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1 Introduction

Lots of people ‘know’ that comparing the relative effectiveness of innovation policy instruments is easy to do, and that this can most usefully be done using cost-benefit analysis.  One thing these people tend to have in common is that they have never actually tried to do the measurement involved in those comparisons.  Their belief that such comparisons are feasible and meaningful is therefore based not in practice but in theory: specifically, in the assumptions of mainstream economics.  Therefore, if we want to move innovation policy analysis and evaluation away from concern with the ‘mission impossible’ of comparative cost-benefit analysis and on to a more tractable and useful mix of approaches, we have to tackle theory as well as practice.  

In this paper, we show that different theoretical perspectives imply different things about the feasibility and usefulness of comparing innovation policy instruments.  The lack of major practical achievements internationally supports the idea that monetary comparisons of effectiveness are problematic.  Our shifting understanding of innovation processes and their links to socio-economic well being suggests the need to shift some of our attention in evaluation and policy development towards the systems level.  We conclude that, in the real world, it is more realistic to think of evaluation and policy analysis as helping us continually to improve the performance of innovation systems in a somewhat ad hoc and pragmatic way, rather than imagining we can optimise at the overall level.  

2 What kind of effectiveness?

What we mean by ‘effectiveness’ in the context of innovation policy – and what kind of effectiveness it is important to understand and measure – depends strongly on which set of theoretical spectacles we choose to wear.  

Over the past ten years or so, there has been a revolution – a ‘paradigm shift’ – in the way we understand the relationship between research, innovation and socio-economic development.  Conventional, neo-classical economics viewed firms, in effect, as autonomous and rational robots using perfect information.  In the context of technological change, much of the traditional, neo-classical framework has been superseded during the 1990s, through a convergence of evolutionary economics (which stresses firms as ‘learning organisations’) and research on the innovation process.  

This new National Research and Innovation Systems (NRIS
)
 approach stresses the idea that firms and other economic actors have ‘bounded rationality.’  This makes knowledge, learning and institutions key to overall economic performance.  In the new view, economic actors are no longer autonomous robots, but are deeply interwoven into the economic fabric.  The unit of analysis is no longer only the individual firm but also the ‘system’ of networks within which firms operate.  National economic performance is explained as the performance of this total system.  

A second key idea, which stems from the central role of learning, is that of historical path dependence.  What a company or institution can do today depends upon what it could do yesterday
 and what it has learnt in the meantime.
  Another implication of path dependence is co-evolution among institutions such as funding agencies, which strive to improve their performance within the existing institutional division of labour.  As a result, they adapt to each other’s presence and different National Research and Innovation Systems develop different institutional ways to achieve similar ends.  

Exhibit 1 indicates some of the differences among the core assumptions of the neoclassical and NRIS approaches.  Most neoclassical economists would object to this characterisation.  They would rightly point out that much of twentieth century microeconomics devoted itself to refining these core assumptions (which derive, essentially, from a simplified view of a special case: trading corn in agricultural markets) and taking account of imperfect information, imperfect competition and so on.  But this is the central point.  Just as the Copernican hypothesis that the sun and all the heavenly bodies go round the earth can be protected by adding epicycles to their orbits, so the assumptions of neoclassical economics can successively be refined to improve the fit with reality.  However, the description that results is complex and messy.  In contrast, the NRIS approach offers the simplicity and elegance that attract us to theories.  If the sun goes round the earth, we can lose all those inconvenient epicycles and some of the rather odd consequences that we get if we combine Copernicus with more recent astronomical observations.  

Exhibit 1
Some Core Assumptions of Neoclassical and NRIS Approaches

	
	Neoclassical
	NRIS

	System behaviour
	Generally predictable

Can be derived from micro level
	Not fully deducible from micro level

Time and place dependent

	Interactions
	Rational, with perfect capabilities and information

Factors and actors are substitutable
	Rational with imperfect capabilities and information

Learning, path dependency, co-evolution, hence actors are not substitutable

	Actors
	Rational robots

No history
	Boundedly rational, imperfectly capable

Have history


For many purposes we do well to cling to the achievements of mainstream economics.  It is far better articulated than the NRIS approach.  Like Newtonian physics, it lets us do comparatively simple sums, and it works as long as we understand and steer clear of its limitations.  Unlike in Newtonian physics, however, we are rather more likely to trip over these limitations in our everyday lives – not least in innovation policy making.  

