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1. INTRODUCTION

In the last fifty years the economic role of knowledge has progressively gained the central place in the arena of the economic debate. The hypothesis that a transition toward a knowledge-based economy occurs is very misleading as knowledge has always been the primary resource into all human activity. What is, however, very new is the identification of knowledge as an economic good.  In other words, the economics of knowledge has gradually emerged as a discipline in a context characterized by a substantial need for understanding how the generation, dissemination and use of knowledge is organized in the current economic system. 

Major changes have occurred in the economic understanding of knowledge in the second part of the XX century. Knowledge has been first regarded as a typical public good that markets and profit-seeking agents could not produce in the appropriate quantities and with the appropriate characteristics. These theoretical ingredients paved the way to the setting-up of the appropriate infrastructure for the public provision of knowledge. However, a progressive identification of the central role of external knowledge in the production of new knowledge marks the second step. It largely contrasted the public good character of knowledge with a new argument about the quasi-private nature of technological knowledge. The ‘discovery’ of the knowledge trade-off stressed the key role of its dissemination and the limitations of the intellectual property rights.

The distinction introduced by Joseph Stiglitz between information economics and economics of knowledge provides a basic guidance (Stiglitz, 2000) in order to explore the implications of that substitution from a public to a quasi-private character of knowledge. More precisely, information economics, namely the analysis of the characteristics of the economic system from the viewpoint of the quantity, quality, symmetry among agents, distribution, access and transparency of information and their effects on the conduct of agents, provide powerful analysis but of only one face of the coin. With the quasi-private character of knowledge, economics is discovering the distinction between information and knowledge, the latter requiring a more broader definition. In that respect, one can consider that knowledge as contextualised information is a satisfactory definition. But this transition has also important implications with regard to the understanding of how knowledge generation, use and diffusion occur. A step further is therefore the need to take into better account the contextualised character of knowledge. 

This is a central issue for that work that has to be understood as a preliminary attempt toward an analysis of the changing foundations of the economics of knowledge and of their effects upon the assessment of the design, the characteristics and the performances of the institutions and processes that shape the generation and distribution of technological knowledge. 

More especially, a crucial but common attitude of that work is to consider that a more balanced view based upon a deeper analysis of the generation and distribution of knowledge as a localized process has to be elaborated. The appreciation of the different forms and characteristics of knowledge makes it possible a closer analysis of the role of knowledge interactions and transactions as aspects of a broader governance problem. This evolution can have important consequences on the analysis, the implementation and the institutional design of the production and distribution of localized knowledge and, indeed, important implications for designing policy-making. 

2. KNOWLEDGE AS A PUBLIC GOOD

The seminal contributions of Richard Nelson (1959) and Kenneth Arrow (1962) marked for a long time the economics of knowledge. If the nelsonian frame marks the implications of the public-good character of knowledge, the arrovian frame shaped the debate about the economic organization for the supply of knowledge and provided the theoretical foundations for the build up of the public knowledge commons. 

In these approaches, technological knowledge was seen as a public good for the high levels of indivisibility, non-excludability, non-tradability and hence non-appropriability. In this context, markets fail to provide the necessary coordination and the case for undersupply takes place. Markets are not able to provide the appropriate levels of knowledge because of the lack of incentives, and the opportunities for implementing the division of labor and hence achieving adequate levels of specialization. In these approaches, technological knowledge was the eventual result of the application of new scientific discoveries. A clear division of labor was existing between the role of universities and corporations. Universities and public research center were thought to be better equipped to perform scientific research. Instead, the eventual application of scientific discoveries for the actual generation of technological knowledge and the introduction of technological innovations was assigned to corporations.

The creation of intellectual property rights was regarded as a natural consequence of that public provision of scientific knowledge. Patents and copyrights, if properly implemented, could reduce non-excludability and non-appropriability. In a proper institutional design, intellectual property rights may also favour tradability and hence lead to higher levels of specialization and division of labor in the technological applications of new scientific discoveries, made possible by the public support. Intellectual property rights can help increasing the incentives to the production of incremental technological knowledge, but only in a broader context shaped by the role of the State (Kingston, 2001).

At this time, in fact, intellectual property rights are not considered as the major tool to improve the static and dynamic efficiency of the economic system in the production of knowledge. Patents are mainly viewed as an instrument designed to increase the incentives of firms to introduce minor technological innovations. Public subsidies, public direct participation in the production and demand for knowledge are regarded as the basic instruments to push the introduction of radical technological innovations (Machlup and Penrose, 1950;  Alchian and Demsetz, 1973).  

Finally, these approaches easily integrated into the schumpeterian legacy according to which the large corporation with substantial market power was the appropriate institution to accelerate the rate of introduction of technological change. Because of the low levels of natural appropriability only large incumbents in product markets characterized by barriers to entry, could fund internally research and development activities, with their own money. 

Indeed, for a couple of decades, that framework has performed reasonably well, at least in the sense that it provides policy-makers with a basic guidance to manage quite properly the incentives structures aimed at facing that public good character of knowledge.

3. KNOWLEDGE AS A PROPRIETARY GOOD

A major shift in the economics of knowledge took place when the notion of knowledge as a public good has been challenged by considering knowledge as a quasi-private good with higher levels of natural appropriability, exclusivity and hence tradability (Nelson and Winter, 1982). The distinction between tacit and codified knowledge provides in fact the foundation to the new approach to technological knowledge (Nelson and Winter, 1982).  More, taking into account the combination of an epistemological and ontological dimensions of knowledge has been thought of as a necessity in order to understand the dynamic nature of knowledge creation as well as the related implications in terms of relevant organizational structures to manage that character of quasi-private good (Nonaka, Takeuchi, 1995). 

Among the basics of that shift, the importance given to tacit knowledge has a central importance. Tacit knowledge is the result of learning processes, it is not easy to articulate it and made explicit. Much empirical analysis has explored the role of learning in the accumulation of competence and the eventual generation of new knowledge. Interesting distinctions have emerged between learning by doing and learning by using. Imitation is hampered by major information and adaptation costs, appropriability is de-facto secured by high levels of stickiness in routines and procedures: the not-invented-here syndrome is much more effective than assumed in the public good tradition (Mansfield, Schwartz, Wagner, 1981; Harabi, 1995). Technological knowledge is now viewed as the result of a bottom-up process of learning, which takes place mainly within the borders of firms. 

The theory of the firm is deeply affected by the new approach. It is our belief that neither traditional theory of the firm (be transactional or contractual approaches) nor evolutionary one are fully satisfying, with regard to the constraints issued from that transition in the characterization of knowledge. 

Transaction costs, coordination costs and contract analyses

Transaction costs economics is the result of an incremental process of extension and  implementation of the insight of Ronald Coase and Oliver Williamson. The unit of analysis here is the transaction. The firm is viewed as a nexus of contracts and a portfolio of given production functions which coexist within the same organization according to the trade-off between coordination or agency costs and transaction costs. The choice whether to include or exclude a given production process within the borders of the firm depends upon the levels of coordination and transaction costs respectively. When the costs of internal coordination are higher than the costs of using the market, a transaction takes place and that production function remains outside the borders of the firm. Instead when the costs of internal coordination and agency are lower than the costs of using the market, the inclusion takes place (Williamson, 1975, 1985, 1990, 1996). 

Given technological features such as the asset specificity and the frequency of exchanges are the key internal factors on the transaction side. The characteristics of the market place in terms of transparency, common trust and actual enforcement conditions of obligations in contract, hence institutional reliability, including the judiciary system, are the main external factors. The levels of transaction costs  mainly consist in the costs of the resources that are necessary to search for possible suppliers of specific components and activities, the assessment of their quality, price and delivery conditions, the costs of designing effective contracts with the perspective suppliers and to enforce them. Transaction costs as well are expression of bounded rationality and limited knowledge, but they concern the perspective external suppliers, rather than internal agents.

On the one hand, the analysis of coordination costs has made it possible a major progress for transaction cost economics. Coordination costs have a direct bearing on the costs of  ‘make’ as an alternative to ’buy ‘. The costs of sheer production are only a part of the full costs of internal production. Coordination costs are specific information costs stemming from the bounded rationality  and limited knowledge of managers (Simon,1947, 1982). The coordination of production activities requires dedicated resources and, as a consequence, a specific cost. Information asymmetries between the principal and the agents play a key role. The coordination of diverse activities entail specific costs associated with the need to control the actual performance of the tasks assigned to the agents and to monitor their efficiency. The control and coordination of the activities of the agent emerges as a major constraint for the principal. The design of the firm is directly affected by agency costs not only in terms of the resources that are necessary to minimize the effects of information asymmetries, but also in terms of the intrinsic technology for coordination that is applied. Sectors and technologies differ with respect to the amount of information asymmetries and the opportunities for reducing them.

On the other hand; much attention has been paid in institutional economics to assess the relationship between transaction costs economics and the incomplete contract theory (Grossman and Hart, 1986; Hart, 1995). Incomplete contract theory stresses the role of bounded rationality and the limitations of information impactedness in designing 'perfect' contracts and hence the need for internal coordination. Repeated renegotiations however can reduce the costs of the use of the markets. Upon these basis incomplete contract theory seems to be complementary to transaction costs economics rather than a substitute (Brousseau and Fares, 2000). Transaction costs economics in fact takes into account also other factors in assessing the appropriate governance such as uncertainty and the characteristics of the production process. The use of transactions in the market place and the exclusion of each production process from the portfolio of activities retained within the borders of the firm, must also take into account important opportunity costs associated with the risks of opportunistic behaviour of the suppliers and the effects of basic uncertainty in delivering the products as expected and defined in the contracts in terms of timing, quantity and quality (Holmström and Roberts, 1998).

In those approaches, the attention of governance economics cannot be but concentrated upon the make or buy alternative. Little attention is paid to the parallel and yet complementary issue of the assessment of the relative costs of using the markets to sell with respect to the costs of using that product in a further stage and eventually sell it. Yet the inclusion/exclusion choice concerns also whether to sell the output at a given stage of the production process or to use it to make another  product. The firm is an intermediary  between production stages coordinated by the market place (Spulber, 1999) .

At the time of the sweeping modularization of manufacturing processes, the make or sell trade-off applies to a wide range of industries where the general production process is broken down into production units characterized by high levels of specialization and technical indivisibility. The selective internalization of modules highlights the choice between the direct sale of the goods of a given module into the intermediary markets or the use of its products to feeding further sequential manufacturing modules. On a similar ground, the extensive growth of the service economy and the decline of the manufacturing industry at large, seem characterized by the intensive externalization of knowledge intensive business services. Again, firms decide whether to sell their knowledge as a service or embody it into goods, through internalized manufacturing activities.

The make or sell choice seems most relevant from the viewpoint of the integration of the traditional theory of the firm into the broader context of the economics of governance when attention is paid to technological knowledge, as a good which can be either sold as such in the markets for technology or used as an intermediary  internal input. The poor attention to the conditions and the dynamics of the accumulation and generation of new knowledge and competence is a major weakness. Knowledge and competence applied to the manufacturing processes as well to the management of the internal coordination and to the procedures and the skills that are necessary to use the markets, are key to understanding the firm.

The resource-based theory of the firm

Within the evolutionary approach, the resource-based theory of the firm has consolidated around the assumption that the generation of technological knowledge is the distinctive feature of the firm. The resource-based theory of the firm can be thought of as a development and an application of the economics of learning. The enquiry about the dynamics and the characteristics of learning processes, such as learning by doing and learning by using, and their relevance in explaining technological change has led to the identification of the firm as the primary locus of the generation and valorization of knowledge immediately relevant for the economic action, at least in market economies (Loasby, 1999). 

The resource-based theory has emerged as an alternative approach to analyzing the firm. The emphasis here is put on the process by means of which the firm is able to introduce technological and organizational innovations (Penrose, 1959).  In the resource-based theory (RBTF hereafter) the firm is viewed as the locus where technological and organizational knowledge is generated by means of the integration of learning processes and formal research and development activities. The firm is considered in this approach primarily as a depository and a generator of competence (Foss, 1997). 

The RBTF focuses the attention on the characteristics of the process of accumulation of competence, the generation of technological knowledge and the introduction of technological and organizational innovations, not only as key factors to understanding the firm, but also as the relevant characteristics in the general production of technological knowledge. The fundamental assumptions, at least as expressed in Foss (1997), i.e., that (1) differences in firms’ resource endowments cause performance differences and (2) firms seek to increase, not to maximise, economic performance (see Foss, 1997, p.4), have been implemented by numerous contributions feeding different strands of literature. The implementation of these basic intuitions has brought to many competing resource-based theories of the firm. This is not fully satisfactory. 

Most of the RBTF keeps actually its roots in the strategy field and neglects, at least too much in our mind, the production field.  RBTF focuses too much the attention on the strategy process and, consequently, on the  importance of firms’ differentiation in order to deal with firms’ competitiveness whereas the fundamental question of what type of business the firm is currently doing and how the firm is engaged in such business is  not enough at the front floor in the RBTF literature.

RBTF: resources to characterize firms’ competitiveness

The reader will understand immediately that our purpose is not to contribute to the core competence literature that appears as an emblematic illustration of the importance of the RBTF for the strategy field (Prahalad and Hamel, 1990). It is not a purpose to deny the importance of that strand of literature and its relevance in operational terms
, but we only want to address the difficulty to deal with innovation for such an orientation of the RBTF. Obviously, the RBTF provides important insights related to the importance of imperfect mobility of factors. Basically, the argument is fundamentally schumpeterian: the imperfect mobility of factors can be thought of a necessary condition for firms to make profits as it appears a source of quasi-rents due to imperfect imitability by competitors. Therefore, maintaining this comparative advantage over time is associated in a sustainable competitive advantage of the firm: this is basically the fundamental mechanisms of the core competence approach. Mahoney and Pandian (1992) generalise the concept of isolating mechanisms from Rumelt (1984) in order to express that distinctive feature of the RBTF. Isolating mechanisms can be thought of as any “phenomena that limit the ex post equilibration of rents among individual firms” (Rumelt, 1984, p. xx). The latter allow for favouring the sustainability of firms’ competitive positions over time and include a various range of technological, organisational, managerial, and relational factors (see Mahoney and Pandian, 1992, more especially). The important aspect here is that isolating mechanisms are a basic requirement for dealing with firms’ heterogeneity. Together with the existence of uncertainty, isolating mechanisms explain the distinctive features of a firm and the existence of potential rents. As such, they express the distinctive characteristics of a resource-based model and constitute the major explanation for firms’ heterogeneity within an industry. 

If heterogeneity is a basic condition for firms to create and sustain rents, imperfect mobility and substituability of resources appear as two further cornerstones of the RBTF. Imperfect mobility is needed for resources to be the source of quasi-rents as the existence of sunk costs implies immobility of factors and resources, i.e., the embeddedness into a specific organisation. Imperfect mobility of resources has to be complemented by its counterpart which is the existence of ex post competition (see Peteraf, 1993). The latter is required to avoid excessive monopolistic positions, that is to dissipate rents over time by allowing for an increase in competitive pressure, due to performing imitative behaviors.  Imperfect substituability of resources also complements the existence of sunk costs. Contrary to usual transaction cost approach whereas the ‘make or buy principle’ applies, a fundamental characteristic of the RBTF lies in the imperfect substituability of resources. The latter can be associated in the existence of switching costs between a firm’s existing resources and the owners of ‘similar’ resources (see Montgomery and Wernerfelt, 1988). The fact that substituability in the use of resources is costly provides the existence of asymetries in the combination of resources that enhance isolating mechanisms at the level of the firm. Basically, imperfect substituability of resources reminds the distinction emphasised by Klein (1978) between the market value of resources and the opportunity cost of resources. The use of resources in place and time is unique and this is a source of limitation in the substituability of resources that, in turn, can contribute to enhance isolating mechanisms. That argument is quite similar to that of ex ante limits to competition as a source of competitive advantage developed by Peteraf (1993): the difference between expectations in the use and/or combination of resources and their actual use is a guarantee of uncertainty in establishing successfully a superior resource position. But, ex ante limits to competition are needed to explore further and to sustain isolating mechanisms over time. Thus and finally, within the RBTF, firms’ heterogeneity is a complex pattern as it results from the balance between isolating mechanisms and a performing competitive pressure. 

RBTF: resources to characterize firms’ organisational behaviors

The RBTF proved to be a fruitful research area not only for the managerial but also for the economic literature. Here, the evolutionary approach is at the front floor and organisational behavior is the main issue being tackled. A discussion about the importance of resources for the operational knowledge of firms is here at central stake. Nelson and Winter (1982) are a distinctive mark in that line of discussion, and they pay a large tribute to authors like Simon, Schumpeter, March and Simon, and Cyert and March. The claim that organisations remember by doing and exercising is a means of introducing the importance of routines for the organisational learning. Routines incorporate formal as well as non formal knowledge. Nelson and Winter (1982) insist on the influential role of Polanyi’s analysis, especially for the translation from the working of individual skills to the working of organisational routines (routines are for organisations what skills are for individuals) which play an important role in order to discuss about organisational memory. However, if organisational memory is not reducible to the sum of individual members’ memories, because the organisation potential is more than the sole sum of its parts, this organisational issue is rather limited in its content. It is here that the RBTF is contributing to that literature by refining the understanding of organisational behaviors. 

More precisely, and more than for managerial approaches, a distinctive improvement for evolutionary economics is here to highlight the interactive character between organisations and their environment. In other words, organisational behaviors also mean to take into better account the interactive character between organisation and market environments. Then, the articulation between the RTBF and transaction cost analysis is very challenging and can be translated in analytical terms through the distinction between capabilities’ costs on the one hand, and transaction costs on the other hand. As pointed out by Langlois (1997, p. 297): “organisations may be good at certain kinds of learning by doing, so long as the economically relevant knowledge the organisation needs to learn does not stray far from what it already knows”. This Marshallian remark (referring to the ‘Natura non fecit saltum’ motto) is very helpful to complement the evolutionary approach to the influential importance of the firm’s environment. The RBTF tries to become distinctive in the way it complements organisational and market forces: on the one hand, internalising resources to express expected capabilities is mainly motivated by the complementary character of those capabilities within an overall stages of the production process developed by a firm; on the other hand, this argument finds its limitation if the market already possess these capabilities at a lower price, and if there is no specific costs in using the market. But, as Langlois (1991) also pinpointed, there are dynamic transaction costs defined as the “costs of not having the capabilities you need when you need them”. In other words, dynamic transaction costs are more than the costs of using the market, they also incorporated the costs of internal governance not to have the capabilities needed at a moment of time. 

Certainly, dynamic transactions costs are the more substantial effort to integrate production characteristics in organisational behaviors as they take into account the capability approach, i.e. the internal co-ordination of resources within an organisation in the form of the costs of coordinating different stages of a production process. Expanding the usual transaction cost argument, the governance mechanisms in coordinating capabilities become here crucial and a basic explanation to vertical integration (or disintegration respectively): when the market cannot provide the right capabilities at the right time, vertical integration occur whereas when the firm cannot establishes the right capabilities at the right time, vertical desintegration should occur. At such, it is quite a convenient transition to emphasise the innovation problem when dealing with the RBTF. 

On the whole, in the previous approaches, the firm is the primary focus. If not the single, it is considered as the essential actor in the production of knowledge for the whole economic system. The firm is viewed as the privileged locus where technological and organizational knowledge is generated by means of the integration of learning processes and formal research and development activities. The firm is considered in this approach primarily as a depository and a generator of competence and eventually knowledge (Foss, 1997; Nooteboom, 2000). 

Moreover, large firms are regarded as the key actors in the generation of knowledge. The size of firms is considered to be a key condition to generate successfully new knowledge. Increasing returns are considered to play an important role with major threshold effects. Below a given size the effective performance of research activities and the implementation of learning processes would not be considered possible. The focus on the role of large corporations of this approach is clearly consistent with the Schumpeterian legacy based upon ‘Capitalism, Socialism and Democracy’ (1942), itself far away from the Schumpeterian legacy drawn from ‘The Theory of Economic Development’ (1911/1936). The contrast between Schumpeterian legacies was eventually well articulated by Christopher Freeman (Freeman, Clark and Soete, 1982).   

RBTF: resources to create, innovate and face structural change

The RBTF has proved to be very useful to managers seeking to understand and improve firms’ competitive advantages. It also allows to deal with a closer look to the importance of firms’ capabilities and related organisational behaviors, as opposed to market regulation. However, the model also faced some limits as well. We will limit ourselves to express two basic strands of criticisms: the limitation in the characterisation of firms’ dynamic; the limitation in the actual production side of the RBTF. 

The empirics of  industry dynamics allows to considering the importance of innovation in the current working of productive systems.  Innovation is difficult to be characterised, even if quite a large consensus exists to recognize its current relevance. In what follows, we refer to innovation neither in a Schumpeterian sense (introduction of new products, processes or markets), nor in a pure evolutionary meaning (focussing of the technology implications of innovation). Innovation is thought of as a process, that is any change in the economic activity of a firm with regard to its use of resources, organisation, products and/or markets. That broad view of innovation as a process has important implications, with regard to the theory of the firm. It especially implies that the boundary between the firm and its environment is somewhat evolutive if not blurred, as innovation as a process involves a continuous interaction and related adjustment between the internal and external sides of an organisation. This, of course, is not unrelated to the previous discussion about the RBTF, especially with regard to the importance of dynamic transaction costs. However, taking innovation into a central account allows to consider that the RBTF has not elaborated a full understanding of the underlying constraints, both in terms of rate and direction of innovation.

Even after the efforts toward a dynamic characterisation of the RBTF, either in the managerial (Teece, Pisano, Shuen, 1997) or in the economic literature (Langlois, 1991), innovation as a process has difficulty to be encapsulated into the RBTF. A basic criticism is here to consider that the RBTF is not actually very related to the authors that initiated that resource-based approach of the firm, that is of Penrose’s seminal contribution especially. In order to emphasise that issue, Foss (1997) refers to an argument made by Barney when looking to the historical background of the RBTF: “In fact, Jay Barners recently argued that the chronological approach, according to which the development of the resource-based approach can be traced back to Selnick and Penrose and seen to progress rather smoothly from there, simply is a ‘myth’ (Barney, 1995). Instead, Barney argued that the modern RBP owes its origin largely to the interaction; at UCLA and elsewhere, between such economists and stragegy scholars as William Ouchi, Michael Porter, Richard Rumelt, Oliver Williamson, Sidney Winter, and Barney himself” (Foss, 1997, p. 14).This is exactly why we consider that the modern RBTF is slightly different either from the initiated direction made by Penrose, or from the current attempts to complement a RBTF with modern transaction cost analysis and/or its derivatives. As regards transaction cost analysis, the difficulty lies in its compatibility with innovation as a process. There is a fundamental problem which is in the essence of that analysis as: “Transaction cost economics subscribes to and develops the view that economizing is the core problem of economic organization” (Williamson, 1996, p. 55). Of course, it is hard not to subscribe but, on the contrary, innovation as a process often denies the purpose of economizing in a traditional sense. In other words, innovation and economizing can be thought of as a contradiction in terms, as this is related to the ‘excess capacity’ argument provided by Penrose (1959) who emphasised the need for excess resources in order to ensure the growth of the firm. Innovation as a process requires trials and errors, experiments, and in some sense to encourage excessive consumption of resources. Hereafter, we develop an analysis which is not centred on the relative efficiency of governance structures as transaction cost analysis aims at; we are nevertheless interested in pushing further the latter by confronting its relevance in dealing with innovation as a process. Therefore, we believe in the usefulness of transaction cost analysis as a guidance mechanism rather than as a normative mechanism to arbitrage between hierarchy and market.

