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THE RESOURCE ALLOCATION PROBLEM IN RESEARCH AND DEVELOPMENT*

Without some kind of government intervention, a competitive market
does not produce sufficient inventions and innovations. The reason is
that except in some cases where secrets can be protected VithOut legal
support, the proddcer of new ideas and processes receives an insufficient
reward for his efforts in such a market. Not only was this problem
understood by policy-makers long before economists were around to write
about public goods, but the modern solutions had been located before
the aid of my profession could be invoked.

Among these solutions, the patent system has attracted the most
interest on the part of economists. However a large literature on the
subject (see the survey by Machlup 1958) h;s added little that is use-
ful as a guide to policy. On the one hand the essentially agnostic
conclusions of Machlup are by his own admission hardly the stuff
on which policy shifts are based. Thé detailed investigation of
Nordhaus (1969), on the other, resulted in a general endorsement of
the system, while contributing an additional analytical justification
for the widgsPread standard patent life limitations of around fburteen
or seventeen years as a minor improvement in the effectiveness of the
system, relative to an infinite patent life. And the analysis of‘patents
in non-competitive environments has been predominantly descriptive rather
than preseriptive, and inevitably plagued by lack of generality. (See

Kamien and Schwartz 1975 for an excellent survey.)

*This paper is being prepared for inclusion in a book, Research
and Development Policy, edited by George Tolley. I would like to thank
with the usual caveat, Cindy Arfken, Martin Baily, Steven Englander,
Robert Evenson, Richard Levin, Richard Nelson, John Quigley, and Marguerite
Alejandro-Wright for assistance of various kinds.
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In ﬁhis paper 1 present a new view of the problem of resource al-
location which connects the old obsession, the tradeoff between the
excess burden of patents and the appropriability which they confer, with
other sources of market failure which have attracted increased'atfention
in the past decade. This new analysis shows the resource allocation
problem to be much more serious and less tractable than has been
traditionally believed. Only by charting some of the dimensions of
the problem in this way, can we hope to move towards policy adjustments
which will enable research and development to make the fullest possible
contribution to the processes of growth and of adjustment to rapid
changes in resource prices.

The paper is organized as follows: After making necessary dis-~
tinctions between different types of inventions and innovations in
. Section I, I present a very simple research model in Section II. This
is used to contrast the old economics of patents, outlined in Section
ITI, with the new view of the patent instrument, presented in Section IV.
This new approach casts the ancient appreciation of the role of dis-
closure in a new light (Section V). Then several alternatives to the
current patent system are considered in Section VI, which draws on
some results derived elsewhere (Wright 1979). The final section-con—
tains the conclusions of this study. |

This volume is, very appropriately, aimed at an interdisciplinary
audience of engineers and policy-makers as well as economists. With
this in mind I have tried to make this chapter intelligible to those
who perhaps have some training in economics, but are currently engaged

'in a field other than economic research.




I. Four Categories of Inventions and Innovations

Research and development programs aim to produce new useful informa-
tion. Since the same item of information can be used jointly by any num-
ber of persons without depleting its factual content, its marginal cost
is the cost of communication. The output of research and development
can be divided into four categories, related to the possibility of
financing its production through in effect selling it at a price in ex-
cess of marginal cost:

Category I: Included in this group are discoveries like a new
assembly tool, which could be exploited in productive use without divulg-
ing its nature, or else patented and sold to others.

Category II: This category includes inventions like a design
modification to render a product more efficient, which can be copied at
little cost by anyone who wishes to inspect the product in which the
discovery is incorporated. Appropriation of the benefits of this type
.of invention for private gain can be made possible by legal attribution

of rights or by non-competitive 'barriers to entry."

for analyzing petroleum exploration data, which need not be divulged

by attempts to exploit them, but which could not be patented. Thus the

inventor can conceivably obtain his reward for the embodied invention

through the free market, but only as long as secrecy is maintained.l
Category IV: This contains discoveries which cannot be exploited

by embodiment in a specific pfocess or marketable product. An‘example

is the theory of relativity, or, on a more mundane level, many theoret-

ical results published in scholarly journals.




If these four categories of invéntion were always produced by
separate and distinct processes, the advantages of direct govermment
allocation of the fourth is rather clear, while the private sector is
equally-clearly a feasible candidate for allocating the first. The
second category can also be allocated 'privately," but the necessary
role of government extends beyond the "normal™ legal protections ac-
corded to decentralized production.

Thus the governmental role in private research and development most
generally takes the form of public attribution and enforcement of ex-
ploitation rights to private persons. Patents in essentially modern
form antedate the beginnings of modern economics. The economic analysis
of‘optimum research and development incentives is dominated by the study
of patents, which seem to hold a special fascination for our profes-

sion.

Section III below is devoted entirely to patents because, despite the
mass of economic research which has been devoted to their study, no
adequately clear and comprehensive analysis of their general economic
able. But this paper considers patents as just one of
several means of optimizing research and development. To accomodate
treatment of this wider set of means of controlling research in the
confines of this paper, I restrict my attention to the starkly sim-
plistic invéntion model outlined in Section II, which fortunately in-
corporates at least some of the characteristics which determine the
relative efficiency of research and development activity in different

allocative systems.




II. A Simple Research Model

The purposes of this study are served by a very simple model of
research toward a well~defined goal. This goal is discrete, and one
might think of it as knowledge of a new technique which, on discovery,
reduces the marginal cost of production of some non-public good from
MC0 to MCl , as in Figure 1. One can think of this new technique as,
for example, a more efficient means of energy extractionvor conversion,
which lowers the cost of the energy produced. The demand curve for the
output (energy) is AR , the marginal revenue curve is MR .

