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1) OBJECTIVES
My argument will be that we are at the point of a 'new era' in technological development in advanced industrial countries, and that the European Union has only partially met the change in policy stance for S&T policies that this entails.

The two key developments are:

i) the shift in balance from supply-driven to demand-driven technological change;

ii) the need to promote diversity with integration, while avoiding problems of social exclusion.

I shall only briefly touch upon the formal structure of current EU policies.

2) PHYSICAL CAPITAL AND KNOWLEDGE CAPITAL

Figure 1 shows that, relative to GDP, the rate of investment in domestic fixed capital (GDKF) was rising on average across OECD countries from 1950 until the early 1970s. Thereafter it has generally been falling, though with interruptions. The former period is often known to economic historians as the 'Golden Age' of European growth, following recovery from World War II. The latter period is often regarded as a more troubled period, associated with slower growth, 'stagflation', higher unemployment and increased inequalities. 

According to the orthodox neoclassical (Solow) model of economic growth, the decline in capital formation could account for the slowing down of economic growth performance. However in the 1990s, some countries with high rates of investment grew very little (e.g. Japan), while others with low savings rates grew relatively rapidly (e.g. the USA). This suggests that other mechanisms may be at work. Indeed, Solow's original empirical work (applied to an earlier period) attributed from 70% to 90% of growth in the long run to 'exogenous' technical change.

The dotted line in Figure 1 shows Gross Expenditure on R&D (GERD) relative to GDP, for OECD countries from 1963 to 1995. This shows that the period of falling physical capital intensity was one of rising R&D (intangible capital) intensity. The GERD figures are multiplied by 10 to show on the diagram, so the actual increase was less marked, but many believe that measured R&D is only a fraction (perhaps one-tenth) of real expenditures on technological accumulation.

3) THE GROWTH OF R&D

The problem (e.g. for the 'new growth theory' which opposes the Solow story about the importance of physical capital) is to explain why slower growth since the early 1970s should have been associated with higher R&D intensities.

Figure 1: Rates of Investment and R&D, 1950/96, OECD countries
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Source: Author's database, compiled from diverse OECD and other sources. GDKF for 23 countries 1950/95, GERD for 22 countries 1963/95 (excluding Luxembourg). The vertical scale represents the unweighted averages across these countries for each year, adjusted for missing data.

Figure 2: R&D Expenditure by main performers, 1963/95
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Source: As for Figure 1.
Figure 3: Funding and performing of R&D, 1969/95
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Source: As for Figure 1.
Figure 2 shows that most of the growth in GERD came from Business Expenditure on R&D (BERD), as Higher Education Expenditure (HERD) grew only slowly and steadily across OECD countries. Figure 3 shows that there was a very strong growth in Industry Funded R&D, from an average of around 0.2% of GDP to about 1.0%, over the crucial years. Government funded R&D also grew somewhat, more so than R&D performed by Government, so Government support for industrial expenditure on R&D rose, contrary to some interpretations of the 1980s.

Figure 4 shows that the increase in GERD as a proportion of GDP coincided with the rising proportion of R&D in Computing and Communications in GDP. Between 40% and 60% of the 1980s increase in GERD can be accounted for by this source, depending on the base adopted. Computing, in particular, accounted for a much larger proportion of national R&D than it did for production, capital formation or employment. However the share of Computing R&D in GDP and total GERD (unlike Communications) dropped off somewhat in the 1990s.

The data thus support a view that this period saw heavy expenditures of intangible investment that laid the foundations for an international economic system that was shifting its technological base.

Figure 4: R&D Expenditures on Computing & Communications as % of GDP, 1973/95
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Source: As for Figure 1, but sectoral data for R&D are available for only 15 of the 23 OECD countries as of 1990.
4) GENERATION vs APPLICATION OF TECHNOLOGICAL SYSTEMS
In the light of recent theoretical studies: 

i) about the phasing of expenditures on R&D over time, which argues that there exists an initial period of 'construction' (generation) of new technological systems, followed by a longer period of operation (see Amendola & Gaffard, 1988);

ii) about the nature of 'General Purpose Technologies' (see Helpman ed., 1998), which begin in one sector and then later are delivered as 'applications' to a much wider range of user sectors;

I argue that the ICT 'revolution' has followed these models.

