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Abstract

This paper compares reward systemsto intellectua property rights (patents and
copyrights). Under areward system, innovators are paid for innovations directly by government
(possibly on the basis of sales), and innovations pass immediately into the public domain. Thus,
reward systems engender incentives to innovate without creating the monopoly power of
intellectual property rights, but aprincipal difficulty with rewardsis the information required for
their determination. We conclude in our model that intellectual property rights do not possess a
fundamental social advantage over reward systems, and that an optional reward system — under
which innovators choose between rewards and intellectual property rights— is superior to
intellectual property rights.
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[. Introduction

Two basic means of stimulating innovative activity are compared in this paper. Oneisa
system of rewards paid by the government to innovators. According to this system, innovations
would pass immediately into the public domain, becoming freely availableto all. The other
approach isthe familiar system of intellectual property rights that we employ, notably, patent and
copyright protection, under which the government confers to innovators exclusive rights to market
the goods and services that embody their intellectual works.

Our main conclusion isthat the intellectual property rights system does not enjoy any
fundamental advantage over the reward system. Indeed, an optional reward system — under
which an innovator can choose between areward and intellectual property rights — is superior to
the intellectual property rights system in the model we examine. These findings derive from the
primary virtues of reward systems: that incentives to innovate are provided without granting
innovators monopoly power over price; and that the magnitude of research incentives may be
selected by government. A principal difficulty with reward systems, however, concerns the
government’ s need for information to cal culate rewards (although the government might be able to
base rewards on sales volume).

To motivate our analysis, we first mention a significant historical episode about the patent

system and rewards. Although afairly well-developed patent system had emerged as early asthe
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1400'sin Venice and had spread through much of Europe and the New World by the end of the

18" century, the system came under strong attack in the next century, especially during the period

1850 - 1875.° Criticism of the patent system reflected dislike of monopoly power, both because it
harms consumers who have to pay high prices and because it can hinder improvements and
subsequent innovations if patent holders disallow that.! Many economists disapproved the patent
system, and in some countries, such as Germany, the economics profession was virtually
unanimous in its opposition to patent.?

Reward systems were widely discussed as an alternative method of spurring innovation
(and they had been used to a not inconsiderable extent®). For example, Robert Macfie, amember

of Parliament in England and an influential champion of rewards, set out a proposal for a
government-financed reward system to replace patent, the London Economist pressed for adoption

of areward system, and economists examined rewards in professional journals, books, pamphlets,

00n the history of patent, see Dutton (1984), Machlup (1958), MacL eod (1988), and, especially, Prager
(1944). For an account of the 19th century European debate about patent, see Machlup and Penrose (1950); and see
also Chapter 1 of Dutton (focusing on Britain in the 19th century) and Chapter 10 of MacL eod (focusing on Britain
in the 18th century). For materias relating to the patent debate, see Macfie (1869, 1875, 1883).

1Another criticism was that innovators did not actually receive much of the profits from patents because
businesses to which they sold their rights made the lion’ s share; thus, it was argued, patents did not really provide a
strong motive to innovate. A quite different criticism was that patents were not needed to induce innovators: on one
hand, they could often earn enough to induce innovation merely by being first to market; on the other, they often
were motivated by fame and honor, so financial incentives were not necessary. On the criticisms made of patent, see
Macfie (1869, 1883) and Machlup and Penrose (1950).

2See Macfie (1883 p. 141) and Machlup and Penrose (1950 p. 4).

3See MacL eod (1988 pp. 191- 96), who notes that at least eight acts authorizing rewards for specific
inventions were passed by Parliament between 1750 and 1825, that substantial sums were granted by Parliament to
specific inventors (such as £30,000 to Edward Jenner for his smallpox vaccine), and that many organizations
(especially industry groups) instituted reward schemes.



and conferences* Opinion was, however, divided on the virtues of rewards (criticism of patents

did not imply endorsement of rewards). The chief argument against rewards concerned difficulties
in their administration; it was typically expressed by John Stuart Mill, who maintained that patent is
preferable “ because it [patent] leaves nothing to anyone' s discretion; because the reward conferred

by it depends upon the invention’s being found useful, and the greater the usefulness, the greater

the reward...”®

As a consequence of the criticism of patent, and also of the possible utility of rewards asan
alternative, many countriesin Europe prepared to reform or abolish patent, and some actually did
so: England established a series of roya commissions from the 1850's to the 1870's to investigate
the patent system; Chancellor Bismarck recommended abolition of patent in Prussiain 1868;
Holland repealed its patent system in 1869; Switzerland, which had no patent law, rejected
legidation to adopt it in 1863. Nevertheless, Europe ultimately embraced patent, but for reasons

that may perhaps be regarded as more politically accidenta than indicative of a substantive policy
judgment favoring that system.®

In any case, today, intellectual property rights provide the principal lega financia stimulus
for innovation.” Rewards are little employed; their payment appears to be limited to inventionsin

the area of atomic energy and to certain other exceptional cases, although they were provided to

4Macfie's proposal is reproduced in Macfie (1869 pp. 84-87). Machlup and Penrose (1950 p. 19) describe
the attention given to rewards by the Economist and state that reward proposals “were discussed in the professional
journals and conferences almost everywhere.”

sMill (1872 p. 563).

6See Machlup and Penrose (1950 pp. 3 - 6). They suggest that the victory of patent was associated with
the weakening of the free-trade movement (which was occasioned by the economic depression of the 1870s), asthe
free-trade movement was closely linked politically to the anti-patent forces.

