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Part A. Innovation Systems Frameworks

1.
Introduction

Countries differ in their capacity to produce and assimilate knowledge. They differ in the level of their investment in innovation, the roles of the public and private sectors, the industries and technology fields of greatest importance and the rates of change in those patterns, the level of cooperation among organisations, the modes of financing innovation, attitudes to risk taking, the regulation of the labour market and the role of large and small firms.  In short, they have different ‘innovation systems’. The structure, functioning and integration of the various components of the national innovation system (NIS) have a major bearing on the level, and continuing upgrading, of a nation’s innovation competence, and hence its economic performance. 

Following the seminal works of Freeman (1987), Lundvall (1992) and Nelson (1993), there have been a large number of studies of national innovation systems. These studies have sought to analyse the ability of nations to generate, diffuse and use economically significant knowledge.  However, there have not been any comprehensive studies that have analysed Australia from a national innovation systems perspective.  The AUSIS project seeks to carry out such an analysis.  This paper summarises the major findings of the initial phase of this project.  

How can we analyse Australia from an innovation systems perspective? The NIS approaches do not provide any ‘ready to use’ frameworks.  Studies that use a national innovation systems approach tend either to assume a high level of homogeneity within nations, or to focus on only some components of the NIS, eg the R&D system. 

We initially intended to construct a comprehensive indicator-based approach to analysing the Australian NIS.  Following an initial analysis we moved away from that approach for three reasons:

· Our efforts to develop a sound and comprehensive conceptual approach led to complex frameworks beyond the scope of available indicators
; 

· We recognized that most indicator-based approaches were likely to be particularly limited in the Australian case.  This is in part because innovation is less R&D-intensive and generates fewer patents than in, for example, the USA.  In addition, indicators alone provide little sense of the context in which activities occur – and much of the innovation systems literature emphasis that it is the particularities of national context (which are note readily measurable through indicators) that are crucial in determining national differences in innovation performance; 

· It is also because we have come to the view that we need to better understand the evolution of innovation systems in Australia. 

While indicators are valuable in raising issues and questions to be investigated, of themselves they only rarely provide real insight and answers. 

Following our initial indicator based approach we have explored a number of different perspectives on innovation in Australia.  These are expeditions into a complex conceptual, technological and sectoral terrain and are intended to complement our broad indicator based analysis
.  In parallel with these exploratory analyses we have reviewed recent work developing or applying innovation systems approaches, and developed an analytical framework for the second phase of this project
.  

We report here (Part B) on three complementary indicator-based analyses, each of which reveals important characteristics of the Australian innovation system:

· A review of traditional innovation-based indicators, presented here in terms of two contrasting perspectives on Australian innovation performance;

· An analysis of patterns and trends in R&D activity at the national and state level; and 

· An analysis of patterns and trends in Australia’s technological and scientific specialization.  

We also report (Part C) on the three exploratory analyses
, each of which raises questions for subsequent analysis and signals the limitations of more traditional analysis of innovation performance: 

· The financial system of Australia;

· The evolution of Australian sectors from an increasing returns perspective;

· Systems integration in Australia. 

The final section of this paper (Part D) draws on the work outlined in Part B and C, first to identify several characteristics of the Australian innovation system, and then to develop several more speculative interpretations of the evidence. 

Chart 1: 
The Six Complementary Innovation System Analyses

	Indicator-Based Analyses
	

	Innovation-Related Indicators: Contrasting perspectives. 
	Briefly reviews a range of the mainstream innovation indicators for Australia, and develops two alternative perspectives on the performance of the Australian innovation system. 

	Australian R&D: Regional Diversity and Change
	Draws on the unique data set that is available for R&D in Australia to analyse trends in R&D in relation to sectors of performance, but also in relation to the changing knowledge base for innovation. Shows that that each State has a unique pattern of specialisation.  

	‘The narrow view’ of national innovation systems
	This analysis focuses on patterns and trends in innovation inputs and outputs and industrial specialisation in Australia over the past twenty years. The data used are patents, R&D expenditure, trade data and bibliometrics. 

	Exploratory Analyses
	

	The financial system of Australia
	Analyses the financial system, consisting of lenders, borrowers, intermediaries and regulators, and its evolution in relation to deregulation.  The financial system allows for both a higher division and an integration of labour and knowledge. 

	Increasing Returns and Competitiveness
	Seeks to  identify some of the key selection mechanisms in the economy by analysing how leading actors in different types of industry benefit from positive feedback mechanisms, such as economies of scale.

	Innovation in the Process of Systems Integration
	Assesses the role of Australian companies and groups of companies in managing problem-solving, system integrating and technology adopting processes that bring together and integrate ‘distributed capabilities’ and technologies.


2.
Innovation Systems: An Analytical Perspective

National innovation system have been defined and analysed in various ways, and several recent studies have sought to develop approaches that treat national innovation systems less like loose frameworks and more like predictive and explanatory theories (Edquist (1997), Edquist and Johnson (1997), Montobbio (2001) and Lundvall et al (2002)). 

National innovation systems can be understood as a nation’s capacity to generate, diffuse and use economically significant knowledge, which is considered to be the most important resource underpinning innovation. Innovation is seen as one of the main drivers of competition, economic change and growth.  An NIS might be thought of consisting as a bundle of knowledge bases embedded in actors that interact and whose actions are affected and shaped by institutions (Lundvall (1992). 

Innovation systems evolve and a primary endogenous driving force is learning: “if knowledge is the most important resource, then learning is the most important process” (Lundvall (1992).  From an NIS perspective, ‘learning’ is the central process not only in the generation of knowledge but also in the diffusion and use of knowledge.  This has important implications for the assessment of innovation capabilities and performance. 

Learning occurs at the level of individuals and organizations but also through various forms of interactions between actors: eg firms, government agencies, universities, and formal or informal ‘bridging organisations’. Among the more important mechanisms for interactive learning are producer-user networks, the pooled labour market, informal meeting places, etc. These patterns of interaction draw to a significant extent on established networks based on antecedent innovations and production links that may only slowly include new actors. For this reason these interactions may lead to path-dependencies in innovative search.  

The NIS literature claims that these learning processes are set by nation specific circumstances. These ‘circumstances’ include the accumulated skills and capabilities of firms, national laws and regulations, culture and the specialisation in research and education, and are derived from its history.  Hence, approaches that are both national and historical can be useful
.  

Lundvall conceptualised a national innovation system as consisting of two main parts: the economic structure and the institutional set-up (Lundvall 1992). The economic structure refers essentially to what a nation produces, which we interpret to refer to all products, services, technologies, the labour force, skills etc..
  The economic structure largely shapes what ‘nations’ learn. For example, if a country has a large mining industry, then different actors are likely to learn a great deal about large projects and logistics.  An economic structure may be more or less beneficial in terms of current market growth trends
. 

The institutional set-up refers to the structure of organisations and institutions, and includes the nature and processes of (product, capital, labour, equity, IP) markets and networks, strategies of firms, the type of regulation and structure of incentives shaping, reinforcing or constraining the direction of the innovative search.
  Hence, the institutional set-up refers to how the generation, diffusion and use of economically useful knowledge takes place. 

Part B. Indicator Based Approaches

3.
The Australian Innovation System: Alternative views of Australia’s innovative performance
3.1 Introduction 

While this project has moved away from a reliance on an indicator-based approach to the analysis of the NIS, comparative analysis based on indicators remains useful for:

Developing a broad and comparative characterisation of innovation-related activity in Australia;

Identifying the major features of recent change in economic and S&T performance;

Re-specifying the focussing propositions as research questions; and for

Informing the selection of sectors for more detailed study.

3.2
Assessing Innovation Related Performance

Indicators derive their meaning from assumptions about what phenomena are important and how they can best be estimated.  The relationships between innovation and economic activity are complex, involve interactions, lags and feedbacks, and evolve continuously. Understanding these relationships requires attention to multiple dimensions, including institutional issues.  Innovation dynamics in one innovation system interact increasingly with innovation systems in other countries.  There is no accepted specification of an NIS, of what it includes, what is important or what alternative indicators are most useful.  Hence, even at this initial level of assessment we must interpret indicators cautiously.  Deviations from the performance of a ‘model’ economy (typically the USA) or from ‘best practice’ exemplars among OECD countries in specific dimensions do not necessarily signal a problem.  Nevertheless, these comparisons are useful for characterising innovation-related performance, as in Figure 1 and Figure 2.  

Every country and innovation system is unique, and not arrayed in linear order along a path of inexorable development.  Before reviewing a range of Innovation System (IS) indicators we focus first on several shaping characteristics of the Australian economy.  Many of the characteristics of Australia’s comparative innovation-related performance are strongly influenced by the structure and history of the economy; several of the most important are:  

Dynamic and Structural Issues

· Diversity.  One key characteristic of Australia is its size and geographical diversity.  Its population is concentrated in several cities distant from each other.  Agriculture is a major industry but is diverse – operating in temperate, tropical and semi-arid areas.  Mining is a major industry, but across a continent mining is highly diverse involving coal, iron ore, gold, aluminium, silver, mineral sands, nickel, diamonds etc- each with different requirements for capital goods, services and infrastructure.  An inappropriately aggregated picture of the Australian economy would miss this diversity. 

· Historical legacy.  Australia’s productivity, trade and R&D performance had declined sharply over the 10 years up to the mid-1980s.  The legacy of history, and particularly the period of import substitution industrialisation, was a range of institutions (eg labour market regulation, attitudes to entrepreneurship), innovation-related infrastructure (a well developed public education and research system, but poor research-industry links in many sectors) and competences (low management and R&D capabilities in industry) that continued to impede innovation performance even when the incentives for innovation increased, following the opening of the economy
.  
· Industry structure.  Primary products currently account for about 8% of Australian GDP (a roughly constant proportion for 30 years), above most OECD countries.  Manufacturing has accounted for a declining share of GDP (about 12% in 2000) - a lower level and a faster decline than in most OECD countries.  However, the services sector accounts for a larger share of the economy (79% of GDP in 2000) than in almost all other OECD countries and has risen more rapidly than in most OECD countries.  Australia has a relatively very small ‘high-tech’ manufacturing sector.  In most OECD countries this sector, and particularly large firms in this sector, account for the majority of BERD, and most interaction with the public sector research system.  

· Firm size. Australian industry has a relatively large proportion of small firms and small firms (less than 100 employees) account for a much larger share (almost 30% in 1999) of BERD than in all other OECD countries, except for Iceland.
   Such small firms account for twice the proportion of BERD in Australia as in Canada or Finland, and three times more than in the US or the UK.  

· Trade. Australia’s trade intensity (trade/GDP) is relatively low, closer to the low trade intensity of large economies like the USA, Japan and France, than to the high trade intensity of small countries like Ireland, Finland, Sweden and Canada.  While the Australian history of import substitution industrialisation must play some part in explaining this pattern (as the growth of exports following opening would suggest), Australia’s high level of self-reliance in basic materials and food along with its remote location must also be taken into account. 

· Specialisation. Australia has a relatively low level of technological specialisation for a small economy – small advanced economies tend to be quite specialised in some fields of technology.  Whereas most countries have become more specialised over the past 20 years, this is not the case  for Australia, where the level of specialisation has remained more or less constant.  Australian specialisation is in agriculture, primary metals, mining and oil & gas- a pattern quite similar to that of Canada and Norway.
  

· Foreign ownership.  The level of foreign investment in Australian industry is relatively high, and particularly high in the R&D intensive sectors.  Overall, foreign affiliates account for almost half of the R&D in Australian manufacturing, a level far higher than all but a few other OECD countries

This review of basic characteristics reminds us of the dangers of aggregation, uni-dimensional benchmarking and of short time period snapshots. 
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Figure 1. Australia's Innovation Performance Compared to OECD Average*
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* A depiction of Australia's rank on Investment in ICT as % of business sector gross fixed capital formation is not provided by OECD as data is limited to the USA, Japan, and larger European economies. For ease of presentation, leader performance is shown only to 2.5 times the OECD average.
3.3
Alternative Perspectives

It is possible to assess a wide range of indicators of the many aspects and dimensions of Australia’s innovation system, and of innovation-related performance, and reach two quite different conclusions.   Depending on the lens through which one views these indicators and hence on their interpretation it could be concluded either that the innovation system is robust and adaptive, or that it is weak and ‘locked-in’ to ‘old’ patterns of specialisation.  We outline these two perspectives and then briefly review a range of indicators of Australia’s innovation related performance.  We then draw some tentative conclusions from this initial assessment based on a narrow range of largely conventional indicators. These two perspectives are summarised in Chart 2, and the underlying indicators are set out in more detail below. 

Chart 2: 
Alternative Perspectives on Australia’s Innovation Performance

	The Boom Perspective

Australia is a broadly based dynamic and flexible economy, diversified across markets, and increasingly sectors, underpinned by competitive domestic markets and flexible labour markets.  High-level human resources and strong research organisations facilitate the rapid uptake of new knowledge produced anywhere. Imported knowledge and equipment combined with local knowledge and capability supports active problem solving and systems integration in a range of sectors generating relatively high levels of productivity. A ‘fast-user’ strategy combined with natural and human resources is a sound basis for future prosperity. A focus on R&D and patents misses the level of dynamism in technology adaptation and application.  Key indicators of this performance include:

· High and increasing productivity;

· Relatively high level of public sector R&D;

· Substantial growth in niches markets in key manufacturing sectors: telecom equipment, wine, boats, automobiles and components;

· Maintaining strong competitiveness in resources sectors through the effective application of new technology, including IT;

· Increasing technological specialisation in biotech and pharmaceuticals;

· High FDI as % of GDP;

· Strong performance in international science;

· A strong ICT services sector and high growth in ‘knowledge based services’;

· Rapid and broadly-based uptake of new ICT. 
	The Laggard Perspective 

The Australian economy maintains a high level of dependence on natural resources and is failing to develop sustainable new areas of specialisation and growth. Productivity growth in the 90's is the result of one-offs: micro-economic reform and the uptake of ICT.  This performance masks underlying weaknesses in new firm formation and in the growth of new internationally competitive industries.  The poor performance of Australian firms in R&D and patenting signals the weaknesses in management, scale and international positioning of Australian industry.  Australia’s declining position in ‘high tech’ sectors indicates the extent to which Australia is being left behind the frontier of innovation and growth in the world economy. 

