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ABSTRACT

This paper takes an informatlon-theoretic approach to the
economics of science, extending Arrow's piocneering (1962}
analysis of the allocation of resources for industrial research
and invention. It addresses the gquestions: 1is there a valid
economic distinction between scientific and technological
research, and if there is, what implications may this have for
public policy? A brief review points to deficiencies in several
of the criteria proposed for distinguishing “"scientific" from
"technological™ research, such as the degree of generality,
abstractness, or practicality of the knowledge sought, or the
source of the financial support. We suggest a Pprimary
differentiation arises between science and technology conceived
as social gonstructions, and is manifested in the greater urgency
shown by the "scientific" community towards the disclosure of
newly acquired information. Scientists, gqua scientists, may be
thought teo be devoted to the growth of the stock of knowledge as
a public consumption goed, whereas the technological community is
concerned with the flow of rents that private parties derive from
discoveries and inventions. The role of priority as a basis for
allocating rewards among scientists, its compatibility with the
norm of disclosure, and the ambiguous status of patent systems,
are reconsidered from this perspective. Certain ineluctable
conflicts between the goals of the two research communities point
to the persisting economic need for public subsidies toc sustain
the scientific attitude.
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*This essay owes much to the many conversations that each of us
has held over the years with Kenneth Arrow. Among these we can
pleasurably recall pertinent discussions of the econcmics of
information, allocation of resources to scientific research, and
the organization of communities of academic scientists. Although
these pages are offered in his honour, and wWwe would ourselves be
honoured to have them accepted as an extension of the line of
thought represented by his seminal 1962 paper on the zllocation
of resources for inventions, Arrow himself must not be blamed for
the views expressed here.

This is an April 19B5 version of an essay, the first draft of
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during the summer of 1984. The present version has benefitted
from the comments and suggestions made by Bengt Lupdvall, R.C.O.
Matthews, Roger Noll, Jean-Jacgues Salomon, Walter 6. Vincenti,
and participants in the Technological Innovation Program Workshop
in the Department of Economics at Stanford University duraing Fall
Quarter, 1984. Joshua Rosenbloom provided able research
assistance.

Toc be published in a two-volume collection of essays in honour of
Kenneth J. Arrow, edited by George Feiwel.



NON-T'ECHNICAL SUMMARY

Economists understand technology less deeply than some might
hope. But they understand the world of technology far better
than they do the worid of science. But is it useful for
economists to distinguish between science and technology? <Can a
reasonably precise anaiytical distinction be drawn between the
forms of research and invention which are normally studied by
economists and the information—seexing activities referred to

commonly as ‘science’?

We argue that the distinetion between science and techneology is
not merely semantic. A real difference does exist between these
two spheres of human endeavour, one which we believe should be
more widely appreciated by those formulating economic policies
affecting science and technology. Recognition of this difference
enables us to better understand why the position of academic
science 1in modern industrial societies is both exalted and yet so
financlally precarious as to require constant public nurture.
Although the contributions of scientists and technologists to the
search for kxnowledge may be interdependent, we shall suggest that
science as a social entity today is in danger of being undermined
by the technological community’s conception of knowledge as a
form of productive capital.

In particular, our analysis implies emphatically that science and
tecnhnology, as social organizations, are not substitutes for one
ancther; that the vision which sees technology as allocating
resources towards greater 'economic’' purpose is a deeply flawed
one. We argue that an essential difference between science and
technology lies in the respective goals that the two comsunities
— scientists and tecnnologists - have set for themselves.

Roughly speaking, the scientific community appears concerned with
" the stock of knowledge and 1s devoted to furthering its growth.
The technclegical community is concerned with the private returns

or economic rents that can be earned from that stock. fn the
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gsocial role of ‘secientist' a researcher views the stock of

knowledge as a publie consumption good; in the role of

technologist he or she regards it as a private capital good.

Each community seeks to inculcate in its members, through
training and incentives, attitudes concerning research procedures
that tend toc further its particular goals.

One important manifestation of this is the greater urgency shown
by scientists in disseminating newly acguired information
throaghout the research community. This emphasis is not shared
by technology-researchers, who are free to adopt information
strategies ranging from disclosure to total secrecy in regard to
their discoveries and inventions. Sociologically astute
observers of the two research communities have remarked upon this
differentiation. But they have not probed for explanations of

the phenomenon.

The criterion we propose to distinguish science and technology
suggests one explanation. It also leads to an anderstanding of
the function that priority of discovery has as an incentive
mechanlsm in science, and of its relatiomnship to the complex
ingentive mechanism which the patent system seeks to create in
the sphere of technology-research. Having distinguished between
science and technology acceording to their respective objectives,
incentive structures, and approved modes of behaviour for
participants, we are able to see more clearly both the areas of
compatibility and the sources of tension that characterize
relationships between the two research communities. We are, in
particular, able to see why on average there is movement of
researchers from science to technology and not in the other

direction.
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1. Arrow, Information and the Underdeveloped Economics of Sciepnoe

Economists understand technology less deeply thas some might
hope, But they understand the world of technology far better then they
do the world of science. (See, e.g., Rosenberg (1982}, esp. cn. T}
Kenneth Arrow's famous 1962 essmy, and the literature it inspired, is in
good part to blame for this state of affairs. In “Economic Welfars and
the Alloestion of Resources for Inveations,” Arrow laid the foundations
for moders economic aAnalysis of research and development {R&D}
activities. On that base, a large, and impressive edifice of research
devoted to the economies of techmologleal Invention and innovation hag
since been erected. By absolute as well ag comparative standards, the
economics of sclence has remalmed lamentsbly underdeveloped. That too
is tracesble to the 1962 essay.

Of course, we do not attribute to Arrow the profession's concern
with the microeconomie processes of technologiesl change. By the 1950's
a rapidly growing number of economists appreciated that technologicsl
progreas was not exogenous and had as one of its sources the purposive,
profit-motivated quest for certain kinds of information on the part of
individusls and firms. Yet, prior to Arrow (1962} noc writer had so
foreefuliy articulated an information-theoretic approach to the subject
of technologicelly oriented research and invention; no one hed so
clearly seen that inasmuch as resesrch and invention are directed to
producing information, an economic analysis of R&D activitlies must
inevitably rest upon recognition of the peculiar characteristics of

information vieved as an economic commodity.
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Arrow's essay begen by polnting out that the production of
information {additions to the stock of technological xnowledge) itself
is a business that must be copducted under great uncertainties, and, due
to moral hazards, many of these risks cannot be efficiently insured. He
next observed that the costs of transmitting informstion typically are
very much smaller than the costs of producipng it, so $hat, considered
from the supply side, information has the attributes of a publie good.
Turning then te the demand for iaformation, Arrow poimted out that its
use was subJect to certain indivizidbilities, in the sense that once &
certain plece of information nad been acqguired there was no value added
in acquiring it again.y An awkward corcllary followed: potential
purchasers of informetion could not ascertaia its value exacily, since
to disclose it would be to convey the information without cosh.