Imagine initially that the new discovery is a category II invention

as defined above. Research imparts no knowledge which could be used for

any other purposes, including further research. To simplify the exposi-

tion, I rule out distributional considerations by assuming all consumers

are identical. If the cost-reducing information is discovered and freely
available, its social value is the increase in consumer surplus,

. 2 '
approximated by the area P, ABP in Figure 1, which is defined as

T O
-

equal to B dollars. Though these benefits occur over time, the analy-
sis presented below loses little of importance and gains considerably

in simplicity by assuming that B  accrues in a single period.

The total amount of research effort is comprised of m units of
research activity supplied by competitive researchers who are of similar
ability and, in common with society at large, assumed to be risk-neutral.

The cost of research C(m) and the probability that at least one re-
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The Welfare Cost of a "Run-of-the-Mill"
Patent Caused by Restriction of Use




searcher will succeed P(m) are assumed to be continuous and twice-differen-
tiable with C'(m) > 0, C"(m) >0, P'(m) >0 , P"(m) < 0 . The expected

benefits of research are R(m) , where
@8) R(m) = BP(m)

The optimal allocation of resources to research in a model of this type

*
is illustrated as m in Figure 2, where
(2) R'(m*) = B.P'"(mn*) = C'(m*) ,

and the expected met social benefit is equal to the distance AF .

IIT. The 0ld Economics of Patents

There is only one problem with the above scenario. All the econ-
omic benefits are passed on to the users of the product (e.g. energy)
and none are reaped by the producer of the invention which made the
cost saving possible., 1In this situation
imum economic benefit on éociety, but not many inventions are likely to
occur without some specific encouragement, if the process of invention
requires scarce resources as inputs.

This problem can be solved by the acquisition of an exclusive patent
which enables the discoverer to appropriate most of the social bénefit B .
The holder of an unlimited patent maximizes profits by limiting use of
the discovery to production of OQ0 units of thegood.3 Profits are then

represented in Figure 1 by area POACP . This is the entire net social benefit of

1
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the invention under the patent system, since price remains at PO and
consumers are no better off than if the invention had not occurred.
Therefore the invention has less social value if it is exploited by a
patent holder than if it is freely available for use, the difference
being represented by L = area POABPl -~ area POACPl = area ABC. L is
called the "excess burden" or 'welfare cost' of the patent.

In practice patent lives are limited, in the United States to
seventeen years. Although Posner (1977, pp. 54-55) suggests that a
life limitation is essential for administrative reasons, an alter-
native rationale has been developed by Nordhaus (1969). The essentials
of his analysis are represented in Figure 3 , using the simple model
developed above. (Linearity of C'(m) and P'(m) is assumed iﬁ order
to make the diagram easier to draw.) The social optimum when knowledge
is freely available is m*, as in Figure 2. Acgording to this analy-

sis, under an unlimited patent the equilibrium research effort is m o,

where
(3) (B - L)P'(m)) = C'(m))

When the patent life is limited to T years, the present value of
profits and excess burden are both reduced proportionately by a mul-
tiplicative factor o . Assuming the annual returns would have been

constant forever,
T
“) o(T, 1) = 1 - J e Ttat
0

where r is the rate of interest. The equilibrium under the finite-life

patent, given u(To, r), can be represented in our atemporal model as oc-

curring at xn.2 » where
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C'(m)

+
' BP'(m)
l
(B-L)P' (m)

| ~
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m, m, m* Research Activity (m)

~ 4
Figure 3

The 01d Economics of Patents:

Determination of Patent Life
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(5) (1-a)E - 1P m) = C'(my)

The marginal social value of research, given a , is B - (1 -a)L)P'(m) .
This is the equation for the straight line through A and B in Figure 3.
The difference between the social value of the patent with a life of To
years and the social value of the infinite patent is represented in
Figure 3 as the difference between area ABCD and area CEF . Assuming
L is positive, as o increases from O (i.e. as T decreases from
infinity) this difference is initially positive, and a maximum occurs
at some life T* where the increase in area of triangle CEF equals
the increase in area ABCD .

The magnitude of the potential returns from reduction of T from in~
finity is limited to some fraction of P(ml).L , which is itself a fraction

of the gross expected benefits at m P(ml).B . In Figure 1 L/B equals

l b
the ratio of area ABC to area POACP1 . More generally, the following

approximation holds:

(6) L/B x M

[
o
=

] In.

Thus the value of L/B for a category II (cost-reducing) invention
depends upon the elasticity of demand nD for the product which has its
production cost lowered, as well as on the degree of cost reduction dP .
To take an example considered typigal of run-of-the-mill inventions by
Nordhaus (1969, p. 81), if the demand elasticity is minus one, and the
cost reduction is five percent, L/B equals 0.025. Hence the potential
gain from adjusting T is typically a small percentage of the gross

expected benefits of research.




-12-

The relation between patent.life and the social value of the patent,
under the old view of patents, is illustrated for several cases in Figure
4. Cases IA and IB show the relation between net expected social gain
from invention and the life of the patent using the example illustrated
in Figure 54, with r = 0.15 and values of L/B of 0 and 0.1 respectively,
the latter being chosen as a relatively "high" value for L/B . Note
that the optimal patent life T* is 17 years for L/B = 0.1 but infin-
ity for L/B = 0. (For L/B = 0.025 (not illustrated) the optimél life is
23 Year;.) Cases IIA and IIB illustrate the relation when the (constant)
marginal cost of research is fifty percent higher than in the previous
example, for L =0 and L = 0.1 respectivelyQ5 This case represents a
line of research of lower expected productivity.6 Optimal patent life for
L =AO.1 is 23 years.

Though optimal patent life is sensitive to L/B in both cases
shown, cases IA through IIB show that social welfare is remarkably in-
sensitive to T over a large range. Other examples yield similar results.
(See Nordhaus (1969, p. 84 ) for an examination of numerous parameter com-
binations in a similar model.)