7For a description of, and materials on, intellectual property rights protection, see, for example, Goldstein
(1993).



inventorsin the former Soviet Union.®

Modern economic literature reflects our reality and takes the general optimality of
intellectual property rights largely as a given; the possibility of rewardsis paid relatively little
attention, despite the history we have summarized, and despite the seeming appeal of the topic to

the intellect of the economist.® There have been few papers written in economics journals this

century on reward. Two exceptions are Polanvyi (1943) and Wright (1983). Polanvyi
recommends, in a sustained and insightful but informal argument, that rewards be adopted to foster
innovation and to avoid the social |osses associated with patent monopoly power; he offers reasons
why informational difficulties facing the government in determining awards should not prove
insurmountable. Wright isthefirst to consider aformal model of innovation in which innovators
possess superior information to the government, and he finds that rewards are better than patents if
the government’ sinformation is sufficiently good. Also, Kremer (1997), in an interesting, related
paper, suggests that the government avoid social |osses associated with patents by purchasing them
at apricethat it obtains from an auction process. (Governments have in fact occasionally

purchased patents, and proposals for this to be done programmatically have sometimes been

8The United States Atomic Energy Act (1946) established a Patent Compensation Board to grant financial
rewards for innovations relating to atomic energy that are of military value (the government does not alow such
innovations to be sold on commercial markets). The English patent laws allow for a patent to be infringed upon by
the state if it hasa“ Crown use” for the patented good, in which case compensation, that is, areward, is to be paid;
see Halsbury’s Laws of England (1994 pp. 270 - 73). The former Soviet Union made rewards to individual
innovators; notably, an innovator might obtain a percentage (on a sliding scale, from 17% to .5%, but subject to an
absolute ceiling) of the cost savings achieved by a process innovation; see Sinnot (1988 pp. 44 - 51).

9Thisis not to say that the possibility of rewards is entirely ignored; for example, in his classic essay,
Arrow (1971 p. 153) mentions the intrinsic appeal of rewards. However, the lack of importance of rewards in the
economic literature isindicated by how little space is devoted to the topic in the chapters on innovation in several
well-known books on industrial organization: Scherer (1980 p. 458) spends only a page on rewards; Scherer and
Ross (1990), alater edition of Scherer (1980), does not mention rewards; and Tirole (1988 p. 401) discusses rewards
in only half of a page.



advanced.'®) Another paper of significance is Scotchmer (1997); athough she does not
emphasize rewards, she characterizes the optimal form of patent system assuming that innovators
possess superior information to the government.*t

In this paper, we examine amodel in which a single potential innovator knows the demand

curve for the product innovation he might produce before he invests in research, whereas the
government knows only the probability distribution of demand curves.*? We first compare the
patent system (for concreteness, we refer to patent rather than to intellectual property rightsin
general) to the reward system.*®

Under the patent system, the innovator’ sincentive to invest in research is the monopoly
profits he would earn, and if he produces the innovation, he then sells the innovation at the
monopoly price. There aretwo familiar deviations from first-best behavior under the patent

system. First, incentives to invest in research are inadequate, because monopoly profits are less

10For example, as Kremer (1997) notes, the French government purchased the patent for the Daguerrotype
in 1839. In 1851, a proposal was made in the English Parliament for government to purchase patents routinely; see
Macfie (1883 p. 33).

11Her main result is that direct revelation mechanisms are equivalent to patent renewal systems — systems
in which patentees are able to extend the length of their patents by paying fees (or accepting reduced patent subsidies)
for renewals. Such systems have the feature that they implicitly make use of innovators' private information;
notably, innovators with more valuable patents will be the ones who will tend to purchase longer patent extensions.
In Scotchmer (1998), arevision of her paper, she notes the results on rewards that we demonstrated in an earlier
version of this paper, and she solvesin certain cases for optimal renewal schemes which incorporate rewards.

?However, as we will note, we consider aversion of the model in which the government observes quantity
sold in the market and makes inferences from that in formulating rewards. Asthisisthe most plausible form of
reward system, it is very important for properly interpreting the analysis here to bear it in mind. For further
discussion of thisissue, see Section I1H and Section 1.

13The chief contributions of our paper are (a) that it clarifies the comparison between patent and reward
through use of a simple and natural model of innovation, and (b) that it investigates the optional reward system and
shows it to be superior to patent.



than the social surplus created by an innovation.'* Second, if an innovation results, thereisa

deadweight loss in socia welfare because too little is sold at the monopoly price.

Under the reward system, the innovator’ s incentive to invest in research is the reward he
would receive. If theinnovator produces an innovation, it will be available to competitors, so will
sell at marginal cost (perfect competition in the product market is assumed). Because there isthus
no deadweight loss from monopoly pricing, the only type of deviation from first-best behavior
under the reward system involves the incentive to invest in research. This deviation could bein
either direction. If the socia surplus from the demand curve exceeds the reward, there will be an
inadequate incentive to invest, and if the surplus from the demand curve is less than the reward,
there will be an excessive incentive to invest. Either possibility may occur, asthe optimal reward
equals the expected surplus over the distribution of possible demand curves.

From the foregoing, it is apparent that the comparison between the patent and the reward
systems can be resolved into two elements. On one hand, the reward system is superior to patent
in that deadweight loss due to monopoly pricing is avoided under reward. On the other hand, the
incentive to invest in research isimperfect under both systems, but in different ways. Under the
patent system, the incentive to invest is always inadequate because monopoly profits are less than

socia surplus; but the incentive to invest is linked to actual socia surplus because the innovator
knows the demand for the potential innovation.'®> Under the reward system, the incentive to

invest is governed by the reward and thusis not systematically inadequate; yet the incentive to

14However, in amodel in which there are multiple potential innovators, there could be an excessive
incentive to invest in innovation research created by the race to be first. But as we suggest in Section 111, taking this
point into account would not affect the qualitative nature of our conclusions.