Our choice of theory matters, not only because some theories fit the facts better than others, but also because – in a policy making context – theories are normative.  Neoclassical economics pushes us towards policies and regulations that make the world behave more like the economic textbook description, making money the measure of all things and treating policies and policy instruments as subsitutable.  Neoclassical systems are capable of being optimised, using a common set of instruments.  

As Edqvist argues
 “the notion of optimality is absent from the systems of innovation approaches.  Hence, comparisons between an existing system and an ideal system are not possible.”  The NRIS approach is nonetheless normative, in the sense that it claims that certain system characteristics – such as strong network links between actors – are likely to improve performance.
  An NRIS world requires a differentiated set of policy instruments to improve performance.  

What do these two theoretical perspectives then imply about whether comparisons of innovation policy instruments are feasible or meaningful?  As Exhibit 2 indicates, different theoretical perspectives lead to different answers.  

Exhibit 2
Implications of Theoretical Perspectives for Comparisons

	
	Neoclassical core assumptions
	NRIS

	Across different categories of instruments
	Unproblematic, since instruments are substitutable and both costs and benefits can be monetarised
	Instruments have different purposes.  Many can therefore not be substituted for each other.  

	Across different time horizons
	Can be done to some extent.  Economic actors act in response to short run economic opportunities, but there can also be long run effects.  The length of the ‘long run’ is not given, and may vary 
	Actors act both for reasons of short run economic advantage and in order to secure ‘softer’, long run benefits such as learning.  Comparability of benefits can therefore vary over time

	Across different NRIS
	Unproblematic, as all NRIS follow the same set of general economic laws
	Achievable benefits may vary among NRIS, depending on initial conditions at the start of the intervention


3 What does evaluation tell us?  

Finance ministries tend to be run by mainstream economists, who wear neoclassical spectacles.  They want to know about the cost-effectiveness of policy instruments, which is a question we all (as tax payers) care about.  Often, however, their neoclassical spectacles can blind them to important characteristics of the NRIS world.  They ask questions which make neoclassical sense but are naïve in NRIS terms.  

The body of evaluation literature dealing with innovation policy is immense.  There is neither time nor space to do it justice here. Some ‘stylised facts’ which emerge from that literature include

· A large variety of intervention types exists

· There is policy learning: different NRIS imitate each others’ interventions, so there are trends – and also fashions

· Well-managed interventions tend to achieve their medium-term aims – even if we rarely know much about their side-effects (displacement, for example, or dead weight)

· Many of these aims and achievements relate to learning at the level of actors and networks

· Short-term economic benefits can be difficult to identify, especially where research is involved

· More generally, benefits of different interventions can appear with different time lags following the intervention

Policy makers generally hope to establish a positive correlation between the use of government programmes and the effect on for instance innovation behaviour, R&D expenditure, productivity, competitiveness, export position, and employment.  This effect should be established at the private level (those directly benefiting from government support) and at the public level (the effect beyond those directly involved, whether economic or social).  

We can see that usually impacts are defined in terms of direct outputs of a government instrument such as the change in the level of R&D expenditure, or the number of patents registered, commercial exploitations of project results.  Second order effects have been measured at the level of the direct participants of technology programmes and described in terms of commercial returns of products which had input from the support programme, new business opportunities, etc.  Few evaluation studies have measured third order effects on the wider economy and society.  

To establish the cost effectiveness of a policy programme requires aggregating the impact on single actors (micro-data), to the sector (meso-data) or even economy wide level (macro-data).  Techniques used to aggregate this information have their own methodological challenges and drawbacks.  The international evaluation community acknowledges that methods and tools developed to date are far from perfect.