This dissatisfaction allows us to develop a broader perspective that is to ‘integrate’ the transaction costs economics with the RBTF. The integration of transaction costs economics and the resource-based theory is possible when attention is focused upon the interdependence between the decision making in production activities and in the co-ordination and transaction ones. In such an approach, competence is the basic factor in performing the full range of activities that are necessary to understand the firm. The understanding of the factors affecting the choice between inclusion and exclusion, including the costs of using respectively the market and the internal hierarchies, is a basic ingredient in a theory of the firm aimed at considering centrally the importance of innovation as a process.

4. Beyond the make or buy dilemma: innovation as a firm’s trade-off between internal and external resources 

In order to develop such understanding of the innovative firm, a closer analysis of knowledge appropriability is required. Beyond its negative effects in terms of missing incentives and hence undersupply, the positive effects of technological spill-over and the key role of technological externalities has to be taken into better consideration (Nelson, 1987; Griliches, 1992; David, 1993). 

More precisely, a central shift lies in the discovery of external knowledge as an essential intermediary input in the production process of new knowledge The discovery of external knowledge, available not only by means of transactions in the markets for knowledge, but also by means of technological interactions, marks a new important step in the debate. External knowledge is an important input in the production process of new knowledge. A major progress is made when the special character of knowledge as a non-exhaustible good that is at the same time an output and an input into the production of other knowledge is grasped and retained at the core of the analysis. Here, the derivation from the arrovian notions of the non-excludability and non-divisibility of knowledge is clear.  

An important contribution to understanding the role of external knowledge is provided by an extension and implementation of the approach based upon learning processes. The competence and experience that are necessary to innovate are acquired not only in the repeated usage of a given set of capital goods and intermediary products and in the production of well identified products. Also the experience accumulated in marketing and interacting with a well defined set of consumers and competitors in a limited range of products, is necessary in order to generate new knowledge and eventually introduce new products. Interactions with actual customers are a primary source of tacit knowledge about their tastes and needs (Lundvall, 1985). No successful product innovation can be effectively and successfully introduced without some dedicated competence about the market place. The distance, in the product space, from the products being traditionally delivered to the market place, can be considered a strong factor of increasing innovation costs and decreasing efficiency in the generation of innovations. Proximity in product space matters as the prime source of information about the tastes of customers and their potential interests. Proximity in the product space matters as the capabilities of competitors and their strategic attitude are central to identify the feasibility of innovation and to secure its implementation. The introduction of product innovations in market niches that are far away from the source of the experience of each firm is put at risk by the lack of specific competence and relevant, additional costs should be recognized (Von Hippel,  1988). 

The retrieval of the Austrian tradition, as articulated by Hayek about the dispersion of knowledge as a key characteristic of economic systems, even in static conditions where technological change is not considered, contributes this line of analysis. Technological knowledge is now viewed as dispersed and fragmented into a variety of specific and idiosyncratic applications and contexts. This view contrasts sharply the centralized and top-down understanding of knowledge built around the arrovian tradition (Hayek, 1945).   

Certainly, the exploration and identification of the conditions into which external knowledge is effectively disseminated in the economic system, is central to the analysis of the production of new knowledge and new technologies. This line of enquiry contributes the founding of the systems of innovation approach, where the production of knowledge is viewed as the result of both knowledge transactions and cooperative interactions, mainly rooted in regional space, of agents undertaking complementary research activities. 

The forms of technological knowledge are now seen as a major factor in assessing the chances of distribution and circulation. Tacit knowledge is clearly sticky and embedded into the organizations and possibly the individuals that have accumulated the relevant experience. Codified knowledge is better communicated and absorbed. Eventually however tacit knowledge can be articulated and finally it translates into its codified form. Only when knowledge is fully codified and systematic effort of articulation have been made, it can be diffused without the intentional assistance of the original holder (David, 1993; Cowan and Foray, 1997; Cowan, David and Foray, 2000; Ancori, Bureth and Cohendet, 2000).

For any other example of contextualization of knowledge  generation, diffusion and use, the role of intellectual property rights has to be reconsidered. Intellectual property rights can complement and integrate the appropriability of technological knowledge, so that actual markets for knowledge, now much closer to traditional economic goods, can be developed. Intellectual property rights are now regarded as a complementary condition to increase the tradability and consequently to achieve the standard conditions for equilibrium supply of knowledge in the economic system. The extension of patent protection to new forms of knowledge such as software, algorithms and genetic entities finds here its foundations  (Merges and Nelson, 1994; Sakahibara and Bransletter, 2001).

The costs of exclusion associated to intellectual property rights, as a consequence, should be taken into account. Monopolistic control of relevant bits of knowledge, provided both ex-ante and ex-post by patents and barriers to entry in the products markets respectively, can prevent not only its uncontrolled leakage and hence its dissemination but also further recombination, at least for a relevant stretch of time (Arrow, 1969; Dasgupta and David, 1987 and 1994; David, 1993; Shavell and Ypersele, 2001).

Herein the economics of technological knowledge, the issues of externalities on the demand side become relevant and evident. The generation of technological knowledge is now considered to be characterized by technical and pecuniary externalities. The notion of user-interdependence makes its foray into the scene when agents value the levels of usage of other agents of certain goods. As far as scientific and technological knowledge is concerned, interdependence among users, hence on the demand side, is very strong. The actual chances of generating a new relevant bit of knowledge for each agent depend upon the levels of accumulation of skills and competence, education and access to information of the other agents in the community. 

The amount of external technological knowledge, available in a given context, industrial, technological or regional, becomes an important endowment, as well as the conditions of access to it and the characteristics of the relational set-up. The issues of the distribution of knowledge become central in the debate and the notion of an actual knowledge trade-off is articulated. Uncontrolled leakage and low appropriability regimes reduce incentives, but may not necessarily lead to under-provision. Low appropriability engenders technological externalities and spillovers that are the prime factor in increasing the efficiency of generation of new knowledge, at the system level: the growth of efficiency can compensate for lower inputs (Griliches, 1992).

Intellectual property rights are now questioned as it seems evident that too strong a regime of protection may have positive effects in terms of increased incentives to the generation of knowledge, but has clearly negative effects in terms of delayed and slower circulation and distribution of the new knowledge available (Mazzoleni and Nelson, 1998). The duration of exclusive property rights assigned by patents and the conditions for their renewal, become a central issue for the possible negative drawbacks in slowing the rate of generation of new knowledge, especially when general purpose knowledge with a wide scope of applications is concerned (Scotchmer, 2001; Shankerman and Scotchmer, 2001).

The breadth of patents is also questioned: when the breadth is large the protection is not specific and the negative effects in terms of foreclosure can easily exceed the advantages in terms of increased incentives. A narrow definition of the scope of application of intellectual property rights is thus recommended (Klemperer, 1990; Merges and Nelson, 1994; Hopenhayn and Mitchell, 2001).

The key distinction between receptivity and absorptive capabilities as distinct from the strength and intensity of the message receives due attention. The structure of economic systems from the view point of the knowledge communication flows receives much attention: the structure of the communication channels is analyzed and the organization of communication flows within the networks of relations appreciated (Cohen and Levinthal, 1989 and 1990). 

This is why the role of communication and transmission of knowledge is more and more appreciated.  Communication theory is applied successfully to the analysis of knowledge communication processes. The density of communication channels and their duration are considered as relevant structural elements of an economic system. The role of business interactions are appreciated from the viewpoint of their communication role. Prices, of course, are no longer viewed as the single vectors of all relevant information for economic decision making. Next to prices in fact, vital information are transferred and contribute the generation of knowledge by each economic agent.

However, innovation systems differ with respect to the speed and capillarity of the flows of knowledge communication. In turn, the rate of generation of new knowledge and introduction of new technologies is clearly influenced by the permeability of the system. Percolation analysis is borrowed from physics and introduced in the economics of knowledge as a tool to appreciate the distinctive role of receptivity and connectivity in communication processes (Antonelli, 1999).

Because of this complexification in the relational aspects among firms, the role of small firms is now recognized and the contribution of large corporations reconsidered. The evidence especially in new information and communication technologies confirm that small firms and especially new ventures had played a central role in the introduction of key radical innovations. Proximity of small firms to large research laboratories, and academic centers was now regarded as the vital condition (Audretsch, 1995; Audretsch and Feldman, 1996; Audretsch and Stephan, 1996) 

At the opposite, much empirical evidence and theoretical research have shown that appropriability (a broader issue than that of the characterization of the IPR regime) is de-facto playing a much higher importance. Knowledge is contextual and specific to the original conditions of accumulation and generation: as such, natural appropriability conditions are far from being assumed. Imitation costs seem high as well as the costs of receptivity and re-engineering necessary to make use of non-proprietary knowledge. The costs of the non-invented-here-syndrome are appreciated. The assistance of original knowledge holders to perspective users is relevant, if not necessary. The notion of non-appropriability has been the object of systematic redefinition and new understanding (Levin, Klevorick, Nelson, Winter, 1987). 

In this context, intellectual property rights play an important role to create the institutional conditions to secure appropriability and, hence, to increase the levels of incentives to fund research activities by firms. Intellectual property rights, if properly designed, may also favour tradability and lead to higher levels of specialization and division of labour. The introduction of a prize system has been advocated in this context as a possible alternative to patents. Prizes are seen as the proper incentive to the generation of technological knowledge because they combine the reward to innovators with informational advantages of patents in signaling the new relevant knowledge, which becomes available, but they do not impede the circulation of the new knowledge. The limitations of the prize system however are easily found on the screening and assignment procedure whereby committees of scientists and technologists might easily assign the rewards to the wrong piece of technological knowledge. An issue of bureaucratic coordination failure based upon bounded rationality clearly emerges (Wright, 1983; Shavell and Ypersele, 2001). Intellectual property rights can help not only to increasing the incentives to the production of scientific and technological knowledge, but also its tradability and hence the efficiency of the generation process (Geroski, 1995; Arora, Fosfuri and Gambardella, 2001).

The advantages of the intellectual property right regime, in terms of increased incentives to the market provision of technological knowledge are now balanced by the costs in terms of delayed usage and incremental enrichment. The vertical and horizontal effects of indivisibility display their powerful effects in terms of cumulability. Indivisibility of knowledge translates into the basic cumulative complementarity among bits of knowledge. Complementarity and cumulability in turn imply that new bits of knowledge can be better introduced building upon other bits already acquired, both in the same specific context and in other adjacent ones. The access exclusion from the knowledge already acquired reduces the prospect for new acquisitions and in any event has a strong social cost in terms of duplication expenses (O’ Donoghue, 2001).

From these important shifts in the characterization of knowledge and their importance in firms’ innovative behaviors, the focus is now more and more centered upon the analysis of the mechanisms of governance of the broad array of knowledge interactions among agents, including coordinated division of labor and market transactions, and their effects in terms of generation and distribution of new collective knowledge. 

Regional economics contributes significantly the new approach highlighting effectively the role of geographic space in the distribution and circulation of knowledge and at the same time regional analysis is deeply affected by the new understanding of knowledge as a way to understand the role of geographic space (Feldman and Audretsch, 1999; Feldman and Massard, 2002; Antonelli, 2001 and 2003a).

These new approaches help to pave the way to significant steps towards the privatization of public knowledge commons. The public provision of subsidies to firms undertaking research and development activities and the direct role of the State in the production of knowledge comes under a closer scrutiny. The role of University as the single provider of externalities to the economic system is largely questioned (Henderson, Jaffe and Trajtenberg, 1998). 

A closer look to the working of the public commons is advocated in order to put under scrutiny the productivity of the resources invested in the public knowledge commons, both at the system and the single units level (Jaffe and Lerner, 2001). The new enclosures substitute the knowledge commons. Public research centers and Universities were solicited to patent their discoveries and often forced to enter the markets for the technological outsourcing of large corporations. The conditions for the effective appropriation of knowledge are enforced both at the firm level and in public organizations: the mobility of human capital is more and more regarded as a sensitive issue (May, 2000; Mowery, Nelson, Sampat, Ziedonis, 2001). 

As a consequence, a wave of privatizations has been taking place: universities have been pushed to enter the markets for knowledge and knowledge outsourcing. Academic patenting and scientific entrepreneurship have been praised as new effective tools to stimulate the distribution of knowledge and to increase the incentives to its production.  Much analysis has been carried out on the regional aspects of the interplay between the research system and the business community: geographical distance has proved a relevant factor in this context. (Feldman, 1993, 1994 and 1999; Audretsch and Stephan, 1996; Audretsch and Feldman, 1996; Geuna, 1999).

Because technological knowledge is now viewed as the sticky joint product of internal learning, it cannot spill freely in the air. Relevant absorption costs for potential users should be taken into account and qualified interactions between producers and users of new knowledge are necessary for technological knowledge to be actually transferred from one organization to another. The explicit and intentional assistance of original knowledge holders to perspective users is relevant, if not necessary. 

On the whole, the understanding of the overlapping between production theory, economics of innovation and economics of knowledge and the incidence of this overlapping for the theory of the firm, makes it possible to provide an integrated analytical framework which is able to appreciate jointly the process effects of the working of the production process and of the markets in the governance of the firm viewed not only as a nexus of contracts, but rather as a selective and selected combination of complementary activities based upon the capability to accumulate competence and knowledge.

5. Localized technological knowledge as a central issue

A new step is made with the full appreciation of the localized character of technological knowledge. In this approach technological knowledge is made possible by the continual efforts of accumulation of competence and technological knowledge based upon localized learning processes and the eventual introduction of innovations by agents rooted in a well defined set of scientific, technical, geographic, economic and commercial circumstances
 (Atkinson and Stiglitz, 1969; David, 1975 and 1985; Stiglitz, 1987; Antonelli, 1995, 1999, 2001, 2003).

Technological knowledge is primarily the result of the valorization and implementation of underlying learning processes, in doing as well as in using and in interacting, that are localized in the specific context of action of each economic agent. The capability and the competence acquired by means of learning processes are heavily localized in a limited technical space for many reasons. Agents are characterized by bounded rationality and yet are able to learn. The mix of bounded rationality cum learning capabilities makes sure that the generation of technological knowledge is possible only in the proximity of the specific learning context. Proximity matters also in regional and technological space with respect to other learning agents as it makes it possible to take advantage of communication flows among complementary innovations and innovative activities and hence of contextual spillovers. Proximity in the product space matters because of the key role of learning to interact with customers and rivals and consumers switching costs. 

Firms are viewed as biological agents, who are not limited to adjusting prices to quantities and vice versa. They are also able to learn and change their technology, as well as their strategies. A strong complementarity is assumed between learning, as a knowledge input, and other internal knowledge inputs such as R&D laboratories, within each firm. Moreover, firms can generate new knowledge and hence eventually introduce new technologies, only when and if they are able to take advantage of external knowledge. No firm can rely exclusively on its own internal knowledge, either tacit or codified, whether it is the result of learning processes or formal research and development activities. In so doing, the localized knowledge approach recognizes the role of Universities and other research centers as suppliers of strategic inputs into the production of knowledge (Antonelli, 1999, 2001, and 2003).

Here, the relationship between external and internal knowledge becomes a key issue. Neither can firms generate new knowledge relying only on external or internal knowledge as the single input. With appropriate ratios internal knowledge and external knowledge enter into a multiplicative production function. Both below and above the threshold of the appropriate combination of the complementary inputs the firm cannot achieve the maximum output. According to the acquisitions of the localized approach, the representative firm cannot be not seen as the single actor in the process of generation of new knowledge. The variety of firms and learning institutions play a key role in understanding the essential features of the generation and circulation of knowledge when it is viewed as a collective good, with varying degrees of appropriability, dispersed and fragmented in the economic system, the result of both top down and bottom up processes, where learning by doing, learning by using and learning by interacting with suppliers, customers and rivals play an essential role. 

Knowledge is now, more and more, viewed as collective good. The notion of collective good differs sharply both with respect to the arrovian tradition of knowledge as a public good and the evolutionary approach to knowledge as a quasi-private good. Collective goods in fact are characterized by shared property rights but require the intentional effort and contribution of each agent. Collective knowledge can be shared and implemented only by agents that belong to a community of action and understanding. Collective knowledge pays attention to the elements of indivisibility that characterize both the generation and the circulation of knowledge in the system and value the contribution of external knowledge into the production of new knowledge. 

Localized technological knowledge can be understood as a collective activity characterized by the complementarity both between external and internal knowledge and the stock of existing knowledge and the flows of new knowledge. The implications of the indivisibility are reconsidered. The differences in the key role of the indivisibility of knowledge in its own generation, from the role of indivisibility in the usage of new knowledge are appreciated. Knowledge indivisibility is defined in terms of diachronic and synchronic complementarity of bits of knowledge. Diachronic complementarity leads to cumulability. Here the Newtonian understanding of the production of science as 'standing on giants' shoulders identifies a key attribute of knowledge production: the cumulative complementarity between different vintages of knowledge (Scotchmer, 1991, 1996, 2001). 

When attention is focused on synchronic complementarity, the traditional notion of knowledge indivisibility is articulated here in the more specific notion of knowledge complexity. The chances to generate new knowledge are conditional on the identification and integration of the diverse and disperse bits of complementary knowledge that are inputs into the knowledge production process. The understanding of the notion of ‘modularity’ contributes this field of investigation. The map of knowledge can be organized in terms of modules. Each module is associated by weak and strong ties of complementarity to others, according to the specific direction of the research process (Gibbons, Limoges, Nowotny, Schwarzman, Scott and Trow, 1994; Loasby, 1999; Nooteboom, 2000; Brusoni and Prencipe, 2001). 

When complexity matters, recombination plays a key role in the generation of new knowledge. New knowledge is generated mainly by means of the recombination of both pre-existing and parallel units of knowledge. Technological knowledge varies with respect to the role of knowledge complexity. In some industries the technological knowledge necessary to introduce technological innovations and to run the current business effectively is characterized by high levels of complexity. The sources of the knowledge currently used are diverse and yet need to be all kept under control. The automobile industry is a clear example of an industry with high levels of technological complexity. The effective production of competitive cars requires the command of an impressive range of different technologies including mechanical engineering, electronics, chemistry, electrical engineering, plastics technology, informatics, telecommunications and robotics. The introduction of new technologies in the automobile industry requires the full understanding of the compatibilities and complementarities of each and between each of these technologies.

New information and communication technologies themselves are the result of the complementarity among a wide variety of scientific fields including electronics, telecommunications, space technology, physics, chemistry, plastics and rubber. The new information and communication technological system is the result of the sequential introduction of a variety of complementary and interdependent technological innovations. 

General systemic technologies emerge when a variety of specific bits of knowledge are drawn together and organized and combined in a new system of understanding. New information and communication technologies provide to-day a clear example of a new technological system which emerges on the basis of the identification and valorization of both synchronic and diachronic complementarities among units of knowledge possessed by a myriad of actors and as such dispersed and fragmented. New technological systems emerge around new organizing principles, which make it possible to recombine different bits of knowledge and integrate them into a new single framework. This understanding leads to the notion of resource pooling. The chances to generate new knowledge are conditional on the capability to draw together bits of knowledge that are actually diverse and yet complementary (Bresnahan and Traitenberg, 1995; Lypsey, Bekar and Carlaw, 1998).

When attention is concentrated upon the use of new technological knowledge, a second and quite distinct specification of the notion of indivisibility emerges: fungeability. Fungeability defines the downstream complementarity of any bit of knowledge. Some elements of technological knowledge may apply to a narrow and specific range of activities, either new products or new processes. Other bits of new knowledge can have important applications to a great array of new products and processes. Fungeability is defined and measured by the scope of application of a new bit of knowledge.

New information and communication technologies, like previous general purpose technologies, are characterized also by this second relevant aspect. New information and communication technologies in fact have also high levels of fungeability as they apply to a great variety of products and processes.  No product and process can be manufactured without the substantial application of new information and communication technologies or without substantial effects of the application of new information and communication technologies (Antonelli, 1992). 

Biotechnology provides clear evidence about the pervasive role of knowledge fungeability and yet low levels of knowledge complexity. Biotechnologies apply to a wide range of industries and activities including pharmaceuticals, food and beverages, pesticides and agricultural chemical products at large. Advances in biotechnology stem from a rather limited range of scientific fields and technological competencies. A large part of the XX century has been characterized by the high levels of fungeability of mechanical engineering in internal combustion technologies. The same core of technological knowledge and competence has been sequentially applied to the production of a wide range of products including cars, trucks, buses, armoured vehicles, agricultural machinery, construction machinery, ships and planes. Complexity feeds the generation of new technological knowledge. New fungeable technological knowledge in turn feeds new recombinations and hence new steps forward. This dynamics has all the characteristics of a self-reinforcing process. Such a process in turn is wider and faster the larger is the fungeability of each bit of new knowledge. 

In sum, the localized knowledge approach has made it possible major progress, consisting in the identification of a broad array of the characteristics and the forms of knowledge. Technological knowledge can be tacit, codified and articulable. Technological knowledge can be easily appropriated, or it can be a public good. Technological knowledge can also be a collective good when the intentional action and participation of agents is requested in order to acquire and implement it. Finally technological knowledge is characterized by varying degrees in the consistency of knowledge.

The sensitivity of innovation to the characteristics of knowledge generation, accumulation, use and dissemination

Much progress has been made in identifying the characteristics of knowledge. Beyond usual characteristics already used from Arrow (1962) (non-appropriability, non-rivalry, and indivisibility), five such characteristics add on and appear to exert an important effect in many respects, and especially in the governance of knowledge: a) fungibility, defined by the scope of possible applications of a given unit of knowledge, b) complexity, defined by the variety of complementary unit of knowledge that are used to generate a new unit, c) cumulability, defined by the vertical and diachronic complementarity between the stock of existing knowledge and the flow of new knowledge, d) stickiness, defined in terms of embeddeness of knowledge in human capital and routines and finally e) tradability, defined by the extent to which knowledge can be traded as a disembodied good in the market place.

The forms and the characteristics of knowledge have a direct bearing on the incorporation of knowledge into productive organisations, be on production, co-ordination and transaction costs. Such knowledge co-ordination and transaction costs in a context of production are relevant both on the demand and the supply sides. On the demand side, the identification of the agents holding specific bits of knowledge and the assessment of their quality is expensive in terms of search and screening costs including the resources to evaluate the scope for incremental advance. On the supply side, knowledge co-ordination and transaction costs arise mainly because of the high risk of opportunistic behaviors of the customers. Uncontrolled usage of the knowledge can take place with evident damages for the vendor. Derivative knowledge also matters: the vendor of the knowledge bears the risks of non-appropriation of the results of the efforts of implementation of the knowledge, which has been sold (Scotchmer, 1996). Moreover, with regard to the management of knowledge, geographical proximity emerges as a major factor conducive to closer knowledge interactions and exchanges: proximity reduces the scope for opportunistic behavior because of the exposure to repeated interactions and also reduces the costs of communication. Beyond the firm as a productive organisation, collective bodies such as industrial associations, thematic clubs, formal and informal consortia, emerge as important governance structures, especially when technological knowledge is tacit and articulation requires complex procedures. 