These results imply that choosing a statutory patent life is a rela-
‘tively simple problem. Because precision in choice of T is unimportant,
ba standard statutory life can be chosen for all patents without significant
diminution of the expected social value of each invention. The adminis-
trative economy (if not absolﬁte necessity) of such a broad rule is
obvious to anyone remotely familiar with the patenting process. Further,
the loss function for errors in T has a happy assymetry--large losses
can occur only if a fairly short patent life is chosen.

Thus the prescription of this -analysis is straightforward. The

fixed patent lives of seventeen years in the USA (and fourteen in the
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United Kingdom and many other countries) are both quite acceptable, since

they both come close to maximizing the social value of competitive
research processes over a wide range of the rélévant parameters, ' The
above analysis obviously indicates that the standardization of patent
lives, which brings enormous administrative benefits, comes at negligible
cost. Further, attempts to determine the optimum standardized life ap—'
pear unlikely to be worth the effort involvedf But we shall see in
Section IVthat the above analysis, and its unusually happy public

policy implications, are unfortunately incorrect.

IV. The "Fishing Problem'" and the New Economics of Patents

The éld écogomics of patents assumes that the production of inven-
tions is like other productive activities which use private inputs
under competitive profit maximization. But using the model developed
above, it is easy to show that this is not thé case. Since all of the
competitive researchers are equally proficient in this model, each has
an equal chance of success. Hence each will perceive his marginal and

average return for each unit of effort (each 'ticket” in the '"invention

(R_T\D/

T -
An=iyr\m)
lottery") as - "m —2 , the expected average return. The researchers,

being rational profit-maximizers, will set marginal cost equal to this

expected return.

_ (B-L)P(m)
m

(7 c'(m)

In Figure 2 , this equilibrium occurs at m® , where the slope of C'(m)
equals the slope of the ray O0G . Net social benefit is HD , which is by
construction less than the optimal net social benefit, AF . If the

total cost curve C(m) were linear (i.e. if research effort were




=15~

supplied at constant cost) it is easy to see that research would yield
no net social benefit at all under this scheme!

This misallocation, which was noted by Usher (1964) is similar to
the problem of over-exploitation of an unregulated fishery (Gordon 1954),
which is why I have called it the "fishing problem." It is also akin to
what is understood.in the popular literature as the 'tragedy of the
commons" (liardin 1968), and to other ''rent-seeking behavior' (Krueger
19?&). The dissipation of the benefits of research by competitive
production of inventions before the socially optimal time (Barzel 1968, Kitti
1973) is a dynamic intertemporal version of the same type of market failure.

Attention to this type of resource misallocation may have been

reduced by empirical evidence showing private rates of return to re-
search and development in the 1950's and 1960's of thirty percent or more.7
But a recent study (Pakes and Shankerman 1979) concludes that the private
return on r;;earch and development is only between three and five per-
cent higher than the return on other capital. They explain this differ-
ential as a modest risk premium. The contrast with earlier results
arises mainly from their estimate of at least 18 percent for the
depreciation rate of the private value of a discovery. Previous studies
assumed that the depreciation rate was equal to the much lower rate of
decay of physical productivity of other capital. Though Pakes and
Shankerman attribute the low rate of return to the increasing dif-
ficulty of preventing appropriation of inventions by competitors, the
model presented here shows why one might expect their result regardless
of the significance of that problem.

There are two ways of correcting the misallocation of research re-

sources in the model developed above. The first (and less practical)

solution is to change the rules so that the patent is awarded only when
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Jjust one successful outcome is achieved for only then is the successful
effort marginally productive. If se#eral researchers discover the same
discrete objective considered here, the marginal social value of each
of their efforts is zero. 1In this static context, all researchers would
submit their results to the ‘Patent Office; competition should
prevent collaboration between researchers to mask multiple successes,
since verification would require communication of the result with no
guarantee that the receiving party has really made the same discovery.8
In the real world, this system might be much more difficult to
administer than for example the current patent system, which is itself
perceived by some legal authorities as being in serious trouble due to
the cost and inefficiency of legal enfofcement. In continuous time,

distinguishing independent achievements from copying, and preyenting
collusive behavior, might prove to be insurmountable difficulties.
Because of these questions about its administrative feasibility, this
alternative is not considered further here, though market incentives
awarded under this criterion otherwise dominate conventional patents,
as shown in the more technical discussion presented in Wright (1979).

A second method of correcting this problem is to reduce the award
sufficiently to obtain the optimal resource allocation m* . The
necessary reduction factor is a fraction @ s the elasticity of P(m)
with respect to m :

mP ' (m)
P(m)

(8) a, = h(P(m))

In Figure 2 the value of the patent should be reduced by a fraction
*%
(Bo - CO»KBO - Co) of the value of the discovery. 1If several research-

ers are successful, this reduced reward is bestowed randomly to one of
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them or is shared by all. In practice this would be achieved by limita-
tion of patent life, whichiis usually justified by economists (e.g.
Nordhaus 1969, Scherer 1972; but see Kitti 1973 for a notable exception)
only as a means of achieving an optimal tradeoff between the excess
burden of the patent restriction and the supposed advantages of awarding
successful researchers the full social value of a discovery, as discus-
sed above.

The relation between patent life and the social contribution of
research and development, according to this new view of the patent incen-
tive, is illustrated in Figure 5, where Cases IA through IIB illustrate
the same cases used in Figure 4., Note that optimal patent life increases
with L in this case, in contrast to the old patent economics analysis
of Figure 4. Clearly the patent welfare cost L has much less signifi-
cance for the optimal patent life T* in this figure than in Figure 4.
But the level of L/B , and the length of patent life are both much more
crucial for patent system efficiency than suggested in that figure.

