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Science policy issues have recently joined technology is- 

sues in being acknowledged to have strategic importance for 

national ‘competitiveness’ and ‘economic security’. The eco- 

nomics literature addressed specifically to science and its 

interdependences with technological progress has been quite 

narrowly focused, and has lacked an overarching conceptual 
framework to guide empirical studies and public policy discus- 

sions in this area. The emerging ‘new economics of science’, 

described by this paper, offers a way to remedy these deficien- 
cies. It makes use of insights from the theory of games of 

incomplete information to synthesize the classic approach of 
Arrow and Nelson in examining the implications of the char- 

acteristics of information for allocative efficiency in research 

activities, on the one hand, with the functionalist analysis of 

institutional structures, reward systems and behavioral norms 

of ‘open science’ communities-associated with the sociology 

of science in the tradition of Merton-on the other. 

An analysis is presented of the gross features of the 

institutions and norms distinguishing open science from other 

modes of organizing scientific research, which shows that the 

collegiate reputation-based reward system functions rather 

well in satisfying the requirement of social efficiency in in- 

creasing the stock of reliable knowledge. At a more fine-grain 
level of examination, however, the detailed workings of the 

system based on the pursuit of priority are found to cause 
numerous inefficiencies in the allocation of basic and applied 

science resources, both within given fields and programs and 

across time. Another major conclusion, arrived at in the 

context of examining policy measures and institutional re- 

forms proposed to promote knowledge transfers between uni- 

versity-based open science and commercial R&D, is that 

there are no economic forces that operate automatically to 

maintain dynamic efficiency in the interactions of these two 

(organizational) spheres. Ill-considered institutional experi- 

ments, which destroy their distinctive features if undertaken 
on a sufficient scale, may turn out to be very costly in terms of 

long-term economic performance. 
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1. Introduction and motivation: Science, eco- 
nomics and politics 

To say that economic growth in the modern 
era has been grounded on the exploitation of 
scientific knowledge is to express a truism. To say 
that what goes on within the sphere of human 
activities identified as ‘The Republic of Science’ 
has grown too important for the rest of society to 
leave alone is also something of a commonplace 
assertion. ’ Most of the industrial nations and 
many among the developing countries today ac- 
knowledge this, and virtually all societies in which 
modern science is practiced pay at least lip ser- 
vice to the belief that it is important to pursue 
some form of ‘science policy’. 

Indeed, in the West national science policies 
have tended to become more strongly interven- 
tionist and more explicitly committed to ‘plan- 
ning and management’. This is particularly so in 
the US and Great Britain, where the remarkable 
post-World War II autonomy of Western science 
communities in setting their own basic research 
agendas has undergone significant erosion since 
the end of the 1960s. To the fears of the public 
about scientific discoveries that may open the way 
to the creation of pernicious technologies, and 
the continuing calls for the exercise of greater 
‘social responsibility’ on the part of concerned 
scientists, have been added two more recent ar- 
guments for closer governmental direction and 
control over publicly supported science. One is 
the generic demand for the application of fiscal 
restraint to a noticeably large category of expen- 
ditures, arising more from obsession with control- 

’ For the origin of the term in quotes and its significance 

here, see Polanyi (1962) and note 5, below. 
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ling government budget deficits than from any 
significant real growth in the volume of public 
funds being devoted to civilian R&D. * The 
other, however, reflects the more specific con- 
cerns of politicians and government administra- 
tors that the publicly supported parts of the sci- 
entific establishment were not addressing their 
efforts to the solution of national needs, and a 
growing conviction that the time had come to 
curtail the impulse of basic research scientists to 
‘pursue knowledge for its own sake’ in order to 
redirect researchers to work on ‘applied’ projects 
that would bring more immediate discernable 
economic pay-offs. 3 

There is no little irony in the situation that 
consequently now presents itself. Supporters of 
political regimes that are ostensibly hostile to 
centralization and government planning in eco- 
nomic affairs, while jubilant over the comparative 
success of market capitalism and the manifest 
dysfunctions of socialist and communist systems, 
seem eager to subscribe to quite another position 
in so far as the management of science by the 
state is concerned; they view with deepening sus- 
picion the largely autonomous, highly decentral- 
ized system for allocating resources that has been 
institutionalized and has flourished within ‘the 
Republic of Science’. 4 Perhaps because demands 

’ In the US, federal funding for civilian R&D in 1990 was 

only 3.7% larger, in constant (1982) dollar terms, than it 

had been in 1980, even though on a current dollar basis this 

expenditure item had swelled by 56.3% during the same 

period, to reach the $23.1 billion mark. However, total US 

expenditure for academic R&D, which in 1990 amounted to 

two-thirds of federally funded civilian R&D, had grown 

substantially more rapidly (in constant dollar terms) than 

the latter during the 1980s-having increased by 69.3% in 
real terms between 1980 and 1990 (see National Science 

Board (1991), Appendix Tables 4-17 and 5-l). 

’ In Time Magazine for 23 November 1992, Walter Massey, 

then director of the National Science Foundation, is quoted 
as saying: “The public hears that we’re No. 1 in science, and 
they want to know why that fact isn’t making our lives 

better. The one thing that works in this country doesn’t 
seem to be paying off.” The story goes on to point out that 
the shift underway in the US government’s stance towards 
science was not the product of the new administration. 

“Long before the [presidential] election, policymakers were 
concluding that they should assert more control over re- 

search by telling many scientists precisely what to work on. 

‘We’ve got to do some readjusting’, says Guyford Sever, 

co-chairman of a recent Carnegie Commission study on the 
future of American science.” see Thompson (1993) p. 34. 

for closer management control over government- 
funded science and engineering research to im- 
prove its social payoffs do seem discordant when 
emanating from circles that, in other contexts, are 
instinctively doubtful of the public sector’s capa- 
bility to allocate scarce resources efficiently, the 
idea of bringing the work of academic researchers 
into closer connection with market-oriented in- 
dustrial R&D projects has lately been gaining a 
remarkable degree of support. 

Thus, we in the West seem to have come full 
circle, and are approaching from a new direction 
the case for re-examining the institutions, organi- 
zational structures, and policies that constitute 
the mechanisms of resource allocation in that 
vital sphere of social activity we call Science. The 
popular press in the US has moved beyond its 
earlier mode of sympathetically reporting new 
conquests on Vannevar Bush’s ‘endless frontier’ 
of science (see Nelkin, 1987), along with specula- 
tions about the revolutionary consequences of 
such discoveries for our conception of the cosmos 
and the place of mankind within it, for the 
progress of industrial technology and health care, 
or for the sophistication and destructiveness of 
warfare. Instead, the newspapers increasingly di- 
vulge the more problematic aspects of the politi- 
cal economy of organized science, including some 
heated controversies over the criteria being used 
to select among alternative science ‘projects’. 

4 To appreciate fully the irony in this, one need only read the 

following extract from a well-known critique of the outcome 

of the enormous growth of a science establishment sup- 

ported by the State and large business corporations: 

as these developments have proceeded in a unco- 

ordinated and haphazard manner, the result at the pre- 

sent day is a structure of appalling inefficiency both as to 

its internal organization and as to the means of applica- 

tion to the problems of production or welfare. If science 

is to be of full use to society it must first put its own 
house in order. 

The author was not a businessman taking his turn at bat as 
a member of the Reagan-Bush ‘teams’, nor a populist 
investigative congressman, out to expose the abuses of aca- 

demic research institutions, nor a science advisor or minis- 

ter in the Thatcher government. Rather, the passage is 
quoted from The Social Function of Science [lo, p. xiii] by 

J.D. Bernal - a scientist and Marxist historian of science 
and technology, who took a leading role in the ‘social 

relations of science’ movement in Britain during the 193Os! 
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For example, has the US Congress been suc- 
cessfully lobbied to spend excessive sums on en- 
terprises in ‘big science’, like the superconducting 
supercollider, at the sacrifice of a myriad under- 
takings in ‘little science’? Should we be trying to 
launch extensive, publicly funded programs like 
the effort to sequence the human genome, as 
soon as techniques and instrumentation that per- 
mits such research become available? Or, should 
some lines of investigation be deferred in favor of 
others? Should the availability of supplementary 
state and local government subsidies be made a 
deciding consideration when the National Sci- 
ence Board selects among groups of academic 
researchers (located at competing sites) those who 
are to receive the bulk of funds allocated for a 
particular scientific sub-field? Are public and pri- 
vate monies being channelled excessively into 
some fields of basic research, while other, poten- 
tially fruitful areas remain virtually drought- 
stricken? Is the amount and distribution of public 
funding for university laboratories insufficient to 
permit them to keep pace with rising costs of 
state-of-the-art equipment, such as is made avail- 
able to researchers in industry? 

Still other news reports reflect growing recog- 
nition of the subtle and complex issues facing 
those who must frame science policies affecting 
the conduct of basic research in an environment 
of global economic competition. Why should any 
nation continue to devote a significant portion of 
its public expenditure to advancing scientific 
knowledge if, through the global networks of the 
international science community, those new dis- 
coveries soon will be made available to allies and 
rivals alike? How can one tell whether or not it is 
on balance advantageous for a particular country 
to have its scientists participating in a unre- 
stricted exchange of information with colleagues 
working abroad? Is the US failing to provide 
graduate (research) training for its nationals in 
the natural sciences, mathematics, and engineer- 
ing, while at the same time subsidizing such train- 
ing for too many foreign nationals? What is it 
about research universities that creates barriers 
impeding the easy and rapid ‘transfer’ of new 
scientific knowledge to the sphere of commercial 
applications - even in the US, where cultural 
traditions of academic separation from the world 
of business affairs are far less strong than re- 
mains the case in western Europe? To what ex- 

tent is it desirable to modify modern university 
institutions and operating rules to permit and 
encourage closer integration of academic and 
corporate research activities? Is it a legitimate 
cause for national concern when foreign corpora- 
tions actively recruit university scientists to staff 
company-run basic research institutes set up in 
their immediate vicinity (as was the case when a 
computer science research institute under 
Japanese corporate management was located on 
the doorstep of the University of California in 
Berkeley)? Would there be no equivalent cause 
for concern were the business corporations 
American in ownership? 5 

It is thoroughly understandable why economists 
have remained much preoccupied with theoreti- 
cal and empirical studies of the sources of tech- 
nological innovation and its connections to pro- 
ductivity growth and improvements in economic 
well-being and national economic power. At the 
same time, in the present setting, it is a surprising 
and rather regrettable fact that elaboration of the 
economic analysis of technology was for some 
time allowed to run far ahead of the economics of 
science. In the following pages we undertake to 
report on recent analytical developments that may 
enable the laggard member of the pair to catch 
up, and which hold out the prospect that the two 
naturally interrelated areas of study can begin 
moving forward more swiftly in tandem. Our eco- 
nomic analysis of the organization of research 
within the spheres of science and technology em- 
phasizes the point that we are dealing with an 
interrelated system, comprised of distinct activi- 
ties that may reinforce and greatly enrich one 
another, but, furthermore, that it is a system that 
remains an intricate and rather delicate piece of 
social and institutional machinery whose con- 

’ For a sample of recent reporting of some of these issues, 

see: Japanese Labs in U.S. Luring America’s Computer 

Experts, New York Times, 11 November, 1990; Graduate 
Schools Fill With Foreigners, New York Times, 29 Novem- 

ber, 1990; Foreign Graduate Students Know Hardship, New 

York Times, Letters, 13 December 1990; William J. Broad, 

Big Science - Is it Worth the Price?, New York Times, 
Feature Series, 27 May, 29 May (on superconducting super- 
collider), 5 June (human genome project), 10 June (NASA 

space station project), 19 June (NASA earth observing 

system project), 4 September (small-scale basic science 
funding impacts), 4 October (hot fusion project), 25 Decem- 
ber 1990 (cutbacks funding for big science projects). 
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stituent elements also may become badly mis- 
aligned. Indeed, there does not seem to be an 
adquate appreciation of the vulnerability of the 
science-technology systems in the West today, 
for all the frequency with which their importance 
to the modern economy and polity is acknowl- 
edged; nor of the basic features that are common 
to these variegated institutional and cultural 
structures, and which render all of them suscepti- 
ble to destabilizing and potentially damaging ex- 
periments which may soon be embarked upon in 
the earnest hope of more fully mobilizing the 
respective national scientific research communi- 
ties in the service of national economic security - 
the successor goal to military security - that is 
now being promoted under the euphemism of 
‘competitiveness’. Of course, the best preventa- 
tive against blind and costly social experimenta- 
tion that we can recommend is a prior investment 
in acquiring and disseminating deeper scientific 
understanding of the subject of concern. That, 
precisely, is our purpose in the present article. 

2. The old economics of basic research, and the 
emergence of a new economics of science 

We must begin by acknowledging that it would 
hardly be fair to charge economists with having 
simply ignored problems of resource allocation in 
relation to science. Before there could be a new 
economics of the subject there must have been an 
‘old’ economics of science, and so there was. The 
emergence of ‘shortages’ in the market for scien- 
tific and engineering personnel attracted the at- 
tention of economists (e.g. Blank and Stigler, 
1957; Arrow and Capron, 1959) early in the post- 
Sputnik era, and the literature that subsequently 
expanded on the economic determinants of the 
flow of newly trained scientists and engineers was 
greatly enriched by applications of concepts and 
empirical methods from the theory of human 
capital. Moreover, the seminal contributions to 
the modern analysis of the production and distri- 
bution of basic scientific knowledge date from the 
same period, notably the analytical work of Nel- 
son (19.59) and Arrow (1962), on the implications 
of the difficulties of privately appropriating the 
economic value of basic research findings. Closely 
related to those developments in the literature 
are the sequels to Griliches’ (1960) pioneering 

empirical effort in quantifying the economic ‘spil- 
lovers’, or ‘un-appropriated social benefits’ that 
might flow to society at large from science-based 
innovation. 

The crop of economic writings that sprang 
from those few seeds constitutes an elaboration 
of three core propositions which are fundamental 
to most of what contemporary analysts have to 
say about the allocation of resources for basic 
scientific research. ’ First, the economic value of 
basic research is difficult to forecast, or even to 
gauge in retrospect. Economic payoffs entrained 
by scientific discoveries may come quickly, but 
more often are not realized for a long time. Since 
basic research occurs on the frontiers of knowl- 
edge, its outcomes are highly uncertain. Second, 
realization of economic rents (‘profits’) from a 
basic research advance also will be impeded to 
the degree to which property rights in such dis- 
coveries are intrinsically difficult to establish and 
defend, and because the organizational norms 
within which much of such research is conducted 
(by academic scientists) inhibits effective asser- 
tion of individual property rights that can readily 
be conveyed to other parties, such as business 
corporations. From this it follows that the private 
returns to investment in basic research are highly 
uncertain, especially in relation to the benefits 
that will accrue to society as a whole. The eco- 
nomic payoff to society can be quite large com- 
pared to the amount invested, because a funda- 
mental advance in knowledge can serve as an 
input for applied research and commercialization 
efforts, leading to many new products and pro- 
cesses. 

This divergence between the private and social 
returns to basic research outlays has led to the 
third and most influential proposition, namely, 
that there exists a systematic ‘market failure’ 
which, in the absence of remedial actions, would 
result in societal ‘underinvestment’ in science. ’ 
The modest share held by basic research within 
the R&D budgets of US corporations (about 5% 
in 1985, for example) lends a good bit of credence 
to this conclusion, even if it cannot indicate 
whether company financing of basic science is 
below the level that would be socially optimal. 

’ The summary statement given here draws on the exposition 
in David et al. (1992). 
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Such qualifications have been left aside, and the therefore deserving of explanation. In the older 

foregoing ‘market failure’ argument has stood as tradition, neither the historical origins nor the 

the central economic rationale for the public possible present raison d’etre of these generalized 

funding of science for the past 30 years (see ‘institutions’ are subjects of active inquiry among 
Mowery, 1983). economists or economic historians. 

