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I.  Introduction and Overview

A.  Private Innovation in a Market Economy

The analysis of innovation in a free enterprise system was long framed by the

work of Joseph Schumpeter, who at different stages in his career entertained two

conflicting views of the relationship between market structure and technological

performance.

The early Schumpeter1 envisioned technological advance as the consequence of

a never-ending cycle of entry by innovative firms, commercial application of new

products or processes, displacement of incumbents, followed by entry of a new

generation of innovative firms.  This model of innovative activity suggests that ease of

entry will promote innovation, and the small- and medium-sized firms will often be the

vehicles of technological advance.

The later Schumpeter2  conceived of technological progress as emanating from

the industrial research laboratories of large firms that enjoyed positions of static market

power.  In what might in modern terminology might be called a theory of technological

contestability, he argued that such firms would use their economic profits to finance

risky, large-scale R&D activity that would simultaneously leave society better off, in a

dynamic sense, and allow the firms to maintain positions of static product-market

dominance.

This second view suggests that the rate of technological advance will be greater

where product markets are dominated by a few large firms. Such firms would be better

able to finance investment in innovation, could take advantage of such economies of

scale as might exist in the R&D process, and, because they operate on large (perhaps,

                                                       
1  Schumpeter (1934) (Schumpeter Mark I, in the terminology of Malerba and
Orsenigo (1995).
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diversified) scales, would be more likely to find commercially viable applications for

new technological developments.  He also viewed risk as an inherent aspect of

research, development, and commercialization, and saw market power as a way to

provide “insurance” against such risk.3

The early stages of the modern economic literature on research and

development were largely devoted to sorting out the implications of these two

positions. While this debate remains a lively one,4 the resulting literature has produced

the recognition that the level of investment in research and development is likely to be

too low, from a social point of view, whether market structure is nearly atomistic, a

highly concentrated oligopoly, or in between. Given the large number of policy

instruments available to promote private investment in R&D — competition policy and

tax policy, as well as subsidies and actual R&D carried out by public research units —

the question of the design of policy instruments to promote R&D has moved to center

stage.

This emphasis is reinforced by the endogenous growth literature, which

pictures technological progress as a general engine of economic growth.  That wants

exceed means may be accepted as a truism, but the judicious allocation of resources to

expanding society’s means can go a long way toward relieving the transitional

problems that accompany economic development, globalization, and structural

readjustment.  The most effective way to allocate such resources is to target the

specific types of market failure that hold back innovation in different sectors. If

capitalism and democracy are to survive the 21st century, governments must identify

the sources of the important market failures in the generation of technological change,

                                                                                                                                                              
2  Schumpeter (1942) (Schumpeter Mark II).
3 See Baldwin and Scott (1987, pp. 2-3).
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and devise ways to correct underinvestment in innovation that do not founder on

government failure.  Our paper is a contribution toward those important goals.

B.  The Design of Innovation Policy

It is instructive to consider the advice economists can offer for the design of

innovation policy in light of the evolution of industrial economics itself.

At the start of the 1970s, industrial economics was organized around the

structure-conduct-performance paradigm.  From a current perspective, perhaps the

most striking characteristic of the S-C-P paradigm was its self-avowed generality.  The

basic unit of observation was the industry.  An industry could be described in terms of

its characteristics.  Given information about industry characteristics, predictions could

be made about industry performance.  Suggestions for the promotion of R&D were

similarly general:  across-the-board tax breaks for firms that invested in R&D, for

example, or increases in patent length or breadth.

The modern game-theoretic approach makes no such claims to generality.

Today’s organizing framework for industrial economics is a collection of highly

specific game-theoretic models, each tailored to fit a market that is described in terms

of detailed assumptions about strategic variables, sequences of moves, information

sets, and solution concepts.

To take full advantage of the insights offered by modern industrial economics,

policy advice should be similarly specific.  We take as our starting point the consensus

of the literature5 that reliance on market processes alone will result in an

underinvestment in research and development, from a social point of view. Rather than

debate whether innovation is promoted in general by unconcentrated market structures

                                                                                                                                                              
4 See, in particular, Fisher and Temin (1973) and Kohn and Scott (1982).
5 Perhaps one of the few points on which there is consensus.
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and ease of entry or enduring dominant positions of leading firms, we argue that R&D

policy should draw on the received catalog of specific sources of market failure to

inform the design of innovation policy.

In what follows, we survey the extensive and not always mutually consistent

theoretical and empirical literature on innovation, with a view to identifying the sources

of innovation market failure in different types of industries and highlighting the kinds of

remedies that are most likely to be effective in specific circumstances.  General

schemes to promote private innovation will be ineffective if they target problems that

do not afflict a particular industry and fail to target the specific sources of market

failure that are present.

Questions we will encounter along the way include

(1)  Are innovation market failures large enough to justify public support for private

innovation?

(2)  What types of institutional arrangements are best suited to address different types

of innovation market failures?  Possibilities include but are not limited to (Link,

1997) direct support in the form of

• subsidies;
• tax credits;
• provision of public R&D resources to work with the private sector;

and indirect support through infrastructure design, including

• competition policy, particularly toward cooperative R&D;
• patent policy;
• procurement policy; and
• trade policy.
 

 Under this heading, we will also ask

(2a) What are the implications of globalization of product and financial markets for the

design of public innovation-supporting policy?
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(2b) How close to the final product market should public support be targeted?

(2c) How can government ensure that its support exerts maximum leverage on private

investment?

C.  Summary of Main Conclusions

There is substantial evidence of private-sector underinvestment in innovation.

Government can implement policies that work to correct this underinvestment.  If such

policies are ill-designed, they will at best be ineffective, and may at worst harm

technological performance.

“Innovation” in modern economies involves not only the formal R&D that

takes place in dedicated (public or private) research laboratories, inputs (funding,

scientific and engineering employment) and outputs (patents) which can be measured

and reported to government agencies, but also incremental improvements in product

design and production processes that take place on the shop floor and reflect the

accumulation within individual firms of tacit, uncodified knowledge that cannot be

costlessly transmitted to or appropriated by rivals.

Formal R&D typically has a large science-based component; incremental

innovation typically has a large applied component.  The balance between formal R&D

and incremental improvement differs from sector to sector in the economy, and

innovation policy can and should take these differences into account.  Policies that are

appropriate for the semiconductor industry will not be appropriate for machine tools,

and vice versa.

The nature of knowledge spillovers in a particular sector will reflect the mix of

basic and applied research in innovation in that sector.  It is costly to take advantage of

the knowledge produced by other firms (at least, to take advantage of the knowledge

produced by other firms in a way that has feasible commercial applications); innovation
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free-riding is not  as serious a problem as might be thought from an examination of the

theoretical economics literature on the subject (Peck, 1986).

Outside of a few specific sectors (biotechnology, chemicals, pharmaceuticals)

patents are not a particularly important device for limiting innovation spillovers.

Policies that fixate on limiting spillovers (enhancing private appropriability of the

returns to R&D) are not likely to be effective and will not in general improve

technological performance.

Substantial case study evidence suggests that although cooperative R&D may

push out technological frontiers in a few sectors where R&D is extremely costly and

the risk of being outside the first cohort of innovators threatens the survival of a firm,

the general beneficial effect of cooperative R&D comes from the diffusion of

information among participants that such cooperation entails, and the vigorous

product-market competition that follows from such diffusion. Product market rivalry,

which pressures incumbents to adopt state-of-the-art developments in a timely manner,

promotes good technological performance.6

In sectors where the cost of R&D is extremely high, subsidies for joint or single

R&D may be called for.  Indirect subsidies in the form of R&D tax credits are likely to

be ineffective (among other reasons, they are not likely to be of much benefit to start-

up firms, which will often have only limited tax liabilities).  Where direct public

subsidies are granted, a quid pro quo should be agreement by recipients that the results

of research will be, at least eventually, openly licensed at reasonable rates.

Public policies that encourage R&D cooperation but attempt to exclude firms

based outside the national economy are likely to be ineffective, since firms that

cooperate domestically can (and will, when it is privately profitable for them to do so)
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conclude separate R&D cooperation agreements with foreign firms.  Given the

increasingly global nature of information flows, to the extent that national policies

actually succeed in limiting cooperation between domestic and foreign firms, they are

likely to worsen technological performance.

New firms are often the vehicle by which new products or processes are

brought to market. Competition (antitrust) policy that seeks to deter strategic entry-

deterring behavior by incumbent firms promotes entry of new firms, to the extent that

this is consistent with productive efficiency, and therefore promotes good

technological performance.  So does government procurement policy that encourages

supply-side diversity (second-sourcing) for high-technology products.

Transactions costs in financial markets are likely to raise the cost of capital and

limit the supply of capital to small- and medium-size firms (SMEs).  An active venture

capital market can ameliorate this problem.  Public support for venture capital markets

can direct public resources where they will do the most good, without relying on the

(doubtful) ability of public officials to identify likely technological winners.

Basic research inevitably involves substantial knowledge input from public and

university research laboratories.  In any particular scientific area, basic research tends

to be driven by the internal logic of the field, rather than the prospect of immediate

commercial application.  The interest of basic researchers is normally wide diffusion of

their results, while the interest of commercial researchers is to defer diffusion until

lead-time and learning curve advantages give them an advantage over product-market

rivals.  In such sectors, public support for innovation may take the form of bridging

institutions (Freeman, 1982; Dosi, 1988) (public-private contract research

                                                                                                                                                              
6 This is close to the Schumpeter Mark I model of innovation.
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organizations, demonstration projects) that facilitate the application of the results of

basic research to specific problems.

In some sectors (agriculture, light industry), technological advance typically

takes the form of applying innovations developed in input-supplying industries.

Market failure stems from the cost of applying such innovations relative to the size of

the using firm and the high ratio of external to internal benefits.  Public support for

innovation in these sectors may take the form of extension services that serve as a

repository of technological information to which private firms can turn for assistance in

solving specific problems.

Overall, we argue that there is good reason for policy makers to promote

private innovation, and that there are measures they can take to do so. Such measures

will differ from sector to sector.  Policy design that does not take into account

differences across sectors in the sources of innovation market failure is likely to be less

than fully effective.

II.  Sources of Innovation Market Failure

A.  Theory

1.  Competition versus monopoly

Arrow (1962) offered the seminal formal analysis of the issues raised by

Schumpeter. In a very simple framework, he compared the profitability of a cost-

saving innovation for a monopolist of R&D and production and for a single firm in a

competitive industry operating in markets that are identical except for the structures of

their supply sides.

Arrow left aside many aspects of the R&D process that are thought to be

important. He did not take account of uncertainty or imperfect appropriability of the

profit that flowed from successful innovation. He did not take account of time, or deal
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with strategic interactions in R&D among competing suppliers: these were excluded by

assumption since he limited himself to the extreme cases of a single firm (monopoly)

and many small firms. He did not investigate the cost side of the R&D process or the

financing of R&D. He simply compared the profitability of a cost-saving innovation to

a monopolist with the profitability of the same innovation to a single competitive firm,

with the demand side of the market the same in both cases.

Arrow showed that in the context of his model the competitive firm would

profit more from successful innovation than would a monopolist. For the monopolist,

the incentive to innovate is the incremental economic profit from producing at lower

unit cost instead of higher unit cost, but acting as a monopolist in both cases. Some of

the economic profit that the monopolist earns after innovation simply replaces

economic profit that it earned before innovation.

If the product market is perfectly competitive, all firms earn zero economic

profit before innovation. All the profit that a firm is able to earn after innovation is a

net gain, compared with the pre-innovation period. This is sufficient, in Arrow’s

model, to ensure that a firm in a perfectly competitive industry will profit more from

successful innovation than would a firm in an otherwise identical monopolized

industry.7

2.  Deterministic dynamic models

Early generalizations of Arrow’s work introduced time to the analysis. They

did so by making development time a choice variable of the firm: by spending more, a

                                                       
7 Demsetz (1969) compares the incentive to invent in a competitive industry with the
incentive to invent in a monopolized industry that is twice as large as the competitive
industry, so that pre-innovation output is the same in both industries. It is difficult to
see why this is interesting, although an amazingly long list of articles chased each other
down this and related paths.  See Baldwin and Scott (1987) for a lengthy list and
review.



12

firm could develop a new product or process somewhat more rapidly, but within limits

implied by the technology of research and development. The fundamental assumption

in this literature is that there are decreasing returns to research effort: doubling R&D

effort means quicker discovery, but it does not cut discovery time in half.