· The 3rd lowest ranked in the OECD in gross expenditure in R&D and one of the lowest in business R&D;

· The lowest expenditure in innovation among OECD countries;

· A relatively very low level of investment in venture capital;

· International patenting activity (per mill. Population) is one of the lowest in the OECD;

· Eighty percent of the top fifteen export products are resource-based commodities with a low level of processing;

· A large and growing trade deficit in ICT products and services.




	Chart 3

Boom Perspective

Innovation-Related Investment

· Australia has been a leader in pubic investment in R&D and particularly in relative investments in basic research.  Government investment in R&D as a proportion of GDP is slightly greater than the OECD average
. 

· ‘Knowledge-based industries’ contribute 31% of GDP (in 2000) and ‘knowledge workers’ represent 38% of the labour force – levels very similar to comparable OECD countries.  The proportion of the labour force in categories classified as ‘knowledge workers’ increased at about the same rate as in most other OECD countries
.

· Expenditure on higher education at about 1.6% of GDP is comparable with the OECD average and about the same level as Finland and slightly below Canada (1.8%).

· About 18% of the Australian workforce has tertiary qualifications, above the OECD average of 14%
.

· About 24% of tertiary students in Australia are in ‘science & technology’ fields, above Canada (16%) and the US, but below Finland (38%) and many other OECD countries. 

· Industry investment in workforce training increased strongly through the 1990s
.  

Innovation-Related Performance

· Australian production of scientific and technical articles (about 700 per million population) is greater than the OECD average (about 450/million), similar to Canada and below Finland (over 900/million).

· Multi-factor productivity growth, at about 1.4-1.5% per annum over the 1990-99 period, was comparable to or better than most OECD countries, slightly better than Canada and significantly less than Finland (about 3.5%).

· The growth in GDP per hour worked, at about 2% per annum over the 1990-99 period, was one of the highest among OECD countries, exceeding Canada but lower then Finland.

· By the early 1990s R&D intensity in many Australian manufacturing sectors (eg metal products, iron & steel, shipbuilding) was above the OECD average. The service sector in Australia was a particularly strong R&D performer
. 

Linkages

· Foreign direct investment inflows over the 1990s, at about 1.75% of GDP, were well above the OECD average (1.0%), but outflows at about 0.8% of GDP were well below the OECD average (about 1.4%).

Domestic

· Australia has been estimated to have one of the highest levels of domestic inter-firm alliances (about 2 per US$ billion GDP) in the OECD.  

International

· Australia has Australia has been estimated to have one of the highest levels of international inter-firm alliances (about 5.5 per US$ billion GDP) in the OECD.  This level is similar to that of Canada.

· Over the past 20 years the rate of growth of Australia’s trade intensity has been among the most rapid in the OECD, similar to Canada and Finland. The growth in export performance has been increasingly broadly-based in terms both of products and markets
. 

Exploring New Innovation-Based Opportunities
· According to the Global Entrepreneurship Monitor Australia has a high proportion of the population working in new firms (17%), significantly higher than Canada (11%) and Finland (9%). 

· Australia has the third highest level of expenditure on ICT (10.5% of GDP) in the OECD
. The rate of ICT expenditure has risen through the 90s at the same rate as comparable OECD countries.

· The share of ICT investment in total non-residential investment has risen steadily since the 1980s and at 22.5% is the third highest in the OECD

· The rate of growth over the 1990s of Australian biotech patenting in the US (about 18% pa) was one of the fastest in the OECD (av. 8% pa)

· Australia has steadily increased its relative level of specialisation in most medical-related fields: pharmaceuticals, biotechnology, and medical instruments
.

· Over the past 20 years the rate of growth of Australia’s trade intensity has been among the most rapid in the OECD, similar to Canada and Finland. The growth in export performance has been increasingly broadly-based in terms both of products and markets
. 

· Exports of knowledge based services have grown strongly over the 1990s while imports have declined as a proportion of GDP and as a result net exports of knowledge based services have grown more rapidly than for most other OECD countries
.

· Australia’s relative export specialisation in resource-based products (largely minimally processed) has increased over the past 30 years. Wine and boat building emerged in the 1990s as new areas of comparative specialisation.




	Chart 4

Laggard Perspective 

Innovation-Related Investment

Business investment in R&D (about 0.65% of GDP) is one of the lowest in the OECD, less than half the OECD average (about 1.4%), slightly lower than Canada (0.7%) and substantially lower than Finland (2.1%). Business R&D (BERD) grew strongly through the early 1990s, declined from 1995 to 2000 and has increased from 2000 to 2002.  

Overall R&D investment levels rose from the mid-1980s to the mid 1990s to levels (about 1.6% of GDP) significantly below the OECD average.

Expenditure on innovation by manufacturing firms (estimated at about 1.9% of sales) was one of the lowest in the OECD, significantly below Finland (4.3% of sales). 

A relatively low proportion of Australian managers hold tertiary qualifications
.

Innovation-Related Performance

Australian patenting levels in the US (about 40 per million population) are comparatively low, less than a third the level of Canada and Finland.  Australian patenting in the US grew over the 1980 – 2000 period at a rate similar to other OECD countries, but as a consequence the ‘gap’ in patenting level widened. Australian patenting in the US is more widely dispersed, with fewer areas of high specialization than is the case for most other OECD countries.

Medium-high technology and particularly high technology industries account for a relatively small share of Australian exports, about 32% compared to the OECD average of about 65%.
.  However, the rate of growth over the 1990s of exports from high technology industries (over 5%) was the average rate for OECD countries, while the rate of growth of medium-high technology industry exports (about 9%) was above the average for OECD countries (less than 7%).

Despite a growth in trade intensity Australia’s deficit in medium and particularly high tech products has widened through the 1990s
.
Over the 1985-95 period, employment growth in Australia was largely in sectors of low innovation-related investment (R&D, training)
.

Broadband penetration rates at 0.57 per 100 people are significantly below the OECD average (1.96 per 100 people) and comparable countries such as Canada (6.3%)
.
Linkages

From the early 1990s the role of FDI inflows (%GDP) increased strongly in most OECD countries – but not in Australia, where Australia’s share of FDI inflows declined markedly. The relative size of the stock of FDI in Australia (FDI stock/GDP) is one of the highest in the OECD.

While Australia has a relatively high number of alliances, a relatively high proportion of these are domestic and a relatively low proportion are ‘technological’.

Exploring New Innovation-Based Opportunities

Investment in Venture Capital (about 0.06% of GDP) is significantly less than the OECD average (about 0.14% of GDP), slightly lower than Finland (0.07%) and much lower than Canada (0.16%).
 The proportion of venture capital directed to early stage funding appeared to be much lower than in almost all other countries.

Australian firms tend to focus less on innovation in products and services than do firms in other countries, and have markedly less confidence than do firms in other countries in capturing value from innovation. 
.

Some evidence indicates that the level of entrepreneurial activity in Australia, while increasing, is lower than in many other OECD countries
.

While ICT imports at under 3% of GDP are the average level for the OECD, and less than Canada and Finland (both about 5% of GDP), ICT export levels are relatively very low, about 1% of GDP, less than a third of the OECD average
.

Because Australia has a relatively very small ICT manufacturing sector, the share of ICT employment in business employment (about 4.6%) is one of the lowest in the OECD

The rate of growth over the 1990s of Australian ICT patenting in the US (about 10% pa) was below the OECD average ( 13% pa) and considerably below Finland and Canada. 

Australia has increased its level of relative patenting activity in the ‘traditional’ resource-based fields

Overall Australian patenting tends to be in areas where technology is moving less rapidly and Australian patents tend to have a relatively high level of linkage to science but to be based on older prior knowledge

Australia has increased its relative export specialisation in resource-based products.  Canada and Finland also have a comparative export specialisation in resource-based products (largely wood), but these are significantly processed prior to export and both of these countries have strongly increased their relative specialisation in high VA manufactured products
. 


3.4
Interpretations and Questions 

Before focussing on questions of the performance of Australia’s NIS it is important to stress three systemic characteristics that must shape interpretation:

· Resource-Enabled, Knowledge-Based, Competition-Driven Innovation.  
Australia’s mining and agricultural industries have a vital role in our balance of trade.  A substantial part of Australia’s research system is linked to these industries, as are a wide range of manufacturing and service sector suppliers.  The performance of much of Australia’s mining and agricultural industries is dependent on innovation based on complex technologies and high-level capabilities.  These industries are hence resource-enabled but increasingly innovation-driven.  In major areas of mining and agriculture Australian productivity performance is world leading.  In both mining and agriculture the strong and sustained demands for innovation and problem solving have led to the emergence of specialist providers of equipment and services – although much of the core capital goods are imported.  Many of these specialist suppliers are now exporting goods and services.  

· Dispersion, Fragmentation and Focussing Devices.  

Australia’s innovation systems are highly dispersed: geographically, sectorally, and organisationally.  In view of the relatively high proportion of small firms it is also dispersed across a large number of firms (actors).  The scope for economies of scale in innovation and production has often been far more limited than the aggregate picture would suggest.  The potential for fragmentation, of the sub-critical concentration of knowledge production resources, is very real.  The demand for new knowledge is also dispersed and this may impede the development of effective linkages between potential suppliers and users of knowledge.  The significance of these barriers to critical mass and to the development of linkages is generally underestimated.  

· Systems Integration and Problem Solving in the Innovation System. 

A great deal of innovation in Australia involves essentially systems integration - combining sub-systems and adapting systems to meet Australian needs.  The process of systems integration and adaptation is not trivial and often requires high-level capabilities to solve problems and incorporate novel design elements.  An important role of the research system is to provide a resource of ‘problem solving’ knowledge and not only to develop new technologies.  These types of innovation, central to productivity, are less likely to be adequately assessed through R&D and patent statistics.  As illustrated in the case of the uptake of ICT, organisational change is often required for effective technological innovation.  Hence, capabilities for managing organisational change will have a major bearing on the effectiveness of technological innovation and the returns to investment in new equipment and software.  Similarly, inter-firm collaboration, as in user-producer links and supply chains, are increasingly associated with technological innovation.  Again, the capabilities for managing these inter-firm relationships will be vital for effective innovation. 

At a generic level there are three dimensions on which to base overall NIS assessment:

· Performance in generating (and renovating) resources required (on the basis of current needs) by firms and other problem-solving organizations (actors).  These resources include human resources, knowledge, networks, infrastructure, trust, standards, etc.  

· Performance in solving problems – ie in mobilising resources to meet performance gaps.  This operates at the level of the firm, the technological ‘system’, the sector and, in relation particularly to the policy domain, at the national level.  

· Performance in ensuring diversity and hence generating options for economic (etc) progress–ie building capacities beyond those needed for current problem solving, as in developing new competencies, technological trajectories, industries, clusters, innovation systems
.. 

In relation to the first two of these dimensions the overall evidence suggests that the innovation system is performing reasonably well, when assessed in terms of recent performance.  Australia has a strong public sector research and education system and is an effective user of new knowledge and technology from domestic and international sources.  However, there are some critical caveats to make, including: growth off a low base (eg in some areas of patenting and trade); the drivers of export growth (including the role of the depreciation of the A$); and the sources of productivity growth (particularly the role of one off factors such as micro-economic reform).  It is also possible that the performance of the NIS has had a small role in overall economic performance and that recent performance provides little guide to the future performance of the NIS, for example: 

“It is beyond dispute that Australia has experienced strong economic growth for a decade or more, during the latter part of which time many standard indicators of innovation have been falling. Again these outcomes can be interpreted in different ways. One view is that these facts show that broad economic change can be more important to growth than innovation as commonly measured, because market forces will  find the best growth opportunities. The other view is that Australia’s recent growth spurt is unsustainable, being driven by rapid growth in borrowings by households, by a surge in net foreign debt and by a falling dollar. Thus, between the ends of 1990 and 2001, borrowings by households increased by 165% in real terms, non-official net foreign debt increased from $149 billion to about $360 billion, and the value of the Australian dollar dropped by one third relative to the US dollar (RBA 2002). On this account, these and other factors have masked Australia’s declining position in the global knowledge economy.” (Sheehan & Messinis, 2003)

In relation to all three of these dimensions it is clear that Australian innovation systems are evolving in response to, inter alia, the opening of domestic and international markets.  Over the 10 years from 1988 Australia moved from having some of the highest tariff levels in the OECD to generally the lowest levels
.   Substantial components of agriculture are shifting from commodity production by developing higher value-added activities based on differentiation in products and marketing-related services.  Significant new areas of strength have developed in for example, wine, scientific and control instrumentation, and some services sectors.  

A critical issue for such an assessment is whether there are obstacles to the evolution and upgrading of innovation systems, whether resource allocations, competencies and attitudes etc remain locked into patterns that are no longer productive.  A recent comparative international survey found, as many similar surveys have found over the past 20 years, that, despite persuasive evidence to the contrary, Australian firms consider that their innovation-related performance is ‘world class’
.  There is some evidence that public sector research organisations remain focussed on traditional fields of science, while the business sector is focussing on engineering and software, and that this limits links between the research sector and business.   Bourke, drawing on data for the 1981-97 period, has shown that industry participation in scientific papers (and hence presumably also in research collaboration) is particularly low in Australia – 2% compared with 8% in the UK and 9% in the US.  

In relation to the third of these dimensions, one general area that appears to be a continuing systemic weakness is that of the exploration of new industry development through new firm formation, either as start-ups or spin-offs from existing firms.  The relatively low levels of venture capital, particularly of early stage finance, appear to be a continuing problem.  There are increasing opportunities to develop in Australia significant research collaboration with major international firms.  Many Commonwealth and State government programs have sought to pursue those opportunities and there are many examples of such collaboration.  This may be particularly important in manufacturing where there is some risk that the stock of ‘old’ FDI- long established foreign investors with substantial positions in Australian industry – may not represent the most innovative firms in the sector internationally.  More generally, as collaboration becomes more common, international and complex, and the capture of benefit more multidimensional,  the governance  of  public-private research and other collaborative arrangements becomes more challenging. 
.  
Again in relation to the third dimensions of assessment, it is vital to recognise that, despite the recent performance, the Australian economy remains vulnerable
.  In this regard it is worth quoting at some length a recent discussion on the assumptions underlying the current policy settings: 

“The new growth theories point out that the growth-enhancing effect of trade is an aggregate effect; we expect it to hold on average…. but not in every case. In particular, trade can reduce growth for countries that have comparative advantage in industries with low-growth potential. Lower growth does not, however, necessarily imply lower economic welfare. Specialisation through trade may move the terms of trade in favour of the low-tech country which is enabled to import cheaper high-tech goods. The new theories support the traditional analysis of comparative advantage and the beneficial impact of trade liberalisation in a world of complete and competitive markets.