Together these properties made information a commedity quite
distinet from the goods traded in the sorts of mrkets which economists
normally analyzed. There was a strong presumptlon that decentralized
regource allocation mechanisms which yielded gocimlly desireable
outcomes with "standard commodities"” would break down in the case of &
commodity having the properties of information, Uninsurable risk, the
difficulties of recovering fTixed production costs under competitive
conditions of information transmission, =and, most of all, the
diffiealties of sppropristing the benefits derived by users, all
suggested that a perfectly competitive market economy would underinvest
in B&D. A rationale was thus suggested for public subsidization of R&D

investment on grounds of "market failure,™ one that hazs become the



principal intellectual underpinning for such technology policy as the
United States currently msy be said to have. {See Mowrey (1983}.)

We can see now that the ramifications of this conceptual approach
reach well beyond consideration of the category of scientific and
engineering information associsted with the performance of R&D. Arrow
stopped short, nowever, without explicitly tackliing the economics of
aclence. While his discussion of the properties of information was
carried through st a high level of generalization, the subject of
inventive notivity closely circumscribed +the application of his
framework on that occasion. He did not inguire into the relationship
petween the allocation of rescurces in the two linmes of human endeavor
vhose intertwinned development has played so crucial & role in the epoch
of modern economic growtl.

Although an information-theoretic path had been marked by Arrow
for others te follow towards better understanding the economics of
seience, as well as the economics of technology, very few economists
actually have ventured to explore it. Unfortunately, in the intervening
years the track has become somewhat obscured by an overgrowth of other
appreaches to the subject.gf

We shall take up the inquiry on the present oceasion just where
Arrow left off, by posing the question: I3 it useful for economists to
distinguish between science and technology? Can 8 reasonadly precise
analytical distinetion be drawn between the forms of research and
invention with which Arrow was preoccupied in 1962, and the information-

seeking activities referred to commonly as "sclence"?
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The gquestion is iimited, but it is not an idle one. Behind the
facade of sematics, & real difference does exist between these twoc
spheres of human endeavor, one which we bdelieve should be more widely
appreciated by those formulating economic policies affecting science and
technology. We will argue that to recognize this difference is %o
better understend why the position of academiec sclense in modern
industrial societies is at once exalted end econcmically so precarious
as to require constant public ndguring. Although the contributions of
scientists and technologists in the search for knowledge mey be
perceived to be interdependent and even symbiotie, we shall suggest that
science as & social entity today is in danger of being undermined by the
technoiogleel communlity's conception of knowledge as a form of
productive capital.

The question is also not & new one--st least not to scholars in
disciplines apart from economics. We will therefore need to consider
{in Section 2} several of the differentiating eriteris which have been
proposed by historisns and sociclogists of science and technology. To
summarize briefly, there are those who hold that scientific and
technologienl research are to be distinguished from ome another by the
"technology” of research; for example, by the alleged fact that
scientific research is on the whole the riskier of the two. Then there
are those who would draw the contrast on the basis of the nature of the
commodity produced Ly the research; for example, by whether or not the
addition to knowledge has practical appiications. Finally, we take

notice of the observation that science and technology are distinguished




from cne another by differences in the way they treat the information~
products; in particular, by the divergence of attitudes, behavior and
institutions relating to the communication of research findings (see,
Section 3 below).

Some of these distinetions, inciuding the principle vwhich Arrow
(1962) proposed for separating "basic” from other research, turn out on
closer inspection net to be so useful for our purposes after all.
Others come closer to the heart of the matter, in our view, but still
leave many loose ends. To tie these up, we will suggest {Section k)
that an economically consequentisl difference may be discerned between
the respective goals thst the <two communities~—scientists and
technologists-~have set for themselves.

Roughly speaking, the scientific community appears concerned with
the stock of knowledge and devoted to furthering its growth, whereas the
technological community are concerned with the private economic rents
that can be earned from that stock. Put another way, in the social roie
of "scientist® a researcher is expected to view the stock of knowledge

as & public consumption good, while in the role of technologist he or

she regards it as a private capital good. As would be expected, eacn
community seeks to inculcate in its members, through training and
ineeatives, those ettitudes and mores concerning ragearch proceduras ang
findings that tend to further its particular goals.

One manifestation of this——and the one we shall highlight--is the
greater urgency shown by sclentists in digseminating newly acquired

information throughout the research community. The same imperative
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evidently is not shared by technology-resesrchers, who are fres to adept
information strategies ranging from disclosure to total secrecy in
regard to their discoveries and inventions. Sociologically astute
observers of the two research commupities {e,g., Salomon (1973)), are
quite likely to remark upon this differentistion. But they bave not
probad deeply for explanations of the phenomenon. Why should these two
cultures-~which in the modern world are so similar in other respects,
and between which the same individuals are observed increasingly to move
with ease-—diverge so sharply on the standards for scceptable nbehavier
in regard to secrecy and disclosure of informetion?

Our classificatory principle suggests one mode of explanation. It
also leads quite directly (im Section 5) to en understanding of the
function that priorify of discovery hes as an incentive mechanism 1in
science, and of its relationship +to the complex ircentive mechanism
which the patent system seeks %o create in the sphere of technology-
research, Having distimguished between science and technology according
to their respective objectives, incentive structures, and approved modes
of benavior for participants, we are eble $o see more cleerly {in
Seetion 6) both the arems of compstibility and the worrisome sources of
tension +that characterize relstionships between the $wo research
communities.

Finally, we may remark that the contrast drawn here between
s¢ience and technology also helps to explain why economists have less
trouble turning theilr attentios to the latter, but heve generally shied

guny from studying the allocation of resources for sclence. Needs and




desires for consumption goods are usually treated a8 data in modern
economics., Their origins, and their influence upon the organization and
conduct of consumption activities are regarded to be proper subject
matter for biology, psychology and sociology, but not for economlcs.éj
The demand for capital gooda, on the other hend, is a derived demand and
may be more reedily disentangled from gquestions of "tastes.”  When
information generated by research is conceived of purely as a capital
good, as is the case in the realm of technology, it becomes immediately
more smenable to the accepted style of sconcmic analysis. Bub this has
resuited in the underdeveloped condition 4n which we now find the

economic analysis of sclence.

