for the

innovation creation process. Knowledge spillovers can be understood as incentives

for the formation of formal and informal networks. Simply put, knowledge creation

and innovation production are not just the product of one actor, but on the contrary

are facilitated by spillover effects and efforts taking place outside the individual

actor. Network structures support this process as they provide the necessary plat-

form for utilizing such spillovers (Fischer 2006). Knowledge and innovation

creation can be approached as interactive processes in which actors, which possess
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different types of knowledge, interact together in order to overcome technical

organizational, commercial, or intellectual problems (Bathelt et al. 2004).

Of equal importance in understanding the role of networks in innovation process

is the distinction between tacit and codified knowledge and how these different

types of knowledge are tied to specific localities. The distinctive point between

them is the easiness to be transferred. For instance, codified knowledge can be

digitized and transferred through ICTs over long distances without the need for

intensive interpersonal interaction. Especially nowadays, owing to the digital

revolution and the pervasive character of ICTs, codified knowledge can be very

easily transferred or even downloaded via digital networks. Therefore, the spatial

ties of this type of knowledge are loose. However, this argument applies less for

tacit knowledge. The latter is characterized by a higher level of sophistication and

complexity which does not allow for its codification (It needs to be highlighted here

that the borderline between codification and non-codification is not fixed and may

change over time). As a consequence, tacit knowledge transfer is heavily based on

interpersonal interactions. Therefore, tacit knowledge has a higher degree of local

embeddedness as proximity is a crucial factor for transmission of such knowledge.

The role that ICTs play in supporting distant, face-to-face interactions via telecon-

ference applications needs to be highlighted here. Face-to-face communication can

be divided into two components: the conversation and the handshake, with the

former being the “metaphor for simultaneous real-time interactive visual and

oral messages” while the latter for the physical co-presence (Leamer and

Storper 2001, p. 4). ICTs can only lower the cost of the conversation component

of the face-to-face communication, which enables up to a certain extent the

transmission of tacit knowledge via global networks.

The above argumentation can be crudely summarized on the preposition that the

more codified knowledge is, the less spatial dependent is. On the other hand, the

more tacit characteristics knowledge has, the more its transfer is based on spatial

proximity between the involved actors. This spatial distinction of knowledge and

the knowledge transfer process also reflects the debate between global connectivity

and local network intensity. The discussion in this chapter has been mostly focused

on the latter, which refers to Marshallian externalities, clusters, and innovative

milieu. All of these notions highlight the value of local networks in innovation

generation and growth. What has not been yet discussed in this chapter is the value

of global links in achieving the above objectives. Such global pipelines can be

understood both as open channels and more closed conduits. The former

approaches interorganizational links as open systems that diffuse knowledge to

all the loosely connected actors in a way that facilitates knowledge spillovers. This

type of linkages can be understood as weak links. The latter type of links functions

in a more restricted way so that knowledge only flows among these connected

actors that are part of the alliance. Such strong links are used to protect sensitive

issues such as intellectual property rights. Based on this, it can be said that access to

knowledge is not only the result of interactions among collocated actors in local or

regional networks, but it can also be the outcome of partnership and linkages at an

interregional or international scale (Owen-Smith and Powell 2004).
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The interplay between local and global linkages can also be seen as the outcome

of the transformation that our society is going through due to the extensive use of

ICTs. From an urban perspective, the underlying new techno-economic paradigm is

related with drastic social changes. The starting point for understanding these

changes is the seminal work of Castells on the network society (Castells 1996),

where he illustrated the emergence of a new spatial form due to the structural

transformation that society is undergoing because of the extensive use of ICTs. He

identified this new spatial form as the space of flows, and he defined it as the

“managerial organization of time-sharing social practices that work through flows”

(Castells 1996, p. 442). Such flows are “purposeful, repetitive, programmable,

sequences of exchange and interaction” between detached socioeconomic actors

(Castells 1996, p. 442). Castells presented this new spatial form as a three layer

system. The first layer consists of the technical network infrastructure, upon which

the flows of Castells’ network society are transported. Examples of such infrastruc-

ture include the digital infrastructure upon which the Internet function is based as

well as aviation networks which are responsible for transfer of people between

places. Most importantly from the innovation network viewpoint, the second layer

refers to the nodes and the hubs of the space of flows. These are the real places with

“well-defined social, cultural, physical, and functional characteristics” (Castells

1996, p. 443). These places – cities in reality – are interlinked through the first –

infrastructural – layer of the space of flows upon which real flows, such as

knowledge, are transported. From this perspective, global pipelines can be under-

stood as part of the space of flows. Lastly, the third layer of the space of flows refers

to “the dominant managerial elites” and analyzes the spatial organization of these

privileged social groups, which are increasingly located in isolated communities,

but at the same time in highly connected places (Castells 1996, p. 433).