The most commonly used effectiveness and cost-benefit analysis methods used are

· Micro-level case studies and in depth interviews which results are aggregated for the wider population of programme users

· Large scale telephone and postal surveys which ask participants to make self-assessments of achieved results and effects on criteria such as turnover, export and employment

Cost-benefit studies suffer from some key methodological problems, which the evaluation expert community summarises as 

· The attribution problem: how can you isolate the effect of a policy instrument on the performance of one firm or a group of firms, given the many additional factors that influence that performance?

· The time lag between research, innovation and economic effects for those directly involved in the programme and even more for those not participating in the programme.  Years can go by before a commercial return of investment can be achieved at the individual firm level.  The effects of technology support programmes should be measured short, medium and long term.  The data on the medium and long-term effects are usually lacking.  There are few programmes that have a sufficient long history to be able to analyse effects in the longer term, which many experts and practitioners estimate at 20 years. (Norway’s user-directed R&D programmes are unusual in that their effects on participating firms have been investigated at periods up to ten years after project completion.)

· The quantification of the many qualitative effects that are included in the objectives of the programme such as networking, improving the absorptive capacity and competences of firms  

In a recent study
 for the Dutch Ministry of Economic Affairs, we found that in most of the benchmark countries considered, policy makers are not convinced that the empirical basis for the current cost-benefit analysis methods is solid enough to use this as the sole approach to decide upon the effectiveness and usefulness of certain individual programmes.  The uncertainty of the direction of the many causal linkages in the innovation process, prohibit solid conclusions on the exact impact of the public funded contribution. 

Impact assessments are regularly undertaken in the USA, Australia, and Norway.  They are used incidentally in Canada, Finland, and by the European Commission.  Germany, France, New Zealand and the UK hardly ever use these more quantitative evaluation approaches to assess the effectiveness of technology and innovation policy instruments.  

While present quantitative methods – especially cost-benefit analysis – have severe limitations at the level of explaining the effects of single programmes or interventions, they do have a useful contribution to make in combination with more qualitative methods.  The reality is that, while we have many tools available to us in conducting R&D evaluations, none of them works all that well on its own.  It is important to use a combination of methods in any evaluation and to test for consistency between the findings emerging from each.  Only then can we reasonably be confident that our overall evaluation findings are trustworthy.  

Second, we often have a prejudice in favour of findings and conclusions that can be expressed in numbers.  Responsible use of quantitative effectiveness measurement includes analysis of the sources and sizes of potential errors and a discussion of the methodological difficulties involved, in order to help the reader interpret the numbers.  If this is not done, many readers are inclined to treat as ‘hard’ numbers that are very ‘soft’ indeed.  

Third, quantification and this systematic and honest analysis of potential sources of error involve tight discipline in experimental design and documentation.  In our experience, qualitative research designs can often benefit from such increased discipline, so that incorporating a quantitative aspect can help raise the quality of the overall evaluation.  

Last, but not least, some quantitative effectiveness evaluation is now being conducted within the context of tighter programme planning and monitoring processes, providing a feedback loop in a larger system of policy development and implementation.  The case of the Research Council of Norway provides a useful example.  Other systematic approaches include the ROAME (Rationale, Objectives, Assessment, Monitoring, Evaluation) scheme used by the UK civil service and the Logical Framework approach now adopted by SENTER in the Netherlands and parts of the European Commission.  This systematisation of planning and evaluation is likely to improve our collective ability to reach goals, not least by improving the quality of goal definition

Our comparative study found very few examples of relative effectiveness measurement in the countries under review (Exhibit 3).  We need to distinguish here between those attempts that have compare the degree to which different instruments have contributed to government objectives or targets and attempts where a comparison is made on cost effectiveness in terms of public rates of return on investment. The few attempts we have found concentrated on the former rather than the latter type of comparison.  