Trade is not, however, necessarily welfare enhancing in the absence of competitive markets. If there are substantial market failures in the accumulation of knowledge and skills and new goods, then trade is a double-edged sword. On the one hand, trade acts as a conduit for new ideas, stimulating growth and enhancing welfare. On the other hand, trade liberalisation and consequent specialisation in low-tech activities may relegate a country that is historically disadvantaged in the accumulation of skills and knowledge to fall further and further behind.

The pessimistic view of trade liberalisation for Australia is that it might lead us to inefficient specialisation in natural resource based activities with few incentives for enhancing skills and knowledge. For example, the current recovery in the world economy is already having the effect of improving short-term prospects for the terms of trade and raising the real exchange rate. It is possible that such movements may squeeze out the recent expansion in exports of high value-added manufacturing and lower our prospects for long-run growth and welfare by compounding failures to develop our skill and knowledge base.

These are, however, second-best welfare arguments. It is not obvious that we should be using trade policy to rectify failures in the markets for the development of skill and knowledge and new goods. Rather, if we address these problems directly, both the new theory and the econometric evidence suggest that trade liberalisation is likely to enhance both growth and welfare.[emphasis added]”

Our analysis of trade, R&D and US patent data indicates that Australia has increased its relative specialisation in ‘low-tech activities’.  There may well be a case for a more systemic and sustained approach to upgrading the ‘accumulation of skills and knowledge’ and more generally ensuring that Australia has an innovation system able to contribute substantially to the development of the economy rather than simply respond to short term (and often diffuse and inappropriate) market signals. 
4.
Australian R&D – Regional Diversity and Changing Knowledge Base

4.1
Introduction 

This section analyses the patterns of R&D investment in Australia, by type of performer, by sector and by State/Territory.  Australian R&D surveys collect information on the knowledge bases used in R&D and we particularly focus on the diversity across States and changes over time in these R&D knowledge bases. 

R&D data is recorded in terms of:

· the socio-economic objective classification (SEO) is applied to indicate the purpose, justification or reason for the expenditure of R&D; 

· the research field classification (RF) is applied to indicate the nature of the research field (that is, the nature of the research capabilities or skills relied on for undertaking the research)
; and 

· the Australian and New Zealand Standard Industrial Classification (ANZSIC) is applied to indicate the core business activity of firms undertaking R&D (that is, the type of business undertaking R&D).  

4.2
National overview of Australian business R&D, 2000-01
Australian business R&D in the context of sectors of performance and sources of funds

In 2000-01, total business R&D expenditure (BERD) was $4.8 billion.  Total business funding of R&D across all sectors was $4.7 million, of which $132 million was funded by business but undertaken in universities (Chart 5). 

Chart 5: 
Australian R&D expenditure — the role of business, 2000-01, 



sectors of R&D performance and sources of funding
	Source of funding R&D
	Cwlth
	States
	Business*
	Other Aust
	Foreign
	Total
	

	Sector undertaking R&D
	
	
	
	
	
	
	

	Business enterprises
	170.7
	8.4
	4415.8
	23.0
	207.4
	4825.3
	(BERD)



	Commonwealth agencies
	1213.2
	27.5
	76.9
	73.0
	34.2
	1424.8
	

	State & territory agencies
	71.4
	650.1
	54.5
	159.9
	7.7
	943.6
	

	Universities
	2395.6
	87.9
	136.2
	94.2
	60.7
	2774.6
	

	Private non-profit organisations
	72.5
	29.8
	18.4
	136.2
	26.3
	283.2
	

	TOTAL
	3923.5
	803.6
	4701.8
	486.3
	336.3
	10251.4
	


*Business funding of all sectors
Australian business R&D expenditure by industry of core business activity

BERD is almost equally distributed between manufacturing and service industries (each accounting for about 45% of BERD), while mining accounts for about 10%. In 2000-01, about 55% of all Australia’s business R&D expenditure was undertaken within seven industry groups — three service industries, three manufacturing industries, and mining – see Chart 6. In terms of industry core business, the highest industries of R&D spend  (see Chart 7) are: 

· computer consultancy services (12%);

· motor vehicle and parts and other transport equipment (10%)
· petroleum, coal, chemicals and associated products (8%)
· metal ore mining (7%);

· telecommunication services (6%)
.

The three service industries in Chart 7 all reflect aspects of information and communications technologies (ICT). Computer services are the most intensive area of BERD performance.
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Australia’s business R&D at the national level — major fields of technological skill.

The rising significance of ICT in Australian R&D is even more evident when we look at the fields of research.  In terms of the broad field of research, engineering and ICT account for over 80% of BERD.  But within engineering the largest field of research is in communication technologies.  Overall, business R&D expenditure directly focussing on R&D in information, computing and communication sciences, communications technologies, and computer hardware together comprise 38% of all BERD (Chart 8). Furthermore, half of the top eight fields of research (which represent 65% of Australia’s total BERD) are in the ICT area.

Chart 7:  Australia — Major industries (ANZSIC) engaged in R&D, 2000-01 (%GDP)
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Manufacturing and automotive engineering then follow, showing the traditional areas of the R&D skills base.  Medical and health research skills are also significant, as is resources engineering — a field strongly associated with the mining industry. 

Chart 8:  Australia — Major R&D fields of technological skills (RF), 2000-01 (%GDP)
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4.3
Australian R&D expenditure at the level of States and Territories

In comparison with leading economies, Australia’s gross expenditure on R&D, at 1.53% of gross domestic product (GDP), is relatively modest.  Corresponding data at the State and Territory level, however, varies considerably
.  Chart 9, comparing the trend in Australia’s BERD as a proportion of GDP with corresponding trends (BERD as a proportion of GSP) for each state and territory, shows that Victoria has consistently had the highest BERD/GSP ratio (BERD intensity) of the states and territories
.  Queensland lifted the level of its BERD sharply in 1995-96, but since then has broadly followed the national trend.  After falling in 1996-97, South Australia’s intensity has increased overall — South Australia is the only state to have surpassed the peak level of BERD/GSP that most states and territories reached in the period 1995-96 to 1997‑98.  While R&D intensity declined after 1995 in most states the decline was particularly market in Western Australia.  

Chart 9:  Change in National and State-level BERD (as %GDP or % GSP)
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Chart 10 summarises a range of data on R&D performance and on patenting in Australia by organisations based the major states
.  It indicates the sectors that are most important in terms of R&D investment in each state, the sectors that increased R&D most rapidly over the 1990s, the major fields of research, and the relative patenting activity in each state.  On the basis of these patterns the characteristic strengths of each state are identified.  In the following analysis of R&D patterns and trends at the State level we will discuss only three States: New South Wales, Victoria and Queensland
.
Chart 10: Patterns of R&D Activity and Strength at State Level
. 

	
	New South Wales
	Victoria
	Queensland
	South Australia
	Western Australia

	Major R&D Performing Sectors
	ICT services; ICT equipment; finance and insurance; metal products; photographic and scientific equipment, and food processing.


	ICT services; ICT equipment Chemicals; Auto. Instruments and parts; Medical & pharmaceuticals; Finance & insurance.
	Mining; ICT services; Metal products; Petroleum, coal and chemicals.
	Petroleum, coal & chem.; Machinery & Equipment wholesaling; ICT equipment; Auto engineering; photographic & scientific equipment; ICT services.
	Metal ore mining; Property & business. Services; ICT equipment; ICT services.

	Sectors with strong Growth in R&D
	ICT services;

Photographic & scientific equipment. 
	ICT services; ICT equipment; finance & insurance


	ICT services
	Machinery & Equipment ; Wholesaling; 

ICT services; ICT equipment
	Metal ore mining

	Major Fields of Research
	Computer Software; Communication Technology; Medical;
	Automotive, mechanical & industrial  engineering; Communication tech.; Software; other ICT.
	Software, Metallurgy; Resource engineering; Auto., mech. & Industrial engineering.


	ICT; Manufacturing engineering; Automotive engineering; Software
	Resource engineering; communication technology.; chemical engineering; metallurgy


Chart 10: Patterns of R&D Activity and Strength at State Level (cont.)

	
	New South Wales
	Victoria
	Queensland
	South Australia
	Western Australia

	Patent Strength & growth 


	Electronics Processed food, instruments.
	Consumer goods & equipment; Mechanical engineering; Chemistry & life sciences
	Civil  engineering Mechanical  engineering. consumer goods & equipment
	Process engineering; instruments; Mechanical engineering
	None

	Apparent Overall Strengths
	ICT services & equipment; 

Instruments & devices
	Communication services & equipment; 

Automotive engineering, Biotech.
	Resources, Software
	Instruments;

Auto. Engineering
	Resources


New South Wales

New South Wales’ gross expenditure on R&D (GERD) as a proportion of Gross State Product (GSP) ranks below the national GERD intensity average of 1.53%.  This level results primarily from lower levels of R&D expenditure in Commonwealth agencies and in universities.  However, NSW has Australia’s second highest intensity of business R&D expenditure (0.71% of GSP), though it is significantly below the corresponding level in Victoria (0.98%).

Chart 11 shows the major R&D performing industries in NSW: computer services; electronic equipment; finance and insurance; metal products; photographic and scientific equipment, and food processing. 

New South Wales’ R&D skills base is dominated by computer software — where it has a stronger research capability, both in scale and in R&D intensity) than any other State or Territory (Chart 12).  Communications technologies are also relatively strong — being at approximately the same scale as in Victoria, but behind that State in R&D intensity in that field of research.

Chart 11: NSW — Major R&D industries (ANZSIC), 1992-92 to 2000-01 (%GSP)
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Chart 12:  NSW business — Major R&D technological skills base (RF), 2000-01 (%GDP)
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Overall, NSW is growing above the Australian average in most patent areas (Chart 13). Patent data points to relative strengths in Electronic equipment, instruments and  processed food. These areas show strength in fine measurement and control of devices.  

Chart 13:  NSW — Broad patent R&D fields, by relative emphasis and growth
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Victoria

Victoria has Australia’s highest intensity of business R&D expenditure (0.98% of GSP), and the nation’s largest private non-profit effort on R&D, focussed largely in independent medical research organisations.   

Victoria’s industrial mix of R&D changed significantly over the 1990s (Chart 14).  In 1992-93, Victoria’s two highest R&D performing industries were in manufacturing (electronic equipment and chemicals other than pharmaceuticals), but by 2000-01 the two leading industries in R&D spend were both in services sectors (communications services and the finance and insurance industry).

Chart 14:  Vic — Major R&D industries (ANZSIC), 1992-92 to 2000-01 (%GSP)
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In terms of the fields of research or R&D skills, Victoria’s largest field of business research activity is in automotive and other mechanical/industrial engineering.  (Victoria has the nation’s largest engineering skills-base, spread among several industries.)  However, the next three largest research fields are all ICT-based — communications technologies, computer software and other ICT.  About 65% of Victoria’s business R&D effort is focused in the seven research fields shown in Chart 15.  Victoria’s strength in patenting lies principally in the area of chemicals and life sciences (Chart16). . 

Chart 15:  Vic business — Major R&D technological skills base (RF), 2000-01 (%GDP)
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Chart 16:  Vic — Broad patent R&D fields, by relative emphasis and growth
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Queensland

Queensland’s R&D intensity (gross expenditure on R&D as a proportion of Gross State Product), at 1.23% in 2000-01, is lower than for any other state.  Queensland’s BERD as a percentage of GSP peaked at 0.57% in 1995-96 and stood at 0.47% in 2000.  The mining industry has consistently been Queensland’s largest R&D spending business industry — over almost the whole period from 1992-93 to 2000-01 (Chart 17).  However, the computer services industry now vies with mining for the leading R&D spend. 

Chart 17:  Qld — Major R&D industries (ANZSIC), 1992-92 to 2000-01 (%GSP)
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Queensland’s leading business research fields in 2000-01 were a close reflection of the two industries spending most on R&D, computer software was the leading research field while metallurgy and resources engineering ranked next (Chart 18).  Most of Australia’s metallurgical research takes place in Queensland.  

Chart 18:  Qld business — Major R&D technological skills base (RF), 2000-01 (%GDP)
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Queensland has a strong and growing emphasis on patenting in civil engineering and mining.  There is also some emphasis and relative growth in the areas of mechanical engineering and consumer goods (Chart 19).

Chart 19: Qld — Broad patent R&D fields, by relative emphasis and growth
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4.4
Conclusions

Taken overall, this analysis illustrates several points. 

First, services sectors account for almost 50% of Australian BERD, and through the 1990s their share of BERD grew more rapidly than manufacturing, mining or agriculture. R&D in some manufacturing sectors (eg metal products in NSW and WA) declined sharply in the late 1990s.  

Second, the role of ICT as a sector of industry (largely in services) and as a field of research is both highly significant and highly pervasive.  The top two fields of research in business are ICT and overall 65% of BERD is allocated to ICT-related research.  In 2000-01 Computer services was the sector with the greatest level of investment in R&D and Communication services was the 5th largest R&D spending sector. The computer services industry showed the fastest (and by far the most consistent) rate of growth in R&D expenditure over the 1990s in NSW Queensland and SA.  In Victoria communication services was the sector with the fastest growth in R&D investment.  

Third, the second, third, fourth and sixth most important fields of research in industry in Australia in 200-01 were all in engineering: communication engineering, manufacturing engineering, automotive engineering, and resource engineering. 

Fourth, the great majority of R&D in industry is in the fields of software and engineering but these account for a minor share of R&D in the public sector.  The possibility of a mismatch in research allocation and, relatedly, in human resources development, needs to be assessed. 

Fifth, in 2000-01 mining was the second most important sector in terms of BERD expenditure. Mining was the most important sector in Queensland and the NT, and dominated all R&D effort in Western Australia.  

Sixth, there are significant differences among these five states in their patterns of R&D activity and in the directions of change in that activity.  

5.
Australian Innovation: Patterns of Specialisation and Evolution.

Much of the comparative analysis of national innovation systems has focused on the research system, Nelson (1993).  Such a focus characterises a nation’s technological specialization by assessing the level and direction of innovative effort.  Since such approaches focus on only some dimensions of the innovation system they provide a ‘narrow view’ on the overall innovation system (Lundvall 1992). 