Scherer (1967) presents such a model. In addition to taking the development

time to be a deterministic variable, it takes the income stream that flows from

successful innovation to be exogenous. There is a basic annual return V to successful

innovation, but this return is not itself explained in terms of characteristics of the

underlying product market.8

Scherer emphasizes the duopoly case (and also discusses extensions to the case

of n-firm oligopoly). He finds that noncooperative oligopoly R&D behavior results in

more rapid development than would monopoly.9 He notes that this is not necessarily

beneficial from a social point of view — a fact that is sometimes lost sight of in policy

debates — and that an explicit welfare evaluation is called for.10  Making such a

comparison, he argues that when privately profitable innovation creates new markets

or expands existing markets, it will be socially beneficial as well. Otherwise, the

resources used to accelerate innovation may be more valuable than the benefits that

flow from having the innovation in place a little bit sooner.

We mention only two contributions to the subsequent literature based on this

type of model. Baldwin and Childs (1969) generalize Scherer’s model to concentrate

on markets in which it might be more profitable to be the second firm to bring an

innovation to market — to imitate rather than to innovate. Such a situation might arise

                                                       
8 It is clear (Scherer, 1967, p. 367, fn. 4) that Scherer is aware of this, and makes the
specification to keep the analysis focused.
9 A condition for this is that the development times of rival firms be strategic
complements (Scherer, 1967, pp. 378-382).
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if the information that is diffused when the first successful innovation is disclosed

sharply reduces followers’ innovation costs. If knowledge spillovers are large in this

sense, a market might settle into an “After you Alphonse, after you Gaston”

equilibrium, with all firms waiting for some other firm to take the lead and a

consequent unsatisfactory rate of technological progress. The later literature has

suggested that R&D joint ventures are appropriate for such markets.

Kamien and Schwartz (1972) present an early discussion of the implications of

possible cooperation in research and development.11 They argue (1972, p. 53) that a

merit of R&D cooperation is that it eliminates wasteful duplication of effort. This is a

recurring theme in the subsequent literature on R&D cooperation.

It is not clear how important duplication of research effort is in practice.  In

their seminal study of a sample of 17 specific innovations, Mansfield et al. (1977, p.

227) report that for most of their sample, no firm other than the eventual innovator

was engaged in efforts aimed at the same goal. Nor (as we note shortly) is it clear that

duplication is actually wasteful, from a social point of view, once one leaves behind

deterministic models of innovation.

3.  Racing models

A class of models beginning with Loury (1979) and Lee and Wilde (1980)

relaxes the assumption that development time is deterministic. This literature treats

development time as a random variable: by making a greater R&D effort or spending

more on R&D, a firm can reduce the expected time to discovery, but actual discovery

time depends on luck.

                                                                                                                                                              
10 Barzel (1968) subsequently addressed the issue of welfare evaluation.
11 Their model treats a firm’s own development time as deterministic, but models the
firm’s expectations of rival development time as a random variable, using the
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Early contributions to this literature took the income that would result from

successful innovation to be exogenous, and asked how the expected time to discovery

would change as the number of independent R&D projects increased. Results differ

depending on details of the specification of the R&D cost function, but generally

suggest that the expected time to discovery falls as the number of firms carrying out

R&D projects rises.

Once research and development is thought of as an inherently random process,

the argument that it is wasteful for several different firms to pursue the same research

goal is seriously weakened (Nelson, 1961).  Different research projects seeking to

develop a new product or process will not follow identical strategies.  Some research

strategies will be more likely to succeed than others, in a way that is impossible to

know in advance.  Multiple R&D projects seeking the same goal increase the

likelihood that at least one project will be successful.  Given that it cannot be known in

advance which project will succeed first, it makes little sense to look backward after

innovation has occurred and brand the projects that did not succeed first as being

wasteful.12

A later stream of work in the racing literature (Gilbert and Newbery, 1982,

1984; Reinganum, 1983, 1984) asks whether an incumbent firm or a potential entrant

would innovate sooner, in an expected value sense.  These models generalize Arrow’s

                                                                                                                                                              
formulation later adopted by the racing literature. In this discussion of cooperation,
R&D cooperation is not separated from product-market cooperation.
12 The path-dependence literature involves the argument that in some cases second or
later versions of an innovation may be more desirable, from a global point of view,
than the first arrival, yet be precluded from effective implementation solely due to
timing considerations.  This is an argument against too early concentration on a
particular line of development.  At the same time, when multiple lines of development
are followed, strategic behavior may influence the eventually successful path, and it is
by no means certain that the first variety off the starting block will win the race; see
Cusumano et al. (1992) for an example.
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(1962) approach to allow for rivalry in the R&D process, and they deal directly with

Schumpeter’s visions of market-based innovation: are large firms more likely than

small to invest in innovation?  Once again, specific results depend on details of model

formulation, but the nature of the results suggests that smaller firms and potential

entrants are likely to invest more in innovation than large incumbents.13 This supports

the “creative destruction” view of innovation rather than the product market power-

innovation view.14

4.  Sequences of innovations

One justification for public funding of public-private partnerships is the

consumer surplus that results because of an innovation itself.  The innovator does not

appropriate that surplus, although it represents a gain for society. A more important

reason for public funding, however, is that the innovator of a product or process will

not only fail to appropriate the consumer surplus created by the innovation itself, but

also will typically be unable to appropriate the consumer and producer surpluses

created by subsequent innovations that build on the technology and knowledge

                                                       
13 Gilbert and Newbery (1982) examine the case of deterministic innovation, and find
that an incumbent will prevail in a contest with an entrant for nondrastic innovation;
Reinganum (1983) finds that an entrant will (in an expected value sense) prevail in a
race for a stochastic drastic innovation.
14 While racing models are formally dynamic, most use a modeling device to eliminate
the nastier aspects of fully dynamic models. In most of the racing literature, R&D
effort is described by a hazard rate — a parameter that indicates how likely it is that a
project will succeed — that is treated as a constant. By spending more, a firm can get a
larger hazard rate and make it more likely that its project will be successful. But once a
firm picks its level of research activity, that level — and the firm’s probability of
research success — is fixed.  From a technical point of view, this is very convenient: all
the income streams of the firm and its rivals, which determine incentives to invest in
R&D, collapse into expected present discounted values and the decisions that optimize
private returns can be analyzed using techniques from static optimization theory.  The
assumption that the hazard rate is constant rules out learning-by-doing.  If it becomes
more likely that a project will succeed as time passes, then the hazard rate rises over
time. It is possible to model such processes within the racing framework (see, for
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introduced by the initial innovation (Baldwin and Scott, 1987, pp. 56-61; Scotchmer,

1991).  The consumer and producer surpluses generated by other innovations that

follow in a sequence because of the initial innovation can be quite large (Caballero and

Jaffe, 1993).

While this discussion justifies public support for innovation, it should not be

understood as suggesting the need for enhanced appropriability.  Full realization of the

potential benefits of a discovery will often require that subsequent innovations (which

include commercial application of basic innovations) be carried out by an economic

agent other than the original innovator.  Appropriate public involvement in such cases

will involve setting up bridging institutions15 to facilitate the transmission of

information.

                                                                                                                                                              
example, Fudenberg et al. (1983)) but the explicit use of dynamic optimization
techniques then becomes unavoidable.
15 Dosi (1988, p. 1136) attributes this term to Freeman (1982).
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5.  Spillovers

This introduces the topic of information spillovers.  In a seminal paper,

d’Aspremont and Jacquemin (1988) present what they themselves call an example to

explore the implications of knowledge spillovers on independent R&D, R&D

cooperation, and technological performance.  Their model is a two-stage game with

deterministic innovation.  In the first stage of the game, each firm decides how much to

spend on R&D.  Each level of spending is associated with a specific, deterministic

reduction in unit cost.  In the second period, the cost reductions are realized, and firms

compete according to rules that vary in different versions of the model.  Following the

usual backward induction methodology, when firms make their R&D spending

decisions in the first period, they do so in the light of the profit they expect to make in

the second period. Spillovers arise in that the spending of one firm on R&D may

(depending on the value of a parameter in the model) reduce the unit costs of rival

firms.

d’Aspremont and Jacquemin consider three scenarios:

• independent R&D with independent output decisions;

• R&D cooperation with independent output decisions; and

• R&D cooperation with product market cooperation.

Specific results depend on the size of the spillover parameter, but generally

suggest that cooperation in R&D alone or at both levels (R&D and production)

improves welfare, particularly if spillovers are large.16

                                                       
16 R&D cooperation may make it easier for firms to sustain tacit product-market
collusion (Wegberg and Witteloostuijn, 1995; Martin, 1996a).  If this occurs, the
resulting worsening of static product-market performance would need to be set against
any improvement in technological performance.
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The d’Aspremont and Jacquemin model has been generalized in a large number

of ways.17  Kamien et al. (1992) incorporate product differentiation and an arbitrary

number of firms.18 They also distinguish R&D cooperation depending on whether firms

do or do not set the spillover parameter at its maximum level.19 They find that when

spillovers are high, independent R&D decisions with the sharing of research output

worsens equilibrium performance: individual firms free ride, reducing own research

efforts because they anticipate that they will benefit from the research efforts of other

firms. But if firms coordinate research efforts while sharing information, performance

is improved.

In racing models, spillovers reduce the R&D efforts of single firms but improve

market performance. The larger are spillovers, the less any one firm will find it

profitable to spend on R&D, since some of the knowledge generated by R&D

increases the likelihood that some other firm will discover first.20  But precisely this

                                                       
17 In addition to the papers mentioned below, see Henriques (1990), d’Aspremont and
Jacquemin (1990), Suzumura,  1990), and Ziss (1994).
18The introduction of product differentiation makes it possible to allow (in an
interesting way) for price-setting behavior in the product market.
19 It is not immediately obvious that firms can control the extent of spillovers, either
within or outside of cooperative R&D activities. The extent of spillovers may simply be
a technological datum that reflects the tacitness of knowledge, the way information
circulates in a particular scientific and engineering field.  Fölster (1995, p. 54) cites
instances in which R&D employees exchange information whether or not their home
firms consent to the exchange, which is consistent with the view that the extent of
spillovers is not a control variable of the firm. See Katz (1986) for a model in which
cooperation increases the spillover rate for cooperating firms, but subject to an upper
bound that is technologically given.
20 However, as  Dosi (1988, p. 1140) notes,

the partly tacit nature of innovative knowledge and its characteristics of
partial private appropriability makes imitation, as well as innovation, a
creative process, which involves search, which is not wholly distinct from
the search for “new” development, and which is economically expensive...

In sectors where a firm must undertake its own R&D to access the knowledge
generated by other firms, individual firm R&D may rise as the potential for knowledge
spillovers goes up.  See also Spence (1984), Cohen and Levinthal (1989).
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fact means that such R&D as does take place is more effective, resulting in a greater

level of expected net social welfare, all else equal.

The policy conclusions to be drawn from these results depends on what is the

policy goal.  If the goal is to maximize the rate of technological progress, spillovers are

undesirable, and policy action to neutralize the effects of spillovers may be called for. If

the goal is to maximize net social welfare, spillovers are desirable, at least within the

context of racing models.

6.  R&D Cooperation Policy

At the risking of seeming to state a tautology, domestic antitrust or competition

policy (as contrasted with international “competition” policies such as promotion of

national champions) typically maintains a presumption in favor of competition: not

competition in the classroom sense of a market supplied by many small price-taking

firms, but in the sense of independent decisions by firms that pursue their own self-

interests.

Arguments that favor relaxing this presumption as far as research and

development is concerned are based on two assumptions. The first is that, left to its

own devices, private investment in innovation will be less than is socially desirable.

We have reviewed some theoretical arguments that favor this assumption, and we will

see that empirical evidence generally supports it.

The second assumption is that adopting a permissive competition policy

attitude toward R&D cooperation will improve technological performance. This is far

from clear.

It is perhaps noteworthy that the single U.S. antitrust case involving R&D

cooperation was based on allegations that the such cooperation was an instrument of



20

automobile manufacturers to delay the development of emissions control technology.21

Katz and Ordover (1990, p. 169) hold that the limitation of private R&D because firms

fear antitrust or competition policy prosecution has “never been rigorously

demonstrated, either theoretically or empirically.” Mowery (1995, p. 526) notes the

absence of empirical support for the efficiency effects often ascribed to R&D

cooperation.

Theoretically, as we observed in the preceding section, in multi-stage game

racing models of innovation followed by production, R&D cooperation can improve

market performance, but not necessarily because it increases innovative effort or

output.  Indeed, innovative effort may fall in such models, yet overall market

performance22 typically improves.  Joint R&D insures that several firms will have

access to the new technology (or new products) in the post-innovation market.  This is

good for consumers, since it ensures greater product-market rivalry after discovery

than would be the case if a single firm enjoyed the right to control the innovation.23  It

is precisely this greater rivalry that reduces the incentive for a cooperative project to

invest in R&D.  Innovation is therefore delayed (in an expected value sense), but

consumers are so much better off, after discovery takes place, that the overall effect of

R&D cooperation on expected welfare is positive.