Exhibit 3
Effectiveness assessment in the benchmark countries and the EU
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Note: Full (black) squares indicate that this kind of assessment is undertaken in this country;  Half (grey) squares indicate that this kind of assessment is undertaken in this country, but does not have a major emphasis;  Empty (white) squares indicate that this kind of activity is not undertaken in this country

Where comparisons have been made they were

· Part of a systems analysis, where the comparative effectiveness measure was done to help decide the optimal policy mix in relation to the key objectives of ministries.  Individual instruments were compared on the basis of their contributions to these general objectives.  The systems of instruments were analysed: whether they overlapped, whether gaps in the policy portfolio existed, and what the relative appreciation was of these programmes by their users.  The relative effectiveness measurement was not made on the basis on best performance in terms of rate of return on public investment, although ex-post evaluations provided strategic information  

· More an element of an ex-ante strategic policy formulation process than an ex-post evaluation exercise based solely on cost benefit analyses

· Based on a mix of evaluation and assessment tools

· Focused on a limited set of programmes with more or less similar objectives

Our study identified a number of objections and drawbacks from the perspectives of policy practitioners and evaluators

· The time lag on effects differs from programme to programme.  There is not a single moment in time when the ultimate effects can be compared between more than one instrument

· Given the attribution problem, there is a risk of double counting the financial effect of various policy measures used simultaneously by companies.  The more instruments are included in the comparison the more difficult it will be to define control groups 

· The variation in risk levels of different policy instruments where some low risk programmes have many incremental and short term effects whereas high risk programmes have fewer but potentially more radical effects in the longer term.  Comparing the two in the medium term would always favour the low risk programme and therefore lead to a certain risk averseness of public action, whereas the ‘ market failure’ justification assumes that government acts when risks are too high for the private sector 

· The failure to quantify the ‘softer’ effects that governments want to achieve in changing the behaviour of the target groups in the current cost benefit analyses

· Possible changes in the context of the ‘problem’ that a government action wants to address.  Even though an instrument performed perfectly well in terms of cost-benefit analysis, it could be that the context of the firms and the innovation system has changed drastically in the meantime, making the same instrument ineffective in the future.  This would argue against using ex-post cost benefit analysis as the sole input for policy decisions  

· Effectiveness measurements typically measure only some of the effects of programmes.  In particular, cost-benefit analyses tend to focus on the private returns to intervention rather than the social returns or ‘externalities,’ which normally justified the intervention in the first place, but which are harder to measure.  Because the ratio between the measured and unmeasured effects of individual programmes is not known, different cost-benefit measures are typically incommensurable and cannot validly be compared

· Policy instruments should be seen in the context of their role in the innovation system and the specific objectives and target groups they address.  You can not compare on one parameter, i.e. effectiveness alone

As long as the basic methodological problems surrounding effectiveness measurement of single programmes are not solved, the same problems will affect any relative effectiveness measurement comparing more programmes.  Given these methodological difficulties and policy objections, we have found only three instances where some form of relative effectiveness measurement has been conducted.  

The use of relative effectiveness measurement, tried in only a small number of countries suggests that

· This should always be done in the context of how the policy portfolio addresses the different issues in the innovation system 

· It should not be based on merely ex-post evaluations using cost-benefit techniques.  The methodological problems of using these techniques on single programmes prevent a robust outcome of any comparative approach.  Those that have engaged in these activities have used a mix of methods including expert views and foresight activities 

4 Innovation policy in a systems perspective

The idea of ‘market failure’ leading to under-investment in research has been the principal rationale for state funding of R&D
 in the post-War period.  Of course, governments had been funding research long before the economics profession produced a reason.  Arrow is generally credited with describing the three major sources of market failure which – from a neo-classical perspective – make it useful for government to fund research

· Indivisibility, because of the existence of minimum efficient scale

· Inappropriability of the profit stream from research, leading to a divergence between public and private returns on investment.  This results from two essential (and economically efficient) freedoms that scientific researchers have: namely to publish and to change jobs

· Uncertainty, namely divergences in the riskiness of research respectively for private and public actors

Arrow’s argument was particularly relevant to more ‘basic’ (and, by implication, generally applicable) forms of knowledge because capitalists’ inability to monopolise the results of such research meant they would be least likely to invest in it.
 