The following analysis of the recent (20 year) evolution of Australia’s technological specialization uses indicators based on R&D, patenting and scientific publications
.  We compare Australia’s performance with that of several OECD countries and in particular with Canada and Finland, as these two countries share a similarly long history of specialisation in natural resource-based sectors.  

5.1
 The Evolution of the Pattern of the Innovative Effort as indicated by R&D Expenditure

Australia’s pattern of expenditure on R&D is frequently characterised as low in terms of the level of GERD and BERD, but high in terms of the share of government expenditure in total R&D expenditure (Gregory, 1993; Australia Science & Technology at Glance, DEST, 2002).  As discussed above, this pattern of expenditure largely reflects Australia’s industrial structure.  

Chart 20 shows total R&D intensity levels over the 1981 – 2001 period for Australia, Canada, Finland and the overall OECD average.
  The chart shows that over this period total R&D intensity levels in Australia remained below those of the two comparator countries and the OECD average.  At the beginning of the 1980s Canada, Finland and Australia had roughly comparable levels of R&D intensity.  While levels in Canada and Australia have remained similar, by the late 1990s Finland’s R&D intensity was more than double that of Australia. 

Source: Main Science and Technological Indicators, OECD
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Chart 20 
R&D Intensity (%GERD/GDP) 1981-2001: Australia, Canada, Finland and OECD
5.2
 Patterns of Sectoral Distribution of Business Funding for R&D

While in all three countries over period 1974 to 1997 R&D expenditure has grown particularly strongly in some sectors, (eg Electronics in Finland, Communications Services and Pharmaceuticals in Canada, and Commercial & Engineering Services in Australia) only in Australia has it grown in all sectors.  In both Canada and Finland some significant sectors showed very slow growth or a decline in real R&D expenditure over this period.  For example, non-ferrous metals in Finland and wood products in Canada are clear cases of dramatic downward trends in R&D business expenditure over the past two decades In terms of the sectoral pattern of BERD Australia has not developed the level of specialisation of either Canada or Finland
.   However, in Australia, the commercial and engineering service sector emerged as strong R&D performer over the past two decades.  R&D expenditure by this sector already reached more than US $1.2 billion in the period 1982-89 and increased to US$ 4 billion in the period 1990-97.  More disaggregated data shows that a large part of this expenditure is in software development in such sectors as finance and insurance, wholesale and retail and property and business services. 

Chart 21 
Australian BERD: Expenditure by Sector and Period. (million 1995 $ ppp)
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5.3    Technological specialization: Patenting 

Small countries tend to be more specialised than large countries, and open trade regimes tend to lead to increased specialization.  National patterns of specialisation tend to persist over long period of time, although over recent decades, most countries have increased their level of technological specialization. Using patent data, this section outlines changes in Australia’s pattern of technological specialisation.

Australia has been characterised in three different ways in previous studies:

A follower country with high specialization (Pianta & Melliciani, 1996)

Specialized in low growth sectors (Archibugi & Pianta, 1992)

Specialised in natural resources-based sectors (Amable & Boyer, 2001)

Pianta and Melliciani grouped OECD countries into four groups (Chart 22) based on patent, R&D, investment and trade data.  They comment that Group 3, ‘follower’ countries, had caught up to Group 1 and 2 countries in terms of GDP per capita by concentrating their efforts in investment activity (rather than R&D) and a few selected fields of technology.

Chart 22. 
Taxonomy of OECD countries

	Group
	Group
	Countries

	GROUP 1:
	Large advanced countries with low specialization
	US, France, UK, Japan, Germany

	GROUP 2:
	Smaller advanced countries with average specialization
	Netherlands, Switzerland, Sweden.

	GROUP 3:
	Follower countries with high specialization
	Italy, Canada, Austria, Denmark, Belgium, Norway, Australia, Finland

	GROUP 4:
	Small, laggard countries with very high specialization
	Spain, Ireland Portugal Greece


Source: Pianta and Melliciani (1996)

Archibugi and Pianta (1992) relate the technological specialization at the country level to patterns of change in global patenting activity.  A high correlation between national technological specialization and global patenting trends indicates that a country is positively specialized in those patent classes in which global patenting is growing most quickly and negatively specialized in those patent classes where global patenting has been stagnant or declining.  Japan showed the strongest positive correlation, followed by Ireland, the Netherlands and the US. Australia’s technological specialization, like that of Canada, Sweden, Germany, Spain and Portugal, was relatively concentrated in areas of low global patent growth.  

We have reviewed these analyses using the most recent data on patenting in the United States to calculate Revealed Technological Advantage (RTA)
 for Australia and other OECD countries.  Chart 23 shows the RTAs for Australia, the two comparator countries, Canada and Finland, and for South Korea
.

A relatively high proportion of Australian and Canadian patenting is in fields related to natural resources: agriculture, oil & gas, mining, primary metals and wood and paper products although both countries have recently developed a level of specialisation in pharmaceuticals and biotechnology.  Australia showed a significant specialization in medical electronics, but this declined over the 1990s.  Australia and Canada changed far less than Finland and South Korea, indeed the former two countries have deepened their specialisation in natural resource-based sectors. 

5.4
Patenting Characteristics: Maturity of technologies and links to science 

The analysis above indicates the Australian patenting in the US is relatively concentrated in fields of low patent growth, shows low activity in electronics but growing activity in pharmaceuticals and biotechnology. In the following section we look more closely at the nature of patenting activity in these fields, and in particular at the technology cycle time (TCT) and level of science linkage (SL)
.  

 Chart 23 
Patterns of Revealed Technological Advantages, 1980-2001, in four

 

Countries: Finland; South Korea, Canada and Australia. 
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Chart 24 shows, for a range of OECD countries and Taiwan, aggregate TCT levels for all technological fields covering the period 1980 - 2001 and aggregate SL levels for all technological fields covering the period 1985 – 2001.  Three groups of countries can be identified: 

Very fast moving technology developer group - Japan, South Korea and Taiwan, exhibit low TCT and low SL levels;

Fast moving science based group – US, UK, Sweden, Finland, Italy, France, Germany; and

Slow moving science-based group – Canada, Australia and Norway exhibit slow TCT but high SL levels. 

In the group including Japan, South Korea and Taiwan, patenting activity is concentrated in fields of rapid technological change - such as semiconductors, telecommunications and computers.  But even in areas of slow technological change, these countries focus on the most rapidly changing sub-fields.

In contrast, in the ‘slow moving science-based group’, the high TCT suggests that these countries are involved in activities where the rate of technological change is slow
.  However, on average Australian patenting in almost all fields exhibits a high TCT.  Hence, even in fields where the rate of technological change is high (such as electronics) the TCT of Australian patents is below the average.  Australian patenting in pharmaceuticals, biotechnology (See Chart 25) and medical electronics are exceptions to this trend. 
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Chart 24   Science Linkage vs. Technology Cycle Time (1980-2001)
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Chart 25
Biotechnology Patenting (Science Linkage and  Technology Cycle Time of Patenting activity 1980-2001)

Source: CHI
Hence, not only is Australian patenting conservative in that the pattern of specialization by field has changed little over 20 years – a period that saw major changes in many countries – but it is also conservative in that patenting tends to be based on older knowledge than is patenting in other countries.  A part of the explanation for these observations may be that Australian invention focuses less on generic technologies of wide application and more on application and location-specific niches.

Chart 25 shows clearly that over the 20 years from 1980 to 2000 the overall average TCT actually increased up to the late 1980s and then declined from about 12-14 years to 8-10 years.  TCT in South Korea and Taiwan declined particularly rapidly from the late 1980s as these countries became increasingly involved in ICT.  In the case of Australia TCT shows a long period of stability during 1980s and early 1990s but a shortening since 1994.  This is due not only to increased patenting activity in biotechnology and other ‘short TCT’ fields, but also to a decline in TCT across various fields, including traditional longer TCT sectors.  

Chart 26
Evolution of Technology Cycle Time in various countries
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5.5 
Specialization in Science

There has been little change in the pattern of specialisation of Australia science over the last 20 years.  Australia’s strengths in the international journal literature at the end of the 90’s continue to be in Agricultural Sciences, Earth Sciences, Biological Sciences and Medical and Health Sciences and to be relatively weaker in Physical Sciences, Chemical Sciences and Mathematical Sciences and in the more applied fields embraced by Engineering and Information and Computing Sciences (Bourke and Butler, 1999).  Chart 27 shows the pattern of Australia’s Revealed Comparative Advantage (RCA) in fields of science
 over four time periods.  These confirm Australia’s consistent specialisation in the fields of geosciences, plant and animals sciences, ecology and agriculture, and the overall conservative nature of the pattern of scientific output
.

Chart 27
 Changes in revealed comparative advantage in Australia scientific publications output in four periods
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5.6
Conclusions

This analysis from the ‘narrow view’ points to the enduring significance of Australia’s resource-based history for innovative activity.  It shows that:

· Australia is specialised technologically towards agriculture, mining, primary metals but has recently increased its activities in biotechnology and pharmaceuticals.
 

· These patterns of specialisation in technological invention are likely to both reflect and reinforce the Australia’s industrial specialisation. 

· There is little evidence of major changes in Australia’s technological specialisation (unlike some OECD countries) but the rapid growth in invention and expenditure in biotechnology may be the beginning of such a shift. 

· Australia is consistently ‘slower’ and more conservative than most OECD countries in its patenting behaviour. That is, Australian inventions are focused on areas where technological change is relatively slow. Furthermore, within most technological fields, regardless of how fast they are changing, Australia is a slow mover.  Again pharmaceuticals and biotechnology are exceptions. 

· The ‘slow and conservative behaviour’ of Australian inventors is true over the entire range of technologies. Hence, despite the fact that Australia is specialised in more mature technologies, the activities in more rapidly changing technologies are more conservative too. There are two possible interpretations, and both probably contain a part of the truth. First, much of Australian inventions may be improvement in technologies where technical change only takes place by small improvements in applications/technology with a long history. Examples could be a number of inventions in agricultural technology.
 Second, the relatively large role of the public sector in R&D may result in patenting that tends to be more distant from market application. 

· The strengths of the Australian science system have not changed in the past two decades and reinforce the importance of Australian unique natural resources and its path dependence. The fields of strengths are geo-science, agricultural science and animal and plant biology, while fields of relative weakness are engineering and computing. 

Recently, there have been some signs of significant change.  An emerging specialisation has appeared in the fields of biotechnology and pharmaceuticals.  The engineering and commercial services sector has emerged as a major R&D performer.  Australian patenting has become more rapid (i.e. has shorter TCTs) in ‘several technological fields -both fields of slow and rapid technological change
. 
Part C. Understanding the Evolution of the Innovation System

6. 
Exploratory Approaches

6.1
Introduction

As discussed above, in undertaking an assessment of the Australian national innovation system we recognize both the limitations of indicator-based approaches and the limited range of prior sectoral or technology level studies that analyse innovation dynamics.  The available indicators and studies cannot take us very far in developing an understanding of the evolution of innovation systems in Australia, and in particular of the factors that shape, promote and constrain responses to economic, technological and other changes.  Yet, in a world where the pace of change is more rapid, the role of technology is more pervasive and the significance of innovation is more central, these are precisely the issues that we need to understand better. 

Our initial indicator-based studies are reported above.  In this section we summarise three complementary and exploratory analyses.  These have been undertaken to open other dimensions of systematic analysis in order to bring these into an overall assessment of national innovation performance. Three studies are discussed below:

The first of these explorations focuses on the financial system. The financial system includes lenders, intermediaries and borrowers and their interaction and how focus is on how various actors interact to allow funding of the innovative effort.  Due to data problems, there is a bias towards the formal financial sector.  The rationale for this theme is that financial systems are fundamental in shaping national innovation systems (Christensen 1992). 

The second exploration focuses on the role of increasing returns in shaping the development of industry in Australia.  The analysis takes three forms; economies of scale and scope in production (automotive, mining, beer, wine), economies of scale in information control (financial sector, retailing); and  economies of scale and network externalities (telecom and packaged software). 

The third assessment focuses on the role of systems integration.  The discussion here focuses on large engineering projects.  However, a great deal of innovation in Australia involves the integration and adaptation of technological systems and sub-systems imported into Australia.  
6.2
The Financial System

The financial system is a fundamental part of the national innovation system.   We can analyse Australia’s financial system from a national innovation systems perspective by focusing on  the evolution of the system and  the characteristics of the most common types of financing for innovation.  

The ability to finance innovations differs between nations, between firms, and across sectors and technologies (e.g. Rajan and Zingales 2001).  On the national level, there are a number of studies that either aim to relate the type of national financial system with national economic performance or relate it to national sectoral specialisation (Rajan and Zingales 2001, Tylecote and Conesa 1999).  At the sectoral level different types of financial systems seem to promote or constrain the emergence and growth of different sectors(Tylecote and Conesa 1999, Caspar 2001). 

Despite the gradual internationalisation of the financial markets, financial systems tend, to a large extent, to remain nation specific (Christensen 1992).  Australia’s financial system seems to remain determined largely by the actions and interactions of the domestic players (Merrett, 2002b)
.

Financing comes in many forms, including retained earnings, equity and debt.  It is estimated that retained earnings accounted for around 50% of the investments made in Australia during the past 100 years, despite a slight decrease in their share of total investments since the 1950s (Fleming 2002). 

The Australian financial system has been shaped by the institutional set-up.  The financial sector has been the most highly regulated Australian sector during the 20th century, despite recent deregulation (Merrett 2002a, Wright 2002).  This regulation has constrained innovation in the financial sector in its own right (Merrett 2002a).  It has led to a finance system with particular characteristics, of which the most important for our present assessment are:

In contrast to economies such as Japan and Germany, but like the US, the Australian financial system appears to be (or has increasingly become) oriented toward arms-length formal borrower- lender relations (Industry Commission 1991, Wright 2002, Ville 2000)
. 

It seems clear from historical evidence that the habits in the Australian financial sector have tended to focus on ‘low risk’ or the process types of innovation rather than on high risk projects’ (Fleming 2002)
. For example, Australia’s development of a venture capital industry has been slow compared to most other OECD countries and did not really take off until the 1990s. Even there the evidence shows that the vast majority of venture capital funding has been directed towards the relatively downstream and lower risk areas of investment (ABS 2002).