15This point is related to Mill’ s statement above, although he and other critics of reward were concerned not
only about government’s lack of information but also about abuse of its authority and the rights of inventors.
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invest is not linked to actual surplus but only to the reward.*® In particular, if the innovation

would be very valuable, the innovator would invest only in accordance with the reward, which will
equal the expected surplus from al possible innovations.

Because patent effectively harnesses the private information of the innovator about the
value of an innovation, incentives to innovate might be superior under patent to those under
reward, even though the incentives under patent are aways less than first-best. Thisleadsto the
possibility that patent could be superior to reward, despite the deadweight |oss due to monopoly
pricing and the too-small incentive to innovate. Reward, however, could be superior to patent,
both because of a better average incentive to innovate (as the optimal reward equal s expected
surplus) and because of avoidance of the deadweight loss from monopoly pricing. Analysis of
patent versus reward does not lead one to think that there exists any general argument favoring the
patent system over the reward system.

We next consider the optional reward system, under which an innovator may choose
between a patent and areward.'” This system unambiguously dominates patent. The main reason

isthat we show that (expected) social welfare can be improved when the innovator chooses
reward, for deadweight lossis then eliminated, and potential problems with overinvestment in
research can be addressed by the government’ s selecting an appropriately moderate level of
reward. Because socia welfareisimproved relative to patent when the innovator chooses reward,
the optiona system must be superior to patent, since there is obviously no difference between the
systems when the innovator chooses patent.

Although the optiona reward system is superior to the patent system, and the patent system

might be superior to the (mandated) reward system, when the reward system is superior to patent,

16Note, however, that when the reward is conditioned on quantity sold, reward will reflect surplusto the
degree that quantity sold does.

17Such a system was proposed by Polanvyi (1943). Note too that a system in which the government offers
to buy patentsis of this type.



we show that the reward system might also be superior to the optional reward system.

We then briefly consider the important possibility of rewardsthat are a function of
government’ s observation of quantity sold in the market. Such quantity-based rewards are
obvioudy superior to the (unconditional) rewards we have been discussing and enhance the appeal
of reward systems over patent.

After analysing the patent, reward, and optional reward systemsin our model, we discuss
briefly a number of issues not considered in the model including: the government’ s ability to obtain
information about demand for the purpose of determining rewards (especialy by observation of
quantity sold); the race to be first to innovate; improvements to innovations; administrative costs,
the financing of rewards through income taxation and possible associated distortionary costs; and
the actual potential of reward systemsfor raising welfare.

1. The Model

A risk-neutral (potential) innovator may invest in research which will result in an
innovation with a probability that depends positively on the research investment. Let

k = research investment;

p(k)

If there is an innovation, a new product*® can be produced at a constant per-unit cost; define

probability of an innovation; p’' (k) > 0; p” (k) <O.

c = unit cost of the innovation product.

Regarding the demand curve for the product, let

q guantity of the product;

d(g;t) = (inverse) demand curve for the product; dq(q;t) <0

where

t = parameterin[t, t];

18Were we to study process innovations (see, for example, Chapter 10 of Tirole (1988)) instead of product
innovations, the general nature of our results would not be altered.
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g(t) = probability density of t; g(t) >0on][t,t].
We assumethat at t_, monopoly profits, deadweight losses from monopoly pricing, and social

surplus (these are described below) are positive,'® and that they increase with t.

We suppose that the function p(k), the cost c, the family of possible demand curves d(q;t),

and the density g(t) are common knowledge for the innovator and the government. The innovator

t.20

alone knows Also, we suppose until later that the government does not observe quantity sold.

(In Section I11H we alow the government to observe quantity and to base the reward on this.)
Social welfareis assumed to be the expected value of the utility individuals obtain from the
innovation product, minus production costs, and minus research investment.
A. First-best Outcome
If there isan innovation, the first-best quantity, denoted q(t), is such that the height of the
demand curveisc, that is, d(q(t),t) = c. Thussocial welfare exclusive of research investment is

the social surplus,
q(t)
s*(t) = o(d(q;t) - 0)dq. 1)
Consequently, the first-best research investment is that which maximizes
p(k)s* (1) - k, 2
S0 that
p(K)s*(H) =1 3

19Thus, we are implicitly supposing that the government’ s information is good enough to screen out
innovations with no value (or with no expected value). This assumption makes sense if the government devotes
positive resources to screening innovations, and it is also justified if the government obtains information from sales
of innovations, as discussed in Section II1H and Section I11.

20The assumption that the innovator has perfect information about demand (since he knows t) and that the
government does not is the simplest way to reflect the idea that the innovator possesses superior information about
demand. A more realistic assumption is that the innovator’s information about demand is not perfect but till is
better than the government’s, and were this the assumption, it will be obvious that the qualitative nature of our
results would not be altered.



identifiesthe first-best k. If k(z) denotes the k that would be chosen if z is the payoff from an
innovation,?! then the first-best k iswritten k(s* (t)). First-best social welfare asafunction of t is

thus
W (t) = p(k(s* (1))s*(t) - k(s*(1)). (4)
Figure 1 shows s*(t) and k(s*(t)).
B. Patent Regime
Under the patent regime (exemplifying intellectua property rights) the innovator has the
exclusiveright to sell the product resulting from an innovation. Hence, if he innovates, he will sell
the monopoly quantity and earn monopoly profits. Specificaly, let

qm(t) = monopoly quantity, and

® = monopoly profits.
Knowing that an innovation would yield (t), the innovator will choose k to maximize

p(k) (t) - k S
so will choose k( (t)).