More recent developments in theory do not invalidate but extend the neo-classical idea of market failure.  The market failure approach assumes away key deficiencies of real companies, not least what we many years ago called ‘capability failures’
 as well as failures in systems.  We can think of these failures as belonging to four types

· Capability failures
.  These amount to inadequacies in companies’ ability to act in their own best interests, for example through managerial deficits, lack of technological understanding, learning ability or ‘absorptive capacity’
 to make use of externally generated technology

· Failures in institutions
.  Not only companies but also other social institutions such as universities and research institutes, patent offices and so on need to work well if the NIS is to facilitate innovation and growth.  Rigid disciplinary orientation in universities and consequent inability to change with changes in knowledge would be an example of such an institutional failure.  Failure to provide adequate investment in knowledge institutions would be another

· Network failures.  These relate to problems in the interaction among actors in the innovation system, and can themselves be of several types

· Inadequate amounts and quality of interlinkages, as where there is low trust among companies or where universities are isolated from their social context

· ‘Transition failures’ and ‘lock-in’ failures, where clusters or innovation systems fail or take on board new technological opportunities or remain locked into old ones

· Various problems in industry structure, such as too intense competition or monopoly, which stifle innovation, or the absence of key complementarities (such as when a cluster’s development is stifled by the lack of a crucial type of producer)

· Framework failures.  Effective innovation depends partly upon regulatory frameworks, health and safety rules etc as well as other background conditions, such as the sophistication of consumer demand, culture and social values
.  Deficiencies in these frameworks can have a negative effect on innovation and economic performance

These failures justify state intervention not only through the funding of basic science, but more widely in ensuring that the Innovation System performs as a whole – always provided that the state is actually capable of reducing failure.  Because systems failures and performance are highly dependent upon the interplay of characteristics in individual systems, there can be no simple rule-based policy as is possible in relation to the static idea of market failure
.  Rather, a key role for state policy making is ‘bottleneck analysis’ – continuously identifying and rectifying structural imperfections.  

5 Evaluation at a systems level

The R&D evaluation community does not have an opportunity to dodge the issue of systems evaluation.  Without evidence, it is not possible to operationalise the systemic understandings emerging from newer theory.  Policy makers have read the new books, and are increasingly asking about the systems level.  (In Sweden, the prioritisation of the systems view has gone so far that the new agency responsible for funding technological development and absorptive capacity in called the Swedish Agency for Innovation Systems – VINNOVA.)  Increasingly, R&D funders are moving from single-point interventions relating to individual research projects or companies to network and cluster interventions.  There is an increasingly explicit desire to evaluate policies and portfolios as well as individual programmes – partly in order to understand systems effects but also in part to reduce the ‘evaluation tax’ on funding activity.  

Exhibit 4 sketches what we mean by a ‘National Research and Innovation System’: namely, all the actors and activities in the economy which are necessary for industrial and commercial innovation to take place and to lead to economic development.  

Exhibit 4
Major Components of a National Research and Innovation System
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Source:  Erik Arnold and Stefan Kuhlman

The current orthodoxy is that economic well-being is founded on a well-functioning NRIS, in which not only the actors shown in Exhibit 4, but also the links between them, perform well.  In contrast to earlier views, which focused on entrepreneurs as individual heroes, innovation and learning are now seen more as network or collective activities. 

We can understand systems of research and innovation in much the same way as we understand sub-atomic physics: not by observing the whole system at once, but by looking at individual pieces and – through a mixture of experiment and conjecture – figuring out how they relate to each other.  