In comparison with the USA, equity in Australia has historically focus on low risk quick returns and hence tended to operate much more as debt than equity. The reason is that the main focus was on relatively quick and safe returns.  Equity used in this way was largely viewed as a mechanism to compensate for the small financial market(s) and regulation steered investments towards debt rather than equity (Industry Commission 1991, Fleming 2002).

Both of these characteristics are likely to lead to more ‘conservative’ patterns of investment and to influence the relationship between the incumbents and the new entrants in a sector. The evidence suggests that because of the regulated history and the relative prevalence of arms-length markets, the financial system has reinforced specialisation in ‘traditional’ sectors and technologies. 

It is likely that, due both to conservativeness and to the relatively small size of available funding, the financial system has also benefited incumbents as compared to entrants in growing industries. First movers in sectors largely entered by drawing on their own savings and funding from families. These firms were then able to build up economies of scale. New entrants not only had to deal with the barriers to entry but also had problems accessing finance. 

Venture capital has had an increasing role in financing innovation (Rivaud-Donset 2001, Dubocage 2001).  In Australia, the venture capital industry was negligible in size up to the mid-1980s and has played a limited role to date in changing the economic structure
.  The private venture capital stock was around A$100 million in 1984, around A$800 million in 1991(Industry Commission 1991). While still small, the industry is significantly larger today, having gone from an annual investment of around A$400 million (1996) to around A$1000 million in 1999 (DITR 2000).  The Australian Bureau of Statistics has estimated that, at 30 June 2001, there was an amount of $5.7 billion committed for Australian venture capital. Of this, $3.7 billion (64 percent) had been drawn down leaving $2.0 billion unused.

There are two longstanding arguments about the state of venture capital: that Australian equity finance, including venture capital, is too risk averse; or alternatively that there have been a lack of promising projects to invest in (Campbell Report 1981, Industry Commission 1991).  Given that both the venture capital industry and the number of venture financed firms have grown significantly some changes clearly have taken place.  Australian venture capitalists are claimed to be ‘immature’ given the relative short history of the sector, combined with its rapid growth (Campbell Report 1981, Industry Commission 1991, DITR 2000)
.  In view of the importance of investor knowledge and skill for the performance of new venture firms, and the limited stock of experienced early stage new venture entrepreneurs in Australia, ‘immaturity’ and a limited level of specialisation in technologies and markets, is likely to have a negative impact on the level of success of venture backed companies and hence on the returns to investment. 
Conclusions in Relation to the Financial System

We can draw several, necessarily tentative conclusions from this exploration: 

Despite deregulation of the financial markets in the states, nationally and internationally, the financial system of Australia is largely shaped by the domestic actors. Hence, the financial system is not ‘footloose,’ at least not to the extent that the nation has lost its importance. 

Regulation long constrained innovations within the financial sector.  Regulation protected Australian banks from foreign competition up to 1985, although considering that the Australian banks remain dominant in the domestic market, regulation did not make the banks uncompetitive. It is less clear however, whether regulation has affected the chances of these banks to become international actors. Evidence suggests that their success in internationalising their activities is far more modest compared to the home market. 

It is likely that the financial system of Australia benefits early entrants (prime movers) over late entrants, and incumbents over new entrants. That is, the financial system has reinforced one type of sectoral specialisation.
 

The Australian venture capital industry is probably still ‘immature’, with important implications for the availability of risk capital, the success of new ventures and the returns on venture investment

6.3
The evolution of Australian sectors from an increasing returns perspective

This section is an exploratory assessment characterising and analysing the evolution of sectors in terms of how actors try to generate and exploit increasing returns to adoption (Arthur 1989, 1990)
. 

Increasing returns lie behind the concept of the ‘virtuous circles’ that lead to regional specialization through cumulative causation (Young 1928, Myrdal 1957, Kaldor 1970).  It is also linked to the concept of critical entry points or “windows of opportunity” whereby a nation may (through policy or chance) enter a particular type of technology or sector at an early stage after which the mechanism of increasing returns can lock out other actors (e.g. Kaufmann and Tödtling 1999a, 1999b). 

The stronger the increasing returns to adoption, the more that the first mover or incumbent is likely to benefit, and a latecomer or new entrant is likely to either fail to gain an economic leverage or be reduced to a role as niche actor or as supplier to the incumbent (Chandler 1990, Malerba 2002).  This type of scenario is common in the automotive and financial sectors where (successful) entrance of new actors seems to be rare. 

To pursue this exploratory analysis we identify three industry groups each characterised by different types of scale economies: 

(1) economies of scale (and economies of scope) in production (Chandler 1990 – typically relevant to vehicles, mining, coal, beer and wine;

(2) economies of scale in the control of information (Nightingale and Poll, 2000) - typically relevant to financial services and retailing;

(3) economies of scale, complementary technologies, and network externalities, (e.g. Arthur 1989)
 – typically relevant to telecommunication equipment and packaged software.  

Focussing on the internationally comparative size of leading firms in a sector as an indicator of competitive strength, leading Australian mining, beer and wine firms (type 1), are large in an international comparison, large firms in financial services and retailing (type 2) are of moderate size, while leading Australian firms in computers, telecommunication equipment and packaged software (type 3) are quite small players in an international context, even if there are some successful niche players. 

Australian manufacturing firms in general have failed to gain the advantages of increasing returns (e.g. AMC 1989, AMC 1990).  This overview raises some questions of why this is the case and how it took place.  In general, if firms only address the domestic market, as has been the case for many Australian firms, they can only benefit from increasing returns to a limited extent, unless they focus on niche markets.  Until recently import substitution made Australia much less open to exports and imports in many sectors.  Australia is an ‘underperformer’, compared to other OECD countries, in terms of its relatively low share of both imports and exports. Australia then, as reflected in the trade statistics, is an island.  If we follow the arguments of Rosenberg (1976) and Arora and Gambardella (1997), this means that there has been a ‘barrier’ to economies of scale and scope for Australian firms and hence to economic growth. 

We may also note that there were conflicts of interest between multinational corporations (MNCs) and their Australian subsidiaries.  The MNCs were generally focused on adaptation to the Australian markets, leaving little space for diversification by the subsidiaries. This led to constraints in economies of scope for the Australian subsidiaries. While these firms contribute greatly to Australia’s economy (Jones, 2002) it is not clear how these firms shape the innovation system and the achievement of scale economies.  

Changes in scale inevitably stimulate and require other changes.  Increased volume and productivity requires an ongoing creation of technological, organisational and managerial competencies. For example, problems brought about by ‘stretching’ or scaling-up the production technology may lead firms to draw on new knowledge which may be sourced from outside the firm leading to collaboration or networking.  An expansion of the size of physical plant is likely to lead to change in the knowledge base as firms require stronger capacities in logistics and mass marketing. (Chandler (1990)

This pattern seems to fit several quite economically successful sectors in Australia, including the wine, beer and mining industries.  In Australia, at least the mining and wine industries have been successful in terms of increased export performance during the last two decades. Mining of course,

	Group 1:
 Economies of Scale and Scope. The Case of the Australian Wine Industry

According to Orr (1999) the two most important strategic aspects for wine producers are product quality and supply dependability. The former is oriented towards demand-side while the other is oriented towards supply. Both are related to capacity management, a major factor in economies of scale in production (Orr 1999). Capacity management broadly includes the issues of acquisition, integration, and maintenance of a broad array of process technologies. 

Australian firms have been quite successful in moving towards higher product quality in wines (Marsh and Shaw 2000).  Australian firms perform R&D in marketing to identify these types of issues as well as promoting wines.  Developing the knowledge needed to gain economies of scale requires firms to collaborate with a range of organisations.  In wine, beer and mining sectors, supporting organisations have played an important role over time. The first research organisation for beer was set up as early as 1904, a reflection of the fact that the beer brewers in Australia early on made a move towards creating an industry (AATSE 1988).  These research and intermediary organisations play an instrumental role for generating and diffusing knowledge between the firms.

In contrast to the early professionalisation of the beer industry, the wine sector was oriented towards the domestic market and functioned as a craft industry lacking professional supporting research organisations. However, since the early 1980s, no less than nine research organisations have been set up, and these have been a crucial source for the development of the industry, especially in their role as knowledge intermediaries and generators while being instrumental in reshaping the aim and scope of different producers (Marsh and Shaw 2000). 

There has been a large number of mergers and acquisitions in these sectors - four firms (Southcorp, Orlando Wyndham, Beringer Blass, and BRL Hardy) represent around 70% of Australia’s wine exports.  In beer the Foster’s Group and Lion-Nathan virtually control the Australian beer market, following the breakdown of the state-based ‘monopolies’ in the beer industry and a number of acquisitions during the 1980s and 1990s. Both of these firms have aggressively moved into the wine industry. 


In the second group of sectors economies of scale can also arise from economies in information processing.  Here it is often not technology that is cental to achieving scale advantages but control over the information (Beniger 1986).
  Typical sectors that pursue these types of scale economies include the financial, insurance and retailing sectors. The importance of information control relates to the problem arising from the limits of exploiting economies of scale. These limits work as focusing devices for the problem-solving activities undertaken by firms.  Firms trying to increase the scale of activities often run into diseconomies of scale, simply because new and unprecedented problems appear.
 In these sectors, the critical or strategic problems shift and information control is no longer just about monitoring but becomes a critical problem.  Australian firm have made extensive use of the potential of control of information to exploit economies of scale in a range of sectors (Houghton, 2001).   

	Group 2:  Economies of Scale in the Control of Information.  The Case of the Retailing Sector

Retailing in Australia was up to the 1970s a very fragmented industry, with almost no innovations (Greig 2001). Since then, the sector has substantially transformed with mergers and acquisitions reducing the number of stores (Baston 1998). These changes have meant an increased concentration (and consequently economies of scale and scope), a more standardised product offer, and changes in power from the manufacturer to the large retailer. 

A key aspect of information control concerns price setting.  This is supported by close monitoring of consumer behaviour and interaction with the customers, including how product and packaging innovations and branding affect sales.  With this information retailers then adapt the quantity and type of products that are purchased from their suppliers.  As a consequence, a new and related problem emerges in logistics.  If this new problem can be overcome, also drawing on the control of information, then larger economies of scale can be reaped.  Greig (2001) gives an example from Woolworths, showing that the costs of handling an order has decreased 15 times through changes in the adoption and use of IT. The knowledge base for retailers has consequently expanded into e.g. logistics programming and materials science for packaging (Harvey et al, 2001). In Australia, the established retailers have a quite strong position in the larger segments, making it difficult for new firms to enter the market (Greig 2001). Technological changes, e.g. B2C and B2B, seem more likely to benefit large incumbents than start-ups, simply because the most critical resources remain established, while changes in consumer behaviour have been slow. 


In the third group of sectors increasing returns arise from economies of scale and scope, complementary technologies and network externalities, for example in telecommunications and packaged software.  Australia’s exports of software are particularly low by comparison with most OECD countries and roughly half of this export consists of repackaging of IT produced elsewhere (Houghton, 2001, 2002).  While many Australian firms are significant actors in their own, often highly profitable niches - Australia’s largest software producer is Mincom with some 1100 employees worldwide- Australia largely lacks major actors (software firms), Houghton (2002).  ICT consulting and implementation services are an area of strength, but like niche software, the logic of competitiveness appears to have little to do with economies of scale.  

Can we, at least in part, understand Australia’s relatively weak position in IT from the point of view of economies of scale, scope and network externalities?  Although telecommunications and IT have a long history in Australia, there has not been any major firm pushing the generation of technology.  This stands in stark contrast with e.g. the recent development in mobile communications in Scandinavia, where the long-term interaction of Scandinavian telecom equipment manufacturers and telecom operators should be understood as the most important source of creating standards, which the telecom equipment manufacturers were able to exploit in their further growth (e.g. Lindmark 2002)
. A similar analysis could probably be made for other types of hardware and software platforms. While significant activities can be achieved on a relatively small-scale, Australian firms have been ‘locked out’ of becoming significant actors compared to the ‘owners’ of the platforms. 

Focusing on different sources of increasing returns to adoption, this section has provided a tentative exploration of the evolution of different sectors in Australia. One issue that emerges, that will be pursued in more detail below, is that of path dependency in shaping strengths and weaknesses.  Due to the phenomena of increasing returns the timing of entry into new sectors and the prevailing policy, technological and economic circumstances at the time, have a major role in explaining a countries apparent comparative advantages. 

In relation to sectors characterised by economies of scale in production, Australia has been at the international forefront in, for example, mining or coal for more than a hundred years, and has consistently focused on improving these mechanisms. Hence, they have addressed the world market in such a way that they been able to increase their economies of scale in production. Notably, this has only recently happened in wine.  Australia was able to enter these sectors and started to reap increasing returns while the windows of opportunities were open (and as a consequence, might close these windows for other countries). The same logic can be seen in manufacturing, but with the opposite result.  Here, other nations started to move down the path of increasing returns, which led to a ‘locking-out’ of Australia (Myrdal (1957) and Kaufmann and Tödtling (1999a, 1999b)).  Although the sources differ, the same type of reasoning applies where economies of scale arise from complementary technologies and network externalities.  In this case these dynamics led to Australia being quite weak in an international perspective in these technologies and sectors. 

For the second group where economies of scale derive from economies in information, such as in the financial services and retailing, the internationalisation of these sectors has generally been slower than mining and manufacturing (Tether and Metcalfe 2001).  The home market plays a decisive role and Australian firms do reap increasing returns at that level, but have not been able to leverage off those advantages to successfully pursue international activities.  –

Conclusions in Relation to Increasing Returns

We draw three tentative conclusions from this analysis: 

Several Australian industry sectors (beer, wine, mining) in Group (1) are internationally competitive – the dominant firms are large exporting firms that are also large in an international comparison. Australia is stronger in the industries in this group where these are based on natural resources, but Australian manufacturing sectors seem to have been ‘locked out’.  The established strength in mining, and the more recent strength in the wine industry, is largely based largely on ‘low tech’ innovations combined with organisational and managerial changes
. These three sectors (beer, wine, and mining) have built up a range of supporting research organisations as well as large firms. Collaboration with these organisations have been important sources of competitive advantage.  In terms of changes in the organisational structure, the growth through mergers and acquisitions has consolidated the sectors. The recent example of the export success in the wine industry illustrate that during particular circumstances, major transformations can take place. 

In the firms belonging to Group 2, innovation and learning is primarily oriented towards control of information to better reap economies of scale. Many firms in these sectors (financial services, retailing) are domestically very competitive while not being major international players or exporters. Some financial service firms increased their level of international activity over the 1990s, although with mixed success.  Speculatively, the transformation in these sectors is largely driven through an ongoing computerization combined with organisational changes. 