In contrast to Figure 4, large losses can result when too long a

For cases TA and TB. a natent life of ceventeen
For caseg IA d 1B, a patent 1ife of seventeen

patent life is chosen. an
years (as in the U.S.A.) wastes over 60 percent of the maximum expected
net social value! (If the current practice of providing tax incentives

to researcn and development thrﬁugh expensing of capital inputs were

also taken into account, the discrepancy would be even greater.) For case
1B, the loss incurred at optimally adjustéd T due to the welfare cost L
of the patent system, which has been the focus of much of the literature,

is much smaller than the loss caused by a seventeen year patent life - it

represents only about 30 percent of the net social value of research. (This
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number cannot be read from the figure, because of the proportional scaling
of the vertical axis.) For case IIB, on the other hand, a seventeen year
life limit is almost optimal, whereas the welfare cost of L/B = 0.1
causes a 55 percent loss in the (lower) potential social value of research
in this higher-cost case.

Although T 1is less sensitive to L/B than in Figure 4, accurate
estimation of L is more important in this new analysis. In Figure 4,
mistakenly assuming that L/B equals zero when it is really 0.1 means
a large error in T , but a trivial loss in potential social benefit of
research. In Figure 5, the same mistake means a much smaller error in
T. But an error of only a few years in either direction in choosing T
can destroy a large portion of the expected net social value of the in-
vention process. If the optimal T is chosen using Case IIA, when
Case IIB should be used, over 40 percent of the maximum social value is
lost. |

Most serious of all, the efficiency of a given choice of T is also
very sensitive to the parameters of the invention model. If T is chosen
with Case II in mind, the greater part of the potential social value
expected from the invention process is lost if costs have been over-
estimated by 50 percent, for then Case I applies. If the reverse mistake
is made, all of the potential contribution of the invention process is
wasted, since no research takes place.

For a given success function P(m), the sensitivity of the expected

social benefit to patent life is highest when the supply elasticity of research

effort is infinite, as in the above examples. For example, 1f Case I
is altered so that the supply curve is unit elastic (i.e. a straight line

through O and H in Figure 3) then the relation between patent life and
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expected social benefit is shown, for a 'typical" L/B = 0.025 , in

Figure 6. This case, denoted Case III, looks much more like the relation

derived for Cases I and II using the old patent economics in Figure 4, and
accuracy in the choice of patent life is less crucial than for Case I and

II.

The three cases‘examined‘are sufficient to show that if research
supply is elastic, the cost of a uniform patent life is much greater than
the old patent economics indicated. Even though Cases I and II differ only
in the level of costs, a standard patent life to covér both would waste
at least twenty percent of the expected benefits of one or the other.

More extreme examples would only reinforce the conclusion that the ad-
ministrative advantage of a uniform-life patent system is a potentially
;ostly convenience.

Of course if the relevant parameters were knowﬁ to the Patent
Office, individual optimal patent lives would be tailor-made for each
definable area of research. If the optimal lives were correctly calculated,
the achievable welfare for L > 0 could conceivably be higher than in the
conventional analysis outlined in the prévious section. For example, the
optimum for Case IIB illustrated in Figure 5 yields a net expected wel= -
fare gain nearly ten percent higher than the maximum gain reported for
Case IIB in Figure 4. Hence given that patents were the chosen means of
encouraging research, the "fishing problem" would arguably be a (small)
blessing if all pertinent information were freely available and admin-
istration were costless. But would any kind of patent system be the
best means of encouraging research under these conditions? I will return

to this question below.
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V. A Re-evaluation of the Role of Disclosure

The above analysis of the existing patent system refers exclusively
to Category I1 inventions. But the system does not appear to have
been adopted with inventions of this type in mind. Rather,the classical
analysis of patents implicitly assumes that most discoveries are a composite of
Category 1I1 with Category II and/or Categoery I inventions. Discovery of a
specific process or product (a Category 1 or II inventor) is often accompanied
by information about the prospects for similar lines of investigation (a
Category III discovery). When a patent is awarded, the value of the Category
I1 or Category I element of the discovery is (in the "run-of-the-mill" case—
see above) awarded to the inventor under government protection. But the
Category III element of the discovery may be made freely available to all
others by the description of the invention, filed for public inspection, from
which the patent system derives its name. Traditionzlly defenders of
patents have stressed this role of the patent system as a means of dis-
closure, given that a discovery has been made, whereas I have up to now

concentrated on its role in the allocation of research resources.

when the "fishing problem" is taken into account, these two
roles of the patent system can be highly complementary. Disclosure of
the Cztegory IIL element of the discovery means that the holder of a
patent does not receive all of the social benefits of his discovery.
But in order to prevent over—-allocation of resources to research
some reductions in the realized benefits is generally desirable, as the examples
given in Section IV showed. If, as is likely to be the case, the optimal
reduction is greater than that effected by the seventeen-year patent

life limitation, then some loss of patent value through disclosure
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would be socially beneficial because of its effects on the allocation

of research rescurces.

Of course the reguired reduction varies with the rélcvant paraneters
of the research model; there is no reason to expect that disclosure
leads to the optimal adjustment of research benefits discussed below in
Section VI, However if the supply curve of research is horizomtal for
ail positive levels of résearch, disclosure will always improve the
allocation of research resources relative to patents without disclosure,
since in the latter case expected net social benefits are zero. More

generally,if supply has positive elasticity, some degree of disclosure

is always beneficial.

Before concluding this discussion of disclosure, I should point
out that though I have recognized administrative constraints in this
section by assuming that all patents have a standard length of life,
the characterization of the‘patent system remains rather idealized. 1In
existing patent systems, protection of Category I and II inventions is
incomplete, because litigation to prevent violations is costly, and com-
petitors can often "invent around" a patent, feducing its value. On the
other hand the disclosure provisions are also imperfect--in fact some
writers argue that they have little practical value (see Kitch 1977).
Though these qualifications must be recognized no evaluation of their
importance will be attempted here.

