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1 Introduction

The design of innovation policy is both a practical art and one which draws upon current theories to provide a rationale, a justification and some specific principles of design. Just as success in innovation itself comes from the ability to sustain a series of improvements over time rather than from an achievement at a fixed point in time, so the design of innovation policies needs to be adaptive to circumstances and to build on lessons learned in practical situations. Informal feedback is always present but policy evaluation provides the most systematic approach to learning. In this paper, a key dimension of evaluation, the additionality of the intervention, is reviewed and linked to different perspectives on and rationales for innovation policy. This is set in the context of the evolving behaviour of innovative firms. Finally some brief conjectures are drawn about the implications of choice of policy rationale would have for addressing the issue of sustainability in the context of innovation policy.

2 Additionality

It is tempting for the policymaker to compile dossiers replete with “success stories” which may be used to justify continuation or expansion of the policy measure in question. Even better if some proxy for rate of return or economic activity generated can be integrated. However, it has long been realized that the critical question that an evaluation needs to ask must go beyond the level of effects achieved by the beneficiaries of a policy and pursue the issue of the contribution to those effects made by the existence of the public intervention. In an earlier paper, the author and colleagues encapsulated this question in terms of what difference is made by the policy, or to use the terminology of evaluation, the additionality of the support measure (Buisseret et al, 1995). 

Conceptually, additionality appears relatively simple on superficial examination. It involves comparison with the null hypothesis or counterfactual – what would have happened if no intervention had taken place. The framework we developed treated additionality in three manifestations:

a) Input additionality: a concern with whether resources provided to a firm are additional, that is to say whether for every Euro provided in subsidy or other assistance, the firm spends at least an additional Euro on the target activity. Two other scenarios are worthy of note, the first being that the firm does not increase its expenditure on the activity in question by an amount equal to or greater than the subsidy, thus diverting the public funds to enhance its profits. This is an outcome easily possible when a fiscal incentive for R&D is introduced which allows the whole spend rather than incremental spend to be offset against the allowance. The second scenario is that the firm accepts the subsidy for an activity that it would have carried out anyway and spends the resources on another project, thus rendering the subsidy as “deadweight”. This is a typical scenario in grant-funding for R&D where it is very difficult for the policymaker to judge the firm’s initial intentions. The incremental spend in R&D may be achieved but the policymaker is funding a different project (normally the marginal one which the firm would have undertaken if additional resources were available). The advantage to the firm in a situation of competition for grants is that it can put forward a more attractive project which (obviously) promises higher returns than the marginal project.

b) Output additionality: At its simplest this measure concerns the proportion of outputs which would not have been achieved without public support. It has appeal for evaluators as they are more interested in assessing the achievement of programme goals than in auditing the expenditure of participants. However, the evaluator is faced with two serious impediments in operationalising this concept. The first is that the outputs of an innovative project in receipt of support (say reports, patents, prototypes, business plans, new partnerships) are essentially intermediate achievements. They do not in themselves constitute innovation. However, if the concept is shifted in the direction of outcome additionality (improved business performance as a result of new or improved products, processes or services) it becomes increasingly difficult to attribute the effect to the intervention. Multiple competences need to be applied to realize an innovation and separating them is non-trivial. Furthermore, if outcome additionality is the issue in question then outcomes beyond the economic performance of the beneficiary become relevant. These include unintended effects (including negative ones) and all types of spillovers
. The timing of the assessment is also relevant – there are many different time-profiles over which outcomes are manifested. These include short-term effects which terminate abruptly in the face of changed market conditions or corporate strategy. At the other end of the scale is the “sleeper technology” which finds its applications some years later, perhaps because complementary technologies have been developed or simply because a new application has been perceived. 

c) Behavioural additionality: this is a category we introduced following the observation that a common effect of innovation policy was not to alter a stop-go decision by the firm in respect of the project but rather to modify in some way the way in which the project was carried out. The UK Department of Trade and Industry has articulated these changes in three sub-divisions – scale additionality when the activity is larger than it would otherwise have been as a result of government support (perhaps creating economies of scale); scope additionality, where the coverage of an activity is expanded to a wider range of applications or markets than would have been possible without government assistance (including the case of creating a collaboration in place of a single-company effort); and acceleration additionality when the activity is significantly brought forward in time, perhaps to meet a market window.