The firms belonging to Group 3, are generally quite small by international standards. The firms have relatively low levels of activity in comparison to other OECD countries, as reflected in the very low ranking of Australia as a country in exports of IT equipment.  This exploratory analysis would suggest that Australian firms were either late entrants into this sector or for other reasons
 were unable to capture the benefits of increasing returns.  For the case of packaged software and telecom, Australia does not seem to have been a major player in moving towards network externalities by successfully creating platform technologies. Nor has Australia been successful in designing or setting standards.
6.4
Systems integration and technology adoption. 

To a large extent economic activity in Australia is based on imported technology – the ‘core’ product and process technology is imported, either as know-how or embodied in capital goods, components or final products.  Large resource and infrastructure projects are a special case of this general phenomena – but a case that nevertheless accounts for a relatively large share of fixed capital investment in Australia.  Australia is a particularly small player in ‘core technology’ areas that account for a high proportion of global R&D and patenting and in which economies of scale in innovation are high. 

One consequence of this is that much innovation activity in Australia is essentially ‘systems integration’ and problem solving in relation to integration and adaptation of sub-systems.  In some cases that problem solving activity intersects with areas of strength in Australia science and this leads to internationally significant technological innovation.  Examples of this are the role of photovoltaics in remote power supply and the use of signal processing in mining exploration.  In other cases the sequence of problem solving requires the accumulation of broad and deep capabilities in the research system in order to support the frequency and uniqueness of the problem solving demands.  This is particularly the case in Australian agriculture, environmental management and mining.  

Systems integration and technology adoption comprise a range of heterogeneous activities. These types of projects can be classified in terms of:

The level of customization or client intensity; 

main type of transformation (physical services, human services and information services).  

The Sydney Olympics and the setting-up of offshore oil & gas extraction facilities are examples of large, complex, one-off projects – that in Australia have been managed very successfully.  The role and relations of the different actors in one-off or small-batch large system integrating projects, are quite different than in mass production systems. Here, activities and skills in system integration, software development, logistics and project management become the core capabilities (Hobday, 2000).  In the case of complex mining and engineering projects, where Australia is highly competitive, the core of learning and innovative activities is not only centred around the process engineering but also and increasingly in the use of logistics, implementation of monitoring systems, IT use etc. 

Because these projects involve large expenditure and economic potential, policy makers often see them as an opportunity to leverage regional innovation systems and cluster formation. However, the evidence shows that the specialised and complex nature of these projects leads the organisations to search out supply and problem solving capabilities on a global basis.  The innovation systems associated to such projects tend to be more international than regional (Alderman, 1999, 2001). 

It appears that Australia has developed strong capabilities as a problem solving systems integrator and technology adopter in a number of industries. Efficient management associated with the integration of specialised services and technologies has become one of the driving forces behind the increase in productivity and competitiveness in some industries. This has been accompanied by an exponential growth of local, national and international consulting services industry. 

On the level of projects, actors address the specific problems and opportunities that emerge as a consequence of the development of the project by interacting and integrating their knowledge and expertise
.  Analysis of these project-level and transitory ‘systems’ involves three main elements:

· Actors (e.g operating firm, project managers, consultants, suppliers)

· Relationships and the factors affecting these relationships (e.g. laws, standards, established relationships, market conditions)

· Knowledge base (including the nature, characteristics and location of the knowledge needed to undertake the project)

A main actor is the project integrator. The project integrator is the firm responsible for the delivery of the total project package. There is also a prime contractor(s) responsible for the overall project management, central procurement of hardware and software, system engineering, and system validation and acceptance. Usually, the prime contractor is also responsible for designing, assembling and manufacturing products or specific components or subsystems required by the project integrator. Suppliers are the firms/organisations comprising the supply chain of the prime contractor or system integrator. These actors provide raw materials, capital goods, IT systems and specific technical know-how. The final type of actor is the client who commissions the project. 

One important organisational innovation in the Australian construction industry has been that of “relationship contracting".  “Relationship contracting”  was introduced by this industry as a mechanism to avert confrontation.  It involves a flexible risk sharing contract approach used to establish and manage relationships between clients and contractors in order to achieve successful project outcomes.  Relationship contracting requires the parties to become result focused and willing to challenge conventional standards.  The focus is on cooperative endeavour to improve project outcomes rather than establishing a legal regime to penalise non-conformance.

The knowledge base of large engineering projects characterised by systems integration is usually both large and distributed among many actors. The project integrator, through the formation of the project network, brings together geographically dispersed sources of expertise.  Such networks may be temporary but some partnerships may be cemented as a consequence of complementarities and common interests. In view of the significance of such projects in Australia a range of policy-related issues are relevant.  Can these large projects serve as a platform for new actors, and for knowledge and skills diffusion? Can they be useful platforms for start-up companies?

Although Australia has successfully undertaken a number of very large engineering projects, such as the Snowy Mountains Scheme and the North West Shelf gas project, there is no evidence that these projects led to the creation of regional ‘clusters’, sectoral innovation systems, or substantial new competences in Australian engineering firms
 (House of Representatives, 1995).

However, beyond these mega-projects, the gains from involvement in ‘systems integrating’ engineering projects may be more widely dispersed.  The integration of outsourced activities is an increasingly important function in mining, manufacturing and services. The rise of the mining technology services industry formed by a number of small consulting firms, which has been developing some successful export products
 such as different types of mining software, can be also seen as another aspect of the disaggregation of the knowledge base and the accumulation of capabilities in activities related to coordination, logistics  and management.  The emergence of the engineering and commercial services sector as the largest  R&D spender in Australia may also be related to system integration activities.  

Conclusions in Relation to Systems Integration

Our major conclusion from this assessment, and from complementary analyses in the project, is that innovation involving the integration and adaptation of largely imported systems and subsystems (we have called this ‘systems integration’) is particularly important in Australia and that these types of innovation require further specification and analysis.  The capabilities to bring together technologies, skills and other resources seems to be facilitated by particular characteristics of institutional set-up in Australia embedded in firm ownership structures, regulations and attitude to technology adoption and use. 

Second, it is likely that a high proportion of global innovation activity, made visible through R&D flows and patenting, focuses on advances in core technologies in ICT hardware, electrical and internal combustion engine technology, pharmaceuticals, software platforms, etc.  These type of indicators are far less useful in capturing the far more diverse processes involved in ‘systems integration’. -

Part D. Interpreting the Analyses

7.
Interpreting National Characteristics 

7.1
Introduction

In this final section we outline our overall conclusions from this first phase of work in relation to three questions: 

How is the Australian Innovation System performing? 

What methods are most appropriate for the analysis of innovation system performance? 

What approach will the AUSIS project take to the next phase of the research. 

7.2
Overall Conclusions Regarding the Australian Innovation System

The Role of Resource-Enabled, Knowledge-Based, Competition-Driven Innovation.  

The performance of much of Australia’s mining and agricultural industries is dependent on innovation based on complex technologies and high-level capabilities.  These industries are resource-enabled but increasingly knowledge based.  In major areas of mining and agriculture Australian productivity performance is world leading.  In both mining and agriculture the strong and sustained demands for innovation and problem solving have led to the emergence of specialist providers of equipment and services– although much of the core capital goods are imported
.  Increasingly, these specialist suppliers are now exporting goods and services.  In some industries (eg mining and wine) the ‘knowledge infrastructure’, including research and training organisations and a range of intermediary organisations and mechanisms, is well developed and plays a key role in the continuous upgrading of technologies and firm level capabilities.  

Conservative Patterns of Evolution

Nations develop particular economic and industrial structures and specialise in particular types of technologies; these patterns tend to prevail for long periods of time and such path-dependence affects all processes of technological change.  

Australia has a high and sustained level of specialisation in mining and agriculture and a concentration of patenting in areas of relatively slow technological change.  Among OECD countries Australia has had one of the lowest levels of change in technological specialisation over the last 20 years.  While patenting in biotechnology and pharmaceuticals has grown rapidly over the past decade there is little evidence of significant emerging areas of technological specialisation. Specialisation data also shows that Australia has not registered the emergence of any new major sector or field of considerable strength such as telecom in Finland and Sweden; oil in Norway; semiconductors in Korea and Taiwan, and motor vehicles in Germany.  

While Australia has diversified export markets and products, it’s relative level of specialisation in natural resource based commodities has increased.  However, below these aggregate categories there is a great deal of increasingly sophisticated innovation underpinning productivity growth and product diversification.  Such innovation involves, for example, productivity enhancing innovation (eg advanced exploration technology to identify deep mineral deposits, new smelting technology, greater use of IT in mining and agriculture) higher value adding and product diversification (eg leading edge animal reproduction technology to support the production of low fat beef), new development of new sub-sectors based on new technologies (light metals, aquaculture, floriculture).  Many of these involve new linkages among established actors (eg mining companies and public sector research organisations) but many also involve new actors, including international investors and customers. 

Overall the picture that emerges is one of a conservative ‘innovation system’ that is only slowly (perhaps too slowly) generating sustainable new paths of technological accumulation (clusters, sectors). This perspective focuses our attention on the emergence of new paths and on the response of existing actors (policy actors, financial organisations, research organisations) to new challenges and the role of institutions (including what comes under the term culture) in shaping how ‘problems’ and potential responses are framed and how these processes influence the development of new paths.  However, we are aware that below the surface of broad categories like ‘mining’ there is a great deal of diversity in commercial activity, technology and growing depth in the knowledge base. 

The phenomena of increasing returns can have a major role in the competitive dynamics of firms, sectors and regions. Through positive feedback mechanisms (such as economies of scale, experience or learning curves) firms, sectors or regions that have a slight lead over competitors can move even further ahead.  By benefiting prime movers rather than latecomers, increasing returns reinforces path-dependency. For a nation, increasing returns influences both the types of activities or sectors in which the nation is ‘competitive’ and the rate of economic growth.  The phenomena of increasing returns are likely to be one of the reasons why the level of value adding to Australian primary exports has developed slowly. 

While changes in national sectoral specialisations are slow, they may still come about, especially if the ‘rules of the game’ are altered.  Such rule changes can result from technological disruption that makes the knowledge base of a sector obsolete, or from transformation of the business logic.  For example in the wine industry, a transformation occurred when the mass market was reached by cheap, high quality standard wines, often distributed in cartons.  This transformation required and led to a shift in knowledge base, further consolidating the competitive position of the new leaders, but also requiring complementary shifts in the education and training organisations. 

Deregulation of trade may limit the scope for the emergence of new specialisations in areas of faster market growth, unless policy initiatives directly strengthen competencies.  An increasingly important aspect of this perspective is the role of Australian organisations in the global division of labour in the production of goods and services and the production of knowledge.  The significance for Australia of these aspects of globalisation derives from five facets: 

· The relatively high level of foreign ownership in Australian industry and the relatively high level of FDI in relation to Australian GDP.

· The significance of global supply chains, and the distribution of power in such chains, in shaping the opportunities for value adding and the capture of benefit from such activity in Australian resource-based industries. 

· The particular challenge for Australian firms to leverage off the small domestic market and enter and build a market position in export markets.

· The challenges in participation in international research and innovation-related networks that arise due to Australia’s geographical location and position outside the European and North American ‘blocs’.  

· In the context of the changing international specialisation in research and product development, the growth or dismemberment of links between foreign controlled firms and Australian innovation activity – and the significance of these changes for the scale and the dynamism of innovation in Australia.

Technology Integration and Adaptation

Australian firms are largely users and adapters of core technologies and as such could be termed ‘systems integrators’. This is a particular capability to add value by integrating or “assembling” systems, resources and technologies rather than involvement in their development.  The core competences of ‘systems integrators’ are related more to activities such as project management, the integration of heterogeneous sub-systems, risk and financial assessment, logistics, and particularly problem solving and adaptation to particular applications.  The significance of adaptation, and the knowledge of the constituent technologies and of the users application environment that will be required, varies widely.  Innovation activity that begins as systems integration can over time involve growing novelty and a progressive shift in the make/buy pattern as firm specific knowledge and the market demand for specialised systems grows.  A great deal of innovation activity in all countries involves ‘systems integration’ to a greater or lesser degree.  The extent of systems integration in production and innovation is growing with increasing modularity and the growing role of service organisations in the provision of ‘integrated solutions’.  

There is no evidence of systemic weaknesses in the capacities of Australian industrial or research organisations to acquire, apply and modify embodied or disembodied knowledge from local and international sources.  The available evidence suggests that many Australian firms actively search the global stock of knowledge/technology, and that Australians are among the world’s most intensive and rapid users of new ICT technology.  On the basis of econometric analysis, Dowrick and Day (2003) estimate that international technology transfer accounts for approximately half of the productivity growth in the market sector of the Australian economy over the 1990s
.  This is a level similar to that of other OECD countries with comparable levels of labour productivity.  Australian users have benefited, through lower costs and improved products, from the high levels of competition among producers in ‘high tech’ manufacturing and the public subsidies provided to ‘high tech’ research in some countries.

We could characterise the Australian innovation system as a ‘systems integration’ innovation system in five respects:

1. As a small economy, largely based on resource-based sectors, the majority of technology is imported as diffuse knowledge, proprietary knowledge acquired in the context of intra-firm transfers or contractual relationships (licensing), or embodied in people, products and equipment.  Most services firms are users of equipment from specialist suppliers and services account for a relatively large share of Australian industry.

2. The domestic production of capital goods (production equipment) is relatively low and has declined over time, with the result the overall dependence on imported technology, particularly ICT systems, has increased.

3. Major resource projects in particular, and infrastructure development in general, account for a large share of economic activity in Australia.  Such projects are heavy users of imported production equipment and often have a high import content of investment.

4. A relatively high proportion of business research and development (BERD) is in the engineering and commercial services sector. This may suggest a very active role of independent consulting engineering firms in activities such as software development and the provision of specialised services, which may be an important characteristic of the systems integration dynamics. 

5. One off, large and complex engineering projects have become more important in Australia economic landscape.  Australian firms have demonstrated increasing competence in the successful management of these projects. The capability to bring together technologies, skills and other resources seems to be facilitated by attitudes to technology adoption and use, regulatory regimes and the characteristics of firms.  Although, some cases (eg the North-West Shelf) show the difficulty of capturing a strong ‘cluster’ development leverage from major infrastructure projects, and success in exporting such project expertise appears to be limited, the competencies involved in ‘delivering’ these major projects are important for Australia’s international competitiveness.