2. Do Science and Technology Produce Different Kinds of Knowledge?

The word "science" means "knowledge"” im Latin, but much time has
peen spent elesborating hierarchies of knowledge in which a place is
reserved for Uscience" in the uppermost branches. Thus, wmedieval
Western scholars drew a distinetion betveen speculative, theoretical or
abstraet knowledge; and art, or practical knowledge. Labels were taken
from the Greek: +the former was referrsd to as episteme, and the latier
as techne. Countless writers, down to the present day, draw =&
distinction nlong Jjust these limes between "science” and "techrology,"
regarding science to be occupled with the production of knowledge which
is more general and fundamental to understanding the natural order but
of less immedimte practical applicebility.

‘Tris perspestive can be seen in the assignment made by Price

{1967), who identifies %nowledge about netural phenomens and activities



invelved in its discovery as belonging to science; knowledge concerning
useful mechanisms and processes is assigned to technology. In Price's
taxonomic scheme, sclence and technology are pursuits which proceed
largely independently of one another, and may be distinguished
principally by the nature of their respective products. Technology, he
suggests, might almost be defined “as a field where the chief imtended
product is an object, a manufacture, a process, & chemical...", vhereas
the chief object of science is the production of "a paper'~-s published
record of one's discovery. {Price {1967): p. 10.)

The same notions, or ones wery closely related, surfaced in the
distinction that Arrow (1962: p., 61B) sought to draw between "basic
research” and other kinds of research, including invention. A "basic®
form of k¥nowledge-generation was defined implicitly ss one “the output
of which is only used as an informational input into other inventive
activities.” Although science was not explicitly placed in the category
of "besic research” by Arrow, many readers probably found it natural to
moke that extension, After ell, the argument being advanced was that
the more "bmaic” the character of the research, the more in need it
would be of public support. This followed from two propositions: (1)
there vas inherently greater difficulty in appropriating the value of
information produced to serve ss an input into further research,
compared with appropriating the value of information applicable directly
to the production of physical commodities; {2) ™the value of information

for use in developing further infarmation is much more conjectura) than



the value of its use in produciion and therefore much more likely to be
underestimated.” (Arrow {1962): p. 618.)

Upon e¢loser congideration, however, it seems less and less
promising to set out to separate research in science from that in
technology on the basis of the characteristics of the knowledge
generated by these activities, or their mode of generation. The
production of new knowledge and of useful devices &nd processes pove
along very similar lines. An cutside observer would be hard-pressed to
decide whether a resesrch worker wss a sclentist or z technologist,
merely by categorizing the sequence of activities in which he or she was
engaged, or exsmining the results obtained at any given point in the
research program. A working scientist freguently would appear to be
producing what in Price's {1967) scheme would have to be counted as
technology, in the shape of the specialized equipment developed to test
hypotheses or to make more accurate measurements, The invention of the
bubble chamber is sn illustration that is oft-cited, as is the electiron
microseope. A “device-seeking” techuologist, in turn, may generate new
empirical findings and explenstory models that would qualify as science
in the same classificatory scheme. The discoveries concerning the
properties of semiconductors by the Bell Laboratory research group that
invented the point contact transistor and the Junction transistor, is a
wall known case in point. (Bee, e.g., Nelson (1962), Levin {1682}.)
Examples of this interplay sbound in the fields of molecular biology,

biochemistry, and solid state physies.
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Horeover, observers of the modern sclence and technology scene
have remarked upon the strongly convergent tendencies within the two
research disciplines 4in precisely these regards. Brooks (1967:
pp. 38-9) writes that "the newer technologies, such ms nuclear energy,
electronics, and computers tend to be more externally oriented than the
older technologies. Thers is more comscious effort to conceptualize
technological knowledge.™ Correspondingly, Salomon {19T73: p. xi)
describes the "specific characteristics of modern seientific research"
as the fact that "it increasingly sbolishes any lack of continuity
between the generalization stages and the application stages of ‘the
process of discovery and invention." Whatever the historieal
differences that may have separated the methods of technologlsts from
those of sclentists, it would seem that as we look to the future there
iz wmore =and more reason to treat research, both scientific and
technological, a8 one coatinuous process of iteration hetween pheses of
generalization and application.

Be this as it may, many will still find it hard to relinguish the
intultive and commonly held idea that science sesks the abstract and
general while technology pursues the concrete and partiecular; that
science as o voeation is other-worldly, wheress technology compells its
practitioners to be firmly mired in mundane facts. The diffieulty in
¢linging to this outlook does not arise in the drawing up of boundaries
and the dividing of the wvarieties of knowledge aleoag such lines. One
can make the distinctions, howvever approximately. The problem for the

economist—indeed for socciml scientists more broadly--is that one does
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not know what to do with the resulting eclassification of research
disciplines. Thus, to choose an example within the realm of science,
chemistry as It is understood today is really atomic physics writ
iarge. That is, chemiesl isws, such as those of molecular boading, are
bagsed on quantum phkysica. In an obvious and trivial semse then physics
is more fundsmental, more general, than chemistry. Likewise, much of
eprrent-day hiology, such a meleculsr biology, is chemistry writ act-gso-
large. To the extent this is so, chemistry is the more fundamental, the
more general. Bub nothing of moment appears to follow from this. What
advantage could be gained in grappling with resource allocation issues
by insisting that somewhere within an extended ordering of this kind we
may locate various technologlcal digciplines?

Hor does it seem munh more helpful to differentinte between
seience and technology on the basls of the degree of uncertainty iz the
products of research. There is a temptation to view the outcomes of
scientific research as in being particulerly clouded by uncertainties,
and to deplct technological research as time-consuming, and costly, but
more roubtinized and thus comparatively predictsble. One can agree with
Arrow (1962) that some significant resource allocation consequences
would follow from this distinction. But the empirical premise is not
well founded., "Normel science'w-znd we are using the term in the sense
of Kuhn {1962}-—is not especially rislq.-i"—/ To be sure, even 1in normal
science one does not know exactly what one will digeover. Bub this is
the case with all research, Indeed, it appears to be true even in

contract research, where the commodity eventually produced is often
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different in gesign and use from the product for which the development
contract was drawn up. (See, e.g., Klein {1962}.) Quite apart from the
issue of the predietsbility of the characteristies, or the commercial
value of the fruits of R&D programs, the uncertainty of project
completion times in industrial research organizations is widely
acknowledged.