Figures 5 and 6 show how, historically, 'industrial revolutions' have been associated with an especially large build-up of intellectual capital. Figure 5 presents data for the British case (1700-1935). It shows a great upsurge in patenting activity (taken here as a proxy for technological effort) in the classic 'Industrial Revolution' (1760/80), relative to long-run production levels (1913=1), as shown by the dashed line. Patenting relative to the production of capital goods (taken as a proxy for investment, and shown by the dotted line) is especially high during the 1780/1850 period, which is usually regarded as dating the "First Industrial Revolution'.

Figure 5: Patenting relative to Industrial Production and Capital Goods Output, UK, 1700-1935.
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Source: Author's calculation, based on Appendix data in Hoffmann, 1955.

Similarly, Figure 6 shows data for the USA (1860-1970, earlier data unavailable), in terms of patenting relative to manufacturing production. Relative to long-run levels (1913=1) the ratio is exceptionally high during the 'Second Industrial Revolution' (approx. 1870/1910), which is usually taken to be the era of American industrialization.

Figure 6: Relative patenting in the USA, 1860/1970
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Similar patterns can be shown at a micro level of individual industries and technologies. The basic argument is therefore that periods of 'industrial revolutions' - and the ICT developments can in my view be regarded as a 'Third Industrial Revolution' - involve expensive outlays of intangible investment, especially knowledge capital, ahead of reaping the full benefit in terms of economic growth and performance. The latter arise only when the technologies expand into 'general purpose' applications. This therefore explains why growth rates fell but R&D proportions rose after 1973.

So the much-rejected 'linear model' is not really dead - it returns when new technological paradigms and new phases of industrialization arise. We should think of periods dominated by technology-push (in the generation stage of new technologies), followed by periods dominated by demand-pull (in the application stage), and there is no reason to think that the ICT revolution (also biotechnology, etc.) is any different from this. 

One implication on which I have been working is the impact on social inequality and exclusion, within countries as well as between countries. The 'generation' period of new technological paradigms is associated with high and rising earnings for the few able to work on or with these new technologies, while largely excluding the many who continue to work in more traditional fields and traditional ways. Wage and income inequalities thus arise between the new-skilled and both the old-skilled and the unskilled. Only when the new technologies reach the 'application' stage do the benefits reach the many, and become picked up in reviving aggregate rates of economic growth. Social policy should be linked to technological development over the 'generation' period especially.

Figure 7 shows the ratio between skilled and unskilled wages in three leading industrial countries (USA, UK and Germany) from 1870 to 1960. The general pattern of rising inequality during industrial revolution phases and falling inequality thereafter is predominant (in the UK 1870/1910 there is other evidence of rising relative wages in new skilled jobs). Compression occurred during the phase of applications of the new technologies of the 'Second Industrial Revolution'. Since 1960 the compression has reversed, and rising inequalities have roughly halved the fall of inequality between 1910 and 1960 in the US and UK. This is the period of the 'Third Industrial Revolution' in ICTs etc.

Figure 7: Skilled wages relative to unskilled, 1870-1960
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Source: Anderson, "Globalisation", and sources quoted therein.  
5) MANUFACTURING vs SERVICES

The preceding analysis stressed the long period over which new technologies were created, before spreading into new applications. This is the story of electric power, which took about 40 years to become standardized in US manufacturing 1870/1910 (and longer in the UK where it had to replace steam engines). The explanation was the need to rethink the layout of factories in association with redesigning the electric motor itself, to make it compact enough to fit on every machine. However some services provided by electricity were networked much more rapidly, because they fitted more readily into existing frameworks - electric telegraphy, electric lighting.

In ICTs the pattern appears to be repeating the electricity phenomenon. The diffusion into applications in services - financial services, business services - seems to be occurring much faster than into manufacturing. We can see this in terms of the number of employees using computers in the USA who are either white-collar (rather than blue-collar manufacturing) or female. 