L et us compare the outcome under patent to the first-best outcome. Now, asisfamiliar,

q,,(t) < q(t), so that the social surplus under patent falls short of first-best social surplus s*(t) by

the deadweight loss
a(®)
I() = (d(a:t) - c)da. (6)
Om(t)
Hence, social welfare under the patent regime giventis

We(t) = p(k( ONI(s* (1) - 1(0)] - k((D)). (7)
This may be compared to first-best social welfare given t:

W (1) - Wp(t) = {[p(k(s*(1)))s*(t) - k(s* ()] - [p(k( (©))s* (1) - k( (O} + p(k( (O)NI(D). (8)

21That is, k(z) is determined by p'(k)z = 1. Notethat k(z) isincreasing in z (implicitly differentiate p'(k)z =
1 with respect to z to obtain k' (z) = -p’ (K)/(zp” (k)) > 0).
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Thefirst term, in braces, is clearly positive, and represents the welfare loss from inadequate
investment in research under monopoly: because the monopolist’s profit (t) islessthan first-best
socia surplus s*(t), he underinvests in research, k( (t)) < k(s*(t)). The graph of k( (t)) isshown
in Figure 1. The second term is the expected deadweight 1oss due to monopoly pricing. In
summary, we have

PropPosiTION 1: Under the patent system, there are two sources of welfare loss relative
to first-best welfare: insufficient investment in research; and insufficient quantity of the

innovation product sold, with accompanying deadweight loss, due to monopoly pricing.

These points are, of course, standard;?? they are set out so that we can contrast patent to

reward.
C. Reward Regime

Under the reward regime, the government gives areward to the innovator if he succeeds
with an innovation, and it is assumed that the innovation information is placed in the public domain
and made available to a competitive production industry. Hence, it is assumed that the product will
be sold at aprice of ¢, so that zero profitswill be made from production and total quantity
produced will be q(t). Let

r = reward paid by government for an innovation.
The innovator’ s incentive to innovate is due entirely to the reward, since he makes no profits from
sales. Hewill thus choose research investment to maximize

p(k)r - k, 9)
so will choose k(r).

It follows that if — contrary to our assumption — the government were to possess perfect
information about the demand curve t, the government could achieve afirst-best outcome for each t

by setting the reward r equal to s*(t): the innovator would then choose k(s* (t)), the first-best

22See, for example, Chapter 10 of Tirole (1988).
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investment in research; and the quantity produced is always optimal, q(t), under the reward
system.

Because our assumption is that the government does not know t (and does not observe
guantity sold), the reward r must be fixed and independent of t. Socia welfare as afunction of the
reward is

ty

Wr() = p(k(r)s*(Bg(t)dt - k(r) = p(k(n)E(s*) - k(r), (10)
t

a

where E(s*) isthe expected value of s*(t); see Figure 1. It followsthat (10) ismaximized if r =
E(s*).?® That is, the optimal reward r* isthe expected social surplus from an innovation.

We can now compare social welfare under the reward system to first-best social welfare.
The difference beween the two is that research investment is the constant k(E(s*)) under the reward
system, whereas investment depends optimally on t, equals k(s*(t)), in the first-best situation.
Under the reward system, research investment k(E(s*)) is excessive relative to the first-best when
s*(t) isbelow E(s*) and is inadequate when s* (t) exceeds E(s*).

To summarize this section,

PropPosITION 2: Under the reward system, the optimal reward r* equals the expected
value of social surplus, E(s*), from an innovation. There is one source of welfare |loss relative
to first-best welfare: incorrect investment in research, which will be excessive or inadequate
depending on whether actual surplus falls below or exceeds E(s*). There is no deadweight
loss due to monopoly pricing if there is an innovation.

Note that the information the government requires to cal culate the optimal reward isthe
density g(t) of the family of demand curves d(g;t) and the production cost ¢ (in order to compute

the surplus for each demand curve). The government does not need to know the probability

23gpecificaly, p(K)E(s* (1)) - k is maximized over k if k = k(E(s*(t)), so r must equal E(s*(t)).
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function p(K).
D. Patent versus Reward
If we subtract social welfare under patent from that under reward, we obtain

ty
WR() - Wp = Wg(r) - Wp(t)g(t)dt
ta

ty

= t{[IO(k(E(S* N)S* () - k(E(S*))] - [p(k( ON(S*(O) - 1(D)) - k( (D)1} at)d. (11)

Theintegrand in the second line reflects the two differences between reward and patent that we
noted in the Introduction. First, under reward, there is no deadweight loss from insufficient
production, whereas there is under patent. This constitutes an advantage of the reward system and
tends to make the integrand positive (note that I(t) is subtracted from s*(t) in the second term).
Second, under reward, the research investment is a constant k(E(s*)), whereas under the patent,
research investment depends on t, and equals k( (t)). Thisdifference may favor either patent or
reward: when s*(t) is sufficiently close to its mean, E(s*), investment will be closer to itsfirst-best
level under reward than under patent, where it isinadequate for al t; nevertheless, when s*(t) is
very different from E(s*), investment may be closer to first-best under patent than under reward.
Figure 1 helpsto clarify the comparison. Let t* bethet such that s*(t) = E(s*(t)). As
shown in the Figure, reward is superior to patent for t in aregion around t*. For t sufficiently
closeto t* and within this region, reward is superior to patent for the double reason that investment
is closer to first-best than under patent and deadweight monopoly pricing lossis eliminated;
elsewherein theregion, reward is superior to patent even though investment is farther from first-
best than under patent, because reward eliminates monopoly pricing deadweight loss. For t
outside the region, patent is superior to reward because investment is sufficiently closer to first-
best under patent than under reward as to overcome the deadweight |oss due to monopoly pricing.

Thismakesit clear that if enough probability massis distributed close to t*, reward will be

13



superior to patent, whereas if enough massis not closeto t*, patent will be superior to reward.?*

Hence, we have

PropPosiTION 3: Either the reward system or the patent system may be superior to the
other.

The foregoing discussion also leads to two observations about the comparison between
reward and patent.