As impressive an achievement as that may be 
in its practical consequences, what we may re- 
spectfully refer to as ‘the old economics of sci- 
ence’ did not go much farther. Its approach to 
the production, dissemination and uses of scien- 
tific knowledge was partial in nature, and there- 
fore largely incomplete in its ability to come to 
grips with most of the concrete issues in the 
formulation and implementation of public poli- 
cies affecting basic science. The literature in 
question began by treating knowledge as a com- 
modity, more specifically, as a durable public 
good. However, although the peculiarities of in- 
formation as a commodity were recognized from 
the outset, for the purpose of analyzing the cen- 
tral issues of public finance posed by basic sci- 
ence, economists began by treating knowledge 
entirely on a par with other forms of durable 
public goods. Little effort was directed to explor- 
ing the resource allocation implications of the 
respects in which knowledge differs from other 
durable public goods, such as, for example, laws 
and constitutions, or lighthouses, for that matter. 

In a pair of joint articles (Dasgupta and David, 
1987, 1988) developed over the past several years 
we have tried, by synthesizing insights from eco- 
nomics and sociology, to carry the economics of 
science beyond the traditions of this older litera- 
ture. A first goal was to provide an ‘explanation’ 
for the prevalence of distinctive norms, customs 
and institutions governing university science, on 
the one hand, and industrial R&D, on the other. s 
The phenomena that interested us naturally in- 
cluded those salient social arrangements that have 
occupied the attention of sociologists and philos- 
ophers of science: rules of priority and the role of 
validated priority claims in the reward structure 
of (academic) scientists, patenting and disclosure 
policies, and institutions associated with scientific 
communication and the functioning of a colle- 
giate reputational reward system - ranging from 
‘invisible colleges’ to organized, professional 
academies in various disciplines. This explanatory 
approach, however, departs from that of the soci- 
ologists and philosophers. 

One consequence was that the rules, regula- 
tions, and more generally ‘norms’ and ‘customs’ 
governing the production of knowledge and its 
uses by members of the various research commu- 
nities, ranged under the headings of academic 
science, government science, and industrial sci- 
ence, were taken as given by the older tradition 
-if, indeed, they happened to be noticed explic- 
itly. That these norms and characteristic organi- 
zational forms are in fact sharply differentiated 
across these communities of scientists, and quite 
unlike the background institutions relevant in the 
case of other durable public goods, was not seen 
as something of particular economic import, and 

’ The existence of a positive gap between the social rate of 

return on basic research outlays and the private rate of 
return on industrial capital expenditures has been repeat- 
edly confirmed empirically by sample calculations that elab- 

orate on the methodology of Griliches (1960) - see Mans- 

field (1991) for recent examples; but the problems of the 
representativeness of the sample cases studied remain form- 
idable. 

A considerable part of the characteristic style 
of analysis in the new economics of science de- 
rives from its recognition of three features of the 
processes for the production, dissemination, and 
use of knowledge. First is the fact that certain 
crucial inputs, such as research effort, care, in- 
nate scientific talent, and the realization of ele- 
ments of chance in the process of discovery, are 
very costly for outsiders to monitor, and in most 
cases are not even observable jointly by the 
‘principal’ who is sponsoring the inquiry (e.g. a 
private or public patron or employer) and the 
principal’s ‘agent’ (the researcher). Second is the 
observation that there often are significant as- 
pects of indivisibility, and attendant fixed costs 
and ‘economies of scale’, inherent in the underly- 
ing processes of knowledge production. Third is 
the point that the knowledge generated in re- 
search activities, rather than being inherently 
available to others, can be kept from the public 

’ We associated university science with the world of ‘epi- 
steme’ and the republic of science, whereas the latter we 
associated with the realm of technology. 
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domain should the researcher so choose; the 
characteristics of the reward system, along with 
the costs entailed, determines what information 
gets disclosed fully, what is disclosed partially, 
and what is kept secret. Given these structural 
conditions, and the long-standing observation that 
the production of knowledge is shot through with 
uncertainty, 9 it is quite in order to re-examine 
features of organized research activities from the 
perspective offered by the recently developed 
analysis of resource allocation under conditions 
of asymmetric information. 

As will be illustrated by this paper, the new 
economics of science has the two-fold ambition of 
(1) exposing the underlying logic of the salient 
institutions of science, and (2) examining implica- 
tions of those differentiating institutional features 
for the efficiency of economic resource allocation 
within this particular sphere of human action. To 
carry out this program we will be building upon 
the foundations laid down by the classic contribu- 
tions in the sociology of science, lo adding to the 
insights provided by the ‘old’ economics of sci- 
ence some new ones that are drawn principally 
from the rapidly growing analytical literature that 
treats problems of behavior under incomplete 
and asymmetric information (including the eco- 
nomic theories of agency and optimal contract, or 
‘mechanism design’ theory), as well as issues in 
the dynamics of racing and waiting games. 

The remainder of this article has the following 
organization. Section 3 defines some terms relat- 
ing to the concepts of knowledge and informa- 
tion, and introduces the generic problem of ana- 
lyzing the relationship between market and non- 
market ‘systems’ for governing the production 
and distribution of knowledge. The logic of the 

For early efforts to quantify the uncertainty surrounding 

the duration, costs, and success of industrial research pro- 
jects, see Mocking (1962) and Norris (1971). We are un- 

aware of comparable studies based on the experience of 
university scientific researchers, but there is a presumption 
that, because the latter are less constrained to select prob- 
lems where the feasibility of a solution is less clearly 

established, the research duration and costs associated 
with a successful outcome typically are even more difficult 

to predict with accuracy. 
For example, Merton (19731, Polanyi (1951, 1962, 19661, 

Hagstrom (19651, Ziman (1968), Gaston (1970), Zuckerman 
and Merton (1971, 1972). Ravetz (1971), Cole and Cole 

(1973), Salomon (19731, Blume (1974), Mulkay (1979), Luh- 

mann (1979), Nelkin (1987), Whitley (1984). 

reward system in academic science, its relation- 
ship to the Mertonian norm of ‘communality’ 
(complete free disclosure), and the central role 
played by priority of discovery, are briefly consid- 
ered in Section 4. Section 4 then goes on to 
sketch an economic theory of departures from 
the norm of complete disclosure by treating as 
endogenous the location of the boundary-line be- 
tween knowledge that is codified and that which 
is left tacit by scientists. The question of the 
efficiency of resource use under the institutional 
constraints of a collegiate reputation-based re- 
ward system funded by public patronage, such as 
exists in many Western nations, is considered 
next. Sections 5 and 6, respectively, focus on 
sources of misallocation within and between fields 
at a given point in time, and in the timing of 
support provided for research programs. It is 
shown that some of the sources of these alloca- 
tive inefficiencies lie close to the institutional 
core of the system, so that the problems of cor- 
recting them are by no means straightforward. 

Although most of the readily observed qualita- 
tive features familiar to sociologists of modern 
science, working at both the macro-institutional 
and micro-behavioral levels, can be accounted for 
by our analytical approach, it is symptomatic of 
the relatively underdeveloped status of the new 
economics of science that many of its implications 
remain unexplored and untested against system- 
atic, quantitative data. Furthermore, as is gener- 
ally the case when a new theoretical perspective 
is gained, new questions and puzzles arise even as 
old ones are settled. The agenda for future re- 
search in this field, therefore, remains both ex- 
tensive and varied. Nevertheless, even in its pre- 
sent nascent state, the new economics of science 
can offer some measure of guidance for science 
policy, suggesting points at which public interven- 
tions in the resource allocation process are likely 
to be socially beneficial and others where they 
are probably best avoided - leaving discretion to 
individual scientists and scientific communities. 
Specific implications bearing on issues noticed in 
the introduction are remarked upon throughout 
the text and notes of Sections 3-6. Section 7 
takes up a more extended analysis of several 
interrelated policy issues raised by current moves 
to: (1) readjust the balance of incentives influenc- 
ing the production of Ph.D. scientists and engi- 
neers, and to alter the way trained researchers 
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distribute themselves among entities engaged in 
open science, mission-oriented government re- 
search, and proprietary R&D; (2) encourage 
‘transfers’ of academic research results to indus- 
try, by modifying university regulations and con- 
tractual arrangements involving intellectual prop- 
erty rights. The brief concluding Section 8 there- 
fore offers no more than a summary set of propo- 
sitions to underscore the general cautionary mes- 
sage emerging from the analysis: short-run poli- 
cies aiming to shift resources towards commercial 
applications of scientific knowledge (by disman- 
tling bits of the distinctive institutional infrastruc- 
tures of Science, or by weakening its ability to 
hold talented researchers in the face of competi- 
tion from business) may seriously jeopardize a 
nation’s capacity to benefit from a sustained flow 
of innovations based upon advances in scientific 
and technological knowledge. 

3. Knowledge: Codified or tacit? Public or pri- 
vate? 

As is the case in other specialized fields of 
inquiry, in this one some specific terminological 
conventions will be employed. A few initial defi- 
nitions and distinctions will avoid later confu- 
sions, especially since many of the terms we em- 
ploy are given somewhat different meanings in 
ordinary language usage and in the scholarly lit- 
erature on the intellectual and social organization 
of the sciences. 

3.1. Knowledge, information, and the endogeneity 
of tacitness 

By the term ‘information’ (following common 
usage in economics) we will mean knowledge 
reduced and converted into messages that can be 
easily communicated among decision agents; 
messages have ‘information content’ when receipt 
of them causes some change of state in the recipi- 
ent, or action. I1 Transformation of knowledge 
into information is, therefore, a necessary condi- 

” Shannon’s well-known measure of the quantity of informa- 
tion (see Shannon and Weaver, (1949)) was formulated to 

serve the specific needs of communications theory, and has 
been found unsuitable for application in economics. On 

this see, e.g., Arrow (1964) and Marschak (1971). 

tion for the exchange of knowledge as a commod- 
ity. ‘Codification’ of knowledge is a step in the 
process of reduction and conversion which ren- 
ders the transmission, verification, storage and 
reproduction of information all the less costly. I2 
Yet, somewhat paradoxically, this transformation 
makes knowledge at once more of what is de- 
scribed (in the public finance literature) as a 
‘non-rival’ good, that is, a good which is infinitely 
expansible without loss of its intrinsic qualities, so 
that it can be possessed and used jointly by as 
many as care to do so. ” Thus, codified scientific 

knowledge possesses the characteristics of a 
durable public good in that (i) it does not lose 
validity due to use or the passage of time perse, 
(ii) it can be enjoyed jointly, and (iii> costly mea- 
sures must be taken to restrict access to those 
who do not have a ‘right’ to use it. l4 

In contrast, tacit knowledge, as conceptualized 
by Polanyi (19661, refers to a fact of common 
perception that we all are often generally aware 
of certain objects without being focused on 
them. l5 This does not make them less important: 
they form the context which makes focused per- 
ception possible, understandable, and productive. 
No less than other human pursuits, science draws 
crucially upon sets of skills and techniques - the 

This usage is related to, but does not carry the broader 
implications of the concept of ‘codification’ in science as 

developed by Zuckerman and Merton (1972): “The consol- 

idation of empirical knowledge into succinct and interde- 

pendent theoretical formulations.” According to the latter, 

scientific fields differ in this regard, with those disciplines 

that remain in what Kuhn (1962) would call a ‘pre-para- 

digm state’ being necessarily less ‘codified’. 
Were person A to give person B a piece of information 

concerning Q, that would not reduce the amount of infor- 

mation concerning Q that was retained by A, (although, to 

be sure, the benefit to each would depend upon whether 

and in what manner B were to make use of the informa- 
tion). Romer (1990, 1993) has recently popularized this 

application of the term ‘non-rival’ good, but see David 

(1993b) for the proposal of ‘infinite expansibility’ as an 
alternative term that is less confusing, in that it acknowl- 

edges the possibility of rivalries for possession of new 

information. 

Even in the case of codified knowledge the condition of 
strict non-excludability (namely, that once produced it is 
impossible to exclude anyone from benefitting from it), 

which is taken to be one of the hallmarks of a pure public 
good, does not hold; patents, copyrights, and trade secrecy 

are institutional devices for denying others beneficial ac- 
cess to information. 
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ingredients of ‘scientific expertise’ - that are 
acquired experientially, and transferred by 
demonstration, by personal instruction and by the 
provision of expert services (advice, consultations, 
and so forth), rather than being reduced to con- 
scious and codified methods and procedures. The 
transfer process itself, as a rule, is a compara- 
tively costly affair (in contrast to the case of 
codified knowledge) for both the provider and 
the recipient of tacit knowledge, but, like infor- 
mation, tacit knowledge can be swapped in trans- 
actions resembling ‘gift exchanges’, or sold for 
money, rather than being shared freely. l6 

Insofar as codified and tacit knowledge are 
substitutable inputs (at the margin) in the pro- 
duction of further knowledge, or in practical im- 
plementations, the relative proportions in which 
they are used is likely to reflect their relative 
access- and transmission-costs to the users. Simi- 
larly, differences in the extent to which knowl- 
edge generated by researchers in various fields 
gets codified for packaging as information, rather 
than retained in a tacit form, will reflect the 
reward structures within which researchers are 
working, as well as the costs of codification. 
Hence, variations in the relative importance of 
codified and tacit knowledge in the work of dif- 
ferent research communities has no necessary 
connection with the ‘hardness’ or ‘softness’ of 
their respective disciplines. This perspective, af- 
forded by the new economics of science, stands in 
contrast with the disposition of some philoso- 
phers and historians of science to associate a 
relatively high degree of codification with occu- 
pancy by the discipline in question of a superior 
position in some epistemological or methodologi- 
cal hierarchy. ” Some recent discussions of the 
economics of R&L D and technology transfers (e.g. 
Pavitt, 1987; Nelson, 1990; Rosenberg, 1990) con- 

Whereas philosophers of science (e.g. Nagel, 1961; Hempel, 
1966; Popper, 1968) emphasized the epistemological bases 
for distinguishing between the scientific and other modes 
of human understanding, stressing formal methodological 

rules of ‘scientific procedure’, Polanyi’s (1966) insights con- 
cerning the ubiquitous role of tacit knowledge has led some 

modern sociologists of science (e.g. Latour and Woolgar, 
1979; Latour, 1987) to study the practice of laboratory 

science as a ‘craft’. 

See Hagstrom (1965) on gift exchanges among scientists, 

and Arora (1991) on contractual arrangements for the sale 
of tacit information by business firms. 

tinue to assign special significance to the tacit 
elements in technological knowledge, calling at- 
tention to the fact that the information contained 
in patents, blueprints and other codified forms of 
knowledge often are insufficient for successful 
implementation of the technical innovations they 
purport to describe; much complementary ‘know- 
how’ may be required, the acquisition of which, 
typically, is a costly business. While we regard the 
factual proposition to be beyond dispute, to our 
way of thinking its does not imply the existence of 
underlying, intrinsic differences in the nature of 
‘technological’ as opposed to ‘scientific’ knowl- 
edge. ‘* Certainly, we would dispute the assertion 
that technological knowledge, on that account, 
should be assigned a subordinate epistemological 
status. Furthermore, we find no compelling 
grounds for associating the tacit knowledge of 
either technologists or scientists necessarily with 
skills that are specific rather than ‘generic’ in 
their applicability. l9 Going back to Polanyi’s per- 
ceptual analogy, what gets brought into focus 
(and codified) and what remains in the back- 

” See, for example, Kuhn (19621, and also Nagel (1961), 

Hempel (19661, and Popper (1968), who suggest that it is 

the role played by formal methodological rules of ‘scientific 

procedure’ that provides epistemological grounds for dis- 
tinguishing between (hard) science and other (softer) modes 

of human understanding. 
Is This challenges Vincenti’s (1990a, p. 19) characterization 

of his writings as having shown that “engineering knowl- 

edge warrants recognition as an epistemological species in 

its own right”. In actuality, however, it is primarily on 

sociological and behavioral, rather than epistemological, 

grounds that Vincenti (1990a,b) shows engineering and 

science to be different pursuits. He says knowledge is an 
instrumentality in both, whereas they give priority to differ- 

ent ends: scientists to understanding of ‘how things are’, 

and engineers to ‘how things ought to be’, i.e. with solving 

practical problems. Even supposing that was so, it would 

19 

not logically imply a difference in the nature of the means 

(knowledge) employed, or in their reliability. Furthermore, 

Vincenti’s differentiation on grounds of proximate goals 
rather closely resembles our view of Science as a sphere of 
activity whose organization is conducive to the rapid growth 
of the stock of knowledge, whereas Technology is con- 

cerned to achieve rapid growth of the material benefits 
from new knowledge. 