Evaluation does not get easier as we move from the project and programme levels towards considering sub-systems and systems.  The scale and complexity of the phenomena mean that we often cannot treat them in as much detail as is possible when we operate at a smaller scale.  Tactics for dealing with this include using methods to reach judgements at rather aggregated levels (such as modified peer review of programme portfolios) and increased, explicit use of theory and best practice as benchmarks against which to judge performance.  We can use theory and experience-based ceteris paribus assumptions to hold constant certain system characteristics while successively investigating sub-systems.  Evaluation, like the policy making process, becomes increasingly evolutionary, no longer seeking an overall optimum.  (To think in optimisation terms remains more useful at the project/programme levels.)  

Evaluation therefore becomes in a certain sense less rigorous (because it is less complete) as we move to higher levels in the innovation system.  This means we must build evaluation systems and frameworks that can operate with an imperfect evidence base and which therefore involve a mixture of systemic and micro evaluation.  Micro work is done sometimes to follow up issues identified at the systems level but often still to provide the traditional benefits of such evaluation: learning; accountability; quality control.  



Exhibit 5
 illustrates, changing the focus from lower to higher levels of aggregation in the innovation system implies a shift in the types of methods that are appropriate.  While traditional, quality-oriented peer review evaluation remains extremely important at the level of projects, this methods needs increasing modification for use at higher levels.  As higher levels of aggregation, the notion of ‘peer review’ in a strict sense breaks down.  ‘Peers’ are peers in the sense that they are the scientific equals of those whose work they judge.  At the programme level and above, it would probably be more correct to speak of ‘expert review’ by people who qualify as ‘peers’ on the project level.  Equally, at high system levels, less and less of the evaluation problem is amenable to expert or peer judgement.  There is a corresponding increase in the relative importance of socio-economic methods at higher system levels.  

Exhibit 5
Appropriate Evaluation Methods at Different System Levels


At all levels, the job of evaluation is to ask

1 Are we doing the right thing (appropriateness)?

2 What are the results of our action (impacts)?

3 Could we do it better (effectiveness)?

As we move up the systems hierarchy, too, so the balance among the traditional evaluation questions shifts.  To some degree, good evaluations tend always to question assumptions made at higher policy levels.  That is, they raise issues about appropriateness.  However, at lower system levels, evaluations tend to deal with actions which implement policies, and therefore to place more effort on impacts and effectiveness than on the more fundamental question of appropriateness.  For example, an evaluation of a mechanical engineering R&D programme is more likely to find that there are gaps in the population of users served than to challenge the principle that such a programme is needed.  Evaluation at higher system levels is more likely to produce a challenge to policy, because the evaluators have to analyse some of the same systemic problems as policy makers.  For example, an evaluation of a research council can rapidly lead to questioning of national research policy.  

What, then, are the roles of evaluation in a complex systems policy world?  We see broadly three: support to the policy making process; quality assurance; and providing accountability.  

Support to the policy making process involves different types of bottleneck analysis 

· One relates to new and existing NIS performance indicators, which provide policy puzzles.  For example, ‘If we are spending more on R&D than any other country in the world, why is our GDP per person declining?’  

· A second involves responding to more ad hoc policy problems.  ‘The research community seems unhappy with the way we organise research funding.  Should we reform the funding institutions?’  Other examples would be include evaluations of 

· Networks: industrial clusters or districts, university-industry relations, the role of research institutes in the NIS

· Framework conditions: the effects of tax law on research funding, intellectual property rights and innovation

· The third is routine review of sub-systems of the NIS, such as evaluations of

· Institutions: research councils, technology development agencies, universities, research institutes, technology-transfer organisations, change agencies

· Areas of knowledge: national positions in various basic sciences and developing technologies

It is clear from these examples that, at the systems level, the act of evaluation converges with the provision of the evidence base needed for policy making.  (Evaluative activities at this level deal with specific institutions, fields, etc in a specific time and place.  In parallel, research goes on to provide general evidence upon which to base policy-making.  Inevitably, the categories overlap.)  