First, if the information that government has about demand is sufficiently good, then the
reward system will dominate patent. Specifically, if the probability massis sufficiently

25

concentrated about E(s*), it follows from (11) that reward will dominate patent.<> Thisis because

the research investment under reward will tend to be superior to (and higher than) that under patent
and deadweight loss from monopoly pricing will be avoided.

Second, if the need for well-calibrated incentives to invest in research is sufficiently
attenuated, then the reward system will dominate patent, because the factor of the elimination of

deadweight loss from monopoly pricing will be of dominating importance. One way to make this

notion precise isto consider the family of research investment functionsp(kA) , where A is

a positive paraneter. Note that the need for incentives to invest

in research becones snmall as A grows |arge because the probability
of innovation can be made high at |ow cost as A grows |arge: for

any k > 0, p(kA) - p as A - , Where p = limp(k) as k -

2A\We have also constructed numerical examples (see the Appendix) in which patent is superior to reward and
in which reward is superior to patent.

25This follows from continuity considerations and the fact that at t*, the integrand is positive, for at t*,
[P(k(E(s*)))s* (1) - k(E(s*))] = [P(K(E(s*)))E(S™) - K(E(s*))] > p(k( (t*)))E(S*) - k( (t*))] > p(k( (t*))(E(s*) - I(t*)) -
k((t))]-

14



And i ndeed, inspection of (11) shows that reward will be superior

to patent if Ais sufficiently high.?2®

Addi tionally, we observe that the information the governnent
needs to nmake the conparison between patent and reward is not only
the density g(t), the demand curves d(qg;t), and the production
cost ¢, but also the probability function p(k).?2’

E. ptional Reward Regi nme

Under the optional reward regine, the innovator can choose
whet her to take the governnent reward r (in which case the
i nnovation information is placed in the public domain) or instead
to obtain a patent. Hence, the innovator will choose the reward
if and only if r (t); he will choose patent when the demand
curve i s such that nonopoly profits would be high, as is

illustrated in Figure 2. Note that if r < (ta), t hen the

i nnovator will always behave the same way —choose patent and

obtain (t) — so that in determning the optinmal reward, we can

restrict attention to r (t). Now l et t(r) denote ~I(r) for r
in[ (t), (ty))] andlet t(r) =t for r > (t,). Then social

wel fare under the optional reward systemis

t(r) tp

%ltisclear thatasA - , k(E(s*)) and k( (t)) both approach 0, and
p(k(E(s*))) and p(k( (t)) both approach p. Hence, the integrand in (11)
approaches p /(t) > 0.

27The government will need the same information to compute the optimal reward under the optiona reward
system, and to make comparisons between that system and the other systems.
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Wo(r) = [p(k(r))s*(t) - k(r)lg(t)dt + [p(k( (t)))(s*(t) -

I(t)) - k( (t))]lg(t)dt. (12)
t, t(r)

The derivative of (12) is

VW (r) =k (r)[p (k(r))E(s*[t  t(r)) - 1]Et(r)) +
t(r)ypCk(r))/(t(r))g(t(r)), (13)

where Gis the cunulative distribution function of g and E(s*|t
t(r)) is the expected value of s*(t) conditional on t t(r). The
first termin (13) reflects the inframargi nal effect of raising
the reward: the influence of the increase in research investnent
in cases where the innovator chooses the reward. Note that the
termin brackets, [p’ (k(r))E(s*|t t(r)) - 1], is the expected
net return fromnore investnent in such cases. The second termin
(13) is the marginal effect of raising the reward: just inducing
the innovator to accept the reward rather than to obtain a patent.
In this circunstance, the innovator, by accepting the reward, does
not alter his research investnent (since the reward just equals
hi s nonopoly profits); the only change is that the nonopoly
pricing deadwei ght loss /(t(r)) is elimnated, explaining that
factor in the second term

Now the second termin (13) is non-negative (it is clear that
t’(r) is non-negative). Hence, if the first termin (13) is
positive, (13) will be positive. The first termw |l be positive
if [p (k(r))E(s*|t t(r)) - 1] is positive, and that will be so
if and only if r < E(s*|t t(r)). This in turn certainly will be

true for r s*(t,), because s*(t)) < FE(s*|t t(r)) for any r.
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Thus (13) must be positive for r s*(t_), which inplies that the
optinmal r, denoted r**, nust exceed s*(t_ ). W therefore have

Prorosi TION 4: Under the optional reward system the innovator
chooses the reward when nonopoly profit woul d be | ower; otherw se
he chooses patent. The optinmal optional reward, r**, exceeds the

m ni mum soci al surplus, s*(t,).
W observe that if r** (t,), then the optional reward will

al ways be chosen, so the outcone is equivalent to that if r** were
a mandatory reward.
F.  ptional Reward versus Patent

We can i medi ately show the foll ow ng.

Prorcsi TION 5: The optional reward systemis superior to the
patent system

This result is really a corollary of Proposition 4. In
particular, as we observed, the patent systemis equivalent to an

optional reward systemwith r = (t,)., because then the patent
woul d al ways be chosen. But since r** > s*(t_ ), we know that r**
exceeds (t_); hence, the optimal optional reward system nust be

superior to the patent system
Al t hough the above paragraph denonstrates the result, it is
per haps best understood by considering why the optional reward

systemwi th a reward of s*(t)) is superior to patent (and a

fortiori why the optional reward systemw th the optinal reward
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nust be superior to patent). If the reward is s*(t_), the reward

wi Il be chosen by the innovator whenever nonopoly profits are |ess
than this amount, that is, the reward will be chosen whent is in
the interval

[t t(s*(t,))); see Figure 2. For any t in this interval, it is

apparent that the choice of reward over patent nust increase
social welfare: the deadwei ght | oss due to nonopoly is elimnated;

and since the innovator chooses research investment of k(s*(t,))
instead of k( (t)), and k( (t)) < k(s*(t))) < k(s*(t)), the

increase in research investnent also raises social welfare.
Because, then, social welfare is higher under optional reward
whenever the reward is chosen and is the sane as under patent when
the reward is not chosen, social welfare nust have risen.