Nelson (1990) makes the same point, but associates what 
he refers to as the ‘generic’ parts of technological informa- 

tion with codified knowledge that can be readily trans- 

ferred, and which tends therefore to become public, 
whereas he identifies the tacit knowledge components with 

‘specific’ technological information that is privately held. 
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ground (as tacit knowledge) will be, for us, some- 
thing to be explained endogeneously by reference 
to the structure(s) of pecuniary and non-pecuniary 
rewards and costs facing the agents involved. 
Although the position of the boundary between 
the codified information and tacit knowledge in a 
specific field of scientific research may be shifted 
endogenously by economic considerations, the 
complementarity between the two forms of 
knowledge has important implications for the way 
research findings can be disseminated. We com- 
ment on these below (in Section 7.3, especially) in 
connection with recent discussions of measures to 
promote the transfer of university research re- 
sults to industry for further development and 
commercial exploitation. 

3.2. Science and Technology: Public and private 
knowledge 

Although the foregoing discussion has referred 
to scientists and technologists in ways that sug- 
gest they are different kinds of knowledge- 
workers, the crucial distinction we seek to draw is 
between the social organizations of Science and 
Technology. By capitalizing the terms we signify 
that these labels are being used here to refer to 
the two sets of socio-political arrangements and 
their respective reward mechanisms affecting the 
allocation of resources for scientific research. For 
our purposes, what fundamentally distinguishes 
the two communities of researchers is not their 
methods of inquiry, nor the nature of the knowl- 
edge obtained, nor the sources of their financial 
support. To be sure, differentiations between can 
be drawn along those lines, as already noted, but 
to our way of thinking much of the economics 
literature, like philosophy of science, has mistak- 
enly focused upon science-technology distinc- 
tions that are epiphenomena of differences that 
lie at a deeper level. It is the nature of the goals 
accepted as legitimate within the two communi- 
ties of researchers, the norms of behavior espe- 
cially in regard to the disclosure of knowledge, 
and the features of the reward systems that con- 
stitute the fundamental structural differences be- 
tween the pursuit of knowledge undertaken in 
the realm of Technology and the conduct of 
essentially the same inquiries under the auspices 
of the Republic of Science. 

Loosely speaking, we associate the latter with 
the world of academic science, whereas Technol- 
ogy refers to the world of industrial and military 
research and development activities. What makes 
a knowledge-worker a ‘technologist’ rather than a 
‘scientist’, in this usage, is not the particular 
cognitive skills or the content of his or her exper- 
tise. The same individual, we suppose, can be 
either, or both, within the course of a day. What 
matters is the socio-economic rule structures un- 
der which the research takes place, and, most 
importantly, what the researchers do with their 
findings: research undertaken with the intention 
of selling the fruits into secrecy belongs unam- 
biguously to the realm of Technology. Secrecy, 
however, is more readily effected when knowl- 
edge is not codified in proprietary documents 
(e.g. blueprints, receipts for chemical syntheses) 
that can be purloined and published, but instead 
is retained in a tacit form. Training services that 
convey tacit information and access to contracting 
with the trained are commodities that can be, and 
are, exchanged for value by business organiza- 
tions operating within the realm of Technology, 
and also by academic research organizations, al- 
though the enforceability of contracts tends to 
differ between the two cases, and the terms on 
which tacit information can be sold are corre- 
spondingly different. 2o None of this implies that 
profit-seeking business firms would not find it to 
their advantage on occasion to invest some re- 
sources in ‘basic’ research, or organize research 
facilities in ways that emulated the open, cooper- 
ative environment characteristic of university 
campuses. Neither does it imply that academic 
scientists will never seek to benefit materially by 
patenting their inventions, or always refrain from 
rivalrously withholding research findings and 

2” 
Of course, as we have acknowledged in the text above, 

epistemological and methodological differences exist be- 

tween the two research communities. For example, it is 

widely believed that among applied industrial scientists, 
engineers, and like technologists the balance between codi- 
fied and tacit knowledge (‘practical knowhow’) tilts more 

towards the latter than is the case among university re- 
searchers. Yet as we already have suggested, such a differ- 

ence could well be a consequence of the different informa- 

tion disclosure rules and reward systems that obtain. 
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methods from university-based researchers in 
their field. ” 

It is equally possible to arrive at the foregoing, 
highly stylized view of the scientific research world 
via another route, namely, by starting from a 
consideration of the main alternative resource 
allocation mechanisms that can be used to pro- 
duce and distribute scientific knowledge, and 
considering the efficiency with which they will 
perform those tasks. Of all possible resource allo- 
cation mechanisms, the one that has been most 
studied in economics is the ‘market mechanism’. 
As is now well known, if the market mechanism is 
not aided by further social contrivances, such as, 
for example, intellectual property rights, there is 
no basis for supposing it can sustain an efficient 
production of knowledge. The market mechanism 
has a tendency to discourage the production of 
public goods because of an inability on the part 
of producers to appropriate fully the value of the 
fruits of their efforts. 22 Three generic remedies 
have been devised to overcome the deficiency of 
the market in this regard: two of them do so by 
seeking to rectify the problem at its source, 
whereas the third solution applies correctives in 
the form of supplements to the market outcomes. 
Let us briefly look at each of these schemes in 
turn. 

(1) The first scheme consists of the govern- 
ment engaging itself directly in the production of 
knowledge, allowing free use of it, and financing 
the production cost from general taxation. This 
was at the heart of Samuelson’s (1954) analysis of 
the efficient production of public goods. Govern- 
ment research and development (R&D) labora- 
tories that publicly disclose their findings, such as 
agricultural research establishments, are an ex- 
ample of this. It is as well to note that under this 

” It is the identification of Weberian ‘ideal types’ that en- 

dows the instances of deviance with interest and potential 

significance, as will be seen below in Section 4.2, for 
example. 

22 This is the well-known ‘free rider’ problem in the supply of 

public goods. The earliest writers on this were Knut Wick- 

sell and Eric Lindahl. See Musgrave and Peacock (1958) 

for abridged versions of the Wicksell-Lindahl analyses. 
Modern statements of the allocation problem associated 

with public goods are in Samuelson (19.54) and Arrow 
(1971). The basic economics of public goods can be found 

in any textbook on public finance (e.g. Musgrave, 1968; 
Stiglitz, 1988.) 

scheme the volume of public expenditure in the 
production of knowledge, and the allocation of 
expenditure for the production of different kinds 
of knowledge, are both public decisions: they are 
decisions made by the government. 

(2) A second possible solution is for society to 
grant intellectual property rights to private pro- 
ducers for their discoveries, and permit them to 
charge (possibly differential) fees for their use by 
others. This creates private markets for knowl- 
edge. Patents and copyrights are means of defin- 
ing and protecting intellectual property rights, 
and as their strengths and weaknesses have been 
discussed extensively by economists over the years, 
we shall not embark upon that subject here. 23 It 
should be observed, nonetheless, that the pro- 
ducer (or owner) of a piece of information in this 
scheme, ideally, should set different prices for 
different buyers, because different buyers typi- 
cally value the information differently. 24 One 
problem with such markets is that they are in- 
evitably ‘thin’ (each market is essentially a bilat- 
eral monopoly, i.e. consisting of the seller and a 
single buyer), and therefore not a propitious envi- 
ronment for the emergence of prices that will 
sustain an efficient allocation of resources, as has 
been pointed out by Arrow (1971). Another prob- 
lem with them arises from the fact that transac- 
tions in knowledge are shot through with leakage. 
The point is that for an exchange to be conducted 
efficiently, both parties need to know the charac- 
teristics of the commodity being transacted. In 
our example, the potential buyer needs to know 
what the piece of information is before the trans- 
action is concluded, but once the potential buyer 
gets to know the information, it is difficult for the 
seller (e.g. the inventor-developer) to prevent the 
prospective buyer from benefitting from what she 
has learned, should the contemplated transaction 
not be concluded. 25 This feature of knowledge 

23 See for example, David (1993a,b) for citations to and 
discussion of recent contributions to the economics litera- 
ture on intellectual property rights. 

24 In economics, these variegated prices are called Lindahl 
prices, in honour of Eric Lindahl, who first articulated a 

scheme of this kind, (see Musgrave and Peacock, 1958). 
25 Arrow (1962) argued that this is a particular difficulty 

whenever the transaction involves the fruits of fundamental 

research, for the findings of such research have possible 
applications in wide varieties of fields, some of which are 
not known to the would-be seller. 
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(that its value is often very difficult to quantify) 
will figure prominently in what follows. It means 
that the economic use-benefits of knowledge are 
often hard to appropriate privately, and therefore 
to market efficiently. This is so even when patent 
protection of knowledge gives the owner transfer- 
able legal rights to exclude others from using that 
knowledge in many specified contexts. 26 

The foregoing tells us that despite the limita- 
tions of the institutions of patents and copyrights 
(and, for that matter, the legal protections for 
secrecy among individuals and organizations), 
those ‘property-like’ contrivances provide means 
for privately appropriating profits from discover- 
ies and inventions. In short, while information 
can in principle be used jointly, joint use can be 
prevented by legal prohibitions or through the 
practice of secrecy. This can be socially desirable, 
because even though monopoly in the use of 
knowledge is inefficient (it involves the under- 
utilization of knowledge), it can be offset by the 
fact that the lure of monopoly profits makes 
researchers undertake R & D activity today. 
Therein lies the value of instituting patent laws, 
and of allowing secrecy to be practised by discov- 
erers. 

(3) A third possible scheme is for society to 
encourage private production of knowledge by 
offering public subsidies for its production, and 
by relying upon general taxation to finance these 
subsidies. A critical feature of this arrangement is 
that producers are denied exclusive rights to the 
output of their R&D activity: once it is pro- 
duced, the knowledge is made freely available to 
all who care to use it. *’ In albeit imperfect 
forms, this scheme characterizes research activi- 
ties carried on in public and private non-profit 
entities, such as universities, where much of the 

Matters are easier in the case of narrowly restricted knowl- 

edge about new technical processes and practical devices. 

This partly explains why it is a commonplace today to see 
A paying B a license fee for using B’s patent on the 

manufacture of a new product, or on a new process for 

manufacturing an old product. 
See Pigou (1932), Baumol and Oates (1975) and Dasgupta 

and Heal (1979). 

knowledge that is produced is prohibited from 
being patented by the private individuals involved 
in creating it, and where salaries, promotions and 
equipment are paid out of public funds (the sub- 
sidies!). We will study this resource allocation 
mechanism further in Section 4, where we will 
examine the role assumed by a special form of 
intellectual ‘asset’, namely an accepted claim to 
priority of discovery or invention which, though 
not a legally recognized property right, nonethe- 
less plays a crucial role in making the scheme 
more effective than it would otherwise be. 

While the public finance literature provides 
some guidance to the problem of providing for 
the production of scientific knowledge, it does 
not take us very far. There are many points where 
the standard prescription of subsidies remains 
unsatisfyingly vague. Should the subsidy be based 
on scientists’ research time? Or should it be 
adjusted according to the nature of their endeav- 
ors? Or should it instead be granted on a piece- 
rate basis for ‘output performance’ measured in 
some convenient way - such as publications in 
scientific journals, or the frequency with which 
their (codified) findings are cited in other scien- 
tific publications, and in patents? As it happens, 
this vagueness reflects a deeper weakness. The 
literature leaves unexplored the intricate institu- 
tional structure governing the practice of science. 
Nor does it build on the fact that research activity 
not only involves considerable uncertainties, but 
is shot through with choices the consequences of 
which are publicly unobservable. Without an un- 
derstanding of these features of scientific activity, 
it is not possible to devise efficient subsidy 
schemes. Recent explorations in the economics of 
science focus their attention on these matters. 
We turn to them now. 

It will be noticed from even the preceding 
sketch that the first and third resource allocation 
mechanisms in our list are similar in an important 
way: the output of research is publicly shared. In 
contrast, the second mechanism treats output as 
a private good. To be sure, the second scheme 
differs from the other two also as regards the 
source of funds: private versus public. But we 
maintain that to emphasize differences in the 
sources of funding is not a particularly illuminat- 
ing way of distinguishing Science from Technol- 
ogy. Government laboratories engaged in military 
research are publicly funded, but the secrecy that 
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is maintained over their findings makes them part 
of Technology. 28 

So, for the purposes of the present discussion 
we can amalgamate the first and third schemes 
into one - on the grounds that their attitudes 
towards controlling the output of research are 
similar. Having thereby reduced the distinctive 
modes of organization from three or two, one 
may still ask: Is this still not one more than is 
really needed? The question can be answered in 
the negative, on the functionalist grounds that 
they are adapted to serving distinctive goals: the 
community of Science is concerned with additions 
to the stock of public knowledge, whereas the 
community of Technology is concerned with 
adding to the stream of rents that may be derived 
from possession of (rights to use) private knowl- 
edge. 29 The arrangements within each can be 
shown to have an internal coherence and logic 
which, while not perfectly efficient, is quite well- 
suited to serve its (imputed) purpose. 3o Thus, 
because their functional attributes are not the 
same, there is no cause for thinking it is paradoxi- 
cal for a given society simultaneously to organize 
scientific inquiries in two quite distinctive modes, 
maintaining the two sets of institutional mecha- 
nisms and behavioral norms characteristic of the 

2X To the extent that information-commodities are exchanged 

against money, or other goods, the system governing the 

production, dissemination and use of knowledge within the 

realms of Technology, resembles the market mechanism, 

most especially markets in which commodities are auc- 

tioned. The analytical similarity between competition 

among producers of (private) technological information 

and competition among bidders at auctions has been ex- 

plored by Dasgupta (1986). 
*’ This retains the emphasis placed upon differences in the 

norms regulating information disclosure, and the func- 

tional rationalization provides for them in our earlier pa- 
pers in this vein (David, 1984; Dasgupta and David, 1987, 

1988). An expression of some reservations concerning the 

explanatory value of functionalist interpretations for eco- 
nomic institutions that have evolved historically, and a 
proposed historical explanation for the differentiation that 

arose between the two communities in the West from the 

late sixteenth century onwards are provided by David 

(1991). 
3” We shall examine the arrangements within Science more 

closely in the following sections (5, 6 and 7) in order to 

support this assertion. The efficiency of resource allocation 

for R&D in a regime based on intellectual property rights 
is discussed in many places in the modern economics 

literature, including David (1993a, 1993b, pp. 225-229). 

research communities we have delineated. Al- 
though it is evident from the contradictory norms 
on which they are based that there is a tension 
between these two modes of economic and social 
organization, so that they do not ‘mix’ easily, the 
two are not mutually exclusive ways to success- 
fully organize the pursuit of scientific knowledge 
within the same society. Indeed, we will argue 
that in order to ensure a reasonably efficient 
allocation of resources in the production of 
knowledge, modern societies need to have both 
communities firmly in place, and attend to main- 
taining a synergetic equilibrium between them. 

4. Priority and adherence to the norm of disclo- 
sure in the reward system of science 

It has long been recognized in the sociology of 
science that priority of discovery or development 
is the basis for legitimate reputation-building 
claims, and that an individual’s reputation for 
‘contributions’ acknowledged within his or her 
collegiate reference groups is the fundamental 
‘currency’ in the reward structure that governs 
the community of academic scientists. 31 That 
scientists take intense interest in disputes over 
‘priority’, and spend much effort collectively in 
determining for what and to whom this ‘coin’ 
shall be distributed, suggested to a functionalist 
like Merton (1973) the central role that competi- 
tion for priority was playing in the organization of 

31 See, for example, Merton (1973). See also Blume (19741, 

and Whitley (1984). Gaston (1970), Cole and Cole (19731, 

and Cole (1978) provide quantitative evidence supporting 

the view that science is an unusual institution in the sense 
that it comes close to achieving a reward system that is 

‘universalistic’, in Merton’s sense, rather than particularis- 

tic, i.e. achievement-oriented rather than ascription-ori- 
ented. In a study of university physicists, Cole and Cole 

(1967) found that quality of published research was the 

most important determinant of recognition that came in 
the forms of honorific awards, appointments to professor- 

ships at prestigious departments, and wide citation. While 
the relative weighing of quality and quantity of ‘contribu- 

tions’ have not been established across different fields of 
science, there is a presumption that where a dominant 

paradigm, or research program reigns, there will be greater 
consensus concerning ‘quality’. As fields of inquiry go 

through paradigm shifts, the quantity-quality weighing is 
likely to be disrupted, and it should not be supposed that 
stability in the relative weights will be maintained across 

fields. 
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the Science community. 32 In the context of the 
reward system in science, the rule of priority 
serves two purposes at once: hastening discover- 
ies, and hastening their disclosure. How it does 
that is seen readily enough. 33 

4.1. Priority and the science reward system 

First, tieing rewards to priority sets up a con- 
test, a race, for scientific discoveries. Since a 
scientist’s effort cannot in general be observed by 
outside monitors, payment cannot be based upon 
it. If funds were to be allocated for ‘effort’, scien- 
tists like anyone else would be given an incentive 
to slack off while declaring that they were work- 
ing hard. Nor can intention be the basis of pay- 
ment, for intention cannot be observed publicly 
either. By contrast, performance, if disclosed, can 
be observed and vetted publicly. So rewards can 
be based upon it; the greater the achievement, 
the larger the rewards - which may come, even- 
tually if not immediately, in the form of salary 
increases, subsequent research grants, scientific 
prizes, eponymy and, most generally, peer-group 
esteem. 