The full identification of these notions of knowledge fungibility, complexity, knowledge cumulability, stickiness and tradability is the major result of our empirical and theoretical work. The analysis of the intrinsic indivisibility of knowledge makes it possible to distinguish among different knowledge regimes emphasising cumulability when it applies more precisely to the complementarity between the stocks of knowledge and the new flows, complexity when it applies to the variety of diverse elements of knowledge that are necessary to generate a new element of knowledge by means of recombination, and fungibility, when it consists of the variety of possible uses and applications of a given unit of knowledge that can be replicated with little incremental and variable costs.

Distinctive notions of knowledge transactions and interactions costs can also be identified and defined in terms of the costs of all the activities such as search, screening, processing, contracting that are necessary to exchange bits of knowledge among independent parties. The trade-off between knowledge co-ordination costs, internal to firms, and knowledge transaction and interaction costs contributes the understanding of the bundle of governance mechanisms at work (Antonelli, 2001; Antonelli and Quéré, 2002; Antonelli, 2003 and 2003a). 

Here, it is not the characteristics of knowledge that matter by themselves, it is the incidental implications of knowledge characteristics on the economic governance of innovation and production. With regard to the previous characteristics of knowledge, two dominant regimes appear from empirical evidence: the one where recombination of knowledge appears as the major source for discovering new economic opportunities; the other where it is the additivity function in the co-ordination of knowledge that reveals essential for innovation to occur. The following table expresses the dominant features of knowledge regimes with regard to knowledge characteristics: 

	Knowledge characteristics
	Recombination regime
	Additivity regime

	Fungibility
	High
	Weak

	Complexity
	High
	High

	Cumulativity
	Weak
	High

	Stickiness
	High
	Weak

	Tradability
	High
	Weak


Consequently, in order to illustrate the importance of governance mechanisms derived from the regulation of knowledge regimes, we can discuss the following table : 

	Dominant Forces in the 

Organisation of Production

	Dominant Regimes in  Knowledge Organisation
	
	Substitutability of activities
	Complementarity of activities

	
	Recombination
	MARKET
	CO-OPERATION

	
	Additivity
	CO-OPERATION
	INTEGRATION


The analysis of the fabric of governance mechanisms of the production and distribution of scientific and technological knowledge emerges as the appropriate analytical framework. In the governance of knowledge not only the traditional 'make or buy' trade-off is relevant, but also a 'make or sell' choice has to be considered. The firm in fact needs to assess not only whether to rely upon external or internal knowledge in the production of new knowledge one, but also whether to try and valorize the knowledge available internally as a good itself and sell it disembodied in the markets for technological knowledge, or to use it as an input in the production of other goods. Technological strategies can be implemented by means of intentional learning procedures, internal research and development laboratories, technological outsourcing, location of research and development centers into technological districts, technological alliances and research joint-ventures and finally actual mergers and acquisition. Intellectual property rights play an important role within such a systemic context, together with other complementary and interdependent characteristics of economics systems such as the distribution of firms in regional space, the quality of financial markets and especially of the stock exchange, and needless to say, the organization of academic research. 

The key aim of this project is to link knowledge and governance structures. There is no established theory able to link the dimensions of knowledge and the ensuing governance structures. Hence the first common step of the methodology of this project was to undertake a thorough literature review to establish a preliminary research approach for all teams involved in the TELL study. This literature review identified a number of dimensions of knowledge with some detail on the specific governance structures evoked but little comparability across these studies. On this basis, we developed a matrix (Table 1) which embodies the ‘roadmap’ for this project’s methodology. This matrix summarises different dimensions of knowledge as identified in the literature that should be kept in mind when studying the evolution of different industries. It is well known in the innovation literature (at least since the Pavitt taxonomy), that industries are characterised by different innovation strategies, sources of ideas and exploitation routes. The same applies to dimensions of knowledge. In some industries (e.g life sciences and biotechnology), the role of explicit/ scientific knowledge is more important than in others. Whereas in the engineering industries such as the automotive industry, tacit knowledge related to noise vibration (nv) ratios is of fundamental importance to the assembly process, and there is very little scientific understanding of the determinants of these ratios.

1) Table 1 Dimensions of Knowledge Explored in the Study

	2) Knowledge

3) Dimensions

4) Governance Structures
	5) Complexity
	6) Codifiability
	7) Appropria-bility
	8) Cumulative-ness
	9) Tradeability (Markets for Knowledge)

	10) Corporations/

11) Industrial organization
	12) 
	13) 
	14) 
	15) 
	16) 

	17) Districts/

18) Spatial organization
	19) 
	20) 
	21) 
	22) 
	23) 

	24) City/ University (Knowledge Infrastructure)
	25) 
	26) 
	27) 
	28) 
	29) 

	30) City/ University (Knowledge Infrastructure)
	31) 
	32) 
	33) 
	34) 
	35) 

	36) Contracts and Market relationships
	37) 
	38) 
	39) 
	40) 
	41) 


Knowledge differs not only with respect to the characteristics but also with respect to the types of its generation process. Five such types have been identified: learning, R&D, recombination, outsourcing, socialization. The identification, assessment and qualification of the relationships between the types of generation process, the characteristics of the knowledge and the governance structure provides the basic methodological infrastructure of the project.

Table 2 Dimensions of the Knowledge Creation Process Explored in the Study

	42) Knowledge CREATION PROCESS Dimensions

43) Governance Structures
	44) LEARNING
	45) R&D
	46) RECOMBINATION
	47) SOCIALIZATION
	48) OUTSOURCING

	49) Corporations/

50) Industrial organization
	51) 
	52) 
	53) 
	54) 
	55) 

	56) Districts/

57) Spatial organization
	58) 
	59) 
	60) 
	61) 
	62) 

	63) City/ University (Knowledge Infrastructure)
	64) 
	65) 
	66) 
	67) 
	68) 

	69) City/ University (Knowledge Infrastructure)
	70) 
	71) 
	72) 
	73) 
	74) 

	75) Contracts and Market relationships
	76) 
	77) 
	78) 
	79) 
	80) 


As different dimensions of knowledge and knowledge generation processes interact, the governance structures that coordinate these dimensions of knowledge are different (i.e. in some industries networks work better than vertical integration and vice versa in other industries). Hence, the TELL project needed to include a comparison of industries. We include studies of very high tech industries (such as mobile telephony, characterised by the massive entry of small and specialised firms). We study other high tech industries (e.g. avionics) with very large and established firms which dominate the frontier of new and fast-changing technology and knowledge. Both of these industries are engineering-intensive and artefacts facilitate the embodiment of knowledge generated; in other industries, this is less evident (e.g. fashion, some elements of biotechnology). Within the TELL project, we also study a group of more traditional engineering industries including the automotive industry and mechanical engineering which is characterised by both persistence (in terms of firm exit and entry) and a moderate rate of technological change (usually within an established product architecture). 

As a consequence, different studies within the project highlight different dimensions of that three-dimensional knowledge matrix and therefore must follow different empirical methodologies. That is to say, that the study of codified knowledge has to be conducted a certain way (e.g. patent counts in the avionics study); but this methodology is not suitable to study a context in which tacit knowledge is more important (e.g. fashion industries). In the latter case, a more qualitative methodology based upon interviews and a wide range screening of the technical literature is clearly needed. Because of the differences in research approach, the project meetings play a critical role in providing a platform for comparing results and therefore to contributing towards establishing the validity of theoretical constructs used (see Tables 1&2). 

Moreover, testing the matrix in different industrial contexts, with different data sources, is of fundamental importance to establish the 'external validity' of the constructs used to build the matrix. What we are trying to do is 'theory building', not 'theory testing', as a general theory of the knowledge requirements underpinning the evolution of industry structure does not exist, as yet. Establishing the validity of the constructs proposed is the first fundamental step in theory building. Hypotheses testing is the second step. The TELL project is dedicated to this first step. From this viewpoint the study marks a major departure from a tradtion of methodology that has too often pretended to impose a single and homogeneous approach to study knowledge in different contexts. It seems clear that such an approach is wrong because it is able to identify only one type of knowledge that is the result of a single type of knowledge-generating process. The methodological novelty of this project consists exactly in the ability to identify different types of knowledge and different types of knowledge-generating processes and to establish different research procedures in order to assess the different types of knowledge in the different contexts. The strength of the project consists exactly in the variety of research procedures and in the ability to assess them in a comparative context of interpretation.

To summarize our work in a simple statement, we claim that  knowledge is localised, specialised, and dispersed, and we ask the basic question:  How should the production and use of knowledge be coordinated?  The answer is deemed in the question: to coordinating the production and use of knowledge necessitates local learning processes.

6. THE GOVERNANCE OF LOCALIZED TECHNOLOGICAL KNOWLEDGE

Localized technological knowledge can be understood as a collective activity characterized by the complementary effect both between external and internal knowledge and the stock of existing knowledge and the flows of new knowledge. The previous enlarged characteristics of knowledge generation use, and dissemination largely impact the governance mechanisms that prevail today for qualifying firms’ innovative behaviors.  Markets appear to provide a unique set for incentive mechanisms to work swiftly: the result of such market interactions however may or may not lead the system towards stable and fair solutions. Tradability is a necessary but not sufficient condition for dynamic efficiency to be achieved. The aggregate outcomes of the governance mechanisms at the firm level are far from being attracted by a single equilibrium point.

The amount of knowledge each firm can generate depends upon the amount of external knowledge available, that is upon the amount of knowledge that other firms, especially when involved in complementary research projects, have generated and cannot appropriate or are willing to exchange. An iterative dynamic process is at work with no stable attractors: both negative and positive self-reinforcing mechanisms can take place.

Localized technological knowledge can be generated within economic systems by means of a variety of governance mechanisms: by means of actual knowledge transactions, especially if implemented by appropriate intellectual property rights regimes and specialized intermediaries, internalized within corporations by means of the coordination provided by hierarchical bureaucracy and finally, within networks based upon transactions implemented and integrated by means of qualified interaction systems. Following the resource-based theory of the firm, the corporation is a resource pool designed and managed so as to implement the opportunities for the accumulation of both new technological and organizational knowledge. The rates of technological and organizational learning influence each other in shaping the dynamics of the firm, the evolving composition of the collection of activities that are retained within its borders and ultimately its growth (Chandler, Hagstrom, and Solvell, 1999; Teece, 2000; Antonelli, 2004a)
. 

This range of choices in terms of governance and the borders of the corporation, as a learning agent, can be analyzed and understood with respect to the characteristics of the processes of knowledge generation and usage. Different governance mechanisms and governance choices emerge according to the characteristics of technological knowledge and to the related levels of knowledge transaction costs. The integration of the transaction costs approach with the resource based theory of the firm shows that firms select inclusion and exclusion not only with respect to the static assessment of coordination, transaction and production costs for a given product and a given item of technological knowledge, but also and mainly with respect to the technological opportunities that are associated with the future learning processes (Antonelli, 2001; Antonelli and Quèrè, 2002; Antonelli, 2003 and 2003a). 

Inclusion needs to be coordinated and managed. Free riding can take place, although reciprocity and mutuality in interactions based upon knowledge barters, implemented by repeated and long-lasting exchanges, can help reducing the extent and the effect. Exclusion is dangerous for the risks of missing the relevant complementary input, which characterizes the generation of new technologies. 

The organization of innovation systems appears to be influenced by the need to take care of the enlarged characteristics of technological knowledge as well as to implement and valorize the complementarity of the bits of knowledge possessed and accumulated in the diverse components of the system, i.e. to establish relevant governance costs. 

This broader view of the firm offers major opportunities to understand the role of competence and knowledge in the definition of the borders of the firm, under the constraint of the resources that are necessary to coordinate the diverse activities retained within its borders. The generation of knowledge is the primary role of the firm but under the constraint of governance costs. Such a perspective is associated in what we will call hereafter an ‘economics of governance’.

Thus, the economics of governance benefits from the resource-based theory of the firm in expanding the scope of transaction costs economics so as to include the analysis a) of the accumulation of competence and knowledge, b) of introduction and selection of technological and organizational innovations and c) of their effects on the design of the portfolio of activities which are sorted to be respectively included within the firm and assigned to transactions in the market place (Penrose, 1959; Chandler, Hagstrom, and Solvell,1998). In the economics of governance, the firm is a bundle of activities selected under the constraint of technological, organizational and market factors. Neither factor can be isolated: the actual size of the firm and its structure can be understood only when the three classes of factors are analyzed in closed conjunction and an effort is made to appreciate their interdependence.  

This is why the governance issue can be made explicit by associating the firm to three major sets of inter-connected activities: a production activity, a co-ordination activity and a transaction activity. The implementation of all three types of activities together defines the governance problem of the firm. The introduction of technological innovations in production, of organizational innovations in co-ordination and transaction activities in turn, leads to increasing the general level of firm’s efficiency. The co-ordination activity provides the management, monitoring and assessment of the relations between the indivisible modules that are retained within the borders of the corporation. The transaction activity consists in the use of the markets for the provision of intermediary inputs. Firms select the mix of internal and external products and services according to the combined costs of production and co-ordination on the one hand, and the combined costs of purchasing and using the markets on the other. The production activity not only refers to a choice of available and more performing techniques but mainly to the choice in the portfolio of industrial activities that firm decides to implement within. We refer to industrial activities as defined in Richardson (1972), which means that the portfolio of activities can allowed for a wider portfolio of end-products within a single firm. Co-ordination activities cannot be separated from the own internal manufacturing of products and services. For the same token, transaction activities cannot be separated from the actual use of the market as an alternative mean of procuring or selling some products. However, considered in a separate way, each type of activities implies appropriate levels of knowledge, competence and hence of efficiency which are not necessarily homogenous and can conflict each with the other. This potential conflict is a basic problem to face the governance of the firm.

The borders of the firm are assessed according to the costs of intermediary products internally manufactured relatively to the costs of external inputs. The choice between the exclusion and the inclusion of each input is influenced by an array of factors that are strongly interdependent in assessing the size of the portfolio of activities performed within the borders of each firm. Therefore, in the economics of governance, the definition of the borders of the firm and the choice between exclusion and inclusion is no more the result of pure organisational behaviors or even of dynamic transaction costs. It rather results from a broader range of dynamic factors. The assessment of the inclusion/exclusion choice includes the efficiency of the internal manufacturing of the components with respect to their market prices, as well as the competence of the firm in performing transaction and co-ordination activities respectively. The characteristics of the process of accumulation of technological and organizational knowledge and of the endogenous introduction of new technology and innovation in the governance activities that are necessary to perform transaction and co-ordination influence the inclusion/exclusion decision making, as well as all innovation in the production process. 

The understanding of the overlapping between production theory, economics of innovation and economics of knowledge makes it possible to provide an integrated analytical framework which is able to study the broad range of factors that affect the governance of the firm viewed not only as a nexus of contracts, but rather as a selective and selected combination of complementary activities based upon the capability to accumulate competence and knowledge. This is why the economics of governance implies a shift toward a knowledge and competence analysis instead of focussing on static efficiency in the production of a defined set of outputs, be products or services. The understanding of such interdependence makes it possible an important progress in the theory of the firm.

The joining of the transaction costs economics and the RBTF makes it possible to understand the constraints and the limitations that the costs of using the hierarchy, and the market respectively, exert upon the accumulation and generation of new knowledge. That blending between the RBTF and transaction cost economics into a fully articulated economics of governance seems a necessary step to appreciate the key role of localized technological and organizational knowledge in shaping the growth of the firm. 

In so doing, some substitution takes place. Neither production, co-ordination or transaction activities can be cancelled. A notion of partial substitutability between co-ordination and transaction activities emerges with regard to the productive set of activities implemented within the firm. The choice between co-ordination and transaction, and hence between inclusion and exclusion, can take place, but to a point. The traditional analysis of complementary substitutability between production factors, familiar to the theory of production, applies also to the analysis of the governance of firms. This notion of partial substitutability between co-ordination and transaction activities makes it possible to explore a wide range of mixed governance structures where varying mixes of transaction, production and co-ordination activities are at work. In so doing, the key role of localized technological and organizational knowledge can be fully appreciated.

The importance taken by the organisation of knowledge generation, accumulation, use and dissemination within the firm justifies to deal with the firm as an organization facing the co-ordination of the previous three types of activities (production, co-ordination and transaction ones). The aim of the firm, thought of as an organisation designed to face innovation, appears to be influenced by the need to implement and valorize the complementarity of the bits of knowledge possessed and accumulated in the diverse units, in a context characterized by relevant governance costs. As a consequence, on the one hand, the economics of governance obviously has to deal with the economic characteristics of knowledge; on the other hand, the economics of governance has also to deal with the interacting character of the firm with its environment, i.e. with the firm as an innovation system driven by the importance taken by localised knowledge.  

A wide range of choices in terms of governance can be analyzed and understood also with respect to the characteristics of the processes of knowledge generation and usage. Different governance mechanisms and governance choices emerge according to the characteristics of technological knowledge and to the related levels of knowledge transaction costs (Dasgupta and David, 1987; Antonelli, 2003 and 2003a). This is why the localised dimension of knowledge reveals essential to define the innovative firm, its boundaries and its embeddeness into its economic environment. As a consequence, the economics of governance leads to consider the firm as an innovation system. 

The firm as an innovative microsystem

The firm is in itself an island of co-ordination procedures that facilitate the accumulation of knowledge. However, the Coase-Williamson argument can now be stretched and elaborated so as to understanding the fabric of technological knowledge (Furubotn, 2001) and emphasising the importance of innovation in the organisation of economic activity. In that respect, a new step is made with the full appreciation of the localized character of technological knowledge and of the implications of the key role played in this context by learning processes. 

The notion of localized technological knowledge in fact makes it possible to stress the importance of knowledge as a requirement for, and a joint-product of, innovation in the economic and production activity. The introduction of new technologies, products or services is heavily constrained by the amount of competence and experience accumulated by means of learning processes in specific technical and contextual procedures. Agents, in this approach, can generate new knowledge, only in limited domains and fields where they have accumulated sufficient levels of competence and experience. A strong complementarity must be assumed between learning, as a knowledge input, and other knowledge inputs that are beyond the scope of the firm’s boundaries, such as knowledge stemming from other agents, but also customers, scientific environments, public authorities, etc… 

Therefore, the generation and distribution of knowledge becomes specific, depending on the local conditions into which knowledge is embedded. This specific character of knowledge is a first ground for the economics of governance. No misunderstanding here: the localized character of knowledge does not centrally refers to a geographical meaning. On the contrary, the localized character of knowledge has mainly to do with the architecture of firms’ production requirements, that is with the set of inputs and relations required to implement their activities. It can recover a geographical localized content but, in main cases, the influential physical area of firms are world-wide and the localized character of knowledge is disconnected with geography and physical proximity. Therefore, in our analysis, the localized character of knowledge is determined by the chains of weak and strong complementarities among firms and other institutions endowned with resources appropriate to innovation at the level of the firm (be financial, scientific, or human resources). 

Localized knowledge implies localized interactions among learning agents. These interactions which are not fully cleared by the price mechanism are concerned with each of the three sets of activities we previous considered as crucial to characterize innovation as a process (production, co-ordination, and transaction activities). This is why it is relevant to deal with the firm as an innovation system and to stress the importance of governance mechanisms in order to deal with the variety of interacting mechanisms that characterize innovation dynamics. 

A second, and even more important ground for the economics of governance is the complementary character between knowledge internal to a single firm and external knowledge. Firms can generate new knowledge and hence eventually introduce new technologies, only when and if they are able to take advantage of external knowledge. No firm can rely exclusively on its own internal knowledge, either tacit or codified, whether it is the result of learning processes or formal research and development activities. Innovation, as a process of change, necessarily requires a combination of internal and external knowledge. The previous expansion in the characteristics of knowledge reveals essential to deal with the understanding of the complementary effect between external and internal knowledge and, consequently, with the understanding of localized technological knowledge (Antonelli, 1999, 2001, and 2003).

The relationship between external and internal knowledge becomes a key topic to deal with the innovation issue within the firm. Neither can firms generate new knowledge relying only on external or internal knowledge as input. With an appropriate combination of internal to external knowledge instead, internal knowledge and external knowledge inputs enter into a multiplicative production function. Both below and above the threshold of the appropriate combination of the complementary inputs the firm cannot achieve the maximum output. 

The aggregate outcomes of the governance mechanisms at the firm level are far from being attracted by a single equilibrium point. Because of the complementarity between internal and external knowledge, especially if it is specified in terms of a multiplicative relationship, the aggregate outcome of both market transactions and interactions is unstable and sensitive to interactions and subjective decision-making. This is an intrinsic characteristics of the working of innovation. Put in other words, when both demand and supply schedules are influenced by externalities, multiple equilibria exist (Marmolo, 1999). 

For the analysis to be powerful, one needs to elaborate from these constraints of the economics of governance in order to depict the mechanisms that allow firms to managing innovation as a process. Moreover, what is at central stake in the economics of governance is the depicting of this complex set of interacting mechanisms underlying the localised character of knowledge. In order to approach the regulation of the firm as an innovation system, one can rely on the previous characterisation of knowledge regimes in order to highlight their organisational implications for the firm. 

When production activities can be easily appropriated by the innovator, either (1) because of its complexity and, hence, natural levels of high appropriability, (2) because co-ordination costs are low relative to transaction costs, or (3) because the regime of intellectual property rights is effective and easily enforced, firms may prefer to buy technological knowledge on the market (including the markets for knowledge). However, with low levels of appropriability and, hence, low levels of tradability, firms cannot rely on the market place to valorize their intangible outputs. The embodiment of technological knowledge into new products and their eventual sales in the market place becomes necessary. The firm will choose to make and, hence, to include within its borders the activities which use knowledge as an intermediary input, when the tradability and appropriability conditions are low. Here the governance choice for the firm is clearly between making and selling rather than between making and buying (Teece, 1986, 2000; Antonelli, 2001). 

For the same token, the larger the cumulability of the technological knowledge, specific to the products and the production process of a firm, the larger the incentives towards the internalization of the knowledge generation process. The sale of technological knowledge in fact has high costs in terms of missed opportunities for further advances. The same argument applies when learning plays a key role in the generation of new knowledge: the full control of the production process is likely to yield important benefits in terms of increased rates of accumulation of new technological knowledge.

Knowledge fungibility has a direct bearing in this context. When the generation of new knowledge in operating downstream activities is directly influenced by the competence and the knowledge acquired in operating upstream activities, the firm has an incentive to make rather than to sell. This is true also when knowledge complexity applies as downstream activities have positive effects on the generation of new knowledge in upstream activities. Although activities are technically separated, high levels of indivisibility are found with respect to the generation of new technological knowledge and hence with respect to the introduction of new technologies.

When knowledge complexity and fungibility are weak, and knowledge transaction costs are low, the choice of the firm may be directed towards specialization: activities are effectively separated both from the technical and the technological viewpoint. This is a case where innovation is weak and we are coming back in analytical terms to a production context whereas the usual rules of transaction cost analysis can apply.