G tional Reward versus Reward

W have yet to conpare the optional reward systemto the
reward system which is of a nandatory nature. W have

ProPosiTiON 6:  Either the optional reward systemor the rewvard
system may be superior to the other.

That the optional reward system nmay be superior to reward is
clear: the patent systemnmay be superior to reward, according to
Proposition 3; and whenever the patent systemis superior to
reward, the optional reward system nust be superior to reward, for

optional reward is superior to patent, according to Proposition
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5. 28 The explanation is essentially that under optional reward,

when the demand curve is high, patent will be chosen and
incentives to invest will thus not be dulled by a too-I|ow under-
t he-circunstances reward. This investnent-incentive advantage of
optional reward nmay be nore inportant than the di sadvant age of
deadwei ght | oss from patent nonopol y-pri ci ng.

That the reward system nmay be superior to optional reward is
possible for related reasons. Wen the denmand curve is high and
patent is chosen under optional reward, the investnent-incentive
advant age of optional reward may be | ess inportant than the
di sadvant age of deadwei ght | oss from patent nonopol y-pricing.
Rewar d, bei ng mandatory, prevents the potential problemthat

pat ent woul d be chosen when the demand curve is high. 29

H Rewards Conditional on Quantity Sold
Suppose now t hat governnment can observe quantity q sold and
base rewards on this. Qur analysis would then be nodified in
straightforward ways. In Section IIC the reward would not be a
constant but a function r(q). The innovator woul d then choose
k(r(q(t))): the innovator knows t, so can cal cul ate what the
equilibriumquantity sold gq(t) would be, and thus the reward

r(q(t)) he would receive. (Note that the innovator does not

28]t isa so possible for optional reward to be superior to reward when reward is superior to patent.

29\We have constructed a numerical example in which reward may be superior to optimal reward; see the
Appendix.
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influence g(t), as he is one seller in a conpetitive market. 30)

Hence, social welfare (10) given the function r(q) would becone

th

W(r(a)) = [p(k(r(a(t)))s*(t) - k(r(a(t)))]g(t)dt
ta
b
; [p(k(r(a)))E(s*[a) - k(r(a))]f(g)dg, (10")

where E(s*|q) is the nmean of s*(t) given that g(t) =q, f(q) is
the density of q derived fromg(t) (that is, f(q) is the density

of the set of t such that q(t) =q), and g, = q(t;). It is evident

from(10') that, for any q, the socially optimal r(q) is E(s*|q);
the optimal reward function is the nean social surplus conditiona
on the demand curve being such that the quantity sold at price c

was the observed quantity.

Clearly, the conparison between reward schenmes and the patent
system woul d be qualitatively unchanged fromthat di scussed above.
However, because the quantity-based optimal reward is generally
different fromthe unconditional optiml reward (because E(s*|Qq)
is generally different fromE(s*)) and thus is superior to it, the
guantity-based reward woul d nore often be superior to patent than
the unconditional reward is superior to patent. Likew se, the

guantity-based optional reward woul d be superior to the

30A factor from which we abstract is that an innovator might have an incentive to make substantial
purchases, because the optimal reward per unit might exceed marginal production cost. For example, the reward for
each pill sold of a new drug might exceed its production cost, in which case the innovating company would have an
incentive to make large purchases of its pill. Such manipulation of quantity sold would have to be policed by
government in a quantity-based reward regime.
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uncondi tional optional reward, and woul d thus be nore advant ageous
relative to the patent systemthan woul d the unconditiona
optional reward.
(N Di scussi on

W comment here on a nunber of issues that were omtted from
the nodel and on its interpretation.

An al ternative system patent and reward. A policy that we
did not consider is one in which an innovator always obtains a
patent and is also given a reward. This systemis superior to
patent, since the problem of underinvestnent is alleviated by
paynment of a reward. (The optinmal reward woul d equal the expected
val ue of the difference between social surplus and nonopoly
profits at the nmonopoly quantity —the social surplus not captured
by the patent holder.) The system m ght or mght not be superior
to reward or optional reward, for reasons anal ogous to those
relating to the conpari son between patent and reward.

Government’s ability to obtain information about the val ue of
I nnovations. As we stressed in the analysis, governnent’s
know edge about the social value of innovations, enbodied inits
probability distribution over demand curves, is inportant to the
performance of the reward systemand to that of the optional
reward system (even though the latter dom nates patent no natter
how poor governnent’s knowl edge). |In fact, one supposes that the
government coul d obtain significant information about demand.
Most obvi ously, the government can base its rewards on sal es data,

whi ch shoul d be relatively easy to obtain; thus, the version of
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rewards discussed in Section IIHis the nost relevant one to
consider. (Note that if rewards are based on sales, the
government should not fear that it would be flooded by claimnts
for rewards with inferior or neaningless innovations —they woul d
not generate products that would pass the narket test.) The
government could al so attenpt to measure nore about the denmand
curve than sales at the narket price; it could estimte denmand
elasticities, undertake surveys to determ ne the character and
frequency of use of, for exanple, conputer software, nusical
recordi ngs, cinenmatic and tel evision productions. As events
unfold and information flows to the governnment, it could
appropriately suppl ement rewards, perhaps on an annual basis. In
past proposals for reward systens, paynents based on sal es and
other information that governnent receives have sonetines been

di scussed (see especially Polanvyi (1943 pp. 67-69)). It woul d
be a gross mistake to envision the reward as having to be prem sed
on the governnent’s estinmate of valuation at the tine an

i nnovation is registered.