A method of payment alternative to one based 
on priority would be a fixed fee for entering 
science, but this would dull the individual’s incen- 
tive to work hard, since scientists could collect 
the fee irrespective of whether they produced 
anything of interest. So the reward has to be 
based in some way on achievement. However, it is 
often difficult to determine how far behind the 
winner the losers of a scientific race are when the 
winner announces his discovery. (Those who were 
left behind can merely copy the winner’s results 
and claim that they were very nearly there). For 

‘* See Lamb and Easton (1984, Chap. IO) for a historical 

survey of priority disputes and races for priority. Scientists 

may be motivated to establish claims of ‘priority’ because 

they seek fame through the attachment of their name to a 
discovery or hypothesis; because, as creative individuals, 

they need to secure the validation of their creation - in 

this case from an expert audience the feeling of having 

produced something new to the world and not just to the 

self (see Storer 1966), or because material rewards like 
salary and access to research facilities are linked to their 

reputational standing among their scientific colleagues. For 
the purposes of the immediate argument, the precise na- 

ture of the underlying motivation does not really matter. 
‘a Material in this section draws upon our earlier papers 

(Dasgupta and David, 1987, 1988). 

this reason, it is not possible in general to award 
prizes on rank. Thus, unlike tennis tournaments, 
science does not pay big rewards to the runners- 
up. This suggests a system of payment which is 
compatible with individual incentives. It is one 
where, roughly speaking, the winner is awarded 
all that is to be dispersed by the community for 
the discovery. The rule of priority mimics this. 

We have offered a rationale for the rule of 
priority among scientists involved in parallel re- 
search on the basis of what is publicly verifiable. 
Fortunately for society, there is congruence be- 
tween this requirement and the relative social 
values of the outputs of parallel research teams. 
For note that among the discoveries (or inven- 
tions) made by rivals involved in parallel research 
only the first is worthwhile to society; there is no 
social value-added when the same discovery is 
made a second, third or fourth time. 34 

There is, however, one immediately apparent 
difficulty about the rule of priority. If the losers 
of a scientific race were to receive absolutely 
nothing, the rule would place all the risks in- 
volved in the production of knowledge firmly on 
the shoulders of scientists. This cannot be an 
efficient system if scientists, like other mortals, 
are averse to taking risks which involve their 
survival and comforts. (One would expect individ- 
uals without private means to be particularly 
averse to absorbing all the risks. jsl We conclude, 
then, that those who regularly engage in basic 
science research need to be paid something re- 
gardless of the extent of their success in the 
scientific races they choose to enter. Otherwise 
many, if not most, scientists today would enter 
other professions. 

All this suggests the desirability of a payment 
schedule which consists of something like a flat 
salary for entering science, supplemented by re- 
wards to winners of scientific competitions, with 
the proviso that the better is the performance, 
the higher will be the reward. The flat-salary 

j4 By this we do not, of course, mean independent confirma- 

tions of a scientific discovery, which is a different matter 
altogether. 

” The analysis here is thus most appropriately interpreted to 

apply to arrangements for the patronage for employment) 
of professional scientists, from either private or public 

sources, and does not bear on the pursuit of scientific 
knowledge by ‘amateurs’. 
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component of the public payment schedule acts 
as a drag on incentives to do research (for this 
reason it must not be all that high), but as we 
have seen, it is a socially necessary drag if there is 
to be Science. 3h Fortunately for the evolution of 
‘academic science’, it has been found possible to 
tailor the flat salary to a complementary, produc- 
tive activity - teaching - and thereby reduce the 
wastage occasioned by the drag. Roughly speak- 
ing, a modern scientist is paid in the form of a 
fixed salary (e.g. for teaching, should he be in 
academia) and bonuses (e.g. promotions, scien- 
tific awards, and general recognition) for priority 
in discoveries and inventions. 37 

The second purpose the rule of priority serves 
is in eliciting public disclosure of new findings. 
Priority creates a privately-owned asset from the 
very act of relinquishing exclusive possession of 
the new knowledge. To put it dramatically, prior- 
ity in science is the prize. Now, the public disclo- 
sure of new findings provides two additional so- 
cial benefits. First, it widens the span of applica- 
tion in the search for new knowledge. It raises 
the social value of knowledge by lowering the 
chance that it will reside with persons and groups 
who lack the resources and ability to exploit it. 
Second, disclosure enables peer groups to screen 
and evaluate the new finding. The result is a new 
finding containing a smaller margin of error. The 
social value of ‘reliability’ established by disclo- 
sure to the community of scientists is that users 
of new discoveries can thereby tolerate a higher 

In addition, most academic institutions limit the potential 

inefficiency of paying flat-fees, unrelated to research pro- 

ductivity, by awarding tenure only after some extended 
period of trial during which research capabilities and moti- 

vation may be assessed (albeit with some error). Advance- 
ment to tenure, and the security represented by entitle- 

ment to future flat-fee payments, is thus a part of the 

performance-based-bonus feature contained in the young 

researcher’s ‘contract’. 

Employment contracts in industry and government re- 
search establishments also exhibit the generic two-part 

structure of compensation described as characteristic in 
academic research institutions, although in the former cases 

the fixed portion has to be viewed as a payment corre- 
sponding to the option value of the proprietary rights to 
the knowledge about future inventions and discoveries that 
are relinquished as a condition of employment. It may be 

noted that these arrangements are not uniquely modern; 

the post-Renaissance system of noble patronage of mathe- 
matician-scientists also generated a two-part payment 

structure, as David (1991) points out. 

degree of risk arising from other sources of in- 
complete knowledge and information. 

There is a third beneficial consequence, stem- 
ming from the fact that for priority to matter the 
race must be run towards a goal that is widely 
recognized, either at the outset, or subsequently, 
as one worth achieving. The autonomous gover- 
nance system that has characterized academic 
(and, indeed, much non-academic) science in the 
West means that communities of scientific peers 
define what contributions to knowledge it is worth 
bothering to have arrived at before others. What 
effect does this have? It creates a cumulative, 
chain-linked impetus to the advance of knowl- 
edge, because what turns out generally to be 
appreciated is the disclosure of knowledge that 
aids (or is expected to aid) colleagues in the field 
in generating findings on the basis of which they 
can establish priority claims of their own. 38 

4.2. Priority and secrecy in Science: Public virtue 
and private cites 

Of course, the reward system sets up an imme- 
diate tension between cooperative compliance 
with the norm of full disclosure (to assist oneself 
and colleagues in the communal search for 
knowledge), and the individualistic competitive 
urge to win priority races. This can engender 
neurotic anxieties on the part of researchers and 
‘deviant’ patterns of secretive behavior. 39 Con- 
ceptually one may want to distinguish between 
departures from the norm of disclosure that take 
the form of remaining taciturn until ‘a result’ has 
been obtained and can be publicly announced, 
and incompleteness in disclosure - i.e. not reveal- 
ing all that has been learned. The cleanest basis 
for such a distinction presents itself when results 
are put into codified form, as in the draft of a 

The channelling of individual research efforts by means of 
the emergence of collegiate consensus as to which priority 

races are worth entering does certainly impart momentum 

to particular research programs, but, as will be seen in 
Section 5 below, it also has some undesirable effects on 
resource allocation within scientific disciplines. 
The sociologist W.O. Hagstrom, in a 1967 study, found that 
30-40% of American (university) scientists in some fields 

expressed concern over being ‘scooped’ in their current 

work, to the extent that it could inhibit their willingness to 
discuss it freely with colleagues. See unpublished paper 

cited by Blume (1974, p. 38). 
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publishable paper, but this is not circulated for 
some time. Such delays are risky for priority- 
seekers, so typically, even when the hazard is 
borne for some advantageous purpose such as to 
permit a patent application to be filed, the delay 
periods are kept quite short. 4o 

Secretiveness that takes the form of partial 
disclosure is rather more difficult to identify, but 
as it is a more pervasive and persistent pattern of 
behavior among researchers, it seems potentially 
the more serious source of wastage of social 
resources. Incomplete disclosure at the publica- 
tion stage expresses itself in two forms, one of 
which is more readily detectable, i.e. omission of 
information required for replication of experi- 
mental results. Since non-replicability will be re- 
ported, this reduces to a stratagem for ‘buying 
time’ and raising rivals’ costs while attempting to 
establish a claim to priority. 41 Self-evident in- 
completeness, such as the practice of not di- 
vulging at the time of journal publication the 
coordinates of the large protein molecule whose 
structure has been determined by use of X-ray 

40 Even so, the clash between the interest of researchers who 

fear being ‘scooped’ by rivals and those of (corporate) 

research sponsors who wish to be able to defer disclosure 

for periods of 30-90 days is well known to occasion diffi- 

culties in setting up university-industry cooperative re- 

search programs. See Peters and Fusfeld (1983 pp. 39-40). 

Of 23 universities for which there is information about 
prepublication review policy (from an N.Y.U. field survey 

in the early 198Os), only six insisted on no delays whatso- 

ever or none exceeding 30 days. Pre-publication review 

requests were found to be considerably less of a sticking 

point for university officials than is industry interest in 

proprietary control. Other conflicts in establishing univer- 

sity-industry cooperative agreements to facilitate ‘transfer’ 

of academic research for commercial exploitation are noted 

below in Section 7.3. 

4’ When the practice is regularized, readers of publications 

from that source should eventually learn not to bother 

attempting replication experiments, and the publication 
ceases to communicate anything save the message that the 

researcher has obtained a new result. We would say that 

such a practice puts the research organization into the 

Technology camp, even though it may make a pretext of 
belonging to the Republic of Science. It has been alleged, 
although to date it remains undocumented, that chemical 
abstracts published by some research institutes in Germany 

during the 1920s were widely known to systematically mis- 

report some important specification (such as the tempera- 

ture applied) for the new synthesis that was being an- 
nounced. 

crystallography and synchrotron radiation, ap- 
pears to have increased in frequency and emerged 
as a point of controversy among investigators in 
the field in recent years. 42 Whatever else may be 
said of such practices, it should be observed that 
they represent a less socially wasteful mode of 
‘post-publication delay’, inasmuch as resources 
will not be expended in the process of detecting 
the omissions. 

More problematic is secretiveness about the 
special technical apparatus that has been created 
along with the published ‘results’. If, for example, 
researchers develop a more efficient computer 
algorithm for rapid computation or computerized 
database searches (as, for example, in mass spec- 
trometry), without access to which replication of 
the findings reported by others will be infeasible, 
do the norms of Science call for them to share it 
with colleagues as soon as it becomes available? 
Whether or not they might do so in some cen- 
trally administered organization, the community 
of decentralized university-based researchers, 
each with control over access to their laborato- 
ries, cannot readily detect the suppression of 
‘intermediate research products’ of this kind; it 
would be infeasible to enforce so strict a standard 
of disclosure. So, the conflict point typically arises 
among individual scientists or rival research 
groups when ‘a result’ has been codified and 
made public. 

The value of intertemporal spillovers of tacit 
knowledge (between one project and the next), 
and the costs to the original possessor of transfer- 
ring (‘sharing’) tacit knowledge, lie at the heart of 
these conflicts. The techniques that are created 
as a by-product of research leading to the first set 
of results often become the basis for the creators’ 
hopes of winning the race to the next set of 
results, and their claims for continuing research 
support. Preserving these as ‘craft mysteries’ is 
valuable, and taking the time and resources to 
calibrate instruments, or to adequately document 
computer code and datasets for use by other 
investigators, detracts from the private pursuit of 
new results. However, these private incentives 
may result in the new, more powerful techniques 

42 See discussion of the decline of the ethic of data-sharing in 

Science, 1990. 
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remaining, at least for a time, exclusively in the 
hands of their developers rather than being placed 
at the disposal of others who might have the 
complementary talents, techniques and resources 
to put them to more productive use. This wastage 
must be viewed as a regrettable necessity only if 
the reward system at each stage cannot suffi- 
ciently compensate researchers to induce them to 
develop research tools that would be useable (by 
anyone) in subsequent inquiries. 

These same economic forces work to deter- 
mine the location, in each field, of the customary 
boundary line between what gets codified and 
what gets left in tacit form. More generally, it can 
be seen that the boundary line between tacit and 
codified knowledge is not simply a question of 
epistemology; it is a matter, also, of economics, 
for it is determined endogenously by the costs 
and benefits of secrecy in relation to those of 
codification. One can see that accelerations in 
the progress of instrumentation and research 
techniques, made possible in part by synergisms 
and feedbacks between developments in the 
realms of Science and Technology, can raise the 
private marginal benefits of (a greater degree of) 
‘tacitness’ for researchers in Science. If the 
marginal costs of transferring tacit information to 
others, being largely the time of the researchers 
and their support staff, is constant or rising, there 
would be an understandable tendency for the 
boundary between private tacit knowledge and 
shared tacit knowledge to shift towards the for- 
mer, which in turn would weaken the motivation 
to bear the marginal costs of codification for the 
purposes of public disclosure. At the same time, 
however, falling costs of information transmittal, 
deriving in large part from computer and 
telecommunications advances, have lately been 
encouraging a general social presumption favor- 
ing more circulation of timely information and a 
reduced degree of tacitness. One of the resultants 
of these conflicting forces would seem to be the 
emergence of more active sharing of intermediate 
results, via computer networks, among quasi- 
private alliances of researchers. The advantages 
of pooling knowledge and swapping complemen- 
tary techniques, being no less than formerly, and 
the costs of communication required for selective 
cooperation having fallen, this phenomenon is 
explicable by reference to the workings of self-in- 
terest. In other words, it is possible that coopera- 

tive behavior within a limited sphere can emerge 
and be sustained without requiring the prior so- 
cialization researchers to conform, altruistically, 
to the norm of communalism. 

We have here a rather straightforward in- 
stance in which insights from the theory of re- 
peated games are applicable to explaining coop- 
erative behavior among potentially rivalrous re- 
searchers. To give precision to the essential ideas, 
we may start with the simplified case of two 
researchers (or compact research teams) working 
towards the same scientific goal, which entails 
solving two subproblems. Suppose that each 
‘team’ has solved one of the problems. Once each 
gets the other solution, it will be a matter of 
writing up the result and sending it off for publi- 
cation, the first to do so being awarded priority. 
We may further assume that the write-up time is 
determined by a random process, and that if both 
get both halves of the problem at the same mo- 
ment, each will have the same (one half) proba- 
bility of being the first of the pair to submit for 
publication. Whether the winner will be awarded 
priority will depend, however, on whether or not 
some other researchers also obtain the full solu- 
tion and succeed in preempting its publication. 
The question is: should the first research team to 
learn any part of the solution follow the strategy 
(S) of sharing that information with the other 
one, or should they adopt the strategy (W) of 
withholding? If, without prior communication, 
they play the strategy pair (S, S) they can proceed 
immediately to the write-up stage; if they play 
(S, W) the second member of the pair will be able 
to proceed to the write-up, and the opposite will 
be true if they play (W, S). Should they both 
withhold (W, W), they must both spend further 
time working on the other problem. It is evident 
that if they are only going to be in this situation 
once, the rule of priority alone will induce each 
of them to withhold, and they will end up (collec- 
tively, if not individually) at a relative disadvan- 
tage vis-a-vis other researchers who are hurrying 
to publish. If nobody else has the full solution 
yet, society also will have been forced to wait 
needlessly, because each member of the pair has 
a dominant (private) strategy of withholding what 
it has discovered. 