                                                       
21 U.S. v. Automobile Manufacturers Association 1969 Trade Cases (CCH) Para
72,907 (S.D. Cal. 1969) (consent decree), modified 1982-3 Trade Cases (CCH) Para
65,088 (C.D. Cal. 1982).
22 That is, the expected present discounted value of firm values plus consumers’
surplus, before and after innovation.
23 If participants may use the innovation in different product or geographic markets,
this product-market rivalry effect will not be present.
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Vonortas (1994) distinguishes between cooperation in generic research and

cooperation in development. He also considers two types of joint ventures:24

• secretariat RJVs: firms coordinate research and or development activities, but those
activities are carried out independently by the coordinating firms;

• operating entity RJVs: coordinating firms establish a common laboratory at which
research and or development is carried out.

Although the details of his results depend on specific parameter values, they

suggest that secretariat RJVs, which do not eliminate strategic overinvestment in

research by rival rivals, do not improve welfare, while operating entity RJVs are more

likely to do so. A critical question regarding the last point is whether or not joint R&D

is a substitute or complement for private R&D. If firms expand their own R&D

because of participation in a research joint venture, then joint R&D definitely increases

overall research effort. If firms cut back their own R&D because of participation in a

research joint venture, then the net impact of the joint venture on overall R&D is

uncertain.25

Much of the theoretical literature on R&D cooperation compares a situation in

which all firms in an industry form an R&D joint venture with a situation in which each

firm carries out its own R&D project. Real-world R&D cooperation in many industries

consists of a bewildering thicket of alliances and cross-alliances, with firms partners in

some projects and rivals in others. Theoretical models of this sort of partial R&D joint

venture are offered by Kamien and Zang (1993), Martin (1994), Yi and Shin (1997),

                                                       
24 He attributes this terminology to Ouchi (1989). Hagedoorn (1990) develops a more
elaborate classification, which includes regimes that permit cooperation in production.
25 This theoretical result is consistent with Mowery and Steinmueller’s (1990, p. 50)
discussion of the integrated circuit industry:

If collaboration, even in precommercial research, reduces the number and
range of technological avenues that are being pursued by independent
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and Yi (1998).  Partial joint ventures mitigate the impact of spillovers among members

of a particular R&D joint venture, ensure rivalry among different R&D joint ventures,

and guarantee that there will be post-innovation product market competition in use of

the new product or process at least among the members of the successful joint venture.

7.  R&D Subsidies

Allowing R&D cooperation is one approach government can take to promote

private R&D. Government can also subsidize independent R&D.  Indeed, government

can subsidize cooperative R&D activities, combining the two approaches.

R&D cooperation deals with knowledge spillovers directly, by allowing firms

that benefit from spillovers to coordinate their R&D activities.  Subsidies deal with

spillovers indirectly: spillovers reduce the marginal benefit that flows from successful

innovation, and properly designed subsidies provide a counterbalancing reduction in

the marginal cost of investing innovation.  Since firms (even cooperating firms) make

decisions based on the consequences for their own profitability, they do not take the

external benefits to consumers of additional R&D into account: subsidies are a way for

government to influence firms’ decisions in the direction that this external-to-the-firm

consumer benefit requires.  As conventionally implemented, however, subsidies may

not be sufficient to correct market failure and consequent underinvestment in R&D

(Scott, 1995).

Subsidies may also be a way for government to influence the form of R&D

cooperation: a subsidy may induce cooperation where firms, left to their own devices,

would have chosen independent R&D.  Subsidy may induce firms to set up an

operating entity joint venture, where if left to their own devices they would chosen an

                                                                                                                                                              
firms, one of the powerful forces for innovation and growth in the
industry’s early years may be weakened.
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operating entity joint venture.  And government may, if it wishes, condition the grant

of subsidies on an agreement to license eventual innovations on reasonable terms.

Subsidies must be financed.  Theoretical models often assume that subsidies

are financed by lump-sum taxes on the industry that benefits from the subsidy.26  This

clearly is not the way subsidies are financed in the real world.  If the arguments about

the “public good” nature of knowledge production are taken seriously, there would

seem to be an excellent case for a net transfer from the rest of the economy to

investment in innovation.27  This does not eliminate the practical aspects of this

problem for policy makers who face multiple demands for funding with increasingly

limited funds from which to meet those demands.

Hinloopen (1998) incorporates optimal subsidies into the d’Aspremont and

Jacquemin model.  He finds that subsidies are more effective in promoting R&D than

permitting R&D cooperation, and (perhaps unexpectedly) that subsidizing

noncooperative R&D and subsidizing cooperative R&D leads to the exactly the same

outcome.28

8.  Patents

A large literature studies the impact of patents on firms’ incentives to engage in

research and development. Patent design includes the issues of patent length and

breadth, as well as institutional factors determining the extent of information disclosed

in the process of obtaining a patent.

                                                       
26 The lump-sum nature of the tax ensures that incentives, which depend on marginal
payoffs, are not affected by the tax.
27 Many of the same issues arise with respect to export subsidies; see Dixit (1988) for a
discussion of the desirability of explicitly modeling the opportunity cost of funds
allocated to subsidies. Romano (1989) takes such an approach.
28 The subsidy level in each case (noncooperative, cooperative R&D) is set to
maximize the same social welfare function.  The welfare level achieved is the same in
both cases, although the subsidy levels differ.
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The issue of patent breadth involves a tradeoff between competition in R&D

and competition in the product market. If patent coverage is very broad, the reward to

first success in R&D is very great, since the firm that obtains a patent gains property

rights over a wide range of related products or processes.

Broad patents therefore maximize incentives for firms to compete in R&D.  But

once a patent is granted, broad patent coverage limits product market competition,

since a broad patent grants a legal monopoly over a large range of processes or a large

segment of product space. Overly broad patents may also inhibit follow-up innovation.

Narrowly defined patents reduce the incentives for firms to invest in R&D, but

make it more likely that there will be product-market competition among holders of

patents over highly substitutable processes or products. Once a patent is obtained,

there may be greater incentives for the patent-holder to license use of the patent to

others, to minimize incentives to “invent around” the patent.29 This will encourage

diffusion of the patented innovation.

The questions of patent breadth and patent length are related: narrowly defined

patents reduce the incentive to invest in R&D, but this can be counteracted by

increasing the length of patent coverage.  LaManna et al. (1989) explore these issues

using a racing model. They compare the welfare consequences of a regime of broad

patent protection — the first firm to invent gets an exclusive patent — with a regime in

which follow-up inventors can also obtain patents. A broadly defined patent system

yields better results if there are economies of scale in production or if invention is

difficult; otherwise results are ambiguous.

                                                       
29 On imitative innovation, see the discussion of Mansfield et al. (1981) in Section C
(1).
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Patent rights are not self-enforcing: if a patent-holder believes that rights

covered by the patent have been infringed, the patent-holder must undertake costly

legal action to enforce those rights. As a practical matter, this may be equivalent to a

system in which some follow-up inventors can obtain patent rights that overlap with

the patent rights of a first inventor. Such overlapping is encouraged by the information

that is revealed when a patent is applied for (Ordover, 1991).

In the same vein, Matutes et al. (1996) note that a narrow patent regime may

encourage innovators to delay patenting, privately developing commercial applications

before disclosing the characteristics of the innovation to rivals. This delay of disclosure

reduces the rate of technological progress. The proper scope of patent protection is to

be broad enough to encourage initial investment in R&D and use of discoveries, but

not so broad as to stifle the search for subsequent improvements.

R&D incentives and product-market competition are affected in much the same

way by narrowly-defined patents and by R&D cooperation. Narrowly defined patents

reduce the reward that a single successful inventor receives; so does joint R&D.

Narrowly defined patents ensure rivalry in the post-innovation market; so does joint

R&D. If the high cost of R&D in some markets justifies encouragement of joint R&D,

so that rivals can share costs, it may also be appropriate to define patent rights broadly

for such markets: this would maximize the payoff to single-firm investment in R&D.30

But if joint R&D is thought to be desirable because it ensures post-innovation rivalry,

then it may also be appropriate to define patent rights narrowly.31

                                                       
30 Cockburn and Griliches (1988) present evidence that the effectiveness of patents
varies from industry to industry. There are instances in which the terms of patents have
been tailored to the needs of specific sectors (pharmaceuticals, for example).
31 Scotchmer (1991) emphasizes the interrelationships between patent policy and
policy toward R&D cooperation.
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The patent literature generally assumes that patents are effective, in the sense

that a patent succeeds in establishing property rights over the income stream that flows

from the patented product or process. There is by now substantial evidence that this is

not the case, and that businessmen are aware of this.32

Levin et al.’s (1987) survey of R&D executives indicates that in most R&D-

intensive industries, secrecy, lead time, learning-curve effects, and sales and service

efforts were ranked ahead of patents as appropriability mechanisms. This no doubt

reflects the fact that there is a significant “learning-by-doing” investment required to

use information (Vonortas, 1994, p. 415):

technological knowledge involves a combination of poorly-defined, and
often incomplete, know-how and a set of highly codified information which
is hard to acquire and utilize effectively.

This will ensure some degree of appropriability of the income that flows from

innovation, independent of the nature of the patent system.

The role of patents may be entirely different, at least in some sectors.  Mowery

and Steinmueller (1990, p. 18) suggest that in the U.S. semiconductor industry, patents

historically served as bargaining chips that allow a firm to trade licenses for access to

technology covered by patents held by other firms.  In such cases, patents effectuate

the diffusion of technology.  Mowery and Rosenberg (1993, p. 57) suggest that the

Semiconductor Chip Protection Act of 1984, which strengthened patent protection for

computer chip designs, made patent infringement suits more likely and raised barriers

                                                       
32 There is a famous story among economic theorists of a man about to enter a parking
lot late at night to pick up his car, when he notices a friend walking all around a street
light, looking at the ground.  He goes over and asks his friend if there is anything he
can do to help, and the friend replies “Yes, I lost my car keys over there in the parking
lot; you might try to help me find them.” The first man then says “If you have lost your
keys over in the parking lot, why are you looking here?”  The friend answers “This is
where the light is.”  It seems likely that economists model patents as an appropriability-
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to entry for the kinds of start-up firms that had historically been vehicles for technical

progress in this industry.

Although it is the premise of the patent system that technological progress is

facilitated by increasing post-innovation appropriability, this premise will be incorrect

in the presence of extensive knowledge externalities. For example, a 1956 antitrust

consent decree required AT&T to openly license patent-controlled technology at

reasonable rates; operating under this constraint, AT&T required cross-licenses of

patents from firms to which it granted licenses. This pattern of cross-licenses

contributed to rapid entry into and growth of the U.S. semiconductor chip industry

(Steinmueller, 1987, p. 13; 1988, p. 335).33  The diffusion of knowledge in this sector

was also facilitated by free movement of personnel among competing companies,

including start-up firms financed in venture capital markets (a factor to which we will

return).34

Cremer and Scotchmer (1997) argue that patents overcome a moral hazard

problem, unlike subsidies, tax breaks, and other direct innovation support mechanisms.

If public support for innovation takes the form of a subsidy, a firm might pocket the

subsidy and not attempt to develop the innovation.  Given the uncertain nature of the

innovation process, failure to innovate could always be attributed to bad luck; public

administrators would be unable to distinguish between good faith plus bad luck and

bad faith.35

                                                                                                                                                              
enhancing device more because they know how than because patents actually are an
appropriability-enhancing device.
33 It also contributed to the development of the UNIX operating system (Salus, 1994,
pp. 56-59).
34 Regarding semiconductors, product-market rivalry was also promoted by
Department of Defense second-sourcing policy, which we discuss below.
35  These issues are also discussed by Fölster (1991). Any innovation support
mechanism that requires the firm to wait until after successful innovation to obtain the
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9.  Product Market Competition Policy

Theoretical and empirical evidence suggests that an antitrust or competition

policy that seeks to promote product market rivalry will also promote good

technological performance.

Martin (1998) uses racing models to examine the impact of competition policy

on private investment in innovation.  In such models, the incentive to innovate depends

on the difference between pre-innovation and post-innovation profit.  Tough

competition policy reduces profits both before and after innovation, but the reduction

in pre-innovation profit is relatively greater than the reduction in post-innovation

profit, with the result that a tough competition policy stimulates innovation and

reduces the expected time to discovery.