For policy purposes, two main issues arise.

i) Services are leading as well as following technological innovation in the modern era. The demand-driven dimension of technological change is back on the agenda. This includes the differentiation of services and their demands over time and across countries.

ii) Even so, more effort needs to be directed to extending applications into manufacturing and into assisting blue-collar and unskilled workers.

These considerations frame my assessment of the current state of EU technology policies.

Figure 8 shows the rising share of services in BERD (business enterprise R&D) in several European countries. The measured share varies a lot from country to country, but is probably undercounted in all of them. Common to virtually all countries for which we have data is the rise in the share of services, at a time when total BERD expenditure is increasing. Some part of the increase may be just better measurement, but the rising importance of services is consistent with wider evidence.

Figure 8: Share of Services, Infrastructure and Manufacturing in BERD, selected European countries
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The test here is whether policies can shift to spurring demand-driven technological accumulation.

6) NATIONAL DIFFERENCES - HARMONIZATION OR DIFFERENTIATION?

EU policies are predicated on the assumption of harmonization - that with a Single Market and globalization, all countries will converge to a common pattern. Figure 9 breaks down sectoral BERD in several high-tech sectors.

Figure 9: Shares of some high-tech sectors in national BERD
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Rather than harmonization, the diagrams suggest a tendency towards divergence and specialization. The pronounced shift towards electronic equipment in Ireland and especially Finland is well known. Countries like the UK or Denmark contract the share of electronics but expand in pharmaceuticals. Sweden expands in both electronic equipment and pharmaceuticals but contracts in the other specified areas, including aerospace. The strongest evidence for convergence is aerospace, where the older 'mission-oriented' countries like France and the UK relatively contract while newer countries like Italy and Spain expand.

In general, the impact of abolishing internal trade barriers and extending globalization is likely to be towards increasing divergence rather than increasing convergence, in terms of industrial and technological structures. On the principle of comparative advantage, countries will more and more specialize in the activities in which their build-up of technological strength and natural advantages yields greatest benefits. It is not clear how far EU policy has accommodated this perspective, which already shows up in the R&D data.

On the other side, it is true that increasing globalization will permit the increasing import of technologies for use in particular areas of production. For instance, the UK's relative decline of R&D in office and computing machinery R&D has not prevented it from relatively expanding its share of European production. Figure 10 shows shares in BERD and production of the above countries in manufacturing sectors (note that the time period for BERD is 1973/97, compared with 1978/97 for production). For Ireland, sectoral production figures are not available.

Figure 10: Shares in European BERD and production in all manufacturing fields, selected countries
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It is apparent that the changes in shares in BERD are much greater than those in production. There are a number of possible reasons for this. 

1) For example, government expenditure on R&D, including that by higher education, may have compensated for the trends in BERD, but our investigations indicate that the two are generally complementary rather than substitutive. 

2) Another possible reason is that countries are 'importing' more of their R&D in the form of importing capital goods which embody technology. However an OECD study by Papaconstantinou et al. (1996) shows that such imports, while very significant in assessing overall technological accumulation of countries, appear to rise in the 1980s, at the same time as BERD is rising, so again suggesting as much complementarity as substitution. 

3) A third possible reason is the arrival of branch plants of multinational companies, whose R&D is carried out in their home countries. This probably explains, for instance, the growing production of transport equipment and computing equipment in the UK, despite its falling share of BERD in these areas. However this may prove a risky and insecure option, unless the establishment of branch plants spills over into domestic activities in the host country, as appears to have happened in Ireland.

The conclusion is that both 'faces' of R&D, in the sense of Cohen & Levinthal (1989, 1990) must be considered - the face of generating new technologies, but also the face of 'absorptive capacity' for successfully incorporating spillovers from R&D conducted elsewhere. The latter has become especially crucial at a time when, according to my previous analysis, the pattern of R&D is shifting from the generation to the application of new technological paradigms, such as ICTs or biotechnology.