Finally, when fungibility is high as well as transaction costs in the markets for technology, the firms has a strong incentive to use internally the technological knowledge by means of downstream diversification in a wide range of products. When complexity and knowledge transaction costs are high, the firm has an incentive to integrate vertically in upstream activities. Both downstream diversification and upstream integration in turn lead to an increase of co-ordination costs
 and hence induce the use of the market to sell knowledge, at least for a subset of applications. Here the costs of using both the market and the internal organization may be so high that the scope for a broad array of applications is lost. Information costs impede to take advantage of the full basket of technological opportunities stemming from the availability of technological knowledge with high levels of fungibility and complexity (Foray and Steinmueller, 2003). 

When technological knowledge is sticky, embedded in the learning routines of the firm, a strong intellectual property right regime favors the use of financial markets as the appropriate governance mechanism. When technological knowledge cannot be separated from the organizational structures and human capital that characterize the localized learning process, the trade of property rights of the firm where knowledge has been implemented become an effective mechanism which favors the division of intellectual labor as well as the distribution of knowledge and its appropriation (Gompers and Lerner, 1999).

All these observations have to be thought of as general principles that characterize the working of the economics of governance. The later obviously is facing a complex co-ordinating issue when dealing with innovation as a process. The continuous improvement of localised knowledge, that is of the combination between new and old resources, internal as well as external, leads to a difficulty in the management of the firm as an organisation to be thought of as a depository of knowledge. Our analysis suggests some methodological insights to organised that variety of organisational designs; however, these insights have obviously to be improved and discussed further, thanks to the help of empirical evidence.

7. EMPIRICAL EVIDENCE: A REVIEW OF THE CASE STUDY EVIDENCE GATHERED BY THE TELL PROJECT

The translation of the previous analytical considerations into the empirics of innovation can be powerfully developed from the following observation: because of the pressure of innovation, the most obvious empirical change in the current working of industry is a twofold evolution towards an increasing importance of system products on the one hand, and of differentiated demand on the other hand. 

A significant difficulty occurs for industrial firms which is to face the increasing requirement in technological knowledge to manufacture and deliver new products and services. Within a large number of sectors, products have changed by becoming more complex with regard to their combinatorial dimension of embedded technologies and knowledge, even in industries where no fundamental change occurs in terms of product characteristics, a dramatic increase of knowledge encapsulated in these products is noticeable. This leads Pavitt (1998) to argue that the range of technologies covered by a firm is importantly higher than its portfolio of products and this appears as a necessity in order to survive and to face innovation as a process. Thus, many basic products like an automobile, a plane, a telephone, etc… are not fundamentally different in the aim, even if the technological requirements to ensure and/or develop their functional characteristics have completely changed. This is what we characterise as a transition from a usual product (intermediary as well as final products) to a system product. That transition, of course, justifies the significance of the debate about the relative modularity and decomposability of a system product and, consequently, of the organisation suited to its manufacturing (Loasby, 1999; Langlois, 2001).  In a complementary perspective, the importance of demand to characterize innovative behaviors of firms is neither new (Schmookler, 1966), nor lacking of revisitation (Lundvall, 1985; Romer, 1998). However, the importance of the demand side has been somewhat too much neglected, as innovation was for a long time ignoring the demand side of the economy by considering that the quality and performance of product and services should automatically match a related demand. But, in our view, the demand side is not reducible to the role of customers in the production process or to the consequences of any demand pull effect. Beyond these usual characteristics, it also refers to the interactive character that any corporation has to take into better account with users in determining differential functionality of the ‘product’. In our view, user is a generic term reflecting not only customers themselves but also any intermediary institution mediating the definition of innovation (associations, clubs, professional groups, etc.). This is why the localised character of demand building also becomes very important even if the use of knowledge can be thought of as global because it is part of a world-wide strategy of firms. In other words, the ‘demand’ is a social construct to which the intermediary or final user is fully integrated and this justifies the discussion about the localised character of knowledge and innovation.  

Taking the demand side into better account is a means of considering the need for collective invention, experiment expertise and learning, and localised knowledge. Following these characteristics, a current evolution lies in the importance of differentiated products: here, we refer especially to the possible characteristics of a car that are enormously differentiating at the benefit of individual consumers; we also refer to the pre-diagnosis potentialities in identifying diseases from individual genotype characteristics: there are some sectors where innovation is not only highly differentiated but where, in some extreme cases, an individual is becoming a monopolistic market. In some other sectors, like in the case of avionics or telecom, it is not the plane or the phone by themselves which are differentiating but the service package which is offered to travellers or users (including more or less wide-integrated packages of connected services). Both basic empirical remarks (the growing importance of system products and differentiated demand) echo the previous analysis of knowledge generation, use and dissemination. The two types of knowledge regimes previously depicted (recombination and additive regimes)  apply to identify and differentiate the rate and direction of firms’ innovative behaviours and enhance the role of localised knowledge in the behavior of the innovative firm, even if the global implications of market dynamics are equally essential at the same time.  

In what follows, we choose to focus on the five different sectors that have been deeply investigated from the workpackage two of the TELL project in order to contrast the dominant design in firms’ characteristics that appear suited to face current innovation and change. Of course, we do not claim to cover the full range of implications for innovation dynamics in these sectors but we simply want to pick up some major features in order to illustrate the previous analytical remarks in the follow-up of the deliverable of workpackage three of the TELL project. It is clear that a specific and highly idisyncratic tool kit is necessary to conduct the empirical analysis in each specific field of investigation. It seems even useless to stress once more that a common and homogenous tool-kit for the empirical investigation in such a diverse and yet relevant variety of industries and cases would be a evident nonsense. Empirical analyses have to be detailed and taylored for the specific characteristics of knowledge in each case, in each region and in each industry. Technological knowledge does not take the same form everywhere. Patents cannot grasp technological knowledge in the same way in any sector. Research and development activities have a different role and a different weight in different industries and cases. Collective learning plays a different role in each industry and region. The methodological ingenuity of this project consists exactly in the effort to try and elaborate a common interpretative and analytical framework for the diversity of the forms that knowledge takes in different industrial, technological and regional contexts. For the sake of simplicity, the work carried out will now be spelt on a sector by sector basis followed by a region by region basis. 

7.1. Review of the sectoral empirical evidence

In what follows are expressed the main characteristics for knowledge dynamics in the sector contexts we initially choose to investigate in the TELL project (avionics, life science, telecom, leather and automotive industries, respectively)

Avionics provides an example of increasing stratification among R&D resources, with regard to the evolution of dominant organisational design among the firms belonging to these activities. The structure of productive relationships is moving toward a higher cascade of hierarchical relations embedded in formal contractual agreements. This stratification leads to a better (more explicit) identification of industrial players : EADS and Boeing are acting as the two major integrators of systems and assume the leadership in providing the rate and direction of innovation in these sectors; equipment and system suppliers assume a role of intermediary coordination; systems’ components are issued from a huge set of firms that become auxiliary suppliers of the equipment or system suppliers.  The important issue here lies in the increasing need for prime contractors to benefit from complete integrated systems which result in managing a twofold difficulty. First, prime contractors decrease their production costs, as R&D is outsourced toward the other levels of that stratification and, consequently, they are expecting decreasing coordination costs by specifying quite precisely the contractual terms of the outsourcing process. But, on the contrary, our analysis leads to consider that such an organisational shift in dominant design will also increase transaction costs, as prime contractors are facing a specific feature of avionics which is the need to dominate the systemic implications of technologies encapsulated in the final product (a plane). Confronting the necessity to assume their responsibility with regard to legal authorities, the two main manufacturers have to provide all the information needed in case of any functional defects. In doing so, they have to keep internal capabilities and assume in-house a minimum of expertise in order to identify and react to any functional trouble. As such, the governance of innovation within such a system largely depends on the relative balance between the gains expected from the decrease in production and coordination costs, and the loss due to the need to assume the overall understanding of the complete integrating process because of specific constraints on risk and responsibility issues. Second, intellectual property rights are not crucial for the working of such a system. The hierarchical dimension of relationships with prime contractors substitute to protection strategies from sub-contracting firms. Avionics is certainly one of the sectors which provides an obvious example of a set of activities where patents are neither needed nor effective because of the very specific characters of the productive constraints and the responsibility requirements from the prime contractors with respect to users and legal authorities. However, the complex patterns of contractual agreements between the prime contractors and all their sub-contracting partners are much more crucial to the governance of knowledge and innovation in this sector.

The Civil Aeronautics industry
. Modern aeronautics is arguably another occasion where technology led to science, where practical engineering fed into scientific discovery in an increasing variety of fields.  Aeronautics in the 21st century is growing in complexity, as companies continue to look for solutions to provide greater product functionality and reduced costs in production and operation.  The range of disciplines contributing to new developments in aeronautics includes mechanical engineering, mathematics, computer science, physics, chemistry, biology, electrical engineering, materials science, thermal dynamics and digital communications and control systems.  The typical MIT undergraduate is required to achieve a competency at various levels of these disciplines, but specialisation is soon encouraged.  Indeed, aeronautics science and technology, like so many other fields, is growing in complexity that generates a process of increasing specialisation of knowledge across actors and organisations.  The civil aircraft industry is currently comprised of four markets: large commercial aircraft (planes of 100 seats and more); maintenance, repair and overhaul (MRO); jet engines; and business and regional aircraft (less than 100 seats).  To this we could also add the markets for key systems, such as aviation electronics (avionics) and electrical systems (power, entertainment, cabin environment).  The market for large commercial aircraft is closely tied to the market for long-haul travel and transport, whereas the markets for business and regional aircraft are more diversified in scope.  The MRO market is significant in this industry because these are products that have a long life cycle.  For example, the first Boeing 747s were commissioned in 1968 and are still in operation.  The customers for the MRO companies are the owners and operators of aircraft: the airlines, government agencies and companies.  Jet engines are supplied to the lead manufacturer for the appropriate airframe; however, the engine itself is often specified or selected by the ultimate client - the airline, the government agency or the company. From an early stage, there was a division of production between airframe manufacturers and engine manufacturers.  However, the division of production has evolved alongside the growth in the market for aircraft and the complexity of design.  Suppliers to the aircraft industry comprise the broad range of materials, components, support services and consumables necessary for air travel.  The production of a civil aircraft is now a cascade of hierarchical contracting relationships, often led by the two remaining large aircraft manufacturers, Boeing and Airbus.  Boeing and Airbus are the leading prime contractors or ‘primes’, which then contract with Tier 1 (the largest engine and supplier companies) and smaller (and often more niche) Tier 2 suppliers for the design and construction of an aircraft for delivery to the customer (airline, business or government).  The ultimate role of systems integration of these contributions falls to the aircraft manufacturer or ‘prime’, which provides fully specified aircraft tailored to the needs of the airline companies and other key customers. The aerospace industry as a whole has undergone considerable consolidation in the past decade, and the civil aircraft sector has been equally affected.  It is estimated that the mergers and acquisitions in the global aerospace and defence industries has exceeded $150 billion, with further deals (particularly amongst the smaller companies) lining up for the future. (Velocci, 2001)  Beginning with the prime contractors, consolidation has now taken root at all levels of the value chain to bring added capital and market share weight to the bargaining table.  The view from the industry analysts is that the consolidation amongst the primes reflects the growing cost and complexity of aerospace development.  Nevertheless, the industry is far less concentrated than expected: 

There are only two large commercial aircraft makers, Boeing and Airbus, in 2002.  Whilst Boeing has the cumulative strength in the industry, Airbus is matching Boeing on the number of orders currently placed.  Within the more buoyant regional aircraft market, Bombardier is the leading regional and business jet producer, holding 45% of the regional order backlogs. (Flight International, August 2000)  The engine market is dominated by the big three: General Electric, Pratt & Whitney and Rolls-Royce.  Fourth in the ranking is Snecma, but its market dominance is growing with its alliance with GE on the CFMI engines joint venture.  The maintenance, repair and overhaul (MRO) market is heavily dominated in Europe by the European airlines, whilst the largest US airlines maintain their own MRO services in-house.  When we attempt to define the knowledge base of an industry or company, our focus is on the systemic character of knowledge, rather than knowledge as a stock.  With regard to technological knowledge, it is valuable to learn the spectrum of science and technology fields applied to this industry as well as the sources of this knowledge.  Patent analysis can be usefully applied to broadly demarcate the boundaries of knowledge, using patent data as a tracing metric of the knowledge base across the civil aircraft industry.  Of course, patent traces cannot provide a full and detailed analysis of the knowledge base of the civil aircraft industry; however, they do provide a rough schematic of the changing boundaries of the knowledge base and the roles of companies, within and external to the industry, in shaping that knowledge base.  Dynamic trends of these patent traces provide valuable insights into the evolution of the knowledge base.  Most of the patents related to airframe structures and systems entail process technologies in the creation of structures, components and systems, specifically in subclasses B64C and B64D which together account for 54% patents assigned to these top 12 IPC subclasses.  Predictably for airframes and structures, other relevant scientific fields include chemistry and metallurgy and physics. The number of patents related to instrumentation is noticeably less than for airframe and structures, and the spread of scientific fields is broader and more evenly dispersed.  The dominant field in instrumentation is physics, and Table 4 provides the detail of the clearly relevant fields (e.g. radar systems).  Also important are the process and transportation technologies (Class B) and electricity (Class H).  Finally, mechanical engineering (Class F) is included in the ranking for instrumentation for reactive propulsive thrust mechanisms.We consider both knowledge originating amongst the main participants of the civil aircraft industry as well as knowledge originating from companies outside the civil aircraft industry but applied in the production and development of aircraft.  The way labour is divided and coordinated is of course related to how knowledge is divided and coordinated, but this matching occurs in complex and untidy ways, which often requires the effort of large, all-round knowledge firms sometimes called ‘systems integrators’ (Miller et al, 1995; Prencipe, 1997).  Also, the production boundaries of the firm seem to differ from their knowledge boundaries. Brusoni, Prencipe and Pavitt (2001) argued that the processes of knowledge specialisation lie at the core of the emergence of ‘loosely coupled’ networks of integrators, assemblers and suppliers of physical equipment as well as specialised expertise. Certainly prime contractors have maintained significant internal R&D programmes notwithstanding the growth of collaborative projects and technology networks in the industry.  First Tier suppliers, particularly engine suppliers (Rolls Royce, Snecma and United Technologies), also have significant R&D expenditures, as described in the literature on technological development in aircraft engines (see Prencipe; Giuri).  Certainly, new scientific developments and technological breakthroughs from other fields have yielded new technological knowledge and product development in aircraft.  However, this is an industry in which new findings in technology per se have often led science.  Many advances in aircraft design and performance aircraft derive from what Vincenti (1984) calls ‘production-centred innovation’.  Taking the example of the development of flush riveting, he explains “[s]ome knowledge did have to be generated for detail design, but the pivotal developments were in production, and it was there that the greater part of the innovative activity took place.” (p 542)  Unlike patterns of diffusion from an initial creative source described with respect to other types of innovation, production-centred innovation appears to occur simultaneously and pervasively across the entire industry, according to Vincenti; and this is possible, he argues, only when fundamental ideas are already known or conceptually obvious and the relevant capabilities are widespread. (p. 570)  In this type of innovative environment, technological breakthroughs are less amenable to closed in-house programmes; rather, they diffuse and develop because of the distributed nature of production and of the contingent technological capabilities across a network of firms. Given the higher costs (and commercial risks) of new product development, civil aircraft companies are undertaking alliances and joint ventures as a strategy of “co-optition”
, whereby companies focus on complementary capabilities and opportunities on the basis of (sometimes temporary) specialisation in technologies, markets and products.  One of the key arguments for consolidation in the industry put forward by the primes relates to the need to amass capital and market share for continued technological innovation. (Velocci, 2002)  This is a pattern repeated in many other industries; however, it is arguable that a system-centred product like aircraft, which has evolved to require the participation of several companies, is even more amenable to collaborative organisational networks.   Overall, the concentration of the industry has led to a sharper differentiation on commercial focus and specialisation.  Some senior managers in the Tier 1 companies have recognised that the primes are relying more on the suppliers to design ‘bigger chunks of subsystems’. (Velocci, 1997)  Close co-operation between prime contractors and Tier 1 companies (if not also Tier 2 companies) has long been characteristic of this industry, and the trend appears to be strengthening.  For example, Goodrich engineers collaborated with the airframe manufacturers to develop new designs and solutions for landing gear on the 747 and the 777.  This model encouraged Goodrich to pursue a similar strategy with the Airbus A380 airframe, and Goodrich has been rewarded with the contract for body and wing assemblies instead of Airbus’ traditional supplier, Messier-Dowty (Ott, 2001).  Systems integration in aircraft has led the main aircraft prime contractors, Boeing and Airbus, to develop significant capabilities in design and production integration.  By integrative capabilities, we refer to the taxonomy put forward by Prencipe to categorise the capabilities of firms developing multi-technology products.  The taxonomy includes: (1) absorptive capabilities (capabilities to monitor, identify and evaluation new opportunities emerging from general advances in science and technology); (2) integrative capabilities (capabilities to set the requirements, specify source equipment, materials and components designed and produced internally or externally; and integrate them into the architectures of existing products); (3) co-ordinative capabilities (capabilities to co-ordinate the development of new and emerging bodies of technological knowledge); and (4) generative capabilities (capabilities to innovate both at the component and architectural level). (2001, pp 305-306)  The main aircraft manufacturers maintain a range of capabilities of the four types; however, particular to them is the specific strengths in the integrative capabilities.  Integrative capabilities depend upon these firms maintaining multiple relevant knowledge bases; in other words, these firms really have ‘to know a lot more than they do’ (Brusoni, Prencipe and Pavitt, 2001; Paoli and Prencipe, 1999)  Eliasson further emphasises the role of the integrator hierarchically in the design and development process
.  We expect, therefore, the systems integrators in civil aircraft – the prime contractors – must maintain integrative capabilities across the range of technologies and scientific disciplines which impinge on aircraft design and development, and that this would be revealed in a broad portfolio of patenting behaviour.  Of course, more detailed analysis at the company level would also reveal strategic alliances and levels of participation in collaborative design projects would clarify this expectation further.  Amesse et al (2001) identified distinctive subcontracting arrangements based on economy, on specialisation and on supply, where arrangements based on economy tended to dominate in number but subcontracting on specialisation and supply was apparent where the relationship between the two companies is very close. (pp 566-567)  Nevertheless, the arguments from the literature discussed place the central governance of learning and the diffusion of technological knowledge in the civil aircraft industry in the hands of the systems integrator.  As Brusoni (2003) has argued, integrators are entitled to co-ordinate technological development and knowledge precisely because they maintain these broad-scale competencies, that is, there is governance through authority.  Of course, this authority also reflects the bearing of risk and therefore draws a direct link to the dynamics of the market.  We explore these issues further in the case of avionics.