The game just described will be recognized to 
have the structure of a classic two-person ‘Pri- 
soners’ Dilemma’, from which bad consequences 
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can be anticipated. 43 It is well known, however, 
that an escape from the pessimal outcome (W, WI 
is possible in certain circumstances-namely, were 
this a game that was part of an open-ended 
sequence of such encounters (i.e. an infinitely 
repeated game), were the future not discounted 
too heavily, and were the players to expect the 
other team members to remember, and punish on 
future occasions their present refusal to cooper- 
ate. 44 However. the value in the future of devel- 

43 It is not only in the fantasies of game theorists that bad 

things happen. Consider the following recent British news- 

paper account, appearing in The Independent on Sunday 
(31 October 1993): 

Several teams of scientists closing in on the discovery of 

a gene that causes breast cancer have abandoned collab- 

oration in their intense rivalry to win the race. Secrecy- 

spiced with misinformation-has replaced the co-oper- 

ation that once aided the efforts of geneticists in Britain, 

the United States, Canada and France; such are the 

rewards of coming first Three years ago, when 

Mary-Claire Ring at the University of California at 

Berkeley placed the breast-cancer gene somewhere on 

chromosome 17, scientific teams around the world 

formed a consortium to pool their resources in an effort 

to isolate it. They exchanged information regularly to 

identify regions of the chromosome that could be elimi- 

nated. But as the groups edged closer to identifying the 

gene they began to split apart, said Simon Smith, head of 

a Cambridge University research team funded by the 

Cancer Research Campaign. ‘Things have now gone 

quiet because none of us wants to give information to 
the others’, he said. ‘In an ideal world we’d be talking to 

each other and not holding back information. But our 

work is judged on what is published. If we are always 

second, it’s no good. 

It is interesting to observe that the original consortium, or 

coalitional agreement, did not involve pre-commitments to 

joint authorship, presumably, because the number of par- 

ticipants was so large that internal monitoring of effort 

would be difficult, and because to do so would vitiate the 

point of a race for priority. Our two-person PD game, 

above, abstracts from the possibility of forming sub-coali- 

tions against the rest of the field, a consideration that will 

be developed in the text below. 

44 Indeed, there is a so-called ‘folk theorem’ to that effect. 

For a non-technical introduction to the literature on the 

repeated Prisoners’ Dilemma and its broader implications, 
see Axelrod (1984). The ‘folk-theorem’ of game theory 
holds that (if future payoffs are discounted by each player 
at a low rate) in the ‘super game’ obtained by repeating a 
finite, two-person game indefinitely, any outcome that is 

individually rational can be implemented by a suitable 
choice among the multiplicity of Nash equilibria that exist. 

See Rubinstein (1979, 1980) and Fudenberg and Maskin 
(1984). 

oping and maintaining a good reputation for 
sharing has to be large to discipline the self-inter- 
ested researcher into adhering to the sharing 
mode of behavior in the current period. If repeti- 
tive play comes to an end, or if the future is 
valued only slightly, cooperation will unravel from 
the distant terminal point in the game right back 
to its inception. 

4.3. Culture: The enforcement of cooperative ri- 
valry and collective regulation in Science 

Yet, that is not the whole of the story. As 
there are other researchers in the picture, we 
should really be considering an n-agent game 
(again, where the agents may be individuals or 
small teams), involving the solution of an m-part 
problem, given n > m. Now the question of shar- 
ing information becomes one of sharing not only 
what you have learned yourself, but also what you 
have been told by others. It is obviously advanta- 
geous to belong to a coalition among whom infor- 
mation will be pooled, because that will give the 
coalition members a better chance of quickly 
acquiring all m parts of the puzzle and being the 
first to send it in for publication. On the other 
hand, if there are individuals who behave oppor- 
tunistically by exchanging what they have learned 
from one group for information from people out- 
side that group, but do not share everything they 
know within their group, they can expect to do 
still better in their current race for priority of 
publication. However, because others would see 
that such ‘double-dealing’ will be a tempting 
strategy, cooperation will be unlikely to emerge 
unless ‘double-dealers’ (who disclose what you 
tell them to third parties, but don’t share their 
full knowledge with you) can be detected and 
punished. What is the form that retribution can 
take? Most straightforward will be punishment by 
exclusion from the circle of cooperators in the 
future; and even more severely, not only from the 
circle that had been ‘betrayed’ but also from any 
other such circle. This may be accomplished read- 
ily enough by publicizing ‘deviance’ from the 
sharing norms of the group, thereby spoiling the 
deviators’ reputation and destroying their accept- 
ability among other groups. 45 

45 See Greif (1989) and Milgrom et al. (1990) for analysis of 

repeated games of incomplete information that have this 
structure. 



504 P. Dasgupta and P.A. Dacid /A new economics of science 

What, then, is the likelihood that this form of 
effective deterrence will be perceived and there- 
fore induce cooperative behavior among self-in- 
terested individuals? If a coalition, i.e. ‘a research 
network’ numbering g players (g 5 n> is large, 
identifying the source(s) of ‘leaks’ of information 
and detecting instances of failure to share knowl- 
edge within it will be the more difficult. It is 
worth remarking that the power of a large group 
to punish the typical deviator from its norms by 
ostracism tends to be enhanced by the higher 
probability that all those individuals with whom 
potential deviators will find it valuable to associ- 
ate are situated within the coalition. 46 In other 
words, the expected loss entailed in being an 
‘outcast’ is greater when there is only a fringe of 
outsiders with whom one can still associate. How- 
ever, this consideration is offset by the greater 
difficulties the larger groups will encounter in 
detecting deviators. Smaller groups have an ad- 
vantage on the latter count, and that advantage 
also enables them to compensate for their disad- 
vantage on the former count. The more com- 
pelling the evidence that a particular individual 
had engaged in a ‘betrayal of trust’, the more 
widely damaging will be the reputational conse- 
quences for the person thus charged. Hence, un- 
ambiguous detection and attribution of deviations 
(from recognized norms regarding the disclosure 
and non-disclosure of information) augment the 
deterrent power of the threat of ostracism that 
can be wielded by any group that remains small 
in relation to the total population of individuals 
with whom an excluded group-member could form 
new associations. 

The foregoing suggests that small cooperative 
‘networks’ of information-sharing can be sup- 
ported among researchers because cooperative 
behavior furthers their self-interest in the race 
for priority, and denial of access to pools of 
shared information would place them at a severe 

4h However, when there are inhomogeneities in communica- 

tions that would tend to divide the coalition into tighter 
‘sub-cliques’, a grand coalition will be vulnerable to defec- 

tions by some among its members. This seems to have been 

the situation of the breast cancer gene research consor- 
tium, which was formed from a number of pre-existing 

national research teams (as described above, in note 43). 

disadvantage vis-a-vis competitors. 47 Does this 
imply that the normative content of Merton’s 
communalistic norm of disclosure is really redun- 
dant, and plays no essential role in fostering 
conditions of cooperation among citizens of the 
Republic of Science? Not at all! For it can be 
shown that networks of cooperative information- 
sharing will be more likely to form spontaneously 
if the potential participants start by expecting 
others to cooperate than if they expect ‘trust’ to 
be betrayed, and cooperative patterns of behavior 
will be sustained longer if participants have rea- 
son to expect refusals to cooperate will be en- 
countered only in retaliation for transgressions on 
their part. Furthermore, detection of deviant be- 
havior warranting punishment and implementa- 
tion of the retribution of ostracism from a partic- 
ular network will have more broadly damaging 
reputational consequences when the norms of 
behavior involved (i.e. the ‘custom’ within the 
network in question) are common knowledge, and 
part of the shared socialization among all the 
potential members of networks. It is evident from 
this that even if the process of socialization among 
academic scientists were weak and imperfect, the 
common ‘culture of Science’ makes it much more 
possible for the rule of priority to engage the 
self-interest of researchers in reinforcing adher- 
ence to the norm of disclosure, at least among a 
restricted circle of colleagues. 48 

The more general burden of the analysis pre- 
sented in this section is that the workings of the 
rule of priority and its interaction with the norm(s) 
of disclosure are not just a matter of parochial 

These ‘circles’ or ‘networks’, which informally facilitate the 

pooling of knowledge among distinct research entities on a 
restricted basis, can exist as exceptions to both the domi- 

nant mode of ‘public knowledge’ characterizing Science, or 

the dominant mode of ‘private knowledge’ characterizing 
Technology. Thus, von Hippel (1990) and others have 

described how firms in fact tacitly sanction covert ex- 
changes of information (otherwise treated as proprietary 

and protected under the law of trade secrets) among their 
engineer-employees. Participants in these ‘information net- 

works’ who accepted money or remuneration other than in 

kind would most probably be dismissed and prosecuted for 

theft of trade secrets. 
The formal structure of the argument made here parallels 

a point about the role of ‘culture’ in defining and transmit- 

ting mutually held expectations about the consequences of 
‘off-diagonal play’ in coordination games, which has been 
elaborated in quite another context by Greif (1992). 
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concern to egotistical scientists; even though the 
public typically remains unaware of its centrality 
in the reward system that controls academic sci- 
ence, priority matters greatly to society at large. 
The collegiate role of the scientific community 
extends into other forms of social service. We 
have so far concentrated on the inherent uncer- 
tainties involved in scientific research, but these 
uncertainties are conditioned by the quality of 
the researchers themselves. For the public at 
large are incapable of screening scientists by their 
innate abilities, and they are equally incapable of 
evaluating the relative importance of scientific 
discoveries; not only does one scientist look much 
like another, one publication looks pretty much 
like another as well! So scientists are themselves 
commodities of uncertain quality to the public, as 
are their past publications. Here, too, the com- 
munity of scientists plays a crucial role, function- 
ing collectively as an ‘agent’ for the society at 
large. it produces new scientists, and provides a 
check on their quality. It fails some, bestows a 
stamp of superior approval on others, and so 
forth. It constantly vets their research outputs, 
ranks their quality, and so on. There is, of course, 
an underlying danger of professional bodies abus- 
ing the public trust upon which rests the auton- 
omy permitted them in their performance of the 
functions of an agent in these specialized matters. 
Professional bodies are often tempted to use their 
control of screening and evaluation mechanisms 
to make entry qualifications unduly stiff, and the 
costs of certification needlessly high; it is not 
unknown for some to succumb to the temptation, 
especially where society has delegated regulatory 
jurisdiction, by allowing the profession to set the 
terms on which its members will be ‘licensed’ to 
practice. There is less of a danger where the 
professional body is only a loose-knit one, so that 
there is some competition among sub-groups and 
sub-disciplines. This would appear to be the case 
with Science. 49 

In fact, the cohesiveness of the scientific com- 
munity plays another role. It reinforces the politi- 
cal claims of scientists to ‘autonomy’ during peri- 
ods when the public, or their putative political 
representatives, or the bureaucracy of the fund- 

49 The practice of medicine, as distinguished from medical 
research, clearly lies within the realm of Technology as we 
have defined it. 

ing agencies try to impose closer direction and 
contro1. 50 Now, in addition to the benefits that 
individual scientists may enjoy in being left freer 
from the vexations of strict supervision, especially 
from attempts at strict control by inexpert author- 
ities, the exercise of autonomy in the sense of the 
scientific community’s self-governance and con- 
trol over the research agenda carries some obvi- 
ous benefits for a society that values the growth 
of knowledge. Self-governance enables those who 
know to decide where research priorities lie (by 
combining societal evaluations of the importance 
of various research problems with expert assess- 
ments of the prospects of their being solvable 
within some relevant time-frame). It also leads to 
a better matching of scientific talent with the 
problems such talents are encouraged to attack. 
Furthermore, it encourages a better matching 
between scientific talent and the methods they 
pursue for solving these problems. 

We thus see that uncertainty in the outcome of 
research and the inevitable privacy of much rele- 
vant information, taken together, provide the ba- 
sis for offering a rationale, or functionalist expla- 
nation of much that is observed in the social 
organization and salient institutions of modern 
science. Sticking to this very gross level of obser- 
vation, our discussion suggests that the distinctive 
institutional features and the reward system of 
Science does rather well in satisfying the require- 
ment of social efficiency in the allocation of re- 
sources, but when one looks more closely at the 
detailed workings of this system, its many inher- 
ent inefficiencies begin to come into view. Taking 
these ‘fine-grain’ inefficiencies together, the re- 
sulting mal-allocation of valuable resources may 
be far from negligible. The following two sec- 
tions, therefore, will be devoted to examining 
some of their main manifestations and underlying 
causes. 

5. Resource allocation within scientific fields and 
programs 

Because the outcomes of research projects are 
uncertain, it is generally in society’s interest to 

‘” On distinctions between individual and group autonomy in 

regard to science., and the relationship between autonomy 

and power, see Cozzens (1990) and Turner 11990, pp. 
198-204). 
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hold a portfolio of active projects which are run 
‘in parallel’ within a particular field, or under the 
auspices of any specific scientific program that is 
determined currently to be worth pursuing. 
Therefore, in and of itself, parallelism or a multi- 
plicity of projects aiming at essentially the same 
result - isolation of a virus, or development of a 
vaccine, or development of superconducting ce- 
ramic filaments - does not imply waste. ” Society 
should thus be prepared to tolerate multiple dis- 
coveries in the sense of Merton (1973). 52 Never- 
theless, a legitimate question arises as to whether 
the rule of priority and the reward structure in 
academic science encourage a more than desire- 
able degree of duplication of research efforts, 
leading both to too many projects being discon- 
tinued by those who perceive that they have lost a 
race for priority, and to an excessive probability 
that researchers will unknowingly ‘multiply’ the 
findings of others. There are, in fact, a number of 
reasons why the incentive structure built around 
the rule of priority in Science is prone to cause 
wastage of resources in the form of excessive 
numbers of projects being launched in the same 
area, and an excessive correlation of research 
strategies among them. To identify these may 
suggest at least the broad lines along which reme- 

The exception to this rule is, of course, the set of circum- 

stances where experimental facilities are indivisible and the 

fixed costs entailed are so large as to rule out the benefits 

of diversification. Under such conditions, which more or 

less fit the case of the superconducting supercollider pro- 

ject (see Office of Technology Assessment. 1989). it is 

desirable to pursue only one project within the nrogram, if 

it is desirable to embark on the program at all. However. 

within such large and complex projects, typically, there will 
be many sub-projects that present opportunities to pursue 

several solutions in parallel. 

The term ‘multiples’ is ambiguous but, following Merton 

(1973, p. 364 ff), its use among sociologists of science is 

not. Multiplicity connotes the occurrence of more than one 

research entity expressing essentially the same theory, or 

making what is essentially the same discovery or invention 
(including inventions of apparatus), and not that of a given 
research unit making more than one discovery. See Lamb 

and Easton (1984) for a recent treatment of the subject, 
which argues that the phenomenon of multiple discovery is 

inherent in the collective, evolutionary process through 
which scientific knowledge grows. In the present discus- 

sion, however, we are less concerned to account for what 

might be thought of as a ‘normal’, or ‘background’, level of 

multiplicity, and more with ‘excess multiplicity’ created by 
certain features of the science-resource allocation mecha- 

nism. 

dial institutional adjustments and public policy 
interventions might usefully proceed. 