Despite the possible positive contribution of the disclosure
function, a patent system with fixed patent 1life cannot be expected
to be nearly as efficient as the old economics of patents had indicated.
In the next section, I consider the relative merits of possible alterna-

tives to the current patent system.




~24-

VI. Alternatives to the Current Patent System

A. Choices Requiring Greater Administrative Control

In Section IV I noted that if patent life can be '"tailor-made" at
no cost for each type of research process, and if all relevant informa-
tion were freely available, then the social value of research under
patents might be much higher than under the current system. But under
these conditions the patent is glearly a non-optimal choice. For example,
direct control through public research agencies, or by contracts to
private individuals, could ensure performance of research tasks identical
to those which would have taken place under patents, but financed from
tax revenues, presumably at a lower welfare cost than the welfare cost.

10
L of the patent restriction.

To justify choice of patents over all other measures, it is necessary
to change one of thevassumptions of the model. Consider the case where
administration is costless but the public authority in control of re-
search does not have all the information available to (all) researchers
abéut the parameters of the research process. Direct acquisition of the
researchers' information by the public authority is ruled out as too
costly, or just downright infeasible. An informational imbalance be-

tween researchers and the government authority is incorporated in the

equations for the cost of research and the benefits of inventions as

follows:
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©) Cm) = (1+6) cm),
and
(10) 5 = B(1 + 1)

where & and ¢ are random shifters and

2

~9 2 -
o ° E[z"] = oC , and E{8g] = 0 .

1) E(6] = E[z] = 0, E[6°] = o

For now the welfare cost L of the patent restriction, and the
welfare costs of financing contracts, are assumgd away.

This is a two-period model. In period 1 £he government authori;y
must choose the means it will use to éncourage research,knowing cg and
Uz but not 6 and ¢ , and researchers make their producﬁion commit-
ments, given their knowledge of the relevant values of 8 and f . The
simple rational expectatibns assumption is made that all parties know

the equations of the model (Muth 1961), and all are assumed risk-neutral.

Consider the simple case where 6 = 0 and ¢ = tco » with probabilities

[e] — e - “ - £ o o ae e -
P(g) = P(—CQ) = 0.5. Then the expected value of the patent instr ent,

relative to a direct central allocation of research, is illustrated in

Figure 7. Since the government authority does not know ¢ , the best

it can do is to set m equal to m, by, for example, contracting for

0

' m, units of research. If there were no.'"fishing problem', then when

;= +C0 » the new equilibrium value of m wunder (infinite-life) patents
would be at m . In this case the value of the added flexibility of
the patent system is the increased economic surplus represented by area

GHE , relative to the contractual allocation of o, . Similarly when




~26-

$
C'(m)
G
D= g
D;F | B.P(m)/m
] ! (1+OB.P(m) o _(1+:°)B.P(m)/m
B
o :
I : : : | B.P '(m) @ (1-L7)BP(m) /m
| .
0 I B (1-z°)B.P {(m)
m, m, m, m, Research Activity (m)
Figure 7

The Social Value of Research Under Patents Relative to Prizes
or Contracts When Researchers Have Exclusive Information about

Discovery Value
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L = —Co , the equilibrium level of research in m, » and the differential
value of the patent system is represented by the area EFB . Since both
areas represent gains, if there were no ''fishing problem'" and if 1L were
zero, because of its informational advantages patents would always domin-

11
ate contracts for Category I and Category II inventions.

(1) Variable-Life Patents
But in a competitive model the 'fishing problem'" does exist. If

the correction factor o, = h(P) = is applied to the perceived

incentive (1 + [) Egiﬂl

(through "tailor-made' patent life limitation

in a multi-period model) then equilibrium occurs at either m, or m4 in

o . ; .
+f  , the reduction in social benefit from the patent is

Figure 7. At ¢
represented by area HJK , the increase in costs net of the increase in
expected benefits. Similarly if ¢ = _Co , the reduction in expected

nét social benefit of the‘patent is shown in area ABD . Depending on

the relative slopes of C‘(mo) and B.P‘(mo) , the loss areas HJK and

ABD might completely exceed the gain areas GHE and BEF . If that
happens then contracts are the superior instrument for getting the re-
search done.

The case where £ = 0 and 6 = T8 , with P(8°) = P(-8") = 0.5 ,
is illustrated in Figure 8. The expected net gain from the patent
system relative to the contract alternative is represented by half of

the sum of areas FHG and EFB minus half the sum of areas HJK and
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(1+0)C"' (m)

C'(m)
(1-0)Cc'(m)
B.P(m)/m

aoB.P(m)/m

P'(m)

m Research Activity (m)

Figure 8
The Social Value of Patents or Prizes Relative to Contracts

When Researchers Have Exclusive Cost Information
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-~

ABD . More generally, assume L and 6 are independent and have '"conm-
pact" distributions (Samuelson 1970), and have "small' variances 62

2
and 68 . If contracts can be financed with negligible excess burden,

the expected net difference between the social value of using patents

and the social value of contracts is approximately (see Appendix):

-
02 + og L. h(MP)
(12) E[Dl] =m C'(m ) 1 2 1- 2
[e] o i =41 - h(P) 2(;{4‘1-1’1(?))

Ln J

L. 2
(EJ
+ T -
2[; - h(MP)]

o9

where n 1is the elasticity of supply of research inputs and h(MP) is

the elasticity of marginal probability of success with respect to m .

This expression is, in the absence of further restrictions, of ambiguous

sign, even if 1L equals zero. Thus more sophisticated, variable-life

patents are not necessarily better than contracts, in this model.