The Avionics industry. The origins of avionics are based in the earliest use of electromechanical devices for navigational aids. In the early 1920s, the famous aircraft engineer Elmer Sperry invented the first autopilot based on a gyroscope and soon after developed the first retractable landing gear.
  As noted in the above quote, by 1945 the US Navy was looking forward to piloting instrumentation to provide “vision beyond sight”.  Along with contingent developments in electronics and, more recently, information and communications technologies, avionics have been developed to facilitate more of the process of flight and flight systems management. Since the earliest days of avionics, the role of the military played an important role in the development of the technologies and the knowledge base underpinning them.  Two trends have dominated the evolution of civil and military avionic systems in the past 25 years.  The first is the effects wrought by “Moore’s Law” that has seen a dramatic increase in the capability of digitally based systems.  The second is the increase in the scope of these digital avionics; increasingly more systems that used to be mechanical or electro-mechanical (e.g. flight controls, control of services such as hydraulics and air conditioning) are being supplemented or replaced by digital systems.  Perhaps the most fitting analogy is with the development of telecommunications, which has seen a similar growth in the use and capability of digital systems over the same period, similarly making “traditional” mechanical systems redundant. In 1980 the avionics industry was still shaped by the demands of the military.  New developments, such as the Global Positioning System (also known as Navstar) and enhancements to existing technologies (e.g. inertial navigation) were developed by the military for its own purposes and tended to be adopted by civil users where they saw a new for the new equipment.  Digital systems had been in use in military aircraft since the late 1960s whilst civil aircraft (both commercial and business) were still equipped almost exclusively with analogue and electro-mechanical avionics. (Gunston, 1990)
  The situation started to change in the early 1980s with the adoption by both Boeing and Airbus of cathode ray tube-based electronic flight instrumentation systems (EFIS) in place of electro-mechanical cockpit displays.  The technology was based on the development of similar systems for military aircraft that occurred in the preceding decade.  The companies that entered the civil market were those that had developed military EFIS equipment. These were the same companies that had provided the older instrumentation being replaced (e.g. Smiths and Sperry).  With the later maturity of the technology and the less demanding requirements of civil users, these displays rapidly diffused throughout the civil sector, becoming a standard feature for new-build aircraft in all civil markets by the middle of the decade.  Likewise, a strong market for retrofits to older aircraft quickly developed. The overall growth allowed new entrants to the civil EFIS market, such as Honeywell.  By the 1990s, the civil sector had adopted EFIS system more widely than the military.  Meanwhile, new developments, such as flat panel liquid crystal displays were still being developed under the military’s aegis. (Gunston, op. cit.). The rapid diffusion of digital avionics in civil aircraft markets was due to their less demanding performance requirements, the less stringent environmental demands posed by civil aircraft and the drop in military demand brought about by the end of the Cold War at the start of the 1990s.  Because of budgetary pressures and limited calls for further advances in avionics, the military buyer began to reduce funding in new avionics technology and to increase purchases of ‘off the shelf’ avionics based on civil systems.  This has led to a situation were 70% of the avionics market in 2001 was civil (47% commercial aircraft, 23% general aviation), which is a reversal of the situation 20 years ago.
 Organisational structure and market drivers.Today there are three main civil markets for avionics: air transport, general aviation and rotorcraft.  Given that it is a broad category, avionics are actually sold in various markets, namely integrated avionics, communications equipment, navigation equipment and surveillance equipment.  Overall, the market growth for avionics as a whole has been relatively high , with an estimated compounded annual growth rate of 7.3% for the period 1998 to 2005.
  According to Frost and Sullivan (2000), the civil market for avionics was worth USD $5 billion in 1999 and was estimated to growth to USD $8 billion by 2005. There has been considerable consolidation amongst avionics players, although to a lesser extent than the consolidation which has occurred amongst the aircraft and aircraft parts producers.  The market concentration for avionics is relatively high, estimated at 80%. (Frost and Sullivan, op. cit.) Avionics are produced by three leading integrated avionics producers: Honeywell/Allied Signal (with 50.3% of the market in 1999), Rockwell/Collins (28.4%) and Sextant Avionique (11%).  Honeywell/Allied Signal merged in 2000 to bring together Honeywell’s strategy to target high revenue sectors (air transport, high end general aviation, and helicopters) and Allied Signal’s expertise in general aviation avionics, flight safety and emergency equipment segments.  Rockwell Collins, on the other hand, maintains a broad product focus to cater to all sectors of the market and, in particular, a new challenge to Honeywell’s established market leadership in the integrated avionics systems market.  These three leaders in avionics are the only manufacturers who design and sell avionics packages that are nearly complete avionics systems.  There are other avionics producers which specialise in niche products or components; many of these are looking to move into the complete avionics systems market in the near future. (ibid)  The component avionics producers include Goodrich, CMC (Canadian Marconi, Garmin and Smiths.  In addition to these companies, avionics are also produced by the two leading prime contractors, Boeing and EADS (Airbus).  There are also some niche players, and government laboratories (particularly military) are still active in developing new avionics technologies.There are essentially two main customer groups for avionics: the build buyers and the maintenance buyers.  The market for avionics when building aircraft is strongly represented by the prime manufacturers, namely Boeing, Airbus and the regional jet manufacturers.  The maintenance market is largely comprised by the airline companies themselves.  The demand for avionics from civil aircraft prime manufacturers is focused on cheaper systems, encouraging a greater integration at the component level.  Like power systems, avionics generally are now single sourced.  “The adoption of single sourcing and a systems approach in these two areas [power systems and avionics] is now established and is the general rule, except for the multiple-sourcing approach for engines and optional equipment.  Ten years ago, however, it was not uncommon to find multiple sourcing for systems.” (Paliwoda and Bonaccorsi, 1994 p 236). Paliwoda and Bonaccorsi argue that the move to single source purchasing is driven by the competitive strategy of avionics producers to deliver the full value chain of the product as well as the customers’ interest to control product liability by ‘systems buying’.  In order to cope with the need to provide total systems (integrated) avionics, French companies have been forming teams to combine capabilities and financial strength. This has been a pattern in the US avionics industry for some time. (Nordwall, 1999) The knowledge base of avionics. Using the Derwent patent data for instrumentation, we can observe that the knowledge bases underpinning avionics still fall largely in the fields of electronics and physical engineering.  Amongst patentees, the aircraft manufacturers (as a group) still play an important role in developing technologies for avionics.  However, the avionics firms produce more patents per company than aircraft manufacturers (and this ratio is growing).  Compared to other patentees in this field, avionics companies most closely approximate the patenting behaviour of other electronics producers (SIC 36) rather than patterns in patenting of companies active in transportation equipment (SIC 37) or industrial machinery and computers (SIC 35).  Moreover, we observe that there are differences in patenting strategy evident amongst the avionics company leaders (Honeywell/Allied Signal vs. Rockwell). If we consider the various dimensions of knowledge, we observe increasing complexity in the knowledge base of avionics, reflected in the growing range of IPC codes appearing in patents related to avionics.  As in the case of aircraft more generally, it is clear that whilst some knowledge is codifiable through the evolution of standards, there is a discussion amongst industry pundits and the companies themselves of the tacit skills required for integrating avionics in complete systems and assuring design coherence.  The growth in the number of patents filed by companies suggests that there is some potential to appropriate the benefits of knowledge.  Of course, whilst the breadth of IPC codes allocated grows, we also note that there is little ‘fall out’ of existing IPC codes over time; this implies a certain degree of cumulativeness in the nature of knowledge related to avionics.  Finally, whilst we have not found evidence of a ‘market for knowledge’ per se (indicated by substantial licensing) amongst avionics firms, the number of joint ventures and mergers in the industry is remarkable.  We can surmise from this that avionics find it more effective to buy the company to access and exploit the knowledge needed.  This is certainly reflected in the company history of Goodrich, which has transformed itself from a tyre company in 1986 to a competitive avionics firm, acquiring 8 avionics companies in the process including TRW Aero in 2002.Localisation of knowledge in avionics. Localisation of knowledge in avionics in a spatial sense is limited by the very global nature of the industry.  However, ‘communities’ can be defined according to civil and military applications and the distinctive organisations that produce these.  In the last decades of the 20th century, the military applications were more generally represented by the primes, which have been important defence suppliers, as well as the military research laboratories working on behalf of the State.  This military ‘localisation’ also reflects the technological parameters for these avionics.  The distinctiveness in the technological similarity between the resulting avionics products is described in Table 1.  It is notable that commonality is highest in those technological areas where the civil market has been the leading force. Nevertheless, within civil and military applications, there are some points of translation between the scales of aircraft.  For example, general aviation aircraft and the smaller regional aircraft are more likely to adopt military innovations which are better suited to small aircraft.  Small aircraft have much stricter demands in terms of weight/volume ratios and power and cooling requirements than larger aircraft.  In short, the civil and military avionics technologies vary in terms of reliability, redundancy, performance and durability. Moreover, standards have developed across avionics due to the increased use of digital avionics manufactured by a range of companies worldwide.  These standards were established to ensure interoperability.  The two most important standards date from the 1970s and 1980s, at which point there was little need for commonality between civil and military avionics.  The main military standard, MIL-STD-1553, is a series of protocols and physical interfaces allowing various elements to communicate over a database.  Quite unexpectedly, this standard has actually limited transmission rates to levels far below the current ICT standards.
 Similar data handling limitations are common to the civil standards, ARINC 429 and ARINC 629, which allow inter-avionic data transmission.  However, software has not been as standardised, frustrated by the variation in programming languages applied.  This has been true for both military and civil software, with the result that avionics have incurred higher development costs thanks to the difficulty in re-using software developed for previous applications.  Software is now the most expensive part of avionics development and this fact has led to initiatives to standardise its use across the industry.  Indeed, commonality across civil and military avionics systems and components is being pursued by companies, eager to link their civil and military markets.  For example, Rockwell Collins is developing common hardware and software to be used in ‘families’ of avionics.Modes of governance and co-ordination of specialised knowledge. In the field of avionics, knowledge is generally governed closely, either within the firm or within a closely defined chain of firms (most likely through joint ventures or also through close supplier chain with aircraft manufacturers.  We identified 291 alliances amongst the leading 7 avionics companies, of which 30% of these alliances related to R&D.  Moreover, concentration is progressing in this industry through a sequence of mergers and acquisitions, and the industry leaders maintain a range of knowledge competencies.  Of course, technologies are appropriable in avionics, and the rate of patenting is significant and growing.  Whilst it is highly likely that higher education institutions around the globe are involved in avionics development, we found no such organisations active in patenting in the field nor were there any references to their contribution in the industry press.  Rather, the research institutions – most clearly, military research establishments – are active in the extension of knowledge and technologies for avionics, and this is clearly linked to their mission to support the State in their defence activities.These avionics firms also indicate knowledge strategies that are based on internal R&D investment and growth through acquisitions (most obvious in the case of Goodrich).  There is no clear market for technologies here, nor a long chain of supplier firms contributing to the knowledge base of the lead avionics firm.  The trend amongst aircraft manufacturers, moreover, is to source complete avionics systems rather than components that require integration and some collaboration with the avionics firms.  Of course, there always remain differentiated strategies to developing knowledge amongst the avionics firms and this is reflected in their choice of markets (which vary across these companies across navigation, communication, surveillance and integrated systems).  However, if more avionics firms are intending to move into supplying integrated avionics systems, we would anticipate a general broadening of the knowledge base across these aspirants.  

The life science industry provides quite a reverse example of firms’ innovative behaviors to that of avionics, with regard to the stratification of knowledge and resources’ dynamics. For a long time, large pharmaceutical corporations have been the major drivers of innovation. However, one can actually consider that the shift to genomics and its multiple implications into pharmaceuticals has been quite a failure for the same large corporations. They have not developed in-house capabilities in due time and are currently more or less lagged behind in terms of knowledge accumulation and requirements to face innovative opportunities stemming from the extensive use of r-DNA techniques, be (1) the pervasive character of biotech into the pharma sector, (2), the functional implications of r-DNA techniques on the screening of molecules and the identification of new drugs’ functionality, (3) the development of instrumentation methods and equipment, (4) the development of diseases’ diagnosis and related (exploratory) treatments. For each of these areas, the last decade has been characterized by a huge increase in the strategic importance of SMEs, often issued from the academic milieu or, at least intertwined with science in such a way that common progress of knowledge is ensured. This situation leads to a stratification of knowledge dynamics where a bottom-up development of innovation prevails and where the major difficulty faced by firms lies in the current recombination regime that characterizes knowledge dynamics. In that respect, large firms are not only facing a decreasing control on production costs but, coordination as well as transaction costs are dramatically increasing. In such a context, mergers, alliances, and multiple co-operations have become a means of compensating for the lack of appropriate knowledge in large corporations and, consequently, appear as a significant mark of the previous decade for the organisation of that industry. 

Life science industry
. The life science industry encompasses a huge set of industrial activities that have a particular property which is to find out an economic value from any working with living cells, plants, or organisms more largely. As such, without providing a restricted definition to that industry, we mainly discussed the complexity of innovation patterns in that generic industry. Workpackage two (see Deliverable 2.2.3) addresses in more details those definitional issues and conclude in a presentation of the different sub-sets into which one can divide that industry. Workpackage two also established some basic characteristics of innovation dynamics in the life science industry. A peculiarity lies in the fact that the life science industry is concentrating the overall set of constraints usually faced in innovation dynamics. As such, we established the complexity in the organisation of the life science industry by identifying the key actors in the innovation dynamics:  namely the large multinational firms (LMFs), dedicated biotechnology firms (DBFs), public research institutions (PRIs), public authorities and consumers’ associations, as well as considering the importance of the various ways in which these actors intersect. The complexity of the life science industry results from the important dependence between factors internal to firms and factors related to their environment that create a large and complex variety in the industrial organisation characterizing that industry. From that complexity of constraints in knowledge building results the complexity of industrial organisation which attests to the difficulty of managing knowledge and innovation dynamics in those fields. LMFs are confronting integration problems with absorption of required knowledge, whereas DBFs are facing co-ordination problems to articulate complementary resources and shift from specialised to globalised opportunities. Moreover, what is puzzling to firms (be LMFs or DBFs) is that they both have not only to deal in-depth with scientific requirements but they also have to take social acceptance into better account. Innovation dynamics and knowledge creation have not only to place scientific resources and basic research centrally at stake, but it also requires a very high and active demand concern: patients want to have an increasingly important role and increasing control about innovation; product definition is under the scrutiny of ethical issues; public authorities want to better control experimental phases, clinical testing protocols, as well as more largely offer legal guidance for innovation dynamics. With regard to the life science industry, Workpackage two finally established some basics about the importance of localised knowledge in the working of that industry. It especially emphasised the paradoxical character of knowledge dynamics in those fields, referring to the specific character of that industry in terms of‘glocalisation’ of knowledge: if the life science industry is one of the most fascinating examples of science-based industries in which it is implied that knowledge improvement is considered global, because scientists appear to be quite open and interacting globally, then the paradox arises when the character of the industry must also be defined in a way which is compatible with the fact that innovation dynamics is rooted in localized and complex interactions among different types of partners. That ‘glocalisation’ of knowledge dynamics appears as a specific issue to the life science industry and induces a few characteristics that have to be taken into better account. On the one hand, instead of spreading homogeneously, there are evidence to consider that the location of the actors within this industry is very much concentrated around science-based resources.  This stresses the role of localised knowledge in that local interactions appear to be influencing significantly innovation dynamics. However, the relevance of localised patterns for this industry has to be counterbalanced by the increasingly obvious importance of international strategies. Here, for instance, the trends exhibited towards an internationalisation of patenting strategy for companies are also obvious and shows how localised patterns must be considered with regard to the globalisation of related or expected markets. Finally, Workpackage two also helps us to establish how Europe exhibits contrasting patterns with regard to the US context in facing similar sets of constraints for innovation and knowledge dynamics. In that respect, our study concludes in a series of structuring patterns for the dynamics of knowledge specific to that industry. Innovation dynamics in the life science industry proves a relative weakness of the LMFs which have historically been the major drivers of knowledge dynamics in this industry.  This is not to say that they are no longer innovative, but only to insist on the difficulty they are currently facing in order to insure the continuity of their oligopolistic control on the life science industry.  They largely failed to integrate scientific opportunities in the 1990s, due to a kind of blindness regarding the evolution of scientific opportunities.  The evolution of alliances can be thought of as a compensating strategy in order to face the difficulty of integrating new knowledge. The increase in the more or less formally connections with DBFs expresses that relative weakness to a large extent.  In any case, large international pharmaceutical firms are still trying to keep control on innovation dynamics (and knowledge opportunities) by maintaining oligopolistic power through size and reputation effects.  Butdedicated biotech firms are becoming core producers of knowledge: DBFs are becoming main drivers of knowledge dynamics during the 1990s.  They express to some extent a kind of shift from an economics of research where LMFs were quite effective, toward an economics of knowledge where it is not only a matter of R&D budgets, but also a matter of exploring, combining, and adapting science opportunities with the understanding of life mechanisms in a larger sense.  To be more precise, the exploding opportunities induced by the post-genome era mainly seem to benefit DBFs, even if DBFs have not yet supplanted the incumbents due to the complexity of the set of actors that has to be necessarily taken into account. For certain, not all of the DBFs yet have all the capabilities in hand to compete seriously with the LMFs.  Indeed, clustering appears as a means of exploring new economic opportunities and therefore, one needs to reconsider in details advantages due to localised effects in that industry. During the 1990s, the life science industry is no longer only competing on well-established markets and related products.  Competition is about knowledge advances and firms’ capabilities.  Therefore, there is a need to look at the industry by considering the type of competencies and capabilities developed by firms as well as the type of organisational arrangements that reveal suited to encouraging knowledge dynamics.  Exploring the specific characteristics of activities developed in the life science industry allows for a better understanding of the rate and direction of innovation process as well as to deal with knowledge dynamics. Finally, as DBFs appear as a major source for knowledge advances, clustering effects are to be central because formal and informal relationships underlying the existence of cooperation among firms appear as a main factor for firm’s competitiveness in that industry.

The telecom industry is quite obviously appearing to be a general purpose technology that emerges by drawing together a variety of specific bits of knowledge, and organising and combining the latter in new applications. New information and communication technologies themselves are the result of the complementarity among a wide variety of scientific fields including electronics, telecommunications, space technology, physics, chemistry, plastics and rubber. New information and communication technologies provide today a clear example of a new technological system which emerges on the basis of the identification and utilization of both synchronic and diachronic complementarities among units of knowledge possessed by a myriad of actors and, as such, dispersed and fragmented. The new information and communication technological system is the result of the sequential introduction of a variety of complementary and interdependent technological innovations. New technological systems emerge around new organizing principles, which make it possible to recombine different bits of knowledge and integrate them into a new single framework (Bresnahan and Traitenberg, 1995; Lypsey, Bekar and Carlaw, 1998). The telecommunications industry provides clear empirical and analytical evidence on such knowledge by recombination dynamics. Intrinsic complementarity among bits of networks as well as functions within the telecommunications networks is well documented and well known. This is particularly obvious when considering the importance of innovation platforms that are explicit examples of how localized knowledge penetrates that sector. But telecommunications networks are also characterized on the supply side by the complementarity between existing trunks of each network and incremental portions. High levels of complementarity on the demand side with the well-known effects of network externalities are equally necessary to be taken into account in order to characterize the dynamics of the telecommunication industry. The notion of essential facility has been elaborated upon these bases. When a piece of property acquires the characteristics of an essential facility, the rights to access and interconnection cannot be exclusive anymore. A separation between the rights of ownership and the rights of use is necessary in order for actual and workable competition to be implemented and eventually made possible (Baumol and Sydak, 1994) and, as it is now well known, competition in the telecommunication industry has been made possible by mandated interconnection. Mandated interconnection is a major factor of change and evolution in the definition of property rights. The ownership rights on the one hand and the rights of exclusive use on the other, traditionally associated in one single rights, have been separated, and rights of use of the network have been separated from the ownership rights. Firms do and can own telecommunication networks and can claim their property on all the segments of the network, but cannot claim any longer the right to the exclusive usage. Other firms have the right to access the network and make a selective use of it. Dedicated authorities have been established since the late 1980s in most advanced countries in order to implement the right to interconnection, to regulate it and to fix the prices of interconnection (Fransman, 2002).

Communication Authorities have been established to monitor the effective separation between the right of ownership and the rights of usage of telecommunication networks. Their activity here is most necessary because of the ever changing conditions of the technology and hence the ever changing conditions of the separation between ownership and usage. Second, and most important, communication authorities have been established in order to fix ex ante the levels of interconnection tariffs. Interconnection tariffs must reflect properly the costs of the network and must make both appropriate returns on the investment for the owners as well as viable conditions of entry to new competitors. Newcomers must be put in conditions of actual competitiveness in downstream markets, with respect to incumbents and other competitors in the telecommunications industry (Madden, 2003). The evolution of property rights in the telecommunications industries has been the result of the understanding of the role of complementarities and the dual effects of economies of scope and externalities on the actual costs of both incumbents and new competitors in the industry. Mandated interconnection is indeed a significant departure from a full fledged and traditional definition of property rights. This major change in public regulation quite importantly impacts the governance of firms in this activity. If production costs are weak and allow quite impressively to new firms to enter this industry, the availability of suitable (economically viable) services is highly depending on firms’ ability to deal with coordination costs.  Note that transaction costs are of a relatively weak importance as no substitutability between suppliers is to be discussed; to the contrary, the services and uses of telecom infrastructures are quite various and specific, which imply the weak relevance of transaction costs in that case
.

Mobile communications in Scotland
. The Scottish case study focuses on two issues. The first is on the emergence and growth of a number of Scottish-based firms producing content and applications using mobile phones and technology. Focus of attention is on a specific policy-related puzzle.  Mobile content and applications firms have grown rapidly in other parts of the world (particularly in Sweden, Finland and Japan).  But these areas all have locally-based large global companies (Ericsson in Sweden, Nokia in Finland and DoCoMo in Japan).  This raises the question: Can mobile content and applications firms emerge in Scotland where there are no locally-based large and global mobile communications companies?  This question has very important policy implications for the EU as a whole.  If the answer to the question is ‘yes’ then there may be important possibilities for those EU countries without significant indigenous telecoms companies to generate skilled labour employment opportunities, and associated economic activity, in the mobile-related area.  Mobile communications is one of the most rapidly-growing economic sectors in the global economy. The second issue addresses the role played by Scottish universities in facilitating the growth of what is called (in both parts of the Scottish Study) the Scottish Innovation system in Mobile (SIM).  Here too there is a puzzle that is examined. Many (if not most) of the best-known global mobile communications companies in the world have got links with Scottish Universities.  However, there are very few small and medium-sized mobile-related companies that link with these same universities.  Assuming that Scottish Universities have knowledge that may be of commercial benefit to the latter companies, why is it that there are so few linkages? These two issues can be put within the conceptual framework of the TELL Project. Knowledge in the mobile communications industry in Scotland is localised, specialised and dispersed. It is localised in that although it uses general purpose equipment and technology (used in all parts of the world with similar standards), this equipment and technology is tailored to suit specific local circumstances and needs. It is specialised insofar as specialist knowledge and skills (e.g. hardware and software knowledge and skills) are necessary to install and run the general purpose networks and equipment and to tailor them. It is dispersed in that the knowledge and skill sets needed are to be found in different concentrations and in different parts of Scotland. One institutional location of such knowledge and skill of particular interest is the university. One of the main findings of the study of emergent mobile-related firms in Scotland is that their emergence was facilitated by the existence of what was identified as‘innovation platforms’ that are an inherent part of the mobile and ICT infrastructure.  To take a concrete example, SMS (short messaging services) – or ‘texting’ as it is commonly known – which is provided by GSM mobile networks, serves as an important ‘platform’ for innovation. In Scotland, for instance, numerous firms have emerged selling specific applications that make use of this platform.  One service is provided for community workers (e.g. doctors, midwives, nurses) whose work requires them to go into people’s houses during the day and night.  The service allows these workers to inform the mobile company when they have entered the house and alerts emergency services if they have not come out by a particular time.  Another service has been developed that allows remote sensing to be undertaken and relevant information to be conveyed via the mobile GSM network. For instance, a sensor in a pig sty will alert the farmer via a text message when the temperature in the sty is dangerously low, putting the lives of the pigs at risk. Sensors can, obviously, be adapted to a large range of uses. How does this relate to the knowledge and learning themes of the TELL project?  The main finding of this part of the study is that the mobile communications system can be understood as a system of modularised knowledge.  To be more concrete, those whose innovations are based on the use of the ‘SMS innovation platform’ need have no knowledge of the technical details of this platform itself or of the technical details of the GSM mobile network as a whole.  All they need to know is how to interface their particular application with the platform. Simply speaking, this requires the use of servers and the development of software that will allow the application to be connected to the GSM mobile network. Furthermore, the software requires knowledge of the main software languages that are already in widespread use and are known to most IT specialists. In short, this means that modularisation and the creation of innovation platforms economises considerably on the production and use of knowledge.  In turn, this lowers significantly the knowledge-related barriers to entry that limit the establishment of new firms and the diversification of existing ones. In turn, this can considerably enhance economic development and industrial change by increasing the set-up rate and expansion of firms. An important implication is that more research needs to be done on the potential importance (and knowledge and learning implications) of ICT-based innovation platforms. (For example, the PC and mobile phone may fruitfully be thought of as innovation platforms.) Regarding the role played by universities in the mobile communications industry, there are further important findings. Of these perhaps the most important is that the costs and benefits of attempts to link firms and universities have usually not been adequately understood. Although many studies refer to the desirability of closer firm-university interaction, and some attempt to measure the beneficial effects of such interaction, very few have analysed the costs and benefits to the different parties involved in linking firms and universities. A major finding of the study of mobile-related firms and Scottish universities – a funding of general significance – is that the costs to firms are very different depending on the characteristics of the firm concerned. At one extreme, large R&D-performing firms may face relatively low costs in linking with universities.  Their R&D activities give them access to global research networks (consisting of university, company and government researchers).  The costs of finding out who is working in which area and of getting access to these researchers is relatively low. Furthermore, university researchers are often strongly motivated to link with large well-known companies. These companies often have established brands that confer prestige on both academics and their universities and, at least as important, the companies frequently have sufficient available funding to ‘sweeten’ the link.  At the other extreme is an ‘independent’ high-tech small or medium-sized firm that does not originally link in with university research (e.g. it is not a university spin-out).  It therefore lacks the access to university research networks, to significant research funding, to reputation and brand name.  Accordingly, such a firm will face a far higher cost of linking with university-based knowledge.  On the university side (both individual academics and the university as a whole) there is likely to be far less motivation and incentive to link with this kind of firm. To put this within the context of the TELL themes, part of the relevant but dispersed knowledge is often (but not always) to be found in universities. However, the coordination of this knowledge with complementary knowledge to be found in firms is not costless and cannot be assumed.   Indeed, the present study suggests that, as a result of the costs and benefits involved, there will be important obstacles to effective and efficient coordination.The study goes on to suggest ways in which these obstacles may be reduced and coordination improved. To conclude, the study of the mobile communications industry in Scotland illustrates the importance of a‘knowledge and learning’perspective to industrial and economic change.  