We can begin here by calling attention to one 
generic cause of inefficiencies arising from the 
reward system in science, a cause that resembles 
the root of the conventional market mechanism’s 
allocative ‘failures’ in many situations: the non- 
congruence of the way in which society at large 
benefits from the activities of scientists and the 
benefits being held out as inducements to individ- 
ual researchers in this institutional setting - which 
is to say, under the operation of the rule of 
priority. The fundamental point is that society 
does not care who is successful in solving a given 
scientific problem, it cares that the problem is 
solved; and, in all save for the most exceptional of 
circumstances, society does not care whether the 
solution is obtained an hour, a day, or a month 
sooner or later. Yet for the individual scientists 
(or the scientific team), the identity of the prob- 
lem-solver and the precise time at which his/her 
solution can be announced are matters of great 
concern; the priority-based reward system im- 
parts great significance to differences in timing 
that are inconsequential from a societal stand- 
point. This sort of non-congruence between pri- 
vate and social rankings of final outcomes creates 
fundamental grounds for suspecting that the re- 
search portfolio that would be, in effect, selected 
for society by the self-governing community of 
scientists will be an inefficient one. Now, a misal- 
location of research resources can manifest itself 
here in at least three ways. First, competition 
among researchers may encourage rival teams to 
undertake what in the aggregate turns out to be 
an unduly risky set of research projects (strate- 
gies) within a given program. Second, competition 
may encourage them to choose overly similar (i.e. 
positively correlated) projects within the program. 
In the third form of inefficiency, the system of 
rewards attracts too many research teams to a 
given race, to the possible neglect of other areas 
in which the entry of even a few competitors 
might be socially beneficial. s3 

It turns out that, provided private gain from a 
research success is made commensurate with the 

” We need hardly add that there would be a resource misal- 

location if the reverse of what we have described were to 
occur under each of the three categories we have just 

listed. 



benefits accruing to the collectivity of researchers 
from the success of any individual investigator or 
team, there is a tendency for the rule of priority 
to give rise to the first two of these three forms of 
misallocation. 54 To see why the first two kinds of 
distortion result from the rule of priority, it is 
sufficient to expose the tendency favoring exces- 
sive positive correlation between projects within a 
field or program. Consider a portfolio of possible 
research projects within a given field or program, 
each pursuing a particular strategy or experimen- 
tal design, all of which offer the same expected 
social payoff. 55 The risks associated with some 
strategy pairs are highly correlated, those with 
other pairs less so. Assume that one of the re- 
search teams has chosen one of these research 
designs (projects). It remains for the other to 
choose its project design. As between any two 
avaiIable projects, were the second team to choose 
the one which is less correlated with the one 
chosen by the first team, it would bestow a posi- 
tive benefit to its rival. Specifically, the likelihood 
that team I is successful when team II is not 
would be higher. As we have already seen, this 
kind of portfolio diversification, or ‘insurance’, is 
socially desirable, but it is not necessarily consid- 
ered in the second team’s private calculations 
concerning the course it should commit itself to 
follow. If the team were altruistic and more 
other-regarding, they would recognize that by 
picking a project identical to that pursued by 
another group, they would be lowering their 
(other) colleagues’ chances of achieving priority, 
and they would choose to be less duplicative in 
their research design. However, the ‘all-or-noth- 
ing’ aspect of priority-based reward structures 
encourages self-regarding egoistic choices among 
the community of scientists, rather than altruism, 

and so reinforces the tendency for researchers to 
be drawn into duplicative ‘races’. This works 
against the emergence of a diversified societal 
research portfolio. s6 

The fact that the reward structure it faces is 
hitched to the rule of priority pulls each research 
entity toward entering some weli-defined ‘race’ in 
which the contestants are lined up along essen- 
tially the same track. Each may believe that some 
particular feature of their research design, say 
some special instrumentation or data analysis 
technique that has not been mastered by others, 
will give it a competitive edge, and all observe 
that winning a bigger race, in which there are a 
larger number of entrants, will do more for one’s 
collegiate status. The positive correlation among 
projects will not be perfect, of course. Having 
some feature of one’s research design differenti- 
ated from that adopted by competitors, even when 
the entire design is made common knowledge 
(say, by the process of peer review of proposals), 
may remain an attractive strategy for a risk-averse 
researcher who finds him or herself in head-to- 
head competition with a small number of identifi- 
able rivals; creating some possibly inessential di- 
mension of non-comparability in the outcomes 
may make it more difficult to pronounce the 
competition to have had a unique winner, and so 
allow those who arrive at a successful result later 
to share in the award of prizes. 57 

s6 The argument in the text does not, of course, constitute a 

proof. It offers a hint about how the proof goes. Since we 
wish to avoid technicalities here, we will not go into the 

reasons why under a wide range of circumstances the rule 

of priority encourages what from the point of society is 

excessive risk-taking on the part of rival teams (for this, see 

Dasgupta and Maskin, 1987). 

j4 For the third phenomenon to occur we must assume in 

addition that the program involves Little Science, or in 

other words, projects that do not involve large fixed costs. 
In the next section, we will assume this to be the case. 

55 How to conceptualize and measure the societal ‘payoffs’ 

from basic research is an immensely complicated question. 

Even the narrower question of what determines the magni- 

tudes of the distribution of purely economic ‘payoffs’, and 
how these can be assessed, cannot be entered into here. 
For a critique of the methodology attempting to apply the 
techniques of cost-benefit analysis by tracing the commer- 
cial sequels of basic scientific discoveries and inventions, 

and the proposal of an alternative framework of analysis, 
see David et al. (1992). 

57 An instance of inessential differentiation, undertaken 

largely for strategic rather than scientific reasons, is docu- 

mented by Nicholas Wade’s (1978, esp. p. 2’79) account of 

the famous 21-year race between Andrew Schalty and 
Roger Guillemin, who eventually shared the 1977 Nobel 

Prize for their work on the endocrinology of the brain. It 

seems that after 1962, when Schally ended 5 years of 
collaborative work with Guillemin aimed at discovering the 

hypothalamic hormone in the brains of sheep and formed a 

competing research group, he changed his research mate- 
rial and sought to obtain the hypothalami of car&. This 
switch was justified by Schally on the ground that if 
Guillemin discovered the hypothalamic hormone first, his 

own work might be considered worthless were he also 
using the hypothalami of sheep. Other aspects of this 

complex case are discussed also by Lamb and Easton 

(1984, pp. 152-155). 
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There are, then, important respects in which 
academic scientists, while wanting to differentiate 
their work, come under strong systemic induce- 
ments not to be ‘lone wolves’ ranging far from 
the rest of the pack in their selection of research 
problems and approaches. To be sure, in any 
community there will be some people who seek to 
avoid the conflicts engendered when community 
members have goals strongly imposed upon them 
(seek priority) without being allowed recourse to 
effective means (maintain non-cooperative se- 
crecy) whereby the goals can be obtained. 58 To 
the extent that they can do so by retreating to 
areas where there is little competition for prior- 
ity, this imperfection in the collective response to 
the private reward structure will occasion some 
countervailing measure of diversification of the 
social research portfolio, but this functions simply 
as a random dispersal mechanism. There is noth- 
ing systematically operating, as far as we can see, 
that would match the talents of those scientists 
whose personalities and individual values dispose 
them to avoid competitive situations to the re- 
search requirements of those fields where few 
competitors are to be found. Moreover, this is the 
behavior of ‘deviants’; it is the more pervasive 
tendency towards the positive correlation of strat- 
egy choices in the race for priority among the 
more typical members of the research community 
(as much as the open communication of scientific 
theories and techniques) that, at certain moments 
in time, makes particular discoveries and inven- 
tions imminent and, so to speak, ‘in the air’, 
thereby promoting the occurrence of too many of 
Merton’s multiples. 

6. The timing of research programs within Sci- 
ence 

In recent years the choice of the current mix of 
investment projects has been much discussed in 

5X Merton (1957) makes the point that norm inconsistencies 

of this sort can stimulate a range of ‘deviant’ responses, 
which include not only ‘innovations’ - such as new and 

ingenious forms of partial disclosure (secretiveness) among 

scientists, which we have examined in Section 4, but also 
‘retreatism’. Gaston (1971) found that among those high 

energy physicists in his sample whose research findings had 

not been anticipated by other scientists, 44% said this was 
because they preferred working in the ‘less fashionable’ 
areas, where competition presumably was less intense. 

the literature on social cost-benefit analysis; less 
so the timing of investments. 59 In almost all 
spheres of economic activity, most projects that 
are offered for appraisal are rejected. This is 
inevitable, but the fact that a project is not worth 
undertaking now does not mean that it will never 
be worth undertaking. Often enough, the right 
thing to do is to accept as a package a set of 
projects that are better when sequenced than 
when run simultaneously. Success in the first 
project might, for example, mean a reduction in 
the cost of running the second project, and so 
forth. 

What is alluded to here is that there may be 
important positive spillovers across projects in the 
form of ‘learning effects’. Quite aside from the 
conceptual contributions that the codified find- 
ings of a research program in one field may make 
to accelerate research progress in another field, 
there is the question of spillovers affecting scien- 
tific equipment and skills, which often remain in 
the region of tacit knowledge but are nonetheless 
transferrable. Productivity gains in the perfor- 
mance of specified experimental tasks are likely 
to emerge as a by-product of the conduct of 
research through the development of superior 
instrumentation techniques (see, e.g. Moulton et 
al., 1990) including the development of generic 
computer software for performing data process- 
ing, storage, retrieval and network transmission. 
The training of specialized technical staff and 
post-doctoral researchers, whose skills eventually 
become available to other projects, represents 
another important source of spillovers. 

The underlying idea here is that of optimal 
‘waiting’. If society were indifferent about the 
order in which scientific advances occurred, but 
cared about the costs of the program as a whole, 
it would obviously want to sequence research 
projects so as to take into consideration the ex- 
pected magnitude of the productivity spillovers 
from one project to the next. However, allocative 
decisions about science as a rule are not so cen- 
tralized,and individuals and groups within the 

94 On social portfolio choice and cost-benefit analysis, see 

e.g. Dasgupta et al. (1972), Little and Mirrlees (19741, 
Squire and Van der Taak (1975) and Lind (1982). David et 

al. (1992) seriously question the usefulness of applying the 
cost-benefit approach to public project evaluation in the 

case of basic science research projects. 
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scientific community, as well as in society at large, 
certainly take an interest in the timing of results. 
To make some further headway in the analysis of 
this, we can introduce a convenient simplifica- 
tion: imagine that the productivi~ spillovers take 
the form of reductions in the time (and resource 
inputs) required to reach a specified research 
goal, so that delaying the initiation of a project 
(until better techniques have been developed 
elsewhere) will not delay the expected date at 
which its findings can be announced. In this way 
we can put to one side the general motivation 
that all project leaders would have to start racing 
for priority as soon as possible. Consider, then, 
the implication that when rival funding agencies 
are involved,the resulting competition could as- 
sume the form of a waiting game rather than a 
race (see Dasgupta, 1988). 

Thus, it may be that it would be individually 
(privately) optimal for researcher A to delay initi- 
ating his project should researcher B initiate his 
project now. For example, if a major effort were 
being undertaken in the field of superconductiv- 
ity, which promised reductions in the costs of 
building powerful electromagnets, it would be 
advantageous (under the conditions assumed) for 
high energy particle researchers to wait until those 
advances were available for incorporation into 
the designs for their ‘superconducting supercol- 
lider’. Moreover, it may be that it is privately 
optimal for B to initiate his project now should A 
choose to delay. In this case the sequence ‘A 
following B’ is consistent with individual incen- 
tives, but there are also may be situations in 
which it is privately optimal for A to initiate his 
project now should B choose to delay, and where 
it is privately optimal for B to delay should A 
choose to initiate his project now. In this case the 
sequence ‘B following A’ is also consistent with 
incentives. However, it could be that the se- 
quence ‘A following B’ is, from the scientific 
community’s point of view, the superior alterna- 
tive. Only a coordinated plan from the funding 
agency can ensure that this will come about. 

In all this there is a key underlying assumption 
that the funding agency (or agencies) can make 
credible commitments about future funding. A 
would be willing (possibly even eager) to wait 
until B’s project is completed only if (s)he is 
assured now that (s)he will obtain the funds at 
the right time as part of an optimally packaged 

sequence of research endeavors. (Qhe will, how- 
ever, not be so willing to delay if there is substan- 
tial uncertainty surrounding the funding agency’s 
promises concerning projects to be supported at 
future dates. In this case, what should ideally be 
a measured plan of sequenced investment activity 
becomes mereIy a scramble for early support. If 
the investigators are equally well-credentialed, 
they would each expect to receive some funding, 
and this could be the worst outcome from a 
societal standpoint, with both projects now having 
to forward more slowly on their own. 

The problems of attempting to sequence basic 
science research projects are exaccerbated by the 
uncertainties surrounding the estimates of com- 
pletion times. While some part of this difficult is 
inherent in the very nature of the activity, that 
should not be exaggerated; ‘the nature of the 
activity’ characteristic of Science reflects the in- 
fluence of the reward system under which the 
researchers are motivated and organized. The 
winner-takes-all (or ‘almost all’) structure of the 
payoffs makes individuals and teams of scientists 
more inclined to select programs of research that 
are characterized by a high variance in the distri- 
bution of completion times for the constituent 
sub-projects. The difficulties of predicting com- 
pletion dates in basic research are remarked upon 
frequently, and sometimes are viewed as an in- 
herent characteristic of inquires of this nature, as 
has been remarked above. Yet, it is obvious that 
the researchers’ interests in early success is tanta- 
mount to making them concerned not with the 
mean and variance of the distribution of comple- 
tion times, but rather with the extreme vahre 
distribution derived from it; they care about the 
expected minimum completion times, and the 
dispersion around that statistic. Now, it is known 
that in a sample of a given size, drawn from a 
continuous unimodal probability distribution, the 
expected minimum (maximum) value will be 
smaher (bigger) where the variance of the under- 
lying distribution is larger. “’ The search domain 
characterized by the bigger dispersion of out- 
comes (here, project completion times) will be 

“’ See David et al. (1992) for citations to the statistical 

literature on extreme value distributions and discussion of 
other respects in which researchers may be hypothesized to 

be concerned with the shape of the extreme value distribu- 
tions of payoffs and costs, and their implications. 
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the more attractive on that score, other things 
being equal. So, even if fundamental science was 
not such a hard activity to predict, and distinctive 
steps in some lines of inquiry were easier to plan 
in sequence, the prevailing reward system (while 
it encourages scientists to work quickly towards 
the completion of any step that is expected to 
bear a publishable result) draws them to work 
mostly on the less accurately predictable, and 
hence less dynamically ‘sequenceable’, among the 
available classes of problems! 

7. Policy challenges: Maintaining Science and 
Technology in dynamic balance 

The thrust of the analysis in the two immedi- 
ately preceding sections has been to show that 
there are numerous features of the reward system 
and characteristic institutiona structures of open 
science in the modern West that give rise to 
resource misallocations and static inefficiencies in 
the conduct of basic and applied research. Corre- 
spondingly, there may be a wide field here for 
economists specializing in contract theory and 
institutiona mechanism design to familiarize 
themselves sufficiently well with the detailed in- 
ternal workings of Science, as they have lately 
begun to do with regard to the realities of public 
regulatory bodies and procurement agencies. The 
problems in these two areas of public economics 
are not the same, of course, and the sources of 
the allocative inefficiencies to which we have 
pointed lie so close to the core of the collegiate 
reputation-based reward system of the open sci- 
ence system that, in a sense, they may be said to 
be intrinsic to it. Nevertheless, it is premature to 
declare that it is beyond the wit of economists to 
devise modifications of existing institutional pro- 
cedures that would ameliorate some of the prob- 
lems identified here. Cl 

Science, however, is not a self-contained sys- 
tem - and indeed, could not survive as such. 
Rather than risk suggesting that the agenda of 
the new economics of science is concerned exclu- 
sively, or even primarily, with the more static 
resource allocation issues internal to publicly sup- 
ported research activities, it is now time for us to 
recognize that many of the most important chal- 
lenges facing science policy-makers concern the 
dynamics of science-technology interactions - the 
disposition of research resources and the flows of 

information between the open science and pro- 
prietary science communities, and the conse- 
quences these will have for the improvement of 
economic welfare. 62 

That the open conduct of research in Science 
offers continual benefits to firms operating in the 
realm of Technology by making available comple- 
mentary info~ation-epically basic scientific 
knowledge-free of charge is, of course, the famil- 
iar point with which we began our analysis. Basic 
research may, of course, yield unexpected discov- 
eries that have immediate practical uses, some of 
which will be extremely valuable (such as lasers, 
and enzyme restriction techniques for recombi- 
nant DNA research). These are the rare excep- 
tions, however. More typically, the important eco- 
nomic payoffs to society from basic research come 
in the form of higher rates of return on expendi- 
tures allocated to appIied research, in both the 
private business R&D sector and in publicly 
funded, mission-oriented or ‘applied’ R&D. 63 

See, for example, Laffont and Tirole (1993) on the distinc- 

tion between regulation and procurement (briefly, that the 

latter is a principal-agent relationship in which the princi- 

pal is also the buyer of the commodity supplied, whereas 

regulation refers to situations where a firm acts as an agent 

of the government in supplying commodities to third-party 

purchasers). In its attention to the realities of the institu- 

tional environment, and the informational, contractual and 

political and administrative procedural constraints upon 

the public regulator (the principal), the ‘new regulatory 

economics’ exhibits many points of kinship with the spirit 

of the analysis explored here. The key additional features 

with which the new economics of science has to deal are 

that the agents in question (the researchers) are supplying 
information products rather than conventional tangible 

goods and services, and have been assigned collective re- 

sponsibilities for regulating many aspects of their activities. 

