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R&D and Economic Performance
1. R&D plays a major role in Innovation, raising productivity and increasing economic growth. This is supported by numerous econometric studies. The latest version of the UK R&D scoreboard shows that the shares of firms which undertake R&D outperform the stock market by a significant margin. For this reason assessments of a country’s R&D performance play a major role in current discussions of innovation performance sometimes to the extent that if only a country could increase its R&D spend and introduce a few other measures such as deregulation, encouraging entrepreneurship and business science relations, all would be well. This is not all that far removed from the philosophy which is behind the EU 3% R&D target agreed at Barcelona. However if we examine the structural relations between R&D and innovation and economic performance, rather than simply rely on reduced form correlations, a much more complex picture emerges.

2. First, as the late Keith Pavitt pointed out, R&D is not the only source of new technological knowledge. Depending on the nature of their business firms also create new technological knowledge and embody it in new products and processes using advanced engineering and design skills, reverse engineering, systems integration and software development. Innovation surveys show that firms rate users/customers and suppliers as major external sources of new technological knowledge. Professor Rikard Stankiewicz divides technologies into two main types, research based technologies whose origin is to be found in scientific breakthroughs and engineering based or integrative technologies whose origin is within industry itself.

3. The OECD Frascati definition of R&D excludes most of these other means by which firms develop or acquires new technologies. They therefore constitute ‘dark matter’ which is left out of both econometric studies and numerical benchmarking of innovation performance. When a sector which is known to be both innovative and technologically sophisticated appears to do relatively little R&D it tends to be regarded as a paradox. Although science based technologies are becoming of increasing importance and are becoming relevant to more and more firms, innovation based on integrative technologies will remain very significant. Technological innovation in the service sector which is becoming of increasing importance is mainly based on systems integration and the use of information and communication technologies. Development, customisation and acquisition of software will be an increasing element of the cost of innovation.
4. Secondly, studies of innovation within firms shows that undertaken R&D is only one of a number of complementary activities or assets which are required for successful innovation. (a list of internal capabilities which affect a firm’s innovation performance is provided in the appendix to this note). For example if a firm lacks marketing capabilities and pays insufficient attention to the needs of customers or lacks the ability to manufacture to appropriate quality at an acceptable cost, merely increasing R&D may serve little purpose. There are plenty of examples of R&D which firms could not profitably exploit R&D which was successful in its own right e.g. Xerox Park or the EMI Body Scanner, and of firms which did too much R&D, for example because competition between different divisions of the firms led to an over-proliferation of new products which crowded each other out in the market. Responses to the UK component of the Third European Community Innovation Survey suggest that R&D is only about 40% of total expenditure on innovation.

5. At a macro level there are a range of factors which influence innovation performance only some of which are related to in some way to either business enterprise R&D or public sector and academic research. Unless the other factors are reasonably conducive to successful innovation increasing a country’s R&D expenditure will fairly quickly be subject to diminishing returns. As the debate over the EU R&D target has shown increasing innovation performance requires policy action over a wide area.

6. R&D performs several functions within the innovation process

· It is a means of developing new technologies;

· It can be the means of incorporating new technologies, or new combinations of existing state of the art technologies, into new products and processes;
· It enables the firm to appraise, absorb and adapt technology from elsewhere.

About two-thirds of R&D is Development most of which supports adaptation and diffusion of pre-existing technologies. It is not the initial introduction of a novel technology which yields the majority of the economic benefits but its subsequent diffusion and improvement over many decades. (This point was stressed in an interview with Professor Nathan Rosenburg in the Financial Times for 21st October 2003). Nevertheless Europe must develop its share of novel products if it is to prosper in the future. 