Entry and exit of ICT firms in Sophia Antipolis
. This case study is centred on a key puzzle. While the info-communications industry has faced the most dramatic bust of its history in 2000, and today tends to be characterized by important restructurings, failures, bankruptcies and exits worldwide, some local environments in the EU have apparently protected ICT companies from this downturn trap. In these local environments, the entry process of ICT firms is sustained and their survival preserved. The puzzle is thus that the global shakeout seems to be counterbalanced by local forces and mechanisms which tend to maintain the viability of some ICT firms. Among these forces, the way in which knowledge is created at the local level, coordinated between firms, universities, institutions, and local authorities, and further produced and diffused in the global society, appears as a key question to investigate since it has a decisive impact on industrial dynamics and potential growth. This study is dedicated to explore this question of the relationship between knowledge, entry and exit in a representative local area, namely Sophia Antipolis (SA), France. SA is chosen as a representative area since it regroups most of the top ICT companies operating in component and equipment provision, telecoms network and associated services, Internet access and services, Internet content. In the meantime, large waves of new entrants (small new start-ups related to high speed Internet and mobile activities) are observed since the mid 1990s, and evolve according to non-shakeout patterns. Beside major French academic institutions (INRIA, CNRS), SA hosts two powerful info-communications consortia: ETSI as a standard development organization, and W3C as a research consortium. All these different actors (firms, academic institutions, consortia) play a key role in the production and use of knowledge by the development of local learning processes, and progressively by the creation of a specialized pole of attraction. The study is run on a sample of info-communications companies over the period 1982-2002. The evidence is organized in layers which correspond to the key activities of the industry: (i) component and equipment; (ii) network operation; (iii) Internet access and service; (iv) navigation, security, and middleware; and (v) Internet content. The major aim of the study is to investigate and clarify how the coordination between different types of knowledge (essentially internal, i.e., related to the characteristics of new entrants; and external, i.e., related to SA as a pole of attraction) is operated and produces (or not) a large process of entry and a long-term survival. One of the main findings of the study lays in the identification of the elements that favour coordination between, on the one hand, internal knowledge characteristics of new-info-communications companies entered in SA and classified layer by layer and, on the other hand, external knowledge characteristics offered in SA. Firstly, the entry process can be stimulated by the existence of a critical mass of related companies already settled in the area. Secondly, the presence of dedicated facilities (physical and financial) in SA can activate the entry process. Thirdly, connexions with education and research institutes in SA can contribute to the development of new companies. Fourthly, the presence of institutions in charge of norms and standards in the info-communications industry can attract new companies in SA. Finally, different clubs and associations in SA can also play a role in the entry and survival process. Another finding is that, in this knowledge coordination, there is a key distinction to consider between the evolution of “upstream” layers (regrouping component and equipment providers, telecoms operators, Internet access and service providers) and the evolution of “downstream” companies (navigation, middleware, and security companies, as well as Internet content providers). Upstream layers are the place where the network infrastructure is developed and operated, and are composed of large, international companies. Downstream layers, on the other hand are essentially composed of firms which provide applications and services associated to the network infrastructure. These firms are local, i.e. founded in SA, and benefit of a rather natural insertion in SA. Knowledge and industry dynamics are highly layer-specific, i.e. highly dependent on the layers in which info-communications companies operate. Upstream layers appear to be particularly sensitive to (i) the critical mass of related companies already located on site; (ii) the connexion with research institutes and incubators in order to develop new projects, eventually to create new firms; and (iii) the presence and proximity of norms and standards institutions. Most of the top equipment suppliers, network carriers and IAPs/ISPs are located today in SA. The choice of their location, and their attraction in SA, can be explained by the external knowledge provided in SA. This external knowledge tends to favour entry since network externalities and scale effects can operate by the presence of a critical mass of related companies and telecoms/Internet standards institutions. In the meantime, this external knowledge refrains exits since SA offers some opportunities to extend and diversify existing internal knowledge of firms in upstream layers, essentially by the connexion and proximity of research institutes and incubators. Downstream layers are more receptive to (i) the presence of dedicated facilities; (ii) the connexion with research institutes and incubators which stimulate the rates of birth of new companies; and (iii) the development of clubs and associations. These small firms are based on an internal knowledge oriented towards the development of applications for facilities-based companies in upstream layers. For these companies, SA offers an external knowledge in terms of incubation and start-ups creation which is beneficial to their emergence, growth and survival. SA prevents them from a shakeout since the provision of dedicated facilities and the technological assistance from academic and incubator structures sustain their viability in the post-entry period. In the recent period, SA seems to be successful in fostering the establishment and growth of NTBFs in a field of activities (navigation, middleware, security, content) where French companies are generally not among the top players. Concerning policy recommendations for the coordination of knowledge, which is shown to have a positive impact on industry dynamics, a preliminary lesson is that big players operating in the academic-industry relationship have to be actively involved. A second element is that, despite the incredible possibilities of long distance, virtual interactions that characterize the use of these information and communications technologies, the info-communications industry itself still clusters, and even layers. The order and pace at which the different layers are constituted in a local area is certainly not neutral to the long term viability of on site companies.

Understanding the economics of new information and communication technology in the global economy
. The digital revolution is engendering a global digital divide. In this context composition effects are relevant. Composition effects stem from the interaction between the direction of technological change and relative factors prices and are necessary to understand the comparative economics of new information and communication technology in the global economy. A comparative approach makes it possible to assessing the gaps among countries in the rates of introduction of new information technology and in terms of their ability to take advantage of the new technologies, in terms of the impact on total factor productivity growth and global markets shares. The general characteristics on the new information and communication technology are the results of a long standing process of sequential introduction of systemic innovations, guided by relevant complementarities and interdependencies, mainly elaborated in the US in the last decades of the XX century. As such new information technology reflects the idiosyncratic endowments of the US economy in many respects. This is true both at the aggregate level in terms of abstract input intensities and more specifically at far more desegregate levels in the fabric of specific applications which have been elaborated in the vertical systems of relations among different fields of application, that is different industries and firms. The introduction of ICT has made it possible a substantial increase of total factor productivity levels in the US, far stronger than that of direct competitors because of the appropriate structure of relative prices. The further reduction in relative prices of most productive inputs obtained in the US economy through the nineties has had further strong effects in terms of competitive advantages based upon the general efficiency of the production process and the even higher differentials of productivity growth of the following sequential wave of incremental innovations characterized by a similar structure of output elasticitites. After years of stagnation in the total factor productivity levels the US have in fact experienced a significant increase in the last decade of the XX century. At the same time the relative decline of the US economy in the international markets has been contrasted. US based firms regained significant competitive advantage and huge flows of foreign direct investments have been attracted by the US economy. The notion of composition effects, the distinction between shift and bias effects in understanding technological change and the analysis of the effects of relative prices upon production costs can provide here important insights to grasp the foundations of the economics of the vitality of the US economy both in absolute and relative terms. New information and communication technology to day exhibits a strong bias not only in favour of university-based human capital and specific forms of fixed capital, consisting of telecommunications infrastructure, but also an array of intermediary products and especially services which have been sequentially introduced in the US with successful results. At the same time,  the general shift effects made possible by the adoption and adaptation of ICT are such that almost no country or specific region can resist the new technological opportunity. Adoption, as a consequence, is widespread and diffusion rates are relatively fast with respect to other previous important technologies. The shift effects provide large opportunities for catching-up: laggards and backward countries can take advantage of the new highly productive technologies reducing the gaps with most advanced countries. The bias effects however, built into the new system, are such that important differences in actual total factor productivity levels resist over time, because of the differences in the structure of relative prices in imitating countries. The significant requirements in terms of infrastructure and skills act as a major source of barriers to imitation and to entry for most developing countries. Relevant features of US economy in this respect are a relatively large endowment of academically skilled human capital, a large infrastructure of advanced telecommunication infrastructure, a large and competitive supply of advanced telecommunications services and software. High levels of variance characterise most countries in rest of the world both between and within, that is with respect to the US and among themselves, in terms of key relative prices such as the costs and the quality for telecommunications services, software products and most importantly the relative wages of skilled manpower with specific competence in information and communication technology. The new gaps in international productivity levels and the increased competitive advantage, as experienced by the US economy in the nineties, can be explained substantially in terms not only of a sheer advantage based upon lead time in the introduction of a new technology, but also and mainly upon the widening gap between actual and potential productivity growth, determined by the specific bias of the new information and communication technology and the sharp difference, with respect to the US, of most competitors in terms of relative prices of key intermediary inputs, human capital and capital goods. This hypothesis suggests that the shift effect can be compensated by the imitative adoption of followers in the short term and as such cannot provide but a transient competitive advantage to the US economy. The differences in the structure of relative prices, associated with the bias for adopters of the new technology,  instead do provide a major scope for a long lasting competitive advantage for the innovating economy. Only a major effort of followers not only to adopt, but to adapt ICT to their structure of skills and endowments can reduce such a widening gap. A parallel effort to change the structure of relative prices and to favour the prices of the most productive inputs may help reducing the production costs and reduce the spread between actual and potential total factor productivity growth. Because of the complexity of the new system and the tight fabric of requirements in terms of complementarity, interoperability and interdependence among the different technological components, changes in the structure of the technological system are difficult and can take place only in a long stretch of time. As such the introduction of incremental and biased technological changes in following countries in order to increase the local fitness to the domestic endowments of production factors, seems most difficult. In turn the change of the structure of relative prices seems a long lasting and complex process which can last a long time interval and requires a sophisticated and articulated long term policy implemented by high quality policy makers. A large part of the economic history of the last years of the XX century has been shaped by the attempts of followers not only to adopt ICT and possibly participate into the elaboration of the technological system, but also and in some cases mainly as the deliberate attempt to reduce the differences of the structure of relative prices. The array of privatization and liberation in the telecommunications industry can be considered as the most impressive process set in motion by the advent of ICT in the US and be the attempt of followers and perspective adopters to reduce the differences in relative prices of new key inputs. The specific design of the digital economy as it emerged gradually in the US in the last decades of the XX century, privileges the role of advanced telecommunications services as the backbone of the new economy. The provision of an array of dedicated, advanced and low costs communication services is a fundamental condition for the digital economy to spread in to the system and for adopters to implement the sequential array of specific tailored incremental innovations which make the system more and more effective. Divestiture in 1983 and the following Telecommunications Act in 1996 are the basic institutional changes which have paved the way towards such a process. The low prices and high quality of telecommunications services are key conditions for the technological system to keep emerging and for the economy to keep increasing total factor productivity and output growth.  The Microsoft case can be considered in a similar vein an important step to reduce barriers to entry and hence market prices for essential key inputs such as software and in general data processing service and products. The international diffusion of ICT made fast by the sheer shift effects, pushes the rest of the global economy to try and reduce the differences in the structure of relative prices with respect to the leading innovator. Privatization and liberalization of the telecommunication services industry has become through the nineties almost a prerequisite for competitors to enter the new race. The new role of Universities and the provision of skilled human capital is the second emergence brought about by the effort  of adopters to reduce the gaps between absolute and actual total factor productivity levels. Systematic efforts of imitating countries to increase the fungibility of information and communication technologies can play an important role in this context. The introduction of contingent technologies able to implement the new higher levels of total factor productivity with a new distribution of output elasticities, more consistent and coherent with the local factors endowments can reduce the asymmetric effects of the introduction of the new general purpose technology. Such a contingent technological change can take place if firms, in now peripheral countries, are able to apply ICT to existing production processes and to existing products, so as to reduce the need to change the techniques, defined in terms of factors intensity, and yet change the technology. The focus on technological blending, based upon the high levels of fungibility of new information and communication technology can be an important contribution to elaborate both a technology strategy at the firm level and a technology policy at the country level.

The governance of knowledge in the leather industry, particularly in the footwear industry, is facing important change due to the intrication of the latter with the fashion industry. The knowledge base in the footwear industry is changing due to the incorporation of new knowledge generated in the fashion world, which is increasingly important to the production organisation of the footwear industry. At first glance, in such a traditional (low-tech) sector, the opportunities for innovation are thought to be lower than in more science-based industries and knowledge appropriability looks very weak at the firm level.

However, the changing demand for leather products and the increasing importance of product differentiation strategies of firms in the footwear industry offer large opportunities for innovation to occur. To answer effectively to differentiated demand, firms are condemned to integrate new types of knowledge, especially to face the volatility of end-products. That transformation is especially apparent in sectors that were previously characterized by mass production of standard products, benefiting from economies of scale, are cannot be simply assimilated to product innovation. It requires a deep transformation in the organization of industry and a related transformation of knowledge generation, use and dissemination within that industry. Actually, under that pressure of product differentiation, innovation consists in abandoning the quality/price logic and in turning toward the increasing inclusion of aesthetic elements associated with other attributes such as design in terms of functional practicability. This tendency leads to a fusion of attributes among the different segments, whereby the specialization of companies in market niches tends to occur only among companies manufacturing high aesthetic value products ("fashion" segment) or using valuable materials ("classic"). In other words, the incursion of fashion knowledge into that industry is the core transformation in the governance of knowledge currently faced by initial firms in that footwear industry. At the beginning, the introduction of fashion in the footwear production has been concentrating on products for luxury market segment. The entry of new specialized firms in the industry was made possible by the new knowledge base used in the production of fashionable leather goods. However, the fashion component of the innovation process of firms is now becoming the driving force for innovations strategies within the whole footwear industry. The increasing role of fashion in the leather industry opened up opportunities for innovation in established producers as fashion is now used in almost all the footwear segments. This obliges firms to introduce new knowledge in the industry. Established firms had to cope with this changing knowledge base and the learning processes require interaction with the new fashion agents. This leads the industry to internationalize. For instance, as far as Europe is concerned, Milan broad creative capabilities, traditionally used and incorporated into new leather products in the Italian industrial districts, now need to be used by Portuguese firms. Firms located in other European regions need to create new knowledge governance mechanisms to access fashion creation and to introduce this new knowledge at the firm level. In other words, firms have to establish knowledge pipelines with international fashion production centres to access critical information in order to develop properly new products.

Interestingly, this also impacts R&D strategies as firms are consequently confronting important improvement in technological development, notably in all the stages preceding product manufacturing, including components and mechanical equipment. The initial shock (due to the increasing importance of design knowledge and capabilities) has in turn provoked the need for improving R&D capabilities within the industry. The ability of firms to keep control on those overall knowledge requirements to face this type of evolution is largely unequal and allows for explaining the various change sin firms’ performance. 

Learning from that transformation is also to insist on the fact that secrecy and continuous innovations continue to be used instead of any other formal means of protecting property rights. This is essentially due to the creative factor of fashion production and its related volatility. The most successful protection is innovation dynamics and the mobility of products through design evolution. Innovation and knowledge are not implying significant changes into the property rights regime. 

Finally, with regard to the localized knowledge issue more especially, the dispersion of the footwear manufacturing activity is certainly an outcome of the progressive European integration. If this has been a problem for small traditional producers in Europe that cannot anymore compete with firms from low labour cost countries, there is nevertheless a remarkable tendency of long established production centres in Europe to maintain if not expand the activity, although using different competitive strategies and new knowledge governance mechanisms. In other words, empirical observation shows that in traditional low-tech sectors, condemned to face important structural shocks, localized knowledge can not only prevail but is a means of surviving for facing either technology and demand transformations. 

Leather filiere case study
. Technological maturity in the manufacture of leather products has permitted the entry of new competitors into international markets.  these competitors have a more favourable cost structure owing to their low salaries particularly china and, to a lesser extent, some new eu comers (poland, czech republic, hungary and slovakia) and one applicant country (turkey).  international competition has led european manufacturers to invest in high quality products which are more diversified and offer higher added value, implying the use of new technologies in the production process and the incorporation of design in the product.  an analysis of company competitive strategies in the footwear industry reveals a change in the factors of competitiveness.  eu companies have confronted international competition and changes in demand by using technological innovation to increase productivity and give value to aesthetic attributes.  the product differentiation strategy is beginning to abandon the quality/price logic and is increasingly including aesthetic elements associated with other attributes such as design in terms of practicability. The emergence of a flexible accumulation regime brings about significant qualitative changes in the organisation and functioning of consumption processes from which arises an ever-wider diversity of consumption patterns, thus breaking the iron rule of mass consumption of standardised products. There has been, we might claim, an increasing role of fashion within the industrial production systems of different consumer oriented industrial sectors.  The pressure for speeding up innovation and creativity cycles has been higher than ever which brings with it major changes in industrial organisation and corporate competitive strategies.  These changes are better understood within the context of approaches dealing with the increasing complexity of the relationship between culture and economy.  We have seen over the last decades a serious development of industrial activities that in one way or another are related to the production of goods and services which marketable qualities are based on aesthetics or semiotics attributes.  Some authors conceive the new culture emphasis of production as the ‘cultural materialization of the economic’.  The increasing inclusion of fashion content in products from the leather industry, especially footwear, for diverse market segments, confirms the relevance of the creation activity in this sector. The elevation of fashion as a critical factor of innovation has lead to significant changes in industrial organisation, adding greater complexity to the actual process of industrial innovation in fashion sectors.  In productive sectors where the fashion element is felt more intensely – namely in clothing and footwear – profound changes have been observed in the global organisation of activities integrated in the respective production chain, thus leading to a reorganisation of power relations amongst the productive units involved.  The change, at the centre of industrial production processes, in the relation between economy and culture, has resulted in important transformations in the actual organisation of production.  Therefore, the fashion factor may be approached as a critical factor for product innovation and an inductive factor in technological change, namely of industrial sectors where fashion arises as a central element of firms’ commercial strategies. The process of industrial innovation takes place both through information-processing capacities, and also, fundamentally, through symbol-processing capacities.  In regard to fashion industries, the development of these capacities requires the firms’ dominance of new innovation sources and availability of new product development structures, holding different characteristics from those firms in sectors whose scientific and technological knowledge base is determinant.  What we are highlighting here is the existing interdependence between processes of industrial innovation and processes of innovation of aesthetic and symbolic nature, resulting in two sub-systems of innovation, functionally autonomous but organically articulated in the production process of fashion industries.  Both the interpretation of symbolic manifestations, and the translation into industrial products, depend on the presence of (or access to) particular social contexts from whose richness, in terms of creation and circulation of aesthetic elements, the actual processes of fashion creation depends.  As with technological externalities, we are faced here with symbol-processing externalities that grow out of these particular cultural, industrial or territorial contexts, accentuating the collective nature of fashion creation processes.  The production of fashion goods can be considered as an activity where technological knowledge plays a key role, in the sense that fashion creation is a collective good that is produced using several bits of previous information and knowledge.  The firm has to manage a distinctive and dedicated flow of interactions regarding its internal structure and its productive environment, requiring a specific ability to organize, control and combine different resources. The opportunity conditions in the footwear industry are based in external sources of knowledge to the industry and do not match the opportunity level of emergent industries.  Appropriation is less on the basis of a technological advantage, than of aesthetic design, brands, and advertising.  The increasing role of fashion in the leather industry opened up opportunities for innovation in established producers.  Literally, fashion is used in almost all the footwear segments and therefore new agents arrived to the industry with new knowledge.  Footwear producers in the fashion-leather innovation system usually develop strategies to respond to these changes in the knowledge base, namely the control of complementary assets and increasing competences. In the traditional footwear industry low opportunity and low appropriability are combined with low cumulativeness in the firms with no innovative activity. However, when fashion is incorporated in the footwear industry it seems that cumulativeness is present at industry level rather than firm level. The high degree of complexity is much more related with the different competences necessary to the production process, and frequently external to the manufacturing firms' boundaries, ranging from fashion trends definition to components production, to consumer tastes analysis and to distribution.  The fashion-footwear innovation system is made up of three subsystems: the fashion subsystem (colours and shape committees, schools of fashion and design, fashion trends offices, designers and stylists, fashion media and events), the footwear manufacturing subsystem (incorporating tanning industry, manufacturing firms, components suppliers and capital goods industries, R&D institutions, new material producers), and the consumption subsystem (mediated by gatekeepers).  The interactions in an innovation system are critical for its performance. The communication channels are fundamental to the knowledge generation, accumulation and diffusion in the fashion innovation system. In the North region case study, knowledge governance by the footwear firms follows three stilized patterns: Pattern I - Entire footwear fashion production control; Strong competences in strategic nodes of footwear production; Intra-firm capacities to coordinate the use of dispersal knowledge; Vertical integration or strong strategic alliances; Strong/medium expenditures on R&D; Strong competences in interpretation of sources of fashion trends and in the translation to footwear production; Strong strategies of marketing and branding. Pattern II – Limitative and dependent; Limited capacity to create fashion; Flexibility of production organisation; Batch production; Relevance of intra-firm tacit knowledge; Highly dependent from retail chains and fashion producers. Pattern III – Niche market; Creative capacities based on individual skills; Fashion oriented to niche/radical markets; Flexibility of production organisation; Batch production; Strong control of marketing channels (own retailing networks or highly selective shops selection). This collective expression of knowledge and creative capacity is strongly interlinked with the geographically located configuration of these same cultural-economic systems considered here as image-processing complexes.  Places that in this way stand out in the projection of their cultural economies hold, in what refers to cultural industries, an economically advantageous monopoly power of place.  In terms of industrial organisation, the essential aspect of this process is the symbiosis effect that exists, in very particular places, between the social characteristics of territory, the cultural capital of that same territory and the local economy.  This aspect will have fundamental implications in terms of the reorganisation of the production system, namely, in what concerns the readjustment of power relations in industrial organisation and in the spatial organisation of industrial systems of industries with a strong design component, as in the case of the fashion and footwear sector.  With the expansion of footwear industry in a world scale, firms located in industrial districts changed competitive strategy to respond to low quality and low cost products manufactured by emergent countries firms.  The systematic incorporation of fashion in the shoe and other leather consumer products has been a major strategy to leading firms, along with the product quality improvement and the control of complementary assets. However, these changes in the knowledge base of the industry have been dramatic to some firms and also to more traditional local productive systems.  The geography of fashion production centres is very selective and only a few agglomerations are truly symbol processing spaces at a world scale.  The extreme spatial concentration of fashion production is creating a new hierarchy in the industry.  Firms located in other European regions needed to create new knowledge governance mechanisms to access fashion creation and to introduce this new localised knowledge at firm level. In other words, firms established pipelines with international fashion production centres to access critical information to develop new products.  Not only new competences related with fashion have to be created at local level as new forms of access information produced outside the local agglomeration have to be established.  If changing knowledge base in the industry is given firms new opportunities, at the same time is speeding up the fall or at render more fragile the traditional footwear production centres since new competitive factors are not fully controlled by local agents.