One further point should be noted, especially in regard to Arrow's
(1962} designation of "bamic" research as being intrinsically riskier
because <+the wvalue of information for uwse as a capital input in
developing further information wes “wore vosjectural”, The main
difficulty with this ip that It cannot provide an operational basis for
ex ante classificatiom of research programs. As we heve polnted out,
seientific and technologically oriented programs of imvestigation both
entail interaction between phases of generallzation and application. Tt
is alweays possibie thet the search for information to be used, in s
roundabout manper, to yield further information, will be temporarily
short—circuited by & discovery which has direct application in
commercial  production. Likewise, the sgearch for specific,
commercinlizable devices may uncover scientific primciples which further
the process of discovery. It is certainly coasceivable that awards could
be made in accordance with the ex post sssessments of research programs’®
results on this scale of "bagic-ness™; as & practical proposition one
would expect such awards to c¢losely resemble the prizes offered by
scientific and engineering societies., An efficlent ex ante incentlve

scheme intended to subsidize programs of research which are directed
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towards producing “pure” generalizations rather than applications must
be herder to design, however; all programs would find it advantagsous to
aeek support on the grounds that they simed at laying a foundstion for
further research. The best one could do would be to ask some
independent authority to guess at what an ex post assessment of program
results on the scale of "basic-ness” would turn ocut to be, and award
support accordingly.

Prom the Torsgoing discussion it should be evident that we do not
believe the mote useful distinctions to notiece betueen sclence and
technology are the ones most often drawn, namely classificationa of
research  activities according to  the intended or realized
characteristics of their "prodmets.” A more promising approsch is to be
found Yy foeusing not upon the production of varieties of information,
but upon observable differences in the social ethos of research which
are reflected by researchers' attitudes and sctions in regard to the

trangmiassion of information.

3. Institutionalized Disclosure versus Secrecy

The germ of this slternative classificatory principle certainly is
contained, along with the other wmwaterisl we have already sifted, in
Price's description of seience as having for its chiel objective the
publication of "papers", public recordings of diseoveries. Price [1967:
pp. 10-11}, nowever, did not elaborate upon it mich beyond offering the
aphoristic observation that scientists "are highly motivated to publish
but not to resd," whereas technologists resd sssiduously but are not

motivated teo publish. Both the principle of classificstion, and the
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source of the suggested difference ian researchers’' motivation regarding
information transmission, deserve to be further developed,

One can only do this by treating research activities and
researchers not as atomistle entities, but rather as parts of a larger,
gocinl construction. For, It is ss social constructs that science and
tecnnology appesr to differ most markediy. Individuais and teams
engaging in resesrch based upon “scientific methods" will spend their
time postulsting theories, developing mnmodels, which are intended to
explain phenomens and predict "fmeta" yet to be discovered. When their
attention is directed to the natural worid, we distinguish them from
other generalizers and fact-collectors and affix to them the iabel of
“natural scientists". Not all actions in this mode belong to the realm
of sclence. FPFor uws conceptualize “science" a2s a wvoluntary collective
organization, a8 community, or club that imposes particular rules upon
those who wish to be recognized as participating members.

Some of these rules have to do with acceptable procedures fer the
gtatement and testing of thecories, and for the form in which predictions
are cest. These matiers have been much discussed by philosophers and
gsociologisnts of science and need not be elaborated here., Instesd, we
emphasize a crucial additional feature of the "scientifie ethos", which
is that scientists act as if they were obligated immediately to disclose
all new discoveries and submit them for critical inspection by other
members of the community. In other words, the community rules instruct
scientiats to regard & new theory, or the principles underlying a new

piece of eguipment, or a newly observed phenomencn, as a public good
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regardless of the ldentity of its originator. Thus, in submitting their
own findings to their peer group, scientists gua scientists surrender
cleim bto exclusive control of that information. In fact the social
criterion is even more stringent: complete disclosure is the rule,

In an insightful and important coniribution, Jean~Jacques Sslomon
(1973) sargues thet it is precisely in this respect that science and
technology differ significeantly. Scientists basten to publicize their
findings, whereas technologists are more likely to display reticense:

"fhe channel of sciemce is in principle open, based on

critieism by peers, eesily and rapidly accessible to alil

researchers in the speeialized literature, while the rhannel

of technology is less available, more subject to the

restraints of industrial organizstion and competition, bound

by. secrecy or, more simply, by the difficulty of

transmitting the subtleties of the 'know-how' of processes

that depend more on apprenticeship on the Job than on the

understanding of concepts." (Sslomon (1973}, . 80.)

Even when the latter difficuities of transmission have been erased—by
the increasing %endency towards conceptualizetion and generalizatfion
vhich Breoks {1967) noted in the rewly emerging areas of technological
research--the difference in the patierns of institutionally sanctioned
behavior batween the two commnities is more then likely to persist,

Let us thea 4drav a sharp distinction between science and
technology 1in regard to the disposition of their respective research
findingse, and express it in the form of =z seccisl imperative: if one
Joins the science club, one's discoveries and inventions mst be

completely discliosed, whereas in the techmology club such findings must

not be fully revealed to the rest of the membership. There should be
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little doubt that this is a caricature, rather than a careful pilece of
sociology. But a good analytical distinction wnich points the user in
the right direction can afford %o be overdrawn. Ite g@efect takes
apother form: it describes without explaining. For we should Wby now be
asking why scientists and technologists persist in displaying such

dgifferent attitudes towards the disposition of their [indings.

L, Public Consumption versus Private Capital

Ty ask that question is to ses almost immediately where an ansver
can be found. Tt wust lie in the fact that there is a difference in the
goals of the social organizations to vwhich they belong. And the only
thesis that can explain the phenomena of disclosure and secrecy is that
science aims at increasing the stock of kaowledge, while the goal of
technology 15 to obtain the private rents that can earned from this
knowleﬁge.éj Roughly speaking then, science views xnowledge as e publie
consumption good, wheress technology regards it as & private capital
gooé.éj

The penefits to the scientific community from disclosure are two-
fold. First, we may note that the existing stock of knowledge is a
crucial input im the production of new knowledge. {Among other inputs
are the ability and zes: of the investigator!) Disclosure increases the
expected span of application in the search for new knowledge. To put 1t
in other words, disclosure raises the soclsl value of new digeoveries
and investions by lowering the probability that they will reside with

persons and groups who laex the resources required to exploit them.

Second, disciosure enables peer groups to screen and to evaluate the new
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finding. The result is & nev finding contalaning a smaller margin of
error, The social wvalue to the community of sclentists 1is that
seientific users of new discoveries can tolerate a nigher degree of risk
arising from other sources of incomplete iaformation.

Contrast this with the sitsation is  the commanity of
technologists. If each nmember is obliged to be concerned with the
private rents that can be earned from new discoveries {or new uses of
old discoveries--it comes to the same thing), secrecy is precisely what
would be practised. It would not matbter so mach that the discovery has
not been screemed by feliow-professiocnals. What matters more is that it
proves useful in yielding a privately capturable rent. Discliosure would
raduce the private rents to the discoverer because there would then be
many people to share the rent with.