What would be a mistake here is to approach the above discussion on the scale of

interorganizational linkages as preference toward local or global links. The argu-

ment that innovation cannot occur in isolation is only valid from a multi-scalar

perspective in the contemporary world economy. It is well established nowadays

that local economies are dependent upon global corporate processes. Thus, local-

ities cannot exist anymore as local and regional economies only linked with the

global economic system via trade flows, following a Marshallian logic. From

a policy point of view, strategies to support local economies using a Marshallian

framework targeting only the intensification of local links ignore global interde-

pendencies, and their success is anything but given (Amin and Thrift 1992). Such

local strategies should be multi-scalar in nature and promote cross-fertilization

between global and local links.

26.4 Innovation Networks and Different Types of Proximity

The discussion in the previous section took place on two axes. On the one axis,

different knowledge types were analyzed. The focus was on tacit and codified

knowledge and how these “distinct” types of knowledge flow between
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organizations. On the other axis, the scale and the spatiality of interorganizational

linkages, which facilitate these flows, were examined. As it was explicated, the

range of such links varies from local to global links. Despite the importance of the

above approach in understanding the mechanisms behind the formation of knowl-

edge and innovation interorganizational links, it is still a simplification to assume an

absolute correspondence between tacit knowledge and geographic proximity, on

the one hand, and codified knowledge and long distance links, on the other hand.

Firstly, the separation of both knowledge types is not always clear. Secondly, face-

to-face interactions and geographic proximity are not the exclusive facilitators of

tacit knowledge flows. For instance, ICTs, as mentioned before, can also play a role

as such a facilitator. Most importantly though, it is important for innovative firms to

establish links with nonlocal partners to obtain knowledge and ideas which are not

accessible locally (Torre 2008).

In order to shed more light in this complex relation, this section takes

a relational turn and introduces other non-geographic components of proximity.

Thus, apart from the geographical proximity denoted by Euclidean distance, other

relational proximities, including cognitive, organizational, and institutional

proximity, will also be assessed. These proximities are defined in a relational
space which can be defined as “the set of all relationships – market relationships,

power relationships and cooperation – established between firms, institutions and

people that stem from a strong sense of belonging and a highly developed capacity

of cooperation typical of culturally similar people and institutions” (Capello and

Faggian 2005, p. 78). The starting point for defining the different dimensions of

proximity lies in the French school of proximity. The main objective of this group

of industrial economists was to endogenize space in economic analysis and, more

specifically, to incorporate space and other territorial proximity elements in

a research framework, which aims to better understand the dynamics of innovation

(for a review of the French school of proximity, see Torre 2008). A second

development in further decomposing and analyzing the different components of

proximity was studies related to innovation and territorial learning in the broader

framework of evolutionary economic geography. In recent years, we have experi-

enced an increased interest in factors which explain how firms and regions interact

as part of a “collective learning process,” since learning and knowledge creation

are an essential component of the firms’ and regions’ competitive advantage. The

notion of proximity and its different components is juxtaposed with ideas

about knowledge transfer and creation, tacit knowledge, and learning regions

(Boschma 2005).

The common basis of these approaches is the importance of non-geographic

types of proximity in innovation creation. Starting from the French school of

proximity, two different types of proximity can be identified: geographical and

organized (Torre 2008). The former type is more straightforward and usually

represents physical distance and collocation. Nonetheless, different conceptualiza-

tions of geographic proximity could also be utilized, as physical proximity might be

affected not only by Euclidean distance but also by the transportation cost between

two places and their accessibility. In addition, the temporal continuity of
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geographic proximity is also important. As Torre (2008) suggests, geographic

proximity and face-to-face interactions are necessary only during specific stages

of the innovation process.

Unlike physical proximity, organized proximity is a relational notion and refers

to the ability of an organization to enhance interaction between its members. The

main point behind this concept is that members of the same organization will

interact together more easily than actors outside the organization. This is based

on two different logics (Torre 2008): (a) adherence logic, according to which actors,

who are close in organizational terms, such as a firm and network, are part of the

same relational space, and (b) similarity logic, according to which the organiza-

tionally close actors tend to be alike. In a nutshell, while geographical proximity

reflects separation in space regarding physical distance, organized proximity is

considered as the overall framework in which different actors interact. In the

same vein, Boschma defined organizational proximity “as the extent to which

relations are shared in an organizational arrangement, either within or between

organizations” (Boschma 2005, p. 65).