A similar transition than that in avionics occurs in the automotive industry where car manufacturers rely on suppliers that become to be systems’ integrators.  Vertically integrated manufacturers split their organisation into separate and independent firms covering either previous stages of the production process or previous market segments (cars, industrial vehicles, equipment, etc.). They manage a transition from a vertical-integrated organisation toward a more distributed network of partnerships where the assembly function becomes the cornerstone of their knowledge base and the coordination of complementary systems’ suppliers a strategic function in the management of innovation. Production costs are here of a central issue and this is expressed in the management of a just in time control of production that refers to the systemic character between the car manufacturer and its main suppliers. This results in a transfer of knowledge development and accumulation from the car manufacturer to the main suppliers that are now responsible for complex units of the car, including the design, development, quality and reliability of these complex car components. This results in a dramatic concentration process in car suppliers in order to match these outsourcing characteristics (shifting from single pieces or parts to integrated modules). As a consequence, the huge decrease in the number of suppliers induces a more hierarchical structure of coordination between the car manufacturers and their main system suppliers (Bianchi, Enrietti, 2001). Leading to the establishing of a  higher hierarchy in the suppliers’ system allows these main suppliers to encourage complex networks of subcontracting with diversified SMEs aimed at both increasing their knowledge specialisation in car manufacturing capabilities and increasing diversification by enlarging the range of market opportunities to which those SMEs can apply. In such a context, the localised character of knowledge dynamics becomes important for two reasons. The one is the ability of initial suppliers to ensure the underlying restructuring of their activities on a local base (including diversification effects, ‘in-house outsourcing’, and improvement toward design and R&D-based activities); this does not mean that the related market implications for that diversification process are local, but simply that the necessary resources to manage such a transition can be activated through localised knowledge dynamics. The other reason lies in the fact that localised knowledge improvement also allows firms to ensure price competition. This evolution in a more hierarchical dominant design has also been motivated by an expected improvement in price fall from suppliers. In our framework, this stresses the importance of innovation driven by concerns about production costs and high price competition pressure. The concentration effect in car suppliers also results in a higher volatility (a lower dependency) of sub-contracting partners that stresses the importance of coordination costs beyond usual transaction costs. The question becomes how knowledge accumulation becomes possible for prime contractors in a different (lower) context of responsibility with regard to legal authorities than for avionics for instance. The automotive industry provides an illustrative example of an additive regime in knowledge dynamics that dominates innovative behaviours of  car manufacturers and where the governance of that regime is ensured through complex coordination mechanisms; however, a recombinatory regime in knowledge dynamics occurs for the initial suppliers of the car industry that are facing the need to ensure a diversification strategy, often with the help of their initial customers (the car manufacturers). In both cases, the localised character of technological knowledge appears essential in order to smooth excessive disruptions in the evolution of both types of firms.

Knowledge complexity in the automotive industry
. Cars production requires the full understanding of the compatibilities and complementarities within a wide range of different technologies and the command of a very complex set of knowledge modules in engineering, electronics, chemistry, plastics technology, robotics, informatics and telecommunications. Knowledge is very complex, building upon the recombination of external and internal general knowledge via the supply and demand of patents, components and process technologies, and the socialization of external more tacit knowledge through user-producer interactions. Direct purchase of technological knowledge in the automotive industry especially benefits from the working of the markets for knowledge. Access to external and increasingly different embodied and disembodied portions of knowledge can take place through mergers and acquisitions, corporate restructuring, services and intermediary research products delivered by third parties, and wider and wider diversification in the patents portfolios of car markers. Such knowledge exchanges on the market place sustain technological diversification across technological and scientific fields characterizing car makers, and show the increasing complexity of the competencies that are necessary to introduce new products, technologies and processes in the car industry. In turn, recombination of external modules of knowledge implements internal R&D and learning that are specific and idiosyncratic to different geographical national location. Indivisibilities can be either horizontal or vertical according to the local endowment of complementary external modules and sources of knowledge. In the former case, technological knowledge is more and more complex (such as in the case of the German car industry), while in the latter cumulability is the effect of the increasing specialization into a closer space of technological and scientific fields, such as in French car making.

In-house knowledge markets and modularization in the case of FIAT Auto
. Knowledge in the automobile industry is complex in that it relies upon the recombination of different modules of competencies and activities. The recognition of the existence of different modules of modules of competencies and activities that are interdependent but can be separated and put in place by different actors and in different contexts, traditionally gives place to the ‘make or buy’ trade off and extra muros outsourcing of peripheral activities and in-house development of those activities that are built upon the core competences of firm. Nevertheless, the interaction between the economics of modularization and transaction costs economics emphasized that also a second trade off need to be considered, one between to make or to sell. In-house outsourcing emerges as a new way to govern complementary modules of knowledge that must be eventually recombined into a complex final product, and it is built on the combination of under-the-same-roof outsourcing, interdependent outsourcing and continual re-contracting. According to the different levels of complexity of knowledge modules and knowledge activities, different and ad hoc organizational and contractual solutions can be implemented in order to lower transaction costs and exploit effectively core competencies and operations, that is competencies and operations that can yield major returns. In other words, in-house outsourcing allows efficiency in the recombination of different modules of knowledge into a complex final bundle (i.e., a new product), and at the same time support knowledge fungibility in that the single modules that are the outcomes of interdependent and yet autonomous activities can enter the innovation production function of prospective buyers external to the firm and even competitors.    

7.2. Review of the regional empirical evidence

Independently from sectoral diversity, and because of the analytical emphasis on the localised dimension of technological knowledge, it is also important to highlight learning from case studies where the importance of geographic proximity can be put into discussion. Geographic proximity plays a key role when transaction and communication costs are effectively reduced by repeated interactions and trusts, enhanced mobility of human capital and frequent user-producer interactions. Geographic space acts as the basic governance mechanism in that it reduces both transaction and communication costs because it makes easier continuity in relations and contributes the basic commonality in languages and codes. Geographic space seems to become an effective governance mechanism when technological knowledge has a large generic content and as such can be applied to a variety of products and processes. Often many such applications are in turn complementary both in production and in use. The advantages of both horizontal and vertical division of labor can be easily exploited by a variety of complementary actors, provided common rules of reciprocity and symmetric access to the production of collective knowledge take place. 

Cities are loci where coordination mechanisms among agents seem a priori easier to be established because of the physical proximity. However, empirical evidence also shows how some cities are more effective than others in favoring local innovation and growth. The variety of communication channels seems to us a distinctive feature of cities that largely contributes to the explanation of the related variety in economic performance. Cities exhibit at least two categories of communication channels that give them a unique character. One includes formal communication channels provided by cities’ infrastructures. The other informal communication channels. Cities increase the probability of meeting informally complementary resources directly through professional associations & clubs and indirectly through daily life services.  Cities are nodes of communication and providers of knowledge externalities in a dense networks of market transactions and relationships. Cities allow for the immediate availability of a huge range and variety of resources. Cities provide a conducive context for technological complementarities to be grasped especially when technological knowledge is mainly embodied in human capital. Cities in fact favor the mobility of human capital across firms and industries: labor markets are more effective when physical distance is not a constraint to labor mobility. Cities provide the context into which innovation systems can be centered upon academic infrastructure. Universities play a key role as driving factors in the production and distribution of new technological knowledge. The lags and delays which characterize the relations between the production, distribution and effective use of knowledge can be reduced by the direct involvement of academics in  business undertaking. Such direct involvement can take two forms: the entry of academics  into business life with technological entrepreneurship and the direct role of universities as providers of knowledge intensive business services (Geuna, 2000).  

Cities, including the so-called technological districts, emerge as viable governance mechanisms especially when and where technological knowledge is mainly the result of learning processes and as such is mainly embodied in human skills. High levels of knowledge complementarity and communication costs for perspective innovators play a key role in assessing the viability of this governance mechanism. The density of the institutional environment and the high levels of knowledge externalities spilling in the atmosphere also help. Monopolistic competition among firms able to defend their own market niche and, at the same time, to take advantage of network externalities in both supply and demand helps barter relations and hence the implementation of this governance mechanism. The advantages of proximity however are most effective in terms of mobility of human capital across firms and sectors. Cities emerge as viable governance mechanisms when they provide a rich set of institutions that are conducive to implement and favor effective communication channels fevoring the coevolution of the demand and supply for specific skills and specific areas of competence and expertise  (Clark, Feldman and Gertler, 2000).

High levels of vertical and horizontal cumulability of technological knowledge are the cause and the consequence of geographical agglomeration. Technological knowledge is typically industry specific and as such it is embedded in specific procedures and codes which are specific to a well defined range of technologies and innovation routines. Relevant internal coordination costs limit the innovative capabilities of large corporations because of the variety of bits of complementary knowledge which is necessary to coordinate. Centralized decision making reduces flexibility and the size of technological portfolios. 

Clearly firms contingencies play a major role in assessing the viability of this governance mechanism together with low appropriability regimes of technological knowledge,  high barriers to entry in the product markets and high levels of product complexity. Product contingencies matter together with demand conditions. Cities and technological districts are appropriate governance mechanisms when demand is uncertain and firms prefer to spread sunk costs into a variety of specific processes and products. Innovation systems based on geographical space can complement corporations. Within cities and technological districts in fact large corporations can guide the generation and distribution of technological knowledge by means of networks of complementary actors where users-producers interactions are coordinated and implemented by a central hub. 

The dynamics of collective technological in cities
. The analysis of the dynamics of collective technological knowledge in well-defined regional spaces such as metropolitan and urban areas can put a new light on the understanding of the conditions of knowledge tradability. The self-reinforcing effect between low interaction and transaction costs together with a wide range of complementary modules of knowledge support effective exploitation of such structural conditions. Enhanced knowledge tradability in cities relies on lower transaction costs in the individual exchange of knowledge and better conditions for collective interactions. These are due to social proximity, that is the sharing of common social norms and formal institutions governing interactions, which in turn allow for reliable opportunities and mechanisms for the repeated circulation and communication of knowledge. Three implications could be developed. First, at the industrial level, the transmission of knowledge through labor mobility and personal contacts among workers is the direct effect of common ‘rules of the game’ and thus of relational proximity; more generally a network of repeated and reciprocal knowledge exchanges through user-producer interactions is based upon relational proximity and trust. It bears lower interaction and transaction costs in the exchange of knowledge embedded in components, technologies and workforce. Second, at the scientific level social, proximity can account for a better local valorization of the most excellent skills of each academic and scientific vintage, establishing a two-way industry-research relation: firms can benefit from academics advisory and research support, and from new chances to access new knowledge in the forms of infrastructures and scientists; academics and scientists can benefit from close interaction with firms in terms of reputation, new opportunities and stimuli for academic and applied research, and also in terms of the diffusion of knowledge through the creation of students’ job opportunities and placement on the local labor markets. Also in this case, knowledge can be traded and diffused in embodied forms. Third, at the institutional level, the presence of formal (e.g., financial players, business services, consultants, and KIBS more generally) and collective (such as, chambers of commerce, business associations, policy makers) institutions, lowers transaction costs and enforces valuable situations for the implementation of specific markets where knowledge can be traded also in disembodied forms. Cities are favorable environments for the development of regional technological and innovation systems based on (quasi)markets for knowledge and knowledge-intensive-business-services, and emerge as alternative mechanisms for the governance technological knowledge, in between the Arrovian public provision of knowledge and the Williamson’s vertical integration. 

The Trulli clothing district
. The analysis of the Trulli industrial district in the clothing sector in Southern Italy illustrates the case of localized knowledge production and distribution in a traditional industry located in a backward area. In this case, as well as in many other traditional or low-tech sectors such as textile and furniture, the dynamics of localized technological knowledge are almost exclusively built upon vertical interactions and user-producer relations that can benefit from the local division of labor. Here small firms are key players in both the generation and the diffusion of knowledge. These processes do take place within the supply chain, while R&D activities both at the private and collective level are lacking. Knowledge is mainly tacit and embodied in workers and especially in process and labor-saving technologies (such as, CAD), and therefore presents high levels of stickiness, (informal) appropriability, (internal to the firms) cumulability, and very limited tradability. Internal learning is the crucial process by means of which technological knowledge is generated and appropriated within the firm, while user-producer interactions, when and where these are not harmed by technological and organizational distance between potential partners, and the inductive role of clients in particular, can stimulate subcontractors to access new sources of knowledge, supporting knowledge exchange and diffusion through socialization. Internal cumulability of tacit knowledge is achieved through capital investments and imitation. Therefore knowledge is hardly exchangeable and very specific to the firms. Small entrepreneurship emerges as the main spontaneous and coordination mechanism in the generation of technological knowledge. In fact, even if the institutional environment surrounding firms is characterized by the presence of potential complementary organizations such as University and public research centers, which might supply external general knowledge to the local firms, and therefore be the base upon which institutional design can be implemented, localized governance structure is heavily harmed by the lack of social and policy-induced incentives to cooperation.   

The case of technology transfer in the Puglia region
. The evidence of the Puglia Innovation Relay Center system can complement the previous case study on the clothing district in southern Italy, showing the way in which knowledge-intensive business services (KIBS) more generally, and Innovation Relay Centers (IRCs) more specifically, can support individualistic small firms characterized by tacit and sticky knowledge, accumulated through internal tacit learning and with low levels of horizontal interactions, to access external modules of knowledge. Geographical co-location together with historical and contextual experience favor the sharing of common codes and norms of interactions, even in spaces characterized by a high degree of knowledge tacitness and stickiness, as in the case of small firms in less developed regions. The geographical dimension of localization is most important here to implement the dynamics of common knowledge. Basic communication norms and rules are shared at the geographical level and knowledge spillovers can be favored by such geographical and social proximity in particular. Here, the role of knowledge-transfer services is key in strengthening the effects of social and geographical proximity, in turn lowering interaction costs and stimulating user-producer relations. Recombination of external and more codified knowledge can be built upon such informal interactions, i.e. can exploit socialization processes. Moreover, knowledge tacitness and stickiness notwithstanding, collective R&D projects and R&D joint ventures, as they are supported by KIBS and IRCs, are more formalized and collective forms by means of which technological knowledge can be appropriated and diffused within a limited number of players. At the same time, the participation of small firms into such collective and specific R&D activities can be a key process by means of which can be accessed and integrated into the specific activities of the firm. However, the effectiveness of such formalized modes of technological knowledge is harmed by higher transaction costs due the fact that knowledge is still embodied in very specific inputs, goods and technologies and the tradability of knowledge relies more easily on socialization than on recombination. Knowledge tradability and appropriability are therefore most local and do take place only within a very limited number of players characterized by a higher degree of technical and geographical proximity.  Knowledge is still tacit to a great extent and most firm’s specific, with higher level of only internal cumulability and internal appropriability by means of internal learning. Nevertheless, partial cumulability at the system level, partial tradability and partial collective appropriability is possible when considering the role of IRC in integrating internal learning with access to external modules of more general knowledge.          

The case of the Emilian plastics technology system
 The analysis of the plastics technology system in the Emilia Romagna region illustrates the clear case of the progressive creation and diffusion of a both complex and cumulative knowledge base that support the parallel evolution of the local technology system. Here knowledge is also appropriable and tradable in embodied forms such as human capital, basic inputs, product components and process technologies and services. Knowledge is complex in that it is the result of the socialization and recombination of different and complementary portions of knowledge. First, science-based knowledge is in fact provided by R&D departments of large chemical firms and collective research centers, which provide basic plastic and chemical inputs as the result of pure and applied research efforts. Knowledge is here very codified and yet embodied and traded in the form of inputs and materials supplied and purchased on the marketplace. Second, engineering-based and skill-intensive modules of knowledge are provided by clients and providers firms in the mechanical sector and by firms in the knowledge-intensive-business-services sector. Here knowledge is embodied in process technologies, product components and in services such as design, press maintenance, commercial and technical assistance. Knowledge can be traded both through the supply and purchase of services and components, or through user-producer relations such as in the case of the co-definition between mechanical firms and plastics processors of the technological requirements of a given process technologies. Finally, tacit knowledge characterizes small plastics processors, and this is generated, appropriated and socialized within the productive community by means of internal learning by doing and learning by interacting. Moreover, the specific knowledge base and the eventual technology system observed, is resulting from the contingent historical evolution of such pattern of interactions and the related path of generation and accumulation of knowledge. Cumulability is therefore both internal to the firms and internal to the larger system, and it is based on five processes occurring through time: entry dynamics of small firms based on spin-offs and internal tacit learning, user-producer relations and external learning of tacit knowledge, external access and recombination of R&D-based modules of knowledge, and inter-industrial provision of artifacts, technologies and services which supports the socialization of external embodied knowledge. In such collective process of knowledge creation and diffusion, spontaneous networking among small firms seems to play a crucial role together with horizontal division of knowledge labor, in turn emerging as the most important and bottom-up governance mechanisms. The growth through a process of vertical disintegration, horizontal division of labor and differentiation gives rise to closer interactions among local firms, to co-operation and to both intra and inter-industrial relations that support the internalization of knowledge indivisibilities and externalities.

The case of the Brianza technological district
. In the case of the Brianza technological district, structural and dynamics variety, defined in terms of the number and quality of knowledge owners and knowledge producers, and in terms of the number and quality of connections and opportunities for technological communication between firms and a wide array of external organizations, plays a most important role in supporting the socialization and recombination of complementary modules of knowledge into a common pool of complex and tradable knowledge. At the same time, horizontal knowledge indivisibilities can be appropriated through such technological communication and multilateral networking.   At the system level knowledge is complex in that it is the result of horizontal indivisibilities between firms playing in different sectors and between these and University, technology transfer centers and business services. Horizontal indivisibilities between firms do take place between the four clusters characterizing the wider technological district: the chemicals and plastics cluster and the electronics cluster on the one hand, and the mechanical and the furniture clusters on the other clearly provide different knowledge bases, i.e. more R&D and skill-intensive in the former, and more tacit and labor intensive in the latter. At the institutional and scientific level, the wide local endowment of academic infrastructures, technology centers and business services that benefits from the proximity to the Milan metropolitan areas supplies larger portions of knowledge which are both are general and highly codified, in that they are the result of pure research efforts, and more specific and focused on the productive requirements of the firm, such as in the case of knowledge supplied through the provision of business services. Such different modules of knowledge can be traded mainly in embodied forms through user-producer interactions, the provision of knowledge services by means of consultants and technology centers, and triangular communication between these and University. The implementation of an inter-organizational network of knowledge communication – in contrast to the concentration on one dominant kind of interaction – emerge as the key governance mechanism from both a static and dynamic viewpoint in order to internalize knowledge indivisibilities and support the processes upon which the technological district is build. Multilateral networking, in other words, create the conditions for the appropriation of the positive effects of knowledge interdependencies also at the micro level. In fact, firms that implement networking (i.e., firms that explicitly cooperate with other firms as well as with KIBS and University in order to develop innovations) are characterized by a higher rate of technological change and higher rate of growth when compared to firms that are engaged in mono-lateral cooperation (i.e., firms that interact only with one of the complementary players in the district).           

The case of the PACA life science industry
. The PACA region is one of the leading French region with regard to traditional indicators used for innovation studies. Among others, we can list a high density of public research fellows and of public research institutions,  a high proportion of services activities, a high level of scientific capabilities, etc…  All those indicators form a set of indices for considering the relevance of that case study with regard to the analysis of knowledge dynamics at the regional level. Furthermore, the PACA region is known to be quite important with regard to its public research potential in life sciences (for instance, these components have been labelled within the French genopoles national policy). The case study proceeds into a twofold investigation process. On the one hand, we collected all statistical data appropriate to identify and characterize the regional life sciences potential (be from the viewpoint of public research or of regional firms). That step allows us to establish a set of hypotheses about knowledge dynamics. In a second phase, we focus on the Alpes Maritimes area and proceed into a set of interviews with local life science firms in order to identify their clustering characteristics and discuss the local-non local balance in their productive relationships either with other firms or with public institutions.  From the first stage of the case study, we found quite a paradoxical result which is the distinctive character of the two main areas concentrating research and firms (the Marseille and Nice areas). Within the PACA region, public research activity is distributed in an unequal manner.  Whereas the Marseille Area is concentrating basic research capabilities, the Nice area (including the Sophia-Antipolis area) is more powerful with regard to applied and clinical research (see details in the report). But, on the contrary, most of the firms to be considered as belonging to the life science industry are located in the Nice area and very few in the Marseille area. Therefore, in a second stage, our investigation has mainly be devoted to the understanding of these dualistic patterns and to their implications for the characterisation of localised knowledge dynamics by exploring into more details the Nice Area characteristics. We proceed by a set of interviews of executives from a sample of local SMEs acting in the life science industry. Those firms have been investigated in the aim of highlighting some major trends that were established from the analytical framework as well as from the quantitative analysis of the PACA resources in life sciences. Contrary to the expectations derived from the analytical discussion and the global picture about the characteristics of the life science industry, we found a set of SMEs that appear highly disconnected from the local scientific infrastructure and that investigation allows us to draw a few considerations about the characterisation of localised knowledge dynamics.  First of all, the main findings from our study confirm the importance of localised knowledge in the sense that those firms are interacting with a large set of actors (other firms, public research institutions, academics) that reveal essential to elaborate the knowledge base of the firms as well as their evolution. In other words, clustering and interacting reveal crucial to their innovation dynamics. However, that case study particularly stressed the fact that localised knowledge has to be defined with regard to productive (and not geographical) environments. Most of  productive interactions are not-local (in geographical terms).    Second, many of the firms we met are developing very specific market niches. Most of them are concentrating activities in areas such as parapharmaceuticals, cosmetics or even dermatology in such a way that they are not directly involved in the life sciences industry (in a tradition sense); the industrial concentration in the Alpes Maritimes area is essentially due to the development of “peripheral” activities as regards the usual way by which life sciences activities are defined. However, local research-based SMEs are confronting international competition in those market niches. Many of them have no local competitors but act in isolation locally as their competitive pressure is mainly due to US firms. They also act world-wide, including US and Asian customers and suppliers as well. As a consequence of the two previous remarks, the main reasons why these firms are still located in the Nice area become an interesting issue to be discussed, with regard to knowledge issues. The main findings in that respect can be expressed by listing six crucial patterns. Most of the firms related to those sectors are located in the surrounding of Nice because of the positive image effect of the French Riviera. The latter is quite systematically pinpointed in order to justify for the location, essentially because it allows for improving relationships with main customers. The attractiveness of the French Riviera (the importance of the Nice airport, the quality of accommodation, the leisure dimension of the area, the climate influence as well as the multi-cultural aspect of the Riviera) is a major explanatory variable in order to understand this industrial concentration. At least, and with regard to the image effect, for certain segments of activities like cosmetics for instance, only two economic poles can be considered for locating in France (Paris or the Côte d’Azur).  Local attractiveness is much more due to the location of potential suppliers and/or customers rather than to the scientific potential. Interestingly, the location in the Monaco area of units of a few large multinational corporations (Biotherm, Lancaster, Arkopharma, etc.) appear as a local advantage for these life sciences SMEs. The former are not specific customers for the latter, and the advantage lies in indirect effects from the location of plants from these large corporations. Actually, purchasing firms of those plants are visiting them quite frequently and this is a potential advantage for SMEs. When a purchasing firm has to visit the Monaco corporations, it is quite easy to expand their contact lists to some of these SMEs. This appears as one indirect advantage, beyond the image effect of the French Riviera. There are some secondary effects, as regards the working of the local labour market. The location and concentration of those units from large corporations can be thought of as an opportunity as it is a pool of human resources that can be helpful in the working and growth of the surrounding SMEs. To the contrary, relationships between SMEs and local public research infrastructure seem to be very weak. This is due to two converging factors. On the one hand, SMEs are exploiting market niches and related products. As such, they do not need high levels of R&D and R&D activity is mainly the result of in-house capabilities. On the other hand, those market niches do not involve high requirements in terms of analytical understanding of the related products’ effects (primary and secondary as well) as most of those products are not falling into the regulatory constraint of delivering a product approval. Therefore, it is obvious that there is no need to connect importantly with the state-of-the-art as regards progress of science. However, this is changing quite importantly under consumers’ pressure. There is a growing concern about quality and the expected effect of products that oblige SMEs to be more aware of their products’ effects (primary and secondary as well). The evidence here suggests that regulatory constraints can directly play a positive role in the working of localised knowledge. More precisely, we want to emphasise the reverse assumption, that most of the SMEs we met are avoiding the traditional regulatory regimes in pharmaceutical activities which are the products’ approvals. By developing cosmetological and para-pharmaceutical products, most of those SMEs are facing weaker legal obligations, and they can work in a much more isolated way, each from the other. Not only contact with the scientific expertise is lower, but the commonality of facing the same legal constraints (products’ approval procedures) limits the interactions among them. To the contrary, the way they can exploit market niches independently one from the other is enhanced by this higher liberty, as regards the regulatory regime. The major mark of localised knowledge from the set of SMEs investigated lies in reasons of costs. There is a current and general tendency to increase outsourcing (be it the research, manufacturing, and/or distribution phase of the production process). In order to face that tendency, there is an obvious trend which is to favour local partnerships as far as cost concerns being more or less comparable. Coordination and transaction costs with regard to the outsourcing process, are thought to be decreased in the case of  local cooperation, as it is much more easier to control for quality issues as well as for adjusting product specifications. There is an insistence on the distinction between sub-contracting and outsourcing, as regards the quality of the relation among the partners. The latter should imply trust but also management and continuous interaction for which local proximity is thought of as an advantage. Indeed, localised knowledge effects for those activities are centrally to be found around the set of interactions among various activities that are not solely belonging to life sciences’ activities. Manufacturing, instrumentation, design, packaging, IPRs’ consultancy activities are all part of a network gravitating around those para-pharmaceutical and cosmetological firms. Therefore, localised knowledge for this productive system is much less concerned with science-industry relationships than with integrating all facilities that can reduced the cost function as well as increase firms’ reactivity. Clustering effect is not a sectoral matter: it has much more to do with the establishment of effective coordination among complementary activities.  Local science-industry relationships are weak, as we already pinpointed. However, scientific resources are marginally activated through two major types of connections. The one is punctual expertise and consultancy, the other is the labour market effect. Punctual expertise exists; but those SMEs are connected to individual scientists more than to scientific institutions. In other words, relations to science are bi-lateral and incorporated in formal contracts that protect SMEs quite effectively. The latter are considering science institutions as potential dangers as they vehicle and disseminate too much information (partly voluntary, but essentially non-voluntary). Consequently, contacts (or contracts) with scientific institutions are considered as a risky business and most SMEs are limiting their local contacts to minor connections. The other connection to local public scientific institutions is essentially the labour market effect. SMEs are facing an increasing need to understand analytically all the effects of their products. As such, doctoral and post-doctoral students from the local scientific infrastructure create a good opportunity for finding appropriate human resources and this phenomenon has quite a clear cut regional aspect. Many of the scientists working in those SMEs are originating either from the Marseille or Nice universities. However, this does not seem to be associated, at least for the moment, in increasing relationships between the science infrastructure and those local SMEs. An interesting characteristic from the sample of local SMEs lies in the internationalisation of their activities. When they required specific capabilities, most of them are able to identify partners and to connect on a world-wide scene. In that respect, local scientific infrastructure is not necessarily an advantage as they are mainly networking with scientific resources at an international level. Moreover, those firms do not actually require high equipment or logistical infrastructures for which local scientific infrastructure would be an attractive provider. To the contrary, we already insist on the fact that local SMEs are reluctant to interface with local scientific resources, either because of a traditional gap between scientists’ habits and business requirements (time and cost problems in reacting to firms’ wants), or because local scientists are also world-wide connected and this is perceived as a risk to losing control of innovation processes (secrecy problems). However, local science is also developing industrial contacts and contracts which are world-wide. There is here a sort of paradox as regards the localised knowledge problems. Both research-based SMEs and public research labs are quite impressively connected with the rest of the world. However, local ties among them seem very weak and we get the feeling of two quite effective but importantly divided networks. The lack of local ties among research-based SMEs and public research labs is a good opportunity to address policy issues, and especially localised knowledge policies. This case study offers a potent example of mismatch, as regards the local development issue. Industrial opportunities stemming from the working of life sciences in this Alpes Maritimes study appeared very weak, despite the statistical identification of quite a real pole of activities in those domains. To some extent, this Alpes Maritimes study offers an interesting example of coordination failures, as regards the promotion of localised knowledge. Many factors have to be investigated further. For certain, initial conditions matter as an explanatory variable (the lack of industrial tradition). But the  weak ability of local policy-makers to solve for the previous mismatch between research-based SMEs and local public research must also be pointed out. At least, the conditions for localised knowledge to occur in the case of life sciences activities are quite interesting to be discussed as we already pinpoint the internationalised character of those activities and their geographical concentration into some specific areas (as in the United States). Certainty, the situation is quite different in Europe and the PACA case study offers in that respect an interesting illustration of what should be under discussion in order to anticipate localised knowledge effects at a regional level in the European context.