(2) Prizes

By assumption the entire welfare cost L can be avoided if the
government authority offers prizes instead of patents--but the cost is
that information on ¢ is lost, since the reward for success is set
by the central authority. The expected net difference in social welfare

from using prizes rather than contracts is derived analogously to (12):
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og 1. h(MP) 1
(13 E[D,] = m C'(m ) T 1- l”
°© © S+ 1= h(P) 2>+ 1 - h(P))

The sign of this expression is also in general ambiguous. Thus 1f ad-
-ministration is costless, it is necessary to know h(MP) , h(P) , n ,
L/B | og and oi to optimally choose between patents, prizes and contracts.
Since none of these parameters is very easy to observe, the choice of
the best means of controlling research is no simple task in this con-
text. Actuaiiy the superiority of direct control (i.e. coptracts) over
the other options can be determined from just the three elasticities
h(P) , nh(P) and n.lzBut estimation of these elasticities appears to
be a real challenge, given the‘present state of data on research and
development. Perhaps close cooperation between economists and those
directly invalved in research and development could help generate the
data needed to inform our intuition about these parameters, at least
for some of the better-understood types of researcﬁ processes.

In the absence of such information, I must resort to a rather
arbitrarily specified functional form for P(m) to provide an example
of the optimal choice between the three instruments; If each of m
units of research effort can be expended on a subset of n > m possible

research possibilities, each with the éame probability of success T , and

if each researcher knows which of these are being pursued by others, then

(14) Pm) =1- (L -m"
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In ﬁhis case the optimal choice between patents, prizes (both limited in
value to eliminate the fishing problem) and contracts can be determined
from Table 1 (see Wright (1979) p. 24 and Table 2). As the table shows,
prizes are most attractive when the elasticity of supply of research, n ,
and the probability of success P(mo) , are both low. Contracts are best
when the elasticity of supply is very high, and ‘a high probability of
success also favors contracts. For a plausible value of L/B/oz like
0.025, patents are best only for the cluster of entries at the middle of
the top‘of the table. |

Other forms of the function P(m) 'will give somewhat different
results. Most of the reasonable alternative specifications which come
easily to mind would probably imply a smaller range of dominaﬁce for
patents. For example, if the number of promising research alternatives
is rather small, énd duplication of research is more likely the divergence
between marginal and average rewards which lies at the heart of the
"fishing problem" might be much greater than in the above example, in
which case the relative attractiveness of contracts or other means of

direct central control would be greater.

B. Choices Requiring Less Administrative Attention
(3) Secrecy

The set of feasible alternatives for controlling research activity
depends on the administrative capacity of the system and on the nature
of the anticipated discoveries. If any system requiring a greater degree

of public involvement (legal and bureaucratic) than the current system
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Table 1

Choosing the Best Invention Incentive (Ignoring Administrative

2
Costs): Critical Values? of (L/B)/oC v

Elasticity of Supply of Research
Probability that

Success Is Achieveda .1 5 1 2 10
.1 0.05b 0.24 0.45 0.82 2.11 -
.3 0.05 0.21 0.36 0.56 0.55 -
.6 0.05 0.16 0.22 0.23 - -
.9 0.04 0.08 0.03 - - -

%The probability that at least one research effort will be successful is
assumed to be P(m) = 1 - (1 ~ ﬂ)m, evaluated at the non-stochastic op-

timum mo , with w = 0.01.

be (L/B)/°§ exceeds fhe figure in the table, a prize is best. If not,

the patent system is best. A dash indicates cases where the patent and

prize options are inferior to the contract alternative.
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of awarding patents is ruled out as administratively infeasible (or un-
acceptably costly, which amounts to the same thing) then the only real
alternative is maintenance of secrecy.

Secrecy has been discussed frequently in the literature, but has
attracted little analytical attention. Though I shall not attempt a full
economic analysis of the secrecy alternative here, important aspects of
this alternative can be understood within the analytical approach devel-
oped above,

Obviously secrecy cannot usefully protect Category II or Category IV in-~
ventions, which cannot be exploited wi;hout revealing the discovery to others.
For other inventions, secrecy implies a welfare cost L dincurred due to tle
profit-maximizing restriction of the use of the knowledge generated, like
the patent welfare cost illustrated in Figure 1 above. The size of this
cost depends on the duration of the successful defence of the secret, which
depends on the extent of public protection of secrecy, on the private re-
sources devoted to attacking and defending secrecy, and on the effective-

ness of both kinds of resources.

In

the two-period stochastic model used above, the efficiency of
secrecy probably is bounded by the following altermative cases. If two
or more can keep (and exploit) a secret as easily as one, then the
"fishing problem" will tend to dissipate the social value of the research
performed, just like a patent with unlimited life. 1If two or more cannot
keep a secret at all, then the secrecy alternative is approximately as
socially valuable as the alternative patent system mentioned above, that
would award a patent only when just one researcher makes a discovery

(This patent system which has been ruled out as infeasible in this paper,)
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Under this assumption the expected advantage of secrecy over contracts
can be obtained using the same general approach outlined in the derivation

of E[Dl] in the Appendix (see Wright (1979, pp. 12-15)):

! (ci + Og + (%)2)
(15) E[D,} = mC (m,) . T2[1/n - hQ®)] L/B

Since E[DB] Z_E[Dl], secrecy can be socially attractive if "'two
can't keep a secret," especially when the administrative economies
are taken into account. Unfortunately I do not possess the data
necessary to form a judgment on the extent of joint exploitation

of research secrets independently discovered by different researchers.
Since evidence of such activity might imply criminal collusion in

the United States, it would be surprising if it would be easy to

come by.

Unfortunately secrecy may exacerbate another source of waste of
reséurces, namely, duplication of research which has already been per-
formed by others (see Kitch 1977, p. 276). Under a patent system, the
publicity of the patent award helps reduce this type of waste, by inform-

"ing potential researchers that certain lines of investigation have al-
ready been covered.