Governnent’s i nformation versus innovators’. W have just
nmentioned the ability of governnent to obtain information about
demand, but we have not consi dered how good i nnovators’
information is and its relation to governnment’s. In this regard,
two comments shoul d be made, which together suggest that the
factor of innovators’ superiority of information may be | ess
inmportant than it initially appears to be. First, innovators’

information will often be substantially inperfect ex ante, at the
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time when they are deciding on research investnment —the cruci al
period for assessnment of innovators’ information. Second,
government’s information will often be reasonably good ex post,
which is the pertinent period for assessnment of government
i nformati on when rewards are based on sal es-rel ated eval uati ons of
worth. Thus, when rewards are based on ex post data, the
I nformati onal conparison that bears on the choi ce between rewards
and intellectual property rights is that between innovators’ ex
ante information and governnent’s ex post information (that
i nnovators’ ex ante information may be superior to government’s ex
ante informati on woul d be irrelevant to the choi ce between rewards
and property rights). This point can be put nore sharply.
Suppose, as is not inplausible, that governnent’s ex post, sal es-
related i nformati on about demand is as good as innovators’ ex ante
i nformati on, when they are deciding on research investnment. Then
i nnovators enjoy no informational advantage that favors
intellectual property rights, and nmandatory rewards (not just
opti onal rewards) are unanbi guously superior to intellectual
property rights. 3!

Race to be first. The optiml magnitude of the reward woul d
be affected in practice by a consideration that we did not study
in our nodel: the race anong potential innovators to be the first

to innovate. As is enphasized in the literature on patent, this

31To amplify, let the innovator’s ex ante information be z, which can be written z(q), because the
assumption isthat g is at least as informative as z. Then it is clear that a social optimum given the constraint that
the innovator knows only z when he chooses k can be achieved under the reward system if the reward equals E(s*|q),
whereas under the patent system, k will be suboptimal and the amount sold will be too low.
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race |leads to the possibility of overinvestnment in research

because the private return to being first nmay exceed its soci al
val ue. 32 Likew se, under a reward system there would be a race to

be first, and it mght |ead to excessive investnent in research,

| owering the optimal reward. Because the race to be first is a
factor that afflicts both systens, and because the infornmation
needed to address it under either seens to be of the sane
character, consideration of the race to be first does not seemto
bear on the conparison between reward and patent.

Subsequent i nnovations. W did not discuss the issue of
subsequent innovations, that is, inprovenents to innovations or
new i nnovati ons depending on past ones. In this regard, two
points are of interest. First, under the intellectual property
rights system subsequent innovations may be stym ed by refusal of
hol ders of property rights to allow inprovenents; there nmay be

br eakdowns i n bargai ni ng between the holders and innovators.33 A

famous exanpl e of this occurred when Janes Watt, hol der of an
early steamengine patent, denied licenses to inprove it to
Jonat han Hornbl ower and Richard Trevithick, who had to wait for

Watt’'s patent to expire in 1800 before they could develop their

hi gh-pressure engine.3  Under a reward system this would not

32See Chapter 10 of Tirole (1988).

33T 0 some degree, this problem can be addressed by legal rules that force the right holder to allow an
innovator to make and sell an improved product; thisis what compulsory licensing rules of patent law do.

34See Scherer (1980 p. 452).
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have been the case, for Watt’s steam engi ne woul d have been in the
publ i c domain, and Hornbl ower and Trevithick woul d have been free
to inprove it inmrediately. (Indeed, as noted in the Introduction,
this was one of the argunments in favor of the reward system
enphasi zed in the 19t century debates.3%) The second point of note
is that governnment’s problemof determning rewards i s nade nore
difficult when the value of an innovation is in part that it |eads
t o subsequent innovations. However, governnment’s problemin

adm ni stering the patent systemis also nade nore difficult by the
possibility of subsequent innovations (notably, in determning

i ssues of patent scope —whi ch subsequent innovations wll be
considered infringing), and for closely-related infornational
reasons. Hence, it is not clear the extent to which, or whether,
the added informational difficulty presented by subsequent

i nnovations favors patent over reward.

Adm ni strative costs. Under a reward system adm nistrative
costs would be incurred by the governnment in deciding upon
rewards, and there would be litigation about rewards between
i nnovators and government, as well as between innovators who
contest each other’s rewards. However, there would al so be a
savings in admnistrative costs relative to the patent or

copyright systens: under these systens, intellectual property

35See, for example, Macfie (1875 p. 5) who states, “when an invention is patented, the reward being
monopoly, a stop is put to improvement....If we substituted for monopoly a sensible system of grants in money,
thus preserving a pecuniary stimulus to publish inventions, | predict that almost every new machine or process
would be studied, scrutinized, and subjected to such an amount of diversified and intelligent thought that...it would
be grestly perfectionated.”
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rights have to be protected by the state, parties often nake
efforts to determne if their rights have been violated and al so
to ascertain if they are violating soneone’s else’s rights, and
l[itigation costs are incurred in disputes over rights; but under
the reward system there are no intellectual property rights to
generate such costs. On a priori grounds, one cannot say whet her
t he adm ni strative cost savings of the reward system woul d
out wei gh the adm ni strative costs that the reward system woul d
entail .36

Tax-financi ng cost of a reward system Reward systens have
to be financed, and we presune through incone taxation, but that
i nvol ves a | abor-supply-related distortionary cost, sonething that
was not considered in our nodel. Hence, the potential case for
reward is |l ess strong than is suggested by our analysis. However,
there are reasons to believe that financing innovation through
i ncome taxation involves |ower distortionary cost than financing
i nnovation through the grant of intellectual property rights. 1In
particular, we know fromthe tax literature that raising funds
t hrough i ncone taxation is superior to doing so through comodity
taxation (which is essentially equivalent to granting intellectual

property rights); this conclusion presunes that the inconme tax can

36In considering this paragraph, the complicating factor that administrative costs are really endogenous
should be bornein mind. We can imagine an intellectual property rights system that is less expensive than the one
we have, and we can imagine a reward system that involves low administrative costs because it bases rewards on a
simple formula, such as a percentage of sales revenues.
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be adjusted in an optinmal way to raise funds.3’ |f one takes the
view that the income tax cannot be optinally adjusted, then there
is still sone basis for believing that the incone tax involves

| ess distortion than intellectual property rights: incone taxation
is equivalent to a uniformtax on all goods, whereas intellectua
property rights involves concentrated taxes in the form of
nmonopoly prices on just a subset of goods; and raising a given
amount through a uniformtax on all goods generally involves |ess
deadwei ght | oss than through a tax on a subset of goods.