The direct embodiment of technological knowledge into a financial asset is an important governance mechanism to make the access to external knowledge and knowledge interaction at large possible. Technological knowledge is not traded per se, but as a key asset of a new company whose shares can be traded in the market place. This device has many advantages such as the distribution of risks among a variety of investors, the reduction in opportunism due to the active involvement and participation of the innovators in the incubation.  Financial markets play a key role as filters and screeners of a variety of newcomers and business ideas. The admission to the Stock Exchange implies that a specific assessment has taken place and that each such newcomer in the Stock Exchange embodies a valuable piece of new technological knowledge. Venture capitalists invest and initial public offerings take place only when a variety of specialized experts have expressed a positive assessment on the specific undertaking. Such market signaling makes knowledge accumulation possible because it makes easier for perspective investors to direct their funds and even for customers to better assess the quality of the new products. Financial markets provide a unique opportunity to acquire bits of knowledge embodied into start-ups and high-tech ventures and recombine them so as to generate new technological knowledge which is directly relevant for the eventual introduction of successful innovations. In so doing financial markets provide the viability for ‘mix and match’ strategies, built upon mergers, acquisitions and spin-offs finalized to build a set of complementary knowledge assets and competencies.

This governance mechanism seems to apply when technological knowledge is embedded in specific applications and complementary unit of knowledge which are built into organizations and as such are difficult to imitate and even to leak because they are not easy to understand and reproduce. Free riding is impeded by the high levels of product complexity and high levels of information impactdeness built into organizations. Venture capital and the floatation of initial public offerings become an effective tool to reduce the high risks of credit rationing traditionally associated with the provision of financial resources to innovative activities by financial systems characterized by a strong role of banks and hence high levels of intermediation (Lerner, 2001).

Sources of finance for technology-based small firms – evidence from Belgium
. Using an original survey data, this paper examines the internal and external sources of finance for 104 young and active technology-based small Belgian firms. The aim is to detail the financial structure and the pattern of financing for these firms during their stages of development. The empirical work finds that 82 percent of entrepreneurs finance their firms with their own personal savings at seed stage. The debt-financing funds mostly in the form of government subsidies of all kind and commercial bank loans are the secondary source of finance and together constitute a bigger portion of total external finance. 26 percent of these firms had at start-up stage been recipient of venture capital funds and 20 percent of “angel” funds. Venture capitalists provide the highest average amount of funds, Є765 thousand, to these firms. There is also evidence that as firms get older the proportion of internal finance decreases while external finance first increases at start-up, peaks at early growth, and gradually decreases at later stages of development. The role of innovative enterprise as an engine of economic growth has gathered the attention of a vast number of policy makers, politicians and scholars. Much of this attention stems from the belief that innovation is vitally dependent on entrepreneurial activity. This paper attempts to detail the financial structure and the evolution of sources of finance for technology-based small firms (TBSF) during their stages of development. We conducted mail-based surveys and semi-structured interviews in Belgium in the first quarter of 2003. We have 104 observations including 22 interviews with the entrepreneurs. These firms are active and represent “aerospace”, “medical and life sciences”, “information and communication technologies” (ICT), and “other medium-high technology industries”
. They are independently owned and employ less than 50 employees with annual sales of Є7 million maximum or total assets capitalization of Є5 million
.  They were established between 1985 and 2002. None of the firms in our sample had initial public offerings and were traded in public markets in any ways. We collected information on the sources of finance at four different stages of development: “seed”, “start-up”, “early growth”, and “development/expansion”. The sources of finance included: personal funds of the founders; family and friends funds; retained earnings; commercial bank loans; government subsidies of all kind; non-financial institutions funds; other sources of debt-finance; business angel funds; venture capital funds; and other sources of equity-finance. We then grouped the sources of finance into two categories: i). internal finance, and ii). external finance. Table 1 of the report details the breakdown of the internal and external sources of finance. Consistent with the theoretical arguments we find that internal finance is critical for entrepreneurs to start-up new technology-based firms. The personal funds of the founders are the primary source of seed finance in 82 percent of cases. The debt-finance funds mostly in the form of government subsidies of all kind and commercial bank loans are the secondary sources of finance and together constitute a bigger portion of total external finance. 26 percent of these firms had at start-up stage been recipient of venture capital funds and 20 percent of business angel funds. Venture capitalists provide the highest average amount of funds, Є765 thousand, to TBSFs. Business angels and commercial banks almost equally follow this with an average of Є280 thousand. The Belgian entrepreneurs borrow an average of Є61 thousand from their family members and friends. They invest an average of Є138 thousand from their own personal savings. As firms get older, the proportion of internal finance decreases while external finance first increases at start-up, peaks at early growth, and gradually decreases at later stages of development. Figure 2 depicts the evolution of sources of finance for TBSFs during their stages of development. We do not expect to witness major structural changes in the national/regional debt and equity markets or in the products these markets offer in the near future. We further expect that the internal capital will be the core of early stage start-up source of finance. In this context, it is worthwhile to focus on the tax situations of the entrepreneurs themselves along with the tax policies considered to increase private equity investments. 

8. CONCLUSION

A long process has been taking place, since the old days of knowledge as a public good. A better understanding of the dynamics of knowledge accumulation has been elaborated. Technological knowledge is a highly imperfect good. First of all it is not only an output, but also an input, an essential intermediary production factor that is relevant both in the generation of new technological knowledge and in the generation of other goods. The dynamic efficiency of each firm and of the system at large depends upon the factors affecting the distribution of knowledge and the conditions of access to existing knowledge.

The localized approach calls the attention on the economic characteristics of the knowledge in terms of levels of modularity, fungeability, cumulability, complexity, stickiness and appropriability and its forms whether tacit, articulated or codified. The analysis of the conditions for tradability is the ultimate result of all these advances. 

A systemic approach to understanding the mechanisms of the institutional set up that are most conducive to foster the rate of accumulation of technological knowledge and its distribution and hence of introduction of technological innovations proves to be the appropriate analytical framework. The systemic analysis of the interdependent and complementary conditions of access and exclusion to the flows of technological interactions, transactions, coordination and communication that are specifically designed to organize the generation and the distribution of technological knowledge emerges a specific area of investigation and enquiry. Each mechanism and specifically intellectual property rights need to be assessed and considered into this broader framework.

The application of the basic tools of the economics of information, and specifically transaction cost economics, to the economics of knowledge seems useful, if not fully effective. The integration of the transaction costs economics with the resource-based theory of the firm into a broader economics of knowledge governance provides an interpretative frame able to appreciate more effectively the variety of constraints and incentives of the different governance mechanisms which shape the generation of knowledge immediately relevant for economic action in a market economy. The economics of governance makes it possible to better understand the role of localized knowledge in the activities of coordination, transaction and production. In so doing, it marks a progress with respect to transaction cost economics, where both technological and organizational knowledge is exogenous and given. The governance economics approach makes it possible to better grasp the effects of the interactions between organizational and technological knowledge and the constraints raised by organizational factors such as coordination and transaction costs in shaping the process of accumulation and generation of new knowledge (Stiglitz, 2000).

Governance however is a not a sufficient condition for dynamic efficiency to be assured in the market place. When increasing returns matter, such as in the case of knowledge cumulability, fungeability and complexity and the price mechanism is unable to convey all the relevant information, the markets are unable to set the right incentives and hence move in the right direction. In the present institutional context, governance mechanisms in place are not able to provide all the necessary coordination between the variety of agents that participate into the collective process of generation of new knowledge. The basic trade-offs between appropriation and dissemination, concentration and distribution, incentives to produce and incentives to use yet remain to be solved. Technological knowledge is such an imperfect good that spontaneous market coordination cannot provide the necessary consistency between private and public optima.

The evolution of the intellectual property rights regime towards the separation between ownership and the exclusive right of access to knowledge can provide important opportunities for the systematic valorization of both the markets for technology and the interactions among holders of complementary bits of knowledge. A new chapter in the economics of intellectual property rights emerges here. Patents are no longer regarded only as tools to increase appropriability, but also as devices to increase transparency in the knowledge markets and hence facilitate markets transactions. The new assessment of the informational role of intellectual property rights in terms of increased incentives to the production and trade of knowledge and hence a remedy to undersupply needs however to be reconsidered, because of the perverse effects of exclusion on the efficiency of the generation of new knowledge, especially when radical innovations are under question. The notion of knowledge as an essential facility becomes relevant as well as its localized character. The extension and generalization of the notion of essential facility, elaborated in the telecommunications industry in the last decades of the XX century, is fruitful in the economics of knowledge and hence in the governance of knowledge commons.

These changes in knowledge generation, use and dissemination obviously oblige public policy interventions to be adjusted, if not re-designed. The need to take better account of the localized character of knowledge is central; the search for facilitating the efficiency of knowledge governance is essential. 
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� For instance, by emphasising the distinction between core competences and core products, Prahalad and Hamel (1990) convincingly argued about the need to avoid the dramatic consequences of a SBU-type of organisation for the corporation.


� In this approach technological change is the endogenous outcome of the creative reaction, to the mismatch between expectations and actual facts, of myopic firms that are not bounded to quantity-price adjustments, but are able to change also their technology in a limited technical space defined by the pervasive role of irreversibility of fixed production factors and the effects of bounded rationality and learning processes. As a consequence at each point in time the market place is kept in disequilibrium between one possible equilibrium and many alternative ones introduced in a continual variety of efforts and attempts by heterogeneous and creative agents surprised by the mismatch between expectations and actual product and factor markets. The introduction of technological changes is an endless process because each innovation modifies the context anticipated by each other agent and hence induces other innovations.  The process is path dependent because at each point in time irreversibility constraints the decision making of actors and yet their creative reaction can engender solutions that cannot be fully anticipated from their past. The assumptions about the irreversibility, of at least some inputs, and the key role of learning qualify the process as non-ergodic: historic time matters. The assumptions about failure induced technological change based upon reactivity, creativity and endogenous innovative capability mark the distinction between a past-dependent process and path dependent one: each innovation cannot be fully predicted from the past of the innovator.


� In the resource based theory, the dynamics of the firm is shaped by the dynamic interdependence among the accumulation of localized knowledge and competence respectively in coordination, transaction and production (Chandler, 1962, 1977, 1990). The characteristics of the process of accumulation of competence, of the generation of technological knowledge and of the introduction of technological and organizational innovations, are key factors to understanding the firm. Parallel to knowledge, competence is a central ingredient. Competence is defined in terms of problem-solving capabilities and makes it possible for the firm not only to know-how, but also to know-where, to know-when, and to know what to produce, to sell, to buy. Competence and knowledge apply to the full set of activities: production activities, transaction activities and coordination activities (Nooteboom, 2000). 





� A notion of decreasing returns to scale in co-ordination activities with respect to the variety of modules seems plausible from an empirical viewpoint (See Argyres, 1995 and Chandler, 1990).


� The group in SPRU led by Virginia Acha and Stefano Brusoni has explored systematically the knowledge base in the aeronautics industry by means of the build up of an extensive crossed data base where information at the company level on the main actors in the field has been implemented with a patent-data-base and thirdly a data base identifying all the relevant innovations in the field. The objective of this analysis were: to explore the role played by technological knowledge in the contemporary working of economic systems; to describe the diverse governance mechanisms at play in the accumulation and diffusion of technological knowledge, both with companies, between firms, and between firms, universities and research centres; and to depict the localisation of knowledge in various economic systems. In order to meet these objectives the SPRU team has approached this case study at two levels. Firstly, we constructed an overview of the context and preliminary contours of the knowledge base in civil aircraft.  Widely regarded as a fast-pace, high technology sector, the aircraft industry seems driven towards the continuous development of safer and faster aircraft to satisfy the travel demands of a globalised economy.  In our first report�, we presented the governance of learning and the diffusion of technological knowledge in the civil aircraft industry as a systemic process by which specialisation in knowledge allows for depth whilst breadth is captured through the integration of contributions by the lead manufacturer. Following on from this broader context, we have explored the case of an important segment of the aeronautics industry: the avionics industry.  Avionics, or aviation electronics, is one of the strongest growing segments of the aeronautics industry these days, but its history is linked to the earliest electromechanical instrumentation developed in the 1920s.  In our study of avionics, we consider the evolution of the industry with respect to: a) the different organisational actors which contribute to this industry and to the knowledge base; b) the knowledge base which underpins the avionics industry; c) the modes of governance and co-ordination of the production and use of knowledge and technological development in the avionics industry. In this section, the key findings from both the wider aeronautics study and the detailed case of the avionics industry are presented.





� Brandenburger and Nalebuff, 1996


� It is not difficult to understand that when the design, construction, prototyping and production problems are seen as a whole, there are thousands of different ways of organizing this solution, and that only some of them are economical.  The ability, then, to conceptualise the whole at an early stage becomes the important, dominant competence.” (1996, p. 130)





� Elmer Sperry and his son, Lawrence, have both been recently elected to the “100 stars of aerospace”, which is an honorary list nominated by technical peers of the industry and co-ordinated by Aviation Week and Space Technology in 2003.  Elmer Sperry authored over 350 patents and founded 8 aviation companies, including Sperry Aircraft.


� Gunston, B (1990) Avionics: the story and technology of aviation electronics.


� Bernstein, J.B. (2002) Electronics part life extension for military and avionics qualification, University of Maryland, mimeo.


� Frost and Sullivan (2000).  World Commercial Avionics Markets.


� Adams (November 1999) Chipping at the 1553 bandwidth logjam. Avionics Magazine.


� The IDEFI group has been working, as planned, together with ULB on biotechnologies and life sciences. The group, guided by Michel Quere and Bruno van Pottelsberg, has carried out the research task along the usual sequence: review of the relevant literature, identification of the key issues, selection of the appropriate methodology, combined in this case with the selection of the appropriate unit of analysis. The study of patents as a vector of information about the location, the scientific content, the ownership, the science-technology link has been finally considered the most promising avenue of activity. On these bases a large and systematic data bank on the patents in the field has been built. Special attention has been paid to the patent records of a number of key actors including local universities. 





� The group in Edinburgh, guided by Martin Fransman has been working actively in the telecommunications industry where the analysis has been carried out jointly at the sector and company level. This group reports also the contributions of Jackie Krafft who is a CNRS senior research member of IDEFI. Cross-linkaeges between units have been implemented to increase cooperation and integration of both the methodology and the implementation of fieldwork�. The analysis of the generation and distribution of new technological knowledge in the mobile industry makes it possible to provide important insights about the role of knowledge complementarity and cumulability, as well as upon the convergence into a single integrated framework of fixed and mobile telecommunications. The case of Telecom Italia is analyzed in depth in this respect and the role played by new knowledge interfaces such as the signalling technology elaborated by the company is identified and put in a broader perspective. In common with the other TELL Project case studies the Telecoms Case Study is concerned with knowledge and learning. More specifically, this case study is concerned with a statement and with a question, within the context of Telecoms in the European Union. The Telecoms Case Study is divided into two separate studies. The first of these is a study of part of the Mobile Communications Subsector in Scotland. The second is a study of the processes of entry and exit of telecoms and other information and communications (ICT) firms in the Sophia Antipolis area in the south of France. These two studies are conceptually united through the use of a Layer Model.  According to this model, the ICT industry is structurally organised (including the organisation of its underlying knowledge and learning processes) in terms of a number of layers. In simplest terms, the lowest layer consists of networks (‘pipes’), the middle layer consists of middleware (‘platforms’), while the top layer consists of content and applications (uses). In both studies the aim is to: elaborate on the statement given above (i.e. show how, in the context of Scotland and Sophia Antipolis knowledge is localised, specialised and dispersed) and answer the question (i.e. how should the production and use of knowledge within these two contexts be coordinated?).





�   See the TELL web site for the two detailed studies of the Scottish Innovation system in Mobile (SIM).


�   See on the TELL web site the detailed study “Entry, Exit and Knowledge: the Info-Communications Industry in Sophia Antipolis”by Jackie Krafts of IDEFI.


� See Antonelli, C. (2003), Understanding the Economics of New Information and Communication Technology in the Global Economy, Information Economics and Policy 15, 2003. This study has been realized as a part of the research contract TELL at the Fondazione Rosselli.





� As with other TELL Project case studies the Leather Filiere Case Study is concerned with knowledge and learning. More specifically, this study discusses the knowledge characteristics (localised, specialised, and dispersed) and intends to answer a crucial question: How should the production and use of knowledge be coordinated?  The Leather Filiere Case Study is concerned with the role of fashion in the footwear industry and is based on a case study on the North region of Portugal (Ave, Tamega, Entre Douro e Vouga NUTS III level). The research team of the University of Lisbon, guided by professor Mario Vale carried semi-structured interviews to around 20 firms and institutions of the footwear-fashion. The general analytical framework follows the TELL matrix of knowledge dimensions and governance structures and draws from contributions from sectoral systems of innovation and national and regional innovation systems literature.


� See Antonelli, C. and Calderini, M. (2003), Knowledge complexity and the evolution of the automotive industry in Europe, TELL Working Paper. . This study has been realized as a part of the research contract TELL at the Fondazione Rosselli.








� See Bonazzi, G. and Antonelli, C. (2003), To make or to sell? The case of in-house outsourcing at Fiat Auto, Organization Studies 24 (4), 575-594. This study has been realized as a part of the research contract TELL at the Fondazione Rosselli.





� See Patrucco, P. P. (2003b), Metropolitan regions as a factor shaping the dynamics of collective technological knowledge, TELL working paper. This study has been realized as a part of the research contract TELL at the Fondazione Rosselli.





� See Quatraro, F. (2003a), Path dependence and collective knowledge in a low tech sector: the case of the Trulli industrial district in Southern Italy, TELL Working Paper. This study has been realized as a part of the research contract TELL at the Fondazione Rosselli.








� See Quatraro, F. (2003b), An ethno-linguistic approach to the role of services in knowledge transfer: the evidence of the Innovation Relay Centre of Southern Italy, Tell Working Paper. This study has been realized as a part of the research contract TELL at the Fondazione Rosselli.





� See Patrucco, P.P. (2004), The emergence of technology systems: knowledge production and distribution in the case of the Emilian plastics district, Cambridge Journal of Economics, forthcoming. This study has been realized as a part of the research contract TELL at the Fondazione Rosselli.








� See Patrucco, P.P. (2003a), Institutional variety, networking and knowledge exchange: communication and innovation in the case of the Brianza technological district, Regional Studies, 37 (2), 159-172.  This study has been realized as a part of the research contract TELL at the Fondazione Rosselli.





� The IDEFI team guided by Michel Quèrè has contributred also the analysis at the regional level.


� The ULB team of Ant Bozkaya and Bruno Van Pottelsberghe has worked also on the relationship between financial markets and innovation.


� Based on OECD (1997) manufacturing industries classification according to their global technological intensity.


� Based on the European Commission definition of a small firm, European Commission (1996).
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