As Bach and Matt (2002) have correctly observed, behavioural additionality has a further dimension in capturing permanent or persistent changes in firm behaviour as a result of the policy intervention. This can be at the strategic level (incentivising the firm to move into a new area of activity, or to alter its business processes) or at the level of acquired competences. These changes are potentially more significant in the long run than the short-term boost to resources afforded by a subsidy. The two types of intervention are not wholly separable – support for collaborative R&D often has a rationale of overcoming firms’ natural resistance to collaboration through information failures or lack of the necessary competences to manage a partnership.

Bach and Matt (2002) have sought to extend this dimension of additionality by introducing a further category, that of cognitive capacity additionality. With this perspective they see the key question as being whether the policy action changes the cognitive capacity of the agent. They argue that if output additionality reflects a neo-classical perspective, then cognitive capacity additionality occupies the equivalent position in an evolutionary-structuralist perspective. 

Since the introduction of the behavioural concept some further evidence has accumulated on this topic. Davenport and Grimes in assessing the effects of company support in New Zealand found that the behavioural additionality concept provided the best explanation for their findings. They discuss how managers and policy administrators can exploit the occurrence of behavioural additionality to maximize the impact of a research policy, on the basis that modified behaviour is likely to strengthen a policy's latent ability to influence the creation of output additionality. In such circumstances, the study suggests that managers and policy-makers should be identifying those interventions that lead to sustained improvements in managerial practice, and in competitiveness, and should be managing their diffusion within firms and throughout industries. 

On the other hand Luukkonen has criticised the additionality concept on the grounds that it is insufficient to reveal the usefulness of public support. She cites empirical evidence to show that projects deemed as trivial by firms at the time of support may in the long run turn out to have been highly significant in their impacts, for example because they may build capacity in areas where firms have suffered from what Salmenkaita and Salo (2001) have subsequently labeled “anticipatory myopia”. In response to this criticism it may be argued that whether a project is additional or not is a separate question from that of the success of a project. Indeed high additionality may easily be associated with an increased risk of failure because the intervention has tempted a firm to move beyond its competences or to undertake a project which was more risky than usual. Both of these may be positive effects overall. There is also the case of high additionality where the policymaker incentivised the firm to move in the wrong direction because the policymaker misjudged the direction of technology or the market. Empirical evidence from Hervik (1997) in a study of successive policies in Norway found a clear trade-off between additionality and economic impact probably for the first reason given above.

How can the different types or manifestations of additionality be reconciled with current thinking on rationales for innovation policy? The market failure rationale needs little explanation here. Following Arrow (1962) the argument follows the general line of positive spillovers, non-appropriability and uncertainty creating a situation in which there is under-investment in research (and by implication in other knowledge-based innovative activities) in comparison with the socially desirable level. As argued previously (Metcalfe and Georghiou, 1998) the market failure perspective has been highly successful in providing a general rationale for policy intervention but it is inherently unable to provide specific guidance on policy prescriptions. 

Lipsey and Carlaw (1998) in a study aiming to show that neo-classical and structuralist evolutionary policies lead one to different conclusions in a technology policy evaluation, engage in a discussion of how additionality (or in Canadian terminology, incrementality) would be assessed under each perspective. They argue that a neo-classical approach would insist at least on what they term a “narrow test of incrementality” being that “some technology is developed or installed that would not have been produced in the absence of the policy or programme under consideration”. This corresponds to output additionality as discussed above. They argue that the neo-classical approach could also go further to demand a test of “ideal incrementality” in which the policy is demonstrated to be an optimal use of government expenditure. This invokes a series of tests attributed to the Canadian economist Dan Usher:

· The project must be the least costly way to undertake the desired level of R&D investment; 

· Social benefits must exceed the subsidy (including transaction costs, deadweight and other leakages); and 

· Discounted benefits must exceed discounted costs of intervention.