On science-technoiogy interactions and interdependences, 
see, e.g., the empirical studies in Grupp (1992), the survey 

in Freeman (1992) of modern formal institutions support- 

ing science-based innovative activity, and the treatment of 

technological change as a dynamic system involving feed- 

backs between basic and applied research activities given in 
David (1993b). 

To the extent that basic research funding is devoted to 
fundamental scientific inquires, the latter have been likened 
(by David, 1993b p. 230) to providers of “maps to guide 

mission-oriented researchers, directing explorers on the 
applied science frontier to the more fruitful areas, and 
sparing them the wastage of time and resources in search- 

ing barren regions or trying to cross unbridgeable chasms”. 
The role of basic research jnstrumentation advances in 

creating spillovers to applied R&D is also discussed by 

David (1993b, pp. 222-225). 
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While it has been customary for economists to 
emphasize the spillovers of information about the 
material world, it seems no less important to 
notice another informational channel through 
which the existence of open science institutions 
conveys benefits to R&D activities that are being 
carried on with immediate commercial goals in 
mind: the educational and evaluative activities 
that are closely coupled with academic research. 

7.1. Capturing the training and screening externali- 

ties generated by open science 

Open science discloses information about re- 
search methods and findings, and in the process 
about the abilities of the researchers themselves, 
which can be captured by private producers who 
transfer scientific personnel from the academy to 
their domain. Disclosure and peer evaluation 
mechanisms make available, at very low cost to 
managers of company R&D laboratories, a great 
deal of information about the qualities of scien- 
tists who they might wish to recruit as 

employees. h4 Thus, were there no institutional 
structures corresponding to those of Science (as 
we have defined it), Technology’s knowledge of 
the ability and experience of its scientific re- 
search personnel would be far less complete than 
it is. This would add substantially to the expected 

64 Academic scientists, of course, form a pool of potential 

recruits upon which industrial research organizations regu- 

larly draw. Recent sectoral retention rates are very similar 

for US doctoral scientists and engineers employed in busi- 

ness and industry, on the one hand, and those employed in 

universities and colleges, on the other. Within the 1973- 

1987 interval, a 2-3% movement occurred in either direc- 

tion between the industrial and academic sectors during 

selected 2-year periods (see National Science Board, 1987, 

p. 94; National Science Board, 1989, pp. 118-119, 325). 

According to unpublished National Science Foundation 
(NSF) survey data, 5% of doctoral scientists and engineers 

who were in industry in 1975 had moved to employment in 

colleges and universities by 1985; 8% of those in colleges 
and universities in 1975 had moved to industry by 1985. 

However, because the stock of researchers in the academic 

sector is much larger (more than twice that in industry), 
this similarity in rates of mobility implies that much greater 
numbers of academic researchers move to industry than 

vice versa. According to unpublished NSF survey data, in 
1985, 16% of doctoral scientists and engineers in industry 

were employed in colleges and universities in 1975; only 
2% of the stock employed in the academic sector had been 
in industry a decade earlier-(NSF, 1988, pp. 14-15). 

costs and the uncertainties involved in company- 
financed research projects-even if the distribu- 
tion of scientific abilities and training in the pool 
of potential recruits were unchanged. On aver- 
age, their value to prospective employers would 
be lower on account of the greater uncertainty 
surrounding their individual qualities and the na- 
ture of the knowledge that they had acquired in 
the course of their training and research experi- 
ence. Thus, the modern research universities’ 
productivity in training and evaluating the work 
of many more researchers than they collectively 
can permanently absorb ought not ipso facto to 
expose them to being castigated (as they some- 
time have been) for lacking social responsibility 
and a capability for manpower planning, or for 
disappointing the career aspirations instilled in 
many of their graduates. Quite the contrary; the 
export of scientists and engineers from the 
academy into industrial research is potentially the 
most important and salutary among the mecha- 
nisms available for effecting knowledge transfers 
that bring economically valuable ‘spillovers’ to 
the commercial R&D sector, and for creating 
informational networks that help impart industri- 
ally relevant direction to academic researchers 
and teachers. 

Proper policy measures undertaken by govern- 
ment agencies, educational institutions and busi- 
ness corporations acting in concert are necessary, 
however, to assure that these potentialities will 
be exploited. There is nothing to guarantee it will 
happen spontaneously, and arrangements that 
evolve historically as legacies of responses to past 
problems are likely to drift far from the currently 
optimal state. Such a condition is illustrated by a 
brief glance at the prevailing arrangements gov- 
erning the training of graduate scientists and 
engineers in the US. Historically, American re- 
search universities have adapted themselves 
rather readily to take advantage of whatever 
funding opportunities were created by federal 
and state government policies (or, should we say, 
by the collection of ad hoc legislative and admin- 
istrative decisions that usually passes for ‘policy’ 
in this area), in this instance by organizing the 
subsidized education of science and engineering 
PhDs as a by-product of publicly supported re- 
search projects. From one point of view, this 
seems quite the most natural thing for these 
institutions to have done; it could be readily 
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construed to be consistent with the two-part 
structure of the ‘contract’ that we have argued 
would have to be offered to qualified researchers 
under the patronage system. After all, is not 
graduate teaching, and especially training in re- 
search methods, the form of regular salaried em- 
ployment that is most immediately compatible 
with the instructors’ ongoing engagement in re- 
search? There is little dispute over the contention 
that these two activities are mutually complemen- 
tary: participation in research enhances the effec- 
tiveness of graduate teaching, while the use of 
graduate and postdoctoral ‘trainees’ as research 
assistants, in turn, represents a significant form of 
subsidy for academic science. 65 Indirectly, of 
course, the arrangement also can convey impor- 
tant subsidies to the eventual non-academic em- 
ployers of scientists and engineers, because it 
must reduce the costs of hiring PhDs when the 
latter have been trained under the auspices of 
publicly funded research projects. They did not 
have to pay the full costs of their acquisition of 
the information and experience which they will 
be expected to put at the disposal of their em- 
ployers, and for which investment they otherwise 
would need to be compensated. 

That is all very well, save for the one unfortu- 
nate ‘hitch’ that has developed in the operation 
of this ingenious machinery for subsidizing both 
open science and the transfers of knowledge (em- 
bodied in trained scientists) to the business sec- 
tor. The growing demand for trainee research 
assistants in university laboratories was allowed 
to become a major factor, perhaps the major 
factor, driving the system and causing the popula- 
tion of academic scientists to reproduce like sun- 
fish. It has been estimated that under the prevail- 
ing setup, the majority of PhD scientists in the 
US each train about 15 new doctorate-holding 
researchers, on average, over the course of their 
own academic research careers. 66 Evidently, this 

Whether it is the most efficient way to subsidize academic 

research is less clear. On the one hand, the support ser- 
vices may be costly, inasmuch as the research assistant staff 

is turned over rapidly, talented assistants cannot be re- 
tained for long, and it is necessary to train one cohort of 

students after another to perform routine laboratory tasks. 
On the other hand, the incentive structure of the trainees 

is such that they do not need to be paid highly to induce 
them to try to provide a quality of service that will bring 

favorable notice from their instructor-employers. 
See estimates attributed to David Goodstein of Caltech in 
The Scientist, 20 September 1993, p. 5. 

would be an unsustainable situation were it re- 
quired that the benefits of university training 
externalities be captured somewhere in the na- 
tion’s economy-the supply of scientists and engi- 
neers that is being generated has, for some time, 
been outrunning the capacity of the academic 
and non-academic research sectors to absorb 
them in productive employment. That the dynam- 
ics of the market for new doctorate-holders in the 
sciences and engineering are characterized by 
lagged responses and, consequently, by periodic 
episodes of temporary excess supply or excess 
demand is well known, but the imbalance to 
which we are referring is a structural and persis- 
tent one, which manifests itself in the high and 
rising proportion of doctoral recipients in science 
and engineering who are foreign nationals hold- 
ing temporary residence permits. By 1990, among 
the new PhDs in the physical sciences, mathemat- 
ics, computer science and the life sciences, the 
proportion who were temporary residents had 
risen to 28.4%, and among engineering PhDs it 
had reached 48.7%. 67 Educational and science 
policy makers in the US might well conclude that 
by thus subsidizing the growth of the interna- 
tional pool of scientists, it can cheaply provide 
itself with well-prepared and motivated trainee- 
research assistants and be in a position to select 
the most talented young researchers, thereby 
maintaining at least cost the vitality of its basic 
science establishment. Reconsidering its immigra- 
tion policies and encouraging the universities to 
prepare graduates for work in the R&D labora- 
tories of the US corporations is an alternative 
course of action worth serious consideration un- 
der the rubric of improving university-industry 
knowledge transfers within the national system of 
innovation. 

67 The cumulative shares of temporary residents among new 
PhDs during the period 1986-1990 were 25.7% and 46.8% 
in the case of the scientists and the engineers, respectively. 
Among the recipients of doctorates in the four science 

fields cited in the text, 63% were US citizens in 1990, 
compared with an average of 69.2% over the period 1986- 

1990; the corresponding figures among the doctorates in 
engineering were 42.9% in 1990 and 45.5% in 19X6-1990. 

These percentages were calculated from the data for US 
citizens, temporary US residents and permanent US resi- 

dents (excluding degree recipients whose nationality was 
not known) as reported by the National Science Board 

(19911, Appendix Table 2-24). 
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That course of ‘readjustment’ in the system 
seems much to be preferred to two others that 
may be contemplated, namely, cutting the level of 
indirect support for the university training of 
scientists until the intake of foreign students is 
reduced, or pushing the academic sector into 
using qualified and inexpensive foreign trainees 
to carry out a larger volume of applied research 
on behalf of national commercial enterprises. To 
support this argument, we shall examine the lat- 
ter two potential science and technology policy 
thrusts in the following subsections, taking them 
in turn. 

7.2. Managing competition for scientists between 
complementary research acticities 

Academic science and industrial science are 
complementary activities when viewed from the 
societal perspective, but as professions they are 
distinct and offer contrasting mixes of monetary 
payments, peer recognition, and working condi- 
tions, on the basis of which the two realms com- 
pete for creative talent. A commonplace observa- 
tion is that the material component of the re- 
wards can be far greater in industry than in 
university research supported by public and pri- 
vate patronage. Thus it would seem rational for 
materially minded researchers to want to work in 
the open science environment, where others could 
be expected to assist them by sharing knowledge 
with them, but to plan to remain there just until 
they had made some discovery or invention that 
they could sell (either as a patented device, or as 
a trade secret) for commercial exploitation or 
further development in the hands of some propri- 
etary research entity. Such attractive options, 
however, are rarely available. More often than 
not, both scientific research projects organized in 
academia and those organized in government lab- 
oratories demand pre-commitment from their 
participants. If the findings are proprietary and 
are not to be disclosed publicly (unless authoriza- 
tion is obtained), one has a project pre-com- 
mitted to Technology, whereas pre-commitment 
to public disclosure is the hallmark of projects in 
the realm of Science. To the individual re- 
searcher, then, the basis of choice between these 
alternative commitments is provided by his/her 
expectations of the pecuniary and non-pecuniary 
returns under each of these institutions. That 

being the case, it is not so apparent why any 
scientist with the goal of material success in mind 
would not immediately want to be signed up, at 
higher pay, to do proprietary research. 

Aside from the obvious point that for some 
individuals the academic lifestyle may hold strong 
attractions, is there anything that enables the 
academic research sector to provide itself with 
young talent in the face of competition from 
industry? One consideration is suggested by the 
notice given a moment ago to the informational 
value to potential employers of being able to 
recruit from a pool of researchers who have 
worked in the open science sector. Even those 
who acquired a scientific training with a view to 
eventually putting it to use in the industrial R&D 
sector may have an incentive to enter academic 
science initially, and remain actively engaged in 
research there at least for a while. Doing so gives 
them greater leave to publish their findings, 
thereby signalling their innate abilities and ac- 
quired expertise to prospective employers in the 
other sector. Signalling in this way is quite com- 
patible with preserving the option of continuing 
in Science, should they manage to win an attrac- 
tive place there. In the extreme, one can imagine 
that embarking upon a research career in aca- 
demic science is a form of investment undertaken 
purely for the purposes of this signalling. Let us 
see what this simplified way of accounting for the 
co-existence of the open and the proprietary re- 
search sectors implies about the requirements for 
maintaining a proper balance in the distribution 
of personnel between them. 

Provided it is not overly costly to forego pro- 
prietary R&D employment by taking a postdoc- 
toral research position, the young scientists who 
believe they have an exceptional talent for re- 
search would wish to join the Republic of Sci- 
ence, because it is they who benefit most from 
providing employers in Technology with a better 
quality signal as to their abilities. Once they have 
entered Science, however, the remaining lot rep- 
resent a truncated distribution (with a lower aver- 
age research aptitude). If they realize that em- 
ployers would recognize that, the best among the 
remaining group would opt to go into Science as 
well, thereby making it necessary for the next best 
group to follow them, and so forth. In fact, in the 
thought-experiment we have set up, the process 
continues until they all embark on an initial so- 
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journ in Science-even at some material cost to 
themselves. This goes some way towards explain- 
ing why the academic sector initially retains so 
large a proportion of the current flow of newly 
trained graduate scientists and engineers, without 
supposing that the latter have been ‘socialized’ or 
otherwise infected by their professors with a de- 
sire for the lifestyle of university teaching and 
research. It also accounts for the numerical pre- 
ponderance of the outflow of postdoctoral scien- 
tists and engineers leaving university research for 
industry, without implying that those who move 
on are doing so because their ambitions for an 
academic science career have been frustrated. A 
third point to note is the rough correspondence 
between this extreme, signalling model and the 
observation that the largest percentage of doc- 
toral scientists and engineers in research who are 
going to leave their initial academic employments 
do so within a few years after entering; those who 
enter Science primarily for the purpose of sig- 
nalling would not wish to tarry there overlong, 
especially if their training was being rendered 
obsolete (from the viewpoint of prospective em- 
ployers in industry) by the rapid advance of the 
research frontier in their area of specialization. 

The key qualification in the foregoing line of 
analysis is that the acquisition of credentials and 
signalling opportunities in Science should not be 
too costly for the individual researchers. (Other- 
wise they will directly enter research activities 
within the realm of Technology and try their luck 
there, or decide to abandon research as a career 
entirely.) This cost reflects, among other things, 
the foregone salaries in Technology and the length 
of time spent ‘queueing’ for access to interactions 
with senior established research leaders and spe- 
cialized research facilities that may be required to 
produce results worthy of publication. If, over a 
period of time, the value of privately appropri- 
able commercial profits from the production of 
information increases at a sharp rate, the fore- 
gone earnings would increase correspondingly. 68 

68 Lower stipends for postdoctoral appointees, less well- 
equipped university laboratories, and senior academic sci- 
entists whose time was more and more occupied with 

proposal writing, administration and other tasks that ren- 
dered them less available to work with neophyte scientists 
would, likewise, raise the expected ‘cost’ of an individual’s 

investment in signalling his or her research capabilities. 

Should researchers be sufficiently myopic when 
weak public patronage of university research 
raises the penalties of deferring an industrial 
science career, we would expect to see a constric- 
tion of the inflow into Science and an ageing of 
the population of researchers occupied there. 
Following on from that would be a corresponding 
reduction in the benefit that Technology could 
derive from new additions to the stock of public 
knowledge, and from the opportunity to select 
from among researchers who had established a 
track record under the rules of open science. If 
prolonged, the constriction of these forms of 
spillovers would tend to have a substantial de- 
pressing effect upon the rate of technological 
progress, since technical enterprises would now 
have to conduct more duplicative research than 
they found necessary in earlier periods. 