7. R&D is often seen as the mainspring of innovation. However many studies suggest that the initial concept for a new or improve product is more often generated at the interface between a potential producer and a potential user and R&D is just one of the means by which this concept can be realised. It is just as valid, perhaps more so, to see R&D as driven by innovation than the other way round.
8. I would like to comment on two other issues which have been touched in the discussions so far. The first concerns the exploitation of the scientific research which is undertaken within the European Research Area (ERA). If this research is to contribute to European competitiveness then there must be close and effective relations between universities and public research organisations on the one hand and business on the other. The factors which ensure such relations can be categorised as follows:
1. The orientation of universities and public research organisations (PROs) towards the needs of business and their ability to meet those needs:

2. The capability and willingness of business firms to absorb and exploit outputs of universities and PROs (for a discussion of the outputs of publicly funded research see http://www.sussex.ac.uk/spru/news/talent.html);

3. The strength of the links between them.

Stankiewicz states that his research suggests that if 1 and 2 are in a good state then 3 will probably follow naturally. Certainly if firms lack the capabilities to exploit the outputs of universities and PROs then there may be little point in policy makers devoting considerable resources in improving links between the two.
9. The second issue concerns the question of what technologies an individual country should invest in? A provisional list might be as follows:

1. Technologies in which it already has a strong capability or which are likely to be complementary to its existing strengths;

2. Technologies which may turn out to be important to sectors and/or markets in which the country has a significant existing commercial presence;

3. Novel technologies which may enable its firms to break into existing markets in which they do not now have a significant presence;

4. Novel technologies which may create new sectors.

These categories may often overlap.

10. Because the outcome for individual technologies is uncertain in terms of how and when they will be exploited and whether indeed they will be exploited at all, a country should invest in a portfolio of technologies. The degree of uncertain will be greater the further we look ahead. Thus a country will need to invest in a wider portfolio of technologies the further it looks ahead. On the other hand the further one looks ahead the smaller will be the necessary investment in any individual technology.

11. In relation to other countries an individual country should also observe the following rules in deciding which areas of research to invest in:

· Do not invest in exactly the same areas as other countries;

· Build up capabilities in promising areas which other countries are inclined to ignore;

· Maintain a research capability in areas in which other countries are investing a lot.

The first two rules follow from the need to avoid oversubscribed areas where competition is likely to be intense in the exploitation phase. The third aims to enable the country to capture spin-off from other countries’ research. 
12. The ability of a country to capture the results of research carried out by other countries depends on:

· Some knowledge of /capability in the area of research concerned;

· Possession of/access to the complementary knowledge, technologies and commercial capabilities required for successful exploitation;

· The strength of the scientific, technological and commercial links to the foreign country concerned.

13. But what difference can the ERA make to this? If an individual country within the ERA feels that its access to a technology or research capability is just as easy and immediate if it exists in another ERA country as if it existed within its own borders, then membership of the ERA will allow individual countries to invest in fewer technologies. For a given total of research investment the ERA as a whole will be able to cover a wider range of technological possibilities thus achieving economies of scale and scope in research. Research collaboration is an alternative route to the same end so that the ERA will also achieve this result if it enables research collaboration between member countries to be greater than it otherwise would have been the case.
Appendix

List of factors internal to the firm that affect innovation performance

1. A workforce possessing the requisite knowledge and skills;
2. The ability to identify, access and work with external sources of relevant scientific, technological and commercial knowledge including knowledge of customer needs (external networking and collaboration);
3. The ability to identify and access suitable external sources of components, materials and services and to work effectively with suppliers;
4. An organisation, incentive system and culture which encourages the workforce to give of their best, encourages knowledge sharing, learning and the generation of new ideas and integrates the different functions of the company in an effective manner (internal networking);
5. Effective procedures for selecting and appraising those new ideas, novel technologies, and market opportunities worthy of further investment and to decide what should be developed in-house, what should be bought in or developed collaboratively and what should be rejected;
6. Efficient production systems that can turn out products of the requisite quality within planned cost or arrangements to contract externally for same;
7. The ability to integrate all of the above the above to develop new technologies leading to new products and processes which meet customer needs and can be profitably sold or licensed;
8. Effective systems for delivery to customers and after sales service;
9. An established reputation and position in profitable and growing markets prepared to accept innovative products and a ‘business model’ which supports these;
10. A forward-looking strategy for exploiting new products and processes, new markets, developing new businesses and growing the company and the ability to manage change successfully which can be communicated to investors.
Four aspects of management are built into the above: Strategic, organisation and culture, operational management and the management of innovation and change. A key issue is whether the ‘mental models’ of managers enable the firm to learn effectively and adapt successfully to a rapidly changing world. The successful achievement of all these capabilities will provide the firm with specific intangible assets not easily replicated by its competitors and which will be the main source of its competitive advantage.