But & piece of knowledge can simulianecusly be used by any number
of people mny nusber of times, Technically spesking it is a public
good, that is, there need be no rivelry in its use. It follows that
knowiedge, once produced, ought to be freely aveilable to all {assuming
of course that transmission costs are insignii‘icant)l‘[ Thus what we are
identifying as the common purpose of science is congonant with seciety's
aim. Disclosure in particular is & necessary condition for the
efficient use of knowledge. This explains why sc mch science has
throughout been supported by public imstitutions in centres of learning
such as universities.g’m/ Secrecy and the efficient use of knowledge are

inimicabla.
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The difficulty with disclosure, vhich Arrow {1962) made clear, is
that the removal of appropriate ’private” incentives hampers the
production of knowledge is in & decentralized environment. Society at
large mey seek teo solve this problem by allccating funds for science
through public bodies. But what is the guarantee thet scientists will
aot slack? The institutions of science appear &s having been adapted to
meet this particular problem at least partislly, by ourturing the rule
of priority. And somewhere between full disclosure and seerecy there
lies another, related incentive mechanism: the institution of patents,
which technology often relies upon. in the foliowing section we

re-pxamine these familisr socisl ~ontrivances.

Be Priority and Patemts

The pricrity rule, which is used by the scientific commnity to
reward its members, serves two purposes at once, First, it estabiishes
6 contest for scientific discoveries. Since effort canmot in general be
monitored, reward caonot be based upon it. So a sclentist is rewarded
not. for his effort, but for his achievement. An alternative would be a
fixed fee, but as one collects the fee whether or not one has produced
anything of interest, this dulls the inecentive to work hard, Since it
is diffienlt in general to determine how far behind the winner the
losers of & scientific race are when discoveries are made, it is not
possible to award prizes on rank,. {Science does not pay Lthe
"runners-up", unlike tennis tournaments). The remaining type of payment
scheme thet is compatible with individual iscentives is the one where

the "winper takes sli.”" Priority mimlcs this.2/
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But tesken alone, the priority rule places all the risk Cirmly on
the shoulders of the scientist, This cannot be efficient if sclenbists,
like lesser mortalsg, are risk-averse. So of course sclentists must be
paid something whether or nobt they are guccessful in the races they
choose to enter. It 1s in this light that Arrow's ({1962): p. 623}
remark, "... the complementarity between teaching and rasearen is, fron
the point of view of the economy, something of a lucky accldent,”
assumes Its full significance.

The second purpose that the rule of priority serves 1s in
eliciting public disclosure of new findings. Priority creates a
privately owned asset--z form of intellectwal property--from the very
act of relinguishing exclusive posgession of the nev knowladge. It iz
truly 2 remarkeble device. In science priority often is the prize, for
"moral possession™ is thereby awarded to the discoverer even wnen legal
possession is neither possible nor desired by any party, (On "moral
possession,” see Medmwar (1982): p. 260.} Priority is the basis upon
which scientific socleties award various tokens of public recognition
and is also the ground for claims ¢o informal recognition of one's
accomplishments by one's scieatific colleagues. The most prestigious
swards are those that are made by scientific bodies possessing the most
extensive scope. In particular, the widest possible publication of a
research contribution is & prerequisite for claiming the greateat
honours that the sclentific community can bestow.

We have now at hand an economic rationale for the extraordinary,

and otherwise puzzling degree of importance which scientific communities
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accord to resolving priority disputes among contestants. The rule of
priority is e particular form of payment to sclentists. it is often a
non-pecuniary sward. We have noted that it fiils two roles, both of
which are instrumental in furthering the common purpose of science. It
is surely to be expected that sclentists, as individuals and as menmbers
of collective bodies, will devobe great attention to priority dispates.zgj

Compare this form of reward with the one in technology. The
revards of the technologist, gua technologist, are linked to the
privately appropriated rents from knowledge. The bepeficisry of such
additions to knowledge--which may or may not have met the test of being
additions to scientific lknowledge--is presumsbly willing te pay for
them. This creates the pomsibility of a reward structure that is not
linked with priority of diseovery. A commercially succesaful
application of a loag-accepted scientific principle will typically award
the adaptor, not the originator of the theory, even when the adaptor has
coptributed nothing more than the restatement of the principle in terms
that heve exposed its commercisl relevance.

We have noted that secrecy provides a means of capturing rents
from new findings. But secreey is not completely reliable. Apart from
anything else there may be little to prevent rivals from making the same
discovery at a later date and sharing the remt. The ingtitution of
assigning patent protection attempts to remedy this. Patent systems in
principle allow people and firms to disclose an addition they have made
to the stoek of krowledge, without obliging them to share the rents that

can be earned from their finding. The systenm in effect offers a private
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revard for disclosure and makes the avard on the basis of priority of
diselosure. The reward itself is tied %o the private rents that can be
eerned [rom the new knowledge whicn in turn the patent is intended %o
help secure. iIn contrast, the reward in sclence may be entirely non-
pecuniery.} By connecting the realm of techne, through coaveyance of a
right to exelusive use, with the realm of episteme, through the
requirement of disclosure, the patent system undertakes to solve the
problem of financing the pursuit of scientific——that is, publicly
disclosed«-—-knouledge}-y

The patent system is both interesting snd problemetic because it
represents a conjunction of the distipetive and antitheticsl mores of
science mpd technology in regerd to the treatment of sew informaticn.
Iocking backward it seeks to reward additions to knoviedge that are
disclosed, and does so on the basis of priority. But o Tinance the
award it looxs ahead to a contrived limitation of access to the nev
knowledge. As a social invention 1t incorporates the fundemental
feature of the reward structure of the seientific community which seeks
to creste intellectusal property from & public good. By leaving the
determination of the economic value of that property to the workings of
the market, the assignment of patent rights necessarily inhibits the
utilization of that public good.