It is widely thought that one of the reasons for the strong technological

performance of Japanese firms is the high level of product-market rivalry in the

domestic Japanese market.  Mowery (1995, p. 525) argues that a low level of product-

market rivalry held back European firms:

Particularly in European programmes, the perceived scale requirements for
domestic technology led governments to couple R&D and product
development subsidies with industrial restructuring that produced large
domestic firms with near-monopoly power in a domestic market. This
market structure reduced competitive pressures to reduce costs and move
efficiently to commercialization.

The Schumpeter Mark I model views small- and medium-sized start-up firms as

vehicles for the introduction of innovations.  A strong competition policy, which

                                                                                                                                                              
benefit will avoid the moral hazard problem.  The usual sort of trigger strategy
argument would seem likely to establish that if the rate of time preference is low
enough, the equilibrium strategy for a firm receiving direct support would be to act in
good faith.
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discourages strategic entry-deterring behavior by incumbent firms, facilitates this

process.36

10.  Procurement Policy

Baldwin’s (1980) study of the spillovers from government spending for

procurement to commercial markets demonstrates that vastly different results obtain in

different situations.  In electronics, the government’s spending with prominent,

established firms had no significant effects on technological breakthroughs, while in

marked contrast the start-up companies of Silicon Valley generated the technological

change without public support.37   

With helicopter industries, in the Vietnam era when the product characteristics

desired by the military — speed, range, and carrying capacity — overlapped with

civilian needs, there were large and significant spillovers from the government

procurement spending to the commercial markets.  Conditions for spillovers from

procurement spending can of course change, even within one industry.  Baldwin

observes that in the post-Vietnam era, when military demands shifted toward heavy

armored helicopters designed for potential land wars in the terrain of Europe as

contrasted with Southeast Asia, the spillovers from government procurement spending

to commercial helicopter markets ceased.  For many sectors, there will be a greater

payoff to the establishment of infrastructures that house long-term efforts to promote

                                                       
36  Mowery and Rosenberg (1993, p. 62) argue that U.S. antitrust policy played this
role in the postwar period.
37 Chesnais (1993, p. 215) writes

...the disastrous balance of the French electronics industry ... cannot be
dissociated from the fact that the military has had priority in fixing the
industry’s R&D and industrial objectives.
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and contribute to private investment in R&D than to high-profile operations of limited

duration.38

Discussions of the impact of U.S. Department of Defense procurement policy

often highlight the importance of steady demand from a large customer willing to pay

for the highest-possible quality product.  As important as the level of purchases for

defense purposes may have been their institutional framework.  To guard against the

possibility of disruptions in the supply of critical components, Department of Defense

second-sourcing policy required a successful contractor to demonstrate the availability

of an independent alternative supplier.  The effect of this policy was to encourage the

diffusion of commercially applicable knowledge and promote product-market rivalry

(Mowery and Rosenberg, 1993, p. 46).

11.  Overview

Limited appropriability, financial market failure, external benefits to the

production of knowledge, and other factors suggest that strict reliance on a market

system will result in underinvestment in innovation, relative to the socially desirable

level.39 This creates a  prima facie case in favor of public intervention to promote

innovative activity. Theoretical results should be supplemented by an examination of

empirical and case-study evidence before we turn to the formulation of policy

recommendations.

B.  Empirical evidence

                                                       
38 Link and Scott (1997) discuss such infrastructure investments made by the National
Institute of Standards and Technology.
39 The rent-seeking literature (Fudenberg and Tirole, 1987; Anderson et al., 1997)
suggests at least the possibility of overinvestment in innovation:  competing rivals, each
seeking a post-innovation competitive advantage, may spend more in total than the
innovation, from society’s point of view.  Baldwin and Scott (1987) characterize this
as “the overbidding problem” as contrasted with the “appropriability problem” that
causes underinvestment.  Empirical evidence, to which we now turn, suggests that it is
underinvestment that is observed in the field.
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1.  Spillovers

An extensive body of research confirms that knowledge spillovers are an

important part of the innovative process.

Mansfield et al. (1981) study a sample of 48 new product innovations in the

chemical, drug, electronics, and machinery industries. They report that the costs of

imitating these products averaged 65% of the cost of the original innovator, and that

imitation time was about 70% of the time taken to first develop the product (in both

cases, with substantial variation around the average). They also report that patents

increased the cost of imitation (by about 11%), but that 60% of patented successful

innovations in their sample had been imitated within 4 years.

Based on a sample of 100 firms in US high-technology industries, Mansfield

(1985) reports that more than half the firms believed rivals were aware of their

development plans within 18 months of the time decisions were taken.  Detailed

information about new products leaked out within 12 months of development, on

average. For new processes, the diffusion lag was 15 months, on average. As for the

mechanisms by which spillovers occur, Mansfield (1985, p. 221) writes

In some industries there is considerable movement of personnel from one
firm to another, and there are informal communications networks among
engineers and scientists working at various firms, as well as professional
meetings at which information is exchanged. In other industries, input
suppliers and customers are important channels (since they pass on a great
deal of relevant information), patent applications are scrutinized very
carefully, and reverse engineering is carried out. In still others industries,
the diffusion process is accelerated by the fact that firms do not go to great
lengths to keep such information secret, partly because they believe it
would be futile in any event.

In a similar vein, Henderson and Cockburn (1996, pp. 35-6) say of the

pharmaceutical industry that it

is characterized by high rates of publication in the open scientific literature,
and many of the scientists with whom we spoke stressed the importance of
keeping in touch with the science conducted both within the public sector
and by their competitors. Nearly all of them had a quite accurate idea of
the nature of the research being conducted by their competitors, and they
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often described the ways in which their rivals’ discoveries had been
instrumental in shaping their own research.

In a study of R&D by Swedish firms, Fölster (1995, p. 62) reports that most

firms could provide information about competitors’ research projects, and that such

feedback as could be obtained directly from competitors confirmed the accuracy of the

information provided. This is consistent with the view that patents are weak guarantees

of appropriability and that firms cannot control the extent of spillovers.

Jaffe (1986) examines spillovers from technological clusters to firm patents,

profits, and stock market value.40  He estimates that for a firm undertaking the average

amount of research and development, the elasticity of own patents with respect to the

R&D of other firms  is 1.1: because of spillovers, patents rise more than in proportion

to a general increase in R&D effort.

Bernstein and Nadiri (1988) estimate R&D rates of return for a sample of 5

high-tech industries; Bernstein (1989) reports results from a similar study for 9

Canadian industries. In 4 of the 5 US industries, private rates of return to intangible

R&D capital were between 50 and 100 per cent greater than the rate of return to

physical capital. The social rate of return to R&D capital (estimated allowing for cost

savings in other industries due to spillovers) was often substantially greater than the

private rate of return. Similar results are obtained with the Canadian sample. These

studies also suggest that across-industry spillovers occur along networks of

technically- and commercially-related industries, rather than generally throughout the

economy.  These results are consistent with those of Scott and Pascoe (1987) who find

evidence of knowledge spillovers affecting total factor productivity growth among sets

of technologically close industries. Scherer (1982) and Griliches and Lichtenberg

(1984) trace the productivity effects of knowledge spillovers between vertically related

industries.41

                                                       
40 This appears to be the empirical study of spillovers that comes closest to
approximating the theoretical concept of spillovers that is used in d’Aspremont and
Jacquemin (1988) and related work.
41 Scott (1993, pp. 128-131) provides further discussion of the work of Bernstein,
Bernstein and Nadiri, Scherer, and Griliches and Lichtenberg, as well as other
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Along the same lines, Audretsch and Vivarelli (1993), based on their

examination of R&D spillovers in Italian industry, suggest that small firms are more

likely to enjoy the benefit of spillovers from universities than are large firms. Acs,

Audretsch, and Feldman (1994a, b) report similar results from studies of state-by-state

spillovers in the USA.

Supporting evidence is provided by Caballero and Jaffe (1993), who use patent

citation data for the United States to estimate the rate of diffusion of information about

innovations: they find rates of diffusion so large that it is an acceptable approximation

to regard diffusion as being instantaneous. They also find, however, that the

productivity of patent-embodied knowledge in stimulating new knowledge has fallen

over time.  According to their results, knowledge circulates very rapidly, but

contributes less and less to the expansion of knowledge.

Suzuki (1993) studies main firm-supplier spillovers in vertically-related

Japanese electrical machinery groups. He finds evidence of knowledge spillovers from

a core firm to its suppliers and of spillovers between supplying firms in different

groups.

Henderson and Cockburn (1996) study the impact of economies of scale and

scope on innovation in pharmaceuticals. Their results are interesting in their own right

and also for the light they shed on the small-firm, large-firm dichotomy identified by

Audretsch and Vivarelli (1993) and Acs, Audretsch, and Feldman (1994a, b). As

regards scale, Henderson and Cockburn examine the impacts of the size of a research

project and of the size of the firm on research productivity. They also test for the

presence of economies of scope, which arise if research productivity rises where the

number of projects is greater, all else equal. The latter effect, if found, may reflect the

common use of inputs or knowledge spillovers across research projects.  Their sample

permits them to use individual research projects as the unit of observation. When they

do so, they find firm-level economies of scale and of scope (1996, p. 48):

                                                                                                                                                              
important studies, such as Geroski (1991), of the impact of R&D spillovers on
productivity.



34

Ceteris paribus, programs embedded in larger and more diversified firms
appear to be significantly more productive.

There is also evidence of spillovers across firms, although the effect is modest

compared to other estimates of spillovers in the literature (1996, p. 50):

At the mean, ... a program whose competitors’ programs in the same and
in related fields are roughly 10% more productive will be approximately
2% more productive itself.

Regarding the impact of spillovers within firms on firm structure and the

structure of R&D, they conclude (1996, pp. 53-55):

As pharmaceutical research has moved from a regime of “random”
research to one of “rational” drug design, the evolution of biomedical
science has placed an increasing premium on the ability to exchange
information within the firm. The primary advantage of size has become the
ability to exploit internal returns to scope—particularly the ability to
exploit internal spillovers of knowledge—rather than any economy of scale
per se.

It will be difficult to carry out project-specific studies in other industries. The

results of Henderson and Cockburn suggest, however, that one role for public support

of R&D is to promote spillovers across projects by providing an institutional

framework within which independent smaller firms can enjoy the benefits that larger

firms enjoy as a result of internal spillovers.

2.  The rate of return to R&D

Griliches (1992) reports estimates of the rate of return to public R&D in

agriculture that range from 28 to 67 per cent. The agricultural sector may offer a

paradigm for public support for R&D in sectors dominated by small firms, and we will

examine below the way such support has been carried out.

In case studies of 17 innovations, Mansfield et al. (1977) estimate median

social rates of return of 56%, median private rates of return of 25%.  There is

substantial variation in rates of return across innovations, suggesting that investment in

R&D is a risky enterprise.

A large empirical literature estimates the social rate of return to R&D by

including some measure of R&D input or R&D output as an explanatory variable in an
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estimating equation explaining growth in total factor productivity. The estimated

coefficient of the R&D variable gives an indication how much greater productivity

growth would be if R&D activity were increased.

Jones and Williams (1997, Table 1) survey typical results from this literature,

which suggest a rate of return of about 30% if attention is limited to the returns to

R&D within the industry carrying out the R&D.  If returns in other industries that use

R&D are taken into account, estimates of the rate of return rise as high as 100%.

Jones and Williams decompose the social rate of return to investment in R&D

into components reflecting the value of extra ideas per se, the value of increased

spillovers, and the value of the extra output permitted by increased knowledge. Based

on this analysis, they suggest the empirical estimates are best regarded as lower bounds

of the true social rate of return to R&D, and that if the social rate of return to R&D is

30%, then R&D investment in the US would need to be multiplied by a factor of four

to reach the optimal level.

In addition to the studies showing that the social rate of return typically

exceeds the private rate of return to R&D, and hence suggesting that from a social

standpoint the private sector underinvests in R&D, there are studies providing

evidence about factors that affect the rate of return to R&D.  Some of these studies

have been discussed in the context of our evidence about spillovers;  others actually

consider publicly funded R&D as a separate determinant of productivity and hence can

estimate the effect of public funds on the rate of return to R&D.  Link (1987, pp. 56-

57) provides review of some of these studies;  the results are mixed although Link’s

own evidence suggests (1) that for his sample of manufacturing firms federal support

of basic research increased productivity growth more than federal support of applied

R&D and (2) that overall the presence of government funding lowers the estimated

private rate of return on R&D.  One interpretation is that public funding allows private

firms to undertake projects that are socially beneficial put less privately profitable than

the typical projects in the private companies’ R&D portfolios.

3. Subsidies
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In their study of spillovers and creative destruction, Caballero and Jaffe (1993)

use a calibrated model of the US economy to estimate an optimal R&D subsidy rate of

33%. In their model, such a subsidy would double the rate of growth.