It is clear that the information requirements of these test far exceed what is likely to be available in any practical situation and may in themselves place undue transaction costs upon the subsidy. The crucial criticism which Lipsey and Carlaw make is that the structuralist/evolutionary perspective would apply only a “weak test of incrementality”, defined as “something the policy makers are trying to do has happened as a result of their expenditure of funds”. The difference from the neo-classical perspective is that, with no attempt at optimality, the desired effects are less clearly specified (to allow for inherent variability between firms) and the effects looked for include structural changes and enhancements of firms’ capabilities. For innovation policies such as R&D subsidies where the main aim is to provide resources to the firm it seems reasonable to expect both kinds of effect to be evident (the targeted product and the longer term enhancements). However, when we come to consider innovation policies which do not involve the provision of finance this distinction becomes crucial.

It is noticeable that the operational level for additionality tests is the firm. Indeed the whole structure is founded upon conjectures about firms’ decision-making and intentions. This sits comfortably with policies anchored in market failure but if we shift to the systems failure rationale for innovation policy, the level of analysis and the range of actors in the frame both broaden. Consider for example Smith’s articulation of systems failure (Smith, 2000) with the four types of manifestation, failure in infrastructure provision, failure to achieve transitions to new technological regimes, failure from lock-in to existing technological paradigms, and institutional failure (regulation, standards and policy culture), it can be seen the first and fourth exist only at the system level while transition and lock-in failures are manifested at both firm and system levels.

As we have seen, innovation policy also works both at the systemic level and at the level of the firm. The preceding discussion of additionality is clearly cast at the level of the firm. It can be seen that discussions of input additionality and of output additionality are dealing with the questions raised in a market failure context. Hence, the policy measure presumes to correct a failure of the firm to allocate sufficient resources and the additionality question is whether it now allocates those resources. For output or outcome additionality the question is whether the socially desirable innovation has been achieved.

For behavioural and cognitive capacity evaluation, the issues at the level of the firm are closer to the systems failure perspective. A typical goal for a technology programme is to direct firms towards a transition (see for example the strenuous efforts most governments are now pursuing to stimulate an interest in nanotechnology). Larger public initiatives, involving coordination in the establishment of new standards (for example in mobile communications) can be seen as directed towards lock-in failures and again are aiming to modify the firms capabilities and behaviour in a particular direction.  

3 Behaviour of Innovative Firms

3.1
The Project Fallacy

The situation for R&D support is further complicated by what we term the “project fallacy” whereby the policymaker concludes a contract with a firm to perform a set of work packages which it considers to be the innovation project. The fallacy lies in the assumption that the contract and package of associated deliverables against which the firm will be monitored is the real innovation project. Empirical evidence has established that for firms, the real project often starts before the contracted work, continues after it, and integrates the contract work with a suite of other innovative activities which are privately funded (or even draw upon other sources of public support). In effect the firm reduces its overall innovation costs by scanning public programmes for funding opportunities and matching relevant parts of its activities to cause the release of funds. This situation becomes relevant when evaluations seek evidence on socio-economic effects. The project outputs which constitute the deliverables were never intended to lead to such effects in isolation. The real evaluation question is what did the publicly supported contract contribute to the wider effort? The answer requires a much deeper understanding of the strategic positioning of the project within the firm than would normally be sought by an evaluation.

While this concept was developed to describe a situation in large firms, the project fallacy concept can also be applied to small firms and academic research. A determined innovator in a small firm can often go from one source of funding to another to keep a development programme going, with successive supporters each believing that they are supporting the phase before commercialization. The academic analogue is the (normal) situation where a researcher or research team is pursuing a long term agenda and writes proposals to a variety of sources over time to maintain funding for the programme through a succession of shorter term grants. Key findings may only emerge after several funding rounds.