While the patent system itself is a remsrkably ingenious social
device, economic analysts properly persist in asking whether the social
benefits it confers through the encoursgement of invention are worth the

socisl costs of creating a private property right whose economic value



s jo N

darives from restricting the use of knowledge which has already been
acquired.égj Moreover, it has been shown that under a wide array of
circumstances the device worke in & way that elicits toco much
expenditure of resources in the races among rival research groups tc
obtain patent-properties which are allccated on the basis of priority
(aee, e.g., Dasgupta and Stiglitz (19802, 1980b)). The social
inefficiency manifests itself in excessive duplication of research
effort—leading, on average, to too many of Professor Marton's
Ymaltiplest--or to too fast s pace of mdvance of the frontiers of
knowledse..l_y

More to the immediate point, however, are the imperfections of the
patent system which are traceable to the attempt to engege private
remt-seeking &8s s means of eliciting the disclosure of certals kinds of
useful knowledge. Here we are laying wore stress upon the problem of
disclosure"” than upon the problem of “utilization™ of that which hes
been disclosed. On the one side, a complete monopoly over the use of
the knowledge cannot be conveyed {even for a finite pericd) by an
arrangement which is designed to elicit some significant degree of
informstion dlsclosure. From the standpoint of the patentor, the
instrument appears defective in risking the communication of sufficient
information to render alternative, and commercially competitive
golutions iless costly to obtain than was the original invention. The
original patentee will remain uncompensated for the depreclated value of

the patent right in the event of that likelihood being realized,
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At some level this falling mey be ineluctable, since the mere
disclosure that a problem is solveble {i.e., that at least one solution
has been verified by an independent authority) may serve to channel
inventive resources 1in directions that increase the likelihood that a
aubstitute {or, worse still, a superior solutios) will be found. TFor
example, it has been s3aid that research on semiconductors was
sufficiently far advanced in many places by the close of 1947 thet "from
the mere knowledge that such & thing as s transistor was possible, there
were perkaps twenty-five organizations which could have made one.”
{Braun and MacDonald {1978): p. 52.) The Bell Laboratories group, who
‘had discovered the point contact transistor in late December of that
year, therefore faced a conflict between its perceived need to betier
understand the transistor {for the ©purposes of filing patent
applications, and the interests of the inventors {John Bardeen and
William Brattain} in establisning their scientific priority by
publishing a paper in the Physical Review. Although the first patent
application was filed in February 198, the discovery wms kept a close
secret within Bell LEabs for some seven nmonths, up to the eve of
publicetion of the Bardeen~Brattain paper.lﬁj

On the other side, the patent system msy permit inventors to
advertise in & more credible way their c¢laims to possess useful
knowledge, whilst not compelling them fully to divulge it to others. It
is a2 commenplace ohservatlon that the research experience leading te &
patenteble invention generates technical kKnowledge whichk i1is not

coptained in the patent application itself, but is complementary to
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in. Such information may be diffienlt to systemstize and castly to
transfer to a potential licensee. ({See Teece {1976} on the resource
costs of technical  information transfers. } But when such necessary
knowledge can be transmitted readily, the purpose of filing the patent
may be iess that of seeking to deter imitators than of signalling the
availability of trade secrets for sale by the patentor.

A vivid instance of the coupling of patent disclosure with secrecy
is contained in Vinecenti's (1985) history of the Davis airfoll design.
The latter specified the shape of the fore and aft-sectiona of the
airplane wing which wss selected in 1938 for the B-24 bomber built by
the Comsolidated Aireraft Corporation of Sen Ddege. 1In 193k David R.
Davis, a Lone inventor, had filed a patent {"Flnid Foil"} which
described a methad of generating airfoll sections by using s pair of
mathematical equations. The derivabtion of these equations remained
rather mysteriocus, and the patent itself did not reveal the wvalues of
the two constants that would generate &n optimum airfoll. Oun the basis
of the superior wind-tunnel performance of a wing model produced in 1937
by the inventor, Consclideted first set one of its engineers to discover
the profiie by guessing at values for the constants and drawing the
corresponding &irfoils from the equations of Davis's patent. The
Company soon abandoned the attempt as hopeless, and, in February 1938,
signed an agreement to pay royalties on a sliding scale if they adopted
the Davis airfoil on eny Consolidated airplane. in exchange, the
inventor supplied the coordinates of the airfoll section for the model

which had tested so well, and a corresponding peir of parsmeter vnlues.%ﬁj
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The imperfections we bave examined in the patent as a devise for
rewarding disclosures of knowledge are not at all eurprising; a stone
flung at two blrds reslly ought not be expected to make a ciean strike

on either.

6. Science and Technology—The Perilous Balance

The intellectual property that is created once priority has heen
established derives much of its value from a desire for recognition and
esteen. Given the common purpose of science it is clear why among other
things sclentific tradning 1s so designed as to arouse this desire in s
particularly sharp form. It is true that part of the reuard enjoyed by
a scientist is the researsh activity itself. But the pleasure and
exciltement of conducting research must be comparable in technology
since, by our clmssification, programs in wscience and technology can
easily entail what from sn epistomological perspective is the same
course of research.

An alternative source of vnlue of a finding to the discoverer is,
as We have noted, the private rent that be can capture from its use
through & patent, secrecy and so fortb.&-éw‘f It would seem then that the
value of scientific reward {through priority} needs to be measured
against the prospective economic rents that can be collected by teking
one's discovery to the realm of tecknology. But this would suppose that
the investigator pursuing the method of science is able freely to decide
after the discovery whether te disclose it, as in sclence, or to capture
the private rents, as 1n technology. Such discretion is sometimes open

to investigators, but more often organized sclentific research projects
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demand precosmitment C(rom their members. If the FPindings are
proprietary end are not to be disclosed publically, one has a project
precommitted to what we have ¢lessified es technology. Pre-commitment
to public disclosure is the hallmark of prejects organized in the realm
of science. An economic basis of choice between elternative commitments
on the part of the investigator can be obtained by comparing the
expacted vaiues of the returss derived under each set of conditions
regarding disclosure.

But now consider what would happen 1f over a period the value of
privately eppropriable rents from knowiedge—-or anyhow, certain types of
knowledge--increases at g sharp rate. The cost of maintaining the level
of rasources engaged in science rises as research workers are drawn
inereasingly to pre-commit themselves fo technology. The eccnomic
returns in technelogy thus affect the state of science. This is hardly
surprising and dees not need elaboration.

There 15, however, & different effect to be considered, one that
runs in the opposite diresction: from sclence %o tTechnology. The
existing pool of knowledge 1is an essential input in the production of
new knowledge. That is why technolegy draws so heavily upon the
inlfrastructure provided by sclience. I, to take an extrems example,
socience were to close down, each enterprise in technology would, voughly
speaking, nave to rely oam its private xnowiedge pool. This would dampen
technelogical progress enormousily, Aas technologieal enterprises souid
then for the most part be conducting duplicetive research. The public

good-producing aspect of sclence is of course recognized to be of
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considerable importance to the technological community, which is why one
on occasion sees groups of technological enterprises spontaneously
Joining to support activitles organized under the rules of science. Buat
the preceding discussion also indicates why this is inadequate and
leaves science constantly in need of shoring up. Unless investigators
are socially conditioned to be imbued with the scientific spirit, the
material rewards offered for participation technology will draw then
away. Science faces a continual struggle to command talent in the face
of competition from %echnology, and the more closely the two research
disciplines resembie each other, the more wulnerable selence mst
becomea.