Quality assurance and accountability are partly supported by these systemic types of evaluation.  But the fact that these higher-level questions are tackled does not abolish the need for more ‘routine’ forms of evaluation at portfolio, programme and projects levels.  Regular evaluation (and meta-evaluation) at these levels not only supports their operation but also provides a stream of inputs into higher-level policy making and the generation of systems-level evaluation questions.  

6 Conclusions: From optimisation through kan-ban to kai-zen

A number of important conclusions follow from the theoretical shift and the practice described in this paper.  

· Even though they may be attainable in theory, accurate, scientifically defensible impact assessments of innovation policy instruments seem to be beyond our reach

· It follows from this that comparisons among attempted assessments are likely to be misleading

· If we accept the NRIS view of non-substitutability of instruments. Then comparisons will not in any case help much.  The natural policy implication of a comparison of rates of return to different instruments is that the state should invest where the return is highest.  In the NRIS view, this is about as sensible as trying to drive faster by throwing away your car and buying a bigger engine.  

We conclude that the economics-inspired desire to optimise based on rates of return has to be given up.  Rather, in the NRIS view, we can take our inspiration from manufacturing engineering.  We are all familiar with the idea of kan-ban, or ‘just in time’ manufacturing.  Generally, we think of this as a way to substitute information and logistics for stock.  Reducing stocks reduces work-in-progress capital requirements and thereby saves production cost.  But the most interesting aspect of kan-ban is not stock reduction.  It is the fact that reducing stock stresses the production system, exposing weaknesses and bottlenecks.  This tells you where to direct engineering effort.  Having cleared one bottleneck, you take away more stock and look for the next.  In this way, the productive system itself guides the engineering interventions.  Combined with creative use of the intelligence of those who work in the production system, we attain a process of continuous improvement, or kai-zen.  None of this removes the opportunity or need for occasional radical innovations and restructuring, though these are typically followed by more normal periods of renewed incremental improvement.  What the manufacturing engineering analogy offers us, however, is a vision of the way we can work in piecemeal ways to improve the NRIS, without needing complete knowledge or falling into the trap of imagining that we can plan everything.  
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� 	This is generally called a National Innovation System in the literature – essentially because the key authors are researchers on questions to do with economic innovation.  This is a very unhelpful name, since all three words are misleading.  In fact, such systems can be regional and international as well as national.  They incorporate the whole of knowledge production and consumption, not just economic innovation.  And they are only ‘systems’ in the sense of many things being connected together.  They are not systems in the sense that their behaviour can readily be predicted and controlled, or planned in the old soviet sense  


� 	Nathan Rosenberg, Perspectives on Technology,  Cambridge University Press, 1976


� 	Bengt Åke Lundvall (ed), National Systems of Innovation: Towards a Theory of Innovation and Interactive Learning, London: Pinter, 1992


� 	Charles Edqvist (ed), Systems of Innovation, London: Frances Pinter, 1997


� 	Rodrigo Arocena and Judith Stutz, ‘Looking at national systems of innovation from the South,’ Industry and Innovation, Vol 7, No 1, June 2000, pp 55-75


� 	Patries Boekholt, Maureen Lankhuizen, Erik Arnold, John Clarke, Jari Kuusisto, Bas de Laat, Paul Simmonds,  Susan Cozzens, George Kingsley and Ron Johnston, An International Review of Methods to Measure Relative Effectiveness of Technology Policy Instruments, Amsterdam: Technopolis, 2001


� 	Ken Arrow , ‘Economic Welfare and the Allocation of Resources for Invention,’ in Richard Nelson (Ed.)  The Rate and Direction of Inventive Activity, Princeton University Press, 1962; see also Richard Nelson, ‘The simple economics of basic scientific research,’ Journal of Political Economy, 1959, vol 67, pp 297-306


� 	His argument is, however, conceptually flawed.  It simply assumes that there is under-investment in basic research compared to an imagined welfare-economic optimum.  It makes this assumption because it implicitly accepts the ‘linear model’ account of the role of science as causing economic innovation and development.  In fact, no one has observed or calculated what such an optimum would look like
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