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The Role of Linkages

The role and importance of linkages in the science and innovation system emerges in the context of the global knowledge economy. The growth in the knowledge intensity of all goods and services and business processes, and the commodification of knowledge itself, has placed a premium on generating, accessing and extracting economic value from knowledge. Globalisation of trade, finance and competition has made the need to access this knowledge more urgent, technically easier, but as a result of this competition, more challenging. 

One consequence is that innovation is becoming increasingly distributed, and in this way more complex. Thus:

There is no longer a central locus of innovation. Innovation occurs in networks and alliances rather than in an individual firm or R&D lab.

As a resulty, organisations are adopting many of the well-established practices of the scientific community, such as identifying important new knowledge and finding more about it through direct contact, based on an accepted canon of knowledge sharing. Firms search for linkages to access knowledge (ie learning) from outside organisations and networks, be they other firms, universities or research institutions, with the intent of extracting economic value from it. 

Innovation is thus the result of numerous interactions by a community of actors and institutions, which together form national innovation systems… Essentially they consist of the flows and relationships which exist among industry, government and academia in the development of science and technology. The interactions within this system influence the innovative performance of firms and economies.

One consequence is to place considerable emphasis on knowledge management, both within and outside organisations, be they private or public:

Ability in acquiring, assimilating, sharing and creating knowledge is the ultimate organisational capability, a meta-competence which allows an organisation to consistently outperform its rivals.

A related consequence, important from both a business development and a policy perspective, is that the performance of an innovation system now depends crucially on the intensity and effectiveness of the interactions between knowledge generators and knowledge users. 

This emphasis on linkages is not just ‘business as usual’ ie that oft-repeated objective of getting a better return on all the public funds invested in research in the universities and government research agencies through more effective commercialisation. Rather, the emphasis is on the establishment of mechanisms that can most effectively shape knowledge production to align with economic objectives, and can provide the commercial sector with relevant knowledge, where, how and when required. The latter has been referred to as the ‘knowledge distribution power’ of a science and innovation system. Thus linkages:

are not simply transactions that mirror a clear-cut division of labour in the production of knowledge. They represent an institutionalised form of learning that provides a specific contribution to the stock of economically useful knowledge. They act not only as knowledge transfer mechanisms but also in other capacities eg building networks of innovative agents, or increasing the scope of multidisciplinary experiments.

The Current Emphasis

There is an emphasis on linkages in the current analysis and policy literature, also treated under the labels of networks, interaction, collaboration and to some extent clusters. In the context of mapping, the focus is on:

· identifying and counting relationships (eg the number of business-university linkages or agreements); 

· identifying resources crossing organisational boundaries (eg university R&D funded by business, participant contribution to CRCs, students employed by industry); and in some cases

· identifying measurable outputs (the number of co-publications, patents, licenses, etc);

While these provide an essential base-line description of the extent of interactions, they provide little information about their performance or the extent of their outcomes. They do not even provide an indication of the characteristics of linkages that are most effective.  

Borrowing from the fashionable metaphor of the roadmap, the implicit assumption is that all roads are equal, and that the more roads established between points, the better the outcome. No consideration is given, among other things, to the state of the roads (ie how fast traffic can move), the volume of traffic they carry, their carrying capacity, and whether some roads are used to carry more or less valuable goods.

Indeed, the metaphor itself may be quite inadequate. The components and the processes within the science and innovation system are so heterogeneous that a very different model may be more appropriate.

Refining the Role of Knowledge in the Knowledge Economy

Some of the features that need to be taken into account include:

i. There is a range of different types of knowledge, with different characteristics. 
· Lundvall
 distinguishes between ‘know-what’ – knowledge about facts, ‘know-why’ – scientific knowledge of the laws and principles of nature, ‘know-how’ – skills or capability to do something, and ‘know-who’ – information about who knows what or who, and who knows how to do what. Each of these types of knowledge is accessed and managed difficulty, with different objectives.

· There is a well-established distinction between explicit or codified knowledge (often called information), and tacit knowledge. The former can be transmitted digitally, and advances in ICT have increased the efficiency of these transmissions hugely. The latter can only, at best, be transmitted by direct communication between people, or learning-by-doing.

· There is also a distinction between general ‘commodity knowledge’, collective access to which will lead to enhanced competitiveness, and the far more specific ‘product knowledge’ which offers potential value to a single company.

ii. There are many different players and stakeholders in a national science and innovation system, with different objectives, and who will place different value on different items of knowledge and on different components of knowledge management. An appropriate model of the innovation system will need to recognise these different interests and stances.

iii. Access to knowledge, and to different types of knowledge, is highly differentiated. It is often argued that knowledge is a paradoxical commodity, because using knowledge does not consume it, sharing or transferring knowledge does not lose it, and knowledge is not a scarce resource. However, in the world of the knowledge economy, some knowledge takes the form of capital, where the objective is to own, license and sell it in an exchange relationship – hence the preoccupation with intellectual property.

This is reflected in the concept of ‘sticky’ knowledge ie know-how or competence that cannot easily be separated from the person or organisation holding it. Access to sticky knowledge may require a trust-based relationship that allows sharing, or outright purchase of the individual or organisation. For the purposes of mapping, it would be very valuable to be able to identify levels of ‘stickiness’ by sector, technology, etc.

iv. There are also distinctively different models and mechanisms for the exchange of knowledge. Howard
 has identified three models: gift relationships in which knowledge is essentially exchanged within a trust-based framework, market relationships, where organisations contract with one another to purchase a pre-specified piece or set of information and knowledge, and managed relationships, which involves an arrangement between two or more parties to collaborate in sharing risk and reward in the development and application of knowledge. Each of these will profoundly shape the nature and operation of knowledge flow.

A further complicating feature is the variety of different knowledges that need to be assembled to achieve a specific science-based innovation. As an example, let us consider the development of a human genome-derived diagnostic or therapeutic. The knowledge fields which will make an important contribution include, at least (excluding all elements of management):

· genomics

· proteomics

· bioinformatics

· epidemiology

· pharmacogenomics

· national and international laws and regulations 

· business structures

· IP management

· ethical and value-based issues.

Implications for Mapping Linkages

This analysis serves to demonstrate the complexity, the multi-dimensional nature, and the dynamic interaction which are essential features of linkages in a science and innovation system. For many of these components, there is little or no data available. For some, they may be so abstract that they are unlikely ever to be directly measurable. 

Four principal reasons have been offered to explain why knowledge indicators cannot approach the systematic comprehensiveness of traditional economic indicators:

· no accepted formulae for translating inputs into knowledge creation into outputs;

· there are no ‘knowledge accounts’ (analogous to national financial accounts)

· knowledge lacks a systematic price system; and

· new knowledge creation is not necessarily a net addition to the stock of knowledge, and the associated obsolescence of other knowledge is not addressed.

Nevertheless some attempts have been made to go beyond the simple counting of linkages, resource flows and bibliometric outputs. These include mapping of knowledge flows embodied in capital equipment, publications and humans (ie mobility), analyses of private and social returns from investment in knowledge generation and application through R&D, and measurement of knowledge networks through innovation surveys.

The forthcoming ABS innovation survey offers an opportunity to lay the foundation for mapping the ‘knowledge distribution power’ of the Australian science and innovation system.
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