Fölster (1995) studies the impact of subsidies on the extent of R&D and form

of R&D cooperation in a sample of R&D projects carried out by Swedish firms. His

results suggest that (1995, p. 67)

subsidy programs that require cooperation but allow a choice of various
cooperative agreements ... do not increase the likelihood of cooperating.
Moreover, such subsidies increase incentives to conduct R&D to about the
same extent as a normal R&D subsidy would. A subsidy that requires a
result-sharing agreement ... significantly increases the chances of
cooperating, but seems to decrease incentives to conduct R&D.

4. Cooperation

Japan: The VLSI Project

The VLSI (Very Large Scale Integrated Circuits) Project was an Engineering

Research Association organized by MITI, in part as a strategic reaction to what was

believed to be an IBM project to develop a one-chip computer. It included 5

companies: Fujitsu, NEC, Hitachi, Mitsubishi, and Toshiba. Over the four years of its

existence (1976-79), its budget was 60 million yen, half provided by the companies and

half by MITI.

The VLSI project is rich in lessons for the public support of cooperative

research, although those lessons are not necessarily those that are usually drawn.

The VLSI project involved 6 joint laboratories. One of the 6 was a genuine

collaborative operation, in the sense that it involved balanced participation of

representatives from all the partner companies. Each of the other laboratories was

dominated by one or another of the specific companies. One of the tangible indices of

VLSI research output reflects this: the VLSI project generated more than 1,000

patents, of which 16% were put forward by applicants from more than one partner

company, 25% by more than one applicant employed by the same company, and 59%

by a single applicant (Sigurdson, 1986, p. 50).
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From the beginning of the project, the companies’ attitudes toward proprietary

knowledge dictated the nature of the goals that it would be possible to set (Sigurdson,

1986, pp. 45-6):

In selecting the themes of the research project it soon became evident that
it would only be possible to carry out research ... which was fundamental in
nature and which was of great common interest. Thus it was necessary to
find out the common interest in order to make cooperation possible. Then,
there would be no introduction of company know-how and that problem
would disappear.

Diffusion of company-specific knowledge was not a purpose of the VLSI

project, and was not responsible for its success.

The typical Japanese R&D joint venture is of the secretariat rather than the

operating entity type (Odagiri and Goto, 1993, p. 88; see also Sigurdson, 1986, p.

110):

for MITI, [Research Associations] have been a convenient way to
distribute its subsidies to promote the technology MITI (and participating
firms) believed important, most notably semiconductors and computers,
and have been used to avoid favoring particular firms and to minimize the
cost of supervising the use of subsidies. ...only two of the 87 associations
had joint research facilities; in all other cases, each member firm simply
took its share of research funds and carried out the research in its own
laboratory. Therefore, how coordinated the research really was among
participating firms within each RA is doubtful except for a few cases.

Mowery (1995, p. 527) argues that the role of most cooperative Japanese joint

ventures was not so much to generate new knowledge as to circulate and diffuse

existing knowledge.42  The VLSI project was exceptional in having one genuinely joint

research laboratory; for the most part, it followed the general pattern.

Furthermore, while the VLSI project is often credited with responsibility for

successful establishment of a leading Japanese presence in the world semiconductor

market, it is important to understand what the nature of that presence is. Dysters and

Hagedoorn compare the performances of EU, Japanese, and US microelectronics firms

                                                       
42 This would increase product-market competition, which may in part explain the
reluctance of Japanese firms to delegate their best research personnel to cooperative
joint ventures.
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in the 1980s and conclude that EU and US firms outperform the Japanese from a

technological point of view (1995, p. 219):

Aggressive price competition and low cost production enabled Japanese
firms to drive US competitors out of ‘commodity’ markets such as
DRAMs. The inability to compete with Japanese companies in price-
sensitive mature markets induced European and US firms to upgrade their
product line and move into high-end growth markets such as
microprocessors and custom chips.

Indeed, European strength in the ASIC (Application Specific Integrated

Circuit) segment of the market has been noted (for example, EC Commission, 1994, p.

10-12).

Callon (1995) argues that the Japanese industrial policy promoting high

technology has in fact disintegrated and is no longer successful.  He states (p. 2):

the heart of Japanese industrial policy [is] the promotion of leading-edge or
high-tech sectors, specifically through MITI’s use of high-tech consortia.
Three aspects of Japan’s new situation have eroded the basis for these
policies since the 1970’s.  First, as Japan moved to the leading edge of
many technology sectors in the 1980’s, it could no longer follow proven
technology paths blazed by the world’s leading high-tech economy, the
United States.  In this context, Japan’s traditional industrial targeting
strategies began to go astray.  Simply put, it was no longer clear what to
target.  Second, the major Japanese companies that were dependent on
MITI for protection against U.S. competition in the 1970’s became
increasingly confident of their own competitive strength by the 1980’s and
began to resent and resist MITI’s industrial policy intrusions.  Finally, as
the U.S. trade deficit with Japan soared in the early 1980’s, U.S.
government pressure on MITI became intense.  The United States
demanded that MITI abandon its aggressive promotion of Japanese
industries.

EU: Jessi/Medea

Support for cooperative research in the European Union follows a two-track

system. The two tracks are designed to take account of some of the lessons about

publicly-supported cooperative research that emerge from past experience.

The European Union supports a range of basic research projects under (most

recently) the Fifth Framework Programme. These projects emphasize basic research

(this can be seen as seeking to avoid the kinds of conflicts that arose early in the VLSI
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project)  and participation of small- and medium-sized enterprises. Diffusion is also

sought: research results are owned jointly by the EU and the companies involved.43

R&D that is closer to the marketplace is carried out under the aegis of

EUREKA, an organization that dates from 1985 and now includes 24 countries and the

European Union as members. EUREKA programs emphasize commercialization rather

than basic research; research results of a project are the property of the partners

involved.

Among the EUREKA projects are JESSI (1988-96) and its successor MEDEA.

JESSI was in part a vehicle for public subsidy: half of its 3.8 million ECU budget was

funded by participating companies, the other half by various government and public

sources. JESSI is credited with upgrading EU technology with respect to both

specialty chips and computer aided design manufacturing techniques. MEDEA, which

anticipates a 2 billion ECU budget over the 1997-2000 period, will concentrate on 6

areas and aim to maintain a European presence in the semiconductor chip industry.

US: Sematech

Sematech (Semiconductor Manufacturing Technology) was formed in 1987 as

a joint industry-government sponsored research consortium intended to revitalize the

US semiconductor industry. Just as Japan’s VLSI project was very much a strategic

response to perceived developments at IBM, so Sematech was very much a strategic

response to the rise of Japanese semiconductor manufacturers. Sematech was founded

with 13 corporate members. A fourteenth joined in short order; 3 of the 14 have since

withdrawn.44

                                                       
43 For the Fifth Framework, the European Commission seeks to reduce the number of
research themes supported and concentrate efforts on a smaller number of areas. It
remains to be seen whether this attempt will be successful.
44 LSI  Logic and Micro Technologies withdrew in January, 1992, the former
indicating that Sematech ‘s goals provided too indirect a return on its investment and
the latter citing Sematech’s focus on semiconductor equipment manufacturing. Harris
Semiconductor withdrew at the end of December, 1992; it sought to develop analog
signal processing and power semiconductors rather than the submicron process
technology that had become central at Sematech.
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Sematech has arranged some joint projects with JESSI. It maintains its own

research facility, which seeks to simulate manufacturing conditions. It signs contracts

with outside laboratories to carry out research in specified areas.  That Sematech has

its own research facility makes it exceptional (Peck, 1986, p. 219):

the most common pattern in ... U.S. R&D joint ventures has been for the
research to be carried out by participants in their own facilities or by
contract with universities and independent organizations...  

That the VLSI project and Sematech have, exceptionally, set up their own

research facilities suggests that there may be exceptional characteristics of the

semiconductor industry that induce firms to opt for this form of cooperation.  We will

see, below, that these exceptional characteristics include the high cost of

semiconductor R&D and the risk associated with not being in the first wave of

developers.

Sematech is also associated with two other collaborative efforts, the

Semiconductor Research Corporation (SRC) and SEMI/Sematech. The SRC provides

a framework for university-industry cooperation, and may be thought of as an umbrella

for research that is more basic in nature than that pursued by Sematech.

SEMI/Sematech is a semiconductor manufacturer industry association.

Sematech is widely credited with enabling the US industry to regain world

market share, reversing losses to Japanese suppliers. In 1994, it announced its intention

to give up US government support at the end of the 1996 fiscal year.

From a policy point of view, it is important not only to ask if Sematech was

successful but also what results might have been obtained without cooperative R&D.

Irwin and Klenow (1996) estimate that Sematech member firms reduced their overall

R&D spending, inclusive of their contributions to the consortium, by $300 million per

year. Sematech’s research budget during this period was $200 million per year, of

which the member firms contributed about half of the funds. If the Irwin and Klenow

result is accepted, the net effect of Sematech was to reduce industry spending on

R&D.  The member firms put about $100 million a year into the consortium and
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reduced their own R&D spending apart from their contributions to the consortium by

four times that amount yielding the net change in their overall R&D spending as a

reduction of $300 million.  One may take the view that the reduction might reflect the

elimination of wasteful duplication, and that a benefit of joint R&D is the knowledge

diffusion that it entails.

Link, Teece, and Finan (1996) examine the benefits from the Sematech

collaboration and conclude (1996, p. 750):

SEMATECH has provided an organizational structure in which important
processes and technologies have been advanced, which could not have
been justified on economic grounds, based on the estimates presented
herein, outside of a collaborative research arrangement.  Government
funding has been helpful.

In terms of the present context, Link, Teece, and Finan find that a public-

private partnership was needed to bring about the innovative investments undertaken

by Sematech.  But Irwin and Klenow’s estimate that the Sematech consortium of chip

manufacturers cut back on their non-Sematech R&D investments by far more than they

contributed to the subsidized consortium’s R&D investment sounds a cautionary note.

5.  Cross-sectional evidence

Another line of research has used cross-sectional evidence to look directly at

the Irwin and Klenow question of whether or not government funding displaces private

spending.  Scott (1984) and Mansfield (1984) use very different samples and very

different methodologies — different from each other and from Irwin and Klenow —

and reach essentially the same conclusion (which is at odds with that of Irwin and

Klenow):  public funding does not displace private R&D spending;  instead the private

spending increases somewhat from what it would have been without the public funds.

Scott (1984) found in a large cross section (over 400 firms with over 3000

observations on their activities in various industries) that for each federal research

dollar received by the typical company, the company spent an additional eight one-

hundredths of a dollar of its own money on R&D, other things being held equal,

including a complete set of firm and industry effects.
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One way to characterize the issue addressed by the diverse findings cited above

regarding the displacement of private spending by public spending is to ask whether

there are identifiable circumstances in which joint and/or public R&D is either a

substitute for or a complement to independent, private R&D.  One answer that is

potentially consistent with the empirical literature on public funding of R&D

investment is that in general public R&D is a complement to private R&D carried out

by small firms — recent work by Acs, Audretsch, and Feldman (1994a;  1994b) points

in that direction, as does the work by Lerner (1996).  Substitution may be the

relationship for larger firms such as those sponsoring the Sematech venture.

However, Mansfield (1984, p. 132) reports results remarkably consistent with

Scott’s (1984) finding, and both Scott and Mansfield were examining very large

corporations in their samples — Scott examined in a cross section of data the private

and public R&D performed by large companies reporting to the Federal Trade

Commission’s Line of Business Program, while Mansfield used survey methodology

and focused on a sample of major firms in the chemical, oil, electrical equipment, and

primary metals industries,  Perhaps Lichtenberg’s (1987) concern about the link

between public and private R&D and private sales versus sales to the government

could explain the complementarities found for the larger firms, leaving intact the

interpretation that smaller firms are the ones most likely to benefit from the public

funding to support privately performed R&D investments.45

Thus public funding of R&D does not appear to displace private spending in

general, although it may for particular cases.

Kleinknecht and Reijnen (undated) analyze the determinants of R&D joint

venture formation using a sample of 1929 firms in the Netherlands that reported R&D

activity in 1988.46 They find that firm size had no significant impact on the probability

that a firm would engage in cooperative R&D with other firms. Larger firms were

                                                       
45 For additional discussion of Lichtenberg’s idea in the context of Scott’s estimation,
see Scott (1993, p. 234).
46 The data come from a survey of all Netherlands firms with more than 10 employees.
Roughly half the firms in the sample were in the manufacturing sector, half in services.
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more likely to cooperate with institutions (for example, universities), all else equal.

Another interesting result, particularly given the open nature of the Netherlands’

economy, is that the likelihood of joint R&D rises with exporting activity.