Throughout this discussion, I have assumed that the potential for
exploiting Category I or III discoveries under secrecy is not hampered
by the need for the discoverer to provide the other complementary inputs
(or to find a partner or backer who will keep the secrét). In practice
this may be unrealistic especially for small, competitive research firms.
To the extent that this is true, the advantages of secrecy considered in

this section have been overstated.
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For Category I and Category III inventionms, secrecy is always available
as an alternative to the patent system. Reduction of patent lives for the
allocative reasons indicated in Section IV will encourage abandonment of the
patent system in favor of this alternative. Whether this is a socially
desirable outcome depends on the net effect of the advantages and dis-

advantages of secrecy outlined above. It may be that no general answer

is possible. If secrecy is viewed as socially undesirable, despite

its administrative advantages, a natural conclusion might be that govern-
ments éhould not protect corporate secrets. But this apparently obvious con-
clusion is not generally correct. If goVérnment protection is withdrawn,
it is reasonable to expect that more inventions will be patented, which
is the desired result. But it is equally reasonable to expect that
private resources will be devoted to attacking and defending the Category
I secrets which remain, and the Category III discdveries which by defin-
ition have no alternative protection besides secrecy. The desirability
of govermment protection depends on the net result of these two effects.
The resources expended in this way represent additional costs of secrecy,

which should be taken into account in a more detailed-analysis.
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Vii. Conclusion

The benefits which society reaps from research and development may

well fall far below the theoretical optimum which could be attained with
perfect public knowledge of the costs and expected benefits of different re-
search activities. Economists and policy makers have not fully appreciated the
magnitude of this gap between potential and performance. Research and

. development activity i; subject to several types of market failure.

Though plausible solutions can be found for each, separately, th.ir inter-
action presentéiproblems which are much more difficult to handle, and

which justify a full reappraisal of the current set of public policy in-

struments for controlling research and development.

Currently patents, where feasible, are the favored means of en-
couraging research because of the administrative economies and informa-
tional efficiency associated with their relative decentralization. Their
most widely recognized drawback, the welfare cost associated with the
restriction of use of the patented invention, is considered to be of
minor significance, though it has helped to justify the limitation of
patent life to seventeen years or thefeabouts. Since the social benefits
in the old patent economics are remarkably insensitive to patent life for
lives above a dozen years or so, the uniformity of the life limitationm,
which is such a great administrative economy, appears to come at a triv-
ial welfare cost.

But according to recent theoretical arguments, supported by current
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empirical results, such patents should encourage competitive over-alloca-
tion of resourcesvfor patentable research, unless the unpatentable '"spill-
over" aésociated with discoveries is sufficiently large. indeed, if the
supply of research is elastic, this spillover, which is commonly viewed

as a source of resource misallocation, may constitute the major net
economic benefit of the research, a large part of the remainder of the
social benefit being dissipated through wasteful duplication of results
and/or research tasks. The subsidy implicit in the tax treatment of
research and development may well exacerbate this problem.

It is possible to improve the allocation of research resources by
adjusting patent life. 1In this new analysis, the social bengfit of
research can be highly sensitive to the accuracy of this adjustment;

a mistake of a few years in either direction can lead to a heavy loss

of new research benefits. And optimal patent life is a function of

several parameters which are difficult to observe, and of the welfare
cost of the patent restriction. (In contrast to the old patent econ-
omics, optimal patent life is a positive function of the latter.)
Unfortunately much of the gap between current and optimal patent per-
formance may remain unless different patent lives were offered for
different areas of research.

Given sufficient information about the relevant parameters, eaéh
area of research could have a different éatent life. But I haQe shown
that if some information about the costs or rewards of research remains
hidden from the public authority controlling research, dirécf government

control might be superior to patents. This is more likely when the supply
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of research effort is elastic. Paradoxically, high economic responsive-
ness can penalize the more decentralized alternative! And in this
situation the administrative advantages of the current uniform-life
patents would be largely lost. Further, if this type of patent system
were administratively feasible, prizes, which are now offered mainly for
nonpatentable discoveries, might be the best type of incentive, especially
if ;he supply of research effort is inelastié, |

Of course the administrative économy of a fixed-life patent system
may well outweigh any theoretical advantages of the above alternatives,
for most t}pes of applied research. If that is the case, further work
to determine the best patent life, and the optimal tax treatment of re-
search and development, certainly appears to be justified. And the
above analysis has suggested that the alternative of protecting dis-
coveries through secrecy, where practicable, might in fact be the

socially desirable alternative in certain situatioms.

This appraisgl of resource allocation in research and develop-
ment should be understood as tentative and even speculative. Important
facts of life, like risk aversion and monopoly, have been assumed away.
The main point is that getting the greatest net return from this sector
is much more tricky than we have hitherto believed. In fact it may be
one of the most difficult allocative problems of modern society. The
problem is cleérly important enough to justify further investigation by
economists and others concerned with public policy--encouraged, presum-

ably, by explicit or implicit prizes, and/or research contracts.
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FOOTNOTES

1Hirschleifer (1971) points out that the value of inventions
could in principle be appropriated using futures markets. But the gdditional
gains from speculation. are limited when the discovery is protected by a
patent or secrecy. For example under a 'run-of-the mill" patent of the
type considered below, the discovery does not cause a change in product
prices, and no opportunity for additional gain through the futures market

exists.

2 y . s

The value of the prospective invention is assumed to be small rela-
tive to total income; hence the problem of compensation in economic sur-~
plus calculations can be neglected. (For .a rigorous justification, see

Willig (1976).