The areas of application will vary from country to country, and from region to region. There is a strong argument against every country trying to do the same things as every other country, not only because of the waste through duplication, but also because the world can absorb only so many mobile phones or genetically modified tomatoes. But in an era of applications, these new pervasive technologies can be extended into very diverse, and often country-specific, domains. It makes sense for countries with resources in particular areas, whether natural resources or human resources, should exploit their comparative advantages by developing the generic new technologies for application in those fields. In many cases these may be seemingly 'low-tech' or service-oriented applications, but with high-tech inputs into them, they can continue to be areas of growth and national competitiveness. 

7) THE 'EUROPEAN RESEARCH AREA'
The recent proposals by the EU for a 'European Research Area' (ERA) to some extent coincide with these emerging contexts. 

The official statement (as yet unagreed) sets out five objectives of the ERA, regarding:

1) Research activities;

2) Research and innovations, 'start-ups' and SMEs;

3) Research infrastructure;

4) Human resources;

5) Science, society and citizens.

I do not propose to say anything about the latter three, where the detailed suggestions seem perfectly sensible. In particular, putting the fifth category firmly on the agenda is to be welcomed. It remains to be seen how far these three items will be implemented in policy.

With regard to (1), Research activities, a key objective is greater coordination between EU countries, with the objective of avoiding unnecessary duplication. There have always been good cases for 'monopolizing' very expensive scientific equipment, as at CERN, but the world seen as emerging in the discussion above may require a lot of near-duplication. Rather similar areas of basic research need to be transmuted into dissimilar areas of application.

It is not self-evident that a strategy of congregating particular areas of (basic) research into specific localities of special strength will serve to stimulate application and dissemination across sectors and users. The areas highlighted are predictable - biotechnology, ICTs, nanotechnology and so forth - but they are precisely the fields in which one would expect the need for application at this time.

The intended concentration is intended to go with a reduction in the number of funded projects and an increase in their average size. It is not clear what this is supposed to remedy, but there is some concern that it is being brought in simply for administrative convenience. It is undoubtedly the case that existing resources in Brussels are grossly overstretched by having to administer many medium-sized or smaller projects, though it is less clear that this is the way to resolve the problem. It runs the risk of reintroducing crude elements of the 'linear model', just at the time when the reverse seems needed.

The notion of directing research activities to localities that have performed best in the relevant field, presumably via 'comparative advantage' seems to be in keeping with the considerations of increasing divergence noted above. At present it is, however, not clear how this will square with the predominance of thinking in favour of convergence and 'harmonization' in European decision-making.

2) The somewhat mission-oriented Research activities plans are also, at first sight, inconsistent with the diffusion-oriented plans for Research and innovation, including the roles of 'start-ups' (by definition having no past track record) and SMEs (by definition not nuclei of sustained performance). The Research and innovation objectives may be seen as an attempt to correct for any such biases. The prevailing impression, however, remains that SMEs are seen in Brussels as either upstream technology creation specialists (e.g. dedicated biotechnology firms) or passive downstream technology users. The world portrayed above sees a more active role for downstream SMEs, generating technology through applications as well as using it.

There is some suggestion that the Structural Funds may be redeployed to finance start-ups and technology diffusion. In itself this seems a good strategy, and it is one that is recommended in a study of 'The Economic Challenge for Europe' to which I recently contributed. However the Structural Funds have hitherto not only largely avoided issues of new technologies, but been addressed to the most problematic regions of Europe. Even if the former is overcome, there is still likely to remain a broad range of middling areas of the EU which will fall between the Research activities plans on the one side, focused on a few high-tech localities, and the Research diffusion plans on the other, focused on a limited number of disadvantaged localities if the tradition of the Structural Funds is to be followed.

8) THE ROLE OF GOVERNMENTS 

Such developments at the supranational level frame the emerging agenda for national or local governments. This shows up in several areas not always directly linked to S&T.

1) Economic policy

The more demand-driven and applications-driven characteristics of technological development carry implications for the consequences of economic policy at macro and other levels. Policies that are aimed at cutting public expenditure, which might be undertaken on justifiable economic and financial grounds - e.g. for meeting the 'Maastricht criteria' for harmonization or accession - can equally reduce the demand-driven stimulus to S&T development. Conversely, policies which aim to stimulate S&T through working on the supply side, e.g. cutting interest rates as advocated in the EU's 1995 Green Paper on Innovation, may not have such strong positive effects as anticipated.