Building upon the French school of proximity findings, Boschma (2005)

approached proximity as a five-dimension notion. Cognitive proximity is the

point of departure for his conceptual framework and is defined as the level of

similarity of the knowledge base of different organizations. Organizations collab-

orate and form links and networks using as criteria the knowledge background of

the potential partners, as people and organizations, which share the same knowl-

edge background and expertise, may learn from each other. The complexity of the

learning process is reflected in the nonlinear effect of cognitive proximity in

learning. In order for knowledge to be transferred, gained, or created, there is

a need for optimal cognitive proximity, since too high cognitive proximity will

eliminate any novelty from the interaction, while, vice versa, too high cognitive

distance will result in communication difficulties (for a detailed discussion, see

Boschma 2005).

Despite the effort spent in the relevant literature, cognitive proximity is still

a rather fuzzy concept, and it is difficult to quantify. Strong links can be identified

between cognitive proximity and technological similarity. While some authors

distinguish these two, more often than not, these notions are used interchangeably

in an empirical context. While cognitive proximity represents the similarity of the

knowledge bases of two organizations or regions, technological proximity reflects

the similarity between the technological knowledge among economic actors

(Dangelico et al. 2010).

In addition, institutional proximity is also proposed as another proximity dimen-

sion. Following North’s (1990) definition, institutions are the amalgamation of

formal rules and informal constraints including behavioral and social standards,

while organizations can be approached as a group of agents performing the same

activity. Put simply, organizations define agents’ practices and strategies in the

overall context provided by the institutional ecosystem in which they are positioned

(Kirat and Lung 1999). Therefore, one would expect that collocation in the same

institutional environment would result in increased interaction.
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The analytical value of the multidimensional approach of proximity is now well

established in the relevant literature as a tool for understudying structurally

interorganizational innovation networks. Apart from the above discussed proximity

dimensions, different proximity components can be introduced such as social or

linguistic proximity. Most importantly, in a quantitative framework,

a multidimensional understanding of proximity will enable researchers to compare

the impact of different proximity measures in the formation of linkages. Such

a framework provides researchers with the necessary tools and flexibility to model

the explanatory value of different proximity dimensions in network formation. For

instance, it can be claimed that the different proximity dimensions in innovation

networks are in reality substitutes rather than complements (Boschma 2005).

Despite the increased complexity that the inclusion of relational proximities

introduces to the discussion on interorganizational spatial innovation networks,

the above proximity components reveal interesting dimensions of organizational

behavior. Thus, the inclusion of these relational dimensions of proximity should not

be interpreted as a diminishing factor of the importance of the spatiality of interorga-

nizational networks. It might be the case that geography, in terms of collocation and

geographical proximity, is not the (only) determinant for the innovation networks

formation, but on the other hand, the spatiality of the other relational dimensions of

proximity might reveal interesting geographies as well. For instance, path depen-

dency could explain organizational proximity between geographically distant

actors. Although geography could not explain this phenomenon, a study of the

spatiality of such networks and the underlying relational proximities, which do not

correspond with the geographical one, could be of interest per se.

26.5 Innovation Networks: Some Methodological Approaches

The centrality of spatial innovation networks in economic geography and regional

science can be depicted on the numerous different methodologies adopted by

researchers in their effort to understand and model innovation activity and innova-

tion networks in space. In this section, some recent methodological advances will

be presented. On the one hand, “traditional” econometric modeling is enriched with

spatial econometric concepts to understand innovation in space. Although this

strand of research is less associated with network structures, it still provides insights

on the spatiality of the innovation process and therefore is briefly presented here.

On the other hand, the network structure of innovation activity is the key focus on

studies having a starting point on network science. Despite the fact that space and
geography is not the key focus of this field, recent developments incorporate this

dimension as well in the search of the innovation networks driving forces.

A starting point for the first strand of methodological approaches is the knowl-
edge production function which relates regional knowledge output with R&D by

industry and university research in a Cobb-Douglas framework. The original work

of Zvi Griliches and Adam B. Jaffe was further expanded by the developments in

the spatial econometrics (for a discussion, see Anselin et al. 1997). The latter

500 E. Tranos



enabled an in-depth investigation of the spatiality of knowledge spillovers. For

instance, the work of Anselin et al. (1997) confirmed the significant positive

relationship between university research and innovative activity, both directly and

indirectly, through its impact on private sector R&D. Most importantly, the spati-

ality of university research spillovers on innovations was confirmed and quantified.