While not diminishing the importance of breakthrough innovation or of local discovery, the majority of innovation is incremental involving improvement in products, processes, methods, etc, and is based on knowledge sourced from outside Australia.  Hence, broadly distributed capabilities are vital and investment in human resources is the essential foundation for innovation. 

Diversification and Evolution: Emerging New Firms and Niches

While the overall story is one of ‘path dependency’ there are nevertheless important signs of change.  The increasing ‘speed’ of Australian patenting and the recent strong growth in pharmaceuticals and biotechnology patenting are one dimension of this change.   In sectors such as these access to marketing channels, and other complementary assets, will require various forms of collaboration with international firms.  The management of these international relationships, and the strength of the positioning of Australian firms in global supply chains and collaborations, will shape the level of benefit from innovation captured by Australian firms
.  There is a rich constellation of emerging new firms, often in specialised niches, although few appear to be major new trajectories.  Such firms are in a diverse range of sectors and include particularly firms bringing new technology solutions to growing markets in health, environmental management, renewable energy technologies and ICT applications in services and resource sectors.  Such firms emerge both from the technology supply side (eg research organisations, technology suppliers), from the demand side (the commercialisation of a solution developed within a user organisation) or from entrepreneurs identifying market opportunities.  Services sectors accounted for 77% of Australian GDP and over 82% of employment in 2001-02 and some services sectors (eg engineering and commercial service) have a sharply growing role in R&D.  

However, Australia is a tough environment in which to develop new innovation-based enterprises:

The domestic market is a small base from which to finance R&D and other innovation inputs;

Capital providers are conservative and again the small domestic market limits the scale of investment;

Accessing export markets is a major challenge for a small company. 

Few large innovation based domestic companies that nurture and spin-off new ventures. 

Difficult to attract MNC innovation and product ‘mandates’ 

In this context government support programs have played a vital role.  These include sectoral programs such as PIIP and the automotive program and support from R&D to export market entry (EMDG) and support (EFIC)
.  

The Pervasive Role of the Public Sector

The public sector research and training system in particular and the public sector in general has a relatively large role in the Australian ‘innovation system’. This is the case for several reasons:

A relatively high proportion of Australian GDP is allocated to research carried out in the public sector, particularly in government research organisations and such research accounts for a relatively high share of Australia’s GERD.  This is because relative to other countries both the level of BERD in Australia is low and little publicly funded research is carried out outside the public research sector. 

Public sector research continues to play a major role in the agricultural and health sectors and at least in the more generic and indivisible areas of the mining industry (eg geology, exploration and environmental management). 

A relatively high proportion of Australian firms are small enterprises and with very few major high-R&D-intensity firms there are few poles of major capability accumulation shaped by corporate decisions about the costs and benefits of innovation. 

If, as appears to be the case, Australian managers are relatively risk averse, at least in the domain of technological innovation, the policies and programs of government (and of institutional investors) will have a major bearing on corporate behaviour in this regard. 

Public expenditure, and to varying degrees public agencies and enterprises, continue to have central roles in the provision of much physical infrastructure and in services such as health and education, and powerful regulatory role in the provision of other infrastructure and services, recently in the public domain. 

As a consequence, public sector research and training organisations will be important actors in many Australian innovation systems, and, at a higher level, government (State and Federal) policy and regulatory regimes are likely to be important influences on the evolution of Australia’s innovation systems. 

Overall Assessment 

We can approach the assessment of the Australian NIS in terms of three dimensions:  

· Performance in generating (and renovating) resources required (on the basis of current needs) by firms and other problem-solving organizations (actors).  These resources include human resources, knowledge, networks, infrastructure, trust, standards, etc.  

· Performance in solving problems – ie in mobilising resources to meet performance gaps.  This operates at the level of the firm, the technological ‘system’, the sector and, in relation particularly to the policy domain, at the national level.  

· Performance in ensuring diversity and hence generating options for economic (etc) progress–ie building capacities beyond those needed for current problem solving, as in developing new competencies, technological trajectories, industries, clusters, innovation systems
.. 

The first phase of the project has been focussed on the development of concepts and methods for the systematic analysis of innovation systems in Australia, rather than on a comprehensive assessment of performance.  Hence, the following comments are not the result of systematic analysis but represent our preliminary views.  

While the overall evidence suggests that the innovation system is performing reasonably well on the first dimension, when assessed in terms of recent performance, there are several caveats: 

one-off factors appear to have been major sources of productivity growth; 

export success in several product fields has been boosted both by the declining A$ and by policy measures (eg in automotive and pharmaceuticals);

major differences between the knowledge base in industry and the public sector research system may signal mismatches;

The Australian innovation systems are evolving in response to new demands including the rising importance of ICT and the opportunities and challenges of more open trading regimes.  Significant new areas of strength have developed. However, a critical issue is whether the evolution and upgrading of innovation systems is too slow or not sufficiently progressive in some dimensions.  There is some evidence that awareness throughout industry of the significance of innovation remains relatively low.
 

In relation to the third of these dimensions, one general area that appears to be a continuing systemic weakness is that of the exploration of new industry development through new firm formation, either as start-ups or spin-offs from existing firms
.  The relatively low levels of early stage venture finance appears to be a continuing problem, but this is likely to be in part an expression of limited competences (in investors and investees) for capturing value from high risk innovation-based ventures.  With its specialisation in low-growth resource-based sectors the economy remains vulnerable to ‘lock-in’ unless more direct policy measures support the generation of assets
 and patterns of demand
 that can stimulate the development of more knowledge-based sectors. 
7.3
Methodological Conclusions

Many of the most important patterns of innovation are not, and perhaps cannot, be found on the level of the nation.  The reason is that in general studies on the national level are too aggregated to capture the innovative behaviour of key actors in the system. This is especially true for emerging activities, which are often submerged in more aggregate categories.  Furthermore, Australia’s innovation systems are highly dispersed: geographically, sectorally, and organisationally.  Inappropriate aggregation will provide a distorted picture of innovation system, and particularly of their dynamics.  Hence, studies need to be developed at the meso level (the level of sectors and technological innovation systems), must to undertaken to understand the workings of nations.  In the absence of a foundation of meso-level analysis the interpretation of indicator-based analyses will remain unsystematic. 

While conceptually relevant, national and regional innovation systems approaches (the process centered innovation systems approaches) do not provide frameworks for analysis that can be taken very far. In fact, it becomes increasingly questionable whether they ever will (Balzat, 2002).  Their heuristic character makes them extremely difficult to operationalise, because what happen at the level of nation or region is an extremely complex and multi faceted phenomenon.

While ‘national innovation systems’ are a limited focusing device for empirically analysing nations, there is no doubt that institutions are of vital importance for how nations specialise, diversify and grow
.  In fact, we conclude that institutions are the main (or perhaps only) national mechanism connecting different actors. Furthermore, some (but not all) institutions are under the direct control of those actors that have a policy role. Hence, the role of institutions and processes of institutional change need to be addressed when analysing innovation systems in nations. 

The ‘traditional’ indicators of innovation inputs and outputs (business R&D and patents) are likely to be poor indicators of innovation performance in Australia.  Similarly, assessments based on benchmarking on a ‘best practice’ economy or a ‘best practice’ innovation system are inherently flawed – all nations are not on a common development path.  

7.4
AUSIS Issues for Research

The second stage of the AUSIS project focuses on developing a complementary set of meso-level case studies.  Each will analyse the processes of problem solving and the co-evolution of technologies and institutions in a specific sector or field of technology, focusing on identifying and analysing the role of four dimensions:

Actors and interactions. 

Knowledge bases. 

Institutions. 

Technological structure and demand

The case studies will be selected to ensure coverage of three situations:

1. Well established Australian sectors that may face the risk of being ‘dismantled’.  These sectors consist of one or several innovation systems that have enabled their competitiveness but recent change (eg regulation, or globalisation of ownership) threatens their sustainability. 

2. Australian sectors that have achieved significant success.  In these cases it appears that innovation systems have evolved around these sectors, enabling sustained improvements in performance.  A particular interest in the analysis of these sectors is to understand how these systems work in generating and diffusing knowledge. 

3. Australian ‘sectors’ in the emergent phase. In these cases the sectors are likely to be only beginning to develop an identity, shared agenda and networks.  Analysis in these cases wil focus on the patterns of interaction among the actors (including research, training and policy actors) and the development of the knowledge base. 

This approach is summarised in Chart 28 below.  In all cases we will analyse the role of national institutions and organisations in these particular sectoral domains.  We will also seek to better understand the development of competencies at the level of the firm and the innovation system, including competencies for technology integration and adaptation.  We will seek opportunities to assess whether the characteristics of innovation systems at this level are different from those in comparable sectors in other countries. 

Chart 28 
Framework for Case Study Selection for AUSIS Project Phase 2. 

	Type of Sector
	Specific Questions
	Examples
	Initial Cases

	Well-established sectors
	Nature of threats and responses. 

Role in stimulating the emergence of new actors and knowledge bases.
	Mining

Min. exploration

Agriculture

Financial services
	Minerals exploration

	Success stories
	Sources of performance improvement, development of knowledge bases and interaction. 

Development of competencies for global marketing, collaboration and investment. 
	Wine 

Automotive

Computer games 

Petroleum extraction 

Med. devices
	Wine

Automotive

	Emergent Sectors
	Incentives and impediments to development.  

Role of critical mass and economies of scale
	Renewable energy

Aquaculture

Biotechnology

Business services
	Photovoltaics
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� Our decision not to allocate more effort into an unavoidably ad hoc indicator-based approach was also influenced by the establishment of a large task force in the Department of Education, Science and Training to undertake a project on ‘Mapping the Australian Science System’.  


� This work is reported in detail in Working Paper 2: Innovation In Australia: Characterisation Of Four Themes In Australian Innovation Systems. Balaguer, A.,  Holmén, M., with Scott-Kemmis, D. Matthews, J.H. and Jones, A. J.  (2003);  and Working Paper 3: Regional Aspects of Australia’s R&D Activities Bryant, K, Dalitz, R. and Scott-Kemmis, D.


� See Working Paper 1. Innovation Systems As An Analytical Framework: Promises And Limitations.  Antonio Balaguer and Magnus Holmén (2003)





� These analyses were chosen to be sufficiently broad to cover several sectors and technologies. 


� A national perspective is important not only because it is an important domain of policy but because a wide range of national level institutions are national in character.  


� Note that even if there is not a one-to-one relation, the economic structure reflects the technological and industrial specialisation of a country. To some extent then, the economic structure can be analysed through the means of taxonomies (Pavitt, 1984, Soete 1989, Miles and Coombs 1999) simply by associating data on the economic structure to the various categories in the taxonomies.


� For example, a high level of dependence on ICT exports was a ‘good thing’ in 1999, but a far less attractive economic structure in 2002.  


� The concept organisation here covers all types of organisations, such as firms, policy agencies, universities etc. The notion institution refers to either pervasive or persistent patterns of behaviour in the nation or rules or regulations within a country.


� See for example: Elek, Camilleri & Lester.  The Role of Technological Change in Australian Economic Performance.  Centre for Economic Policy Research.  ANU.  1987, and Sheehan, P. and G. Messinis.  Innovation in Australia. 


� The Allen Consulting Group.  Systematic Mismatches in the National Innovation System.  2000.


�.Aggregate patent performance is a poor indicator of Australian performance, because much technological activity is in fields of low patent activity and  also activity in ‘high tech’ fields tends to be in narrow niches rather than broad fields.  


� DITR Australian Innovation Scoreboard. 2002.  (2003)


� DEST Australian Science at a Glance. 2002. 


� DITR Australia as a Modern Economy,  2002. .  Estimates based on OECD categories. 


� DITR Australia as a Modern Economy,  2002; p19.   Estimates based on OECD categories, for 1998.


� DITR Measuring Innovation Performance. Current Status and Future Considerations. Draft April 2003.


� DITR Australia as a Modern Economy,  2002; p36.  Figures are for 1987-1997.


� AEGIS The High Road and the Low Road.  Australian Business Foundation.  1997. 


� DITR Australia as a Modern Economy,  2002; p45.  Figures are for 1997. 


� OECD STI Scoreboard, 2001. 


� OECD STI Scoreboard, 2001.


� DIST Australian Business Innovation.  AGPS 1996. 


� DITR Australia as a Modern Economy,  2002; p20 .  Estimates based on OECD categories, for 1990-98


� OECD STI Scoreboard, 2001. Figures are for the 1990-99 period.


� OECD STI Scoreboard, 2001. Figures are for the 1990-99 period.


� Working Paper 4: Assessing Australia: Characteristics, Innovation, Structure and Specialisation


� Global Entrepreneurship Monitor 2001. Figures are for2001 and the data were developed from surveys. 


� DITR Australia as a Modern Economy,  2002, p3. .  Estimates based on OECD categories, for 2001. 


� DITR Australia as a Modern Economy,  2002, p5. .  Estimates based on OECD categories, for 2000.


� US Patent and Trade Mark Office.  Data for 1992-99


� Working Paper 4: Assessing Australia: Characteristics, Innovation, Structure and Specialisation.


� Working Paper 4: Assessing Australia: Characteristics, Innovation, Structure and Specialisation


� DITR Australia as a Modern Economy,  2002. .  Estimates based on OECD categories and cover the period 1990-2000, 


� Working Paper 4:Assessing Australia: Characteristics, Innovation, Structure and Specialisation. Based on Revealed Comparative Advantage scores. 


� DITR Australia as a Modern Economy,  2002; p34-5.  Figures are for 1999. 


� DITR Australia as a Modern Economy,  2002; p36.  Figures are for 1997 for Australia and 1996 for other countries.


� Industry Task Force on Leadership and Management Skills. Enterprising Nation (Karpin Report) Canberra: AGPS; 1995)


� Australian Research Council & CSIRO Inventing Our Future 2000. p27 and DITR Australia as a Modern Economy,  2002; p43


� OECD STI Scoreboard 2001. 


� OECD STI Scoreboard 2001. 


� AEGIS the High Road and the Low Road.  Australian Business Foundation.  1997; Sheehan, P. and G. Messinis.  Innovation in Australia. 


� AEGIS the High Road and the Low Road.  Australian Business Foundation.  1997


� DITR Australia as a Modern Economy,  2002; p13.. .  Estimates based on OECD categories, for 2001.