Studies currently under way in the 'Macrotec' project for the EU's Fifth Framework project, which I coordinate, are already suggesting that macroeconomic policy has a more powerful demand-side effect on technology than a supply-side one. That is, S&T respond more to the indirect channel of macro expansion raising industrial performance, which then stimulates more technology, than to the more direct channel working through costs and the supply side. These findings are at present provisional. This is not to say that governments should now lean more towards expansion in economic policies because of the stimuli to S&T expansion, but that the consequences for S&T should also be borne in mind. At the same time, we find that the effects of stabilizing macroeconomic policy are generally positive for S&T policy, because of the longer-term horizons required for planning S&T expansion.

We believe this is of particular importance for the new 'accession' countries of Central and Eastern Europe, where 'harmonization' in the form of convergence to the Maastricht criteria may involve serious disruption to plans for 'catching up' in S&T. In other words, economic convergence could breed further technological divergence, not necessarily in the long-term interests of the countries concerned.

2) Educational policy

Education has been offered as a general solution to the problem of weaknesses in human capital formation. In this way, more education could give rise to more technological creativity and more spillovers of technology into other uses. Our studies of the long-term impact of educational expansion suggest that there is little observable impact, in comparing across countries, of more or better education leading to more creativity. However there appears to be a strong positive impact on the 'absorptive capacity', i.e. the ability to ingest spillovers. Education is therefore, on historical grounds, a major boost to rapid 'catching up'. although its role in 'forging ahead' is less clear.

3) Regional policy

The arguments in favour of local absorptive capacity made above strengthen the case for locally oriented development and networking. Adaptations of technology, and in particular applications of new technological paradigms to 'old' fields, involve degrees of specificity of knowledge which are probably best promoted at the local level. The plan to upgrade the use of the EU's Structural Funds is consistent with this view, as already stated, but the case for applications is not limited to the regions that are at present relatively deprived - the stage of applications is common to all regions, even in the richest countries. In association with the supranational policies, this may entail some (further) redirection of regional policies away from being welfare-oriented towards being expansion-oriented.

9) PUBLIC AND PRIVATE FUNDING OF R&D
One implication is for a less adversarial role between the public and the private sectors in terms of sponsoring growth and technological accumulation; in other words, a turning away from the so-called Anglo-Saxon perspective on public vs. private activity. The need for complementarity is less controversial in many Continental European countries, as well as in certain regions in the Anglo-Saxon world, and could be seen as consistent with 'Third Way' views being popularized in Blair's Britain. 

Our econometric studies have shown that, for nearly all countries for which data are available, there is either a positive correlation between public and private funding of R&D, or no significant correlation. The only possible cases of there being a negative correlation arise in Belgium, where the result appears to come from a change in the statistical procedures, and Japan, where the public sector's contribution is very low.

We therefore reject the argument of some scholars, such as Terence Kealey, that there is a 'crowding out' between the public and private sectors in terms of R&D expenditures. The available data overwhelmingly suggest that, so far from greater public expenditure on R&D diminishing the incentive for private expenditure on R&D, it more often stimulates it. The causal relationship is obscure, but there is slightly more evidence in favour of growth in public R&D expenditure in the OECD countries ‘causing’ growth in private R&D expenditure than the reverse.

We further find that the impact of growth of GDP on growth of R&D tends to be stronger across countries and over time than the reverse causation. In other words, the demand-driven effects of growth of output for technology are more evident in the econometric analyses than the supply-driven effects of growth in technology (R&D) on economic growth.

10) POLICY COMPARISONS WITH THE USA

One possible reason that has been suggested for the redirection of EU S&T policies towards larger and more centralized projects is an intention to copy the perceived strategies of the Anglo-Saxon world over the 1990s, when the USA in particular appeared to revive and return to world technological domination. Here I want to emphasise that those perceptions of US policy, in particular, are often misleading, irrespective of whether or not one wants to copy the US model.

a) FUNDING and PERFORMING R&D
The gains that could arise from more complementarity between public and private funding of R&D are more dynamic than static, but I want first to show the static situation. 