Röller, Tombak, and Siebert analyze the determinants of R&D joint venture

formation using a sample of firms that registered joint ventures under the National

Cooperative Research Act of 1984 in the United States.  They examine data on 174

research joint ventures formed by 445 firms over the period January 1985 through July

1994, and find

• there are more research joint ventures formed among small firms than large;

• firms are more likely to form research joint ventures with other firms of roughly the
same size;

• product market complementarities make it more likely that firms will form research
joint ventures.

This last finding is thoroughly consistent with the findings of Scott (1988;

1993, chapter 12).  However, Scott’s findings also suggest that the joint ventures may

not promote desirable R&D.  Examining the early cooperative ventures filed under the

National Cooperative Research Act (NCRA), he concludes (1988, p. 183):

The co-operative R & D protected by the NCRA has occurred in industries
that were, during the 1970s, concentrated, with higher productivity growth
and having R & D activities purposively combined by diversified firms with
R & D in other industries.  Also, co-operative R & D has not been more
prevalent in those industries for which Levin et al. (1984) found
appropriability difficulties, and therefore the act does not appear to be
fostering R & D where competing firms dared not invest because of
appropriability problems.  Further, co-operative R & D appears to be more
likely in industries where diversified firms were already investing relatively
heavily, and to be less likely in those industries where they had low R & D
intensity.  Finally, broad areas of R & D investment combined by the co-
operative R & D projects protected by the NCRA in the mid-1980s parallel
closely the areas combined by the diversified firms of the mid-1970s.  It is
then plausible that the NCRA will stimulate cooperative projects that . . .
reduce the net social benefit of R & D investment.

In a more recent study of research joint ventures, however, Scott (1996)

interprets new evidence as supporting the hypothesis that research joint ventures

improve the efficiency of innovative investments;  further, his findings support the
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hypothesis that government involvement in public-private partnership in the form of

providing infrastructure (rather than direct funding) can improve R&D performance.47

. . . the evidence suggests that government has the power to increase
desirable and important emissions-reducing research.  First, . . . review of
the NCRA ventures before and after the CAAA [Clean Air Act
Amendments] supports the view that companies will turn their cooperative
research toward emissions problems that have become the focus of
government concern.  Second, . . . results about emissions-reducing R & D
support the view that the companies will invest in research in order to
reduce the probability of failing to meet the emissions standards imposed
by government.  My earlier (Scott, 1988) study at the industry level of
observation of NCRA cooperative ventures concluded that there was
evidence that such ventures might reduce desirable competitive pressures
and hence eliminate socially desirable R & D investments.  The present
study was able to use primary data at a highly disaggregated level of
observation—namely, observations for individual companies of research
efforts of a particular kind.  For that particular type of research, these new
“below the company level” data do not suggest that cooperation reduces
desirable competitive pressures.  Instead, cooperation appears to foster
new research that would not have been initiated without cooperation
among companies.  Although the discussion of the other variables offers
additional evidence consistent with that conclusion, the principal
supporting evidence is simply that companies that do both cooperative and
independent emissions-reducing research invest more, ceteris paribus, than
those companies that do just independent research.  Further, the companies
in concentrated markets invest more than those in less concentrated
markets and they are also less likely to join in cooperative emissions-
reducing ventures.  It does not, therefore, appear that cooperative R & D
ventures are a way for companies to avoid Schumpeterian competitive
pressures that stimulate R & D investment, although certainly that could be
because of effective screening of research joint ventures by the U.S.
Department of Justice and the U.S. Federal Trade Commission.  These
new, primary data at the disaggregated level of a particular type of R & D
for particular companies support the belief that cooperative R & D
ventures among manufacturing companies may well promote economic
efficiency. (Scott, 1996, p. 675)

Overall, empirical evidence on cooperative R&D suggests that research joint

ventures, with and without public involvement, have different effects in different

circumstances (Scott, 1996, p. 672).  Such variation in effects is wholly consistent with

                                                       
47 Link and Bauer (1989) provide an important evaluation of and support for the
usefulness of infrastructure that takes the form of laws to facilitate cooperative R&D.
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economic theory, which clearly suggests that the amount of underinvestment in R&D

and the prospects for stimulating desirable R&D differ with the extent of and the

source of market failure.

III.  Institutional Design

A.  General considerations

Public support for private R&D aims  to correct equilibrium underinvestment in

R&D in a market system by increasing the rate of return on the private firm’s R&D

investment and thereby giving the private firm a greater incentive to carry out the

investment project.  Public funding directly addresses the problems of appropriability

difficulties and risk by changing the probability distribution over the outcomes for the

private firm’s investment in the project.

Public funding would typically shift the distribution of rate of return on the

private firm's own investment in the project to the right over higher returns, increasing

the company's expected return.  The increase in expected value directly counteracts the

effect of appropriability difficulties, which is to reduce the expected value of the firm’s

return.

For risk-averse companies, the rightward shift in the distribution can lower the

concern about downside potential because of variance in returns given the concavity of

the utility function over outcomes.  Further, for a firm's decision makers, greater

variance triggers concerns about bankruptcy costs and loss of firm-specific human

capital.  Given the variance of the potential outcome, a higher expected outcome

because of the public funding will reduce the probability of the outcome falling below a

                                                                                                                                                              
Scott (1998b) provides additional evidence supporting the positive effects of public
provision of technology infrastructure in the form of regulations and laws.
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minimally acceptable value.  Thus, even if variance in return were unchanged, risk is

lowered by the public funding.48

The contribution of public resources can take many forms, and we will offer

below a typology of promotional measures matching public action to sectoral sources

of innovation market failure.

We argue that if circumstances rise in which policy makers face a choice

between promoting the diffusion of knowledge and promoting the private

appropriability of knowledge, the general preference should be for diffusion.  Learning

curve and scale economy advantages, lead time, and control of complementary assets

normally afford incumbent firms sufficient protection for their innovative investments.

Excessive appropriability raises entry barriers and impedes both product-market rivalry

and cumulative innovation.

Main mode of
innovation

Main Sources of
Market Failure

Typical sectors Policy instrument

Development of inputs
for using industries

Financial market
transactions costs
facing SMEs; risk
associated with
standards for new
technology

Software, equipment,
instruments

Support for venture
capital markets;
bridging institutions to
facilitate standards
adoption

Application of inputs
developed in supplying
industries

Small firm size, large
external benefits;
limited appropriability

Agriculture, light
industry

Low-tech bridging
institutions (extension
services)

Development of
complex systems

High cost, risk
(particularly for
infrastructure
technology)

Aerospace, electrical
technology,   semi-
conductors

R&D cooperation,
subsidies; bridging
institutions to facilitate
development of infra-
structure technology

                                                       
48 Scott (1980) discusses the coefficient of variation as a natural hybrid measure of
both return and risk and provides evidence of the importance of the measure for
investors’ required rates of return.  Tassey (1997) defines risk in terms of the downside
potential for project failure;  variance in return per se is not the key, but the probability
of the downside deviations from expected value placing the return so low that the
project is deemed a failure. Hence, he implicitly uses a hybrid measure of risk that
combines expected return and the variance in the return.  Given the variance, a higher
expected return can — using the hybrid view of risk — lower risk, because it lowers
the probability of failure.
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Applications of high-
science-content
technology

Public nature of
knowledge base

Biotechnology,
chemistry, materials
science,
pharmaceuticals

High-tech bridging
institutions

Table 1: Innovation Modes, Sources of Market Failure, and Policy Responses

B.  A Typology of Innovation Modes and Innovation Market Failures

Our review of the theoretical and empirical literature on innovations suggests

three overall conclusions.  First, a market system will underinvest in innovation, from a

public point of view.  Second, public sector intervention can ameliorate this

underinvestment.  Third, the forces leading to such underinvestment differ from sector

to sector across the economy, and policy design should take these differences into

account.

Table 1 outlines a typology of innovation modes and innovation market

failures.49 Any such classification must be both crude and approximate.  The categories

in the table are not mutually exclusive, and the policy measures cited in the table are

indicative rather than exhaustive.

Markets differ in terms of the mixture of basic and applied knowledge that

contributes to their knowledge base, in the degree of appropriability of technology, in

the extent to which commercially applicable knowledge is tacit, and in the importance

of complementary assets to the commercialization of knowledge.  Table 1 carves what

is really a continuous spectrum of variation across these categories into four broad

categories, based on the main mode of innovation.  We argue that the nature of the

main mode of innovation has implications for the most important sources of market

failure in each category, and consequently, for the appropriate form of public-private

sector partnership.
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1.  Innovating input suppliers

In intermediate good industries, the predominant form of innovation is the

development of higher quality products that will be used as inputs in vertically related

industries.   The software industry is one example, as might be equipment-producing

industries.  In such sectors (Dosi, 1988, p. 1149)

opportunities for innovation are generally abundant, but are likely to be
exploited through “informal” activities of design improvement...
Idiosyncratic and cumulative skills make for a relatively high
appropriability of innovation.

Relatively high appropriability means there are large private incentives to

innovate in such sectors.  However, the idiosyncratic and cumulative nature of the

skills involved means that financial market transaction costs of the kind emphasized by

Oliver Williamson (rooted in imperfect and impacted information combined with moral

hazard considerations) will be high and will make the cost of capital facing innovator

firms high, if indeed capital can be obtained at all.

In these circumstances, an effective role for public support is to find a

mechanism to make capital funding available to small- and medium-size firms,

including start-up firms.50  This will allow innovative new firms to bring their products

to market.  The lowering of entry barriers implied by such a policy will maintain

competitive pressure on larger incumbent firms to maintain their own innovative

momentum.

Because governments have a notoriously poor record of identifying ultimately

successful lines of technological development in advance, we suggest that public

                                                                                                                                                              
49 This is based on Pavitt (1984) and influenced by Dosi (1988), Nelson and Rosenberg
(1993), and Tassey (1997).
50 Such support is especially warranted early in an industry life cycle (Gemser et al.,
1996).
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support for innovating SMEs should not take the form of direct grants.  Nor should it

take the form of direct government debt or equity financing.

Debt financing, which yields pre-specified interest payments in the absence of

bankruptcy, is not well suited for the financing of risky investments. When used to

finance risky investment, there is a substantial moral hazard problem because the

returns to the lender and to the borrower are asymmetric. The borrower will have an

incentive to take big risks, since only the borrower participates in any up-side returns,

but both the borrower and the creditor share the downside risk, and the possibility of

bankruptcy means that the lender will bear even more downside risk than the borrower.

Equity financing then, is the suitable means for financing such risky investment;  with

equity financing, the investor shares in the up-side profits of the risky venture.

However, the equity approach requires a hands-on approach to managing the

investment, because if absentee owners place the equity funds in the control of the

company investing in R&D, there is an agency problem. Whether those who have

operating control are entrepreneurs who have obtained venture capital or simply the

company’s managers, not gaining all of the investment’s upside returns, those with

operational control have an incentive to undertake less risk than the equity owners

would prefer.  Those with operating control will not, in general, have an incentive to

work in the best interests of the absentee equity investors without some sort of extra

incentive mechanism.

“Venture Capital in OECD Countries,” (OECD, 1996), emphasizes the “hands-

on” aspect of venture capital for investments in companies in the early stages of

development.51  The survey also emphasizes that venture capital is the key source of

                                                       
51Harris and Bovaird (1996) also emphasize the need for hands-on management of
venture capital investments by studying the successful investments of companies
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long-term funds to small and medium size enterprises (SMEs), and it provides a

description of the venture capital market and how it works.  The extent and success of

venture capital markets vary  across countries, and there are many government

programs to stimulate venture capital provision.  The survey observes that there are

differences in opinions about benefits of government involvement.  Some believe that

excessive public intervention will lower returns on the early stage investments to the

point where venture capitalists would not be attracted.  There are two reasons: (1) in

the context of a limited number of such projects, the public-private partnership might

take the more attractive projects, crowding out private investors;  (2) the bidding for a

limited number of projects can increase the price of the initial public offerings by the

start-up companies and reduce the expected rate of return on the investment of the

venture capital.52  These critics then argue that government should limit its role to

assistance in setting up the market infrastructure and in creating an environment

conducive to entrepreneurship.  However, new, technologically intensive firms may not

receive sufficient capital in such a setup, and such capital constraints limit R&D

investment especially for small firms.53

Lerner (1996) and Gompers and Lerner (1997) observe that the pool of funds

committed to venture capital investments has recently grown rapidly.  The relaxation

of restrictions on the investment activities of pension funds has fueled this growth

(Fenn, Liang, and Prowse, 1995). In addition to a rapid increase in the venture capital

funds, there is the pervasive belief that private venture capital firms will do a better job

                                                                                                                                                              
offering funds to young businesses.  Rather than simply providing capital, investors
need to ensure that early-stage companies address other capability gaps — inadequate
management skills, inadequate understanding of the market, inadequate relations with
suppliers, and inadequate financial control (1996, p. 197).
52 See Gompers and Lerner (1997).
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than the government in monitoring the ventured equity positions in risky companies

making R&D investments.  But despite a surge in private funds for the venture capital

market, and despite the capability of the private market for managing the investment of

such funds, it remains the case that because of appropriability problems and risk the

private sector on its own will typically underinvest in technology and R&D.