3.2
Implications of Trends in Industrial R&D

We have earlier stressed the close link between policy design, additionality and conceptions of how firms make decisions. Following this argument it is worth asking what have been the major trends in industrial R&D and what implications have these for innovation policy and its evaluation. Quantitatively, there has been a forward surge (35% growth in real terms in OECD countries between 1993 and 1998) and companies are doing their best to maintain R&D levels during the present economic downturn (Butler and Giles, 2001). The growth was in part fuelled by a large increase in venture capital funding in the USA (Sheehan, 2001) though this has declined dramatically from its peak in 2000. This increase in R&D could be ascribed to a range of explanations (Coombs and Georghiou, 2002):

· A wider range of technological opportunities;

· Increases in R&D productivity through availability of new tools and methods;

· Increased competitive pressure to innovate; greater ability to afford R&D in favourable economic conditions; and

· Increased returns from stronger and broader intellectual property rights.

All have their advocates but, in a discussion of R&D policy, few would ascribe a large role to direct government support which was generally declining as a proportion of BERD (from 12.6% in 1993 to 9.9% in 1998 for OECD countries and from 11.3% to 9% of BERD in the EU). However, qualitative changes in industrial R&D provide a closer link to policy. A similar list (Coombs and Georghiou, 2002) includes:

· Increased acquisition of technology rich smaller companies emerging from the venture capital sector;

· Growth in outsourcing of R&D to specialist firms and universities;

· Globalization making R&D facilities more “footloose”; and

· Continuing high significance of technological alliances.

All of these trends constitute a changed industrial ecology. The common factor is that all stress relationships between companies or between companies and other innovation actors; put more broadly a distributed innovation system (Coombs et al, 2001). Even globalization can be seen as partly driven by the desire to find more effective linkages. 

Strengthening such relationships and providing the framework conditions in which they can thrive is nowadays seen as a central thrust of innovation policy. A list of such policies includes fostering industry-academic links, commercialization of public sector research and promotion of venture capital, particularly in circumstances where it is perceived to be deficient, notably at the seed funding stage.

What does the concept of additionality mean in such circumstances? Policies are less concerned with market failures than with creating markets for knowledge that did not previously exist and with introducing innovation actors to new relationships. The aim of most such policies is not to redress a temporary problem, the failure to invest in a given project, but rather to introduce new capabilities which will, if successful lead to a self-sustaining cycle of investment in innovation. Par excellence this is the territory of behavioural additionality.

3.3
Policies for SMEs and Traditional Industries and the Measurement of Additionality

A similar line of argument can be applied to innovation policies directed at SMEs and at traditional industries with low levels of innovative activity. In addition to innovation financing and support for networking, the policies of the last decade have focused on the provision of advice, information and infrastructure. Government and its agents shift from the role of provider to that of broker (Metcalfe and Georghiou, 1998) with the aim of guiding firms to suitable partners or financiers, technology acquisitions or management capabilities. Broader infrastructural initiatives address educational deficiencies, barriers to mobility and improvement of regulatory frameworks governing innovation. Such policies certainly consume public financial resources and hence can be and are evaluated. But on which criteria?

The desire for evidence-based policy and the current vogue for performance indicators makes it likely that at least the advisory and information schemes will have objectives. Many of these will be essentially activity related (eg the number of firms assisted). Policymakers still wish to know what effects their schemes are having upon the innovative performance of firms and ideally the relative effectiveness of different measures. This latter goal is complex to pursue for two reasons:

· Comparison of widely varying schemes is highly dependent upon the choice and weighting of criteria; and

· Comparison often presumes independence when in fact the range of schemes should be considered as a portfolio, covering a range of deficiencies in the system and often interacting with each other.