Moving to models addressing the relational character of interorganizational

links, gravity models, an important model class in regional science, may be used

to measure the impact of different types of proximity or distance on knowledge

flows. These models typically rely on three types of factors: (i) origin-specific

factors that characterize the ability of origin locations to generate knowledge

flows, (ii) destination-specific factors that represent the attractiveness of destination

locations to absorb knowledge flows, and (iii) origin–destination factors that char-

acterize the way spatial separation of origin from destination locations constrains or

impedes the interaction (Fischer and Wang 2011). Suppose that we have a spatial

system of n locations representing network nodes, then the following (lognormal)

knowledge flow model may be taken as a framework for the analysis:

ln kFij ¼ a0 þ a1 lnXo
i þ a2 lnXd

j þ a3Dij þ a4BDij þ eij i; j ¼ 1; . . . ; n

(26.1)

where kFij represents the knowledge flow (e.g., measured in terms of

patent citations) from origin location i (i ¼ 1, . . ., n) to destination location

j (j ¼ 1, . . ., n). Xo
i and Xd

j are origin-specific and destination-specific factors,

respectively, and a1 and a2 denote the associated coefficients. Dij is a continuous

distance (proximity) measure, for example, geodetic distance or travel time from i
to j, and BDij is a binary distance measure representing, for example, institutional

proximity between the locations, with the corresponding distance sensitivity coef-

ficients a3 and a4. a0 is the constant, and eij is the error term, generally assumed to

be identically and independently distributed. For model estimation issues, and

econometric extensions of the lognormal gravity model to account for spatial or

network dependence in flow data, see Fischer and Wang (2011, p. 47–70).

Finally, network science is shaping the latest developments in modeling the

structure and the evolution of innovation networks, also from a spatial perspective.

From a descriptive point of view, network analysis provides a plethora of metrics

which can assist researchers to understand the topology of innovation networks.

Examples include different centrality indicators, which depict the position of an

actor and the roles it performs in the overall network, the clustering coefficient,
which indicates the tendency of a network to create clusters of dense internal

connections, and the average path length, which is a measure of network distance.

From a modeling point of view, complexity science provides a plethora of tools to

model innovation networks from a structural and evolutionary perspective. The

distinctive point of this strand of research is that instead of adopting an explanatory

modeling strategy as reflected in fitting regression lines in observed data (e.g., the

gravitation family of models discussed above), stochastic models are utilized to
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understand the underlying mechanisms of the network formation and to simulate

the evolution of the (observed) network. A wide range of such modeling applica-

tions – from agent-based models to statistical physics and social network analysis –

can be found in the book edited by Pyka and Scharnhorst (2009).

To sum up, spatial innovation networks are curved by a two-level complexity:

a network level complexity which reflects the topological characteristics of k
interacting actors and a spatial level complexity which represents the peculiarities

of geographical space where innovation interactions are embedded. Despite the

difficulty to model these mechanisms, studies focusing on such issues are currently

at the forefront of regional science. Nonetheless, the incorporation of both level

complexities is still a challenging task despite the developments in modeling

presented in this section.

26.6 Conclusions

The objective of this chapter was to highlight the importance of networks in the

innovation process. From the above discussion, it became apparent that innovation

does not occur in isolation and that interorganizational networks facilitate innova-

tion creation. Such networks are usually based on interpersonal relations charac-

terized by a high level of trust. Moreover, these social networks are embedded

in places. This reflects the importance of the spatiality of such networks.

In addition, such innovation networks can be understood as knowledge networks

and knowledge externality catalysts. Actors interact to gain knowledge, a crucial

production element of the knowledge economy. Broadly speaking, two different

types of knowledge and two scales of interaction can be identified: tacit and

codified knowledge and local and global interaction. Although there is no absolute

correspondence, it can be said that tacit knowledge is facilitated by geographic

proximity, while codified knowledge can be easily accessed remotely. Counterar-

guments to the above statement are the increased use of teleconferencing applica-

tions via desktop computers and the necessity for firms to establish long-haul links

to gain knowledge which is not available locally. These arguments advocate

toward the adoption of a relative proximity perspective. The latter enables

researchers to understand the determinants of innovation activity and networking

not only in the Cartesian but also in relative space. Finally, effort was spent to

approach innovation networks from a systemic perspective. Innovation networks

are vital parts of multi-scalar systems of innovation, and this systemic attribute

should also be reflected in attempts to model such networks as well as their

dynamics.

To conclude, despite the inherent complexity for understanding and modeling

such networks, especially from a spatial perspective, the research community

should continue its efforts for two reasons. Firstly and from an analytical perspec-

tive, we are still lacking a generalized understanding of how actors interact together

in order to innovate. From a spatial perspective, it is essential to understand the role
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places perform in this process. Secondly, such analytical gains can be utilized to

better design local and regional policies. In the current network society, it is

important for policy makers to propose tools for increasing network intensity in

a multi-scalar, targeted, and efficient way.
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