3Onl_v "run-of-the-mill" inventions are considered here. This means

that cases where optimal exploitation of the patent right involves an in-
crease in Q are excluded. Minor cost-reducing inventions will generally

be of the run-of-the-mill type. (Nordhaus (1969) pp. 70-73 provides a

clear discussion of the distinc

LLASLUSS

2
4The actual functions are C(m) = 0.005m , P(m) = .0lm - .000Im" ,

and B =1 . At equilibrium with L = 0 , the latter curve has unit

elasticity with respect to m .

5In Figure 4, curves IA and IIA converge on the single dotted line

to the top right of the figure.
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6At L =0, and unlimited patent life, expected benefits exceed

costs by 1/6 in this case, whereas the equivalent figure for the previous

case was 1/2.

7Sée for example Mansfield (1965), or Griliches (forthcoming).

8The interested reader can compare this solution to the ''Clarke

Tax" proposed as a mechanism for obtaining honest revelation of prefer-
ences for public goods (Clarke 1971 ; Tideman and Tullock 1976); Susan

Rose-Ackerman drew my attention to an analogy between the two schemes.

9This-benefit of disclosure is recognized by Barzel (1968).
loIt is of course possible that a sufficiently irrational tax écheme
would incur a higher welfare cost than L , but one needs only minimal

confidence in the fiscal structure to fule out this possibility.

llThe method of analysis used here is an extension of the approach

of Weitzman (1974). The material in this section follows the more detailed
and comprehensive treatment found in Wright (1979), to which those readers
with a special interest in this analytical approach may wish to refer.

le sufficient condition for the inferiority of contracts relative

to prizes depends on just n and h(MP) . Contracts are inferior if the
expected marginal cost curve C'(m) 1s steeper than the expected marginal
return curve BP'(m) , i.e. if n.h(MP) < -1 . This condition can be ver-
ified by constructing alternative cases s?milar to that illustrated in
Figure 8. It is analogous to the condition derived by Weitzman (1974) in
evaluating the simpler choice between price and quantity controls in his

model.
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APPENDIX

The Social Value of a Variable-Life Patent

This patent is awarded to a successful inventor, or shared by all
successful inventors, in period 2. The fishing problem is avoided by
reducing the value of the patent by a factor o, (the atemporal version
of the ''patent life limitation") announced in period 1. The analysis
which follows is presented in more detail in Wright (1979) to which the

interested reader is referred. The cost of research is:
- o, 1 2
(a.l) Cm) = (L +06)[C+ a(m - mc)] + Eb(m - mo)

where C is the cost of research when m equals m and ¢ = 0 , the
optimal allocation if 7 and € are fixed at zero. The social value

~

of an invention, B , is
(a.2) B = B(1 + g)

wihere B 1is assumed independent of m . The probability that at least

one research effort will suceeed is

(a.3) P(m) = P + e(m - mo) + %f(m - mo)2

where P 1is the probability of success at mo .

Assume that there are no administrative costs, and that revenue can
be raised with no excess burden. Then in the non-stochastic case, the
equilibrium allocation m can be achieved by direct government pur-

chases at the price

5

o m
(o]

(a.4) R'(mo) =
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where

"t
o]

(a.5) a = h(P)

If the patent instrument is adopted in the stochastic model, and % is

small, the first order difference in the incentive from (a.4) is

_B__. {[./{’.P'(mo) - :1_ ) (m - mo)

o]
(o]
=]

Inventors determine m in period 1 based on their knowledge of the

stochastic terms and the announced value of. «

(a.7) m=t(z, 6 , a) .

The equilibrium change in marginal cost is

~
(]
o
~
3
——
(@]
~~
El
~
|
(@]

0

where EC denotes the expectation of researchers as of period 1.

Equating (a.6) to (a.8), discarding higher order terms, and using (a.7)

fa BP . a PL BP(a - o)
af - —>— + - °

(a.9) t(zg, 6 , o) - L = ° .
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The Patent Office chooses o in period 1 to maximize expected net social
. 2
benefits, given that it knows the parameters of the model and UC and

2
‘g , but not ¢ and ¢ . Assuming an interior maximum and that the

o

second order conditions are satisfied, expected consumer and producer

surplus is maximized at

(a.10) 'EG[(l + ?,)'(1 - L/B)Ble + £(t(z, 6, a ) - mo]]

= L[ +6)a+ b(E(, O, o’y - n )]

where EG denotes the expectation of the Patent Office as of period 1.

Since, in the non-stochastic case, equilibrium by definition occurs at mo s

(a.11) Be = a

Substituting (a.9) in (a.10) using (a.ll) and eliminating higher-order

terms,
- _ § -
(a 12) BP((I aO) aL/B [O.OBE _ O.OB - b] + oPL
. o b-fB'm 2
(o] m o
(o]
Substituting (a.12) in (a.9) using (a.ll) and (a.5)
. - r - 6 _ aL/B
(a.13) t(@, &, 0) -m b I _e ~ b-iB
a o P
o} P

The expected cost of the patent distortion is reduced by the same
fraction « as the expected value of the patént. So the expected social
gain from using the patent incentive rather than a direct allocation of

m units to research is, using (a.7):
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(a.14)  EGID,] = EG[R(E) - R@) - (C(t) - C@ )] = ab(m)L/s

Substituting (a.13) in (a.l4), using (a.5), and taking a second-

order approximation,

2

2 -
mc@y | % * 9 ]fl_l/n-h(bm) ]
oS @ TR F TS R®)! 2(1/n+1-h(P))J
.

(a.l5) E[Dl]

——t |

V2
(L/B) _
* I1/n - hGE)] L/B[

where C'(mo) a from (a.1), and n is defined as the elasticity of

supply of inventive effort at mo

(a.l1l6) n = —

and h(MP) is defined as the elasticity of marginal probability of

success

fm
(a.17) h(MP) = ——g‘l
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