For example, the Financial Times (Campbell, 1997, p. I) reports that there is

currently great momentum gathering behind private equity across Europe, observing

that “Private equity encompasses everything from large leveraged buy-out deals to the

more traditional venture capital channeled into start-up or early stage businesses.

While there are some signs of a revival of interest in emerging businesses, particularly

in the technology sector, today’s flood of money is directed primarily toward buy-out

opportunities.”  Detailed evidence on the new interest in venture capital for technology

investments emphasizes that the increase in interest in providing venture capital to the

high-tech sector is starting from a low base because of the poor performance of

venture funds over the last decade and because of the difficulties of successfully

managing such funds (Houlder, 1997; Price, 1997).

Lerner (1996, p. 3) observes that if the capital constraints literature is correct,

then public funding of early-stage high-technology firms would stimulate significant

growth for such firms because they would be able to invest in high-return projects that

they could not have accepted without the government funding.  The question, then, is

how to deliver the necessary public funding to provide sufficient investment funds in

such a risky environment without losing the monitoring ability of private venture

capital firms and without trying to ensure such monitoring with clumsy and costly

                                                                                                                                                              
53 See Lerner, 1996;  Hubbard, 1996;  Hall, 1992;  Hao and Jaffe, 1993;  and
Himmelberg and Petersen, 1994.
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contracts.  He provides an excellent review of the literature suggesting the problems

faced by government when it provides venture capital.  Most early-stage, high-

technology, high-growth firms are financed with venture capital, and Freear and

Wetzel (1990) report that venture capital constitutes about two-thirds of private

external equity financing for technology-intensive businesses.  As Lerner (1996)

explains, the venture investors typically spread the provision of funds out over time;

thus, the young, early-stage firm’s managers must return periodically to the suppliers

of their funds in order to get additional financing, and that process can help to ensure

that the investors’ capital is not wasted. Managers of these venture-backed firms are

forced to repeatedly return to their financiers for additional capital, in order to ensure

that money is not squandered on unprofitable projects.  The venture capitalists

intensively monitor managers, Lerner (1996, p. 3) observes, and the investors demand

financial instruments giving flexibility to exercise ownership options in the event that

the investments pay big returns.  Further, they typically have representation on the

board of directors.  Descriptions of the monitoring of early-stage firms by venture

capitalists is given by  Gompers (1995), Lerner (1995), and Sahlman (1990, with a

review of  the theoretical literature provided by Barry (1994).

Lerner (1996, p. 4) summarizes the force of the literature about the difficulties

government faces in playing the role of venture capitalist by observing that if the

expertise and resources required to monitor the early-stage firms are not available to

government, then public funding of public-private partnership will at best just stimulate

short-run productivity gains.  Support for the view that public provision of venture

capital will not work well is provided by the work of  Dyck and Wruck (1996), who

study German government-owned privatization agencies that own portfolios of eight to

ten eastern German firms.  Dyck and Wruck hypothesize that private companies are
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more reliable contracting partners than a government.  As a result, governments must

use more intricate and hence more costly contracts than private firms would use.  To

use these contracts most effectively, Dyck and Wruck emphasize the importance of

defining objectives, using incentive-based rewards, and accepting restricted

intervention rights.  The reason that Dyck and Wruck expect governments to be less

reliable partners and to require more costly contracts spelling out contingencies and

responsibilities is their hypothesis that government organizations as political

organizations need to please diverse constituencies and therefore will be reluctant to

make economically painful or controversial decisions.

Although Brewer, Genay, Jackson, and Worthington (1997) provide a

complementary view consistent with the need for contracts between investors and

early-stage companies, they explain the sorts of designs for securities that help resolve

the conflicts of interest between investors and the entrepreneurs seeking venture capital

funds.  Further, their explanations are in the context of the venture capital investments

of small business investment companies (SBICs) — financial intermediaries that fund

small business activities.  These SBIC channel public funds to small businesses,

although unlike the Small Business Innovation Research (SBIR) program discussed

next, the SBICs do not make outright awards, but instead have debt and equity claims

on the small businesses in which they invest.  Importantly, these SBICs are chartered

and regulated by the U.S. Small Business Administration (SBA) and can receive

subsidized government funding in the form of loans from the SBA for up to three times

their private capital.  Nonetheless, as Brewer et al. (1997) make clear, such

organizations can successfully invest public funds;  the key is appropriate design of

securities that address contracting costs.   The mixture of debt and equity claims

should be designed to minimize the conflicts of interest that arise between the owners
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and the managers on the one hand and the owners and the lenders on the other.

Brewer, et al. explain that in general investments where tangible assets provide

considerable collateral tend to be financed with debt, while the absence of tangible

assets requires equity finance.  Most private funding for early stage firms therefore will

require securities emphasizing equity positions, and certainly Brewer et al. find that

SBICs use relatively more equity, and debt with equity features, and less debt in the

securities used to provide investment funds for small businesses when intangible assets

such as R&D are involved.54

In his own original empirical work studying the impact of public provision of

venture capital, Lerner (1996) provides evidence in support of a positive view of the

prospects for public funding of private investments in innovation.  Lerner (1996, p. 1)

examines the impact of the largest U.S. public venture capital initiative, the
Small Business Innovation Research (SBIR) program, which has provided
over $6 billion to small high-technology firms between 1983 and 1995.
...SBIR awardees grew significantly faster than a matched set of firms over
a ten-year period.  The positive effects of SBIR awards were confined to
firms based in zip codes with substantial venture capital activity.  The
findings are consistent with both the corporate finance literature on capital
constraints and the growth literature on the importance of localization
effects.

Thus, he tests the hypotheses that the private sector provides too little capital to new

firms and that the government can identify companies where investments will yield high

social and private returns, and his evidence supports the hypotheses. He also observes

(Lerner, 1996, p. 2) that among the companies that received public support from the

SBIR or its forerunner the Small Business Investment Company (SBIC) program were

some of the most dynamic technology companies in the U.S.  Receiving support while

still private companies were Apple Computer, Chiron, Compaq, Federal Express, and

Intel.  Further, he observes (1996, p. 2) that public venture capital firms have had a big

                                                       
54Brewer, et al. (1996) and Brewer and Genay (1994) provide more details about the
SBIC program.
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impact in other countries, for example accounting for more than half the recent

investments in new German technology-intensive firms (Wupperfeld, 1992).

Wallsten (1997) reexamines the SBIR Program and finds that the SBIR grants

crowd-out private firm R&D dollar-for-dollar.  He hypothesizes that the grants fund

research that would have been funded privately because politicians judge the success of

technology programs by the commercial success the projects they fund, and then of

course the managers of the grant programs choose promising commercially viable

projects that would have been funded privately and needed no subsidy.  Wallsten

observes (1997, p. 10) that although “Lerner included a control group, he did not deal

with the issue of ‘picking winners’ — the possibility that agencies fund commercially

attractive projects that could have been funded privately.”

The mechanism design for delivering public funding that we propose below

actually solves this problem, to the extent that it does exist, because for such projects

our design results in the private sector completely reimbursing the government for the

cost of the publicly funded project.  Some transactions costs would remain

unreimbursed, but over time as experience with choosing of projects and use of the

new financing principle grew, the mechanism would allow identification and weeding

out of such projects that should not have been publicly funded.

Venture capital investments tend to be concentrated in particular regions and

sectors — in U.S., for example, venture capital has been concentrated in California and

Massachusetts and in the computer hardware and software sectors.  On one hand, the

concentration could reflect a “herding” of investors that could yield poor performance

by too many similar investments (Devenow and Welch, 1996; Sahlman and Stevenson,

1986).  In that case, public investments in sectors and regions overlooked by venture

capitalists might generate benefits.  On the other hand, successful high-tech firms may

cluster in particular regions to take advantage of knowledge spillovers, and pools of

specialized resources — specialized labor and specialized intermediate goods

(Krugman, 1991;  Saxenian, 1994).  In that case, the public funds would most

profitably be invested in the same industries and regions where private venture capital
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funds are invested.  Lerner’s important findings are consistent with the hypothesis that

the clustering reflects the productive exploitation of complementarities of research

assets and intermediate goods and services uses by high-technology firms.  The

implication for the targeting of public funds to support private innovation is clear, and

further it fits with the general thrust of our recommendation to let the private sector

direct the delivery of such public funds, insofar as this is possible.

Another observation about the venture capital market is also important for our

proposal below for a new mechanism for public support of innovation where the

source of market failure is financial market transaction costs.  Gompers and Lerner

(1997) find a very robust relationship between the valuation of early-stage firms and

the volume of venture capital funds that are bidding for the equity of companies

seeking venture capital.  In particular, a greater volume of commitments to venture

capital funds increases the valuation of new investments.  Apparently, a larger volume

of venture fund commitments translates into more competition for,  and hence higher

prices for, the type of risky asset provided by entrepreneurs seeking venture funds.

There are implications of their finding for the bidding mechanism that we propose

below.  First, the most propitious time to invite bidding from private venture funds for

the right to manage public funds will be when outstanding venture capital commitments

are high.  Second, the need for public funds may be greatest when such commitments

are relatively low.

The venture capital literature also emphasizes the importance of a means of

“exit” from the venture capital stage.  Although exit can be provided by acquisition or

merger, anticipated rewards can be increased by the capability of successfully trading

the company on an exchange such as the NASDAQ.  Several new stockmarkets for

small, fast-growing firms have emerged in Europe recently (Economist, 1997).  Gilson

and Black (1996) and MacIntosh (1996) emphasize the importance of stock markets as

a means for venture capitalists to dispose of their investments.  One simple

recommendation for technology and innovation policy is then for governments to take
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steps to increase the availability and ease of use of stock markets for small, rapidly

growing firms.

A contingent valuation method to bid for the right to be the private partner can

establish the desired incentives for the private sector to choose the best private partner,

for that private partner to carry out the desired amount of investment at the least cost

to the public, and for avoiding opportunistic behavior by either the public or the private

partner.55

Such a scheme would involve a hybrid bidding mechanism that combines an up-

front bid, a periodic payment bid, and finally a royalty bid.  Private firms would bid for

the right to be the private partner in a project that the government would fund.

Alternatively, private venture capital companies that would manage projects receiving

public support would bid for the rights to manage the projects, as opposed to having

bids be accepted directly from companies that would carry out the R&D.

Broadly, suppose that the government wants to provide support for an R&D

project.56  The government would announce that it would provide an up-front payment

F to support the R&D investment project to be conducted by the winning bidder in an

auction to determine the private partner in the project.  Further, the government would

pledge to provide a periodic flow of funds c throughout the project’s life to support

the flow costs of the R&D project.57

Bidders then bid for the right to be the private partner in the project by

submitting a three-part bid:

                                                       
55 For a detailed discussion of the proposed mechanism, see Scott (1998c), and for the
formal development of the proposed mechanism see Martin and Scott (1998b), where
the mechanism is placed in the context of a taxonomy of innovation modes, sources of
market failure, and appropriate policy responses to explain where it is likely to be a
useful policy, is further illustrated by juxtaposing the proposed mechanism with
primary data about the barriers to developing information technology in the health care
sector, and is formalized by addressing the issues of mechanism design in a formal
economic model.
56 See McAfee and McMillan (1987) for a review of bidding mechanisms, as well as
Hansen (1985) and Samuelson (1983, 1986).
57  Note that the fixed cost F and the flow cost c correspond to the typical abstraction
of the structure of costs for R&D investment projects (Lee and Wilde, 1980).
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• first a bid for how much the private firm will pay the government up-front;

• second a bid on the periodic flow payment during the life of the R&D project;

• finally a bid on the royalty rate that it would pay the government on the innovation
produced by the public-private partnership and licensed (perhaps exclusively) to the
private partner.

There are nontrivial choices to be made about the exact nature of the auction.

Apart from the usual choices for auctions in general, there would be choices specific to

the new institutional use of auctions to determine the private partner for the publicly

supported project.  For example, institutional arrangements must be designed to insure

that the governments payments of F and c go solely for the purchase of R&D

investments;  the private partner’s profits from the R&D investment project must come

after the innovation is introduced.  However, for this paper, full details of the ideal

auction in different circumstances will not be developed.  Instead, we shall present the

basic idea and observe that the three-part bidding mechanism we propose has the

potential for effectively addressing the innovation market failure arising from

transaction costs in financial markets.