Further nerits of the optional reward system The optional
reward systemnot only has the theoretical advantage that it is
superior to intellectual property rights, it has the practical,
political advantage that industry should not object toit, as it
can only raise firnms’ profits. Moreover, the fear that governnent
woul d act suboptimally, and give unduly conservative rewards,
woul d be | ess an issue under an optional reward schene because
innovators can al ways obtain intellectual property rights.
| ndeed, just because of innovators’ option, the governnment’s
tenptation to pay too little mght be checked under an opti onal
reward system Thus, were there an interest in actual adoption of
a reward schene, an optional version mght be the best type to
propose initially. (As noted earlier, the plan set out by

Pol anvyi (1943) was mainly optional in nature, as are schenes for

37The point that income taxes are superior to commaodity taxesis presented, for example, in Stiglitz (1987).
See also Kaplow (1996), who emphasizes that there need not be any distortionary cost associated with raising greater
income tax revenues to finance a government program if the income tax is optimally adjusted rather than
mechanically increased.
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t he governnent to offer to purchase patents.)

| nportance of the advantages of reward systens. To
appreci ate the possi bl e advant ages of reward systens, it is
hel pful to consider areas of innovation where the social |osses
due to intellectual property rights are likely to be high, nanely,
where the di fference between price and production cost (after
innovation) is large. Such areas of innovation may be exenplified
by devel opnent of pharnaceuticals, conputer software, and recorded
nmusi ¢ and vi sual products. Here, prices are often substantial in
relation to production cost; drugs may sell for many tines their
mar gi nal production cost, the price of conputer software is
generally nontrivial even though its marginal production cost is
essentially zero (it can be downl oaded fromthe Internet), and
simlar statenents can be made about CD recordings, cable TV
broadcasts, and first-run novies. In a regine with rewards,
drugs woul d be far cheaper and nore w dely used, all conputer
software woul d be free, and electronically recorded nmaterials
woul d be inexpensive, arguably engendering significant increases
in consuner welfare. Mreover, there would al so be potenti al
gai ns from enhanced incentives to innovate, as profits from patent
and copyright may fall far short of consumer surplus. For
exanpl e, Kremer (1997) suggests that studies of the social versus
the private returns fromresearch indicate that private profits
fromresearch mght well be less than one third of the social
returns. Because optinal rewards would reflect the social

returns, rewards would i ncrease overall incentives to invest.
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4. Concl usion

Reward systens, or optional reward systens, and especially
t hose based on sales-related informati on, appear on reflection to
hol d great prom se as alternatives to our systemof intellectua
property rights, because there is no necessity to nmarry the
incentive to innovate to conferral of nonopoly power in
i nnovations. As such, serious study of the possibility of reward
systens, with a view towards their inplenentation at |east on an

experinmental, partial basis, is worth contenplating.
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Appendix: Numerical Example
We describe here anumerical example that illustrates the model analyzed. Let p(k) =
(exp[.1K] - 1)/exp[.1k] and c = 5. Suppose that demand curves are kinked (for computational
convenience) and given by d(qg;t) = min (.5t - .05qg +5, 200t - 20q - 1800), so that the kink occurs
at q =10t - 90.476. The parameter tisin [t  t,] =[10, 20] and is distributed according to the

truncated normal distribution with mean 15 and variance 4. That isg(t) = (1/(8 )” 2exp[-(t -
15)2/8] +.0012419. Thefollowing can be verified:

(i) First-best surplus s*(t) = 2.5t% - 204.139, k(s*(t)) = 10In[.1s*(t)], (t) = 45.238t -
409.3, I(t) = .51076, and k( (t)) = 10In[.1 (t)].

(i1) The optimal reward r* = E(s*) = 367.62, and k(E(s*)) = 10In[36.762].

(iii) Reward is superior to patent: social welfare under reward is 321.57 and under patent it
is321.51. However, if the distribution of t is modified from the truncated normal to the uniform
distribution in [10, 20], then patent is superior to reward: social welfare under reward is 332.84

and under patent it is 334.04.
(iv) The optimal optional reward r** = 327.2, and this exceeds s*(t ) = 45.35. The

optional reward is superior to patent: social welfare under the optimal optional reward is 321.62,
whereas social welfare under the patent systemis 321.51.

(V) The optional reward is superior to reward: social welfare under the optional reward is
321.62, whereas social welfare under the reward system is 321.57. However, we can modify the
distribution of t to illustrate that reward may be superior to optimal reward. Let t be uniformly
distributed at height 9 over the subinterval [14.95, 15.05] and uniformly distributed at height 1
over the subinterval [17.9, 18]. Then reward is superior to optional reward: under reward, social
welfareis 336.218, and under optimal optional reward, social welfareis 336.214. (The reason

that reward is superior may be explained roughly by two observations. reward functions well
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because 90% of the probability massisin a concentrated region, about 15; reward is superior to
patent even for t in the high region, [17.9, 18], due to the deadweight |oss from monopoly

pricing, but patent is chosen in that region under optimal optional reward.)
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