Figure 11 gives the shares of industry and government, as well as other main actors, in R&D (GERD), over the years 1981 to 1995. The left-hand panels show the percentages of GERD funded by the various actors, while the right-hand panels show the percentages of GERD performed by the main actors. The top two panels are an aggregate for the EU, the bottom two relate to the USA. 

Figure 11: Shares of Funders and Performers in GERD, EU and US
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The Figure shows that, in terms of Funders in the left-hand panels, the levels and trends of industry vs. government finance shares in R&D are very similar as between the EU aggregate and the USA. 

Both began in 1981 with industry and government each funding around 50% of total GERD. By 1995 the share of industry had risen somewhat (more in the case of the US) while that of government had dropped to under 40% of the total. The other significant difference was the greater share of foreign-funded R&D in the EU, though still only about 5% of total funding in the 1990s.

The trends in Performers of R&D are also very similar as between the EU and the US, with a slight rise and then even slighter fall in the share of Business as Performers. The main difference is in the levels. In the EU Business performs a little over 60% of total GERD whereas in the USA it is about 70%.

In other words, from similar funding shares, there is a greater extent of Performing of R&D by Business in the US than in the EU. That is, the amount of ‘subsidy’ from government funding to business performing is greater in the US. This is likely to lead to greater ‘learning’ in Business and stronger dynamic effects than in the EU. The fact that the subsidy to business performance is greater in the US is often neglected in policy discussion and international negotiations.

b) CENTRALIZATION and DECENTRALIZATION

It is also misleading to perceive US S&T policy in the 1990s primarily in terms of mission-oriented 'Big Science', as for instance under the Human Genome project. Large-scale mission-oriented S&T has fulfilled an important role in the birth and infancy stages of new technological paradigms in the USA, much of it financed out of Federal government funds. One example among many is the creation of the Internet, funded for many years as Arpanet by the US Department of Defense.

However, since the late 1980s, American policy has shifted its balance more towards applications and implementation. Examples include:

i) The Advanced Technology Program, which allowed federal subsidies to high-tech development within private firms, without having to meet any specific governmental targets;

ii) The Technology Reinvestment Program, which allowed cost-sharing in dual use (military-civilian) projects, and came to be used to sponsor transfers of technology from civilian into military use;

iii) Industry consortia with government backing, such as the SEMATECH program for semiconductors;

iv) Cooperative R&D Agreements (CRADAs), allowing federal laboratories to conduct research jointly with other partners. public or private, in ways in which the IPRs would benefit the private partners (much used by the National Institutes of Health);

v) The Small Business Innovation Research program, requiring a certain proportion of federal R&D funds to be set aside to benefit SMEs;

vi) The Manufacturing Extension Partnership, organizing the diffusion of new technologies and business practices to older industries, on lines similar to agricultural extension.

These and other policies implied a concerted strategy for implementing and applying technologies, limited only by the extent to which contesting political parties curbed actual expenditures.

Even these federal policies however greatly underestimate the role of state and local developments. The latter were particularly important, not only for Silicon Valley type nuclei, but for the renaissance of rust-belt industrial areas such as Pittsburgh. These involved locally-oriented tripartite networks of the Triple Helix kind between local government, universities and industry. 

11) CONCLUSIONS

These are, in my view, the kinds of strategies which the EU needs to take more seriously, rather than rushing into pooling, distributed centralization and harmonization. No one policy is appropriate; it is a question of policy balance.

To summarise, I would argue for three limitations of existing and perhaps new EU S&T policies:

1) They remain more supply-driven than demand-driven in execution, despite much talk of the need to be demand-driven;

2) There continues to be much confusion between harmonization and diversification, especially at the supranational level;

3) Unwarranted deductions have been drawn from US rhetoric - the reality of US policies is very different from that rhetoric, and I would recommend imitating the practice rather than the preaching.