The foregoing analysis suggests that once ma- 
terial incentives have deteriorated to the point 
that it is recognized that very talented re- 
searchers are not remaining in university science 
to acquire a subsequently valuable signal, the 
signal value of starting off in academia itself will 
tend to be depressed-especially for those who 
may also wish to indicate that they are not unre- 
sponsive to prospects of material rewards. The 
signalling motive may be sufficient to compensate 
for some economic disadvantage of remaining in 
the university sector, but it is not robust enough 
to stand on its own when weak public patronage 
of academic research causes the diversion of a 
substantial part of the distribution of newly 
trained scientific talent away from Science. In- 
deed, there may be a point at which it would 
evaporate completely, because failure previously 
to have been drawn out of the ivory tower and 
into the corporate laboratory would become a 
negative signal for prospective employers, a blot 
on the young researcher’s track record. To keep 
the balance on the right side of that critical point, 
Science is constantly in need of shoring up 
through public patronage so that it may initially 
command a substantial share of the most talented 
researchers in the face of competition from Tech- 
nology. 

In fact, the more closely the two communities 
resemble each other in terms of the actual re- 
search work that is being performed, the more 
vulnerable Science becomes. Unless young scien- 
tists are culturally conditioned to value scientific 
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inquiry for its own sake, or to desire fame and 
public recognition, or to derive satisfaction from 
teaching and the academic lifestyle-all of which 
may create considerable adjustment problems if 
and when they move into employment in indus- 
try-and unless the conditions supporting open 
scientific research are improved, the inflow of 
intellectual talent into Science eventually will be 
curtailed by the prospects that neither form of 
scientific research career is likely to remain eco- 
nomically rewarding. For it must be recognized 
that once the flow of scientific talent into open 
science is diminished, the profitability of firms’ 
investments in R&D in the future is likely to be 
affected adversely, which will reduce the future 
demands for scientists of proven research ability 
there, and undercut the signal-acquisition motiva- 
tion for individuals to embark first upon a career 
in Science. In this way the complementarities 
between the open science and the proprietary 
R&L D sectors can result in the dynamic system 
descending into a contractionary spiral, in which 
less and less investment is made in the produc- 
tion of new knowledge-public or private. 

One implication of the foregoing dynamic 
analysis is that the repercussions of sharply cur- 
tailing support for training graduate and postdoc- 
toral scientists and engineers may be far more 
destructive than linear extrapolation of observed 
responses of the system to modest funding cut- 
backs would suggest. It is important to recognize 
that the dependence of knowledge-based indus- 
trial development upon the science-technology 
nexus has made the stability of economic growth 
at high levels a hostage to rather fragile features 
of the cultural and institutional environment, fea- 
tures that require protection rather than assault 
from political and business leaders. It is the taste 
for the lifestyle of science, the compatibility of 
research with teaching, and the persistence of 
public authorities in subsidizing science at a level 
to which none of the constituents would appear 
willing to subscribe that has prevented the col- 
lapse of the economic structure erected upon a 
high level of open science activity. There is today 
a worrisome inclination to take all that has been 
achieved for granted. What can at best be politely 
described as a shocking lack of comprehension of 
the economics of science reveals itself all too 
frequently in the glibly confident pronounce- 
ments of faith in the workings of the market that 

continue to emanate from ‘conservative’ policy 
circles on both sides of the Atlantic: governments 
are being told, in effect, that if there is some 
research to be done that would be of immediate 
social benefit, the private sector is the natural 
place for it to be done, and-as a corollary propo- 
sition-public research support for science largely 
displaces corporate R&D funding that would 
have every incentive to accomplish the task more 
cheaply. h9 Under conditions approaching the 
state of ‘universally privatized science’ that such 
ideologues call for, an unbalanced research 
regime might continue to generate economic 
growth through the exploitation of the scientific 
and technological knowledge base, but sooner or 
later, economic progress almost certainly would 
lose the sustained character that has been taken 
by many scholars to distinguish ours from previ- 
ous historical epochs. 

7.3. Promoting greater ‘industrial transferrability ’ 

of uniuersity research findings 

So long as university research supported by 
public and private patronage remains institution- 
ally distinct from the world of profit-motivated 
corporate R&D, the general problems of ex- 
changing information among learning entities will 

” Just as the assault on public funding for university-based 

science seemed to be abating in the US, it apparently 
gained adherents in the UK (see, for example, the account 

given by Adrian (1992 p. 528) of the views advanced by 

Terence Kealy in a pamphlet issued by the Centre for 

Policy Studies in London, a body often described as ‘a right 

wing think-tank’. The (London) Times for 29 April, 1991 

quoted a report for the Institute for Economic Affairs by 

Sir Douglas Hague as saying: “The best preparation for 

becoming a scholar is now not necessarily a post in a 

university but in a high-technology company and unless 

universities come to terms with this challenge they could 
face failure. People outside the universities will increas- 

ingly be working in similar ways with similar themes and 

with similar talents to those within; and they will often do 

so more innovatively and with greater vigour because they 

will come to what they do untrammelled with academic 

traditions, preconceptions and institutions.” Sir Douglas’s 
view of this new ‘competitive environment’ for universities 

appears to have been a welcoming one: his report is 
reported to have recommended that British universities’ 
monopoly of higher education be broken, and more organi- 

zations (including those from commerce and industry) 
“should be allowed to award degrees and compete for the 

finance available”. 



516 P. Dasgupta and P.A. Dacid /A new economics of science 

manifest themselves most visibly at the bound- 
aries between the two spheres. Lately, the diffi- 
culties that appear to cause delays and failures in 
the process of transferring basic research findings 
from university laboratories to corporate R&D 
organizations have emerged as a focal point for 
expressions of concern in science and technology 
policy circles in the US and western Europe. 
Some of the obstacles identified have their roots 
in the existence of divisions between the respec- 
tive cultures of academic science and corporate 
R&D. This supposed cultural barrier to informa- 
tion dissemination might well be accepted as the 
downside of a state of affairs that is beneficial in 
other respects, for we have seen that the estab- 
lishment of a distinctive, open science ‘culture’, 
identified with a set of prescriptive norms for 
universalistic, cooperative behavior, plays a valu- 
able role in permitting the maintainance of effec- 
tive informal networks of communication among 
university-based researchers. ” Policies intended 
to promote greater transferrability of basic sci- 
ence findings by eradicating the open science 
culture in order to forge ‘a more perfect union’ 
between academic and corporate researchers may 
indeed be successful in capturing some immedi- 
ate economic rents by more intensively exploiting 

“’ Viewed from outside, however, open science culture(s) may 

be perceived to be (less benignly) preoccupied with pro- 

moting external reputational status - largely for the bene- 

fit of the participants, and even at the cost of jeopardizing 

the immediate interests of the organizations that employ 

them as researchers. David (1991) analyzes historical prob- 

lems of principal-agent relations involving scientific net- 

works in some detail. The problems of ‘culture clashes’ in a 
more modern setting are illustrated vividly by the reports 
of a recent internal security review conducted by officials 

of NASA at the Ames Research Center in Mountain View, 

California. According to the New York Times (22 Novem- 
ber 1992, Sect. 1, p. 19): 

the center had not properly handled ‘sensitive technol- 

ogy’ and was considered at ‘high risk for hostile intelli- 
genece operations’, NASA said it did not believe there 

were similar problems at other centers, noting that ‘the 
culture and environment’ at Ames ‘were found to be the 

underlying cause of NASA’s vulnerability’. Workers at 
Ames said the atmosphere there is more like that of a 

college campus than a Government laboratory, with peo- 
ple being more concerned with moving and talking freely 
than with following all security procedures. ‘The culture 
is strongly biased toward maintaining an academic repu- 

tation, rather than meeting US industry and national 

needs’, the agency said. 

the extant stock of basic scientific knowledge, but 
they risk fragmenting the networks in which tacit 
elements of that knowledge base resides, and so 
are likely to jeopardize not only the future growth 
of basic knowledge, but also the flow of economic 
benefits deriveable from the existing stock of 
knowledge. 

Readjusting institutional norms to enlarge the 
social boundaries of the research community, as a 
way of facilitating the transfer of new findings 
from academic science to industrial laboratories, 
is only one among many proposed solutions on 
the table, or already moved onto the testing 
bench. ” Much attention has recently been de- 
voted to the promotion of university patenting 
and technology licensing initiatives, creating intel- 
lectual properties that offer profit-seeking firms 
an inducement to invest the complementary R&D 
that will be required to create commercially vi- 
able new products and processes based on the 
knowledge uncovered by academic researchers. 
Even though some delays and restrictions on the 
publication of findings are typically imposed to 
allow time for the preparation and filing of patent 
applications (either by university authorities or 
corporate sponsors), such practices are seen as a 
compromise solution that is more compatible with 
the academic science community’s norms of dis- 
closure than the alternative of protecting innova- 
tion rents by recourse to secrecy. 72 Here too, 
however, the task of the university as ‘technologi- 
cal information broker’ and ‘innovation en- 
trepreneur’, seeking to transform the scientific 
discoveries and inventions of its faculty into intel- 

The scholarly literature on the subject is already extensive 
and is growing rapidly, as may be seen from Battaglini and 

Monaco (1991), Blume (19871, Blumenthal (19861, Fusfeld 

and Haklisch (1984), Kuhlmann (19911, Stankiewicz (1986). 

David and Steinmueller (1993) provide an overview of the 

issues raised by recent experiments with closer forms of 

university-industry research collaboration. See Hoke (1993) 
for a journalistic treatment of university administrators’ 

and scientists perceptions of the opportunities and chal- 
lenges 

See Eisenberg (1987) for an extended discussion of the 
legal issues, which recognizes that the fit between the 

requirements of intellectual property protection under the 
patent system and the norms and reward system of aca- 

demic researchers is far from perfect. David (1993a) exam- 
ines points of congruence and non-congruence between the 
two modes of organizing research from an economic re- 

source allocation standpoint. 
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lectual property that it can license to business 
firms, is not so easy. What complicates it, and 
restricts the university’s effectiveness as a scien- 
tific information transfer agent, are the informa- 
tional asymmetries among the parties involved, 
and especially the difficulties of specifying and 
monitoring the content of the tacit knowledge 
transfers that often must accompany the trans- 
mission of codified knowledge-if the full com- 
mercial value of the latter is to be realized. As a 
rule, it is very awkward and costly, if not impossi- 
ble, to write a precise contract for the purchase 
of tacit knowledge. To go to such lengths, how- 
ever, really may not be necessary when the tacit 
and codified materials are strictly complemen- 
tary, that is to say, when it is essential to enable 
the patent licensee to implement commercially 
the information disclosed by the patent. Arora 
(1991) shows that if the codified part can be 
owned, and its use licensed, the licenser will have 
sufficient incentives to provide (for compensa- 
tion) the socially optimal amount of tacit infor- 
mation. 73 

Seen from this angle, a key structural problem 
impeding effective applied research transfers from 
universities is that even were the university ready 
to grant an exclusive license to a patent assigned 
to it by a faculty researcher, the university offi- 
cers responsible for technology licensing do not 
possess the complementary tacit information 
(‘know-how’) that would make the patent really 
valuable to a licensee. The faculty researchers 
either have it, or are most likely to be in an 
advantaged position to develop what needs to be 
learned about the application of their work in 
concrete contexts other than the ones with which 
they already are familiar. But as their interests 
and those of their university’s technology man- 
agement program will rarely be perfectly congru- 
ent, they may well decline to supply this knowl- 
edge, on the reasonable grounds that they have 
more intellectually interesting, or more socially 
useful, or even more financially remunerative 
things to do with their time. To address this 
awkwardness directly, without allowing them to 
capture all the university share of the economic 

” Arora’s analytical and empirical studies detail the way tacit 

information is transferred between business firms that have 
differing technical capabilities, in conjunction with patent 

licensing agreements between them. 

‘rents’ from the invention, 74 it would be neces- 
sary to alter the nature of the academic re- 

searchers’ relationship with their institution. 
Non-scientist administrators would have to be 
able to tell faculty researchers what they should 
work on, that is, to direct them to make best faith 
efforts to deploy their scientific expertise in fur- 
thering their employer’s legal interest - however 
the university chose to define those interests! 
Contractual ‘reforms’ of this sort, involving the 
loss of research scientists’ autonomy, and the 
supplanting of the open science reward system by 
another that would both loosen the nexus be- 
tween teaching and research in the academy, and 
impede rapid public disclosure of discoveries and 
the cooperative sharing of novel research tech- 
niques and intermediate findings, would be tanta- 
mount to a complete removal of university-based 
research from the domain of the Republic of 
Science. Along with government-run research 
laboratories, university-based science would thus 
be dragged into the sphere of organizational and 
institutional structures that we associate with the 
Realm of Technology. To move towards altering 
the balance between open and ‘restricted’ science 
in this direction would be to jeopardize the fruit- 
ful symbiotic relationships between the two dis- 
tinctively organized and functionally differenti- 
ated spheres of the modern system for generating 
scientific and technological knowledge. It hardly 
can commend itself as a sensible course of insti- 
tutional readjustments and reforms intended to 
promote even the ostensibly worthy national goal 
of stimulating innovation and long-run economic 
growth, let alone the narrower purpose of reliev- 
ing the public purse of some (small) part of the 

74 The university, presumably, would need to impose a fixed 

charge against the income derived from the licences to 
cover its out-of-pocket costs; it might also attempt to 

extract some rent from the faculty patentee, in exchange 

for future research support, or other conditions of employ- 

ment. It should be apparent that these fantasies do not 

constitute recommendations of a course of action that is 

thought desireable; that they leave unaddressed the issues 
of equity that would arise among colleagues who believed 
that their efforts had contributed to the success of the 

patented discovery, and fail to consider the implications of 
such institutional arrangements for the management of 

conflicts of interest, and distortions of university proce- 
dures for internal resource management and academic 

advancement. 
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costs of supporting university science and engi- 
neering. 

8. Conclusion 

The broad message emerging from recent ad- 
vances in the economic analysis of science that 
have been reviewed here can be expressed in the 
following four propositions. 

(1) Although the institutions and social norms 
governing the conduct of open science cannot be 
expected to yield an optimal allocation of re- 
search efforts, they are functionally quite well 
suited to the goal of maximizing the long-run 
growth of the stock of scientific knowledge - 
subject to the constraints on the resources that 
society at large is prepared to make available for 
that purpose. 

(2) Those same institutions and social norms, 
however, are most ill suited to securing a maximal 
flow of economic rents from the existing stock of 
scientific knowledge by commercially exploiting 
its potential for technological implementations. 
The distinctively different set of institutional ar- 
rangements, and different modes of conduct on 
the part of researchers, that accordingly have 
been contrived for the latter (technological) pur- 
poses unfortunately leave unsolved the problem 
of securing the right amount of resources for the 
conduct of open science. Here, adequate public 
patronage is critical and warranted. 

(3) The organization of research under the 
distinct rules and reward systems governing uni- 
versity scientists, on the one hand, and industry 
scientists and engineers, on the other, historically 
has permitted the evolution of symbiotic relation- 
ships between those engaged in advancing science 
and those engaged in advancing technology. In 
the modern era, each community of knowledge 
seekers, and society at large, has benefited enor- 
mously thereby. 

(4) The institutional machinery which has been 
performing these vital functions for our society is 
intricate, jerry-built in some parts, and possibly 
more fragile and sensitive to reductions in the 
level of funding for open science than often may 
be supposed. For all their importance to the 
modern economy and polity, the social mecha- 
nisms that allocate resources within the Republic 
of Science are still too little understood, and 

remain vulnerable to destabilizing and potentially 
damaging experiments undertaken too casually in 
the pursuit of faster national economic growth or 
greater military security. 

The foregoing propositions provide basic tenets 
to guide discussions of concrete problems and 
proposals that fall within the purview of 
decision-takers responsible for science and tech- 
nology policies. Obviously, they are too general to 
have positive prescriptive value, and are meant to 
be largely cautionary. If they are found to have 
some utility, it will reside not in instructing us 
what to conclude about this or that policy ques- 
tion, but rather that the economics of science can 
help frame better science and technology policies 
only insofar as it comes to grips with the logic and 
the performance of the specialized institutional 
structures that organize the production and dis- 
tribution of that very peculiar asset: scientifically 
reliable knowledge. 
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