There is, however, one exceptionsl feature. Fame and recogpition
and prizes are nob the only possible private returns that one can expect
from participstion in science. Establishment of priority, which
requires disclosure, provides & clear signal =zbout the discoverer's
talent, and this typleally affects the conditions of a researcher's
future employment--incluading the option of finding employment in
technology. A reputation won in selence imcreases the quality of offers
the researcher can obtain for entering projects in technology. As a
limiting case, entrance into science can be viewed purely as an
investment ia acquiring the appropriate reputation for subsequent entry
into technology.

Tt follows jmmediately that in this limiting case—on vwhich we now
will concentrate our atiention--the etiraction that science offers to

the eligible researcher is negatively related to {i} the rate of time
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disconnt and (i) the rate of obsolescence of signels acquired by
gaining recognition for achievemeat in seience. If the rate of growth
of knowledge is rapid, and if geining recognition requires some minimum
time (for discoveries to be publicized, confirmed and for priority to be
agscertained), the risk of obsolescence is high. Other things remaining
the same, fewer research workers will be motivated to enter science for
the purpose of acquiring & visible signal of their creative
capabilities. When the growth rate of scientific knowledge is high, the
scientist needs to show not only that ne is creative, but also flexible
intellectually. In order $o demonstrate the latter he has to remain in
seience and continwe to be crestive. But this posipones entry inte
technology!

whaet bthis means is that scientific research programs cannot
continue to gain cumlative momentum simply by the chance attraction of
participanta. A program in its infancy my even displsy increasing
returns te scale, since the risk of obsoclescence is then very low. Of
course, & more 'progressive’ researcn program, {which, in the sense of
Latskos {19B3), generates more new theories with any given number of
participants} can gain adherents because the chance of achieving
scientific recegnition is higher even though the risk of obsolence is
alsc higher.

The preceding discussion leads us to the somewhat surprising
conciusion that science, as a soeial institution, could he meintained
even when no pecuniary prizes are awarded for priority of discovery, and

even when people are not motivated by the guest for fa.me..:‘i/ Yhat it
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requires is a parallel social orgenization, called technology, and a
cepital market for aspiring technologists %o borrow from so that they
may subsist while making a reputation in scilence. But we have also
noted that if the returns in technology become wvery high, sclence is
likely to suffer; scientific reputation may bpe less of an advantage, and
individuals' continuing participation in scientific research will be
curtailed as they seek to "eash in" on their past credential-generating
investments.

Comsider now what happens in science when for some reason the rate
of entry into it drops. Assuming that people embark on careers in
science in the hope of establishing s public record of achievement
indicative of Sheir talent {the signall}, the inherently more able will
on asverage acquire their signal sooner ard depart for the reslms of
technology. The only thirng that preveots the average level of talent
among acientists from falling by this selective exit mechanism is the
contiming entry by new cohorts, among whom the talent for research is
presumably distributed raademly. When the rate of attraction into
seience falls, the average talent among scientists slso falls. Given
the programs of scientific research, the combined effect of a reduction
in the number of participants mna o deeresse in the average level of
talent among them would tend to reduce the flow of new scientific
theories. Feed that back into the system we have been describing and
the result is depressing. For, if the public knowledge pool becomes

stagnant, tecknology suffers.
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We have seen that the science~technology interaction is quasi-
stable in the upward direction. If the growth of sclentific knowledge
rises, the rate of recruitment into science 1s xept in chesk as entrants
go directly into technology. This implies that while the launching of &
new highly progressive research program could initiate a science-
technology boom, the boom cannot be expected to last even if the
program's potentinl for generating new theories remained undiminished.
But things are alarmingly unstable in the downwards direetion. Should
the exhaustion of & previously progressive program of sclentific
research diminish flow of new theories, cmusing & displacement of the
system downwards, the whole process Appears to s5lide to some low ievel
equilibrium. Along that dismal path both science and technology appesr
less and less economically sttractive in comparison with other fields of
human endeevour until, presumably, enterprises engaged in technology
finé it worthwhile to finance research prolects committed to public
diselosure and so stabilize the system at some much lower level,

The implications of this are serious. It suggests that the
growing dependence of modern economic growth upon the scisnce-technology
nexus has made the stability of this growth at acceptably high ievels a
hostage of what we would think are some quiie extranecus festures of the
eultursl and politieal environment. It is the taste for the lifestyle
of mcademic sclence, the compatibility of research with teaching, and
the persistence of publie authorities in subsidizing science at a level
to which none of the constituents would willingly subscribe, that

prevents the collapse of the economle structure erected upon a kigh
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level of scientific activity. If the support is removed, the effects in
our view wouild be guite disasterous.

0f eourse, the spontaneous appearance of 4 new program of
scientific resesren could initiate s boom. The point thougn is that the
weiting time between such occurrences will be lengthered if the
resources commanded by science are allowed to settle at their low level
eguilibrium, Modern economic growth under those conditicns wonld
continue to be grounded in the exploitation of scientific wnowledge, but
1t would lose the sustained character which has been taken by many to
distinguish it fundamentally from the process of economic change in

earlier epcchs.
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A formel demonstration of the fact that this implies & non-
convexity in the value of information under s wide class of
circumstances is provided by the first example in Wilson {1975},

Wny this heppened is less than ocbvious. An expianation is perhaps
to be found in the faci that Arrow's 1962 paper was really a pailr
of essays packaged as one. The first part examined information as
a2 commodity and inquired what economic theory has to say sbout its
production and allocation in = decentralized, free enterprise
system. The second part analyzed the effect of market structure
upon the incentive te produce g cost-reducing invention, under
conditions in which the structure of the market would not affect
the inventor's ability to appropriate the benefits. The economics
profession took longer Lo absorb the full implications of the
firgt part of Arrow's essay, so that its second part for a time
exercised the greater influence upon the literature—specifiecally,
the literature devoted to studying the relationship of invention
and innovation to the structure of markets.

This was & minor misfortune in itseif. The mathematically
formslized analysis in the essay's second part succeded in fixing
theoreticel attention upon the wasy incentives for R&D investment
were affected by the structure of product markets. HWithout
explicitly addressing the suggestion by Schumpeter that ean
existing monopoly position wms an ideal platform for undertaking
irnovation, Arrow showed that "preinvention monopoly profits” per

Be constituted & comparative disincentive +to invent. The

conclusion drawn (Arrow (1962}, p. 622) was that "the only ground
for arguing that monopoly mey create superior incentives to isvent
is that appropriability may be greater under monopoly than under
competition.”