� Working Paper 4:Assessing Australia: Characteristics, Innovation, Structure and Specialisation. Based on Revealed Comparative Advantage scores.


� OECD (2001 and OECD STI Scoreboard (1999).  The latter trend may be a result of the former and both may be due to Australia’s relative isolation.  


� OECD STI Scoreboard, 2001. Figures are for the 1995-99 period. 


� David Brown.The Innovative Company.  Arthur D. Little International.  2002. 


� OECD Economic Survey: Australia.  1998. Paris.  1998.  


�OECD STI Scoreboard, 2001. Figures are for the 1995-99 period


� DITR Australia as a Modern Economy,  2002; p7. .  Estimates based on OECD categories, for 1999.


� US Patent and Trade Mark Office.  Data for 1992-99


� Working Paper 4: Assessing Australia: Characteristics, Innovation, Structure and Specialisation


� Working Paper 2: Innovation In Australia: Characterisation of Four Themes in Australian Innovation Systems


� Working Paper 4: Assessing Australia: Characteristics, Innovation, Structure and Specialisation


�  Where national economic, environmental, social (etc) performance is unsustainable and cannot meet the objectives of the society, change in the innovation system is one mechanism for achieving change in the wider economic, social and environmental system.


� Bean, C.  The Australian Economic ‘Miracle’: A view from the North.  Australian Economy in the 1990s. Reserve Bank of Australia 2000 Conference. P 95 


� Brown, D.  The Innovative Firm.  Arthur D. Little 2002. 


� The Allen Consulting Group.  Systemic Mismatches in the National Innovation System.  2000. and Bourke, P. (2000) Relative Strengths in Australian Basic Science.  A Summary Bibliometric Map.  Contributed Paper. National Innovation Summit.  Bourke claims that in the US industry participated in one in four ‘engineering and technology’ papers whereas in Australia they participated in one in twenty such papers.  


� The AUSIS research project is analysing the emergence of new sectors and technology trajectories in Australia. 


� Like Sheehan and Messinis, Bean draws attention to the rising level of private and external Australian debt.  Bean, C.  The Australian Economic ‘Miracle’: A view from the North.  Australian Economy in the 1990s. RBA 2000 Conference.  


� Openness and Growth Steve Dowrick RBA 1994 Conference International Integration of the Australian Economy


� The SEO and RF classifications are the principal components of the Australian Standard Research Classification (ASRC).  Strictly, the RF classification (which has more general application than to research alone) is described as the research fields, courses and disciplines classification (RFCD).


� See Working Paper 3: Regional Aspects of Australia’s R&D.


� Not all of this variation in gross R&D expenditure as %GSP (Gross State Product) is due to differences in levels of business R&D expenditure – Commonwealth and Higher Education R&D activity contributes to inter-state variation in R&D intensity.


� We are developing time series for key RFs and SEOs at the State and national levels, but there are technical issues relating to changes in the Australian Standard Research Classification that we must resolve before we can assess the reliability of any such analysis. 


� This analysis of patenting in Australia is based on data provided by the Australian Intellectual Property Office. While a substantial effort was made to allocate patents to organisations at the state level it is not always possible to do this unambiguously.  We note again the important caveat that the propensity to patent innovations varies across sectors, and is particularly low in service sectors that account for a rising share of BERD.  


� For a more detailed discussion of State and Territory patterns see Working Paper 3: Regional Aspects of Australia’s R&D Activities


� Based on the analyses in Working Paper 3: Regional Aspects of Australia’s R&D


� R&D expenditure provides a broad overview of the amount and direction of innovative effort-. However, this indicator lacks information on the content of activities, and many significant innovations have little to do with R&D.  Patents are output indicators related to the content of technological inventions.  While a very useful indicator, we must note that not all inventions are patented, and hence the propensity to patent is uneven across countries, sectors and technologies.  For example, software is severely underrepresented.  





� The definition of national R&D intensity is gross expenditure of R&D (GERD) over GDP (%). 


� These trends in sectoral level BERD raise questions for further analysis, for example: Why is Australian BERD in motor vehicles almost double that of Canada, which has a much larger industry and exports 39 times (period 1995-2000) more motor vehicles than Australia? Why does Australia show a high growth rate in BERD in metals and metal products when Canada, a major Australian competitor in these sectors, has maintained much lower rates? Why has the food & beverages industry become much more R&D intensive in Australia than in Canada?


� Further analysis of the cross-data based on socio-economic objective (SEO/ANZIC) and. fields of research (FOR) promises further insight about how much research in ICT, software development and related services is directed through specific purpose R&D programs.


� This terminology, although commonly used in the literature, can be misleading.  It does not mean that a country necessarily has an ‘advantage’ in a technology.  In fact, RTA is a measure of a country’s current technology specialisation, or the emphasis it places on a particular technology, relative to other countries.  The definition of RTA for nations is the ratio of relative share of patents in technological field M in country N over the relative share of patents in technology M for the world.  An RTA above 1 for a given technology implies that the country is specialised in this technology. 


� Korea has been added to the comparison because it is an impressive case that has radically transformed its specialisation patterns. 


� The TCT indicator is the median age of the references (i.e. ‘prior art’ citations to publications and patents) cited on the patent. The lower the TCT value the more recent the antecedent knowledge and thus it is assumed the more rapid the technological change.  The science linkage (SL) is a measure of the number of these citations that are to the scientific literature. This measure provides an indicator of the link between a technological field and the scientific research base.


� This was also shown in ARC (2000) “Inventing Our Future”.  


� This is defined in an analogous way to RTA (footnote 73).  As for RTA, the terminology may be misleading.  A high RCA does not necessarily mean that a country has an ‘advantage’ in a particular science.  RCA is a measure of a country’s current scientific specialisation, or the emphasis it places on particular science, relative to other countries.  


�. This characteristic was discussed in BIE (1996) Australian Science Performance from Published Papers


� Note that technological specialisation (revealed technological advantage) is distinct from industrial specialisation.


� Note, agricultural technology is far from being mature in all respects. 


� These are trends that the AUSIS project will explore further.


� Some special cases include relations between multinational corporations and their subsidiaries and particular sectors where the actors have an international outlook, e.g. the mining sector (Fleming 2002). One reason is the limited size of the Australian market, forcing firms offshore to meet the financial requirements of their corporate strategies. 


� The mining sector may be an exception to this generalization (Fleming, 2002). 


� Brown (2002) argues on the basis of comparative international surveys that Australian firms focus far more than firms in other countries on process innovation.  


�The Australian Venture Capital sector had its beginnings during the 1980s. At this time the Government introduced the Management Investment Companies (MIC) scheme which was a tax induced scheme to encourage venture capital investment, particularly in early stage companies. There was strong activity until the 1987 stock market crash caused a dramatic decline as investors deserted the high risk sector. By the end of the decade and early 1990s, the venture capital sector was in the doldrums with far fewer capitalists remaining, and institutional investors preferring to place their money in less risky assets. Of the venture capital investors that did remain there was a strong preference to concentrate on more mature private companies. In 1992, the Government replaced the MIC scheme with the Pooled Development Funds program. At about the same time the Government also launched the $30 million Australian Technology Group, designed to make investments also in early-stage ventures using the Government’s $30 million in capital. It took ATG about 18 months to make six investments. 





�Australian Bureau of Statistics, Venture Capital 2000-01, Cat 5678, Table 1. 


� Such problems of ‘immaturity’ have been reported for other countries and it would be surprising if the situation were different in Australia (Bank of England 1996, Jacobsson and Karaömerliuglu 2000).


� One reason for suggesting this is that up until the 1970s, Australia had a constrained financial market. This meant that equity partly substituted by to some extent functioning as debt. In more recent times, it is reflected in a relatively late evolution of a venture capital industry, partly as a reflection of the earlier regulation.


� Increasing returns arise when positive feedbacks enable first movers to gain increasing competitive advantages. The feedback mechanisms to firms may consist of, for example, financial leverage, knowledge and information of customer needs, or production knowledge and information. 





� A fourth type is economies of scale in development (Nightingale 2000). 


� The definition of control is ‘purposive influence towards a predetermined goal’ (Beniger 1986, p. 7). 


� The classic example is the expansion of railways in the 19th century, where trains started to crash when separate railways became connected. The reason for this was that information was not communicated clearly in a standardised and uniform way. Only when information of e.g. delays in traffic were properly managed, could the scale of activities be increased further.


� The role of competent users in innovation in general, and in the emergence of new supply –side capabilities in particular, will be an important issue for the second stage of the AUSIS project.  


� We recognise that innovation in wine and mining is increasingly science-based and particularly in mining may involve world leading applications of ICT.  


� Other reasons may include the apparently high failure rate in establishing operations in the US and Europe, such that firms fail to maintain growth momentum in order to gain the benefits of early entry and economies of scale.  


�  This methodology is based on Alderman (1999, 2001),


� See Working Paper 2 for a more extended discussion of these projects.  


� The DITR’s industry outlook points out that 60% of the world mining operations are using  mining software developed by Australian companies.


� Competent (leading edge?) and demanding users play a key role in the development of specialist suppliers. 


� Dowrick, S & C.Day.  Australian Economic Growth.  Why Bill Gates and the Ageing Pessimists are Wrong.  National Institute of Economics and Business Public Lecture. May 2003. 


� The history of ICT development in Australia and many other countries suggests that new technology-based industrial development is most likely to be sustainable where there is a strong nexus between technology development and local patterns of demand. 


� The Allen Consulting Group. Australian Innovation Models. Dec. 1999. 


�  Where national economic, environmental, social (etc) performance is unsustainable and cannot meet the objectives of the society, change in the innovation system is one mechanism for achieving change in the wider economic, social and environmental system.


� This is evidenced by the  complacency about relative innovation performance, a focus on process innovation and the limited exploration of innovation issues in many Action Agendas, and the slow improvement in R&D. 


� While there has been recent policy interest in start-ups and spin-offs with their origins in public sector research organisations, there has been little attention to spin-offs from existing business enterprises. 


� Particularly knowledge, competencies and international links. 


� For example for innovations in environmental technology, urban services, health care, and renewable technology.  


� Conceptual and methodological issues in innovation systems research are discussed in detail in Working Paper 1: Innovation Systems As An Analytical Framework: Promises And Limitations


� Institutions are both understood as structures (rules, laws and regulations) as well as behaviour common and persistent among a number of actors
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Figure 1. Australia's Innovation Performance Compared to OECD Average*
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								1982-86		1987-91		1992-96		1997-01

						RTA		1.1995765757		1.074655101		1.0819024806		1.0276880434





Molecular Biology and Genetics

		Molecular Biology and Genetics

		Cls		Class Name		1982-86		1987-91		1992-96		1997-01

				World field		107180		134083		168289		188753

				World Total		2644083		3087696		3686542		4115267

				Australia field		2414		3378		4738		5590

				Australia Total		61956		72280		95329		114300

		RTA		(Aus-pats-ind/Aus-pats-Tot)/ (World-pats-ind/World-pats-Tot)

								1982-86		1987-91		1992-96		1997-01

						RTA		0.9612032396		1.0762231214		1.0887633053		1.0662762408





Multidisciplinary

		Multidisciplinary

		Cls		Class Name		1982-86		1987-91		1992-96		1997-01

				World field		73710		74962		76182		78610

				World Total		2644083		3087696		3686542		4115267

				Australia field		1142		1255		1463		1812

				Australia Total		61956		72280		95329		114300

		RTA		(Aus-pats-ind/Aus-pats-Tot)/ (World-pats-ind/World-pats-Tot)

								1982-86		1987-91		1992-96		1997-01

						RTA		0.6611978086		0.7151859137		0.7426532825		0.8299122676





Neurosciences

		Neurosciences

		Cls		Class Name		1982-86		1987-91		1992-96		1997-01

				World field		78298		97513		121151		139584

				World Total		2644083		3087696		3686542		4115267

				Australia field		1609		2215		2727		3562

				Australia Total		61956		72280		95329		114300

		RTA		(Aus-pats-ind/Aus-pats-Tot)/ (World-pats-ind/World-pats-Tot)

								1982-86		1987-91		1992-96		1997-01

						RTA		0.8769949409		0.9703481989		0.8704669442		0.9187768899





Pharmacology

		Pharmacology

		Cls		Class Name		1982-86		1987-91		1992-96		1997-01

				World field		66086		72116		78059		76843

				World Total		2644083		3087696		3686542		4115267

				Australia field		1316		1539		1763		1899

				Australia Total		61956		72280		95329		114300

		RTA		(Aus-pats-ind/Aus-pats-Tot)/ (World-pats-ind/World-pats-Tot)

								1982-86		1987-91		1992-96		1997-01

						RTA		0.8498418934		0.9116400181		0.8734206946		0.8897591039





Physics

		Physics

		Cls		Class Name		1982-86		1987-91		1992-96		1997-01

				World field		250917		320318		404128		461541

				World Total		2644083		3087696		3686542		4115267

				Australia field		3232		3873		6508		7844

				Australia Total		61956		72280		95329		114300

		RTA		(Aus-pats-ind/Aus-pats-Tot)/ (World-pats-ind/World-pats-Tot)

								1982-86		1987-91		1992-96		1997-01

						RTA		0.5497091659		0.5165145312		0.6227629275		0.6118980731





Plant and Animal Sciences

		Plant animals sciences

		Cls		Class Name		1982-86		1987-91		1992-96		1997-01

				World field		199040		220317		236686		243838

				World Total		2644083		3087696		3686542		4115267

				Australia field		8866		9473		11055		12610

				Australia Total		61956		72280		95329		114300

		RTA		(Aus-pats-ind/Aus-pats-Tot)/ (World-pats-ind/World-pats-Tot)

								1982-86		1987-91		1992-96		1997-01

						RTA		1.9009866928		1.8367748294		1.8062602541		1.8619391611





Psychology&Psych

		Psychology/Psychiatry

		Cls		Class Name		1982-86		1987-91		1992-96		1997-01

				World field		74564		78370		90784		97868

				World Total		2644083		3087696		3686542		4115267

				Australia field		2186		2425		3143		4032

				Australia Total		61956		72280		95329		114300

		RTA		(Aus-pats-ind/Aus-pats-Tot)/ (World-pats-ind/World-pats-Tot)

								1982-86		1987-91		1992-96		1997-01

						RTA		1.251159485		1.3218381665		1.3388416541		1.4833088824
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