Taking the simpler task of effects at the level of the firm, the additionality question becomes hard to pursue by direct investigation. Reconstruction of the consequences of an advisory or training input is much harder than the same process for a large grant. While the grant will usually involve dedicated staff and a detailed accountability trail, this is unlikely for the “softer” measures. Evaluations in this domain tend to rely on econometric comparisons of matching samples of companies (see for example Shapira et al, 1996 for a review of evaluations of manufacturing extension programmes). Such approaches have an implicit model of additionality built into them which substitutes the counterfactual by presuming that the matched firm will behave in the way that the original firm would have without the intervention. The model is that of outcome additionality. Leaving aside the problem of how satisfactory the matching process is, the concerns which arise are clearly those of attribution. Findings of this kind should always be combined with real-time case study evidence to allow some insight into the causality mechanisms. 

Taking the issue of additionality measurement more generally there are three main approaches, all of which have their problems:

· The matched sample approach, as just discussed always raises questions of just how similar the firms are. From the early days of innovation studies Project Sappho illustrated the difficulties of achieving true matching.

· The second approach is a variant on the matched sample, involving the use of failed applicants for assistance. This is generally criticized on the grounds that “failures” are by definition different. This problem is reduced if there is significant over-subscription and the failures can be perceived as close equivalents in terms of the selection criteria. Only random selection above a quality threshold would guarantee this approach. However, this approach raises another difficulty. Even the process of application can be seen as a policy intervention and it is often the case that raising the issue with the firm, or causing it to expend thought and resources on an application, will lead it to act in the direction of the policy. The comparison is then not with an unaffected state of events.

· The third approach comes closest to the core of additionality, by asking the firm directly about the counterfactual – would it have done the work without assistance and if so how would it have been different. This presumes that the respondent is honest (usually they are) but more importantly that they are capable of performing the counterfactual analysis themselves. Ideally the intentions of the firm should be explored before the decision to apply. This begins to approach the situation of the Usher tests where the transaction costs of evaluative information exceed the benefit.

4 Conclusions

Faced with a barrage of methodological and practical difficulties the policymaker and evaluator are faced with a choice. Pursuit of input and output/outcome additionality can be treated ex ante as a design criterion and ex post as an area where some evidence can be collected but where full measurement may be impossible and in any case is not justified in resource terms (or in terms of the disruptive effect on intended beneficiaries). On the other hand, if the behavioural perspective is adopted then a more pragmatic strategy is possible. Again, other forms of additionality can be measured within the bounds of practicality but the primary interest will be in the qualitative changes which have been stimulated in the innovation system. Empirical work then focuses less upon the events during and immediately following a project (a measurement of flow) and instead switches to a desire to understand the present capacities of the innovation system and the players in it (a measurement of stock).

This perspective also has implication for a conference which is interested in exploring how innovation could be influenced in the direction of sustainability. A project-based approach would suggest that efforts should be targeted on clean technologies. This would provide incentives to specialists in the field and aim to draw in others to produce cleaner technologies than they would otherwise contemplate. A regulatory approach would set standards with which innovations would have to comply. Practical experience has shown that there are significant failings possible with this approach. Evaluation findings have often indicated that firms (especially small ones) fail at the commercial stage because they have wrongly anticipated the level of regulation (in either direction) (see for example Ormala et al, 1993).

A systems-perspective would start from a different position by questioning what capabilities and incentives a firm would need to engage in sustainable innovation. This would include better information and interaction with regulation, better understanding of the social context in which the innovation would perform and a command of the necessary technological skills, which could include a Smith-style transformation to a new technological regime based on different materials or processes. A shift of this kind requires coordination. Measures to stimulate R&D and innovation in this context need to be designed as public-private partnerships rather than as support mechanisms. The partnership element is one in which both sides contribute and both benefit. Government provides resources and information and industry produces innovations in an area which it might not otherwise have done and feeds back into the information and regulatory process. Most developed societies face a much greater challenge in stimulating innovation in public goods and services than they have in the present wave of consumer and business innovations. To address these it is necessary to employ flexible and pragmatic rationales with the underpinning aim of achieving a persistent shift in capabilities and hence in behaviour.
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� For a useful typology of spillovers see Jaffe (1996) who distinguishes between market, knowledge and network spillovers.
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