Arrow's restatement of Schumpeter's hypothesis in these
terms, stressing the possible appropriability effects of monopoly
power, appeared as the natural adjuncet to the main megsage which
economists  took from the essay as @ whole: incomplete
appropriability of the benefits of research and invention would
result in the provision under a competitive system of 2 less-than-
socially optimal allocation of resources for such ectivities, The
theoretical contribution made in  the second part  thereby
perpetuated the Schumpeterian tradition in which, by and large,
the reciproeal influences of R&D performance upon market structure
were ignored. See GScherer (1984}, esp. pp. 59-65, 170-206, on
resesrch in this vein; Dasgupta and Stiglitz (1580a, 1980b) for
treatment of market structure as endogenous. Dasgupta (198s5)
elaborates further upon these points.
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We are not defending this treatment, merely stating 1t as a fact.

Witness the fact that university scleace departments continually
produce doctorates in scilence on an average of five to aix years
of gradunte studies with little by wey of variance.

We are ignoring important aggregatlion problems here. Of course,
there are different types of knowledge. Nothing of importance is
i10st by our ignoring thie issue at this point.

By this we do not mean that science is not interested inm
applications. Nor that it ia interested exclusively in knowledge
for the aske of knowledge. Selentists regularly investigate
phenomena with a view to spplications. But sclence ingists on the
publicness of knowledge and is ultimstely concerned with knowledge
and its applications as consumptlon goods.

It does not follow that all ought to be trained to use the
knowledge, since training involves costs.

That the monastic tradition in the West contributed greatly to the
methodology of the "new science” of the 1Tth Ceniury is well
known. An important feature was the tradition of reprodecing
sncient texts and checking their accuracy. This established an
agssociation between the open transfer of knowledge and the
contente of both ancient and Arabic manuscripis, which were the
sources of such theoratical sclence as the medieval world
inherited, One should note that the financial support of the
monk-copyists within an institution thet was in turn supported by
the economie¢ surpius of a rural soclety required dispersion of the
repositories of knowledge. The tradition of open exchange of
texts was important in widening the commnity of scholaras and
assisting their lsbours. We would argue that the financial
support of the Church was important for the establishment of the
rule of disclosure, Other social groups, such ss the Sanskrit
scholars of classical India, tended to be less generous in sharing
their knowledge. These scholars were, generally speaking, obliged
to provide for their own support by acguiring pupils and by
perforsing religious rites.

We are discussing an intricate matter in a rough and ready way
nere, There are complicated reward systems that can be deviged
under the incomplete information we have implicitly postulated in
the text. The problem at hand 1s one that combines adverse
gelection (how does one emsure that the right people undertake the
research?) with moral hazard (hev can one guaranfee that the
scientista wili not slack?). The oproblem of incentive
compatibility has been mmch discussed 1n the recent econcmics
literature.
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Contrast this with the socio-psychological explamstion offersd hy
Robert Merton: ".., scientific knowledge is not the richer or the
poorer for having credit given where credit is due: it is the
social institution of sclence and individusl men of acience that
would suffer from repested failures to allocate credit justly.”
{Merton (1957}, p. 6kB.) On the history of the priority rule see
Boorstin [19Bh}, Zhapter 53. On Merton's "maltiples™; thet is,
the more or less simultaneous discovery of B phenomenon (or a
theorem) by more than one research unit, see Merton (1973},

It is not unususl to think of patents as belonging to the realm of

techne, not least because English and American patent law, &S

foreranners of moders patent laws elsevhere, made it impossible to
patent a "fact of nature.” This might suggest that & useful
distinction between technology and science is to be found in
whether the knowledge Is patentable. The problem is thet it is
net, selfwevident what is & fact of nature. This was made elear in
the recent iitigatior over the Btanford mnd the Usniversity of
California at Berkely patents on reeombinant DHA.

Arrow (1962}, p. 617, phrased the problem this way: "In a free
enterprise ecconony, inventive activity is supported by using the
invention to create property rights; precisely to the extent that
it is successful, there 15 &n underntilization of the
informstion. The property right may be in the inforwation itself,
through patents and similar legal devices, or in the intangible
assets of the firm if the informetion is retained by the firm ena
used only to increase its profits."” TFor more recent, empirical
evaiuations, see Taylor and Silberstoon {(1973); Mensfisld et al.
{1982), Ch. 7 and references therein.

See also Dasgupta and Maskin {1985). We should add that this can
te the case in science as well, provided that the reward to the
discoverer under the priority rule is temptimg enough.

J. Bardeen and W. H. Brattain, "The transistor, a semiconductor
triode," Physical Review, (15 July 1948) 230-1, acknowledged the
help of William Shockley and others at Bell Laboratories. ~ See
Braun and MacDenald {1978), pp. 4151 for this account, mmch of
vhich draws on personal interviews. Nelson's (1662) account,
vritten closer to the events and more from & Bell Labs viewpoint,
dwells upon the crestive "link between bscience and invention"” and
glogses over the tensions between them,

The B-2k vent on to become one of the most successful World War IT
bombers; 19,000 of them had been built when production was
terminated 1n 1945--more than any other bomber designad in
history. Vinecenti (1985): n. 37, notes that although Davis signed
an agreement with the Government in 1943 limiting his royalties on
Davis-Wing alreraft bought by the U.S5., after the War he sued the
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0.8, for sdditional payments on their sales of war-surpius B-2L'y
to private buyers. The Court of Claims, ruling in favor of the
Government's refusal of these further royalties, declared the
original patent %o have been 1invalid Tecsuse it required
experimentation with the vmlues of the comstants to e used in the
equations. Davis's right to retain the royalties he had
previously received, however, does uoet appear to have ‘been
challenged; it seems doubtful that nis patent would have been
contested nad he not sued the U.S.

Patents are B meens of obtasining both fame (through publie
disclosure) and fortune (through monopoly rents}, but they are
often sn unrelisble means for the latter, since rivels often
invent around patents.

There 4is in fact a particular set of circumsbances where
scientific knowledge, as we have defined it here, is capable of
generating economic rents. Thig is when the knowledge in guestion
is complementary in production with some resource that has been
monopolised, The rents derived by owners of mineral rasources
from scientific advances in geology and organic chemistry are a
case in point, vhere owners of resources will clearly pay for
geientific theories. In a well-known article Hirshleifer {1971}
recalls that Eli Whitzmey, the inventor of the cotton gin, died a
pauper bpecszuse of inability to establish & patent. He then
remarks thaet Whitney could have avelded thia fate nad he purchased
large tracts of land in South Carolina pricr to announcing his
invention.
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