• First, with a well designed auction, a partner that is likely to be viable will be
chosen.  Intuitively, the company that can (or at least thinks it can) produce the best
results at the least cost will gain more value from winning the bid to be the private
partner in the public-private partnership;  therefore, it will bid higher and win.

• Second, the government’s investment cost will be minimized.  Intuitively, since that
cost is the present value of (1) the up-front investment F minus the up-front bid and
(2) the flow cost c minus the periodic flow payment, the firm with the best
capabilities for producing the research at lowest costs will submit the highest bid for
the up-front payment and the periodic flow payment.  The government’s net costs
are reduced further by the royalty payments it will receive.  Those royalty payments,
however, serve other specific roles in the mechanism design.

• Third, the royalty payments are the contingent payment option that mitigate the
effects of uncertainty by tying the private firm’s actual payment to the government
to the actual performance of the R&D investment and the innovation it produces.
The contingent payment mechanism then increases the willingness for private firms
to bid and increases the winning bid and reduces the expected cost to the
government.  Greater uncertainty about value implies a lower expected price at the
auction, and using royalty bidding as a type of contingent pricing mechanism gets
around that problem, giving in effect ex post pricing, whereas without contingency
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pricing less is bid because no one knows what to pay for the right to be the private
partner in the public-private partnership.  However, as we note below, with
royalties there is an agency problem that changes the way the winning bidder will
exploit the innovation resulting from the public-private partnership, and we address
this issue below.

• Fourth, the royalty payments give the government an equity stake in the project and
reduce the likelihood of opportunistic behavior on the part of the government.58

Suppose that the project is one for which public support — not only funds but also
the energy and talents of the government’s employees such as those in public
laboratories and technology policy departments — will be needed for many fiscal
years.  The government’s equity position in the project  is a way to ensure the
credibility of the public support throughout those early investment years despite
changes in administration or changes in public sentiment otherwise.  The equity
position could help to ensure that the government did not abandon a project
midstream, and thus make private participation and investment more attractive.

 
• Fifth, the likelihood of opportunistic behavior by the private investors is reduced

because the private firm or firms will have invested with up front and periodic
payments, and good faith behavior would be required to keep the public funds c for
the flow costs coming to protect that investment and to keep the prospect of the
private share of the project’s earnings.

• Clearly, though, the royalties to the government in return for use of the technology
must be low enough so that the problem of reduced incentives for the private firm
to promote the innovation does not outweigh the gains because the royalty
mechanism mitigates risks and ensures continued public support.   With diminishing
returns and hence rising marginal costs of exploiting the innovation, the royalty
payments to the government will reduce the private company’s use of the
innovation below the optimal amount.

Our proposed mechanism, broadly, is that private firms bid for such

partnerships using a three part bid reflecting the up-front, fixed costs of the R&D

project, its flow costs, and the stream of profits from the resulting innovation.

Government wants the right firms to win the bid, and it wants to pay the optimal

amount but not too much to get the innovations.  The three-part bidding mechanism

that we propose would provide the desired properties. By having private venture-

capital companies, as contrasted with the early-stage companies performing the

                                                       
58Of course, the government is not a profit-maximizing firm, and one must be
concerned then, that incentive problems will occur because a bureaucrat will be
deciding what to do based on his or her own preferences.  However, governments do
have constituencies to be satisfied who potentially can play a role analogous to that of
stockholders in a for-profit firm if a good mechanism for delivering the public funding
to the public-private partnership is in place.
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government-supported research and technology investment, bid for the contract, the

bidding mechanism could even incorporate private venture-capital-market supervision

of the public investments in early stage firms or joint ventures.

2.  Innovative Input Users

Dual to the category of sectors that innovate by developing higher-quality

inputs that are used in vertically related industries is the category of firms that innovate

by adapting products and processes developed in vertically related industries to their

own commercial needs.

One example comes from north-central Italy (Best, 1990, p. 218):

The strength of the Third Italy is in the flexibility and innovation that come
from decentralized and autonomous design capabilities. But competing on
the basis of product design, quality, or customization depends upon
integrating marketing capabilities and competitors analysis with production
flexibility which, in turn, depends upon staying abreast of technological
developments. Here again small firms are faced with the need to undertake
activities characterized by substantial economies of scale.

Agricultural sectors share many of these characteristics: small operating units,

able to benefit from adopting state-of-the-art techniques, but ill able to afford the

expense of keeping abreast of such techniques, and able to internalize only a fraction of

the overall benefits that flow from keeping the sector as a whole on the technological

frontier.

Public support for innovation in such sectors can take the form of extension

services that service as an open technical repository  to which private firms can turn for

the solution of specific problems.  Such a system has been used in U.S. agriculture

since 1862 (Adams and Martin, 1986; Nelson and Rosenberg, 1993, p. 12; Mowery

and Rosenberg, 1993, p. 37).
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Burton and Hansen (1993) discuss a functionally equivalent German

mechanism to support industrial innovation: the Fraunhofer Gesellschaften, which

(1993, p. 39)

conduct applied research for industry on a contract basis, using the
facilities and personnel of regional polytechnics or technical universities.

The cooperative industrial research associations are organized by industry and

identify the research needs of small and medium sized enterprises (SMEs) and actually

carry out the research themselves or hire others to perform contract research.  They

identify five specific advantages of such cooperative research associations, which (p.

39)

• encourage industrially relevant research;

• promote the exchange of information between industrial and academic communities;

• assist commercialization and marketing;

• socialize university students with respect to commercial application of technology;

• promote the diffusion of research.

Such associations will be of greatest assistance to SMEs, and the benefits seem mostly

to be related to knowledge dissemination rather than increasing the private

appropriability of knowledge.

3.  Complex Systems Innovation

Only a few sectors, although it is possible to argue that they are vital ones, fall

in this category.  Firms in these sectors are typically large in an absolute sense, and

well able to maintain their own firm-specific pools of technical competence.

Innovation market failures arise because the R&D projects carry a cost proportionally

as large or larger than the absolute size of innovating firms, and because of the risk

associated with failure to stay on the technological frontier. The risk that is in question
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is the risk of extinction if a firm is not in the first round of innovators — drastic

innovation, in the vocabulary of the theoretical economics literature — because a steep

learning curve implies that second-movers fall rapidly behind.

One part of policy in this area should be adoption of a competition policy that

permits R&D cooperation.  It should not be anticipated that the incidence of operating

entity joint ventures will increase very much in response to such a policy, because firms

will typically be risk-averse about divulging proprietary information.

Policy should also be open to the possibility of direct subsidies, at least early in

the life of cooperative activity.59   A condition of such subsidies should be acceptance

of arrangements to diffuse knowledge generated by the joint venture to all comers on

reasonable terms (perhaps after a certain delay).  Learning-by-doing advantages will

normally allow incumbents to profit from exploiting an innovation; the availability of

the innovation to outsiders at reasonable cost will prevent first-innovators from

extracting excessive economic profits.

Innovative market failure may also arise in these sectors when innovation

involves the development of common standards for infrastructure technology.  Such

innovations involve network externalities and carry a substantial risk if a firm enters

into a technological trajectory (Dosi, 1988) that ultimately fails to be selected as the

market standard.  Public bridging institutions  would fill an essential gap in these cases.

In the United States, Federal Laboratories at the National Institute of Standards and

Technology are examples.

4.  High Science-content Technology

                                                       
59 What Dosi (1988) calls technological trajectories are likely to be fairly well defined
in these sectors, and the problems associated with government selection of projects to
back are less likely to arise than for sectors populated by innovating input suppliers.
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Where innovation relies on a technology base with a high science content

(biotechnology, pharmaceuticals), there is also a need for bridging institutions. Firms in

such sectors will often be large in an absolute sense, and will typically maintain their

own formal R&D laboratories.  The role of bridging institutions in this case is to

facilitate diffusion of advances in basic research from academic research operations to

the private sector.  Commercial application of such advances will typically best be

carried out at private laboratories, which will be able to use information from

marketing and distribution channels to direct development in the most effective

direction. The bridging institutions here could be university-industry research parks or

government laboratories such as those operated in the U.S. by the National Institute of

Standards and Technology (Tassey, 1997;  Scott, 1998a).

IV.  Conclusions

We have sought to distill the specific knowledge that economists have

developed about the sources of innovation market failure use it to inform policy

makers about the design of mechanisms for public support of private investment in

technology and innovation.  To that end we have examined a large body of literature

ranging over the theoretical and empirical work of industrial organization economists

studying equilibria in game theoretic models of R&D and production, the work of

microeconomic theorists studying auctions markets, and the work of financial

economists studying venture capital markets.  We conclude our study with a list of

recommendations for the public financing of  private R&D.

One of the propositions that industrial economics has made its own in the last

20 years is that general analytical frameworks are generally inappropriate. Industries

differ enough and in important aspects that these differences must be taken into

account in explaining market performance. This is true for technological performance
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as well as product market performance.  With respect to the appropriate institutional

framework for public support to investment in innovation, it is important to distinguish

• incremental innovations and fundamental technological breakthroughs;

• markets where information flows easily on the supply side, so that appropriability of

the profits that result from successful innovation is low, and markets where

information does not flow easily — for example, extent of public funding needed

will vary with the effectiveness of patents;

• markets where the extent of noncooperative rivalry or cooperation implies

underinvestment from markets where the state of competition results in satisfactory

investments in technology and innovation;

• markets where learning-by-doing is important, so that carrying out R&D is a

necessary ticket to enter the product market.

The prevalence of market failure and underinvestment in technology and

innovation implies the importance of establishing a long-term institutional framework

for the support of commercialization as well as basic research and generic-enabling

research. Further, the institutional structure to support applied and developmental

work should aim to mitigate market failures wherever they may occur.

The distinction between “high tech” and “low tech” sectors may not be useful:

some aspects of agriculture would often be thought of as “low tech,”60 yet cumulative

technological advance in US agriculture has been great, and the potential payoff to

such advance in LDCs may well be enormous.

                                                       
60 Of course, with universities and publicly funded research stations focused on
agricultural R&D, and with the large equipment and materials agricultural businesses
as well as the farms themselves, the agricultural sector is well-endowed with important
and evolving technology — even exotic high-technology such as genetic manipulation
of plant and animal materials.
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A considerable amount of theory and evidence supports the view that public

support for R&D should be directed toward sectors where small firms would not

otherwise be able to compete, and to “infrastructure” sectors, from which

technological advance will spill over to benefit the whole economy.

The evidence suggests that a general relaxation of competition policy vis-à-vis

R&D cooperation will not have much effect on the level of private investment in

innovation, since the fear of competition policy prosecution does not appear to be a

factor that discourages individual or joint R&D. In a similar vein, a requirement to

license research output, thereby increasing competition, is a reasonable quid pro quo

for public support; this would improve post-innovation product market performance

without significantly affecting incentives to innovate.

Serious consideration should be given to developing appropriate bidding

mechanisms to allow private-market decisions to flexibly tailor the amount and timing

and delivery of public funding to private innovation projects involving SMEs and start-

up firms.  We have sketched a prototype three-part bidding mechanism and explained

why it can potentially provide the desired traits for delivering the public funds to

public-private partnership.  Such a mechanism would address sources of innovation

market failure that arise in financial markets. By having private venture-capital

companies  bid for the contract, the bidding mechanism could even incorporate private

venture-capital-market supervision of the public investments in early-stage firms or

joint ventures.

Such a bidding mechanism should be evaluated and compared with other

mechanisms to ensure that it performs well.  A good mechanism should not only have

the desirable traits — choosing a good private partner, achieving desired investment

while minimizing the expenditure of public funds, and so forth — that we have
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associated with the bidding mechanism, but should also have relatively low

administrative costs.

In the context of their evaluation of alternative tax incentives for R&D,

Bozeman and Link (1983) list and critically discuss several criteria by which alternative

mechanisms should be evaluated.  We expect that bidding mechanisms have the

potential to return far more than they cost administratively because they will minimize

the public funds needed to support the projects of public-private partnerships.  But that

expectation must be tested.  To our list of recommendations, then, we add that

government should engage in ongoing evaluation and development of the mechanisms

for identifying projects for public funding and for delivering the public funds to such

projects.

Finally, problems with incentives, unintended consequences, interest groups

lobbying for concentrated benefits that have diffuse costs, and inconsistencies of group

decision-making suggest that the makers of technology policy should continually look

for ways to remove government-induced obstacles to R&D investment and ways to

make private investment more effective even while implementing new mechanisms to

make the government’s actions more effective.  The survival of capitalism and

democracy in the 21st century will require governments to implement programs to

promote innovation that address specific sources of market failure while avoiding

government failure.
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